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THE UNITED ST ATES NAVY 

GUARDIAN OF OUR COUNTRY 

The United States Navy is responsibl~ for maintaining control o f the sea 
and is a ready force on watch at home and ovetseas. capable of strong 
action to preserve the peace or of instant of tensive action to win in war. 

It is upon 1he 1nal ntcnance o f thi s control that our coun try's glorious 
future depends: the United St~tes Navy e"ists to make 1t so. 

WE SERVE WITH HONOR 

Tradition, varor, and victory arc the Navy' s heri taee trom the past. To 
these may be added dedication. discipline. and vigilance as the watchwords 
of the present and the future. 

At hon"lc Or' on distant stations we serve with pr.de. conf1d<:n1 in the resp« t 
of our countty, our shipmates, and 01..1r families. 

Our resi>0ns1bilitles sober us; our adversttics strengthen us. 

Seivice to God and Country is our spe<:ial privilege. \'le serve wi th honor. 

THE FUTURE OF THE NA VY 

The Navy will always cnlploy new weapons. new techniques. and 
grea1er power to protect ar)d defend the United Slates on 1he sea. under 
the sea. and in the air. 

Now and in the tutc..ire, contrOf of the sea gives the United States her 
greatest advantage for the maintenance ot i>eace and for Yittory Ul war. 

Mobility. surprise. di spersal, i)nd 0Hens1Ye power are the keynote s ot 
(he new Navy. Th~ roots of the Navy lie in a strong belief in the 
fc..iture. in continued dedication to our tasks. and in rcll~ction on ovr 
heritage from the past. 

Never have our opportunities and our rcsponsibifltles been gre3tCr. 
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CHAPTER 1 

BOILERS 

Rellablllty is of primary importance in the 
operation of the machiner y installation on a 
naval Ship. The military value o! a naval ship 
depends in a large measure upon the ship's 
cruising radius, which, in turn, depends upon 
the efficiency with which a given installation 
Is operated. Therefore, It ts Important that the 
engineer officer not only maintain his plant tn 
r eliable operating condition, but also operate 
the plant at maximum efficiency. A thorough 
knowledge o! the principles of combustion as 
applied to a boiler furnace Is a prime requisite 
for e~neering effici ency in a naval ship. It 
Is In the !lreroom that more savings in fuel 
can be made, with a resulting increase In 
steaming radius, than In all the rest of the 
engineering department combined. The net r esult 
from an otherwise efficient department will be 
poor when fireroom efficiency Is not the best 
obtainable. 

Although experience gained through actual 
practice In operating a !lreroom is unques­
tionably Important, best results are obtained 
when this experience is supplemented by a.n 
under standing of the principles of combustion. 
This Is true especially In operating modern 
naval boilers, which have been developed to a 
high degree of efficiency. 

The complex design of mOdern naval boilers 
necessitates a high degree of t echnical knOwl­
edge and skill on the part of fireroom personnel 
and the officers responsible for boiler opera­
tions. Therefore, all engineering Officers should 
have some knowledge of the principles of 
combustion, the manner In which combustion 
occurs in a boiler, and the combustion r e­
quirements for operating a boiler in the most 
efficient possible manner. 

PRINCIPLES OF COMBUSTION 

Fuels combine with oxygen to produce heat 
and energy. utilizing fuels to produce heat and 
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energy almost always involves a reaction with 
air. The combustible components o! fuels are 
mainly carbon and hydrogen, usually In the 
form of bydrocarbons. Sulphur is present in 
small quantities. The incombustible components 
are mainly nitrogen, moisture, and ash. Oxygen 
in the air entering the furnace Is the only 
element which supports combustion. Therefore, 
in order to understand what is happening In the 
boiler furnace, the operator must know how the 
oxygen in the alr combines with the elements 
In the fuel. 

In almost all burning processes, the prin­
cipal r eaction Is the combination ot the carbon 
and the hydrogen of the fuel with U1e oxygen of 
the air to form carbon dioxide and st.earn. To 
a lesser extent, sulphur dioxide Is also formed 
from the burning of the sulphur in the fuel. 
Combustion, ther efor e, is purely a chemical 
reaction. 

In the combustion of fuel oil , the following 
chemical r eactions must be considered: 

Combustible Reaction PrOduct of the 
substance combustion 

Carbon 2C ·>02-2CO Carbon 
monoxide. 

Carbon 2C + 202+-2COz Carbon 
dioxide. 

Carbon 2CO+Oz- 2COz Carbon 
monoxide dioxide. 

Hydrogen 2H2 + Oz-2Hz0 Water vapor. 
Sulphur S+Oz-SOz Sulphur 

dioxide. 

In the equations shown in the "Reaction" 
column, the elements are designated by symbols, 
and compounds by a combination or symbols of 
the elements forming the compound. For ex­
ample, the equation of 2C +Oz2CO indicates 
Umt two molecules of earbon combine with one 
of oxygen to form two molecules of carbon 
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monoxide. The combination or oxygen with the 
combustible substances Is always tlle same as 
shown. 

It must be remembe1·ed that the source of 
oxygen for the combustion 1·eaction in a marine 
boiler is atmospheric air. i\\r is a mechanical 
mixture or oxygen, nitrogen, and very Slight 
amounts of other elements and compounds. For 
Shipboard purposes, ai r c~rn be considered as 
being composed of approximately 23 percent 
oxygen and 77 percent nltroiten, by weight. rt is 
apparent, ther efore, that to supply one pound of 
oxygen for combustion It will be necessary to 
supply approximately !our pounds or air. The 
nitrogen serves no useful purpose in combustton 
but produces a cooling erfect in that it absorbs 
heat while passing through the furnace and car­
ries off a portion of this absorbed heat upon 
leaving the beattng surfaces of the boiler . It is 
necessary, the1·e(ore, to reduce the air supply Of 
a boiler to a minimum consistent with complete 
combustion. 

In practice, the amount of air necessary for 
complete combustion is slightly in excess or that 
theoretically required . The effect of excess air 
on boiler performance is Illustrated in figure 
l - 1. From this figure, it can be seen that in­
creasing the excess ah· from 10 percent to 90 
percent reduces the over-all and flreroom 
efficiencies by approximately 10 percent. Per­
centages of excess air as high as 200 are a 
common occurrence. Thls IS the most common 
and most serious cau$e of low operating econ­
omy. Another common combustion loss is that 
due to the incomplete combustion of the carbon 
in the fuel. This loss can be prevented by the 
admission of sufficient air in a manner thatwill 
make complete combustion possible. 

Close and tl>OUght!ul attention to fireroom 
operation, particularly to the reduction of excess 
air to a minimum consistent with complete 
combustion, is mandatory. The economy accr ued 
by such operation will result in a very appre­
ciable reduction II> fuel consumption, with a 
r esultant increase in steaming radi11s. 

BOlLEil TERMINOLOGY 

Befor e studying the types of boilers used in 
propulsion plants aboard Navy ships, it is 
Important to know the boiler terms and defini­
tions used most frequently by shipboard per­
sonnel. 
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The total quantity of steam required to de­
velop contract Sha!t horsepower of the ship, 
divided by the number or boilers installed in the 
ship, gives BOILER FULL-POWER CAPACITY. 
Boiler full-power capacity is expressed as the 
number of }l0\11\dS Of steam generated per hour 
at a specified pressure and temperature. Boiler 
full -power capacity can be round by looking in 
tile manufactu1·er's te<:hnical man11al for the 
specific Installation, in the design data section; 
it may be listed as capacity at full power or as 
designed rate o( actual evaporation per boiler 
at full power. 

BOILER OVERLOAD CAPACITY is usually 
120 percent or boiler full-power capacity. Boiler 
ove1·load capacity Is usually given with boiler 
full-power capacity in the design data section 
of the manufacturer's technical manual; it may 
be listed as boiler overload capacity or as full 
power plus 20 pe1·cent. 

SUPERHEAT OUTLET PRESSURE is the 
actual steam pressui·e at the super heater outlet. 

STEAM DRUM PRESSURE is the pressul·e 
actually carried in the boiler steam drum. 

OPERATING PRESSURE Is the CONSTANT 
pressure at which the boile1· is operated in 
service. Depending upon various factors (chiefly 
design features of the boiler} the constant pres ­
sure may be canied at the steam drum or at 
the superheater outlet. Opernting p1·essure is 
specified in the design of the boiler, and is 
given in the mam1tacturer 's technical manual. 

DESIGN PRESSUHE Is the pressure specified 
by the boile t· manufacturer as a criterion for 
boiler design. It ls often about 103 percent of 
steam drum pressure. The term is mentioned 
here because lt is given In U1e manufacturer's 
technical manual and there is a good deal of 
confusion between design p1·cssure and operating 
pressure; the two terms do NOT mean the same 
thing. 

DESIGN TEMPERATURE Is t he intended 
maximum operating tempcrat11re at. tJ1e supel·­
heater outlet, at some specified rate of opera­
tion. Normally, tor combatant ships , the speci­
fied rate is full-power capacity. 

OPERATING TEMPERATURE is t he actual 
temperature at the superheater outlet. As a 
rule , operatlng temperature is the same as 
design tempe1·ature only when the boiler is 
ope1.,1ting a t the 1·atc s pecified in the definition 
of design temperature. 

BOILER EFFICIENCY, expressed as a per­
centage, is the ratio or U1e Btu per pound of 
fuel absorbed by the water and steam to the Btu 
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per p<>und or ruel fired. In other words, boiler 
emclency Is output divided by Input, or heat 
utilized divided by heat available. 

FIREROOM EFFICIENCY Is Ute boiler ef­
ficiency CORHECTED FOR blower and pump 
stcnnl co11su1l1ptton. 

T ho tet·m "STEAMING HOURS" 18 used to 
include all time during which the boiler has 
tires lighted for raising and generating steam. 

The TOTAL HEATIKG SUllPACE of a boiler 
includes all parts or the boilt•r which are ex­
pOScd on one side to the gases od' combustion and 
on tho other side to the water and s team being 
healed. Thull the total heating surface equals the 
sum or the generating surface, the super heater 
surface, and Ute economizer surface. All heating 
sur(arN• are measured on the combustion gas 
Slcle. 

ThO GE~ERATJNG SURF1\CE Is thnt part of 
Ute tot-ti heating surface In which water is 
being healro and steam ts being 11cnerated. 
Tho generating surface includPR the generating 
tubes, the waler wall tubes, the water screen 
tubes, and any water iloor tubes th3t are not 
covered by refractory material. 

The SUPERHEATER SURFACE Is Umt por­
tion or the total beating surface In which the 
steam Is superheated after leaving the boiler 
ste:im drum. 

The ECONOMIZER SURFACE ls Uintportion 
or the tot.:11 heating surface In which the feed 
water Is healed before It enters t11e generating 
S)•Slcm. 

BOILER CLASSIFICATIO!" 

:vtost boilers used in the Navy can be 
classltted :ind described on the basis of :i few 
features or characteristics. In tl1e following 
soctlons the cla:;sl!ication of naval hollers is 
considered according to (1) locailon ol rt re and 
\valor spaces; (2) type of clrculatlon; (3) ar­
rnngonwnt or steam :ind water sp11ces; (4) 
furnace arrangement: (5) control of superheat: 
and (6) operating pressure. 

LOCATIO:-< OF FIRE AND WAT~:n SPACES 

The b:lsl~ classification or boilers Is made 
according to Ute relative location Cl( tho rtreand 
water spaces. Thus, all boilel'S may be dhidcd 
into two g1·oups : fire-tubebollors nnd water-tube 
boilol'S. In FlBE-TUBE BOlLF.RS the p:ases of 
combustion now Uu·ough Ute tubes and U1ereby 
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beat Ute surrounding water. In WATER-TUBE 
BO! LERS U1e water flows Ulrough Utf' tube8 and 
is heated by the gases of combustion Utal rm 
the furnace. 

All boilers used in the propulsion plnnts or 
mooern naval ships arc of the wnte r-tube type. 
Firc-tubo bol!Cl'S (such as the "Scotch marine 
boiler") wore once used inshipboa1•d propulsion 
plants and nre 8tl11 used lnsomcold<-r m@rchant 
ships. llowevor, fire-tube boilers arc not suit­
able for use In modern naval ships because of 
t!tetr excessive weight and size. the ex<'eSsl"e 
length of time required to raise steam. and their 
inability to meet demands for rapid ch:111r;cs In 
load. The 0tlly £ire-tube boilers now uHed on 
naval ships ar,e small auxiliary boilers Utat 
supply stc~m or hot waler for various auxiliary 
services on some ships (chiefly dlcsol-drlven 
ships). 

TYPE OF CIRCULATION 

Water-tube bOilers are furtlter classified 
according to the cause or water circulation as 
either natural Clrculation boilers or controlled 
circulation boilers. 

In NATURAL CIRCULATION BOILEtlS the 
circulation or water depends on the difference 
between tho density of an ascending mixture 
of hot water and steam and a cloHcCndlng bocly 
of relM1vcly cool and steam-free w:tlcr. The 
diffcr~nco in <lenslty occurs because U1e waler 
exp:tnds ns It Is heated and Uius boromcs less 
dense. Another way to describe lhlH type or 
circulailon Is to say th:lt It lscausedby com•ec­
tion currents which resu.lt from the uneven heat­
ing ot the wate1· contained in thr boiler. 

Natural clreula tlon may be ellhcrrrceorac­
celerated. In a boiler with natural clrcul:ttlonO( 
the FRF.E type. the generating tulles nrl' ln.~tallcd 
at a sllr;lt t aMlC or inclination so tll:\t lho llghter 
hot wnto1· and steam can rise wl\llo tho cooler 
and heavier water descends. Whcn 1110 r.cncratlng 
rubes are installed at a greater nnitlu of ln­
clinntlon, U1e rate of water circulation Is def­
initely Increased. Therefore, boilers In which 
the tubes slope quite steeply from steam drum to 
water drum are said to have ACCELERATED 
natural circulation. 

Most modern naval boilers have accelerated 
natural clrculatton. A sufficient number of 
downcomers " re installed so thatnll small tubes 
can be generating rubes and a ll dllWtlW:tr(i flow 
o! waler can be carried by theclowncomers. The 
size and num1>~1· or downcomers lnstnllcd varies 
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from one type of boiler to another ,butsome are 
Installed on a ll natural c irculation boilers now 
used by the Navy. 

CONTROLLED CIRCULATION OOILERS de­
pend upon pumps rather than upon natural dif­
ferences in density for the circulation or water 
within the boiler. Because controlled circulation 
boilers are not limited by the 1·equh·ement tliat 
hot water and steam must be allowed to flow 
upward while cooler water flows downward, a 
great va.riety of anangements are possible in 
contr olled cir culation boilers. Some controlled 
circulation boilers l ook ver y much like natural 
Circulation boilers; others look very differ ent. 

Contr olled circulation boilers have been used 
in some naval s hips in the past. In general, 
however, they are still considered exper imental 
for Navy use. 

ARRA!\GEMENT OF STEAM AND WATER 
SPACES 

Natural circulation boilers are classlfie<I as 
drum-type boilers or as header-type boilers , 
det>endlng upon the arrangement Of the steam 
and water spaces. DRUM- TYPE BOILERS have 
one 01· more water d rums (and genenlly one 
or more water headers as well). HEADER­
TYPE BOILERS have no water ch·um; i nst ead, 
the tubes enter a great m<l ny wate1· headers 
which serve the s ame purpose as water d rums . 

What is a header, and what is the differ ncc 
between a header and a drum? Tile tem1 HEADER 
ls commonly used in engineerin1:todeserlbeany 
tube, chamber, drum, or similar piece to which 
a series or tubes or pipes are connected In such 
a way as to permit U1e flow of fluid from one 
rube (or group oi tuocs) to another. Essential ly, 
~'header is a type of manifold. 11.s Car as boiler s 
are concerned, the only distincticm between a 
dl'um and a header is the dis tinction o( si ze. 
D1•ums are la r ger than headel'S, but both ser ve 
basically the same purpose. 

Orum-type boilel'S may be furthel' classified 
according to the overall shape formed by the 
steam and water spa (:es . 1'01· o>mmple, the 
M-type boiler gets its name from the ract that 
U1e arrangement or tubes ls roughly M-shaped. 
0-type boilers a1·e so callecl because the tubes 
form a rough letter D. An interesting variation 
In names occurred when D- type boilers became 
standard for destroyer escorts and thus became 
known as DE-type boilers . Howeve1·, tl1is term 
Is somewhat misleading because D-type boiler s 
are now installecl on many other types of ships 
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as well as on destroyer escor ts. The te1·m 
"DE- type boiler" ls not, therefor e, a term that 
will be used in this training course. 

FURNACE ARRANGEMENT 

All boilers U1at are now commonly used in 
the propulsion plants o( naval ships may be 
classified according to furnance ar rangement as 
either SINGLE-FURNACE BOILERS or DOU­
BLE- F UHNACE BOILERS. Doubl e-furnace boil­
er s may also be called DIVIDED-FURNACE 
BOILERS. The M-type boiler is " double­
furnace o r divided -fur nace boiler . The D-type 
boiler is a s ingle-fur nace boile r . 

CONTROL OF SUPERHEAT 

Until i·ccently, tJ1e term SUPERHEAT CON­
TROL BOILER was used to identify a double­
furnacc boiler :rnd the term UNCONTROLLED 
SUPERHEAT BOILER was used to identify a 
s ingle-fumace boiler. These ter ms probably are 
still used in tl>IS way, s ince most double­
furnace boilers now in use do, in fact, have 
controlled super lteat and most single- furnace 
b<>ile r s do not have controlled super heat. 

However , recent developments in bolle1· 
design make s upe1·hcat control independent or 
furn..1..ce at·ra11gen'lents . Single -Curnacc bo'ilers 
Wl TH controlled superheat have been developed, 
and double-furnace boile rs WITHOUT controlled 
super heat are a possibility. The time has come, 
tJ1erefore, to stop confusing the number or 
furnaces witlt tJ1e control (or lack of control) or 
superheat. Keep the following definitions in mind: 

SINGLE- FURNACE BOILER : A boiler tltat 
has one furnace. Jt ma)r or n1ay not have con­
trolled superheat. Most s ingle- furnace boilers 
now i n \ ISe do NOT have controlled super heat. 

DOUBLE-FURNACE BOILER: A boile r that 
has two fur naces . It may or may not have 
controlled super heat. 'Most double-fur nace boil­
ei·s now in use 00 have contr olled superheat. 

BOILER WITH UNCONTROLLED SUPER­
HEAT: A boiler In which the amount or heat 
supplied to the superheate r is c losely related 
to the amount of heat suppliecl to the generating 
tubes. It may be a slngle-fur nace boiler or a 
double-furnace boiler. 

BOILER WITH CONTROLLED SUPERHEAT: 
A bailer in which the amount of heat supplied to 
the super heater is pr etty much independent of 
tile amount of heat supplied to the genernting 
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tubes. It may be a single-furnace boiler or a 
double-fu111ace boiler. 

OPERA TING PRESSURE 

i:or some purposes it is convenient to cla~sify 
boilers according to operating pressure. Most 
classifications of this type are approximate rather than 
exact. Header-type boilers and some older drum-type 
boilers are often called "400psi b<Jilers' even though 
the operating pressures may range from 300 psi (Or 
even lower) to about 450 psi. The term "600-psi boiler" 
is otlen applied to varioLL~ double-furnace and 
single-furnace boilers with operating pressures ranging 
from about 435 psi 10 about 615 psi. 

The term "high pressure boiler" ls at present used 
rather loosely to identify any boiler that operates at 
substantially higher pressure than the so called 
"600--psi boiJers." A good many boilers recently 
installed on naval ships operate at approximately 1200 
psi: for some purposes these boilers are grouped 
together and referred to as "1200--psi boilers," 
Classifying boilers by operating pressure ls not very 
precise, since actual operating pressures may vary 
widely within any one group. Also, any classification 
based on operating pressure may easily become 
obsolete. What is called a high pressure boiler today 
may well be called a low pressure boiler tomorrow. 

PROPULSION BOILERS 

Most water-tube boilers now used by the Navy 
have essentially the same components: steam and water 
drums, generating and circulating tubes superheaters, 
economizers, furnaces, casings, supports, and a number 
of accessories and fittings required for operating and 
control. Detailed information concerning the basic 
components of a boiler can be obtained either from the 
manufacturer's technical manual for the specific 
installation or chapter 9510(51) of Bureau of Ships 
Technical Manual. 

The sections which follow show how the 
components are arranged to form the types of boilers 
that are used in propulsion plants of naval ships. 

HEADER-TYPE l301LERS 

Sectional header boilers, commonly called 
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header-type hollers, are install.eel in many auxiliary 
Ships. The ba5ic design of this type of boiler is shown 
in figures 1-2 and 1-4. A front view of a header-type 
boiler is shown in figure 1-4. 

Sectioual header boilers normally operate at 450 to 
465 psig, and are designed for maximum supcrheater 
outlet temperature of 740°F to 750°F. In capacity, they 
range from about 25,000 to about 40,000 pounds of 
steam per hour. 

Sectional header boilers are sometimes refen-ed 10 

as CROSS-DRUM boilers because many of them were 
designed to be installed with the steam drum 
atbwartships rather than fore and atl. However, some 
header- type boilers are not of the cross-drum type. 

Sectional header boilers may also be refetred to as 
SIDE-FlRED boilers. This tenn is used to indicate the 
location of the burners with respect to the position of 
the steam drum. However, the term "side-fired" tends 
to be misleading. Since the surface of a boiler alone 
which the burners are installed is generally considered 
to be the FRONT of the boiler. In the following 
discussion, the front of the boiler will be taken as the 
surface along which the burners are installed. Frorn this 
point of view, then, the steam drum is installed 
lengthwise along the top of the boiler front. 

The sectional header boiler gets its name from the 
header sections which are connected by the generating 
tubes. There may be 12, 14, or 16 of these sections, 
depending on the size of the boiler. Half of the header 
sections are installed under the steam drum, at the front 
of the boiler. Tbe other half are installed at the rear of 
the boiler, at a somewhat higher level. 11te header 
sections are installed at a slight angle from the vertical 
leaning somewhat toward the front of the boiler. The 
angle of inclination of the headers allows the straight 
generating tubes (which enter the headers normal to the 
header surfaces) to slope slightly upward from the front 
of the boi ler toward the rear, thus allowing free natural 
circulation within the boiler. 

The header sections installed under the steam drum 
al the front of the boiler are known: as downtake 
headers. Eacb dovrotake header is connected t.o the 
steam drum by a short down-take nipple. The lower 
end of each do\'.'lltak.e header is connected to tbe 
junction header (sometimes called the MUD DRUM) 
by a short nipple. The downtake headers, downtake 
nipples, and junction header can be seen in tbe 
rnock-up of a header-type boiler shown in figure l-4. 



Chapter 1-BOILERS 

CtPCut.ATOR TUBES 

INlERNAl. 

r:ceo P1"£ 

$UR FACE 

8LOW PIPE 

OOWNTAf<.( 
liEt.i.0£RS 

0-R:Y PIPE 

JUNCTION H£Aoen 
(MUD DRUMl 

FURtl/IC! 
ACCESS OOOR 

STE.AM SOOT 

UP TAK£ 

HtADEA:S 

RISER TUB£$ FROM 
WATCA V/At.LC $1Ct'«A1..L) 
UPTt;JCE HEADER 

$UP1:A.14EA1ER 
OUT LO 

GEfolt::RATING 
TUBE.$ 

SUPSAHl!..-,T£R 

ACCESS DOOr< 

SUPt!RHEA1£R 

TUBES 

SUPEAHf .o\TER 
.. tJ\OCRS 

SUPCnt1£ATER 
SCRC!N lU8!$ 

80T'TO\I A\A'N 
V-4\.1/( OOH ... EttlON 

VIAJOll WALL 
($10( WALL) 

YUBfS 

WATC~ \'t'Al..l 
[ SllJ.E 'NAU-) 

DOWN TAKE 
HEt.O:'.R 

38.33X 
Figure 1-2.-Cutaway view Of sectiOpal header boiler. 

The uptake headers arc Installed at the rear 
of the boiler. Each uptake header is connected 
to the steam drum by a large circulator tube 
which enters the steam drum slightly above the 
normal water level. 

As shown in figures l-2 nnd 1-3, the gen­
erating tubes In this type of boiler arc straight 
rather than curved. They connect the downtake 
headers at tl>e front or tl>e boiler with the uptake 
headers at the rear of the boiler. 
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The superheater consists or U-bend l\lbes, 
an upper superbeater header, and a lower 
superheater heade>'. 1'he superheater tubes ar e 
installed at right an11l es to the generating tubes, 
between the main bnnk or generating tubes and 
the water screen rubes. 

The steam drum is similar to tl>nt used on a 
drum-type boiler, except that the sectional 
header boiler steam drum usually has a manhole 
at each end of tl>e dn1m. The steam drum 
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Figure 1-3.-Side view of sectional header boiler . 

contains the internal fi ttings, including a de­
superheater. 

How would you classify this boiler? On the 
basis of the classiftcation methods glvenearlier 
In this chapter, the sectional header boiler has 
the fol!owlng character istics: 

1. It is a water-tube boiler. 
2. It has natural cir culation of the free type 

(not accelerated). 
3. It is a header-type boiler rather than a 

drum-type boiler. 
4. It has only one furnace. However, this 

boiler is never referred to as a single-furnace 
boiler; that term seems to apply only to drum­
type boilers . 

5. It does not have controlled superheat. 
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6. It operates at a pr essure of 450 to 465 
psig on some older naval ships. 
However, you may hear header-type boilers 
called "400-psi boilers." 

DOUBLE-FURNACE BOILERS 

Double- furnace boilers (also called M-type 
boilers) are installed on most older destroyers 
and on many other combatant ships. These 
boilers are deslgned to carry a steam drum 
pressure of approximately 615 pslg and to 
generate saturated steam at approximately 
490'F. The saturated steam for auxiliaries goes 
di rectly from the steam drum to the auxiliary 
steam line. All other steam goes through the 
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38.35 
Figure 1-4.-Vlew or a sectional header boiler. 

superheatcr. Double-rurnace boilers are de­
signed In various sizes and capacities to suit 
dlffero11t Installations . They rangti In ca1lnclty 
from about 100,000 to 250,000 pounds Of steam 
per hour at 1\111 p0wer. 

Figure 1-5 sl\ows the general:trrangementof 
a doublc-rurn.'\cc bOiler commonly used lnnaval 
ships. Figure 1-6 shows a section:ll view ot the 
same boiler, and figure 1-7 shows a cutaway 
view. 

Since a modern boiler ts likely to contain 
between 1,000 and 2,000 tubes, some system of 
tube ldcntl!lcatlon Is essential. Gcncratin~ nnd 
circulating tubes (generating, water -11, water 
screen tubes, ai\cl ctowncom<lrS) are lctentiflecl by 
LETTERING tlie rows of tubes and NUMBEHING 
the Individual tubes in each row. A tube row 
runs Crom the front of the boiler to the rear Of 
the boiler. The row of tubes ne><t to the furnace 
ls row A, the next Is row B, tho noxt Is row C, 
and so forth. U there are more than 26 rows In 
a tube bank, the rows after Z are lettered AA, 
BB, CC, DD, ancl so forth. Each tube In a row Is 
Uien desli;nated by a number, boglnnlng with 1 
at the front of the boiler and numbering b:l.ck 
toward U1e rear. 

9 

The letter which identifies a t\lbe row Is 
often preceded by an R or an L, particularly In 
tlle r.ase or water screen tubes, supci·henter 
suppor t tubes, and furnace dlvlslo11 wall tubes. 
When an R 01· an L Is used AFTER the regular 
letter and number Identification of a tube, It 
may indicate either that the tube Is bent ror a 
right-hand or a left-hancl boiler or U1at Uie tube 
is studded or filmed on the rlght-handsldeor on 
the left- band side. 

Because each of the two furnaces can be 
fired separat.cly, thus allov.1ng control of super­
heated ste"m temperature over a wtdo range of 
operating conditions, the double-f\Jrnnce boiler 
h:is long boon called a "supe1·heat control 
bOller." As noted earler ln this chapter, how­
ever, the control of superheat Is not necessarily 
related to the number of rurnaces In :i boiler. 
Therefore, U1ls boiler will be referred to as a 
DOUBLE-FURNACE BOILER; this particular 
boiler which Is Illustrated here does have 
controlled superheat-remember, however, that 
it Is possible to have a double-f\Jrnacc boiler In 
which superheat is not separately confrolled. 

How ls superheat controlled In tho double­
f\Jrnace boiler? By proportioning U1c nmount of 
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Figure 1-5.-General arrangement o! double-furnace boiler. 

oil burned in the superbeater-side furnace to the 
amount of oil burned in the saturated-side 
furnace. When burners are lighted only on the 
saturated side, saturated s team Is generated. 
When burners are lighted on the superheater 
side as well as on the saturated side, tile 
satu1·ated steam flowing Ull'OUgh Uiesuperheater 
becomes superheated. 

The i·ate of steam flow through the super­
heater also affects the degree of superheat 
obtained. However , the rate of steam flow 
Uu·oog11 U1e superheater Is basically dependent 
upon U1e firing rate on the saturated side. 
Therefore, the degree or supe1·heat depends 
primarily upon the ratio Of the antO\Ult Of oil 
being bumed in the superheater side to the 
amount being burned In the saturated side. 

The now of combustion gases in the clouble­
furnace boiler is partly controlled by gas 
baffles (fig. 1-6) at the upper and lower ends of 
the LC row tubes and at the lower ends of the 
division wall tubes next to the saturated-side 
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furnace. Origtnally, the gas baffles were made 
by us ing partially studded tubes, packed wlU1 
plastic chrome ore. However, a newer type Of 
LC row tube has been designed and is being 
installed whenever the plastic chrome ore on 
the old stud tubes Is so worn that replacement 
would be required. The new type or LC row tube 
is finned, rather than studded, and 1·equires no 
packing with plastic chrome ore. 

What is the purpose of the gas baffles? The 
baffles on the LC row tubes direct the combus­
tion gases toward the superheater tubes and also 
deflect the combustion gases away from the 
steam drum and the water screen header. The 
baffles on the tubes by the saturated-side 
furnace keep combustion gases from flowing 
toward the superheater tubes, thus protecting 
the s uperheater when the superheater-side is 
not lighted off. In addition, the batnes on tne 
saturated side deflect combustion gases from 
tlie super heater side up toward the top of the 
saturated side, thus allowing them to pass 
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Figure 1-6.- Double-furnace boiler (sectional view, looking toward rear wall). 

toward the uptake without distur bing the fires 
In the saturated- side furnace. 

How would you classify this double-furnace 
boiler that has just been described? On the 
basis of the classification methods given ear ler 
in this chapter, this doubl e-furnace boiler has 
the following characteristlcs: 

1. It is a water- tube bo iler. 
2. It has n.~tural ciTculation of the accel­

erated type. (Note that the generating tubes 
slope much more s teeply in this boiler t han in 
the sectional header boiler previously 
described.) 

3. It is a drum-type boiler in which the 
tubes are ananged in the shape of a letter M. 

4. It has two furnaces -one for the saturated 
side and one for the super heater side- and iS 
thus called a double-furnace boiler . 

5. It has controlled superheat. 
6. It operates at a pressure of about 615 

psig, and is often called a "600-psi boiler. " 
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SINGLE-FURNACE BOILERS 

The older Single-furnace boilexs that were 
installed on many World War II destr oyer 
escorts differ in some important r espects from 
the newer singl e-furnace boilers t hat have been 
installed on ships built since World War II. 
Ther efore the older and the newer types will be 
considered separately in this discussion. 

Older Single- Furnace Boile r s 

A single-furnace boiler of the older type is 
shown s chematically i n figur e 1- 8 and in cut­
away view i n figur e 1- 9. This boiler pr oduces 
about 60,000 pounds of steam per hour at full 
power. At full power the steam drum pressure 
is about 460 psig, the superheater outlet pres­
sure is about 435 psig, and the superheater 
outlet temper ature is about 750°F. 
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Fig~tre 1-7.- Double- furnace boiler (cutaway view) . 38.38X 

This boiler does not have controlled super­
heat. When the boiler is lighted off, both the 
generating tubes and the supet·heater tubes are 
heated. In order to protect the stiperheater tubes 
from overheating, all steam generated in the 
boiler must be led through the superheater. The 
saturated steam goes from tlte dry pipe in the 
steam drum to the superbeater i nlet. It goes 
through the superheater tubes, out the super­
heater outlet, and into the main steam line. 

Auxiliar y steam must also go through the 
superheater in order to protect the superlleater 
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tubes. Since most auxiliaries are designed to 
operate on saturated s team .• some of the super­
heated steam must be desuperheated so that it 
can be used to operate the auxiliaries . Desuper­
heating is accomplished by passing some of the 
superheated steam through a desuperheater, 
which is basically a coil Of piping submerged in 
the water in the steam drum. Heat transfer 
takes place from the steam in t.he desuperheate1· 
to the water in the steam drum. The desuper­
heatecl steam which passes out of the desuper­
beater and into the auxiliar y steam line is once 
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Figure 1-8.-General arrangement of older type of S!ngle-fUrnaee boiler. 

agaln al (or very close to) saturation 
temperature. 

Thus far consideration has been given to the 
flow of steam as it occurs after the boiler Ms 
been cut In on the steam line. But what happens 
when a cold boiler Is Hi:hted off? How can U1e 
superheater tubes be protected from the heat or 
the furnace after fires are lighted but before 
sulflclcnt steam has been generated to ensure a 
sare flow through tlle superhontcr? 

Various methods arc used to protect the 
superheater dur ing this critical period immedi­
ately after lighting off. Very low firing rates are 
used, and the boiler is warmed up slowly until 
an adequate now of steam has been established. 
Many slngle-furn.'lce boilers have connections 
IJ1rough which protective steam can be supplied 
from anottier boiler on the same ship or from 
some outside source such as a naval Shipyard 
or a tender. As shown in lig\lre 1-8, this steam 
comes In (u!lder pressure) through U1e super­
heater protection steam valve. It enters the 
superhcater inlet, passes t11rougb the super­
heater tubes, goes out the superheater outlet, 
passes through the desuperhcater, a!ld then 
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goes Into the auxiliary exhaust llne by way of the 
superhcater protection exhaust valve . 

On single-furnace boilers which do not have 
a protective steam system for use during the 
lighting off period, eve11 greater rare must be 
taken toestabl!sh a steam now through the super ­
heater. In general, the steam flow Is established 
by venting the superheater drains to the bilges 
while warmlnA" up the boiler very slowly. 

How would you classify t11is boiler'/ On the 
basis of the classiCication methods given earlier 
ln this chapter, this single-furnace boiler has 
the following characterlstics: 

I. It is a water-tube boiler. 
2. It has natural circulation of the accel­

erated type. (Nole the slope of the tubes.) 
3. It is a dr\lm-type boiler, wlth the tubes 

arranged ill the shape of a letter D. Because of 
Its general arrangement, this boiler ls oiten 
called a 0-type boiler. 

4. It has only one furnace. 
5. It does not have controlled superheat. 
6. It ls often classified as a " 600-psi 

boiler." However, it actually operates at abOut 
435 p.sig. 
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Fig111·e 1-9.-0lder type of Single-furnace boiler (cutaway view). 

!\ewer Single- Fu1·nace Boilers 

The baste design of tl1e single-furnace boiler 
is being used incr easingly. Except for a few 
boilers tliat have been installed more or less 
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experimentally, all natural circulation boilers 
installed tn combatant ships since Wo1·ld War n 
are of the single-furnace type. 

The basic diffel'ence botween the newer and 
the older single-furnace boilers ls that U1e 
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newer ones are designed for higher operating 
pressures and temperatures. Operating pres­
sures range from 600 psig to 1200 pslg. Oper­
ating temperature (super heater outlet tempera­
ture) Is quite commonly 950°F. 

Some or the newer single-furnace boilers 
look quite like the older ones. Others look very 
different. Specific details on the design and 
construction of any particular boiler should be 
obtained from the manufacturer's technical 
manual. Some of the changes on the newer 
boilers are discussed in the following 
paragraphs. 

Perhaps the most important change to be 
noted In the new single-furnace boilers is the 
change In fUrnace design. Higher heat r eleas e 
rates arc possible in these boilers than In 
earlier Single-furnace boilers. The use of higher 
air pressures causes an incr ease in the velocity 
of the combus tion gases, and the increased 
velocity results In a higher rate of heat transfer 
to the generating tubes. Water-cooled rear 
walls, as well as the mor e familiar water­
cooled side walls, a.re required It\ many of 
these boilers because of the higher heat release 
rates In the furnace. The rear water wall tubes 
enter one header at the bOttom or the bOller and 
another header at the top. The lower rear water 
wall header Is supplied v.'ith water through 
several downcomers from the steam drmn. The 
upper rear water wall header discharges its 
mixture ot steam and water to tlie s team drum 
through riser tubes. 

A desti·oyer boiler of recent design Is shown 
in tlgure 1-10. Note the water- cool ed rear wall. 

Another difference between the newer and 
the older slngle-fUrnace bOllers Is In the design 
of the superheater. The walk-in or cavity-type 
superheater Is commonly used In the newer 
smgle-!urnace boilers. As noted before, some of 
the newer superheaters have the familiar U­
shaped tubes but others have W-shaped tubes. 

Many of t he newer s ingle-furnace boilers 
havo somewhat differ entfittings and instruments 
U1an U1ose used on older boilers. 

NEW TYPES OF BOILERS 

The tendency in modern boiler design is 
toward the use of higher operating pressures and 
temperatures. So far, higher pressures and 
temperatures have been achieved mostly by 
makillJ! the necessar y modifications In conven­
tion:il single-furnace boiler designs. Jn the 
future, however, different kinds or boilers may 
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be installed In ti1e propulsion plants of naval 
ships. Some or the possibilities tor future 
bOiler type are mentioned here. 

CONTROLLED CIRCULATION BOILERS 
have been Installed on a few naval ships. Although 
the particular boiler designs that were used did 
not prove entirely satisfactory for tiie special 
requi rements of naval s ervlce, more satis­
factory controlled circulation boHers may be 
developed in the future. 

In theory, controlled circulation hns some 
very definite advantages . h1 natural circulation 
boilers, circulation occurs because the ascend­
ing mlxt\1re Of water and steam Is lighter (less 
dense) than the descending body or relatively 
coot and steam-rree water. As boiler pressure 
Increases , however, there is less difference 
between the density of s team and the density of 
water. At pressu r es of over l OOOpsl, the density 
of steam differs so little from the density of 
water that natural circulation is harder to 
achieve. At high pressures, controlled ci rcu­
lation boilers may have a distinct advantage 
because the! r circulation is controlled by pumps 
and does not depend on differences In density. 
Because controlled circulation boilers can be 
designed wlthOUt regard to the differences in 
density, they can be arranged in practically any 
way that is required for a particular type of 
installnt\on. In theory, therefore, controlled 
circulation boiler s s hould take up l ess s pace 
a.ncl weigh less than natural ci rculation boilers 
of the same capacity. 

PRESSURIZED- FURNACE BOILERS, also 
called SUPERCHARGED BOILERS, or Pres­
sure-Fi red Steam Generator, a.re an interesting 
new develOpment In bOiler design. Boilers of 
this type have recently been installed on some 
naval ships. The pressure- tight furn:tcels more 
or less cylindri cal in shape, with the long axis 
of the cylinder running vertically. The boiler 
dr um Is mounted horizontally, s ome distance 
above tlie pressur ized furnace; the drnm is 
connected to U1e steam and water elements in 
the furnace by downcomers and rlse1·s, all of 
which ar e external to the casing. Some boilers 
of this type are side-fired. Others are t0p­
fired-that ls, the burners ar e at tJ1e top of the 
bOilcr firing downward into the pressurized 
furnace. 

For cecl draft blowers for conventional boiler 
installations furnish air pressures ranging from 
0 to 10 psig. In a pressu ri zed-furnace boiler 
installation, an air compressor supplies com­
bustion air lll pressures of between 30 and 100 
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Figure 1-10.-1200-psl single- lurnace boiler for pOSt World War ll destroyer . 38.41 

psig. What is the advantage of 1>ressurizing the 
furnace? Increasing the pressure on the com­
bustion gas side increases the rate of heat 
transfer to the water In the boiler . The.ref ore 
a pressurized-furnace boiler can be smaller 
and lighter tl1an a conventlonal boiler of the 
same capacity. 

The air comprcssot· which supplies the 
combustion air under pressure Is driven by a 
gas turbine. The ail· compressor and the gas 
turbine togethe1· arc often c>llled a SUPER­
CHARGER. Part of tho energy needed for 
dl'iving the gas turbine ts obtained from the 
combustion gases leaving the boiler fut·nace. The 
combustion gases expand through the gas turbine, 
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where some of the heat ts converted into work. 
This is the same kind or energy transformation 
that occurs in a steam turbine; tl1e difference is 
tllat hot combustion 1r<1ses, rather than steam, 
carry the energy to tl1e gas turbine. After the 
combustion gases leave the gas turbine, some of 
their r emaining heat Is used to heat feed water 
as i.t flows througl1 an economizer. 

LIGHTING OFF BOILERS 

When it has been established that a boiler is 
to be lighted oft, the engineer officer will 
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obtain the necessary permission from the com­
manding officer, through the officer of the watch 
and the OOD. Lighting off instructions for each 
boiler are specified by. the Naval Ship Systems 
Command, the engineer officer, and the manu­
facturer of tne equipment. The fallowing basic 
instructions are generally applicable to most 
modern naval boilers. Special procedures re­
quired for lighting off some types of boilers are 
given after the general instructions. 

GENERAL INSTRUCTIONS FOR 
LIGHTING OFF 

A lighting Off sheet must be filled out ior 
each boiler as it is being lighted off. The sheet 
indicates the step-by- step procedures required 
for lighting Off. As each s tep is completed, tne 
petty officer in charge of the watch checks off 
the step on the lighting off sheet. The lighting 
off sheet serves as a record that each step has 
been completed in the proper sequence. 

The general procedures for lighting off a 
boiler ar e: 

1. Remove the smokepipe cover. 
2. Inspect the bilges to be suretheyarefree 

of oil. 1f necessary, wash and pump the bilges . 
3. Inspect the bottoms and im1er fronts ofair 

casings to be sur e they are free of oil accumu­
lations. Be sure that the register drip holes are 
not plugged. 

4. Be sure that the torch pot is adequat ely 
secured to a structur al part of the floorplates. 
Also, be sure that it ls not so full of oil that the 
oil will spill when the lighting off torch is 
dipped into it. 

5. Check the fuel oil strainers to be sure 
they ar e clean and in good condition. 

6. Inspect all atomizer assemblies. Be sure 
that they are the correct size, clean, and 
properly made up. If the burner has been 
disassembled for cleaning or r epair , check 
the setting of the distance piece to be sure that 
the face of the atomizer tip nut is the correct 
distance from the diffuser plate. This s etting of 
the distance piece varies for different types of 
burners; consult the manufacturer's technical 
manual for the cor rect setting. 

7. Move all air regis terdoors tobe surethat 
they operate freely. 

8. Check individual atomizer valves and 
manifold vab o;lS. They should be CLOSED. 

9. Wipe up all oil from the floorplates. 
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10. With the air register doors open, run a 
forced draft blower to ventilate the furnace and 
clear it of accumulated gases . 

11. Examine all casing doors to be sure that 
they are closed and airtight. 

12. Open the steam drum ai rcock and tl1e 
superheater vents. 

13. Check to see that the water gage cutout 
valves a r e open and that the drain valves are 
closed. 

14. If the boiler has been laid up dry: 
(a.) close the manhole and handhole plate 

fittings, in accordance with Bureau of Ships 
Technical Manual, Chapter 9510(51) article 34; 

(b) close the drain cocks; 
(c) check the surface blow valve, the 

bottom blow valves, and all valves in the boiler 
blow piping to be sure they are CLOSED; 

(d) open the feed stop and check valves, 
start the emergency feed pump, and bring the 
water level to about 1 inch abOve the bottom of 
the glass in U1e lowest water gage; U1ls proce­
dure fills the economizer with water, tests for 
possible obstructions in the feed lines and water 
gages, and tests tl1e ope1·at.ion of the emergency 
feed pump. 

15. If the boiler has beenlaidupfollof water: 
(a) run down or pump down the water in 

the boiler until it is just out of sight in the 
lowest water gage glass . To do this, it will be 
necessary to open the bottom blow valve on the 
water drum, the draln valves on t he water 
headers, and the dr ain valves on tl1e super heater. 
Then the water can either be run to the bilges 
or pumped directly overboard through the hose 
connection provided in tl1e line to the bilges. 

(b) Close the bottom blow valve ancl tJ1e 
drain valves to the bilges. 

(c) Examine the surface blow piping and 
all valves in the boiler blow piping to be sure 
they are CLOSED. 

(d) Using the emergency feed pump, bring 
the water level to about l inch above the bottom 
of the glass in the lowest water gage. 

16. Using the main feeclpump, raisethewater 
level in the boiler about 1/2 inch. This tests 
the main feed pump and the feed lines . 

17. Examine the hand gear for lifting safety 
valves , and operate this gear as far as can be 
done WITHOUT lifting safety valves . 

18. Ease up on the main s team stops, the 
auxiliar y steam stops , and tl1e turbogenerator 
s t eam stops, WITHOUT lifting tJ1e valve disks 
off the seats. This procedure will keep the 
valves from sticking when they arc heat ed. 
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19. Open the valves between the steam drum 
3nd the superheater inlet (tr fitted). 

20. Oil4!n the superhcater gravity (open-
1\nmel) drains. 

21. Check to be sure U1at all cocks and valves 
In the line to the steam drum pro8sure gage 
are open. 

22. Lino up the fuel oil system. Open all 
necessn1·y valves from the service lank to tile 
service pump. Bypass the meter, and open all 
~-nlves botween U1c senice pump and the burner 
manifold. Open the recirculating valves and 
sbrt U1e service pump. 

23. I! the oil IS very cold and vtscous, so that 
the scrvtce pump has diUiculty in bklng suction, 
use the tnnk heating COiis to warm Ute oil. 

24. Cut In steam to the rue l oil heater . 
25. nun a ro1·ccd draft blower SLOWLY until 

the rlrst burner ls lighted. 
26 . If you are lighting orr a slnglo-tumace 

boiler tMt has superheater protective steam 
connections, open U1e protection steam exhaust 
valve and the protection steam Inlet valve to 
establish a positive now of steam throuith the 
superheat er. 

27. Bring Uie water lo the boiler up to the 
lighting Off level. 

28. When the oil has reached atomizing tem­
perature, partly close the reclrculntlng valves 
to allow the fuel oil pressure to build up to at 
Least 200 1>sl. 

29. L111ht off t11e burner designated as the 
lighting oft bumcr. Use a small size sprayer 
plate. Use a hand torch (fig. 1-11) for lighting 
Off. Use diesel oil for lighting the hand torch. 
NEVER use gasoline, kerosene, MphU1a, or any 
oil with u low nasb point. When lighting off, 
stand clear to avotd injury Crom ~ nareback. 

30. As soon as the llrst burner has been 
lighted, close the fuel oil rec irculating valves 
and regulntc the oil pr essure with the micro. 
meter valve. 

31. Open the fuel oil meter Inlet a11d outlet 
valves nnd close the meter byJ)!l68 valve. 

32. Check the level in the water gages as the 
boiler be~ns to heat up, and check It frequently 
after steam has begun to form. 

33. Close U1e steam drum alrcock and the 
superhcater vents, after stcam has formed 3nd 
bas blown SU!ficlcntl>• to exclude 211 air Crom 
the boiler. 

34. Check the steam drum pressure gage to 
see If lt registers pressure, aJter U1e alrcocks 
and vents have been closed. 

35. As the boiler heats up, check nil fittings 
and eormectlons which may begin to leak as they 
heat up and expand. Some of the things to check 
for leakage are packing glands on boiler \'alves; 
water gngcs and remote water level Indicators; 
gage lines; and all accessible manhole and 
handhole plates. Take whatever action ls re­
quired to correct any leakage discovered. 

36. Check the f\lnctioning or tho water gage 
glasses by opening the drains nnd blowing 
through the gages. 

37. Seo Ui.'lt the water in the boiler Is kept at 
s teaming level. 

36. Secore cutti ng the boiler In 011 the line, 
use the bypass valves or crack the boiler stop 
'-alves sllj!l1tly to warm up the lines slowly and 
to allow gradual equaliz.'ltion or pressures 
between U1e boiler and the line. Be sure th.'lt 
the lines are properly drained during this 
warming-up period. 

39. Cut In thebollerwhentheproperprcssure 
has been reached. CAUTION: The boiler must 
first be cut in on the auxiliary steam llnc 
BEFORE being cut In on the main steam llne. 

40. Llg'hl of( additional burne1·s ns 1·cquh'od. 
When burners are lettered 01· numbered, they 
shOuld always be lighted off In the Indicated 
sequence. A HAND TORCH MUST B'E USED TO 
LIGHT THE FIRST BURNER AND TO LIGHT 
A LL ADDITIONAL BURNERS UN'n LTHE FUR­
NACE OEC0.';!ES INTENSELY HOT: 

Lighting OCf Single-Fur nace Sollers 

The following additional Instructions Cor 
lighting orr slnitle-1\lr nace bollor11 .must be fol­
lowed In order to pr otect tlie superhol<ter whlle 
steam ls bolng raised in the boiler. 

I. On or before lighting the first burner, 
establish a positive now or steam through the 

Jl.ICIO IROM ROD/ 

Fl1t11ro l-1 I .-Lighting off torch. 38.183 
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superheater . Many single-furnace boilers have 
protective steam systems for the superheater. 
Opening the superheater protection s team ex­
haust valve and the superheater protection steam 
inlet valve establishes a positive flow of steam 
through the super heater. If there is no protective 
steam system, the steam flow must be es­
tablished by opening the superheater drains to 
the bllges and opening the superheatcr vent to 
the atmospheric escape pipe. 

2. The superheater must be THOROUGHLY 
DRAINED at all times. Even on boilers that have 
superheater protective steam, the superheater 
gravity (open-furu1el) drains must be opened 
when the boiler is being lighted off. The gravity 
drains should remai n open until the boiler has 
built up enough pressure (about 50 psi) to allow 
the use of the high pressure drains . 

3. If the boiler has a ~<tperheater protective 
steam system, close the protection steam lNLET 
valve when the s team drum pressure r eaches 
aPllroximately 150 psi-or, in any case, by the 
Lime the s team dn1m pressure equals the 
pressure i11 the superheater protection steam 
supply ll11e. 

4. While steam is being raised, the allowable 
rate of combustion must not be exceed eel. The 
superheater protective steam system is not 
designed to protect tJ1e superheater at high rates 
of combustion. 

5. The superheater protection steam EX­
HAUST valve should be left open until the 
auxiliary steam stops are opened and the boiler 
is iurnlshlng steam to the awdliary steam 
line. 

Lighting Off Double- Furnace Boilers 

The fOllowing prec'<utions must be observed 
in lighting off double-furnace boilers: 

1. The superheater must be THOROUGH LY 
DRAINED at all times. When lighting off, open 
the low pressure drains and keep them open 
until the boiler has built up enough pressure 
labout 50 psi) to allow the use of the high 
pressure drains. 

2. NEVER light burners on tJ1e superheater 
side until an adequate steam flow has been 
established through the superheater~ NEVER 
light a burner on the superneater side unless 
one or more burners are in operation on the 
saturated side. 

3. When only the saturated-side furnace is 
lighted off, keep the air registers tightly closed 
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on the superheater side . This precaution is 
necessary because ai r leakage tlu·ough the 
supe1·heater-side furnace would tend to cause 
condensation in the super heater . 

4. When U1ere is little or no now U1rough U1e 
superheater , great care must be taken to see 
U1at t he saturated side is not overiired. Exces­
s ive heat from the saturated side can cause 
serious damage to super heater tubes. 

5. Before lighting off the superheater side, 
check the superheater steam now indicator to 
be sure that a safe minimum steam flow has 
been established. 

Lighting Off With Automatic Combustion 
Controls 

A boiler which i s equipped with automatic 
combustion controls can usually be lighted off 
either witJ1 0 1· without using the automatic 
control system. When compressed air is not 
available, the boiler must be lighted off on 
local manual control and operated on local 
manual until compressed air is available. When 
compressed air is available, the boiler may be 
lighted off either on local manual or on remote 
manual. It is normally transferred to automatic 
when operating steam pressure has been 
reached. 

The following general rules for tr ansferring 
from one metl1od to another apply to most 
automatic combustion control systems now in 
naval use: 

1. Trans ferring from local manual to remote 
manual may be done at any time when compressed 
air is available for the controls. 

2. Transferring from remote manual to 
automatic may be done at any time after opera­
ting steam pressure has been reached and a 
sufficient steam flow has been established to 
pern1it continuous firing. 

3. Transferring from local manual to auto­
matic should be done by first transferring to 
remote manual and then from remote manual to 
automatic. 

4. Transfer rfog from automatic to remote 
ma11ual may be done at any time. 

5. Transferring from remote manual to 
local manual may be done at any ti me. 

6. Transferring from automatic to local 
manual should be done by first transfening to 
r emote manual and then tr ansferring from re­
mote manual to local manual: 
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PARALLELING BOI LERS 

The following proceclure is used In cutting in 
additional boilers, when one or more boilers are 
already supplying steam to the line: 

1. If the main and auxiliar y ste:tm lines to 
which the boiler is to be com\ected are cold, 
warm them thoroughly, by using the bypass 
values; or by cracking the boile1· mai n and 
auxiliar y steam stop valves. Observe the steam 
lines during thlS process and set up on any 
leaky joints. Make sure that the slip joints or 
other ex1>ansion prov!Sions in the steam line 
are free. Cut ln U1e steam !Ille drains and trap~, 
and open the trap bypasses if the volume of 
water is too great for the t r aps to handle. 

2. With a boiler , not fi tted with a super­
heater , cr ack the boiler main s team s top valve 
(or its bypass valve, if one is fitted) from the 
firer oom, rather than from a s tation outs ide of 
the fireroom. This should be accomplished when 
the pressure reaches 5 to 1 O pst above the line 
pressure. Allow the pressure to equalize; then 
slowly open U1e steam stop-valve unlit !tis wide 
open. The bolle1· IS cut in on the auxll!ary steam 
line in a Sim\l;'l r Jn:\nner. 

3. Under ord iJmri• conditions, the saturated­
s team load of I\ ship with s uperheat control 
boiler s should be divided among all the boilers 
in use. Before any boiler is cut in on the main 
steam line, it should be cut In on the auxiliar y 
steam line. 

Any combination of boilers connected to a 
common main steam line must be connected to a 
common auxiliar y steam line. Thus, lf two 
boilers in the same fireroom a re f\1r nishing 
steam to the main steam line, the valve in the 
auxiliar y s team line between those two boiler s 
must be open. Similarly, if the cross-connection 
in the main steam line between the port and 
star board engines and/or between the forward 
and aft enginerooms ls open, the corresponding 
cross connectlon(s) in the auxiliary steam line 
must be open. OU1erwise, •11 Increase in the 
saturated-steam load on one boiler (or gr oup of 
boiler s , as the case may be), without a cone­
sponding increase i n tile firing r ate on the 
satur ated side or the boiler (s), will cause a drop 
in drum pressure and may cause stagnation or 
reversal of now through the st1perheater s of the 
boiler s, with consequent overheating of the 
superheaters. 

Ir a ship is to be ope1·ated with Uie cross­
c.onnectlons open, the cros s- connection in the 
auxiliary steam line s hould be opened before the 
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cross-connectio1\ i n the main steam line Is 
opened. 

4. With boiler s which have Integral, separ ­
ately-fired superheaters, all steam lines from 
the Incoming boiler or boilers to tlie super­
heated l\ne should be thoroughly dr ained and 
warmed up before t11ey are cut in. The incoming 
boiler or boilers should be cut in on the 
auxilia1·y s team lines in the manner outlined in 
previous par agr aphs, following which they 1m1y 
be cut in on the superheated-steam lines. The 
steam line temperature~ should be reduced to 
approximately 600"F before an additional boiler 
is cut In. This r eduction in temperature should 
be made gradually, as time and circumstances 
permi t, and preferably at a rate not exceeding 
50"F every 5 minutes . 

The maximum steam now possible should be 
established through the superheater of the in­
coming !)Oller , by the use or drains to the bilges; 
leakorrs to the auxiliary exhaust line or to 0U1er 
locations; and s teaming to a generator direct 
!rom the superheater outlet (If cormections are 
provided to accomplish this opei:ation). Thor­
oughly check the blow- down of the super heater 
drains to tl\e bilge as a final mois tur e- elimina­
tion precaution; and open the bypas s valves 
ar ound the boiler and main line s top-valves to 
equalize p1·essur e and establish additional now. 
Open the ma in-line stop •~\Ive; and then crack, 
and s lowly open, the main boiler stop-valve. It 
is prere1-ablc to have the fire room force manip­
ulate the valve connecting Ute boiler outlet to 
the line carrying super heated steam. As soon as 
the steam stop-valve is wicle open and steam now 
through the s uper heater is sufficient (as indi­
cated by the super heater pr otection device), the 
supel"11eater s ide of the incoming boUer should 
be lighted off; the s uperheater oullet tempera­
tur e should be equalized with the line tempera­
ture; and the loads orr U1e boiler s should be 
equalized. The superheat should be raised again, 
evenly, on all boilers at t11e rateof50°F every 5 
minutes, as descr ibed previously. 

When lighting off the superhcater side of the 
incoming boiler, care s hould be taken that a 
minimum amount of alt· ente1·s the furnace 
before the bur ner is actually l!ghted, in order to 
avoid the possibility or excessive condensation 
in the supe rheater with consequent carry-over 
into the main steam line. Where special instruc­
tions for cutting in have been issued by U1e 
Naval Ship Systems Command or are contained 
In the boiler technical manual for the ship 
concemed, such instr uctions s hall apply. 
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5. With boilers e(lulpped with integral 
superlleaters which a re not se1ia rately fired, 
Open the superheater outlet valve . If open 
drains are fitted to the superheater or If au 
outlet connection to the :n1xlllary line is pro­
vided, follow the procedure previously outlined. 
When the superheater outlet valve has bee11 
opened wide, secure the discharge connection 
to the auxiliary exhaust line. 

6. When battle conditions !\re such tl1ataddi­
tio11al boilet·s must be tn·ought in on the line 
qtiickly ancl without dropping the s uperheat on 
U1e steaming boilers, or when battle drills are 
being conducted, the followlng procedure may be 
used to r educe the possibility of joint or gasket 
leaks in the main steam lines. Or ing the boiler 
up to pressure, using saturated-side burners 
only, and cut the boiler i11onthea11xlliary steam 
line. Meanwhile, bleed tile supcrhcatcr of the 
boiler copiously to the bilge and to any other 
c<>nnection provided, such as the auxiliary 
exhaust line. Warm up the steam lines to the 
main line stop- valves, by means of the bypass 
valves or by cracking the boiler stops; and drain 
U1ese lines copiously to the bilge. With the 
boiler pressure 5 to l 0 pounds above the line 
pressure, establish flow ft'om tlie incoming 
boiler to the main li ne can·yini;t s uperheated 
steam, by opening the bYl><'lss valves. (Order of 
manipulation of the main boiler stops and main 
line stops or bypass valves Will depend on the 
pi9ing ar rangement:; in the ship. In any case, it 
Is preferable for the firei·oom Corce to manipu­
late the valve coiuiectlng the bollor outlet to the 
line carrying "''perheatect steam.) 

If sufficient steam flow has been established 
(as shown by the supcrhcater steam now indi ­
cator) to protect tile superhcater, light off the 
superheater; and bring Uie steam temperature up 
gradually to equal that of tlle otlier bollers. If 
insufficient steam flow Is obtained through the 
bypass, carefully crack the mM n stop to give 
adequate steam flow and 1>roceed :is described 
previously. The rate of firing oftlie superheater 
side will depend on the adequacy of tlie steam 
now. Start wi th a s mall burner and watch the 
superheater-outlet thermometor . If it does not 
show a normal Increase in temperature within 5 
minutes, secu1·e the supe rheater fir es, establish 
more now, and light off agaln. Open the boiler 
stops and equalize the pressur es and 
temperatui·es. 

? . Superheater fit·es Should besec11redwhe11 
boilers With radiant supcrheaters are being cut in 
or out, under normal Circumstances. When the 
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eme1·gency procedure is being employed, gre-.1tcr 
precautions should be taken to ensure adequate 
cir culation. In addition, when the boiler is 
steaming at low rates of flow, at sea or in port, 
the superheat temperature should be lowered 
and, if necessary, t11e supe1·heater side s ecured 
entirely to protect the superheater. 

8. The engineer officer shottld always be 
aler t toanticlp<1te actdltional boiler requi rements 
so that bOilers may be paralleled th rough the use 
of normal procedu1·es. 

9. The safe minimum steam now through the 
supe rheater when superheat control boilers are 
operating at mnxlmum s team tempe ratures 
varies from approximate ly 5000 to 9000 pounds 
of steam per hour, depending upon the type and 
the Size Of the boiler in question. The pressure 
drop on the superheat steam flow indicator is 
approximately two inches Of water in thecaseof 
convection-type superheaters; and flve inches of 
water in the case of radiant-t~•pe super healers. 
The exact figure for each class of ship Is 
specified in the boiler technical mam1al or in 
special instructions Issued by the Kava! Ship 
Systems Command. On boilers with radiant­
type super heaters, all bu1·ner s in the superheater 
side must be secured when the steam flow indi­
cator is in the ''re-cl zone11 ; or \\•hen tho \varnlng 
signal is lighted . Convection-type s uperheat 
control boilers are less critical and may be 
operated at r ecluce<.1 superheat (apprOJ>imately 
700".F) witl1 U1e pointer in the " r ed zone," 
provided the boiler is connected to its own 
turbogenerator on the ship's load and a positive 
steam n ow is thereby ensured. 

Boiler Co11trol 

In determlnlng U1e combination Of boilers and 
burner s to be used, the engineer officer should 
select that combination which will givetlie great­
est plant efficiency, with due 1·cgard to the neces­
sity of providing for safety and military re­
quisites. Tlle cur ves or boiler-efficiency ver sus 
combustion-rate will show cleaJ'ly that a boiler 
operating at its most efficient rate of combustion 
will have a larr;e r e:;crve to meet emergency 
demands for steam. The number of boilers to be 
used should be so selected that the rate of com­
bustion and the nmnber of auxiliaries used will 
re:;ult in the highest possible plant efficiency. 

When the plant is steaming on a number of 
boilers that are not in the same fireroom, a 
carefully worked out system for controlling the 
rate of combustion of each boiler is essential. 
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The control station must be able to accom­
plish the following: 

1. To know the pressure on the fuel-oil 
service iine, and to indicate the oil pressure to 
be used. 

2. To indicate to each fireroom, independ­
ently, the number of atomizers to be used on 
each individual bOiler. 

3. To warn the man controlling the blowers, 
wl1en a change is made in the oil pressure. 

4. To know the maximum and minimum 
steam pressures and temperatures in the main 
steam line and at the engine throttles . 

5. To receive tJie change- in-speed signals 
from tlle bridge at the same time they are 
received i n the engineroom. 

6. To have telephone communication direct 
to each fireroom and to the engineroom-control 
platform. 

When the control is from a central control 
station aboard a large s hip, the burners are cut 
in or out in accordance with the signals Of the 
visual indicator . The control operator is guided 
by the steam pressure and by the speed signals 
on tlle telegraph. He musttrytokeepthe number 
of changes in the firerooms at a minimum, and 
to limit the number of firerooms affected by the 
changes . 

With cross-connected superheat control 
boilers and a comparat ively s teady steaming 
condition, tJie engineer officer shoulcldi rect that 
all boilers in use be operated with the same 
number of burnel'S; the same size of sprayer 
plates; and the same oil pressure. One nu1ch\11ery 
space or fir eroom should be designated to con­
trol each group of boilers ancl to take care of 
variations in load. Each boiler s hould make 
minor adjustme1tts to the number of burners and 
the oil pressure to maintain the desired steam 
pressure and tempe1·ature. For large changes in 
load, all boilers should act individually, cutting 
burners in or out as net~essary, to keep the 
pressure and the temperature from rising or 
dropping. If practicable, each fir eroom should 
be informed prior to a large change in load, in 
order that an excessive rlse or fall in pressure 
may be avoided. 

On small ships, s uch as destroyers, the 
burnerman at the boiler must depend upon the 
boilel" steam-pressure gage and the superheated­
steam thermometer. As tJie steam requirements 
change, he rapidly cuts bur ners in or out so as 
to maintain, as steadily as possible, thedesired 
boiler steam pressure and temperature. He 
should have no other duty while the ship is 
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maneuvering. If he observes a dirty atomizer, 
he notifies t.he boiler1naJ1 in. charge of tlte \\1atch, 
instead of attending to it himself. Efficient 
ope1·ation O( tJ1e boiler s while large and frequent 
changes in rate of co1nbustion are being accon1-
plished requires careful tralnlng of the fire room 
force. When more than one fire1·oom is in 
operat\on for s teady s teaming, it is advantageous 
to designate a cont rol flreroom which will var y 
the number of burners in use inthat fireroom to 
care for minor variations in })ressure an<l ten1-
pel·atlll·e r eq\1irements. 

UNDERWAY OPERATIONS 

A!tel· ballers have been lighted off, the men 
on watch in the fireroom must pay constant 
attention to all detalls of boiler operation. In 
order to meet stea n1 de1nands, the 1nen on v.f"'.itch 
must keep close conh·ol over boiler water level , 
fuel oil pressures and temperatures , contbus­
tion alr flow, and the operation ol all auxiliary 
n1achincry serving the boilers. 

Before tJ1e fireroom is r eported ready to 
answer all bells, a number of checks and in­
spect ions must be made to see that everything 
is in order . The auxiliar y machinery-pumps 
and forced draft blowers- must be operating 
properly. The fuel oil system 1m1st be lined 
up with the main fuel oil sevice pump in oper­
ation, a standby service pump lined up and 
l'eady to take $uction from the standby fuel oil 
service tank, fue fuel oil heater in operation 
with the appropriate number of units, and 
standby atomizer assemblies made up and 
stored in racks near the boiler. The feed water 
system must be lined up with the main feed 
pump in operation, a standby main feed pump 
warmed up, and the emergency feed pump op­
erating slowly i n a standby condition on cold 
suction. All gages , instruments , alarms, and 
annunciato1·s must be checked to be sure that they 
are In good working . condition. All safety pre­
ca\1tions must be observecl, a nd unsafe oper­
ating conditions must not be a llowed to exist. 

Most of the information given in the sections 
\vhich follo\11 on under\vay operatio11s deals \\•lth 
manual , rather than automatic, operation oi 
boilers . Most naval boilers arc not at present 
equipped with automatic control systems; and, 
even on ships which do have automatic controls, 
fireroom personnel must still be completely 
familiar witll all manual opera ting procedures. 
When an automatic cont.rot system is operating 
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correctly under steady steaming conditions, the 
fireroom force might almost seem to be un­
necessary because the automatic controls take 
care or reed water, fuel oil, and combustion air 
demands. However, no automatic boiler control 
system yet Invented has made the flreroom 
force obsolete. Automatic boiler controls In­
stalled in navi<J ships operate with n high degree 
of accurncy and reliability; but they a r e de­
signed to AlD operating persormel, not to 
replace them. Trained fireroom personnel must 
always be available to check on the operation of 
the automatic controls, to deal with large 
cltanges In steam demand, and to operate 
the boilers manually In the event of casualty to 
the automatic controls. 

STEADY STEAMING 

Durlni! In-por t oper ation and \mcle1· cruis ing 
conditions, the rate of combustion ls fairly 
constant because changes in steam demand are, 
In general, very small. Every effo1·t should 
be made to stabilize boiler operations-that is, 
to malntaln constant conditions on as many as 
possible or the boilers in use. The rollowlng 
factors are important in maintaining steady 
boiler conditions: 

1. The fuel oll should be kept at the speci­
fied temperature and pressure. 

2. The blowers should be regulated to give 
the proper nil· pressur e, and th ls air pressure 
should be kept steady as long as no change i s 
made in the oil 11ressure, the number of burners 
in use, or the size of sprayer plates in use. 

3. The water should be maintained at Ute 
proper level, without major fluctuations. 

4. nie air registers should be adjusted to 
the proper position for the steaming rate, and 
should be kept in the same position. 

5. Tho atomizer s should be clean and in 
proper adjustment. 

6. Tho burners should be used according to 
the lighting-off sequence specifled by the boiler 
manufactu1·er or by the Naval Ship Systems 
Command. 

7. Feed water pressure and feed water tem­
perature should be kept constant. 

8. Superheater ouUct pressure and temper­
ature should remain steady. Wide or frequent 
fluctuations in the degree of Superheat result 
in a considerable loss or efficiency In the engi­
neering plant as a whole, and-If oxtrome 
cnough-coutcl cnuse extensive dnmage to ma­
chlnary, piping, joints, valves, and casings. 
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9. When more than one boiler ls In use, as 
many or ttrem as possible should operate at the 
same r-J.te or combustion; and the same number 
of burners should be used 011 each boiler. 

10. The same size sprayer plates should be 
used in all burners of a ll boile1·s In use. 

CONTROL OF FUEL OIL 

The control of combustion involves heating 
the oil to atomizing temper atur e, forcing the o\l 
into the furnace under pressure, supplying 
the proper amount of air for combustion, and 
supplying heat so that the oil will Ignite and 
burn. Thus tl1e control of fuel oil and the control 
of combustion air are Ute two basic require­
ments for efficient combustion In the boiler. 
Factors relating more or less directly to the 
control of fuel oil a r e discussed here; the con­
trol of combustion air is discussed later ln 
this chapter. 

8urner Sequence 

The spectrled numerical or alP.hnbetical se­
quence should be followed ln lighting orr and 
securing numbered or lettered burners and In 
changing the number of burners In use. If 
burners arc 11eltJ1er numbered nor lettered, a 
low burner In the middle of the firing front should 
be lighted off first. As additional b\1rners are 
lighted off, they should be symmetrical about the 
first one. 

Changing the Firing Rate 

The amount of steam that can be supplied by 
a holler ranges Crom the amount obtainable with 
one burner fitted with the smallest stzo sprayer 
plate to tho amount obtainable when all burners 
a r e in uso and all ar e fitted with sprayer 
plates of the largest size allowed for that par tic­
ular boiler . The t.wo main ways of mt\klng large 
changes In tiring rate a r e (1) by Increasing or 
decreasing the number of burne1·s In use, and 
(2) by changing the size of the sprayer plates 
in use. Smaller changes in firing rate may be 
taken care of by Increasing or decrenslng the 
fuel Oil pressure. 

Size of Sprayer Plates 

The capacity of a sprayer plate depends upon 
its size-the larger the sprayer plate, the 
greater its capacity. In addition. sprayer plate 
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capacity is affected by the oil pressure. In­
creasing the fuel oil pressure increases the 
capacity of a sprayer plate of any given size. 

The sprayer plates used in a boiler should 
normally all be oi the same size. (NOTE: The 
numbering system used with sp1·ayer plates is 
mentioned in chapter 3 of this publication.) 
Using mixed sizes of sprayer plates in the same 
boiler results in an incorrect r elationship 
between the combustion air pressure and some 
of tl1e sprayer plates. If the air pressure is 
correct for some of the plates, it is bound to 
be wrong for othe1·s. Under some circum­
stances-for example, when the ship is maneu­
vering at low firing rates-it may be necessary 
to keep a smaller sprayer plate in one burner 
tempot•arily in order to prevent loss of fires. 
Under some other ci1·cumstances, it might be 
necessary to use one larger sprayer plate for 
a short time. In all cases, however, sprayer 
plates of uniform size should be used as soon 
as possible. 

Oversize sprayer plates-that is, plates 
larger tl1an the largest size allowed for the 
ship-must NEVER be used. 

Fuel Oil Pressure 

On most ships, a fuel oil pressure of 200 to 
300 psi gives the best atomization of t he fuel 
oil. Somewhat lower pressures may be used when 
the smaller sizes of sprayer plates are in use; 
however, the lower pressures are generally 
used only to t.~ke care of temporary maneuvering 
conditions. 

On ships having return-flow burners, the fuel 
Oil supply pressure and the fuel oil return 
pressu1·e are specified in the manufacturer's 
technical manual for the boilers. Fuel oil pres­
sures about 1000 psi used for return-flow 
burners are much higher than those used for 
burners that are designed for the straight­
through-flow type of atomizer. 

Fuel Oil Temperature 

Before fuel oil is burned in the boiler 
furnace, it must be heated to the temperature 
required for best atomization. The best atomi­
zation occurs when the oil is heated to a tem­
pei-ature that gives the oil a viscosity of 135 
Seconds Saybolt Universal or 17.2 Seconds Say­
bolt Furol. Viscosity and the units in which it is 
measured are discussed in chapter 3 of this 
publication. 
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Since fuel oils differ in viscosity, the tem­
perature required to provide the prescribed 
viscosity also differs for the vat·ious fuel oils. 
The best atomizing temperature for Navy Special 
fuel oil falls somewhere in the range of 115° to 
145°F. After the best atomizing temperature 
has been determined for any particular shipment 
of fuel oil, tl1e fuel ollheaters areused to main­
tain the oil at this temperature. 

During underway operations, a close check 
must be kept on the fuel oil temperature. Large 
changes in firing rate require changes in the 
amount of steam going to the fuel oil heaters. 

Operation of Fuel Oil Burners 

Under normal steaming conditions, atomizer 
assemblies are made up, ready to be put in when 
needed. Standby atomizer assemblies are usually 
made up ahead of time, with different sizes of 
sprayer plates, and are stowed in racks near 
the burner front. When steam demands change, 
the spare atomizer assemblies are ready to be 
inserted as necessary to meet the changing 
conditions. 

Suppose, for example, tllat the ship ls steam­
ing rapidly and steadily and that large Size 
sprayer plates are in use in all bu1·ners. Sud­
denly a stop signal is given. The large size 
sprayer plates were just right for rapid steam­
ing, but tliey have too great a capacity for the 
situation that now exists . In order to prevent 
a bulld up of pressure that would cause the 
safety valves to lift, theburnermanmustquickly 
remove the atomizer assemblies that are fitted 
with large size sprayer plates and replace them 
with atomizer assemblies fitted with smaller 
size spraye1· plates. 

Before cutting in a burner, a check shOuld 
be made to be sure that an atomizer assembly 
has been inserted i11to the burner. If an atomizer 
assembly has not been inserted when the burner 
root valve is open, hot oil under pressure wlll 
spray out into the fireroom. Ift11e hot oil strikes 
an individual, it may cause serious burns. If it 
strikes a hot surface such as a pipe, it may flash 
into flame and cause a serious fire in the 
fireroom. 

After the atomizer assembly has been in­
serted into the burner head and locked in place, 
the burner assembly should be pushed into the 
furnace until tlle distance piece indicates that 
the burner is in the proper position. The 
distance piece must be pushed in far enough to 
keep the oil from hitting the brickwork, but no! 
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so far that i t will allow :lir to enter the furnace 
without mixing with the oil. The correct position 
of tl~e clistance piece depends upon the number 
of burners i n use and on the s ize of the sprayer 
plates in use. Slight adjustments in the position 
of the bur nel· assembly may be made later, after 
the burner has been lighted off. 

After positioning the burner assembly, the 
burner root valve, should be opened; this perm! ts 
fuel oil to flow from the burner manifold to the 
burner. Before this valve is opened, the fuel oil 
pressure at the manifold should be at least 250 
psi (or, for return-flow burners, the pressure 
specified by the manufacturer). At lower fuel oil 
pressures, otller burners al ready lighted off may 
be extinguished as oil suddenly spurts from the 
manifold to the burner being lighted off. This sets 
up a perfect s ituation for a very dangerous 
flar eback. Oil continues to spray out from tl1e 
extinguished burners; when this oil hits the hot 
brickwork in the fur nace, a flareback is likely 
to 1·esult. 

After opening the burner root valve, the a\r 
register should be opened to the correct position. 
The atomizer valve, located on the burner head, 
should then be cracked open. This atomizer valve 
allows fuel oil to flow through the burner head, 
tl1rough the atomizer , and into thefur nace. When 
opening the atomizer valve, it may be necessary 
to flip the air register shutfor a moment to allow 
tl1e flame from other burners to reach the burner 
being cut In. 

After cutting ln a burner, look through the 
peepholes at the boiler front and check the 
functioning of the bur ner . Check for correct 
atomization of the oil. Be s ure the flame is near 
tl1e diffuser . 13e sure the cone of atomized oil 
ts as near the burner opening as It can be with­
out actually hitting the refractories. 

As the burners are being operated, watch 
tl1e steam pressure gage and make whatever 
adjustments or changes are required to keep tl1e 
steam pressure constant. Small changes in steam 
demand can be met by acljusting the micrometer 
valve on ti1e burner manifold and thus controlling 
the Oil pressure to ti1e burners . To meet larger 
changes in steam demand, it will be necessary 
to cut in or secure burners or change the size 
of the sprayer plates. 

To cut out a burner, close the atomizer 
valve, close the air register, and retract the 
distance piece. NOTE: On some boilers, a 
very slight cracking of the air register is 
permitted when a burner is cut out. The instntc­
tions issued by ti1e engineer offir.er, or given 
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in the manufacturer's technical manual for the 
boiler , should be followed. 

When a burner has been cut out, close the 
burner root valve on the 1nanifold and withd1-a'\' 
the atomizer assembly. If the burner is going to 
be used again almost i1n1nediately-as, for ex­
ample , when the ship is maneuvering and there 
are rapid changes in steam demand-the burne1· 
root valve may be left open and the atomizer 
assembly may be left in plaC<) . But tl1e normal 
procedure is to close the root valve and with­
d ra \v the ato1nizer. 

Atomiz.ers should be chi111ged at least once 
each watch, and oftener if they appear to be 
dirty or clogged. As soonasanatomizerassem­
bly is removed, all oil should be drained oul 
of it and it should then be blown through with 
s team. Most firerooms have steam brackets or 
s team lines rigged for this purpose. Before 
blowing through the atomizer, remove the tip, 
the sprayer plate, and the nozzle. Put these 
parts to soak in a pan of kerosene or diesel oil. 
After the carbon has softened up, clean and 
polish the tip, tl1e sprayer plate, and the nozzle. 
(Note : Abrasives or polishes should not be used 
on sprayer plates; only wood or soft.copper tools 
should be used.) 

At least once an hour, poke through the 
bur ner dra in holes with a metal rod to make 
sure they are free of oil, carbon, ancl 0U1er 
material. 

When operating burners on the supet·heater 
side of a double-fur nace boiler, it may be 
necessary to raise or lower superheat for 
va1·ious operating conditions-maneuvering, as­
tern ope1·ation, and so forth. The prescribecl 
rate for rais ing or lowering superheat is about 
50"F every 5 mi nutes. 

If the super heater ther mal alarm sounds, 
tl1e superheater fires must be immediately 
decreased to bring ti1e temperature down below 
the alarm tempera~.1re. Do NOT decrease the 
temperature any more than necessary . It is 
seldom 11ecessar y to . secure all superheater 
burners in order to bring the temperature down 
to the prescribed point. 

Automatic Control of Fuel Oil 

When an automatic combustion control sys­
tem i s operating on automatic, the conkol 
system varies the fuel o!l pressure and the 
fuel oil flow to meet changing steam demands. 
Under these conditions, the burnerman is only 
responsible for cutting burners ln and out, for 
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changing ancl cleaning atomizers, and for con­
trolling fuel Oil temperatul·es. The automatic 
control Sy$tem does the rest of the job of con­
trolling fuel oil. 

The automatic system may, of course, be 
shifted to remote manual and then to local 
manual at any time. When on remote manual, 
control of fuel oil is achieved by manipulation 
of knobs on the control console. On local manual, 
all operations are manually performed. 

Most boilers that have automatic combustion 
control systems are equipped with rett1rn-flow 
burners. Some of the oil supplied to the$e burn­
ers ls not bur ned; instead, it flows from the 
burner to a fuel oil rett1rn header and from 
there it eventua.l!y goes to the suction side of 
the fuel oil service pump. Cutting in or securing 
r eturn-flow burners is somewhat more compli ~ 
cated than cutting in or securing straight­
through-flow liurners, mostly because there are 
more valves to be opened or closed. Follow the 
manufacturer's instructions for cutting in, op­
erating, and securing return flO\V burne rs. 

CONTROL OF COMBUSTION AIR 

Forced draft blowers supply the air required 
for co111bustlon of the fuel oil. The amount of 
air that enters the furnace is determined by the 
air pressure in the double casings. Altl1ough 
the air pressure is affected by the number of 
burners In use and by the amou11t that. the air 
r egisters are Open, it is prima1·ily determined 
by the speed at which the forced draft blowers 
are operated. The speed of the forced draft 
blowers is controlled by manual adjustment Of 
the blower throttle in all installations except 
those ha»ing automatic combustion control 
systems. 

Fot·ced Draft Blowers 

The forcecl clraft blowers should be operated 
in sucl1 a way as to furnish the required amount 
of air for the complete combustion of the fuel 
being burned. Approximately 14 pounds of air 
will furnish the oxygen theo1·et1cally required 
for the complete combustion of 1 pound of fuel 
Oil. In actttal practice, it is necessary to sup­
ply 110 to 115 percent of the amount of air the­
oretically required, In order to ensure the 
complete combustion Of the fuel. Higher per­
centages of excess air are wasteful of fuel, 
since all air that does not actually enter into 

a combustion reaction merely absorbs and 
carries off heat. 

On the other hand, an insufficient quantity 
of air for combustion is also detrimental to 
boiler efficiency. If there ls not enough alr 
for complete combustion, there may be a loss 
of as much as 10,100 Btu per pound of carbon 
in the fuel. Or, if even less air is supplied, 
some of the carbon Will not be burned at all 
but will pass out of the smokestack as black 
smoke. Insufficient ai r is also detrimental 
because it causes the boiler to pant and vibrate; 
this is one of the major causes of brick work 
failure. 

Ai r Registers 

Only the air register s of the burners in use 
should be open. All other registers should be 
kept closed to prevent excess air from enter­
i ng the furnace. On air-encased single-furnace 
boilers, the air registers of all burners in use 
should be opened the same amount; on double­
furnace boilers, the ai r regis ters of all b\trners 
in us e on the same side of the boiler should be 
opened the same amount, but the s ize of the 
opening may be different on the two sides of 
the boiler. 

In closed fireroom installations, it may be 
necessar y to crack idle registers slightly 111 
order to prevent overheating, warping, or burn­
ing of register parts. However , this is NOT 
necessary with bumers of the type used on ai r­
encased boilers; and on double- furnace boilers 
it is particularly important to keep idle regis­
ters closed on the superheater side when the 
superbeater side Is not lighted off. 

Changing Air Pressure 

The a\r pressure in the double casing must 
be increased BEFORE the r ate of combustion 
is increased, and must be decreased AFTER 
the t ate of combustion is decreased. There is 
usually little difficulty In teaching fireroom 
persollllel to increase the air pressure before 
the r ate of combustion is i ncreased, since 
failure to do so results in panting and vibration 
of the boiler and in heavy smoke. It ls more 
difficult, however, to teach the men to decrease 
the air pressure a!ter the rate of combustion 
has been decreased. However, operating the 
blower at a faster speed than i s required for 
the rate of combustion is definitely a poor 
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practice, since it introduces more excess air 
than is 1·equired for the combustion of the fuel. 

Light Brown Haze 

A trace of light brown smoke emitted in a 
uniform 1m1nner from the funnels is a11 lnclica­
tion that t he amount of excess ai r entering the 
furnace Is just about right-that Is, approxi­
mately 10 to 15 percent excess air. On most 
ships the Cireroom force shoold be instructed 
to operate the boilers with the amount o! ex­
cess air that will produce this light brown haze . 
If a smoke screen is r equired, a command 
decision, based on an operational r equirement, 
will be ordered by the commanding officer. 

Sn1okeless Stean1ing 

For a given rate of combus tion, smokeless 
steaming r equires a moderate increase in 
excess air. To make full speed while r urtnlng 
smokeless requires careful attention to every 
detail or boiler operation. As you know, lnsur­
licient excess air is not the only cause of black 
smoke. Smoke can also be caused by poor 
atomization (due to faulty or dirty burners, low 
oil temperature , low oil pressure), by poor 
mixing or ail· and oll, by unconsumed oil 
striking the t ubes or furnace walls, and by 
otlle1· conditions. Defects oC this type must be 
eliminated before proper air a11d oil r egulation 
can be achieved and before smokeless steam­
ing can be performed. 

CONTROL OF FEED WATER 

The control of feed water is of vital impor ­
tance In boUer operation. Operntlng personnel 
must be constantly ale1·t to any indication of 
malfunctioning of the feed water systems, the 
water gage glasses, and the va lves or controls 
by which feed water is adml tte<I to t he boiler . 

Operation of Feed Systems 

Boller feed systems must always be oper­
ated In such a manner as to ensw·e complete 
rellabtllty. Care must be taken to see that a 
single failure- as, for example, a defective 
gasket-could not r esult in failure of the entir e 
feed water supply. 

When two main feed systems of the pressure­
closed type are installed, pressure should be 
kept on both of them at all times while under 
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way. Normally, ha!! of the boiler s In use will 
take feed from one system and the other boilers 
will talce feed from the other systems. 

Under certain conditions, the commanding 
officer of Che ship may authorize the operation 
of one system only, instead of the two . When 
only one system is in operation, a standby main 
feed pump must be lined up and ready to take 
suction Immediately from tl1e main feed sys­
tem that is not in operation (or, if tl1is ls not 
feasible, from the system that is in operation). 
Under t hese conditions, the use of only one 
feed tank is desirable :\S a means or minimiz­
ing oxygen contamination of the feed water . 
Where two feed ta1\ks are Installed, therefore, 
the cross-connection val"es between the tanks 
should be closed; the standby tank should be 
kept at normal water level, ready for immedi­
ate use; and all condensnte and drains should 
discharge to the tank that is being used. 

Water Gage Glasses 

Each boiler is fitted with two independent 
water gages or water gage assemblies. Various 
combinations are used; ther e may be two 10-
inch glasses or two 18-\nch glasses at. about the 
same level, or two 10-lnch glasses stagger ed 
vertically to provide a total range of more than 
10 inches. The designed normal water level fo1· 
most boilel·s \s at the center of the gage or, in 
the case of staggered gages, midway between 
the top or the upper gage and the bot.tom or the 
lower gage. If the water ls within sight in either 
glass, it is s till witl1h1 allowable limits . If the 
designed normal water level for a boiler Is NOT 
shown at tJ1e midpoint of the gages , the location 
of the normal water l evel shonld be clearly 
ma1·kcd on the gages. 

The water level should always be malntalnt'(f 
as close as possible to the designed normal 
l evel. If the water l evel ls higher or lower than 
normal BUT IF IT IS STILL VISIBLE IN ONE 
GAGE GLASS the water level can be brought 
back to normal by inc'r easlng or decreasing Uie 
amount of water feel to tl1e boiler. If the water 
level cannot be seen at all , an emergency situa­
tion will exist, requiring the IMMEDIATE secm·­
ing of the boilel· . 

If water gages ancl indicators are not func­
tioning, there is no way of knowing where the 
water level Is. Gage connections are easily 
clogged with dirt, sca le, or other solid matter. 
Therefore, ti1e water gages must be blown 
through at frequent intervals in order topreveot 
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false indications of water level. Water gages on 
most boile1·s must be blown down under the fol ­
lowing conditions: 

1. Befor e the l>oiler is connected to the 
steam line, the water gages must be blown down 
in th e presence of the PO In char ge of the watch. 

2. At the end of each watch, the j?;ages mus t 
be blown down in the presence Of the PO In 
charge of the watch coming on AND in the 
presence of the PO in charge of the watch being 
r eli eved. 

3. Water gages must be blown down whenever 
there is any reason at a ll to suspect that the 
gages ar e not registering the actual wate1· level. 
If the water In the gages does not Oucti.1at e with 
the roll and pitch or the s hip, for ex::tmple, 
you should suspect that the gages are not show­
ing the true water level. 

The procedure for blowing down a water gage 
glass of t11e type used on most l>oiler s is as 
follows: 

l. Unhook tlle chains that connect the top 
and bottom valve handles. 

2. Close the top cutout v:\lve and open the 
drain at tbe bottom of the assembly. This al­
lows water to flow tla·ough the bottom connection 
and clear away any obsh·ucting material such 
as dirt or scale. 

3. Open the top cutout valve and close the 
bottom cutout valve. This allows st eam to flow 
t11rough the top cow1ec tlo11 and cl ear it of any 
obs tructing mate1·ial. 

4. Close the dr ain valve. 
5. Open the l>ottom cutout valve. 'l'hls allows 

water to enter the g:tge. Check the water level 
against the level shown on tile other gage or on 
the remote wate .. level Indicator. 

6. Hook the chains that connect the top and 
l>ottom valve handles. 

(NOTE: The procedure for blowing down 
water gage glasses on some 1200- psi boilers 
is somewhat different than the procedure de­
scribed her e. Follow insti·uct.ions issued bv the 
Naval Ship Systems Command concerning t M 
procedure for blowing down gages on 1200-psi 
boiler s .) 

After blowing down a w::tte1· gage, be sur e 
that both !.he valves m·e wlcte open and that the 
gage is incticating the conect water l evel. lf 
ther e is any delay or sluggtshness in the r eturn 
of the water level to the gage, flncl out the cause 
of the trouble anct conect it immedlately. When 
checki ng the water level in a gage glass, be sure 
that the water level you see is actually the true 
water level. Sometimes a fine crack In the glass 
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or a thin llne of dirt can look almost exactly 
like the line or a water level. 

The slightest sign of oil in a water gage 
glass should be 1·eported IMMEDIATELY to the 
PO in charge of the watch. E:ven a small amount 
of oll in the boller water is a ser ious casualty 
r equir ing immediate attention. 

Hemote wate1· Level Indicators 

Sever al types of 1·emote water level indica­
tors ar e now used ln the .Navy.Since 1)t ocedures 
for putting tile lndlcators into sei·yice and for 
blowing tllem down are not the same for all 
types, the manufactu1·er's technical manu:ll 
should be consulted for this information. On< 
precaution tlmt applies to most remote water 
level inclic::ttors should be noted: Do NOT allo.. 
boiler w::tter to reach the Indicating part of t~ 
unit when you are blowing down a remote water 
level indicator. 

When two independent remote water level 
indicators and one water gage are installed on~ 
boiler, the two remote indicators shouldbeuse:l 
as the conh'oll\ng Indicators of water level. Us~ 
the wate,. gage> glass as a check gage while U•e 
boiler is being lighted off. Mter the ship is 
\mderway , secure the gage glass - pl'Ovirted, Of. 
course, that the two r emote wate,. level indi· 
cators show the same reading. 

Remote water level l nctica tors are used oz.. 
most ships to provide a means whereby th~ 
boiler water level may be observed from th; 
lower level of the flreroom. The t,vo types ·o: 
remote water level Indicators (Yarway ant 
JergusonJ mat are described here are in com­
mon use on combatant ships. A tl•ird t;F< 
(Reliance) is used on some cargo ships anl 
converted types. A fourU1 type (Bailey) is gen. 
er ally used where Bailey combustion controls 
or feed water 1·egulators are installed. (NOTE: 
Remote water level Indicators are always sup. 
plemented by at least one water gage glass.) 

YAP.WAY REMOTE WATER LEVEL INDI· 
CATOR.- The general arrang-ement of the Yar. 
way remote wate1· level indiCi\toi· is s hown in 
figure 1-12. The main parts Of t he ind\cator 
ar e (1) the constant-heacl chamber , which it 
mounted on the end of the steam drum, as clost 
to the ver tica.l centerline as possible; (2) l 
gr aduated indicator, which ls usually mounte:. 
on an instrnment panel ; and (3) two rcferenct 
legs , marked A and B In figure 1-12, tliat coo­
nect the constant-head chamber tot.he indicator.. 
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Figure 1-12.-General arrangement or Yar­
way 1·emote water level indicator. 

A constant water level is mainta ined in leg 
A, since the water level in the constant-head 
chamber ctoes not vary. However, the level In 
le~ B is free to fluctuate with changes in s t eam 
drum water level. The uppei· hemisphere of 
the constant-head chamber is comiected to the 
steam drum at a p<>int above the highest water 
level to be Indicated; because of this connection, 
boiler pressure is exerted equal!y upon the 
water in the two legs. The variable leg B ls 
COMected to the steam drum at a 1>0int below 
the lowest water l evel to be indicated; because 
of this connection, the water l evel in leg B is 
equalized with the water level In the steam drum. 

As you can see from figure 1-12, each leg 
is connected by piping to the indicator. In the 
indicator' the two columns or water terminate 
upon opposite sides of a diaphragm. The pointe1· 
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Of the indicator moves over an illuminated scale 
th:it shows low, normal, and high water levels. 
The indica ting unit of the remote water level 
indicator inc:ludes two magnetically act=tcd 
switches that operate a warning horn wllen the 
water level In the steam drum Is too high or 
too low. 

The manutaclurcr' s instructions should be 
followed in 1·eplaclng light bulbs, dlapln-:i.gms, 
defl ection plates , or other parts of the indi­
C.'1.ting unit. Recalibration of the indicator should 
KOT be attempted unless you are SURE that it 
\s necessary . Occasionally it may be necessary 
to blow down the r emote water level indicator. 
If blowdown Is necessary, be very careful to see 
tliat the hot bOiler water does not 1·each the 
indicator. Tile appea1·ance of vapor in the blow­
down discharge should serve as a warning to 
close the draln valves instantly. 

,JERGUSON TRUSCALE REMOTE READING 
BOJLER WATER GAGE.-Thc general Hrange­
ment of the Jerguson remote water level Indi ­
cator is shown in figure 1-13. Before being put 
into operation, the indicator must be filled with 
mercury and calibr ated. After adding 5 1>0unds 
of mercury to the gage, add clear tap water 
until the gage is full. Close the shutoff valves 
and the blowrtown valves at the valve manifold. 
Open the valves between the ' "' h•m column and 
the bo\ler. Then open the blowdown v.\l ves and 
flush the llnes thoroughly wltli steam to 1·emove 
all air and foreign matter. Allow the datum 
column and the lines to fill with condensate. 
When the lines (up to alJ<>ut 3 feet from the datum 
column) have cooled down to r oom temperati.1re, 
you can as8ume that they have been filled with 
condensate. 

With the equalizing valve closed. open the 
gage shutoff valves. With U1e boiler water at 
nor mal level, the gage will r ead below "N" Oil 

U1e scale because of the excess mercury in the 
gage. Drain mercury through the bleeder valve 
witil the pointer is at "N" on the scale. 

Rnise or lower the water level in the boiler 
to obtain a departure of at least 6 inches ft·om 
normal, as indicated by the water gage glass. 
Loosen the calibration slide lock screw, ru1d 
adjust Uie calibration slide so that the pointer 

. re,Hling cori•espollCIS to the water gage glass 
reading. After making the calibration slide ad­
justment, back out the pointer arm locking sc1·ew 
and adjust the pointer length to clear both the 
scale and the window. The gage will now i ndi­
cate Uie water level Uu·ougbout its range. 
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Figure 1-13.-Jerguson Truscale remote reading boiler water gage. 

When the boiler is secured, the valves be­
tween the datLUn column and the boile1· should 
be closed in order to m·event the carryover of 
excessive amounts of boiler compOl.md or other 
forelr;n matter Into the datum column. 

If it becomes necessary to replace any par t 
of the instrument, be sure to follow tJ1e manu­
facturer's instructions carefully. 

Low Pressure Feed Alarms 

Automatic low pressure feed booster lll><rms 
a r e installed on most ships to l11dicat e low dis­
charge pressure of the feed bOoster pump. Dur­
ing the lighting off period, tho alarm should be 
tested by the following procedu1·e: 

1. Start the feed booster pump and bring 
the discharge pres1>1lre up to normal. 

30 

2. E1terr;ize tJ1e low pressure reed booster 
alarin . 

3. Reduce tJ1e feed booster purup discharge 
pressure to the pressure at which the a larm 
f\mctions, so that you can tell whether or not the 
alarn1 is \VOrking. 

A manually operated (pushbutton) a larm is 
lnsta.lled on some ships. By means of this alarm, 
the checkman <\an sip;na l "low feed pressure" 
to the man at the main feed pump. The push­
button alarm should be tested by an JC Electri­
cian at the proper intervals . 

Manual Control of Water Level 

When a boile r is being operated ma11u:1U7, 
the checkman controls the water level In Ute 
boiler by operation of the feed stop and checl: 
valves. The feed stop valve is kept wide ope< 
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whenever the boiler is steaming, and the check 
''aive Is used to regulate the amount of feed 
water admitted to tJ1e boiler . lf t11e water level 
goes down, t11e checkman opens the check valve 
a little wider. II t11e water level iises, the cbeck­
man closes down a little on the check valve. 

Adjustments of the water level should be 
made gradually, and only as necessary. Sudden 
fluctuations in the rate or feeding cause unde­
sirable changes in boiler water temperature, 
steam output, firi ng r ate, and generally r ecluce 
boiler efrlciency. During lighting orr, securing, 
and maneuvering, the water level will fluctuate 
to some extent. But at all other ttmes the water 
level sbould be maintained at or very near the 
designed water level. 

As long as a boiler is furnish.Ing steam, the 
feed supply must never be shut off entirely, 
even for a s hort time. The reason for t111s is 
that water must be kept flowing through the 
economizer at all times In order to prevent 
overheating and possible casualties. 

One of the hardest parts of the checkman's 
Job is learning to regulate the flow or feed water 
to meet changing steam demands . One r eason 
wlw thls is hard to learn is that boiler water 
swells and shrinks as the firing rate is changed. 
As the firing rate is increased, tllere is an In­
crease In the volume of tJ1e boiler water. This 
Increase, which Is known as SWELL, occurs 
because there is an increase in the number and 
slze or the steam bubbles In tlie water. As the 
firing r ate ls decreased, there is a decrease in 
Uie volume of the wate1-. This decrease, which 
Is known as SHRINK, occurs because there 3.re 
!ewer steam bubbles in the water and they are 
of smaller size. Thus, 101· a fixed WEIGHT or 
boller water, the VOLUME var ies with the rate 
of combustton. 

So far, swell and shrink are easy enough to 
und~l,'stand . But things get a little more com­
plicated when you remembe1· t hat the evapo1·a­
tion rate al so increases as the firing rate in­
creases. When tlie firing rate is increased, 
therefore, the checkman must remember to feed 
MORE water to the boll er, even tJ1ougl1 tbe water 
level has already risen momentarily because 
Of swell. On the other hand, the checkman mu&'t 
remember to reed LESS water to tile b<>!ler when 
U\e firing rate is decreased, even though the 
water level has already dropped. 

The problems Of priming, roaming, and 
carryove1· are closely related to the control or 
boiler water level. PRThllNG ls the term usually 
used to describe the carl'yover or large gulps 
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or slugs of water. P1·iming may occur as Ute 
r esult of a momentary high water level which 
submerges the steam sepa1·ato1·s, or it may oc­
cu1· as tJ\e result o! foaming or th.eboller water. 
FOAMING occurs when tJ1e boiler water contains 
too much dissolved or suspended solid matter. 
When a considerable amount or foam piles up on 
the surface of the bailer water, some foam Is 
likelv to be carried over. 

Any type of carryover, whethe1· large slugs 
of water or smaller amounts of foam and 
moisture, can cause extensive damagetosuper­
heaters, steam lines, turbines, and valves. 
P1·lming is particularlydallgerous because large 
slugs of water can hit the turbine blacles with 
::.-uch force tliat thrust bearings, blades, and 
shrouding will be damaged. 

The proper conti·ol of boiler water level and 
t11e proper control of boiler waterquautyshould 
almost completely eliminate priming, foaming, 
and carryover in modern naval boilers, While 
tile boiler Is operating, the surface blow line 
should be used as O[ten as necessary to remove 
scum and foam from the surface or tl1e water . 

An excessive amount of condensate ruiming 
down from the top connection of the water gage 
glass may indicate that roaming and priming 
are occurring. This is particularly true if the 
excessive condensate is noted at the same time 
as rapid, momentary high water levels whlcll 
have no other apparent cause. Even tile slightest 
indication or priming, foaming, or carryover 
should be reported immediately to the PO in 
charge of the watch. 

Automatic Control of Water Level 

Boiler water l evel may be controlled auto­
matically by multi-element feed water regula­
tors or by slngle-elementfeed water r egulators. 
Multi-element r egulators are usually used In 
automatic feed water and combustion control 
systems. Single- element regulators are In­
stalled on many boilers which are not equipped 
witl1 complete automatic control systems. 

The problems of swell and shrink that give 
tile cbeckman some trouble are also problems 
ro1· automatic feed water r egulators. Single­
element r egulators are controlled only by the 
existing water level in the steam drum; there­
fo1·e, tbey cannot compensate for swell and 
shrink as well as the checkman can. Multi­
element 1·cgulators, on the otlier hand, are con­
frolled by the existing water level in the drum 
PLUS otlier iactors such. as feccl water flow 
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and steam flow or fuel oil flow. Multi-element 
regulators can therefore provide better control 
of water level than Is possible with manual op­
eration of the feed check valve. 

As a rule, automatic feed water regulators 
vary the s upply of feed water by actuating a 
feed-regulating valve in the main feed l\ne be­
tween the feed stop and check valves and the 
economizer. When the automatic teed water 
r egulator Is in use, the feed stop and check 
'•alves must be fully open. When tile automatic 
feed water regulator is not in use, the feed­
regulating valve must be fully 01ien so that it 
cannot Interfere with manual feeding of t11e 
boiler. 

SINGLE-ELEM ENT REGULATORS. -Single­
element feed water regulators arelnstalled pri­
marily for the purpose of regulatingboilenvater 
level during battle or under other conditions 
when manual feeding of the boiler might become 
difficult 01· impossible. 

Single-element regulators must be cut in 
immediately when General Quarters Is sounded. 
Single-element regulators may also be used at 
other times. If the single-element r egulators 
are not used ro1· normal steaming, they should 
be cut in at l east once each day anct operated 
for a reasonable length of time to ensure their 
proper operation under emergency conditions. 

When single-element r egulators are used 
under normal cruising conditions, a checkmau 
must remain on station and be r eady to take 
manual control or the feed check valve. The 
checkman ls responsible fo1· cutting In and 
securing the single-element regulator and for 
blowing it down when necessary. 

The gene1·al arrangement of a single-element 
feed water regulator of a type commonly used 
in tile Navy Is shown in Figure 1-14. The in­
structions given here apply to this particular 
type of single-element r egulator . For lnforma­
tion on other types of single- element regulators, 
consult tile appropriate manu£acturers' technical 
manuals . 

The single-element regulator should be blown 
down about once every 24 hours and, In addi­
tion, wheneve1· the r egulator is placed in service. 
To blow down the regulator, open the top and 
bottom shut-off valves and open the blowdown 
valve. 

The outer tube of the generator, tlle copper 
tube that connects the outer generator tube to 
the bellows, and the bellows are no1·mally kept 
full of water. This water forms a closed system 
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in the regulator, separate from the water and 
steam admitted by the top and bottom shut- off 
valves. When this closed system is filled \\~tli 
water, cutting in the reg\1lator ts a simple 
process: 

1. Blow down the r egulator, as described 
before. 

2. Close the blowdown valve but leave the 
top and bottom s hut-off valves open. 

3, Allow time for the generator to cool off. 
4. When the generator has cooled off, r e­

lease the handjack so tllat Ute valve spring will 
be free to close the feed-regulating valve. As 
you release tl1e handjack, the regulator will' 
begin to take over and control the opening and 
closing o! the feed-regulating valve. 

5. Open the feed check valve FULLY so that 
tlte check valve will not interfere with the flow 
of feed water to U1e boiler . 

The procedure for putting the s ingle-element 
r egulator Into service is more complicated if for 
any l·easoo tl1e closed system in the regulator is 
NOTMlo!water. In this case, the l)rocedure is: 

1. Release the handjack. 
2. Disconnect the end of U1e tubing from the 

metal bellows. 
3. Remove the bellows guard from tile 

bellows . 
4. Place the bellows In a container filled 

wlth water. 
· 5. With tlte open end of the bellows upward, 

compress the bellows a number of times until 
all the air is removed and the bellows Is com­
pletely filled with water. 

6. Insert the end of the copper tubing In 
the container of water, with the bellows. 

7. Remove the generato1· plug and siphon 
water from tl1e container through the generator. 
Allow the water to run until all air has been 
;carried out; then put the generator plug back in. 

8. With the bellows under water, place the 
bellows guard over the bellows and co1mect the 
end bellows of the tubing to Uie bellows. Make 
sure that the bellows and the end or the tub!~ 
are completely submerged during Uiisoperatioc 
so that air cannot get into U1e system. 

9. Replace the guard and the bellows on the 
valve. 

10. Release the h~ndjack so that the valva 
spring i s rr ee to close the reed-regulating valve. 

11. Remove the generator plug ~nd allow ex. 
cess water to n m out.. 

12. Replace U1e generator plug. Make sUrt 
that the plug and the connections at each end d 
the capper tubing are made up tight. 
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Figure 1-14.-Slngle-element feed water regulator. 

13. Blow down the generator (open the top 
and bottom shut-off valves and the blowdown 
valve). 

14. Allow the generator to cool off. 
15. Release the handjack so that the valve 

spring Will be free to close the reed- regulating 
valve. 

16. Open the feed check valve fully. 
The single-element regulator is now in 

service, conti·o!ltng the flow of feed water to the 
boiler. 

To cut out the single-element regulator, the 
following procedure is used: 

1. Close down on the feed check valve. Do 
II-OT close the check valve completely; leave it 
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open enough to permit feeding of the boiler 
under the existing steaming conditions. 

2. As the reed check valve Is beingpartlally 
closed, use the bandjack to lock the feed- regulat­
ing valve Ln 'the wide open position. 

3. Close the top and bottom shut-off valves 
that connect the regulator to tl1e steam and water 
spaces of the drum. 

The 1·egulator is now out of service, and the 
water level must be controlled manually by 
operation or the feed cbeck valve. 

MULTI-ELEMENT REGULATORS. - When 
multi-element feed water regulators are in­
stalled, tlteir use is required at all times. 
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Primary rellance for the control or water level 
must be placed In the multi - element regulators, 
~OT In manual operation or the reed check valve. 
When a multi-element regulator ls In use, it is 
not even necessary to have a checkman on 
sll\tlon. However , the man in chnrge of the 
watch must keep a close watch on the water 
levol In the boiler . All boilers equipped with 
multi-element feed water regulators are also 
equipped with remote water l evel Indicators 
which may be read from the lower level of the 
fireroom. 

ll is important to remember that the term 
"multi-element feed water regulator" actually 
refers to a feed water flow SYSTEM rather than 
to any one object or piece or equipment. A feed 
water flow control system includes a crcat many 
units which are Installed in va1·1ous locations 
around the bollc1·. The units in the system In­
clude clovlces for measuring the variables (steam 
flow, feed water flow, water level); devices for 
developing, combining, altering, and transmit­
ting pneumatic Signals; a feed water now control 
valve and a control drive for positioning U1e valve; 
and an emergency de,ice for controlling the feed 
water now u the pneumatic system falls . All or 
these units together make up the reed water flow 
control system which is usm11ly referred to as a 
multi-element feed water regulator. 

Some parts of a multi-element feed water 
r egulato1· are shown in figure 1-15. The feed 
water flow control valve consists of the valve 
itself ancl the diaphragm operator. The dia­
phragm operator r eceives air pressure above and 
below the diaphragm from the valve positioner. 
TI1e amount or pressure Crom the valve posltioner 
depends upon the pneumatic signals received by 
the posltloner; thus the entire system acts to 
control the amount that the flow control valve 
;s opened or closed. 

The emergency device 1s also shown in figure 
1-15. As miiy be seen, this device is very 
similar toa single-elementfeed water regulator . 
Under normal operating conditions, the pneu­
matic control system overpowers the emergency 
device so that the emergency device has no 
effect on the position of tile feed water now 
control valve. If the pneumatic system rans, 
however, the emergency device t:tl<es over and 
positions the flow control valve In accordance 
with the water level in the steam drum. Since 
the emc1·gency device is controlled ONLY by tbe 
exis ting water level in the steam drum, it 
cannot control the water level as accurately as 
the multl-element 1·cgulator. It ls therefore 
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Figure 1-15.-Multt-element feed 

water regulator. 

Important to restore the multi - element regulator 
to service as soon as possihle. 

Multi -element r egulators are normally 
operated with the system set on automatic, 
However, they . may be operated on 1·emote 
manual by manipulating tbe feed wnter selector 
valves at the control consoles. If a multi· 
element regulator cannot maintain Ute correct 
water level Ln the boiler, switch from automatic 
to remote manual. If the water level cannot bt 
maintained by operation on remote manual, CtJI 
out the multi-element regulator , station a man 
at the feed check valve , and control the water 
level manually. 

Additional Information on speclflcCeed water 
regulators and control systems (Balley or Copes) 
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can be obtained fl'om the manufacturer's techni­
cal manual for the Installation. 

AUTOMATIC CONTROL OF 
COMBUSTION AJR 

When an automatic combustion control system 
Is operating on automatic, the control system 
proportions the supply of combustion air to the 
amoimt Of fuel being bu1·ned, in ordel' to meet 
changing steam demands. Tile conh·ol system 
varies U1e supply Of combustion ah· by :1uto­
mat:i.Ci11ly positioning the forced draft blower 
dampers and by automatically inc1·easing or de­
creasing the speed of the forced draft blowers. 

Even when the automatic combustion control 
system is operating on automatic, operating 
personnel may still have some control over the 
amount of excess air . Jn some systems, excess 
air adjustment diMs are provided on Ute control 
console so that the amount of excess air may be 
adjusted to produce the most efficient combustion 
!or the conditions under which the ship ls operat­
ing. To increase the amount of excess a lr, you 
merely turn the di:tl in one direction; to decrease 
excess air, you turn the dial in the other 
direction. 

If the air supply cannot be satistactorlly con­
trolled on automatic, shift from autom,\t\c to r e­
mote manual and operate the blowers f'l:om the 
control console. Uthe air supply still cannot be 
ptOJX!rly controlled, Shi.ft from remote m:mual 
bl local manual and operate the blowers manually 
uni!! the trouble has been found and corrected. 

CONTROL OF BOILERS FOR 
CROSS-CONNEC'rEo OPERATION 

Most naval ships are provided with cross­
connecllon valves tllat allow either split-plant 
or cross-connected operation of Ute major en­
gineering systems. Split-plant operation Is 
slandard for Wllrtlme operation; itis safer. since 
the entire engineering plant is not disabled by a 
casually to one system or one piece of machinery. 
Cross-connected operation was until recently 
standard for peacetime Operation, since It Is far 
more economical U1an sput-plant operation; 
however, many ships now operate split-plant 
Uooer nll conditions becau.se of U1e Safety factor 
ln11erent In spllt-pla11t operation. 

When the plant Is being ope1·ated cross­
connected and at a comparatively steady steam­
ing rate, with more than one fireroom inoi>era­
t!on, there js usually one machinery space or 
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fireroom that is designated as the control room 
for each group of boilers. The boilers th:lt arc 
NOT In the control room are then operated wtU1 
Ute same number of burners, the same size • 
sprayer pl•tes, and the same oil pressure; and 
minor variations of load are taxen care or by 
changtnp; U1e operation of the boilers in the 
designated control room. 'l'o meet larger changes 
of load, changes must be m•de in the operation 
or all boilers. 

CONTROL OF BOILER PFIESSURE 

Some boiler s are operated with the steam 
ru·um pressure as the constant, or controlling, 
pressure; others are operated with the super­
heater outlet pressure as the constant, or con­
trolling, pressure. In general, boilers having 
p1·essuJ·e pilot-operated superheater outlet 
safety v:1lve assemblies are operated with con­
stant drum pressu re; the superheater outlet 
pressure then varies according to steaming 
rate. However, other factors besides the type of 
safety valve in.stallation may determine which 
pressure is best used as the controlling pressure. 
The engineer officer Issues instructions con­
cernint the pressure that Is to be kept const1nt 
and the pressure that is to be varted. Regnrd­
less of which pressure is kept constant, the 
maximum steam drum pressur e must not be 
exceeded 11nder normal 011erating conditions. 

LOW STEAM PRESSURE 

When U1e ship is maneuvering (and particu­
J.~rly under conditions of rapid acceleration) 
eve1·y p1·ecaution must be taken to see that U1e 
load on the boilers does not even mo1nentarlly 
exceed the :tllowable limits. Except when a 
boiler Is to be cut out, steam prcssui-e must 
never be allowed to dt'op below 85 1>ercent of 
the nutltOrtzed operating pressure. II Utere Is a 
substantial drop In steam pressure, demands for 
steam must be cut down drastically w1til U1e 
pNlSS\11'& has built up again to 11 safe point; 
otherwise the operation or the blowers, pumps, 
and other auxiliaries which control Ute supply 
of :Ii r, fuel oil, and feed water will be~me 
slower and slower, and the steam pressure will 
consequently drop even .f\lrther. Ships have been 
brought to a full stop. wl th all fl !'CS out, as 
U1e final result of taklng steam front the boiler 
taster Umn it is being genei·,.te<l. 

A fm•tlter dang el' In taklni; steam from a boll er 
when the pressure is below normal arises from 
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the fact that the specllic vohune (that Is, the 
''Olume per pound) of steam increases as tl1e 
pressure decreases. This rise in speeific volume 
may lead to circulation dUficulties intheboiler, 
with consequent danger of overheating. 

IC special circumstances should make It 
necessary for a boiler to continue to furnish 
steam after the pressure has dropped to below 
85 percent or the authorized operating pressure, 
the boilei· must NOT be operated at a rating of 
mot·c than one-hall Of full-power capacity. 

LOWERING SUPERHEAT 
FOR ASTIWN OPEnA'l'rON 

On most s hips It is necessary to lower the 
degree of superheat for astern operation, since 
the astern turbines are not designed for as high 
temperatures as IJ1e other prOpulsion turbines. 
On double-f\Jrnace boilers, the superheat Is 
lowered by reducing the firlngrateonthesuper­
beater side. On single-furnace boilers, the 
superheat drops as soon as steam is admitted to 
the astcm turbines; this drop in temperature 
occurs bec:tuse the astern turbines require a 
greater volume or steam than the ahead turbines, 
thus Increasing the rate of flow through the 
superhcatcr and thereby reducing the super­
heatcr ouUcl temperature. 

Superhoat temperatures to be used for astern 
operation vnry from one installation to another. 
For speclJ'lc lnfo1·mation on various installa­
tions, consult chapter 9410 (41) of the Bureau 
of Ships Technical Manual and the technical 
manual furnished by the turbine manufacturer. 

ROTATION IN USE OF BOILERS 

From the time a ship is commissioned, care 
should be taken to operate the boilers on a 
schedule that wlll give approximately the same 
total steaming hours ror each boiler. It is good 
engineering practice to stagger the steaming 
hours o! the boilers between cleaning pericxls, 
so that all boilers will not requi re cleaning at 
the same time; but this can be done in such a 
way that the total s teaming hours for all boilers 
will rem~in npp1·oxlmately the same. 

EFFECT OF STEJ\ll·l 
CATAPULT OPERATION 

On carrie..s equipped with steam catapults, 
the operation of the ship's boilers may present 
special prohlems during catapult Jaunchit1gs. 
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Most or these problems arise from the fact that 
when the steam accumulators arc being chai·ged 
tl1ere may be sudden and very large demands 
ror steam, similar to the demands made during 
rapid maneuvering. These severe demands for 
steam result in fluctuations or steam drum pres­
sure, superbeater outlet pressure, and w11tet· 
level. 

Under emergency conditions, the demand !or 
steam can be so suclden that there IS a possi­
bility or excessive moisture car ryover. Ir the 
emergency steam demands are to continue for 
any length of time, excessive carryover can be 
avolcled by begl1mlng the cha1·gingoporation wltl\ 
a water level that is ver y slightly (perhaps l to 
2. inches) below normal. If this practice Is fol­
lowed, however, great care must be taken to see 
tJ1at lhe Initial water level is not too low, since 
thet·e would then be danger of the water level 
dropping out of sight in the gage glass. 

Part of the steam demand is, obviously, for 
stp,am to fill the accumulator of the steam cata­
pult itself; but along with this expected require­
ment goes a !nirprisingly large increase In the 
steam 1·equlred for the operation ofthe auxiliary 
machinery. Over a wide range, the main reed 
pumps, forced draft blowers, and other vital 
auxiliaries will be operating lntern11ttontly. 
Particular care must be taken, therefore, lo 
observe the operation of these auxlllarlcs du1·­
ing steam charv;ing operations . 

Befo1·e catapult operations ar e begun, the 
settings of the automatic boiler controls s hould 
be checked lo make sure that all units a1·e sel 
In accordance with the manufach1rer•s recom­
mendations. Proper setting of t he units in the 
control systems wi 11 ensure an adequate suppl• 
of steam to all auxtliaries controlled by tJ1e 
control systems and, at the same time, wlll 
ensure that the additional steam supplied to Ill! 
auxlllarles is kept to the minimum that Is actually 
required. 

11'-PORT STEAMING 

The procedures and precautions for In-port 
steaming ar e, in general , much the same a& 
for uncle rway steaming. Howe,•er, a few special 
considerations should be noted. 

Particular care must be taken duri ng In-pol'. 
steaming to keep the economizers free of sool 
The spa1·ky !ires U1at are most prevalent ar 
low firing rates tend to cause the rapid accu· 
mulatlon of soot on the economizer tubes alt 
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gill rings. Occasion.'\lly this soot catches fire 
and burns, thereby melting the aluminum gill 
rings and causing damage to the economizer 
elements. Preventive measures Include (!) 
proper control of combustion air, to prevent 
sparky fh·es; and (2) frequent 1·emoval of soot 
from the economizer by use or the soot 
blowe1·s. 

Caro must also be taken, in port as woll as 
tUlderway, to ensure an adequate supply or water 
to the economizer a t a ll times. /\s long as a 
boiler IS furnishing steam, U1e reed supply 
must !\EVER be shut off even for a short 
time. 

In single-furnace boilers, all steam gener­
ated is passed through the superheater tubes; 
thus, the superheater Is protected at low steam­
ing rates as well as at highe1· rates. The 
superhenter on a double-furnace boil or· 1·equlres 
special protection, hOwever, since It ls poss ible 
to take auxllinry steam dir ectly from the steam 
dt'um, wlthoutpass lng it through tho superheater . 
When there Is no steam flow through the super­
heater, pa1·ttcular care must be taken to see that 
the maximum allowable firlng rate ror the 
saturated side ts not exceeded. Because of the 
possibility of damage to the superheater, It Is 
desirable to maintain a steam flow through tl1e 
superheatei· even when the supo1·hcater side Is 
not Hghted Off. As a rule, therP.fo1·e, ship's 
service generator s are operated on steam taken 
through the superheate r of the IJQ\ler even H the 
superhoatet· s ide is not llghtod otr. Some s hips 
are fitted with special turbogenerator steam lines 
rrom Uie superheater outlet of dlv1dcd-fumace 
boilers. Where such turbogenerator lines :u·e not 
fitted, a secttoo of the main steam line may 
be nsed, PROVIDED that the steam piping sys­
tem Is so arranged that the steam can be kept 
from entering the gland system of the propul­
sion wrblnes. 

A vnrloty of factors tend to cause conden­
s•tion ln the superheater when only I.he satu­
rated s ide or a ctoublc-furnace boiler is in us e. 
Tito drain to the open drain system or to the 
bilges may be used during the lighting-off 
period; arter that, the colUlection to the high­
pres&-ure drain system should be opened to 
ensure COll)plete drainage of the superheater 
at all times that Ute boiler Is under steam. As 
a further precaution against condensation in the 
superheatcr, particular care must be taken to 
see that the air registers on the supc1·hcater­
sido furnace ar e tightly closed when the super­
heat~r side Is not lighted off. 

SECURING BOILERS 

P1vcedures for securing boilers are speci ­
fied by the Naval Ship Systems Conmi:u1d. the 
engineer omcer' and che boiler manufacturer. 
The following Instructions for securing boilers 
apply in genernl to most modern naval boilers . 
Special additional instructions and precautions 
for various types of boile r s a r e given afte r the 
general procedure has been indicated. 

GENERAL INSTRUCTIONS 

In general, these are the steps to be taken 
In securing a boiler: 

1. 13low tubes, after permission has been 
obtained. 

Z. Closo t he atomizer valves, one at a time, 
and at the same time close the all· registers. 

3. Situt off lhe s team to the oil heater, to 
prevent excessive heating (and consequent car­
bonizing) or the oil ns the flow is r educed. 

4. Slow down the fuel oil service pump as 
the burners are being secured, to prevent an 
excessive build-up of pressure. 

5. When all burners have been se<:ured, 
stop the fuel oil service pump. 
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6. Slow the forced dr aft blowers. 
7. Open the f\lel oil r ecir culating valves>tncl 

leave the fuel oil system lined up as t11ough for 
r ecirc\rlatiorr, until the fuel oil heaters have 
cooled. This procedure will a llow the hot oil 
in the heaters to expand without causl ng the 
relief valves to lift. 

8. Remove the atomi?.er assemblies and 
clean them as soon as possible. 

9. When an boilers in a fireroom are being 
secured, run one blower for a long enough ttme 
after the fuel oil supply has been shut off to 
enimre that all oil on the furnace floor Is con­
smned and that. the furnace Is clean~ of an 
gases of combus tion. When all boilers In the 
fireroom are not being secured, itwlll boneces­
sary to leave one or more blowers in oper a tion. 

10. Close the furnace tightly, to keep cool 
air from flowing into the hot furnace. Sudden 
cooling can cause extreme damage to the re­
fractories and to tl1e tubes. This precaution 
is particularly Important, of course, If one or 
more blowers must r emain in operallon In the 
fir eroom; but !t should be observed even if all 
blowers are secured . 

11. When the boiler has cooled enough so 
tha t it IS no longer genera ting steam, open the 
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superheater pr otection outlet valve and c lose the 
boiler steam stops and fill the bOiler to the 
three-fourths level In the water gage glass. 

12. Secure ·the feed pumps ancl the feed sys­
tem, when feed watet· is no longer needed. 
CAUTION: Do NOT secur e the feed syst em 
while the boiler Is still generating steam. 

13. Flush and pump out t he bilges, PRO­
VIDED this can be done wi thout violation of the 
Oil Pollution Act. 

14. Clean out the accumulated oil in all drip 
pans, and wipe down all machinery and floor 
plates. Clean out any oil accumulations on the 
floor between the double casings, wipe clownany 
drips on the air casings, and repair leaks. 

15. When all fires areoutin all \Joilers l ead­
ing to one stack, and when the s tack has cooled 
sufficiently, put on the stack cover. 

SECURING SINGLE-FURNACE BOILERS 

When securing a s ingle- fun1ace boiler , it is 
i mportant to open the superheater protection ex­
haust valve BEFORE the s team flow through the 
superheater has stopped. '!'his val ve should 
be kept open until the steam drom pressure 
has dropped to 100 psig or less. 

SECURING DOUBLE-FURNACE BOILERS 

The procedure for securing- iiclouble-furnace 
boiler varies slightly accor ding t.o tJ1e number of 
boilers that are on the line at the time of secur ­
ing. If only one boiler Is on the line, the super­
heater outlet temperature shOuld be dropped to 
approximately 700° F as the anchorage or moor­
ing is approached; this gives the proper degree 
of st1perheat for backing as well as for going 
ahead. The superl1eat should be secured enti rely 
when the main turbine and turbogenerator re­
quirements are insufficient to ensure a safe 
steam flow through the s uper heater. 

With more than one boiler on the line, the 
procedure for cutting out one doubl e- furnace 
boiler is as follows : 

1. Drop the superheat temperature to about 
600° F, at t he rate of about so• F every 5 
minutes. 

2. Shift the load to the other boiler or 
boilers on the line. 

3. Secure the superheater -side fires. 
4. Secure tl1e saturated-side fires. 
5. Close the boiler steam stop valves. 
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6. Shift from the superheatet· high-pressure 
drains to the gravity (open-funnel) drains; crack 
the grnvity drain root valve on the super­
heater manifold and bleed s team to t.he bilges 
until the boiler has stopped generating steam; 

OR 
Use the steam from the boiler IJeing secured to 
run the emergency reed pump or the main feed 
pump, to maintain the water level at three­
fourt hs glass in the boiler being secured. This 
method of using the s team that is generated 
while the boiler is being secured is pt·efera\Jle 
in many i nstallations, since bleeding steam to 
the bilges is not always feasible. 

SECURING HIGH-PRESSURE BOILERS 

Special instructions for securing high-pres ­
sure boilers v.1ll be found in the manufacturer's 
t.echnical manuals . It is essential that all special 
or supplementnry instructions be followed care­
fully, particularly for boiler s having automatic 
combustion c011trol. 

FIREROOM SAFETY PRECAUTIONS 

The importance of safety ln the Cirer oom 
ca1mot be overemphasized. You must be com­
pletely familiar with all pJ·ecautions to be ob­
served in operating boilers an.ct fireroom aux .. 
!llary machinery. 

Safety precautions to be o\Jse1·ved in connec­
tion with the operation of boilers and fireroom 
auxiliary machiner y are given in the Bureau of 
Ships Technical Manual anct In the manufac­
turer's technical manual for tJ1e boiler s on your 
ship. Additional sa(ety precautions may be pr e­
scribed by the engineer officer . Some of the 
most essential safety precautions r elating to 
boilers m-e given here. 

The following precautions must be observed 
PRIOR TO Pl,ACJNG A BOILER tN SERVICE: 

1. Make all prescribed tests of safety valves. 
2. Test all automatic safety devices to make 

sure they are operating properly. 
3. In lighting ofi, run the water just out a! 

sight in the bottom of the water gage glass. The• 
use the emergency feed pump to brir1g the watH 
up to about 1 inch in the glass. 

4. Always blow through the furnace with air 
before lighting Off. Always blow through the fur. 
nace before relighting burners, after atomizer~ 
have been extinguished. 
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5. Always use a torch for l!ghUng off. Stand 
well clear to avoid injury fl-om a nareback. 

6. Make sure the torch pot ls firmly secured 
and that it is not too 1\111 of oil. 

7. On or befor e lighting the flrst burner on 
a single-furnace boiler, open the supe.-heater 
pi·otectlon s team valves (If fitted) or otherwise 
establish a positive flow of steam tlirough the 
superheater . 

8. Never light a burner 011 the superheater 
Side of a double-fumace boiler until one or mor e 
burners are in operation on tl1e saturated side. 
Never light a burner on the superheater side 
until you are SURE there is an adequate flow of 
steam through the superlleater. 

The following precautions must be observed 
WHILE THE BOILER lS IN OPERATION: 

1. Do not exceed tile authorized ma>-imum 
steam drum pressure. 

2. Do not leave disconnected atomizers ln 
place. 

3. At least once each hour, test the fuel oil 
heater drains. 

4. Do not use fuel oil that Is contaminated 
\~ith •Nater. 

5. If fuel oil service pump suction is lost, 
close the boiler stops before the steam pressure 
drops to 85 percent of authorized working 
pressure. 

6. In securing a boiler, do not close the 
master fuel oil valve until the pump is secured, 
except in an en1e rgency . 

7. As long as a boiler Is furnishing steam, 
do not shut off the feed supply even for a short 
time. 

8. Blow through the water gage glasses at 
lhe prescribed Intervals. 

9. Observe Ille following prcc>1utions to re­
<luce the danger of !ires and flarebacks: 

a. Do not allow oil to accumulate in the 
furnace. 

b. Wipe up spilled oil Immediately. 
c. If burners are suddenly extinguished, 

shut oil the oil supply and blow through 
the furnace wl th ah-. · 

d. Do not use large amounts of excess air. 
e. Always use a to1·ch tolight off thefirst 

burner . Always use a torch to lightorr 
add!tlonal burner s until the furnace 
becomes intensely hot. Never attempt 
to relight burners from hot brickwork. 
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f . When 1ighti11g off a burner, stand clear 
to avoid lllJury If a flar eback should 
occur . 

10. Be sure there Is an adequate steam flow 
U1rougll the superheater at all times. 

11. On double-furnace boilers, do not ex­
ceecl the specified rate of raising and lowering 
superheat-about 50° F every 5 minutes. 

12. If the water drops 'out of sight in the · 
wate g-ages, shut off the oil supply or kill the 
fires, ease open the safety valves cautiously 
to relieve the boiler pressure gradually, close the 
boiler stop valves, close the feed check valve, 
and close all openings into the holler. 

13. If practicable, cut out a boiler a t once 
if a brick falls out or the furnace wall. If it is 
necessary to continue the boiler In operation 
\llltil another one can be brought in on the line, 
cut out tile burners thatat·enearthcplace where 
the b1·ick has fallen out. 

14. Never empty a boiler with bot.tom blow, 
except in an emergency. Never blow down divi­
sion wall headers, water scr een headers, and 
water wall headers w1tll after all burners have 
been secured. 

15. When securing a boiler, open the dis­
charge connection to the a.uxlliary exhaust before 
closing Uie main and auxlllary s team stops. 

16. When securing a double-furnace boiler, 
secure the supel'lleater-side bur ners before 
securi ng the satul'ated-slde burners. Reduce 
steam pressure slowly. 

The following precautions s hould be observed 
AFTER THE BOILER HAS BEEN SECURED: 

1. Remove atomizer assemblies as soon as 
possible. 

2. Close all openings to the furnace 3.fter 
all burnei·s have been extinguished. 

3. After the boiler has stopped generating 
steam, fill the boiler to the three-fourths level 
in tile water gage glass and close the feed s top 
and check valves. 

4. Before removing any fittings or parts 
under pressure, and before loosening a manhole 
oi· handhole plate fitting, take steps to ensure 
the complete absence of pressm·e and the com­
plete absence of hot water. Open the aircock and 
the superheater vents and drains, and test the 
blowdovm from the upper water gage cutout valve. 



CHAPTER 2 

BOILER MAINTENANCE 

The enjtlneer o!flcer must keep hlmseUMly 
acquainted w1U1 the general condition o! each 
bOller and the manner in which each Is beit1g 
oporated and maintained. He must sattsry him­
seU, by periodic Inspections, that tho exterior 
and Interior Sut·faces of the boiler are clean; 
that the r11fracto1·y linings :1cle(1uately protect 
the castng, drums, and headers; that the integ­
rity Ol the pressure pnrts are being malntalt1ed; 
and that tJ1e operating condition of the burners, 
safety valves, operating instruments, and other 
boiler appurtenances are satisfactory. 

The engineer oCflcer must assure himself 
that the idle boilers a1·e properly secured at all 
times, and while steaming, the !uel oil used Is 
free of sea water, and the feed water Is Within 
prescribed limits, rree of salts, entrained oxy­
gen, aiul oil. 

All parts o! the boilet· must be carefully 
examined whenever they are exposed for clean­
ing and overhauling, and lhecondition~observed 
must be described In tbe boiler record sheet 
and the engineering log. All unusual cases of 
damnge or doterioratton discovered at My time 
should be rep0rted to the type commander, 
stating In dota!l the extent ot Injury 1mstailJed, 
remedies applied, and the causes, lCdetormined. 
IC considered of sufficient lmpOrtancc, or tech­
nical asslst.,nce IS desired from the Naval Ship 
Syste1ns Command, :1 copy or the correspondence 
should be forwarded lo the Naval Ship Syste.ms 
Command. 

Care of boiler watersides and firesides, 
imp0rt:ant maintenance !acto1·s, and tests and 
inspecttons or boilers are discussed In the sec­
tions which follow. 

CARE OF BOILER WATERSIDES 

lt Is or utmost Importance tor the englnee1· 
omcer to assure that the watersides ot boilers 
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are maintained free from scale, Oil, or accumu­
lations Of scdl ment. Failure to l<Oep boiler water­
siclos clean reduces the efficiency of tho boiler 
and contributes to overheating which may lead 
to serious damage. Experience has shown that 
tube fnllures resulting from defective materials 
or poor !abi·lcatlon a1·e rare. The majority of all 
tube failures, other Utan those associated with 
water-level casualties, are caused by waterside 
deposits or accumulations. Some tube failures 
a.re cnused by waterside deposits of hard scale. 
More rrequcntly, however, tube failures occur 
as the result of an accumulation or relatively 
sort materials S\1ch as metal oxldos, tho residue 
of chemicals used tor boiler water treatment, 
and the solids formed as a result or the reac­
tions between scale-forming salts or other im­
pttrltles and the chemicals used for boiler water 
treatment. (NOTE: Tube failures a.rediscussed 
later In the clulpter.) 

FREQUENCY OF CLEANING WATERSIDES 

With the exception of boilers on certain desig­
nated shlpS, naval boilers must not be steamed 
for more than 1800 (or at most 2000) hours be­
tween successive mechanical cl&anings of the 
watersides. The engineer officer, belngfamlliar 
With the conditions under which t he bollershave 
been operating, will be able to detetmlne if 
cleaning at less than 1800 hours Is necessary. 
In addition, boilers should be cleaned on the 
watersides whenever there Is any reason to 
suspect that scale or other material has ac­
cumulated In clnlms, headers, or tul>Es. 

Whenever a boiler ls Opened ror any reason, 
it ls good engineer ing practice to hose down all 
accessible parts of the watersides. However, 
this type or water washing is NOT a substitute 
for the re(lulred n1echanlcal cleaning of water­
sides . A notation must be made In the boll er 
record sheet each time the boiler 18 opened. 
The notation should include tho reason opened, 
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whether washed down, and whetlier mechanically 
cleaned. 

At each regular watersides cleaning period, 
all waterside surfaces except superheater tubes 
must be mechanically cleaned. Superheater tubes 
are usually cleaned only at alternate cleaning 
periods. However, they must be inspected at 
the other cleaning periods and must be com­
pletely cleaned if necessary. 

The Naval Ship Systems Command bas author­
ized an extended schedule of waterside clean­
ing fot· the boilers on certain ships. The "ex­
tended scheclule" is not actually a schedule; the 
length Of time between cleanlngs depends upon 
the condition of the boiler . Boilers on the ex­
tended schedule of cleaning are Cleaned chemi­
cally, rather than mechanically. The extended 
schedule of waterside cleaning began as an ex­
perimental program which at first involved only 
a few ships. Several years or experience have 
indicated that boilers can be kept in excellent 
conditio11 on the extended schedule, provided 
certain 1·equirements are met. Correct water 
treabnent is vitally Important for all boilers, 
but particularly so for boilers on the extended 
schedule of waterside cleaning. As the success 
of the extended schedule has been demonstrated, 
additional ships have been included In the pro­
gram. A number of combatant ships now operate 
oo the extended schedule or waterside cleaning. 

Special requirements for boilers on the ex­
tended schedule incl ude: 

1. Boilers must be cle-an to start with. ln­
tl!al cleanliness of U1e boiler s Is obtained by 
boiling out, followed by chemical cleaning. 

2. Boilers must be in good condition. After 
chemical cle-.ining, the boiler must be hydro­
statically tested and an pressure puts must 
satisfactorily meet the requirements of the 
hydrostatic test. Leaky tubes must be renewed. 
All manhole and handhole gaskets must be re­
newed. Valves and boile1· fittings must be in 
good condition. There must not be any active 
pitting or corros!o11 In any part of the boiler. 
There must not be any history of gross leakage 
at handhole fittings. 

3. Boilers must be inspected regularly. All 
ships a~signed to the extended schedule must 
continue to inspect boiler watersides after each 
1800 to 2000 hours of steaming, or more fre­
quently if considered necessary. Special inspec­
tions or boiler watersides must also be made 
when the ship undergoes a regular overhaul. 
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Details of waterside inspections are discussed 
later ln the chapter. 

4. The boile.r water and Ute feed water must 
meet the special standards prescribed for ' 
boilers on the extended cleaning schedule. 

5. nie boiler water must be kept clean by 
frequent use of blowdown. Boiler water samples 
should be so clean that they have the appearance 
of drinking water. Another Indication that may 
be used as a guide for tJ1e need for blowdown Is 
the total dissolved sol!d content of tJ1e boiler 
water. Total dissolved solids are measured by 
an elech-ical conductivity meter on some new 
s hips that have 1200- psl boilers. n 1e reading 
obtained on the conductivity meter indicates the 
efficiency of U1e blowdown.s and also indicates 
whether more frequent !>lowdowns are needed. 
On ships th.at are not furnished with conductivity 
meters, the results of the chemical water tests 
are used as a guide for U1e need for blowdown. 

6. Oxygen must not be allowed to enter the 
watersides or steaming or idle boilers. Dis­
solved o>.-ygen in the feed water and boiler water 
can be prevented by proper attention to U1e me­
chanical details of the deaerating feed tank and 
by proper operation of the tank. Dissolved oxy­
gen tests made aboard ship must be checked by 
shipyard chemists or tender personnel. Idle 
boilers must be laid \IP in the prescribed manner 
in order to ensure the absence of air in the 
watersides of idle boilers. 

7. Boiler record sheets must be carefully 
reviewed. If the boiler record sheet is accurately 
maintalne<l and carefully analyzed, it should re­
veal waterside difficulties long before there are 
any visible e!fects on the boiler watersides. 

8. Ship's personnel must inform oUlcial 
boiler inspectors and Shipyard personnel that 
the boilers are on the extended, rather than the 
regular, schedule of watersides cleaning. Ad­
vance information on U1ls point enables ship­
yard personnel to plan for the chemical cleaning 
that ls required for boilers on the extended 
schedule. · 

PROCEDURES FOR CLEANING WATERSIDES 

The watersides of naval boilers may be 
cleaned in two ways: (!)mechanically, bytJ1or­
ough wirebr ushlng of all drums, headers, and 
tubes, and (2) chemically, by circulating chemi­
cal cleaning solutions through the boiler. 

Mechanical Cleaning 

Before mechanical cleaning of watersides Is 
begun, the internal fittings must be removed 
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from the steam drum. The fittings (particularly 
the steam separators and apron plates) must be 
marked or otherwise Identified as to position in 
the steam drum to ensure their correct relnstal­
latlon. AU inte1•nal !ittlngs must be wire brushed 
and cleaned before they are reinstalled. Addi­
tional Information concerning internal fitting is 
given later In the chapter. 

At present three types of tu\>c cleaners a r e 
approved for use in cleaning bo!ler watersides. 
Two types are ap1>roved for general shipboard 
use; the third type Is used only at naval ship­
years and on repair ships and tenders. 

Tlic Type l cleaner ts electrically driven. It 
consists of an electric motor, a Oexible shaft in 
a Ocxlble casing, a flexible brush holder, and an 
expanding wire bristle brush. This type of 
cl eanor Is provided for gene1'al use. 

Tho Type 2 clea.nerlsdrivenbyanair motor. 
This cleaner consists or the air motor, an air 
hOse, a flexible brush holder, and an expanding 
wire bristle brush. Tho Type 2 cleaner Is usually 
U1e prefened cleaner for general use. 

TllO Type 3 cleaner Is also driven by an air 
mo tor. This c leaner IA abOl.lt the same :ts the 
Type 2 cleaner except that solid steel cutting 
wheels witt1 serrated edges are used In the Type 
3 cleaner. Type 3 cle<\ners are supplied only to 
rep.111' ships, tenders, and naval shipyards . An 
inexperienced operator can do seriou:, damage 
to boiler tubes wlU1 a Type 3 cleanot', so the use 
of tills cleane1· Is tllscourati;ed. 

Operating procedut·cs are much the same for 
the three types of tube cleaners. Thediscussion 

In this chapter deals only with the operation of 
the Type 2 cleaners. A Type 2 lube cleaner Is 
shown In figure 2-1 . Figures 2-2 nnd 2- 3 show , 
two types of wire bristle b1'ushcs that may be 
used in the Type 2 tube c leaner. Figure 2-4 
shows a brush r efill for the brush shovm in fig­
ure 2-2. 

Before beginning to clean tubes, be suretliat 
adequate ventilation and lighting have been ar­
rnnged. (If portable lights a r o used, they must 
be of ttio approved explosion proof type.) In ad­
dition, be sure tMt the air motor, the flexible 
shaft, and the wire bristle brushes a r e tight, 
clean, and in good operating condition. A writ­
ten checlcoff list or all tools and equipment taken 
Into tho watersides should be maintained, and 
the tools removori from the watersides. Thero 
have been many tube failures Immedia tely after 
a cleaning job, as the result of loolsor rags be­
lntit left In the boiler. 

With the air shut on, insert the tube cleaner 
In the tube until U10 brush ls about even wiU1 tlie 
far end Of tile t\1be. Wrap friction tape, a rag, or 
some other m:\rklng matel'lal around the hose 
to Indicate how tar the tube cleaner can be ln­
scrted wiU1out having the brush protrude beyond 
the far end of the tube. Then remove the cleaner 
from the tube. Although there a re many rows of 
tubes of various lengths, the tubes In cachhorl­
~ntal ro.w will bo Ute same length. Tuererore, 
separate mat·klngs will have to be made on the 
hose for each row of tubes. 

After the hose has been marked, insert the 
brush in the tu\>e and turn on thealr to start the 

-------
------

38.192 
Figure 2-1.-Soiler tube cleaner (Type 2). 
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38.193 
Flgure 2-2. - Wire bristle brush for 

cleaning generating tubes. 

brush rotating. Pass the brush SLOWLY along 
the length of Ute tube until the Identifying mark 
has been reached. Then slowly draw Ute brush 
back, withdrawing the cleaner from the tube. 
Proceed In the same way with the 1·est of tl1e 
tubes In the row. It is not necessary to shut off 
the air to Uie tube clcanei· each time the cleaner 
is withdrawn from a tube. However, be sure to 
steady U\C brush assembly with your hand to 
keep the cleaner from whippin!;'. Allowing tile 
brush to whlp at either end of the tube is llie 
most common cause of broken tube cleaners. 

Establish a new mark for U1e next row and 
proceed with llie cleaning. Make as many passes 
as necessary llirough each tube to ensure ade­
quate cleaning. Be careful not to stop the tube 
cleaner In any one place in llie tube, as the con­
tinued rotation of the brush in 0110 place might 
dan1nge the tube. 
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38.194 
Figure 2-3. -Wire bristle brush for 

cleaning large tubes. 

38.195 
Fl(!\lre 2- 4. - Brush refUI. 

Tube cleaning Is most easily accomplished 
from the steam drum. However, some rows of 
tubes are not accl'Ssible from the s team drum 
and must be cleaned from llie water drum or 
header. The lower etJcls of ALL tubes must be 
cleaned from the water drum or header. How­
ever, if tubes are bcntin such a way that brushes 
cannot be forced around llie bend without break­
ing the tube cleaner, these tubes w!ll be cleaned 
from both ends. 

The air motor of U1e Type 2 cleane1· 1·equires 
lubrication after about 10 minutes Of operation. 
By notinp: the speed of operation, it can be de­
termined thl'lt the air motor needs lubrication; 
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the slowing down of the cleaner is normally an 
indication U1at U1e air motor needs lubrication. 
A lubricant can be prepared by mixing one pa rt 
of light machine oil (symbol 211 O} wiU1 three 
parts of kerosene. A squirt can should be used 
to Inject this mixture into the air motor, through 
the exhaust parts. After the al r motor Is lubri­
cated, the cleaner should be held outside the 
boiler drum and operated until there ls no sign 
of lubricant In theexliauststream. Beverycare­
f\11 thnt no lubricnnt gets in the boHer tubes 01· 

drums. 
Tube cleaners must be keptin good ope1·ating 

condition. Tho rotor and blades of the air motor 
should be kept clean and well lubricated. The 
hose connections should be kept light and free 
from leaks. The whips or flexible shaits should 
be Inspected frequently and renewed ifthey show 
Signs of we:1r or damage. If tl1e brushes become 
too worn to work e!flclenUy, the body of Ute brush 
should be retained and a new set ofbrusb refills 
inserted. Wlten replacing pat1sontubecleaners, 
use only the tools provided Cor this purpose and 
be ca1·eful not to exel"t unnecessary pressure. 
Store tube clea11e1·s In a clc:1n, dry container. 
Wr:1p the turbine rotor and casing In a slightly 
Olly r:1g to prevent rusting. 

Chemical Cleaning 

There are two 111etl1ods app1·oved fo1· chemi­
cal cleaning of watersides. The HYDROCHLORIC 
ACID method Is used by naval shipyards and 
private contractors. This meUtod utlllzes con­
centrated hydrochloric acid which is diluted to 
the required strength throogh a proportioning 
valve. The SULFAMlC ACID - CITRIC ACID 
meUIOd is designed for use by forces anoat. 
Only the sulfamlc acid - citric acid method is 
discussed here. 

The rollowing equipment is required for 
clc:1nlng watersides by the sulfamlc acid - citric 
acid metl1od. Detailed information on sizes, ma­
terials, and federal stock numbers of this equip­
ment IH given in tl1e latest Naval Ship Systems 
Command instruction that deals witll chemical 
cleaning of boiler watersides. 

l. A motor-driven acid-resistant pump. 
2. A 20-foot length or acid-resistant suction 

hose. 
3. A 250-foot length of acid-resistant dls­

ch,1rge hose. 
4. A 450-foot length ofacld-reslstantreturn 

hose. 
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5. A 175-foot length of steam llosc. 
6. A portable acid mixing t:•nk, stalnlesg 

steel. or tl1e type shown in figure 2-5. 
7. A ''Spent acid'" tank or abOUt!SOOir.illons 

capacity. 
8. Enough rubber aprons. rubber gloves, and 

race shields or goggles to protect all men who 
must tiandle the acid. 

9. A combustible gas indicator. 
10. A hydrogen vent hose, 3/ 4-lnch m and 

long enough to meet the requirements oC the 
particular s ltuatlon. 

11. Cylinders of wate1:- pumped (oil-free) 
nitrogen. 

12. Appropl'late quantities of the chomlcal8 
required lo make t he strong descalant solution, 
the mild dcHcal:.nt solution, and the passlvaUng 
and noutraltzlng solution. Table 2-1 shows U1c 
quantities of chemicals required to make tl1c 
desc.1lant solutions; table 2-2 shows U1e quanti­
ties of chemicals required to m.1ke U1e passlv:11-
lnc and neutrallzl~ solution. 

13. Appropriate quantities or sodium hy­
droxide to neutralize the spent acid before It ts 
discharged overboard. Two hundred pounds of 
sodium hy<lt'Oxlde are required for each 1500-
gallon tankful or spent acid. 

The following preparations must be mt1do be­
fore chemical cleaning is started: 

1. Close, tag, and lock (or securely wl1·0) all 
valves tliat allow water or steam to enter the 
boiler. 

2. Drain the boiler. 
3. Open the boiler and inspect it caref\llly 

for U1e presence of oil. If any oil is found, re­
move It by bolling out the boiler in accordance 
with prescribed procedures. 

4. Blank off the superheater and tl1e econo­
mizer, unless Inspection reveals that scale Is 
present In tile tubes. (This is not very likely.) 
Stal nl ess steel superheaters must not be cheml­
eally cleaned without prior approval of Naval 
Ship Systems Command. 

5. Blank off all gages and valves U1:tt will 
not be used during the acid circulotion. 

6. Remove tl1e safety valves. 
'I. Jf the desuperheatcr is made or :t 16per­

cent chromium and 1 percent nir.kel nlloy, re­
move tt1c dcsuperheater. Protect the nozzle by 
applylnit two coats or a special paint (spec I r!ca­
tlon MIL-P-23236, Type I, class 2) to the sur­
faces of Uin I 6-1 flanges and to t11e adjacent 
st.1h1less s teel welds. Allow the first coat to 
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1
----i- ,_ 

1 r::. i=itxi::::-- 3/ 4 - I NCH 
1' NIPPLE (INSTALL. 
' I THREE .".SSEM-
tw-J OLIES IN TAN Kl 

CONCAVE BOTTOM 
FOR STRENGTH 

NOTES: 

-- ' .­
' • .L 

1 .. £-INCH STOP VALVE 

~t~:C~OR 
PUMP SUCTION 

TANK TO 9£ MADE OF 12 ... GAGE STAINLESS STEEL. 
lf"STALl. 4- lNCH BY 1/4-tNCH SUPPORT 8ANl>S AROUND 

TOP,CENTER, .C.ND BOT TOM OF' TANK. 
use: ONLY HIGH PRESSURE FITTINGS. 

Figm·e 2-5.-Acid mixing t:1nk. 
98.66 

98 .66.0 
Table 2- 1.-Chemicals Required for 

Descalant Solutions. 

98.66.0 
Table 2-2.-Chemicals Required for 

Passivating and Neuti·allz.lng Solution. 

ClfEMICAL 

Sullamic acid. . . . . . 
Citric acid ...... . 
Dlethylthiourea ... . 

QUANTITY REQUIRED 
FOR EACH 1000 

GALLONS REQUIRED 
TO FILL BOILER 

Strong 
Solution 

(12 
percent) 

900 pounds 
60 pounds 
40 pounds 

MUd 
Solution 

(0.24 
percent) 

18.0pounds 
l.2pounds 
0.8 pounds 

CHEMICAL 

Sodium nitrite ....... . . 
Monosodium phosphate . . . 
Disodium phosphate ...... . 
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QUANTITY 
REQUIRED 
.FOR EACH 

1000 GALLONS 
REQUIRED TO 
FILL BOILER 

42 pounds 
2I pounds 
21 pounds 
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dry for 24 hours before applying the second 
coat; or, to $hOrten the drying periocl, blqw 
warm dr y air at abotit 1 OO"F over the flanges 
for about 6 hours . Then apply the second coat 
and allow it to dry similarly. 

8. Dismantle several steam separators and 
ALL apron plates, to facilitate inspection both 
before and after the cleaning. Place these items, 
together with a representative s creen row tube 
that has been cut into 3- foot sections, in the 
steam drum in such a position that they will not 
cover the tube holes. 

, 
9. Attach a 3/ 4-inch hose to the ><il· cock to 

serve as a hydrogen vent. Lead the hose to the 
weather deck. 

l 0. Install a 3/4-inch tee ona safety valve con­
nection. One branch of the tee serves as an acid 
recirculating l ine; the other branch is connected 
to the nitrogen supply for emptying the boiler. 

11. Disconnect all bottom blow valves from· 
the boiler and install a temporary manifold, as 
shown in figure 2-6. Install a tee at one end of 
the manifold, valved to permit the alternate in­
troduction of steam and acid solution. 

SPENT ACID DISCHARGE LINE * + --- ------------ ... 
WAT(R .~E!l!._O~R~ ~S~H~R.£E_L~€_* _ _____ j 

ACID RECIRCULATION LI NE 1 

ACtO FILL LI NE * 
STEAM 

ACIO 
MI X 
TANK TEE CONllECTION 

IUTROGEN 

H'rDROGEN VENT 
LINE 

SAFE TV VALVE 
FLAtlG( 

AI R COCK (HYDROGEN 
VENT VALVE) 

H ACID FJLL Lll'fE , SPENT ACID DISCHARGE 
LINE , ANO OVER80AR0 DISCHARGE LINE 
ARE THE SAME L INE . NOMENCLATURE 
DEPENDS ON SERVICE. 

TEMPORARY 
VALVE M ANIFOLO 

TEE 
CONNECTION 

(ST EAM 10 0 PS I ) 

Figure 2-6. -Arrangement for chemical cleaning of watersides by sulfamic acid­
citr ic acid metJ1ocl. 
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12. Close up the boiler and give It a hydro­
static test to 150 psi. The purp0se of this test Is 
to make sure there will be no leakage when the 
acid soluUon is being circulated. When the econo­
mizer and the superheater are not to be cleaned 
(as is usually the case) fill them with deaerated 
feed water and keep them run dul'lng the entire 
cleaning operation. 

13. D1·op the boilel' water to normalSteaming 
level and pl'eheat the boiler to 1 75°F t5°F by ad­
mitting steam through the temporary bottom blow 
manifold. Take temper ature readings by placing 
a dial U1ermocoople against bared places on the 
steam drum, U1e water drwn, and the headers. 
The boiler should be preheated very evenly. 
Maintain U1e preheat for 1 hour before proceed­
ing to the next step. Relieve pressure on U1e 
boiler by venting through the hydrogen vent line. 

14. Locate t11e acid mixing tank on the most 
convenient weather deck. Locate the large tank 
for the spent acid in a place where it will be 
convenient for i·ecel\•ing the discharged solution 
from the boiler and for discharging the solution 
overboard. Connect the lines as shown in figure 
2-6, keeping the acid lines as short as p0sslble. 

After all preparatory measures have been 
taken, clean the boiler in accordance with the 
Naval Ship Systems Command procedures. 

The following safety precautions must be 
observed when boilers are beinp; c leaned by the 
sulfamlc acid-citric acid method: 

1. The boiler to be cleaned must bo isolated 
fron1 all 0U1er !eed and steam systems. All 
leaky valves must be blanked off. Any valve 
tllat would have steam on one side and Ute des­
calant solution on the other Side must be blanked 
Oft from the solution. All controls and instru­
ments must be Isolated from U1e dcsca.lant solu­
tion. 

2. Appropt·iat e measures must be taken to 
protect personnel from contact with the chemi­
cals. All of the chemicals used could be harmful, 
particularly to eyes and skin. Face sllield should 
be worn by any person who is dumping U1e chemi­
cals Into the mixing tank. Rubber shoes, rubber 
gloves, rubber aprons, and hats Should be worn 
by all personnel concerned with the cleaning 
op<!ratton. Fool-weather gear ls suttnblc. 

3. Obtain medical attention immediately if 
acid gets into the eyes. Be sure tht\t a plentiful 
supply or fresh water and baking soda Is avall­
ablo In the rireroom and near tile acid mixing 
tank to wash off any acid that p:ets on the skin. 
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4. All precautions must be ti.ken to prevent 
hydrogen explosions. The boiler must be filled 
to overflowing, so that the descalant solution 
returns to the mixing tank, in order to push out 
any hydrogen that may be r eleased by the chem­
ical c leaning. The hydrogen must be vented to 
atmosphere a t a safe location; thevontl\nemust 
NEVER terminate inside t he s hip's hu ll . The 
vent must be installed a t t he highest point of 
the boiler, Ml shown in figure 2-6. Smoking, 
burning, and welding must not be permitted in 
the fireroom or in the immediate vicinity, or 
anywhere near the acid tanks or other equip­
ment. IC it ls necessary to enter the boiler be­
fore passlvatlng has been complete<!, use non­
sparking tools, clothes, and lights. Naked lights 
must NOT be used. 

5. Provide continuous safety watches in the 
fireroom, at the acid m\X\ng tank, and at the 
vent outlet during the entire chemical cleaning 
procedure, to enforce t11e no smoking, no weld­
ing, and other sarety precautions. 

6. During the chemical cleaning p1·ocess, 
run the nreroom ventilation supply blowers on 
low speed and U1e exhaust blowers on high speed, 
to prevent dispersal of the f1lmes Into the rest 
of U1e ship. 

CARE OF WATERSIDES AFTER CLEANING 

After all tubes , drums, and headers have 
been cl eaned, and after all tools havo been re­
moved from U1e watersides, blow thr ough the 
tubes with air; then wash out the d1·ums, tubes, 
and headers with fresh water. Be particularly 
careful to remove all accumulations ofdlrtfrom 
handhole seats. Then examine the seats ror 
scars, pi ts, or 0U1er defects that might cause 
leakage. All bottom blow, header blow, and test 
cock valves should be inspected and repaired, 
in accordance with manufacturer's instructions 
during each waterside cleaning period. 

After the w:tshlng has been comple ted, thor­
oughly dry out the boiler watersides. Inspect the 
water sides to determine U1e condition of the 
metal and to sec Uthecleaningwassatlsfactory. 
Also, inspect the boiler to be sure thata.ll parts 
are tight. Be sure that all openings between 
drums and gage glasses, blow valves, and safety 
vah•es are clean and free of !oreign matter. 
These open! ngs are sometimes overlooked. After 
the inspection has been completed, close up the 
boiler as soon as possible and " lny up" in ac­
cordance wiU1 U1e Naval Ship Systems Command 
instructions. 
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FREQUENCY AND PROCEDURES 
FOR BOILER SLOWDOWNS 

The surface and bottom blow valves are in­
tended for use in freeing a boiler of internal 
accumulations or dirt and grease, and for re­
ducing the salinity of a steaming boiler. These 
valves should not be used without receiving 
permission from the engineer officer. 

Guarding valves are installed in the blow­
down systems of recently constructed boilers. 
A guarding valve is usually located in the com­
mon blowdown line from each boiler, between 
tlle boiler blowdown valves and the overboard 
discharge valves. The guarding valve pro;'ides 
additional protection against leakage from a 
boiler, and also prevents the enti·y of salt water 
into the boiler while secured or under overhaul. 

To blowdown a boiler when guarding valves 
are installed, It ts first necessary to open the 
guarding valve and then the bottom or surface 
blow valves. The overboarcl discharge valve is 
then opened wide and operated quickly. The re­
verse procedure s hould be followed in handling 
the valves when the blowdown operation has been 
completed. 

Surface Blow 

A boiler is given a surface blow to clear the 
water in the steam drum or scum from oil or 
grease, to tid the boiler of excessive solids and 
dissolved salts, and to maintain the boiler water 
at the proper chemir,al limits while the boiler 
is steaming. When the sur face blow is to be 
used, the water level shoulcl be raised 2 to 3· 
inches above the normal water line, and then, 
after waiting two minutes, the surface blow 
valve is opened \l/ide. Wl1en the 'vater is no 
longer blowing through (the le,•el in the drum 
drops below the surface blow take-off pipe), 
the surface blow valve is closed. The boiler 
should be given a surface blow daily to maintain 
the water in the boiler crystal clear , and the 
amount of chlorides in the boiler water below 
1.0 epm. 

Bottom Blow 

A boiler is generally l!,iven a bottom blow to 
reduce the total solid concentration in the boiler 
water. Whenever blow valves are used, tl1ey mus t 
be opened wide and the valve must be operated 
quickly . Also, when blowing, the water level 
must NEVER get below the bottom of tl1e gage 
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glass. Emptying a boiler uncler steam pressure 
by blowing down must NEVER be resorted to ex­
cept in an eme1·gency. 

Use of the bottom blow has a slight effect on 
tl1e removal of the sludges while the boiler is 
steaming, since circulation of the boiler water 
disperses the material throughout the boiler. 
To remove the la1·gest amount of the materials 
in the boiler, large amounts of water must be 
blown out of the s team c\rum. Water drums not 
coimected to headers by floor tubes may be 
blown, if absolutely necessary, while tl1e boiler 
is generating steam. Division wall heade1·s, 
'''ater screen headers, \vater \Vall headers, and 
water drums connected to headers by floor tubes 
should NEVER be blown clown until all burners 
on the boiler have been secured . The division 
wall headers, water screen headers , and water 
wall headers used in boiler s of recently built 
ships must NEVER be blown down until after all 
burners on the boiler have been secured. Blow­
ing down these headers wltll burners In opera­
tion will interrupt and possibly reverse normal 
water cir culation in the tubes served by these 
headers, causing overheating a11d failure of tliese 
tubes. To remove accumulations incident to 
building on newly commissioned ships, these 
headers should be blown down when securing 
tl1e boiler after each period of steaming until 
the first regular boiler cleaning period. There­
after, blowdowns should be madedaily,andwhen 
required, to maintain the water in t he boiler 
within the prescribed chemical limits. 

In gene1·a1, it is impossible to wash out all 
the fine c\ust and di rt which results from clean­
ing the watersides during boiler overhaul. A 
bottom blow should be given about one hour 
after a freshly cleaned boiler has been secured, 
following steam testing, or at the firsta.vallable 
opportunity. 

SAFETY PRECAUTIONS FOR 
WATERSIDE WORK 

When working in the watersides of a boiler, 
lake all possible precautions to keep tools, nuts, 
bolts, cigarette lighters, and other small ob­
jects from sliding down into the tubes. Some 
required precautions are: 

1. Remove all small objects from your pock­
ets before entering the boiler . 

Z. Keep an inventor y of all tools and equip­
ment taken into the boiler and be sure that each 
item is checked out before the boiler is closed 
up. 
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3. Do not set tools or other articles down in 
places where they are likely to be forgotten. For 
example, do NOT leave tools on topofthe steam 
separators or in other places that ar e easy to 
r each but hard to see. 

4. If some article Is lost in the boiler water­
stdes, do not close up 01· operate the boiler un­
til the article has been fot1nd and removed. Even 
a very small article may interfere with boiler 
Circulation and cause tube ruptures. 

5. Close and wire and tag al! steam, water, 
and air valves that could possibly admit these 
fluids to the boiler. Disconnect (or otherwise 
render inoperative) the remote operating valves 
as well. 

6. Be sure that adequate ventilation i s pro­
vided before entering the watersides of a boiler. 

7. Be sure that all p0rtable extension lights 
are of the watertight globe type, with the globe 
encased in a rubberized metal cage. Be sure 
that all lights are grounded and that wir es are 
not broken. Examine the wires from end to end 
to be sure that the insulation is not broken or 
cracked, exposing the bar e wire. 

8. Station a man outside the drum whose 
ONLY duty is to act as tender and to assist the 
man or men who are working In the drum. 

BOILING OUT BOILERS 

The appr oved method for boiling out boilers 
ls the trisodium phosphate method. This method 
is used when boiling out for the removal or oil 
and when bolling out in preparation for chemi­
cal cleaning. 

The following procedure should be used when 
boiling out by the trisodit1m phosphate method for 
tile removal of oil or in preparation for chemical 
cleaning of the boiler: 

1. If the superheater is made or stainless 
steel, fill the superheater with feecl water and 
keep it filled thr oughO\lt the entire bolling-out 
process. If the superheater is notmadeorstain­
less steel, it need not be filled with feed water; 
however, every precaution must be taken to see 
that the boiling-out solution does not carryover 
into the superheater. 

2. To allow proper circulation of the solu­
tion through the boiler , r emove the apronplates 
and stack them loosely in the steam drum. Be 
sure that the plates do not cover the tube boles. 
It may be necessary to remove the dest1perheater 
and the internal feed line in or der to remove 
the apron plates; if this step is taken, blank off 
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the drum connections for the desuperheater and 
the internal feed line or reinstall the desuper­
heater and the internal feed line and make them 
up tight before the boiling out procedure ls per­
formed. 

3. Provide s team connections from the 150-
psi auxiliary steam line to all lower water 
headers, by way of a drain or a blowdown con­
nection, and to the water clrum bottom blow con­
nection. Provide a separate steam connection to 
the economizer outlet header drain. In all cases, 
be sure to t1se steam hose of the appropriate 
pressure and temperature rating. 

4. For every 1000 gallons of water required 
to fill t he boiler to steaming level, put into the 
steam drum 250 pounds of trisodium phosphate 
and 5 quarts of wetting agent. 

5. Fill the boller to normal steaming level, 
using tJ1e normal feed line. The chemicals will 
mix and dissolve most effectively if the feed 
water is hot. 

6. Cut in the steam to the connections pro­
vided, and allow pressur e to build up to ancl 
remain at 50 to 100 psl. 

7. The length of time required for the boil­
ing out depends upon the degree of oil contami­
nation and the amount of soft sludge deposits 
that are present. If the boiler is not heavily 
contaminated with oll, and if tJ1ere is no soft 
sludge, 12 hours Of boiling out will probably be 
enough. If the boiler is heavily contaminated 
witll oil, or if soft sludge is pr esent, 48 hours 
or boiling out may be required 

8. For 10 to 15 minutes of each hour, se­
ct1re the steam to the lower water headers and 
water drum but NOT to the economizer. During 
this period use the emergency feed pump or an­
other suitable pump to cir ct1late the boiling-out 
solution. 

9. Allow tJ1e steam drum to vent continu­
ously, but restrict the flow so that the boiling­
out solution will not be blown out or carried 
over to the superheater. 

10. When the \vater level in the steam clrum 
is 3 inches abo\•e normal steaming level , give 
a surface blow sufficient to bringthe waterlevel 
down to about 1 inch below normal. Sect11·e al! 
steam except that going to the economizer out­
let drain before giving the st1rrace blow. (\Vhen 
giving a surface blow, be sure the pressure in 
the boiler is maintained at about 25 psi above 
the sea water pressure on the overboard dis­
charge valve, to prevent back flow of se'i water 
into the boiler .) Do NOT use the surface blow 
while the solution is being circulated. 
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11. At the end of the boiling-out period, s hut 
off the steam supply, vent the boiler to relieve 
the pressure, and pump the solution overboard 
U1rough the hose coll!lectlon In the bottom blow 
line. 

l Z. Before the boile1· has had time to dry 
out, flush Ute tubes and headers with a high 
velocity stream of feed wate1·. 

13. To determine U1e effectiveness of the 
bolllng out, run clean dry tu1·kish toweling 
through sever al tubes and examine the cloth for 
signs or on. Be SURE that all rags are accounted 
for and that none are left in the boiler. Examine 
t11e interior of t11e s team drum, the waterdrum, 
t11e headers , and the Internal feed pipe. 

14. If only very slight traces of the oil are 
present, and if they ar e present only in the steam 
drum, they may be wiped cle:Ln with turhish 
toweling. 

15. lf a 48-bow· boiling-out period bas been 
prescribed (be(:ause of the presence of a lot of 
oil and soft sludge deposits) all tubes must be 
mechanlc.'\lly cleaned after It has been definitely 
ascertained U1at the boiler is completely free of 
oil. The mechanical cleaning should r emove all 
loosely adhering material that is not removed 
by ti1e boiling out. 

16. Flush out the superheater, If \t is not 
blanked off or filled with feed water. 

If the boiler is still not clean, the entire boil­
ing-out process must be repeated. 

It should be noted that the presence of oil in 
a boiler means tlk'\t oil is also present some­
where else. If the boiling out is to have any bene­
Hclal results, the entire condensate and feed 
system, from the condenser to the boiler, must 
be cleaned and made free of oil. Also, the source 
of oil contamination must be located and the 
tr,ouble must be corrected. Any oil, anywhere in 
the system, must eventually find Its way to tite 
boiler . It's a waste of time to r emove oil from 
the boiler witltout also removing ltfrom the rest 
of the system. 

LAYING UP IDLE BOILERS 

To prevent rust and pitting, idle boilers must 
be laid up in strict accordance with the proce­
dures authorized by the Naval Ship Systems 
Command. Twodt-y methods and five wet methods 
are approved. However, not all methOds are 
applicable to all boilers; tl1e metltod or methods 
to be followed on any particulat· shipwiU be spe­
crned by the engineer officer on that ship. 
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Dry Methods 

Boilers may be laid up dry in two ways. In 
one method, a desiccant is used to .keep the 
boiler dry. In the other method, heated air Is 
circulated through U1e watersides and firesides 
as long as the boller Is Idle. 

DESICCANT METHOO.-When using a desic­
cant, tbe procedure for laying up an idle boiler 
is as follows: 

1. Empty the boiler. 
2. Open the handholes and manholes. 
3. Blow out all horizontal tubes with com­

pressed air, 
4. Wipe out the boiler, making sure tllat 

tl1er e are no pockets of water left in the boiler. 
5. Place bags of clesiccant!nthesteamdrum 

and in the water drum. Use about 16 pounds of 
desiccant for ever y 1000 gallons of water capac­
ity of the boiler. 

6. Place humidity indicator cards In tbe 
drums to Indicate the humidity of Ute air in tile 
boiler. 

7. Close ti1e manhol es and handholes. 
8. Inspect Ute humidity indicator cards every 

other day. When a card indicates a humidity of 
90 percent, remove t he old desiccant and re­
place it with the sameumountoffresbdesiccant. 

HEATED-AIR METHOD.-When using heated 
air, the procedure for laying up a,n idle boiler 
is as follows: 

1. Empty the boiler. 
2. Open the handholes and tile manholes. 
3. Blow out all horizontaltubeswithair jets. 
4. Wipe out the boiler, making sure that 

ther e are no remaining pocketsofwater.Inspect 
the boiler to make sure It is completely dry. 

5. Blow heated air into the boiler thr0\1gh 
the water drum manhole and one handhole in 
each header. Vent the ai r through the steam 
drum manhole. Connections to the drum and 
header s may be made by using sheet metal, 
shaped to the openings, wiU1 the hose connec­
tion In tile middle. In addition, blow heated air 
through the firesides, using any suitable opening 
to the furnace or furtu'\ces. 

Wet Met.hods 

In following any of U1e wet methods of laying 
up an idle boiler, remember U1at the proper 
chemical control of ti1e boiler water must be 
maintained. 
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FIRST WET METHOD.-When an Idle boller 
is to be la.Id up with the entire boiler, including 
the superheat er, filled with deaerated water, the 
proceduro Is: 

1. After the boiler pressur e falls to 50 
pslg, add dcacrated feed water through the nor­
mal feed connections. Continue to fill the boiler 
w1til water comes out of all vents. 

2. As tho water cools, it will contract. Add 
more water as necessar y to compensate for the 
contraction. Continue until the bollor Is at fire­
room temperature and is en ti rely Cull or water. 

3. Close all vents. 
4. M.-Untain a pressure or 50 pSig on the 

boiler. 

SECOND WET METHOD.-The second wet 
method Involves laying up a boiler under a steam 
blanket, with the superheater NOT drained. An 
arrangement fo1· steam-pressurl~lng an Idle 
boilOL' so that this method can be followed is 
shown In Ilp;ure 2-7. The procedure for laying 
up a boiler under a steam blanket, wtth the 
superheater NOT drained, Is as follows: 

1. Open Ute low pressure steam supply valve 
to tbe boiler when Ute boiler pressure has fallen 
to that or the low pressure supply steam. 

2. Close all vents and drains. 
3. Allow the boiler (including Ute super­

heater) to fill wlth condensate. 
4. Maintain the supply oflow pressure steam 

to the 1iollcr as long as U1e boiler ts Idle. 

' T• HGMGL~ 
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ALI. ......... c;.;. -lltC!i 'P-S t1o111ao.w S1('.(t., 
U.l. ""1.Vl$ P.1041U .. C ,.OR Htl.t. 80l l Efl f'fl(t$:Vll:~ 

98.68 
Figure 2-7. -Arrangement for s team­

pi·eRSuri:i:ing an Idle boilo1·. 
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THIRD WET METHOD.-In the third wet 
meUtod, the boiler is laid up under a steam 
blanket but the superheater TS drained. The pro­
cedure Is as follows: 

1. Open the low pressure steam supply valve 
to the boiler, when theboilerprcssurchas fallen 
to that of the low pressure supply steam. 

2. Close all vents and drains except the 
trapped dl'nln to the fresh water drain system at 
the superhcn.ter outlet . 

3. Allow the boiler to fill with condensate, 
while allowing the superheater to drain continu­
ously . 

4. Maintain the supplyoflowpressuresteam 
to Ute boiler as long as Ute boiler ts Idle. The 
water l evel may bemaintainedatlhesteamdrum 
by blowing down the boiler. This will permit 
faster lighting off oC the boiler because the steam 
drum will not require as much emptying. 

FOURTH WET METHOO.-On some ships, it 
is possible to lay up boilers , wet, under a blanket 
of pure nitrogen. The procedure is: 

1. Close all vents and drains on Ute boiler. 
2. Maintain the water at noi:-mal steaming 

level. 
3. While the boiler is still under a pressure 

of about 5 to 10 psi, allow nitrogen (water 
pumped, 99.5 pel'cent pure by volume) to enter 
the boiler. As a rule, one cylinder or compressed 
nitrogen Is s ufficient to maintain n pressure of 
5 psi on the boiler, provided the boiler Is tight. 

4. Maintain tile 5-psi pressure with nitrogen 
as long as the boiler is !die. 

TIFTH WET METHOD.- Theflfthwetmetbod 
involves laying up the boiler with the entire 
boiler (Including superheate1-) filled with deaer­
ated reed water and maintained under steam 
pressure. The procedure for this method Is as 
follows: 

l. Maintain the ·deaeratlng feed tank under 
auxiliary exhaust pressure (15 pslg). 

2. Close all boiler drains. 
3. When the boiler pressure falls to 15 psig, 

fill Ute boiler from the deaerating feed tank. Use 
a jumper connection and nu THROUGH the 
superheater and Into the steam drum. 

4. Close all vents. 
5. Keep tlie boiler under pressure by main­

taining the auxlllary exhaust pre8sure (15 pslg) 
on the dene1·ating feed tank as long as the 
boiler IS Idle. 
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INSPECTION OF WATERSIDES 

When watersides arc inspected, at l east one 
handhole plate mu&-t be Opened on each pass of 
the superheater (except at each altemate clean­
ing period, when the entire supe1·heatcr must 
be opened up). Tlle drums and !leaders must be 
opened up completely and the Internal fittings 
m\1st be r emoved. The internal fittings (espe­
cially the steam separators and the plates) must 
be marked to indicate their position in the 
steam drum. If this is not done, It will be ex­
t.remely bard to reinstall the fittings cor­
rectly. 

Slnce a wet boiler usually gives false indi ­
cations of its real condition, dry out the boiler 
very thoroughly before begi1mlng a watersides 
inspection. Note and record the general appear­
ance of all visible areas of tl1e boiler water­
sides. In particular, look for accumulations or 
sludge and for indications of scale, rust, general 
corrosion, and oil or gr ease marks. Insofar as 
possible, determine the extent or all defects 
as well as their nature . 

When oil contamination IS suspected, a better 
idea of t11e extent and nature or the contamination 
can be obtained by examinini;- the watersides 
while t11e boiler is still wet. When inspecting 
for oil, take samples of water from the s team 
clrum and from the economizer headers before 
the boilel' is completely emptied. Analysis of 
these samples should enable you to determine 
what type of oil contamination {lube oil or fuel 
Oil) has occurred. If 1l1e samples do not show 
any signs of an oil film, it may be that tile con­
taminating oil has not yet reached the boiler. 
On the other hand, it may be that the oil con­
tamination has been stopped and that all oil has 
either been deposited or removed b~·dlstillatlon. 

To prevent oil contamination of a baller, the 
drain inspection tanks must be inspected at least 
once each hour and more often If there is any 
i·eason to suspect th'1t oil contamination might 
occur. If an oil film or any cloudiness is ob­
served i n the contents of a drain Inspection tank, 
the drains must be shifted to the bilges and a 
search must be started to determine the source 
Of the contamination. When Oil appears in the 
gage glass of a boiler, a condenser, a deaerating 
reed tank, or a fresh water drain tank, the feed 
system has been contm,inated by oil. 

It i.S imp01·tant to determine, as soon as 
possible, the kind of oil tliat is contaminating 
U1e system. Action should be taken immediately 
to check the sour ces or fuel oil contamination, 
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includil1g the fuel oll heater drains and the heat­
ing coil dt·alns. Then all possible sources Of lube 
oil contamination should be checked, including 
such things as leaky oil seals on condensate 
pumps, contaminated open- funnel drains in the 
engineroom, accumulation~ of oily bilge water 
leaking directly into r1·esh water drain tanks or 
into the condensate system, and ineffective or 
defective deflector se'11S on the low pressure 
turbine. Samples s hould be taken from all pos­
sible sources or fuel oil or lube oll contamina­
tion, to help pinpoint tile location or the trouble. 
Further contamination or the ieed system should 
he stopped as sool\ as possible. 

Deposits resulting from oil co11taminatlon 
may take various forms. They are not always 
easy to identify, since t11ey do not always con­
tain free Oil-tllat is, oil in a form that w\11 
make an oily stain on a s\lrface . The deposits 
may be wet or d1·y. Dry deposits include sludges, 
hard coke, and scale. Wet deposits may be 
so;tpy, tarry, tacky, or greasy. Some deposits 
contain free oil, but others do not. 

'I'he following lnspcction procedures should 
be used for examini11g a boiler which has been 
contaminated with oil, or one in which oil 
contamination Is suspected: 

1. Draw swabs through the tube ends of the 
boiler and the economizer to find out whether 
there is any f1·ce oil present. 

2. Inspect the tube ends and not tl1e nature 
and thickness Of any deposits . 

3. Select various tubes at random and insp<)ct 
them carefully to detei·mine tl1e nature and the 
thickness of tlie deposits. 

4. Inspect t11e d1·ums and headers. Find out 
how thick the deposits ar e and whether t11ey 
contain any rree oil . A deposit that contains 
free oil will make an oily, transl\lcent stain on 
a piece of hard-finished w1·iting paper. If a 
boiler has been contaminated with either lube 
Oil or fuel oil, a black ring, rather like a dirty 
bathtub ring, will appear at steaming level in 
the steam dr um. The i·ing will be particularly 
noticeable near the ends of the drum. If the 
contaminant is fuel oil, the r ing is usually 
tlii ck and tarry and about 3 or 4 inches wide . 
If the contllminant is turbine lubricating oil, 
t11e ring ls usually not more tl1an l inch wide; 
it is thin and loaded wiU1 fine solids, but it is 
not tarry. 

The action to be taken in any particular case 
of oil contamination depends chiefly on two 
tilings; first, the KIND of oil that is found (fuel 
oil or lube oil); and second, the COJ\TIITION in 
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which U1e oil Is round. In all cases of Oil con­
t~mlnatlon, It Is best lo secure the plant and 
completely remove all traces of oil from U1e 
bOiler and from the condensate and feed system. 
The following guide lines may be used to interpret 
the results or U1e inspection and to determine 
whether or not It Is pOSSlble to steam the affect­
ed boiler I! the operating situation so requires. 

1. U Cree oil resulting from fuel oil con­
tamination ls round In the economizer ancl/or 
boiler, action must be taken lMMEDIATELY 
to boll out the boiler and to brush out all 
arrected parts or U1e boiler. 

2. If (\IOI oil contamlnntion is suspected 
because of fUol oil findings in the contaminated 
drain system, but 1r there Is no Indication or 
free oil or or depOslts containing free oil In 
the boiler, no emergency action is indicated 
PROVIDED the I nspectlon of tubes shows the 
dep0sits to be very thin. dry, and uniform. 

3. If inspection of the tubes shows U1at there 
are thick dc1:>0slts res\lltlng from fuel oil con­
tamination, bolling out and bruslling out are 
mandatory and must be repeated as Often as 
necessary to remove the deposits. U removal 
or the dep0slts ls particularly di!ficult. a 
solvent boiling-out solution may be reqt1lred. 

4. If free oil resulting from turbine lu­
bricating oll contamination is found in the 
economizer and/or boiler, this indication alone 
does not require Immediato boiling out. If the 
lube oil contnmlnatlon h:ts been stopped at its 
source, and If the boiler Is Cree of scale and 
sludge, the Lhln film of lt1be Oi l existing In the 
boiler and e<~onomlzor after they have been 
drained will probably dlstlll off cleanly when 
the boiler Is steamed again. 

5. If no free oil and no deposits containing 
free oil are round ln the boiler, oot IC it is 
known t11at the feed water has been contaminated 
by turbine lubricating oil, the action r equired 
depends on the thickness of the deposits round 
in Ute tubes. U the tube deposits are thin, the 
boiler may be closed up and steamed again, 
after It has been washed down or otherwise 
clea ned as well ns possible in the time available. 
lf tho tube deposits n.rf: thlck, the boiler should 
be thoroughly cleaned In the nor mal manner 
before it is steamed. 

6. Although free oil Is not usually found in 
the superheator and coked oil is found only if 
t11e cont,mlnatlon by fUel oil or lube oil has 
been exceptionally heavy over a long period of 
time, the superheater should always be In­
cluded In the Inspection for oil contamination. 

53 

I! oil de110slts are round In the S\lperheater, t110 
superheater m\lst be boiled out and brushed out 
as necessary. If only dry deposits (whether 
carbonaceous or not) are found In the supor­
heater, and if the dep0sits are thin and even, 
no Immediate action is required. U thickdep0slts 
are found in the super beater, the S\lperheatcr 
must be brushed out and/or bO!led out to obtain 
clean surfaces. 

CARE OF BOILER F1RESIOES 

Keeping the fi resides clea11 will actually save 
worl<, ns well as save the boiler. Clean hllJos 
do not collect deposits as r eadily :ts dirty tt11les 
do. ll ls much easier to cleanthefl r estcles when 
they are only slightly dirty than it is to clc:in 
U1cm when they are heavily coated with soot or 
carbOn. 

The burning or any petroleum product tends 
to be Incomplete, th\ls ca\lslng carbon deposits 
on U1e boiler firesides. These dep05its seri­
ously reduce U1e efficiency or a boiler. Slag 
contributes greatly to failure or such parts as 
superheatcr supp0rt plates, batncs, protection 
plates, :tnd soot blowers. Dep0stts :llso act as 
Insulation :tnd prevent the transfel' or heat to the 
water or steam ir1 the hlbes . 

Accumulations U1at block the i:ns passages 
through the tube banks requir e the use of high 
ah· pressures to force the combustion gases 
thrO\ll(h tile boiler, U111s reducing tlreroom effi­
ciency. Accumul ations that block the g3s p'1S­
sages also interfere with the designed flow of 
combustion gases and cause extremely hot gases 
to now over protection plates, bamcs, seal 
plates, and other parts that are not designed for 
such ltlgb temperature gases. In some cases, 
early !allure of U1ese parts can be blamed di­
rectly on blocked ~s passages :tnd thE' resulting 
overheating of the parts. 

U soot is allowed to re ma In on the boiler 
firesides for any length of time, the sulfur In 
the soot combines with moisture and forms sul­
furic acid. This acid attacks rubes, ctrums, and 
headors . The extent or the damage caused liy 
~clcl nttack depends upon the length of time the 
soot r emains on the tubes and upon the amoulll 
of molst\lre present during this intcrv31. Mols­
ruro m:ty be present because or high atmosperhlc 
humidity, r ain 01· s now coming down the stack, 
leaky bolter tubes, and steam or water leakaf(e 
u1,.ough t11e boiler casing joints, p~rtlcularly 
from machinery and piping Installed above the 
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boiler. One indication or soot corrosion may be 
tJ1e development of pinhole leakS at the point 
where the tubes enter the water dt~•mS and 
headers and at other points where it is clifficult 
to clean tJ1e tubes properly. If soot corrosion is 
allowecl to proceecl unchecked, the r esult will be 
extensive deterioration of the boiler metals . 

FREQUEKCY OF CLEANING FIRESIDES 

Boiler firesides must be cleaned after each 
600 hou.r s of s teaming. If it becomes necessary 
to exceed the 600 hour cleaning interval, the type 
commander must be notified and 1·eason for such 
action reported. Complete hand cleaning must be 
accomplished ci ther by waterwashing or me­
chanical mea11s. Although waterwashing \s the 
p1·eferred method for a complete job, mechan­
ical means may be used if time or conditions 
do not permit waterwashing. (However, mechan­
ical means is NOT pet·mitted for cleaning fire­
sides at two successive 600 hou1· cleaning periods 
for any reason.) 

It is good engineering practice to enter the 
furnace after each steaming period at sea or in 
port, if p1~acticable, to accomplish as much 
cleaning as necessary; this p1·events serious 
accumulations of soot, sl;l.g, or carbon from 
developing on the fir eside surfaces. The engineet· 
officer should devise a cleaning schedule that 
takes into consideration the operation of the ship. 
Boilers, including uptakes, may be cleaned while 
at sea only if the fireroom is secured. Depending 
upon the number and arrangement of boilers and 
ship opei-ations, eitJter partial or complete 
cleaning of boilet·s may be accomplished at sea. 

In addition, each boiler should be thoroughly 
waterwashed a few weeks before undergoing 
shipyard or major tender overhaul. The washing 
must be performed at a time when it can be 
followed by an extendecl steaming period as 
near to the full power r ating as possible. The 
refractory will retain a large amount of water , 
the•·efore making it necessary to fil·e the boile1· 
so that t he heat passes through the tefractory 
to tJ\e casing to evaporate all mois h1re. Firing 
rates of less than 50 percent r equire that the 
boiler be steamed for at ·least 100 hours. Firing 
rates of less than 10 percent are completely 
ineffective and result in moisture remaining in 
the r efractory and causing damage. This will 
ensure that the boiler is clean <ind dry upon 
being secured for overhaul. Refractory covered 
sidewall stud tubes should not be waterwashed 
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because water causes corrosion of tubes. There­
fore, only the mechanical cleaning method should 
be used to clean sidewa ll stud tubes. 

PROCEDURES FOR CLEANING FIRESIDES 

Mechanical cleaning, hot-water washing, 
've t-steam lancing, air lancing, and various com­
binations of these methods may be used toclean 
firesides. Before starting to clean firesides by 
any method , all r equired tools and equipment 
should be assembled. Only approved types of 
equipment , in satisfactory condition, should be 
used for fireside \VOrl,. 

Be particularly careful about the kind of port­
able extension lights that arc us ed. All lights, 
which must be properly grounded, must be 
checked by an electrician before they are used. 

For mechanical cleaning of boiler firesides, 
scrapers, \Vire brushes, and probes are re­
quired. Special tools for reaching into tJ1e tube 
banks may be made up aboard ship from sheet 
metal strips, rods, O\' s imilar mater ial. Tools 
with sharp points or sharp edges must never 
be used for fireside cleaning. 

Lances suitable for water lancing, steam 
lanci11g, and air lancing a-re sho\vn in f igures 
2-8, 2-9, ancl 2-10. The lance show in figure 
2-8 is designed for cleaning superheatcr tubes. 
To use this lance, staJ1d outside tl1e bailer and 
apply the lance through the 'superheater access 
door. The lance shown In Fl11:ure 2-9 is de­
signed for cleaning superheater tubes and gen­
erating tubes. T h\S lance may be used either 
from inside the boiler or from outside the boiler. 
Th·e lance shown in figure 2-10 is used for 
lancing economizers and do\vnco111ers. 

Other tools and eq\llpment that may be r e­
quired for fireside work include hoses, canvas 
s hields, dt•ain pans, litmus paper, gloves, gog­
gles, slickers, respirator n1asks, and venturi­
type inj e~tors. 

Mechanical Cleaning 

In order to clean fi resides mechanically, 
it is necessary to remove access doors on U1e 
boile1-. In some cases bolted sections of boiler 
casings will have to r emoved in order to gain 
access to the corners and pockets where soot 
and carbon tend to accumulate. However, bolted 
sections of casing should not be removed unless 
absolutely necessary. One or more r egisters 
may be removed from the boiler front if neces­
sary to make it easier to pass tools into the 
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Figure 2-8.- Lance ror cleaning superheater tubes (operator outside boiler). 
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Figure 2-9.- Lance ror cleaning superheater tubes and generating tubes 

(operator Inside or outside boiler). 

furnace and to provide additional light and 
access. 

After the soot, carbon, and other doposits 
have been loosened by mechanical scraping, 
wire brushing, and problng, they may Ile blown 
out or the tube banks with air lances. 

When cleaning firesides mcchanlcally, a res­
pirator mask is used. The dust th.~t Is stirred 
up by mechanical cleaning of firesides Is toxic. 

Bot-Water Washing 

Hot-water washing must NOT be used for 
cleaning Side and rear wall tubes. Before begin-
11.lng to wash firesides, be sure U1at the following 
preparatory measures have been taken: 
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1. Open, remove, or loosen access doors or 
panels to provide access to the !lres!des and 
to allow drainage Crom around tubes and headers . 
Do not open any more doors or panels than 
ncce~~ary. It the. boiler Is opened up too much, 
water wlll splash onto adjacent machinery and 
equipment. It may even be necess:iry to replace 
some of the access doors or panels that were 
previously removed for mechanical cleaning. 

2. Install canvas shields, If practicable, to 
prevent excessive wetting of U1e refractories. 
Refractory corbels at the water drums should be 
protected as carefully as p0sslble, since there 
is a tendency for water to run down between the 
corbel and the drum. In many boilers it is 
difficult to make a tight joint or seal In this 
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Figure 2-10.-Lance for cleaning economizers and downcomers (through s uperheater 

seal plate inspection doors) . 

location; a rubber strip ~-asket, properly braced, 
may serve the purpose. Figure Z~ll shows a 
dr ain pan with gasket and clamps that may be 
made up to use when washing firesides. The pan 
slides into place between the top of the corbel 
and the underside of the first row of tubes. 
Large C-clamps are used to hold the pan in 

place. The gasket fits tightly against the water 
drum. A hose ls connected at one end to a nipple 
that is brazed to the center Of the drain pan; 
the other end of the hose is led out of the furnace 
to the bilges. Although the drain pan, as shown, 
will not fit all boilers, the idea can be adapted to 
suit many installations. 

TUBE CLAMP 

i::::'.::::J ONE PIECE 
~WELDED TO 

\' "c" CLAMP 

~/ 

38.189 
Figure 2-11.- Drain pan for protection of water drum and refractory corbel. 
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3. Provide some means of dr aining off used 
water. If necessary, r ig canvas gutter s to lead 
the used water out of the fur nace. Line up a 
fire ancl bilge pump for pumping the water over ­
board. 

4. Rig canvas over electrical equipment or 
machiner y tl1at is likely to get splashed. Many 
firerooms have been disabled by failure of elec­
tric motors or panels that got wet when boiler 
firesides were being washed. 

5. See tliat all appropriate protective equip­
ment is on hand (gloves, goggles, slickers, 
respiratory masks, and watertight lights). 

6. Have litmus paper available for testing 
the acidity of the waste water. (Acid turns blue 
litmus paper red.) 

7. Line up all tile equipment tl1at is to be 
used and attach water hoses as necessary. 

Hot-water washing may be done by using (1) 
water lances, (2) soot blowers, ancl (3) venturi ­
type injectors. 

WATER-LA.i'<CE ME'I'HOD.-Or all methods 
of hOt-water washing boiler fir esides, thewater­
lance method is most economical of fresh water 
and ls probably least damaging to the l'efrac­
tories, since the water is applied localli• to the 
areas that require cleaning. Ho,vever, thewater­
\ance metl1od is likely to be the least effective 
of the three methocts. 

Lances of the type shown in figures 2-8, 
2-9, and 2-10 are used to water Janee dHferent 
parts Of tile boiler . Al ways star t the water 
lancing at t he top and work down. Use hot water 
at a temperature o( te.o• to 200°F. Use hot water 
pressure of 150 to 200 psi for water lancing 
tJ1e economizer; some,vhat lO\ver pressures will 
usually be suffic ient for other parts of the 
boiler. 

SOOT - BLOWER METHODS. - The soot­
blower method of washing the boiler fir esides 
usually gives a more thorough cleaning than that 
Obtained by water lancing . However, the soot­
b!ower method requires a great deal of fresh 
water and is likely to cause ex-tensive wetting of 
t11e r efractories. 

Before using the soot blowers for hot-water 
washing, blank off the elements on all soot 
blowers that are not to he used. This must be 
done in order to prevent leakage of water 
through defective soot blower valves. The root 
valves for au soot blowers notbeing usedshould 
l)e CLOSED. 

The general arrangement for hot- water 
was hing firesides by use of the soot blowers is 
lllustrated in figu1·e 2-12. 

The soot-blower method is frequently usecl 
in combination witli the water-lance methocl. 
The combination or the two methods is particu­
larly good for washing superheaters . 

HOT SUCTION 
("ROM FfEO 

l!COSle R PV,,.,P 
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38.190 

Figure 2-12.-Arrangement for hot-water washing boiler fir esides by use or soot blowers. 
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VENTURI-INJECTOR METHOD.- The ven­
turi-type injector, now authorized for use on 
all ships, ls probably the most effective clevice 
available fOl' washing fir esides. The injectOl' 
delivers a large volume of water in a solid 
stream, at high pressure and high temperature. 
The scrubbing action of the water is ver y effec­
tive in removing fireside deposits. A venturi 
type injector is shown in fig\u-e 2- 13. 

To operate the injector properly, an adequate 
supply of steam must be availableat the designed 
pressure; at least a 11/ 4- inch steam supply line 
and 90 to 125 psi steam pressure will be re­
quired. This will produce a 200psi discharge 
pressure. An adequate supply of water will also 
be required at a temperatu re not to exceed 90"F. 

To place the injector in operation, firstopen 
the water valve until a good now is obtained out 
of the waste pipe or overflow opening. Then 
fully open the steam valve and close the water 
valve until the overflow stops. After a few 
seconds the steam line will have lost its ac­
cumulated condensate, and more water will be 
r equired. Open the water valve slowly until the 
jet has obtained the maximum amount of water it 
will take without overflowing. With the jet set 
in these conditions , the greatest hose pressure 

(and thus the greatest cleaning actlon) ls ob­
tained. 

The venturi-type injector is suitable for 
washing all parts of the boiler firesides, includ­
ing the uptakes and smokepipes. 

Wet-Steam Lancing 

Cleaning boiler firesides by wet-s team lanc­
ing is more difficult than cleani ng by hot-water 
'''ashing. In some cases, ho,vever, the wet­
ste3m method may give good results . The boiler 
must be COLD when firesides are to be cleaned 
by wet- steam lancing. other wise the wet steam 
woulcl dry up immediately upon contact \\~th the 
hot metal ancl the dissolving action of the mois­
ture in the steam would be lost. 

To clean fir esides by wet- steam lancing, it 
is necessary to have a 1- inch branch connection 
on a 70- to 150-psi auxiliary steam line in the 
fireroom. From this branch connection, run a 
temporary pipeline to the baller front. This 
pipeline should be unins ulated and should bave a 
loop or coil that can be submerged in a 30-
gallon drum of water. As the steam passes 
tl1rough the submerged coil or loop, some of the 
steam condenses and gives tliedeslred moisture 

DELIVERY l\!8~ 

38.191 
Figut·e 2-13.-Venturi- type injector for hOt-water washing boiler firesides. 
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content to the steam. The temporary pipeline 
should have two hose connections at the boiler 
end fo1· attaching steam hoses and lances . 
Lances of the types shown in figores 2-8, 2- 9, 
and 2-10 are used for wet-steam lancing. 

Air Lancing 

Air lancing ls often used in connection .... 1th 
the other fireside cleaning methods. In some 
cases, alt' lancing alone ls sttfficlent to remove 
light, powder}• deposits from the firesides. The 
lances shown In figures 2-8, 2-9, and 2-10 
ar e suitable ror air lanclni; as well as for water 
lancing and \\let-steam lancing. 

DRYING OUT THE BOILEn 

Immediately after hot- water washing or 
steam lancing the boiler firesides, the bOiler 
shOulcl be dried out as follows . D1·ain all excess 
water from the boiler and remove all scale, 
dirt, or other material from drums, refractor­
ies, and tubes. If soot blowers wei·e used, re­
store the soot blower piping to its service 
condit"ion. Close up the boiler ancl light off 
"'itli one burner, using the smallest sprayer 
plate available and 200-psi oU supply pres­
sure to ensure good atomization for sh'aight 
mechanical burner systems. For 1000 psi w;de 
range systems, a r ecommended .r eturn oil 
press111·e, in accordance with the Naval Ship 
Systems Command and manufacturers instru·c­
tions, should be used witl1 the lighting off plate. 
Every 15 minutes secure the burner and keep 
it idle for a period of 15 minutes , to allow the 
moisture in tlic refractoi·ies to evaporate slowly . 

. Continue tile alternate periods of firing and 
securing for about 5 hom·s, occasionally chang­
ing the burner that is used. Allow the boiler 
to stand idle for ;\ir drying for 1 hour, and then 
light off and steam tJie boiler to an au>.iliary 
load ror 100 hours if possible. If it is not pos­
sible to steam to an auxiliar y load for a rea­
sonably long period of time, continue the alter­
nate Cl ring and Idle periods for another 8 hours. 
During the drying-out period, protect the super­
heater by establishing a positive n ow of s team 
U1rough it. 

After the boiler has been thoroughly dried 
out, it should be secured so that the furnace 
may be opened for inspection of the refractories. 
The refractories should be inspected for signs 
of shrinkage or ot11er damage caused by wetting 
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or by too rapid evaporation of the water . Par­
ticular attention should be paid to tlie refractory 
corbels. When firing the boiler later, watch 
carefully for any Signs of damage to the re­
fractories. 

USE OF METAL CONDITIONING 
COMPOUND 

When mech<lnical cleaning, water washing, 
or wet-steam lancing i s not s\tff1clent to clean 
the· firesides com1>letely and thoroughly, an 
approved metal conditioning compound may be 
used. (NOTE: Approved fireside additives may be 
used, if authorized.) However, metal condit\on­
lng compound should not be applied unless the 
operating schedule of t he ship allows time for 
tile boiler to be laid up long enough fo1· t11e 
compound to take effeet. A conditioning period 
of at least 1 week and preferably 3 weeks Is 
needed for the compound to penett·ate rust, scale, 
and other fireside deposit s. 

Before metal conditioning compound Is ap­
plied, the firesides must be thoroughly cleaned 
of all loose soot, dust, scale, and other foreli;n 
material. If this loose material i s not removed, 
It will absorb t11e compound and keep it from 
reaching the hard scale, carbon, or corrosion 
products it Is intended to remove. 

After the firesides have been cleaned, spray 
the fireside surfaces of the tubes and drums 
with the met.ii conditioning compound. Use from 
15 to 25 gallons of compouncl per boiler, depend­
ing upon Uie size and condition of the boiler. 
Wear a 1·espirator mask while working with the 
compound. 

After the compound has been applied, close 
up Uie boiler firesides completely. After the 
cornpound has been allowed to take effect for a 
period of l to 3 weeks, the boiler may be lighted 
Off. When the boiler is hot, tubes should be blown. 
A la1·ge amount of material will be r emoved 
Crom the boiler when tubes are blown; therefore 
the soot blowers 'should not be used until the 
ship is clear of ot11er ships and has a favorable 
\vind. 

As soon as practicable after tubes are blown, 
the boiler should be opened up and the Clre­
s ides should be mechanically cleaned again. All 
accumulations not removed by the soot blowers 
should be brushed out. As a rule, any material 
that r emains on the tubes Rfter the metal con­
ditioning treatment will be soft and easy to re­
move. 
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Mebl conditioning compound Is nammable 
under certain conditions. Tho following pre­
cautions must be observed while using the com­
paund: 

1. Be sure lhe ftreroom Is well ventilated 
while the compound ls being applied. 

2. Do not allow smoking In the f!reroom 
while the compound is being applied. 

3. Do not nllow the use of nnkod lights in 
the fireroom while the compound ts being ap­
plied. 

4. Do not apply compound to a boiler while 
anoU1er boiler ln the same nreroom Is steaming. 

5. Do not apply compound to a boiler which 
is coMccted to the same stack as a steaming 
boiler, ul\less division plates are Installed all 
the way to the top or the stack to prevent the 
mixture of gases from the two boilers . 

6. Do not use excessive quantities or the 
compound; use only as much ns is necessary to 
clean the boile1·. Excess compound tends to 
collect ln ln.'\Cccssible pockets and corners and 
constitutes a fire hazard when the boiler is 
lighted orr. 

7. When U1e boiler Is !lrst steamed after 
compOUnd h•s been :ipplled, be particularly 
:'.llert to dele<:t any fires that might occur as 
the result of Ule compound soaking through 
casing joints into the drum Insulation. 

8. Do not itllow anyone to enter the boiler 
d11rlng the period between the "PPllCation of the 
compound and the steaming of the boiler, unless 
such enti·y Is required !or the performance of 
emergency work. 

9. When using metal conditioning compound 
ln a boiler, do not lay up the boiler under a 
steam blanket. The heat or the steam blanket 
might cause the metal condltionl111t compound 
to smoke. 111e fumes produced by smoking 
metal conditioning compound :ire highly irritat­
ing and obnoxious. 

FREQUENCY ANO PROCEDURES 
FOR BLOWING TUBES 

Soot Is :i very effective heat Insulator. If 
a boiler Is to gener:ite steam efficiently, soot 
deposits must be U1oroughly removed from its 
firesides :it frequent interv:'.lls. In addition, soot 
deposits allowed to re ma In on top of the lower 
drums or between the tubes will absorb moisture 
from the air. This moisture will cause the sul­
phuric acid (contained ln the soot) to become 
active and highly corrosive. Fur t11ermor e, such 
undisturbed soot deposits 1n a comp:iratively 
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short tlme wlll pack into a mass, too solid to 
be removed by soot blowers. Therefore, In 
order to keep the boiler firesides In proper 
condition, the frequent and regular use of soot 
blowers Is mand:itory. Where boilers :ire fitted 
with pel'mnnently lnstallecl soot blowers, the 
following MINIMUM requirements (us to tJ1eir 
use) must be met: 

t. While underway, blow tubes on nll steam­
ing bollers once each watch. 

2. While :it anchor, blow tubes in nll steam­
ing boilers at least once each day. 

·s. When pl'actlcable, blow tubes just alter 
tile making of heavy smoke from any cause 
(lighting off, smoke screens). 

In addition to the minimum requirements 
for the frequency or soot blowing, tests con­
ducted under clo.~cly controlled conditions in­
dicate Uint, fol' most economical operation, 
the soot blowe1·s shouldbcusedoncoc11ch4-hour 
watch underway and twice each Clay In port. 
When blowlng tubes, consideration must be given 
to the effect on the upper decks. Permission 
must be received from U1e 000 before the 
operation Is undertaken. 

Steam soot blower elements should be rotated 
at a rate or 10 to 15 seconds per 90 degrees 
or rotation, making from 1 to 3 complete trav­
erses with each el ement, depondlnrrupon the con­
dition of tho !ll'csides. Whenever prnctlc"ble, and 
shortly befor~ bu1·ners :ire secur ed, the fire­
sides (tubes, baffles) sllOuld be clenneel of ac ­
cumulated soot u1 .. ough the use or 800t blowers. 
A high air pressure will materially asslstlnthe 
cleaning. Steam soot blowers are used only 
while fires :ire lighted. 

In order to ensure maximum efficiency of the 
soot blowers, Ule uppermost row of nconomizer 
tubes o! air heater tubes should be cleaned or 
all soot deposits. This should be doneduringthe 
regularly scheduled boiler fireside cleaning Pe­
riods, In accordance with U1e Naval Ship Systems 
Command recommendations. Once tho upper­
most i·ow of economizer tubes h:is been cleaned 
and the pass:ige cleared. the sequence of soot 
blower operation should be changed to blow the 
top soot blowers first. This will clear the gas 
passage or any soot that has collected since 
the last blowing o! tubes or cleaning. Arter blow­
ing the top soot blowers, the regular sequence 
of blowing soot l>lowel'S as outlined In U1e spe­
clflc technical m:inuals should be followed. The 
uppermos t soot blowers, economizer or air 
heater, ns applicable, are used :it tho beginning 
and at the end of the Se([uence. 
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INSPECTION OF FIRESIDES 

When Inspecting tubes, look ror Signs of 
warping. bulging, sagging, cracking. pitting, 
scaling, acid corrosion, and other damage. All 
visible tube seats - especially suporheater tube 
$eats-should be Inspected for signs of leakage. 
Addition:tl Information on the Inspection oI boiler 
tubes ls given In :t later section or U1ls chapter. 

The exteriors of all bO\lerdr ums nnd headers 
should be Inspected for signs of corrosion under 
the Insulation. !lusty streaks or signs or cor­
rosion on or around the edges Of the covering, the 
drum pads, or the tubes indicate possible cor­
rosloif or the drum, and should be Investigated 
immediately. If machinery or piping ls installed 
over tho boiler, water may drip down on the 
bollet· and work Its way under tho Insulation. In 
such Installations, the boiler drum coverings 
must bo removed and the exteriors orthedrums 
must be Inspected carefully at intcrv~ls spec!Cied 
by the N:tval Ship Systems Command. 

All corrosion-resisting steel plates such as 
baffle plates, seal plates, supcrhcater support 
plates, steam drum protection plates must be 
carciully Inspected whenever firesides are open­
ed. These steel plates are subject to damage 
from overheating, particularly iC CIQ\;ged gas 
passages lnterie1·e with the designed now or com­
bustion p:nses and allow extr emoly hot gases 
to flow over the pla tes . Since Cailure or these 
parts could have extremely serious conse­
quences, the plates should be inspected at every 
opportunity :Ind should be renewed when neces­
sary. 

llurner impeller plates, air doors, drip 
pans, and tile burner cone openlnits should be 
inspected and cleaned after every steaming 
period at sea 01· In port. Access to the burners 
may be pined by removing oncor more burners 
or, IC necessary, by removing a rurnace access 
door or panel. 

MAINTENANCE OF BOILER VAll 'fS 

Effect.Ive baller maintenance requl res con­
siderable knowledge or the history or thebOller, 
the condition or its parts, and the sources or 
information to which one can turn Cor guidance 
In making l'epulrs. All available In.formation 
concerning maintenance should be 1·evtewed 
before work commences, starting with the 
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manufacturer's technical manual which probably 
Is the most valuable source or information. 

The Bureau oC Shi Technical Manual 
(chapter 9510 gives inCorma on a app es n 
general to most bOllers now in the service. The 
blueprints nnd dr~wings thatpertnin to the ship's 
bollel's are kept In the englneerlnc log room; 
these drawings should always be cOn8ulted oerorc 
any major rcpal r Job is undertaken. In addition, 
the machinery his tory should be consult~'<l ; this 
source contains valuable information on the past 
blstory or Ute boiler and may provide clues as 
to the basic causes or recurring troubles. 

DRUMS ANO HEADERS 

The cxte1·lors or bo iler d1·ums should be ob­
served closely for Indications or cor1·oslon under 
Ille coverings. All signs of rusty stronks 01· cor-
1·osion a rouml the edges of the coverln{( should be 
t11oroughly Investigated. When machinery or 
piping joints are located abOve the boiler drums, 
the boiler drum coverings must be removed Cor 
Inspection purposes at intervals not cxcccdh1g 
five years. 

Whenever there is reason to believe that a 
boiler drum or header is unduly corroded. the 
part sha ll he cll'l lled and its thickness deter­
mined. 

Scale must not be permitted to nccumul:\te 
on the sides of the front and back headers of a 
header-type boiler. Corrosion between these 
headers may rorce them apart and cause distor­
tion or Ute nipples and tubes. The gradual growth 
of corrosion and t11e method or packi rig U1e 
headers make it dirricult to determine the exact 
condition that exists. To prevent advanced cor­
rosion, a portion Of the P.'Cking between the 
heaclers should be removed Cor inspection at 
least once n ye" '" A suCflclcntamountorpackln!!: 
must be t·emovcd to determine the gene1·al con­
dition ot the headers. Headers may also be 
trammed to determine the (legrce or corrosion 
between thom. Oet:liled instructions rot· this 
procedure are contained in chapter 951 O or the 
Bureau or Ships Technical Manual. 

All pUs In bOUcr drums or headers sltOuld 
be thoroughly cleaned down to bare metal. 
Pits should not be Citied with cement orsmooth­
on paste. Such filling does not prevent further 
corrosion but it does prevent the condition 
being r eadily judged on subsequent inspec­
tions. 
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AIR CASINGS 

Air should not be allowed to enter the fur­
nace or an operating boiler at any place except 
Uu·ough the air •·cg\sters. Ever y effor t mus t be 
made to kee1> tJie Inner casing airtight at a ll 
times . Air that lealcs into the furnace through 
the lnner casing does not become intimately 
mixed w1U1 the Cue! oil and therefore does not 
aid in combustion. On the conh·ary, air enter­
ing the furnace through openings other than the 
air registers has a decidedly chilling etrect on 
the heating su..rnces and on the gases or com­
b\lstloo, Uiel'eby contributing directly to lowered 
cUicicncy. 

Air leakage through the inner casing intothe 
furnace Is actually a common occurr ence. In 
some cases, waste or fuel oil amounting to 1 o 
percent or more has been directly ti-aced to 
air l eakage through the inner castng. 

The tightness or outer casings is al so i m­
portnnt from Ule standpoint of boiler efficiency. 
Leaky outer casings can •·educe the efficiency 
or the Corced dr:tft blowers to such an extent 
as to actually make It impossible to achieve 
tile combustion ntes 1·equired for full power . 
Even :tt lower !l1·1ng rates, air leaknge through 
the outer casing wastes auxiliary s team because 
the forced draft blowet·s must be run at a higher 
speed In order to maintain the necessai·y air 
pressure at the burner front. 

The most frequent cause of air l eakage 
through the bo! ier casings is Improper sealing 
of the casings. This trouble may be found on 
newly Installed boilers or- more commonly­
on recently overh,1uled b<li ic1·s. Improper sealing 
may r esult ri·om failure to use the conect 
sealing compound on joints and seams or !rom 
U1e use or detective gaskets or g:iskets that do 
not conform to the design of the boiler. In any 
case, It Is obviously Impossible to keep the 
boiler nlrtight unless the seams are properly 
made up and the gaskets are properly installed. 

Corrosion or the casing, caused by water 
dripping down onto it, Is another common cause 
or air leakage. Water may drip onto the casing 
from leaky air vents, or it may run out of the 
vents and onto the casing when the boiler is 
being filled. To prevent tllls, a drip pipe should 
oo installed from the :li r vents to carry drips 
away from tho top or the boiler c:tslng. 

Overhauling boiler casings Is tedious and 
cliHicult wo1·k because eve1·y Joint and ever y 
opening-no mnttcr how small- must be checked 
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for proper sealln~. Since the work Is tiresome, 
ther e is oCten a tendency to Ignore small leaks 
and to neglect t he l'Cp<>lr ot' burned or corroded 
sections or casing. If the work lsdonecarefully, 
hOwever, most boilers wlll show a marked re­
duction in f\lel oil consumptton. 

Whenever t f\c refractor ies arc removed, 
check the inner casing around the pad eyes. Some­
llmes the padeyes pull out, making holes in the 
inner casing. IC a bole Is round, n patch c:m 
be brazed or welded over Uic hole. Be sure 
that the patch is 0£ the same m:itcrin.I as Uie 
casing. 

When floor refractories a1·e removed, check 
Ule inner casing around Uie f\Jrn.~ce drain. If 
corrosion has ensued cracks or breaks in the 
easing in this area. clean the rnetnl thoroughly 
and then patch by brazing or weldin1~. 

The inner casing around peepholes may be­
come burned if the plastic rer1•actory falls out. 
tr burned spots appear Ol\ t he Inner casing l\Car 
the peepholes, the area s hould be replaced or 
patched. 

The rear and side walls or some 1200-psi 
boilers rnay develop nhot spots" on the inner 
casing In areas where tangent tubes ca nnot he 
installed or where exposed por tions or t11e re­
rractory w:<ste aw:iy from slag attack. Careful 
ruaintenance of the r efracto1·1es IS the only way 
to prevent these hot spots . Deep crevices in 
exposed l\r ebrick s hould be filled with pln.stlc 
chrome ore, plastic flreclay. or castable re­
rrnctory. If gap>; or 1/2 inch or moro ar e round 
between tangent tubes, the exposed insul~ tion 
should be protected w1U1 n brush coating of 
a\rsetting mortar or with packed 1>lastic re­
fractory. 

The gasket.~ nnd st\rds on the superheater 
access doors should be kept In good condition and 
replaced whenever necessary. lmperCect closure 
or these access doors Is a major cause or air 
leakage. 

Air leakage through tho outer c.ising is most 
likel;' to occur as a r esult or b.'\d 1taskets or 
loose seams or jol nts. In \)3 rtlcula r, the bolted 
nanges that cover the ends or drums and headers 
may become loose, due to corrosion or vibration, 
and thus allow air toleakoutofthe O\lter casing. 
Jr one of these flanges becomes corroded, the 
flange section must be removed and r eplaced 
with a new piece made of the same material. 

Access doors or panels In the outer casing 
sometimes r equite r epair. The ins ulation on 
these doors or panels must be kept 111 ii:ood condi­
tion to keep Ule outer casing rrom overheating. 
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UPTAKES AND SMOKEP!PES 

The upt1kes and smokeplpes must be kept 
in good co1ld!Uon and free or leaks that would 
a11ow water to run down onto the boiler. Leaks 
around the lxlse of the stack may allow water 
to seep down Inside the boiler casing. These 
leaks can be stopped by calldng with a mixture 
or asbestos wicking and red lead or, tr t11e leak 
Is very sma11, by coating w1U1 smooth-on 
cement. 

Where smokesl.1.Ck rain gutters ore installed, 
they should be Inspected frequently. Remove all 
soot accumulations and make sure tl1e drains 
are not plul\'ged. 

The expansion Joints in the uplakes require 
special maintenance on some destroyers and 
frigates. A soot seal was Installed to keep soot 
from entering tlHl expansion joint In Uw 11ptakes. 
The soot seul turned out to be something les s 
t11an l 00-percent ercective, so the exp.-..nsion 
joints tend to fill up wlth soot. The soot seals 
are being removed on tl1ese ships, but tlieprob­
lem or soot In the expansion joints remains. In 
order to prolong tl1e life or expansion Joints, all 
soot should be removed BEFORE boiler fire­
sides are washed. Alter the firesides washing 
has been completed, the expanston Joints must 
be cleaned ngaln to remove any wot soot Uiat 
may have rrotten into them <luring the water 
washing. Tho expansion joints s hould bo a.bso­
lutely rroe of soot after the fires ides Cleaning is 
completed. 

FUEL OIL BURNERS 

Fuel oil burners must be correctly Installed, 
maintained In proper posltion:indallgnnient,and 
kept clean and Cree or defects. If the burner is 
not lined up properly with respect to the burner 
cone opcnlrlj1;, flame impingement, damage to 
refractories, nnd p()Or combustion will probably 
result. 

Leakage must NEVER be allowed to occur 
at any of the threaded joints In the atomizer 
assembly. The gooseneck may work loose in 
norm:\l usage; It should be tightened before 
being put Into service. n1e nozzle, sprayer plate, 
and tip assemblymustalsobekepttight. Leakage 
or oil through the threads where the nozzle 
screws onto the burner barrel or where the tip 
screws onto the nozzle will Interfere with com­
bustion and will pt·obably cause oil to accumulate 
on U1e mov11ble Mr doors. 
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Before using any sprayer plate, check It for 
etching, scratches, scoring, nicks, a1ld oilier 
defects. Any defect In a sprayer plate can seri­
ously Interfere with atomization. 

The position or the atomizer lxlrrcl In the 
distance piece should be checked !rom time to 
time and adjusted when necessary, To make U1ls 
adjustment, screw the distance piece In or out 
until the proper relationship exists between the 
face or U1e atomizer tip nut and tho dlUuser plate. 
This setting of the atomizer barrel wtth respect 
.to the distance piece varies for different types 
or burners. Figure 2-14 shows the atomizer 
position ror several types Of burners. Alw:iys 
consult the manufacturer's technical manual to 
get the correct setting for any pcirttcular burner. 

The distance piece should be marked so that 
the position or the atomizer and distance piece 
assembly wl th reference to tlic burne1· t11roat can 
be determined from the flreroom. 

It should be noted l!iat the adjusbucnt of the 
atomtze1· bari-el witli respect to the distance 
piece Is very 1·ai-e1y required. Do not confuse 
this relatively permanent adjustment with the 
adjustment o! the entire assembly (distance 
piece, atomizer, and diffuser plate) that must 
be made each time the burner Is lighted ore. 

The dHC11ser plate, bolted onto the furnace 
end of the distance piece, plays u very lmpar­
tant part In the mixing or oil and nl1'. Koep the 
slots in the dlftu:;er pla te clon n and free of 
accumulations or carbon, dir t, or oil. Any block­
ing of these slots can cause se1·iousinterfcr cnce 
with the mixing or oil and air. Alw:1ys check tl1e 
diffuser plates for cracking and for loosened 
blots when you inspect the furnace. If :t diffuser 
plate shows signs or damage such as burned 
edges or badly rusted sections, It should be re­
paired or replaced. 

INTERNAL FITTINGS 

The intcrna l fittings In tl1c steam drum 
require routine maintenance and upkec1>. '11lc nt­
tings normally Installed in tJ1e steam drums usu­
ally include equl11ment for distributing tho in­
coming feed water, for separotinganddrytngtJ1e 
steam, for giving J>-urface blows, and for direct­
ing the now or steam and water within the 
steam drum. In addition, boilers which do not 
have controlled S\lperheat have equipment for 
desuperheatlng ste<\m used for auxiliary pur­
poses; the dcsuperheater is usually Installed 
in the s team clrum, but may be Installed ln the 
water cl1·um In some new boilers. Interr~~l rtttlngs 
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Figure 2-14.-Posltion of atomizer b<\rrel in distance piece. 

in some boilers also include equipment Cor in­
jecting chemicals for bOller water treatment. 

Arter r emoving the fittings from the steam 
drum, thoroughly wlrebrush and clean them. 
Check tl1c dry pipe, the Internal feed line, and 
the surface blow line to be sure that all the holes 
are Cree and clear of Obstructions. In addition, 
l.nspect U1e inside of the feed line for Oil ac­
cumulations. 

64 

Before reinstalling U1c fittings, wlrebrush, 
clean, and hose down the steam drum. It should 
be clean and frco of any oil or othm· accumu­
t:i.t!on. 

When replacing the {lttlngs in the steam drum, 
all the bolts should be drawn tight . Thedesuper­
heater flanges must be thorougllly cleaned before 
U1c desuperheater ts fitted Into placeandbolted. 
New gaskets must be Installed. The flanges must 
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be drawn up evenly and tightly to prevent any 
leaknge from the nnnged Joints . 

Addltlonal informatton concerning Internal 
fittings can be obtained lrom either t.he Bureau 
o! Ships Technical Manual (chapter 951 O) or the 
manufacturer's technical manualfo1· the specific 
boiler. 

TUBES 

Regular and careful lnsp«tionofboilertubcs 
prOVldes the information required to determine 
the need for tube renewal, to determine the 
effectiveness of boiler water treatment and other 
maintenance procedures, to diagnose boller 
operating troubles, to a.nalyze boiler ca.~ualtles, 
and In general to give an overall picture or the 
condition or the ship's boilers. 

Inspection Requirements 

At oach r egular scheduled shipyard over­
haul, two genera Ung tubes and one superhcater 
tube must be removed from each boiler for ex­
amination. Each tube tlius removed must be split, 
permanently Identified as to the boiler from 
which It was taken, the tube number, and the 
location or the tube In the boiler. The tubes are 
examined by the activity that removes them nncl 
are then returned to the ship wWt a r ep01·t or 
corrective action recommended, it any. The 
tubes must Uten be retained aboard ship until 
Utey have been examined by a Board of Inspoc­
lion and Survey. Tile corrective action recom­
mended by the repair!~ actl-.ity and any cor­
rective action taken by tho ship must be recorded 
In the machinery history so Uiat Utis Information 
will be available to the Board Of inspection and 
Survey. 

rr tubes are removed between overhauls, 
samples of generating tubes and super hcatcr 
tubes may be saved for Inspection by the Board 
Of Inspection and Survey so Uaat additional tubes 
will not need to be removed at the time or U1e 
overhaul. Note, however, that tubes which Mve 
failed In service or which have been damaged 
cannot bo used In this way Cor inspection by the 
Board. 

Superheater tubes removed for Inspection 
must be replaced. Generating tubes removed 
tor Inspection need not be replaced if (1) there 
are not more than 10 tubes plugged as a result 
Of Inspection requirements, and (2) the tubes 
were removed from the last two rows or Ute 
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tube bank, Tubes removed Crom fUrnace walls 
or Crom fireside rows must be replaced. 

Economizer tubes are not ordinarily re­
moved ror Inspection unless It suspected that the 
economizer Is not In good condition. The re­
quirement that a superheate1· tube bo removed 
for Inspection Is waived in tho case or (1) boilers 
ha\•ing the walk-in type or superheater, and (2) 
boilers In which the removal and replacement 
of Individual superheater tubes cannot be accom­
plished without cutting bulkheads. 

Sample tubes removed for Inspection should 
be repr esentative or the other tubes In the row 
from which they are cut. 1'01· example, a re­
cently renewed tube should NOT be selected as 
a sample. In order to obtain proper samples, 
t11e tubes must be cut out In accordance wiUt 
the procedures prescribed by the Naval Ship 
Systems Commllnd. 

When there ls reason to suspect serious or 
widespread tube damage, or when the condition 
of the tubes ca.nnot be clearly determined on 
the basis of a few sample tubes, an uexplorlng 
block'" or tubes should be cut. The exploring 
block should be not mor e than lOtubes \\1de, a11d 
it must be deep enough to include Ute tubes In 
the center row or the tube bank. A supcrheater 
tube and an economizer element must also be 
removed ror Inspection when the exploring block 
is cut. 

The need Cor cutting an explo1·1ng block 
(together with the required superheater tubo 
and eeonomlzet· element) is determined initially 
by the engineer officer. A repair activity re­
views the facts and makes whatever Inspections 
are required as a basis for recommendations 
to the type commander. With the Information 
thus supplied, the type commander decides upon 
the extent or the repairs desired, Inking into 
account the operational comm! hnents of the 
ship and otho1· {actors. 

Tube failures in other than the A and B rows 
generally occur In the outer h3lC of the tube nest 
as a result or external corrosion Just above the 
water drum. When such fallures have occurred, 
either in operation or undet· hydrostatic test, or 
wben the examination or tubes In the exploring 
block shows that the tube tltir.knoss Is less tllan 
half the original thickness, complete 1·enewal 
must be made or all tubes from the center row 
to the outer 1-ow (Inclusive) over a tore-and-a.ft 
length of the tube bank sufficient to completely 
cover the affected area. This renewal must be 
made regardless of the condition or the tubes 
that were not Included in the exploring block. 



ENGINEERING, OPERATION AND MAINTENANCE 

The existence or slight, scattered pitting does 
not necess•u·Uy require Ute complete re tubing 
of the boiler, even if the thickness of the tubes 
at some of Ute pits is less than 50 percent of 
the original tube thickness. Wilen pitting Is ob­
served, tubes should be split and examined to 
sec whether the pitting is (1) moderately heavy, 
and (2) general thro\lghout the boiler . 

Internal pitting .resulting from improper 
treatment of boiler water ls most likely to occur 
in tubes that receive U1e most heat (screen tubes, 
fire row tubes) and in areas which are particu­
larly subject to oxygen pitl1ng. In gener al, oxy­
gen pitting tends to occur most commonly in 
downcomers, ln superheate1·s, and at the steam 
drum ends of gener ating tubes. If active oxygen 
pits (tbat is, pits which ar e still scabbed over, 
rather than clean) ar e round when the boiler is 
inspected, or if oxygen pitting is suspected be­
cause of the past operating histor y of the boiler, 
one or two tubes should be removed from tlle 
areas in wlllch oxygen pitting is most likely to 
be found. 

The tubes U1us removed should be split and 
examined. lf 25 percent or the pits are deeper 
than 50 pe1·cent of the tube wall thickness, and 
if at least a few of the pits ar e deeper than 65 
per cent of the tube wall thickness, a sample of 
about 20 tubes from the sc1·ee11 and last rows 
of tl1e generating bank s hould be cut. These 
tubes should be split and examined and their 
condition should be evaluated on the same basis 
as before. If 25 pe1·cent of the pits are deeper 
than 50 percent of the wan thickness , and if at 
least a few are deeper tMn 65 perc.ent, Ute oxy­
gen pitting Is consider ed to be general through­
out the boiler and moderately heavy. With these 
findings. complete tube renewal should certainly 
be considered. However, it is possible that 
complete tube renewal may be postponed in 
some cases iC (1) the boile 1· can be successfully 
cleaned by a chemical c leaning, (2) t he boiler 
can successfully withstand a 125-percenthydro­
static test, and (3) t11ture boiler water treatment, 
use of blowdown, and laying-up procedures can 
be expected to be in strict accordance with the 
Naval Ship Systems Command requirements. 

Inspection of boilers sometimes shows an 
unexpected condition in which adjacent boiler 
tubes are warped in such a way that they touch 
each other. When this condition exists, the tubes 
are said to be married. Tube marriages may 
r esult either from overheating of the tubes or 
from stt·esses developecl in the tubes during 
Installation. For this latter reason, newly 
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erected boilers and boilers thay have been re­
tubecl s hould always be inspected ror tube align­
ment after tile Initial periocl of steaming. 

When inspection reveals one or more tube 
marriages, the decision as to whether or not the 
married tubes should be renewed shOUld be based 
on the following considerations: 

1. If the tube marriage occu1·s in screen 
tubes 1 '1/2 inches or larger, or If the furnace 
side wall or rear wall tubes arc bowed, tube re­
placement is usually requir ed. 

2. If 1-inch or 1 1/ 4-inch tubes in the main 
bank of generating tubes are m:u·1·icd, replace­
ment is usually not >'equired lC the tube joints 
are tight under hydl'Ostatic test. 

3. Inspect the extemal surfaces of the tubes. 
If they show blistering or other signs of over­
heatlng, the tubes should be r enewed. 

4. Inspect the w:itersides. Where tube mar­
riages exist, a 1>00r watersides condition may 
indicate hard scale or oil within the affected 
tubes. If hard scale or oil does ex1st, the mar ­
ried tubes should be replaced and all appropr i­
ate steps should be taken to r emove the scale 
or oil from U1e rest of the boiler . If the condi­
tio11 o( the tubes Is uncertain, or !fa large num­
ber of tube marriages have occurred, remove 
one or more sample tubes, split them, and ex­
amine them carefUlly. 

5. Tube marriages may cause gas laning, 
which may in turn cause local overheating of 
the Inner casing, the bottom p.~rt or the econo­
mizer, and other parts. Inspect the boiler care­
fully for signs or local overheating that might 
have lJeen caused by gas lantng resulting 
from the tube mai-rlages. lf local overheating 
ls found, tlie married tubes should be re­
newed. 

6. On s ingle-furnace boilers, a lane mor e 
than 1 1/2 inches wide may allow overheating 
of the superheater and of the superheater sup­
pOrts . If a large hrne (11/2 tubes wldeorwicter) 
exists near the superheater outlet header end 
or the boiler, the married tubes that cause such 
a large lane should be renewed. 

In addition, when tubes are inspected, the 
firmed tubes (if installed) shOuld be checked. 
Finned tubes are installed in the LC r ow i n­
stead of studded and packed tubes on some 
double-furnace boilers. A few cases of warping 
and cracking of the firmed tubes have been re­
ported. Check the tubes, the fins, and the welds 
which join the flns to the tubes. Report any 
warping, cracking, or other damage that you 
find. 
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ldentlfylng Causes O! 
Tube Failure 

In order to Identify the cause of tube failure 
by '~sual inspection, !tis essential to know some­
Ulh'ft about the val'ious ways i n which tubes 
rupture, warp, blister, and otherwise show dam­
age. Tube failures must be rep0rted on a stan­
dard form, using sbndard terminology. The 
sections which follow deal with the Inspection 
techniques i·equlred for determining the causes 
or tube failure and wltl> the various ways in 
whlcl1 boiler tube damage is class! fiecl and Identi­
fied. 

INSPECTION TECHNIQUES ANO EQUJP­
MENT.-The Inspection techniques requl1·ed for 
deta1·mining the cause or tube failure must 
naturally vary according to Ute nature or the 
problem. For example, a rupture in a nre row 
tube can usually be described adequately on the 
basis of simple visu.~l observation; but the cause 
or damage to n tube that Is deep ln the t\Jbe bank 
cannot usually be determined without rcmovi1ip; 
Ute Intervening t\Jbes. When a blistered tube sug­
gests a waterside dep0sit, the nature and extent 
of tbe deposit cai1 be determined only by i·emov­
lng and splitting the tube so that the w:iterside 
may be examlnecl. 

Relatively simple equipment Is required for 
the field inspection or <bmaged or fouled pres­
sure parts. Equipment !or this purpose should 
include (1) devices Cot· measuring tube dlame­
te1·s, depth Of pits, and thickness of clepostts; 
(2) Instruments for separating deposits nm! cor­
rosion products- a sharp knife. a chisel, a steel 
scJ·lbe, or a vise to crack deposits loose from 
the tube samples; (3) an approved type or portable 
light; (4) a supply of clean bottles for collecting 
samples of deposits; and (5) a mirror ro1· view­
ing relatively Inaccessible places. 

Many of these items of equipment can be im­
provised U necessary. For example, n simple 
gage for measuring the depU> or waterside pi ts 
may be made by pushing a straight pin or a paper 
clip through n 3 x 5 inch card so that the point 
or tl10 pin or clip projects beyond tt1e card, at 
right angles to the card. Such all improvised 
depU1 gage ts shown In figure 2- 15. A section 
of string can be w•·apped around a deformed 
tube and then laidalongarulertoobtain a meas­
ui·e of tube cnlal'gement or t\Jbe thinning. or 
course, special tools s\1ct1 as calipe1·s, dcptt1 
gages, and scale thickness Indicators give more 
accurate results and Should be used if tltey are 
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98.136 
Figure 2-15.-lmpi·ovised depth gage. 

a\•al!able; but tlte Improvised tools, if used wtth 
care, can also irtve good results. 

CLASSIF1CATION OF BOILER TUBE DAM­
AGE.-Boiler t\Jbe damage is considered in this 
section, under four major classifications: (1) 
fireside ca,;tles and scars, (2) waterside cavi­
ties and scars , (3) tube deformities and frac­
tures, and (4) tube deposits. 

CAVITIES AND SCARS ON THE TUBE FIRE­
SIDES often indicate tlie reasons (or t\Jbe failure . 
The term CIRCUMFERENTIALGROOVEisused 
to describe the metal Joss that occurs in bands 
or stripes around the circumference of a tube. 
Fireside grooving of this type often occu1·s at 
the header ends of horizontal tubes such as 
supe1·1tcater tubes. The m~st common cause of 
this damage IS leakage from tube seats higher 
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up In tbe tube bank. '!'he grooving occurs as t11e 
water runs dowu the header and onto the tube 
ends, or as it drips directly onto the tubes. This 
kind Of damage is greater on the top or the tube 
than on the underside, but the groove may extend 
around the entire circumference. 

Fireside circumferential groovil1g may also 
occur on vertical generating tubes as n result 
of thin, damp depost ts oC soot on horizontal 
drums or header s . In fact. this kind of grooving 
can occur in any party of the boiler where leak­
age provides a sufficient supply or watet-. Large 
quantities of water trapped between the water 
drum and the boile1· casing-as, ror example, 
from a serious economizer leak- can produce 
general fireside grooving around the bottom or 
the rear generating tubes. A11 example or tills 
general fireside grooving Is shown In figure 
2-16. 

CRATERS are deep, Irregular, straight­
walled cavities in the tube metal. WATER 
TRACKS are closely related to craters; the 
tracks cooslst of wandering, straigllt-walled, 
canyon-like cavities In the tube metal . Both 
cratering and water t1·acklng occ11r al most ex­
clusively at the header ends of water wall tubes 
and division wall tubes that are surrounded by 
r eCracto1·y; they arc caused by water becoming 
trapped between the tube metal and the su rround­
ln!;' r efractory. Water washing of boiler fire­
sides, wi!J1out proper drying out, is a frequent 
cause of cratering and water tr acking; however, 
any leak higher up in the boiler can also cause 
this type of damage. The size of the leak and the 
angle of tile tube upon which the water leaks de­
termine to a large extent whether the resulting 
damage \V\ll be circumferential grooving, cra­
tering, or water trncking. Both cratering and 
water tracking are shown In figure 2-17. 

GENERAL FTRESltlE THlNNlNG consists or 
a uniform loss of metal ovel' a rel Rtlvely large 
area on the outside of the tube. Soot corrosion 
Is the most common cause or general fireside 
thinning. The parts that are particularly &'Ubject 
to this kind of damage are super lle'1ter tube 
ends between Ute headers and the seal plates; 
water drum ends of generating tubes; and return 
bends in economize1· tubes. Gene ral fil'cside 
thinning of a generating tube Is s hown In figur e 
2-18. 

A rather unusual type or gene1·nl fireside 
metal loss sometimes results Ct·om the combi­
nation or extremely high tube temperatures and 
the burning of fuel oil that contains vanadium 
compounds. The ..-anadium compounds carried 
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98.137 
Figure 2-16.-General fireside ci r cum­

ferential grooving. 

98.139 
Figure 2-18.-General fireside thin-

ning of generating tube. 

in the flame can cause rapid oxidation or metal 
at high temperatures. This type or damage is 
unusual in water-cooledpartsol'theboiler, since 
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critical temperatures are not usually attained. 
Figure 2-19 shows a stainless steel superheater 
tube that has suffer ed t his type of general thin­
ning as a r esult of fuel ash damage. 

FIRESIDE BURNING occurs when the rate of 
beat transfer through the tube wall is so r ecluced 
that the metal is overheated. Waterside deposits 
can cause fil·eside burning, but most serious 
fir eside burning occurs \vhen a tube beco1nes 
steam bound or dry. Figure 2-20 s hows the 
coarse, brittle appearance of tube metal that 
has suffered fi reside burning. 

STEAM GOUGING occurs when steam jets 
out of a hole in an adjacent tube. Steam gouging 
can be identifi ed by the extr emely smooth 1.-ur­
face of the cavity, together with the irregular 
shape of the cavity. As may be seen in figur e 
2-21,a steam gouge looks as though the metal 
tiacl been blasted away and the cavity polished. 

TOOL MARKS such as chisel cuts or ham­
mer scat·s can usually be identified without too 
much trc>uble. As s hown in figur e 2-22, tool 
marks do not resemble corrosion effects in any 
\Vay. 

Some WATERSIDE CAVlTIES AND SCARS 
tltat may be 1·ccognized by visual examination 
ar e discussed here. 

LOCALIZED PITTING iS the term used to 
describe scattered pits on the watersides . These 
pits are usually-tltough not al ways-caused by 
the presence of dissolved oxygen. 

WATERSIDE GROOVES ar e similar to local­
ized pits in some ways, but they are longer and 
broader titan the pits. Waterside grooves tend 
to occur in the relatively hot bends of tl1e tubes 
near the water drum; they may >ilso occur on tl1e 
external surfaces of desuperheater tubes . Some 
waterside grooves are clean, but most contain 
islands of heavy corrosion scabs. A typical ex­
ample of walet·side grooving is shown in figur e 
2-23. 

98.140 
Figure 2-19.-General fi reside thin-
ning of stainless steel superheater 
tube (result of fuel ash damage) . 
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98.141 
Fig.11re 2-20.-Fireslde burning. 

98.142 
Figure 2-21. - Fireside steam gouge. 

98.143 
Figure 2- 22.-Fireside tool mark$. 

98 .144 
Figure 2- 23.-Waterside gr ooving in 

a generating tube. 

CORROSION FATIGUE FISSURES are deep­
walled, canyon-like voids . They have the appear­
ance of being corroded, rather than fractured, 
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and they may be filled with conosion products . 
These fissures occur In metal that has been 
fatigued by repeated stressing, thus making it 
more subject to corrosion than it would other­
wise be. 

GENERAL WATERSIDE TIDNNJNG can occur 
i f the boiler water alkalinity is too low over a 
long period of time, lf the boiler water alkalinity 
is too high, or If acid residues are not complete­
ly removed from a boiler that has been chemi­
cally cleaned. The greatest loss of metal from 
general waterside U1innlng tends to occur along 
the side of the tube t11at is toward the name. The 
entire length of the tube from steam drum to 
water drum may be affected. Figure 2-24 shows 
general waterside thlnnlnp:. 

WATERSlDE BURNING mayoccurifthetem­
perature exceeds about 750° F, In plain carbon 
steel tubes, 01· about 1000• F, in most alloy 
superheatcr tubes. The effect of waterside burn­
ing is the oxidation of the tube met.al to a shiny, 
black, magnetic Iron oxide known as high tem­
perature oxide. 

WATERSIDE ABRASION is the term used to 
descl'ibe waterside c:wltles that result from 
purely mechanical causes rather than from cor­
rosion. For example, tube brushes or cutters 
may cause abrasion spots at sharp bends in 
economizer, superheater, and generating tubes. 
The surface markings of l>'UCh abrasions indicate 
clearly that they result from mechanical abra ­
sion rathe1· Uian from corrosion. 

DIE MARKS appear as remarkably straight 
and uniform longitudinal scratches or folds on the 
watersides of the tube. They are the result of 
faulty fabrication. Die marks, shown in figure 
2-25, may extend fo1· the full length or the tube. 
Localized corrosion occurs quite often along the 
die mark. 

TUBE DEFORMITIES AND FRACTURES 
cover abnormal bends, blisters, bulges, cracks, 
warps, sags, and other breaks or distortions. 
Like the cavities and scars previously discussed, 
tube deformities and fractures are fairly easy 
to distinguish by visual observation. 

The TlfiN-LIPPED RUPTURE, shown in fig­
ure 2- 26, ls a fairly common tube deformity. The 
1'Upture resembles a burst bubble; the open lips 
are \Inlformly tapered to sha1·p knife-like edges , 
wiU1 no evidence of cracking or lnegular teal'­
ing of the metal. True thin-lipped ruptures occur 
in economizex· tubes , in generating tubes, and­
to a much lesser extent-ln superheater tubes. 
Ruptures or this type indicate that the flow of 
steam or water was not adequate to absorb the 

heat to which the tube was ex1>osed; consequently 
tl1e tube metal softened and flowed and t11en bu1·st. 
Thin-lipped ruptures may be caused bY a sudden 
drop in water level or by tube s toppage. 

98.145 
Figure 2-24.-Gcneral waterside Uilnn\ng. 

98.146 
Figure 2-25.-Die marks on waterside or tube. 

98.147 
Figure 2-26.-Th\n-llpped rupture. 
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Serious THICK-LIPPED RUPTURES resem­
ble the th1n-llpped ruptures except U1at U1e edges 
a re U1lck and r agged r ather than tapered and 
knife-like. Thick-lipped ruptures that occur in 
mild steel generating tubes indicate milder and 
more prolonged overheat th:m that which leads 
to thin-lipped ruptures. Abnormal Cirl11g rates, 
mome11tary low water, name impl11gement, gas 
lanlng, and 1nany other causes can produce mild 
but prolonged overheat which cnn eveotuall}• lead 
to thick-lipped ruptures. A typical thlck-li(>ped 
rupture In a ge11erati11g tube is show11 111 Clgure 
2-27. 

Thick-Upped ruptures are the most common 
type of rupture in superhonter t1.1bes; s udden 
Intense ove1·heat or mild and prolonged overheat 
tends to produce this type or rupture In alloy 
steels. The superheater tube s hown in figure 
2-28 literally blew to pieces when the thermally 
stressed metal finally yielded under superheater 
11ressure. 

PERFORATION is tbe terrnused to describe 
any openl!lg 111 a tube (other than a crack) that 
ls NOT associated with tube enlargeme11t. Tbe 
most common kind of perforation is probably 
the pinhole leak. In many cases, Ute first evi­
dence or tube failure is a pinhole leak. 

THErlMAL CRACKS, sornetirnes called 
CREEP CR AC KS, result from prolonged, m!ld 
overheat or r epeated short-time overheat. 
Cracks of this type arc found most often in 
3lloy superheater tubes, but Utey can occur in 
mild steel tubes as well. The tube ls not usually 
enlarged when a thermal crack exists; the 
cracked wall tias normal thickness, and t11e break 
has a dark c1·ystalline appea1·ance. A typical ex­
ample ls shown In ligure 2-29. 

Certain chromium superheater tubes that 
contain molybdenum and t\fanlum sometimes de­
velop very 1011g, straight, seamllke 1011gltuctlnal 
c1·:teks as a 1·esult of very slight cold worklng 
or hot working. Such failures can occu1· In serv­
ice because of original defects, even though the 
boiler has been operating Ullder normal condi ­
tions and has not been overheated. A crack of 
this type In a chromium superheater tube is 
shown in figure 2-30. 

TUBE ENLARGEMENT or the type shown in 
Clgure 2-31 Is relatively common in super­
heater tubes but rare in generating tubes. This 
uniform enlargement of a portion or the tube is 
c~11sed by 1ullder overheat than that which pro­
duces cracks or ruptures. If nn enla,·ged tube is 
continued in ser\'ice, it will almost ce1'talnly 
crack or break eventually. 
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98.148 
Figure 2-27.-Thick-lipped rupture in 

generating tube. 

98.149 
Figure 2-28. -Thick-lipped rupture In 

superheater tube. 

98.150 
Figure 2-29.-Thermal crack (creep 

crack) in supcrhcater tuoo. 

98. 151 
Figure 2- 30.-Thermal crack in chromium 

steel S\tperheater tube. 
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HEAT BUSTERS diller Crom tube enlarge­
ments In that they auect only one side of the 
tube, usually the side toward the fi res . Blisters 
appear as egg-shaped lumps on tJie fireside. They 
Indicate that the tube ha.s been heated to the 
softening point and has blown out under boiler 
pressure. Heat bllsters always Indicate the 
presence of waterside deposits. 1f the deposit 
is brltue, as scale or baked sludge, blistering 
breakS the deposit and allows the boiler water 
to quench the hot metal before tJie tube bursts. 
Heat blisters are most commonly found on the 
fire row generating tubes; they are rarely found 
on superheater tubes or economizer tubes. A 
typical heat blister Is shown in figure 2-32. 

TUBE CORRUGATION iS a peculiar type or 
heat blistering that occurs when the boiler water 
Is contaminated with oil. Corrugation may con­
s ist of closoly spaced small-diameter hemi­
spherical bulp:es, as though the tube metal had 
been softened and then punched from the inside 
with a blunt instrument. It may also e:-dst as a 
herringbone Or Chevron pattern 00 the tube wall 
nearest the name, as shown In figure 2-33. It 
Is not known exactly why oil contamination oC 
the boiler water tends to cause this patterned 
corrugation. 

SAGGING Is the term applied to tubes that 
appear to have drooped downward toward the 
l\Jrnace under their own weight. This type of 

98.152 
Figure 2-31.-Enlarged tube. 

98.153 
Figure 2- 32.- Heat blister on fire r ow tube. 

Figure 2- 33.- Tube corrugation resulting from oil on watersides. 98.154 

72 



Chapter 2-BOILER MAINTENANCE 

deformation results from semiplastic flow of 
the tube metal, caused by extremely mild over­
heat. A momentary condition of low water Is 
probably the most common cause of sagging. If 
ti1e boiler bas been cooled slowly, and if the 
distOl'tion is not so severe as to interfere with 
the designed flow of combustion gases, sagged 
tubes may still be continued in service. 

WARPING is similar to sagging except that 
the distortion Is haphazard rather than in one 
direction. Warping usually occurs as a result 
of sudden cooling of the tubes after they have 
been overheated. Cooling a boiler too r apidly 
after a low water casualty is a typical cause of 
warped tubes. 

MELTING can occur as a result of a serious 
low water casualty. lf the tube temperature be­
comes high enough, the tube metal actually melts 
and runs down into the furnace . A cluster of 
fused tubes that resulted from melting is shown 
in fi~ure 2-34. Melting of aluminum economizer 
parts can cause tremendous damage to a boiler. 

The molten aluminum from overheated econo­
mizer parts r eacts so violently with the iron 
oxide coating on the steel tubes below that the 
heat of the chemical reaction may melt the 
steel tubes even though the furnace temperature 
is not high enough to melt them. 

SWAGING is the term applied to tlle reduc­
tion of tube diameter by mechanical deforma­
tion. The effect is a recessed band or circum­
ferential indentation around all or part of the 
tube circumference. Swaging ls most likely to 
occur where a tube passes through a support 
plate Ol' seal plate; thus it is more common in 
superheater tubes than in other kinds of boiler 
tubes. A swaged tube is shown in figure 2- 35. 

MECHANICAL FATIGUE CRACKS occasion­
ally occur in boiler tubes from such purely 
mechanical processes as flexing. Cracks of 
this type can usually be identified by a clean, 
bright bi·eak through a major portion of the metal 
thickness . These cracks begin on the outside cir­
cumferenc:e Of the tube. 

Figure 2-34.-Melted cluster of tubes. 

Figure 2-35. -$waged superheater tube. 98.156 
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TUBE WALL LAMINATION is shown in figure 
2-36. This lamination or layet·ing oc:curs during 
the fabrlca ti on of the tube. It is the most common 
material defect found in boiler tubes. 

FOLDED or UPSET TUBES are also the re­
sult of defective fabrication. A folded tube is 
shown in figure 2- 37. This defect resembles a 
heat blister in appearance, but tile tolded tube 
shows no wall thinning and has a depression 
on the side of U1e tube opposite to the bulge. 

STRETCHED or NECKED TUBES are also 
the result of defective fabrication. A stretched 
or necked tube is shown in figure 2-38. 

FIRESIDE and WATERSIDE DEPOSITS can 
produce many of t he scars and deformities just 
describect. Bas! cally, t he reason why tube de­
posits cause tube failure is becn\1Se they l ead 
to local! zed overheating of the tube metal. The 
accurate identification of tube deposits is often 
a necessary part of determining the cause of 
tube failure. 

WATERSlDE DEPOSITS include scale, 
sludge, con-osion deposits, and high-temper­
ature oxtde. 

FIRESIDE DEPOSITS include soot, slag, cor­
rosion products, and high-temperature oxide. 

SOOT Is a broad term use<! to cover all of 
the ash products (other than slag) that result 
from combu:;tion. These ash products include 
carbon, sand, salts such as sodium sulfate, and 
other materials. Soot deposits are usually pow­
dery or ashy on tl1e tube surfaces near the top 
of the boiler, but tend to be packed solid on 
drums, headers, and the lower ends of the tubes. 

SLAG is not a powdery or packed ash like 
soot; rather, it is a salt-like material that is 
fused to the tube sur faces . Slag i s objectionable 

98.157 
Fir.:ure 2-36.- Lamination or tube wall 

(fabrication defect). 
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on boiler tubes because it retards the transfer 
of heat to the tube metal and because it may 
cause gas channeling, with consequent local 
overheat o( tube metal that is not covered by the 
slag. Most slags on boiler tubes are soluble 
enough so that they can be controlled by periodic 
washing of firesides. The main way to prevent 
slag is to avoid burning fuel oil t hat is con­
taminated with sea water. 

CORROSION DEPOSITS seldom form major 
fireside deposits. Occasionally, however, bulky 
deposits of fer1·ous sulfate may Corm as the r e­
sult or U1e combination of soot and large amounts 
of water. These deposits have been known to 
travel away from their or iginal location and 
adhere to remote i·ows of generating tu~s. The 
deposits can usually be r emoved by water wash­
ing and mechanical cleaning. The sou1·ce of the 
water leakage should be found and corr ected. 
Also, the location of tbe original deposit should 
be found and the area should be carefully in­
spected for signs of corrosion. 

filGH-TEMPERATURE OXIDE Is the term 
applied to heavy fireside layers or mixed iron 
oxides formed by overheating the tube metal. 
Low wate1· ls a frequent cause of high­
temperature oxide on tile tube firesides. The 
high-temperature oxide has a rather layered ap­
pearance; It 1·esembles conosion products, and 
is often wrongly called "scale." 

REFRACTORIES 

The refractory materials which line U1e 
boiler furnace retain heat for a lon11 time, and 
so help to maintain the high furnace temperatures 
r equired Cor proper combustion. Refractor ies 
are also used to form baffles that direct the 
flow of combustion gases and that protect drums, 
header s, and tubes from excessive heat and flame 
implngeme11t. 

Refractories used in naval boilers are re­
quired to wl thstand severe service cond\ti.ons and 
must therefore meet very high requirements . 
They must be able to resisttl1ecuttlng action of 
the flame (flame erosion) that tends to occur be­
cause name contains very small p.'lrticles of 
solid matter. They must expand and contract 
uniformly, since unequal expansion sets up 
mechanical stresses in the refractories and un­
equal contraction causes cracks to develop. They 
must be resistant to thermal shock, caused by 
rapid changes of temperature, and as resistant 
as poss Ible to the action of slag. 
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Figure 2-37. - Tube fold (fabricaUon defect). 
98.158 

Figure 2-38.-Stretched or necked tube (fabrication defect). 98.159 

Refractories used in naval hollers include 
firebrick, lllgh-temperature insulating brick, 
insulating block, plastic firebrick, baffle mix 
(sometimes called castable mix), h!gh­
temperatur e r efractory insulating castable, air­
setting mortar, plastic chrome 01·e (PCO), and 
chrome castable refractory. 

Additional Information concerning the com­
position or refractories, securing devices, and 
installation or refractories can be obtained from 
either the Bureau or Shi Technical Manual 
(chapter 9510 or the manufacturer's technical 
manual ror the specific installation. 

Inspection and Repai r 

Under normal conditions, the boiler bric lc­
work should last for a number of years without 
complete renewal, provided it Is properly in­
stalled and ls given adequate care after Instal ­
lation, When part of the furnace lining fails in 
any of Its designed purposes, the boiler efficiency 
drops and there is danger of burning some metal 
part. Frequent inspections of refractories and 
casings, together with early r epairs to any weak 
spots. can do much to prevent fnllure of the re­
rracto1·!es and to postpone the 11ecd for complete 
r enewal. 
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The frequency with which the refractories 
should be Inspected depends upon the service 
conditions or the boiler . If the boiler ls belnl)" 
steamed at high rates, or if r apid fluctuations 
are requi red, or If low grade or contamln.'tted 
fuel is being used, deterioration or the refracto­
ries is Jlkely to be rapid and i nspections s hould 
be made as often as possible, If the boiler is 
being operated under relatively steady condi­
tions, with good fuel oil, inspections maybe made 
less frequently. 

Before replacing or r epairing brickwork, a 
great deal must be known about tJ1e condition of 
the entl1·e refractor y installation, On U1e basis 
of close l11spectlon and careful measurements 
of wall uncl floor thicknesses, 't decision will 
have to be made as to how much the 1·erractories 
have been d•m•ged In service, how much more 
deterioration must be expected before the next 
availability for repairs, and how well a good 
repair Job will hold up under tl1e expected 
conditions or service. 

Causes of Refractory Deterioration 

When the boiler is fired, the reCractories 
undergo many physical and chemical changes. 
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Some refractories may not return to their origi­
nal shape after they are heated, but may show 
a slight permanent expansion or contraction. 
Heat changes the mineral content of all refracto­
ries. As a rule, the change is slight and does not 
materially affect the quality of the r efractory; in 
other cases, however, the change may be suf­
ficient to cause failure of the furnace lining. Cer­
tain compounds in the furnace gases attack the 
refractories, in some cases causing consider­
able damage. 

The two major causes or deterioration of tlle 
furnace lining are SLAGGING and $PALLING. 
Slag is iormed when ash and other unburnable 
mater ials react with the brickwor k. Although the 
ash content of fuel oil is low, there is always 
enough present to damage the refractories. The 
most dangerous slag-forming materials ar e 
vanadium salts and sodium chloride (the major 
salt in sea water} . 

If the slag that formed on the bricb.-workwould 
remain in place, it would not cause any particular 
difficulty. Actually, however, the slag v.111 not 
remain In place. Instead, it peels off or melts 
and runs off, taking some refractory with it and 
exposing a fresh layer of refractory to furt her 
slag attack. 

The peeling of the refractory occurs basical­
ly because the layer of firebrick t hat has been 
penetr ated by the slag has adiffer ent coefficient 
of expansion than the original fi r ebrick. When 
temperature changes occur, therefore, a cleav­
age plane is formed ancl the slagged l ayer cracks 
and breaks off. The loss of firebrick through 
cracking and subsequent breaking or crumbling 
is known as SPALLING. 

Spalling can also occur from temperature 
changes alone, without any slag being present. 
However. true thennal spalling is quite rare 
in modern naval boiler s because the firebrick 
now used is of very high quality and is highly 
resistant to thermal spall\ng. fo'ig1.11·e 2- 39 shows 
a furnace wall in which the b1·ick to the left of 
the exp.-insion joint has been destroyed by 
true ther mal spalling; to the right of the 
expansion joint, some slag penetration has 
occurred and some spalling from this cause 
has begun. 

A par ticular type of slag results from using 
fuel oil that is contaminated withsaltwatcr. This 
slag, shown in figure 2- 40, is very glassy in 
appear ance. Glassy slag that melts and runs over 
the refractories is usually much more damaging 
than peeling slag. 

98 .130 
Figur e 2- 39.- Thermal spalling (left) and slag action (1·ight} . 
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98.131 
Figure 2-40. -Glassy slag resulting from sea water contamination of fuel oil. 

Another cause of furnace deterioration is 
FIREBRICK SHRINKAGE. True shrinkage-that 
is , perrnanentshrinkage- is relatively rare when 
approved firebrick is used. However, this defect 
does sometimes occur even in approved re­
fractories. It is important to recognize true 
shrinkage, should it occur, because of the ex­
tremely dangerous condition it creates. When the 
firebrick shrinks, the hot- face dimensions of 
each brick become measurably smaller than the 
cold-face dimensions. Consequently, tJ1ere is an 
open space around each brick and the entire wall 
or floor becomes very loose. Figure 2-41 shows 
the appearance of a wall and sloping deck in which 
true shrinkage of firebr ick has occurred. A wall 
having this appearance is DANGEHOUS, and 
should be completely renewed as soon as 
poss ible. 

The regular expansion and contraction of re­
fractories that occurs as the furnace is alter­
nately heated and cooled is not perma'!ent, and 
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therefore does not have as serious consequences 
as a true volume change. However, rapid changes 
of temperature cause unequal expansion or con­
traction and thus setup unequal stresses that may 
lead to serious failure of the refractor ies . Rapid 
raising of steam is probably more injurious to 
the refractories than to any 0U1er part of the boil­
er . Emergencies may arise which require the 
rapid raising 01· lowering of furnace temper­
atures; but it is important to r emember that the 
refractories cannot stand this treatment very 
often. As a rule, raising the furnace temper­
ature too t·apidly is likely to cause the firebrick 
to break at the anchor O<>lts; lowering the furnace 
temperature too rapidly is likely to cause deep 
fractures in tJ1e fireb1ick. 

Refractories are also damaged by any type 
Of mechanical str ain. Continued panting or vi­
bration of a boiler may cause a weakened area 
of wall to be dislocated so that the bricks will 
tall out onto the furnace floor. Proper operation 
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98.132 
Figure 2-41.-Wall and sloping deck, showing excessive shrinkage of firebrick. 

of the boiler, with pat·ticular attention to the cor­
rect use of burners and forced draft blower s , will 
generally prevent panting or vibration. 

Repair ing Furnace Walls 

Fur nace walls should be repai red, rather than 
completely renewed, whenever feasible. Some 
walls that appeHr to be badly slagged and spalled 
may actually have many hundreds of hours of 
service l eft in them. Walls that ar e actually in 
good condition are often torn down and r eplaced 
merely because they "look bad." On the other 
hand, some walls look r easonably good and yet 
are dangerously thin as a result of slag and 
spalling. 

The only way to really deter mine the condition 
of a furnace wall is to measure the wall thick­
ness at the thinnest point. Usually this can be 
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done at an expansion joint . Sometimes, howeve r , 
it will be necessary to r emove a brick from the 
worst area and measure its thickness. A wall with 
firebrick 41/ 2 inches thick can lose no more than 
1 1/2 i nches of fir ebrick before there is danger 
of the casing becoming overheated. 

When a wall is found to be dangerously thin, 
it must be replacecl immediately. If inspection of 
a wall indicates that the wall might become dan­
gerously thin before the next availability, the 
possibility of immediate replacement shoulcl be 
consider ed. 

Note that slag must NEVEH be removed from 
fur nace walls unless the walls are to be r ebricked 
immediately. It is impossible to remove slag 
without also removing brick. 

When a wall is not to be rebr icked immedi ­
ately, all holes or damaged spot.~ should be 
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patched. Broken or loose brick should be r e­
placed, or repaired with plastic refractory mate­
rial. Figure 2-42 illustrates the proper method 
or patching with plastic refractory. 

Repairing Furnace Floor s 

After a period of some years, the slag accu­
mulation on tl1e furnace floor will probably reach 
tlte point where it "~!! be struck by flame and 
unburned oil from the burners. Loose slag may 
be swept out. Rard, fused slag ls extremely diffi­
cult to remove without damaging the brickwork. 
If objectionable name striking occurs when the 
slag is fused solid, the furnace floor must be 
renewed. 

Ca re of Expansion Joints 

Expansion joints should be inspected for 
signs of incomplete closure. It is i mportantthat 
the expansion joints be free of grog par ticles and 
mortar so that the joints CAN close properly 
when tl1e boiler is fired. Yot1 can tell whether or 
not an expansion joint is closing completely when 
it is heated by Inspecting it when it is cold. If the 
inside of the joint is light in color when the fur­
nace is cold, the expansion joint Is closing 
properly. Figure 2-43 shows an expansion joint 
that has closed properly when the furnace was 
hot; note tl1e light color ofthe inside of the joint. 
If an expansion joint does not close properly when 
heated, the Inside will be darkened and dis­
colored. 

UNDERCUT FIR ESRICK 
TO KEEP PATCH 
IH PLACE 

38.196 
Figure 2-42.-Undercutting firebrick to 

hold plastic patch in place. 
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98.133 
Figure 2-43.-Expansion joint. Light color 

of joint indicates proper closu1·e. 

The same method can be used to tell whether 
or not cracks in the r efractory are closing when 
the furnace is fired. If the cracks are dark, 
showing that they do not compl etely c lose, they 
should be filled with air-setting mortar. 

Slag should be 1·emoved from expansion joints 
only lf the removal may be accomplished without 
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breaking ort the corners of the flreb1·lck. Since 
the slag tends to cover only the surface, there is 
usually an open joint behind U1e slag to provide 
the necessary expansion space. 

Loose particles often clog expansion joints 
and so prevent proper working of tl1e brick when 
the furnace Is fir ed. Always clean out as much 
material of this sort as possiblewlthOutdamag­
ing the brickwork. With new Installations, it is 
particularly Important to keep the expansion 
joints open belore they slag over. 

Care of Copings, Fillets, and Baffles 

The refractory materials used to protect 
drums and headers and used for fillets may 
fall In service eitl1er from slagging or from 
breaking up, depending upon the material that 
is used. Plastic flreclay tends to be eroded by 
s lag; the clu·ome ore material s tend to crumble 
on the surface; castable r efractori es crack and 
sometimes spall on the surface. All copings, 
fillets, and baffles should be replaced or r e­
paired, as required, as soon as the damage is 
evident. 

Maintenance and Repair of Burner Fronts 

Burner fronts require r eplacement more 
frequently than any other part of the furnace 
lining. It s hould be noted, however, that burner 
fronts are often replaced urmecessarlly merely 
because they are somewhat cracked or slagged. 
Repairs or replacement should only be con­
siderecl when cracks have loosened sections of 
the refractory, whenslagordisplaced refractory 
Interferes with the name, or when the cone 
angles differ from the speciUcatlons. It should 
be remembered, also, thatit is not always neces­
sary to replace the entir e burner front when only 
a part or itlsdamaged;agoodpatch IS r elatively 
cheap, and can extend the service life or the front 
for ~evera l hundred hou rs . (NOTE: Plastic re­
fractory Is used for patching all typos of burner 
fronts.) 

The rlrst firing of a new installation does 
more damage than any other single firing. There­
fore, the lirst Inspection is always an Important 
one. TI1e unfired burner front may appear to be 
in perfect condition while actually containing 
defects of material or workmanship that will 
show up Immediately in the first firing. 

Radial cracks of the type s hown In figure 
2-44 may be round on the first inspection. These 
cracks are not harmful. They are caused by 

stresses resulting from the normal expansion 
and contraction of the refractory as It Is heated 
and cooled. After the structural cracks occur, 
the stresses are relieved and tl1ere should be 
no further cracking of this type. 

Cracks that eventually result In extensive 
damage Corm about 1 to 3 Inches back from U1e 
furnace side of the installation. These cracks 
run approximately parallel to the surface, and 
are therefore called parallel cr acks. Figure 
2 -45 shows parallel cracking of the burner 
cone. Parallel cracl<S usually appear at or 
sllghUy behind the leading edge or the bladed 
cone. They are not dangerous until they act\lal­
ly loosen pieces of the burner front. 

Some combination of factors relating to 
installation and to boiler operation Is probably 
r espon:;ible for pa rallel cracking. In general , 
it is known that the following conditions tend 
to cause parallel cracking: (1) low temperature 
during the Initial firing; (2) r apid chnnges in 
steaming rates shortly after the initial fi r ing; 
(3) sustained high operating temperat\lres; and 
(4) poor quality refractory or faulty lnsb.llatlon. 

Mier several hours of steaming, slabs of 
plastic about 1/ 2 to I inch thick may separate 
from U1e burner front surface and fall off. Thls 
defect is derlnltely caused by the fact that the 
surface layer Is more densely rammed, during 
Installation, tha n the remainder of the plas tic. 
In service, the more dense s ection expands and 
contracts at a different rate than the less dense 
part; consequently, the surface laye r soon 
cracks off. The dense ramming o! the surface 
layer usually occurs as a result of an attempt 
to pound excess plastic back Into the wall in 
order to bring it even with the brickwork. Thls 
Is NOT correct installation procedure. The 
plastic should be pounded uniformly :u1d evenly, 
and excess plastic should be scraped off to bring 
tl1e surface even with the brickwork. 

A radial crack Is sometimes joined by a slant­
i ng crack In the narrow section between the burn­
ers. When tills occurs, pieces or plastic tend 
to break off. This type of damage Is eas ily re ­
paired by means of a plastic patch. 

When a castable burner front breaks up after 
very little service, it is likely that too much 
water was used In mixing the material. Another 
possibility is that the material was partially set 
before It was Installed; a common cause of tllis 
trouble Is tl1at the castable, while In stor age, 
reacts with moisture in Ute air and begins to set 
in the bag. This setting destroys some of t he 
binder , and thus prevents the Installation from 
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98.134 
Figure 2-44. - Radial cracks in burner front. 

ever reaching full str ength. Castable should al­
ways be stored in a dry place. Any castable that 
has hardened should be discarded. 

Castable, like othe1· i·efractories, is subject 
to spalling. Afte1· several hours of service , a 
castable burner front may be found to be peel­
ing oif in 1/8-inch strips. The peeling mate­
ria l should not be removed unless it is in the 
burner cone and is interfering with combustion. 

If the surface of a castable front is chalky 
or crumbly, find out how deep the condition 
goes. If no more than the surface can be 1-ubbed 
off, the burner front has not been harmed. Do not 
remove the crumbly materia l. The condition is 
not serious unless the burner cone is affected 
or the casing shows s igns of having been over­
heated; in such cases, of course, the burner 
front must be renewed. 
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Distorted flames, excess ive carbon depos its, 
and other signs of poor combustion may indicate 
that the burner cone is out of shape. Although 
other factors n1ay cause poor coinbustion, the 
burner cone should al ways be checked when any 
of these signs are noted. If the burner cone angle 
is off by as little as · 3 degrees on either side , 
the interference with combustion will be notice­
able. When a burner cone is distorted enough 
to interfere with lhe mixing of oil and air, the 
section that is not true must be cut out and 
r eplaced. 

The ext.ent of damage to a burne r (Nnt should 
be the determining factor in the decision whether 
to repair the burner front or to repl ace it. As a 
general i·ule, it pays to replace the ins tallation 
if more than 25 percent of the total su rface is 
damaged. However, burner fronts should be 
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98.135 
Figure 2-45.-Parallel cracks in burner front. 

r epaired rather than replaced if they are s tiU 
protecting the cas ing and allov.•ing proper rnixing 
of a ir and Oil. Even a large patch can be as 
permanent as the r est of the installation provided 
it is properly installed. 

Plastic refractory should be used for patch­
ing both plastic and castable burner fronts. The 
patching material will not adhere to the refrac­
tory that has already set; ther efore, it is always 
necessary to undercut the o ld material. Note, 
however, that undercutting alone will not hold a 
large patch. When a large patch is to be lustalled, 
a sufficient amount of old material will have to 
be cut out lo 'lllow the requlrecl number of anchor 
bolts or ancho1· strips to secure the new material. 

A plastic patch will hold to the old material 
if the joining surfaces are thoroughly wet. Un­
less the new patch covers more than I 0 square 
inches, It ls not necessary to vent the material; 
however, It should be stippled in the usual man­
ner. It is not necessary to bake out a patch. 

While work is being done on a burner front, 
care should be taken to proteci all open ex­
pansion Joints in the floor. A tarpaulin or some 
other cover shou ld be used to lccop loose mate-
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rial from getting into the open joints. When the 
work has been finished, tho opon joints shoulcl 
be carefully cleaned out and all loose pal'ticles 
1·emoved. 

MANHOLE A.'10 HAJ<-OHOLE FITTINGS 

At each regular boiler overhaul, all man­
hole and handhole fittings and the gasket seat­
ing surfaces on the drums and headers must 
be cleaned, Inspected, and r epairetl or renewed 
if necessary. If the plates are warped, distorted, 
or othel'\vlse damaged, they must be repaired or 
renewed. 

Whenever manholes and bandboles are opened 
new gaskets must be fitted. After a gasket has 
once been compressed, it cannot be reused but 
must be discarded. The correct size and type 
of gasket must be used. Makeup comp()Und on 
the seating surfaces must not be used when in­
stalling the gaskets. 

Be!ore \nstalllng a new gasket, the two gas ­
ket seating su rfaces (one on the drum or head­
er and one on the plate) s hould be c leaned. 
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The cleaning must be very t horough. All cor­
rosion products or other surface deposits and 
oil adhering pieces of the old gasket must be 
removed . It is impossible to obtain a tight 
Joint as long as any foreign matter remains on 
e ither seating surf:ice or in the corners or the 
fitt Ing. (Gaskets must be installed tn accordance 
with procedures oullined In chapter 9510 (51} 
or the Bureau of Ships Technical Manual.) 

Power-driven wire brushes a1·0 best for 
cleaning the seating surfaces. Scraper-type 
tools should be u$ed only when wire brushes a1·e 
not suJflc!ent to clean the sudacc. Scraper -type 
tools must be used with g1·oat c:trc if they arc 
used at all, since they tend to remove too much 
metal from the seating surfaces. 

If ttie gasket seating surfaces s how extensive 
signs or pitting. it may l>e necessary lo have 
these surfaces machined or reg1·oun<l. lf lite 
seating su1·face on a manhole or ha.ndhole plate 
is very badly pitted or damaged, it may be neces­
sary to discard the plate and replace it with a 
new plate or with one that has previously been 
machined to blueprLnt speci!ications. 

The cle:orance between the shoulder o! a man­
hole plate and the manhole must notcxceedl/16 
inch when the plate is centered :iccurately. 
Flll1Jre 2-46 shows where the cle,lranco is 
measured. If the Clearance is round to be greater 
than 1/ 16 Inch, the plato should be built up 
by electric welding at the tnne1· edge or the 
shoulder. Except in an eme1·gency, lllls welding 
shOuld be done at a naval shipyard so that the 
manhole plate may be stress relieved aiier it 
Is welded and so that the welded surface may 
be remach!ned. 

To ensure proper positioning or a manhole 
lr.\Sket. contract it on the long axis u 11til the inner 

38.205 
Figure 2.-46.-Manhole plate clearance. 

edge of the gMket nts the shoulder snugly at the 
ends of the long a.xis of the manhole plnte. The 
cleal'ance between the gasket and the shoulder 
should be equalized at the top and bottom or 
the short a,xls. Do NOT allow the outer edge 
of the gasket to prOtl'ude at any point beyond 
the gasket se.'\tlng surface In the drumhead. lf 
an edge protrudes, the gasket may unravel when 
it Is compressed by the tighlening or the man­
hole cover. Discard any gasket that protrudes 
beyond the edge or the gasket seating surface. 

To install a manhole or handh<:>le plate, llrst 
cente r the fitting In the opening. Make sure that 
the shoulder does not bind on the edges of the 
opening. Thon slip the yoke on and start the 
stud nut. Run the nut on the s tud until it: Is hand­
tight, and then give the nut one quarter of a turn 
with a wrench. Do NOT tighten the nut enough to 
compress lhe g"dsket. 

When the boiler Is given a hydrostatic test, 
the pressure ofthe waler usually forces the man· 
hole an<l handhole 1r.1skets into place and thus 
ensures proper seating. The plates arc first set 
up lightly. When tile boiler is ready ro1• testing, 
the pr essure should be pumped up to within 50 
psi or the hydrostatic test pressure, regardless 
or any leakage from the manhole or handhole 
plates. Leal<nge is llk.,ly to be general :<t rir st, 
but it will dec rease as the pressure is inci·easecl. 
When the pressure Is within 50 p$1 of the test 
pressure, most or the leakage will stop, although 
the nuts will st!ll be loose. 

If some 1>lates a1·e leaking very badly, lite 
trouble is probably caused by Improper seating 
of the gaskets. As a rule, the gasket is caught on 
the outer edge, between the edge o!theplnte and 
the edge of the counterbor e !01· the sent. A Hgl1l 
blow with a hand hammer on the oul8ide of the 
plate will usually l'elleve the tension on the p;asket 
and a llow lt to seat p1·opel'ly. 

Arter leaky gaskets have been adjusted, and 
while full test pressui·e is on the boiler, set up 
on all plates firmly. Use only the wrenches speci­
fied for this purpose. 

Some economfaer headers and a few super­
heater hea<lers are fitted with handhole plugs 
instead o.r handhole plates. Detailed lusl ructions 
fo1· installing and r emoving the plug- type hand­
holo rittlngs are given in appropriate manu­
facturers' techitical manuals. 

SOOT BLOWERS 

Each time that a boiler is taken out or serv­
ice, th" soot blowers should be checked as 
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thoroughly as possibl e. A complete examination 
or the soot blowers s hould be made at l east once 
a year. 

Soot blower piping a t1CL connections should be 
examined a l each major overhaul and at any other 
lime when ther e is reason to suspect unsatis­
factory cond!Uons. In order to inspect soot 
blower piping, il will be necessat•y to i·emove 
some of Uie Insulation and lagging. Be s ure the 
piping is correctly r einsulated and re lagged alter 
the inspection. Nole Uta! insulation and lagging 
should NOT be used on soot blower steam piping 
that is located underneath floor plates. If such 
lines were insulated and lagged, corrosion would 
be likely to p1-oceed, unnoticed and unchecked, 
with consequent danger of the line gi\•ing way. 

Drain nipples or dr ain valves are provided 
at the low points in the supply piping. The drain 
nipple usually has a hole that i:; 1/ 8 inch in di­
ameter. The dr ain valve may have either a hole 
dri lled in the valve disk or a notch cut in the 
valve seat. All drain openings must be checked 
with a probe from time to time to make sure 
lhat they are open. 

On most multinozzle soot blowers, there at·e 
thr ee places th~\t requi1·e the occasional addition 
or renewal of packing: (1) around the valve s tem; 
(2) a1·ound the s wivel tube al the pointwhere the 
tube enters the gooseneck; and (3) around the 
swivel tube at the point wher e the tube enters 
the floating stuffing box. Split- ring packing is 
used in all these locations. 

If leaks cannol be stopped by taking up on 
the packing gland, the addiUon of one or two 
packing rings may solve the problem. If l eakage 
is severe, or if the old packing bas been in serv­
ice for a long time, it is best to r emove all U1e 
old packing and replace it completely. Delaile<t 
instructions for replacing packing in soot blow­
ers are usually given in the n1anufacturer's 
technical manual for the boiler. 

The metal used in soot blower elements de­
pends upan the gas temperntures to which the 
element will be expose<!. Therefore the e lements 
are NOT interchangeable even if the nozzles are 
identical in size and spacing. When soot blowers 
a r e disassembled fo r any reason, take particular 
care to see that each element is reinstalled in 
its p1·oper unit. 

Additional information on the maintenance 
and repair of soot blower s will be found in the 
manufacturer's tecl1nlcal manual for the boile r . 

The prope1· pr essure in the s team soot blow­
er head which pe1·mits best results in cleaning 
is specified in che applicable boiler or soot 

blower t echnic<tl manuals or drawings . lf no 
designated pressure can be Cound, the pressure 
s hould be approximately 300 psi. This pressure 
can be checked by temporarily installing a 
pressure gage at the connection provided on the 
head or at the element flange for this purpose. 
If it becomes necessary to adjust the pressure, 
applicable manuals or drawings should be con­
sulted, as some soot blowers a r e pressure ad­
justed by means of an orlflce in the companion 
nange, some by means of an adjustable orifice 
inside the head, and some by valve spring ad­
justment. SUfficient time must be allowed for 
gradual and thorough warmup of the steam lines 
before steam is admitted to the soot blower s. If 
this precaution ls not observed, the piping may 
be subjected to the1·mal shock, thereby inducing 
excessive thermal str esses which, in turn, could 
result in failure or the piping. 
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BOILER SLIDING FEET 

Boile r sliding feet must always be free to 
move. They must never be painted, and rust, 
scale, dir t, or other foreign matter must not 
be a llowed to accumulate a t the sliding feet. 
When sliding feet are c leaned ancl lubricated, 
an entr y mus t be made in the engineel'ing log. 
At each boile r cleaning pel'iod, the s liding 
feet. must be examined to l)e sure that they 
ar e free to move. To check whether or not the 
sliding feet have been moving, the metal on 
the s tationary base can be examined. If the slid­
ing feet have been moving, ther e will be a small 
a r ea of br ight metal about 1/8 to 3/ 8 inch long 
on tile base. If ther e is no area of bright metal, 
the sliding feet are not tree to move. In this case, 
free the sliding feet and then lubricate them. 
Loosen the bolts and remove the grease fittings. 
Brush and scrape the :u·ea as thoroughly as 
possihle to remove dit·t, scale, rust, or other 
foreign matter. Then apply a penetrating oil 
through the grease fitting connection, using a 
2000-psi hydr aulic pump. 

WATER GAGE GLASSES 

Water gage glasses must be examined fre­
quently ancl defective parts must be replaced or 
repai r ed as necessa1·y. The frame assemblies 
should be dismantled at regular intervals so 
that the condition or the mica s heets may be de­
termined. Broken 01· ci·ackedmica sheets should 
be replaced immediately, since the line ofa break 
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01· a c1·.ick In the mica may easily be mistaken 
for the line or the water level. 

The frames should be examined !or leak.lge 
around the glasses. A leak between the glass 
and the gasket may produce a line that might be 
mlst:iken 101· a water level line. Also, continued 
seepage 01· leakage across the glass may pro­
duc~ a chnnnel 01· groove that could be mls ­
t:\ken !Or the line O( a wa te r level. 'Pe1·sistent 
leakage will, in :\llY case. tend lo weaken the 
glass. If leakage between tl1e gasket and the 
glass cannot be corrected by tightening the bolls, 
new gasket and new micas should be Installed. 

When assembling a water gage, first screw 
the bol~ tlngertlghl and tben poll them up lightly 
with a wrench. When doing this, wo1·k from the 
center toward each end of the glass, alternately, 
so that the stress will be evenly <llstrlbuted. 
Alter tho nssembled gage Ms been \nstalledand 
the boiler ls under steam, pull 111> tho bolts se­
curely. Agnin, start working at lht! center a11d 
work alternately toward eael1 end. The bolts must 
be Lightened several times again alter the boiler 
has warmed them up. Also, they must be re­
Ughtened lt•ont tlme to time. 

The discussion so far applies to water p.ges 
generally, with particular reference to the stan­
dard wate1· gages used on 600-psl bollers. The 
remainde1· or the discus sion deals with some or 
the special considerations that apply to water 
ga~e glnsscs used on high pressur e boilers. 

The lraskets used in the assembly of wate r 
gages for high pressure bolle1·s al'e not a lways 
01 the same tl\iclmess, as may be seen In the 
cross-sectional view of a g-.i.ge shown In flg\ll'e 
2-47. In this particular water g:igc, a gasket 

YllWIHC Jl.OT 

COV(lt 

CUIHIOH 1111, .. ) 
Cl.A~~ 
MICA 
CA\ICIET 11132") 

t()OT 

""° 

38.206 
}'lguro 2-47. -Cr oss- sectional view of 

hllJ'h pr essure wat er gage IJ'I ass. 
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1/32 inch thick is usect' between the body of the 
gage and the mica shield. Another gasket, <'>lllcd 
a cushion, located between the cover and the 
glass, is l/16 inch thick. 

Figure 2-48 shows several p:irtsorthewater 
gage assembly that ls shown In cross 11echon In 
figure 2-47. Notice the end spacers that are 
used to keep tilt! glass ce111ered in the bocly and 
to keep tho ~lnss rrom touching tho meta l body. 

The sequence !or llghtelling the bolts on high 
pressure water gages is basically the samt> as 
that previously described Cor tile asi<embly elf 
standard wate1· gages. However, the manufac­
turer's Instructions and drawing shOuld hi! Col­
lowed carefully. A special type oftorguewrench 
(fig. 2-49) cnn be used on the high pressure 
water gages. 

Spare pn1·1s Cor all water gages-both 600 
psi and high 1>ressure- must be stowed care­
fully. Do not permit them to com~ In contact 
with iron 01· stoel. Do not a llow the ~lasses to 
become scratched. 

SAFETY VALVES 

Naval boilers arc fitted with steam dn1m 
safety valves and with superhe:itcr outlet safety 
valves. Several types o r safety valveR arc in 
common use, but all are designed to 011cn com­
pletely {po11l at a specified pressure and to re­
main open untll a specified pressure drop (blow­
down or blowbackl has occu1·1·od. S:i loty valves 
must close tightly, without chattering, :tnd must 
remain tightly cio,;ed after seating. 

Steam Drum Safety Valves 

The two types or steam drum saCety valves 
discussed here are (l) tbe huddling chamber 
type. and (2) the nozzle r eaction type. 

A steam <lrum safety valve or the huddling 
chamber type Is shown in lisure 2-50. The 
initial lift or Ofl•nlng of the valve Is caused by 
the static pr essure ot the steam in the drum 
actlng upon the bottom of the leather. As soon 
as the valve begins lo open, a projecting lip or 
ring or larger area Is exposed for the steam 
pressure to act upOn. The huddling chamber, 
whielt is formed by the position of the adjusting 
ring, Cills witl1 steam as the valve open ... The 
steam in the huddling chamber builds upa static 
pres,;ure that acts upon the extra area provided 
by the proJecllng Up of the feather. The resulting 
increase In lo1·ce overcomes the resistance of 
the spr ing, and the valve pops-tht1t Is, II ope11s 
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113.2' GASKET HIGH PRESSUPt GtASS 1/16" CUSl-11014 flt+ 'fl-Stli:E PASTt 
AND l:NO SPACER$ 

Figure 2-48. - Some parts of a high p1·essure w:>.ter g:>.ge :>.ssembly. 38.207 

Figure 2-49.-Special torque wrench for tightening bolts on high pressure 
water gage assembly. 

5.9 

quickly and completely. Because or the larger 
area now p.-esented for the steam pressure lo 
act upon, the valve 1·eseats at a lower pressure 
than that which caused it to lift initial ly. After 
the speclfled blowdown has occurred, the valve 
c loses cleanly, with a s light snap. 

The amount of tension on the s1n-lng deter­
mines the µ1·essure at which the valve will pop. 
The position of the adjusting ring determines 
the shape of the huddling chamber and ther eby 
determines the amount of blowdown that must 
occur before the valve will reseat. 

A steam drum safety \•alve or the nozzle re­
action type Is shown in figure 2-51. The initial 
lift or this valve occurs when the static pr essu re 
of the steam In the d1·um acts upon the disk in­
ser t with force sufficient to overcome the tension 
of the spl"lng. As the disk insert llfls, the escap ­
ing s team s tl·ikes the nozzle rlng a11d changes 
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direction. The resulting force or reaction causes 
the disk to lift higher, up to about 60 percent of 
rated cap<1cily. Full capacity is re:1ched as tbe 
r esult of a secondary, progr essively increasing 
l ift which occurs as an upper adjusiing ring is 
exposecl. The ri ng deflects the steam downward, 
and the resulting force of react ion causes the 
disk to lift still lligl1er. Blowdown adjustment ;n 
t his type of v:th•e is made by r aising or lower­
ing the adjusting r ing and by raising or lowering 
the nozzle r ing. 

Superheater Safety Valves 

Safety valves are always installed at the 
superheater outlet as well as on the s team d rum. 
Superhe.iter sa fety valves are somotlmes set to 
lift at a lower pre~sure than that which lifts the 
s team drum safety valves, in 01·del' to ensur e 
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Figure 2-50.-Steam drum safety valve (huddling chamber type) . 

an adequate steam flow tln·ough the superheater 
when the steam drum safety valves a1·e lifted. 
Three kinds of superheater safety valve arrange­
ments ar e discussed here: (1) the pr essu re 
pilot-operated superheate1· outlet safety valve 
assembly, (2) the Crosi>y two-valve superhe,lter 
outlet safety valve assembly, and (3) the Consoli­
dated three-valve superbeateroutlet safety valve 
assembly. 

Most double-furnace boilers are flttect with 
a PRESSUREPILOT-OPEf!ATEDSUPERHEAT­
EROUTL.E1' SAFETY VALVE ASSEMBLY of the 
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type shown In figure 2- 52. This assembly con­
sists of th1·ee connected valves: (I) a small 
spring-loaded safet;< valve installed on the steam 
drum; (2) an actua ting valve installed on the 
steam dr um; and (3) an actuated(or unloading) 
valve installed on the superheater. The stem or 
Uie drum val\•e ls connected mechanically, by 
means of a lever, to the stem of the actuating 
valve. 'rhe actuating valve isconllectedbypiplng 
to th& space above the disk in the superheate1· 
actuated (or unloading) valve. The unloading 
valve has no s1H·Lng and 1·elies sole ly on 
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Figur e 2-51.-Steam drum safety valve (nozzle reaction type). 

pressure dl!ferential for its oper ation. Normally 
there is a static pressure above the disk of the 
unloading valve, since a small orlflco (or in some 
designs a small clearance around the disk) al­
lows some steam al superheater outlet pressure 
to enter the space above the disk. 

When the drum valve is opened by steam 
clr um pressu re, the mechanical connection be­
tween the drum valve and the actuating valve 
causes the actuating valve to Open also. With 
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the actuating valve open, steam flows from the 
space above the disk of the superheater unload­
ing valve, through the actuating line, through the 
actuating valve, to the atmosphere. The sudden 
relief of pressure above the disk or the unload­
ing valve causes that valve to open fully, so 
that steam Is discharged from the unloading 
valve to atmosphere. 

Many 1200-psi single -furnace boilers (and 
a lso some 600-psi single-furnace ones) are 
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equipped with C1·osby TWO-VALVE SUPER­
HEATER OUTLET SAFETY VALVE ASSEM­
BLIES or the type sbown in figure 2-53. In an 
assembly of this type, both of the valves are 

0 

ORUM 
VALVE 

spring-loaded. The pilot valve on the steam 
drum and the superheater valve at the super­
heater outlet are connected by a pressure trans­
mitting line that runs from the discharge $ideof 
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Vf.'1LVE 
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(ACT JATEO) 

VAlVE 

flgure 2-52.-Pressure pilot -operated superheater outlet safety valve assembly. 
98, 81 
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Figur e 2- 53.-Two-valve supe1·heater outlet safely valve assembly (Crosby). 98.82 
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t he drum pilot valve to the underside of the piston 
that Is a ttached to the spindie of the superheater 
safety valve. 

The superheater valve issettopopat a pres­
sure about 2 percent. higher that the pr essure 
which causes the drum pilot valve to pop. When 
the drum pilot valve pops, the steam pressure 
is tr ansmitted immediately thr ough the pr essure 
line to the pist.on, and the superheat.er valve Is 
thus actuated. If for any reason the drum pilot 
valve s hould fail to open, the superheater valve 
\vould open at a slightly highe r pressure. 

The Consolidated THREE-VALVE SUPER­
HEATEROUTLET SAFETY VALVE ASSEMBLY 
shown in figure 2-54, is used on a number of 
1200- psi single-furnace boile1·s. The a.ssembly 
cons ists o! a. pilot valve, an actuating valve, 
and an unloading valve. 

The spring- loacled pilot valve is mounted on 
the top centerline of the steam drum. The actu­
ating valve and the unloading valve are assen1bled 
as a unit and mounted on the pipinga.t the super­
heater outlet; they are connected to each other 
by a rocker arnl. The actuating valve has a 
cylinder with a piston inside it. The unloading 
valve has a piston-type disk. without a s tem, 
which is held in line by the cylinder in which it 
works . The unloading ''alve is pressure loaded, 
not spring loaded. 

Steam Crom the superheater outlet enters 
the unloading valve cylinder and gathers around 
the valve disk abO\'e the seat. The steam bleeds 
through small ports to the space above the disk. 
When the actuating valve is closed, the steam 
above the disk of the unloading valve cannot 
escape, so the pressure above the disk equalizes 
with the pressur e below the disk-that is , the 
pressure above the disk is equal to superheater 
outlet pressure. 

The cause of safety val ve liHing in this as­
sembly is excessive pressure in the steam drum, 
NOT excessive pressure in the s upe1·heater. 
When the pilot valve on the steam drum opens, 
p1·essure is tr ansmitted from the pilot valve to 
the cylinder of the actuating va.lve. Pressure 
in the actuating valve cylinder is applied under 
the piston, causing the spring to compr ess. The 
rocker arn1 n1oves up,vard at the end over the 
actuating valve and downward at the end over 
the unloading valve, thus opening the actuating 
valve. 

When the actuating valve opens, p r essure 
bleeds off to atmosphere. Since the space above 
the unloading valve disk is cormected to the actu­
ating va lve, relief of pr essure in the actuating 
valve also causes relief or pressure above the 
d isk in the unloading valve. The unloacllng valve 
therefore opens, allowing steam to flow from 
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AC TUA TUU:O VAL VE 
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Figure Z-54.-Three-va.lve superheater outlet safety va.lve assembly (consolidated). 
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the superheater to atmosphere. When the pilot 
valve reseats, the actuating •-alve also reseats. 
AS steam bleeds through the p0rts to the space 
above the dlsk in the unloading valve. l)ressure 
builds up and rapidly equals the pressure below 
tho disk. The unloading valve closes. In sum­
mary, then, the superheat er unloading valve 
alw<tys op~n" immediately after the steam drum 
pilot valve opens and closes i111111ecllately after 
the pilot val ve c loses. 

llfaintenance And Repair 

Safety valves must be maintained In t11e best 
possible operating condition at all times. All 
tests. Inspections, and adjustments must be 
made as required. However, unnecessary r e ­
pa irs or adjustments should not bo made. As a 
gene1·a1 1·ule , leave safety valves s trictly aloM 
(except for the required tests and Inspections) 
as long as the lr operation is satisfactory. 
Disturbance or alteration of the Internal parts 
often causes unsatisfactory operation In valves 
were previously working au right. 

After a perlO<I of service, it Is likely that 
safety valves will simmer when they are with­
in I 1/ 2 to 2 percent of their popping pressure. 
Such simmerlng cloes not require corrective 
action, p1·ovlded the valve does not simmer at 
the boiler operating pressur e. 

The popping and reseating prcssui·es which 
are stamped on the valve name 1>late and given 
in the manufacturer's technical mamml are spe­
cifically authorized by the Naval Ship Systems 
Command. U, art er repeated efforts, the exact 
authorized popping pr essures ca11not be obtained, 
the following popping pressure tolerances are 
considered satisfactory as long as all valves on 
the boiler sllll POI• in their proper sequence: 

1. On l>Oilers with a steam drum pressure 
of 325 psi or below (300 psi nomina I s tandard 
safety valves or less) the desi red tole rance is 
plus or minus 2 psi and the maximum tolerance 
is plus or minus 3 psi. 

2. On boilers with a steam drum pr essure 
of 326 to 710psl (600psi nominal standard safety 
valves) the desired tolerance ls plus or minus 
3 psi and U1e maximum tolerance is plus or 
minus 5 psi. 

3. On boilers wlth a steam drum pressure 
of 711 to 1410 psi (1500 psi nominal standard 
safely valves) the desired tolerance is plus or 
minus 5 ps l and the maximum tolerance is plus 
or minus t 0 psi. 
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Saiety valve settings must NEVER be in­
creased or decreased without authorlzaHon from 
the Naval Ship Systems Command. Before auth­
orization Is given to increase safety valve set­
tings, tile boiler must be thoroughly Inspected 
and hydrostalically tested for str ength at 150 
percent or designed pressure. 

For continued satlsfactory operation of safety 
''alves, it Is essential that a ll original dimensions 
be mainllllned very closely. Worn parts s hould be 
r eplaced when necessar y. Grinding In or valve 
parts should be kept to a minimum, since any 
grinding Involves the removal of metal and 
therefore changes the original dimensions. A 
safety valve may be ground in lightly once or 
twice without any appreciable effect on the 
clearances; but heavy or repeated grlndlni:t will 
change the dimensions anct cause unsatisfactory 
oper ation or the valve. 

In m'tny caRes, neither the equipment nor 
the technical skill requir ed for a complete 
overhaul of safety valves is availab le on board 
s hip. Whenever possible, safety valves in need 
of repall' should he overhauled by a n:IVal ship­
yard or by some other repair activity. Emer­
gency repairs must sometimes be made, how­
ever, so It Is Important that a Cull allowance 
of boiler safety valve r epair parts and tools be 
kept on hand at all times; and It ls equally 
i mportant that 1>ersonnel concerned have some 
under s tanding or the correct procedures for 
r epairing safety valves. When youi· ship's sa fe ty 
valves :u·e to be overhauled by a r epalractlvlty, 
you will find It to your tLdvantage to go and watch 
the experts working on the valves. 

Additional information dealing with mainte­
nance of safety valves can be obtalned from 
either the Bureau or Ships Technical Manual 
(chapter 9510) or tile manufacturer's technical 
manual Cor a specific valve. The sections which 
follow deal wlth Information concerning 1esllng 
and settlng safety valves. 

TESTING AND SETTING SAfETY VALVES.­
Before a safety valve is installed on a boiler, 
it must be given a hydrostatic test. The hydro­
static test pressure should be approxln1ately 
equal to boiler Operating pressure; Lt must NOT 
be great enough to cause the safety valve to 
lift. The purpose or the hydrostatic test is to 
test for leakage, not to test the popplni; pres­
sure of the valve. 

Boiler safety valves should be tesled after 
each regu lar cleaning period 01· general over­
haul of a belie r , before the boile r is put back 
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into service. Mor e speci!ically, boiler safety 
v;tlves must be tes ted after each 1800 hours of 
boile1· operation and aft er every hydt·ostatic test. 
Each indivictual valve of each group must be lifted 
by steam and must be reset if ther e is any 
discrepancy between tbe actual and the authorized 
popping and reseating pressures, and the ma.~i­
mum specified tolerances. Safety valves should 
also, of course, be tes ted :u;1nyot11e rtime when 
their oper ation imlicates that tes ting is neces ­
sary. 

IF THE SAFETY VALVES OF ANY BOILER 
CANNOT BE ADJUSTED 'l'O LIFT PROPERLY, 
THE BOILER MUST NOT BE USE D FOR STEAM­
ING UNTIL T HE FAULT HAS BEEN COR­
RE CTED. 

The pressure gage lt1stalled on each boile1· 
s hould be used to set all safety valves installed 
on that boiler. The pressure gage should be 
car efully calibrated befo1·e any safety valve is 
tes ted, set . or r eset Pl'essur e gage~ on all 
boilers s hould be ct1librated to agree as closely 
as possible. particula1·Jy within 50 ps l above 
and below boiler operating pressur e. 

In orde1· to test and set a safety valve, 
lt Is necessary to gag all other sa!eiy valves 
on the boiler. The gag scr ew s lloul(l be made 
IlAND-TlGH'(' only. Do NOT use excessive force 
in applying the gag, as this might bend the spindle 
or damage the seating surfaces of the feather 
and the seat bushing. 

On the valve being tested. be sure that ihe 
lugs on the upper spr ing washer do nol touch 
the bonnet. To conduct the s team test , light of( the 
boiler with one burne1-, following the boiler 
lighting-off procedu1·es specified in the Bureau 
of Ships Teclmical Manual. Take whatever steps 
a1·e necessai·y to ensure an adequate Clow of 
s team through the super heate r . After tile pres­
s ure has rj so1) somewhat, cut in one more burner 
with a larger size sprayer plat e. Bring the 
boiler pressure up above operating 111·ess11re. 
When the boiler pr essure is almost up to the 
safety valve popping pressu re, secur e the light­
ing-off burner. Continue to r·ais e s team pr es­
sure, using tlte other burner, unt il \ lte saJ'ety 
valve pops. lmmediately secur e the s econd 
burner. Note the pressure at which the safety 
valve popped. After blowdown has occurred, note 
the pressure "'t which the valve t•es eats. Aflera 
short i11te1·val, ligbt off again and matte a s econd 
test of the popping and r eseating pressures of the 
safety valve. Between pops, drop Uie boiler pres ­
sure to just above boiler operating pressu1·e. 
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Superheater outlet safety valves should NOT 
be popped mor e than once, as descr ibed pre­
viously, unless allowance is made for the elfect 
of heat on the vah•e spr ing. If poss ible, allow a 
cool -down period of at least 1 hour between 
pops; or , if this is not feasible, 1·emember tliat 
blowdown is shortened about 1/ 2 of l percentlor 
each 100-degr ee rise in temperature. 

To s team test a boile r for the purpose of 
testing safety valves, it is necessary to exceed 
the aulho1·ized opera ting pr essu1·e of the boilet'. 
It is impor tant to note that tltis is the ONLY 
situation in which the Na \•al Shlp Systems Com­
mand authorizes r aising the boiler pressure 
above the specifiecl operating pressure. 

When s etting a safe ty valve, fi rst sel the 
popping point. Then, if necessary, make the 
blowdown adjustment:. On a ll types of s~fety 
valves commonly used in the Navy, the popping 
point is s et by adjustment of the compression 
screw. Slowdown adjustment is made in 
various ways, depending upon the type of valve. 

In the huddling cliamber snJety valve, blow­
down adjustment is made by raising or lowel'ing 
the adjusting i·ing. This ring Is threaded right­
handed on the seat bushing. Loweringtheadjust­
i ng 1·ing dec reases the amount of blowdown and 
raises the reseating press ure. Haising the ad­
justing ring i ncreases the a mount of blowdown 
ancl lowe1·s t.he reseating pr essure. 

In the nozzle reaction type of safety valve, 
tile upper adjusting ring is the principal means 
or blowdovn1 adjustment. When adjusting this 
ring , remember that is is ABOVE the space 
through which the s team n ows as the valve 
begins to lift. Ther efo1·e , raising Ille uppel' ad­
justing r ing decreases the amount of blowdown. 
The nozzle r ing also affects the amountofblow­
down; howeve r. the nozzle ring is factory set 
and seldom r equir es r esetting In service. If it is 
necess ary t-0 adjust the nozzle r ing, r emembel' 
that: i•aising the 1·ing increases the nozzle effect 
and thus inc1·eases the blowdown. Lowering the 
nozzle r ing r educc·s the nozzle effect and thus 
decr eases the blowclown. 

When adjus ting the blowdown on any type O( 
safety valve, be sure to keep an accurate 
count of the number of notches and the direction 
thRt each ring is moved. This will enable the 
ring lo be returned to its Original setting, in 
case of error, and thereby p1·event gross mal­
adjust ment of the i·ing. 

It is ve1•y Impor tant to rollow the manu­
racturer' s instructions when s etting safety 
valves. A few special points Should be noted in 
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connection with testing and setting the super­
heater valve of the Cr osby two-valve super ­
heater ouUet safety valve :1ssembly. The super­
hcater valve is normally Operated by the drum 
pilot valve. If the dr um pilot valve f:i.ils to lift, 
the superheater va lve Is designed to function 
inclependently and to pop a t approximately 2 
percent above the drum pilot valve setting. 

Since the operation of this supe1·heater valve 
ls affected by supe1·heater outlet temperature, 
as well as p1·essure, pa1·ti cular care must be 
taken to maintain a constant superheater outlet 
temperatm·e while the valve is belng tested. The 
main object of testing thesuperheatervalvels to 
make sure that it opens and closes sharply, 
even though there may be some variation in the 
opening and closing pr essures. The valve should 
close from a relatively high lift wil11out hanging 
at a low- lift position while the pressure drops. 
If the valve lends to drop down in lift gradually 
during the blowdown :i.nd to close Crom a very 
low lift, it is usually necessar y to lower the ad­
just.ing l'ing to obtain sharp closure. If the re­
seating pressur e Is below the desh·ed point and 
the closing lift is low, the nozzle ring should be 
lowered a notch at a time until the valve closes 
sharply within the desired blowdown range. It 
may be necessary to lower the adjusting ring 
at the same time, in order to obtain best per­
for mance. 

To determine the popping pressure o( the 
Crosby Sut>er heater valve when it is oper ated 
solely as a spring-loaded val·;e, without the 
dt•um pilot, it is necessary to gag the drum 
pilot. This type of Lest is necessary ONLY al the 
Initial setting of Ille valve. All subsequent tests 
or the supcr heater valve should be made In 
combination with tests or the drum pilot valve; 
when the superheater valve is actuated by 
the cirum pilot, the popping prcssu1·es Of the two 
valves are identical . 

ASSEMBLING THE LIFTING CEAR.-The 
lifting gear for a boiler safety valve should not 
be assembled until afte r the valve has been 
testecl and set. When assembling the lifting gear , 
take particular care to make proper installation 
of the fork lever (or top lever} that is used for 
manual lifting of the valve. Many cases or in­
correct installation of the fork lever have been 
reported; the most common error is installing 
the fork lever upside down. Incorr ect pos itioning 
of the lever causes the valve spindle to be forced 
of€ cente1·, and this is likely to cause valve 
leakage. Furthermore, inversion or the fork 

lever will, in most safety valves, prevent full 
lift when the valve is actuated by hand. The 
couect position or the fork lever for each type 
oC valve should be checked In the manufacturer's 
technical manual before the li(ting gear is 
assembled. 

INSPECTING ANO TESTING THE LIFTING 
GEAR-The hand gea1· for lifting safety valves 
mus t be examined car efully and operated, inso­
far as tills is possible WITHOUT LIFTJNG 
THE SAFETY VALVES, before a boiler Is 
lighted off. This inspection 1·equir ement should 
be included on boile1· lighting-off s heets. 

Every 3 months, the safety valves and tlic 
hand lifting gear must be tested by actually 
lifting the valves by hand when the steam 
pressure is within 100 psi of the reseating 
pressure. The valves must be lifted enough 
to give a good blow, so that scale will not 
lodge on the valve seats. It is i mportant to 
see that each individual safety valve actually 
is lifted during this test. 

Operating T1·oublcs 

The operating troubles most frequenUy en­
countered with boile r safety valves ar e chatter, 
simmer, leakage, and hang-up. 

CHATTER.-Chalter m.-.y be indicated either 
by a metallic hammering sound or by a definite 
vibratory noise. The cause or challe r may be 
impr oper overlap distance, a bent spi nd le, im­
proper clearances, o r a blowdown rt11g that Is 
too loose or shaky on its tJn·eads. II a valve 
chatte rs immediately after popping, the cause is 
probably insufficient s team flow or excessive 
back pressure. If a valve chatters just before 
r eseatlng, tJ1e adjusting ring is probably set In 
a way that prevents full blowdown. Chatter must 
be stopped ver y quickly or the valve will be 
ruined. 

SIMMER.-The first escapeofsteambeforea 
safely valve pops is known as SIMMER. Sim­
mering is a llowable within 1 1/2 to 2 percent 
of the popping pressur e, provided it does not 
occur at boiler operating pressure and pro­
vided the simme1· is less than the blowdown. 
Greater simmer may indicate that the blow­
down adjustment is Incorrect. The blow~own ring 
may be set too low or the feather may not be 
lapped sufficiently. 
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LEAKAGE. - Leakage is usually indicated by 
a constant hissing at pressures below the blow­
back point. Leakage may be caused by damaged 
seating surfaces; defective valve parts; the pres­
ence or scale or metal chips on the seating 
su rfaces; binding of the lifting gear, the spindle, 
or other parts; or disto rtion caused by uneven 
stress on the flange bolts, Improper installation 
of the exhaust pipe, or an Imperfect bearing 
surface on the vah•e pad or support. 

The first thing to try as a remedy for safety 
valve leakage is to mt the valve and give a 
generous blow. H the leakage was caused by 
sca ie or othe r foreign matter on the seating 
surfaces, the blow wlll probably r emove the 
material and the valve will no longe r leak. If 
the blow does not stop the leakage, gag the 
safety valve and determine the causeoftheleak. 
Leakage in safety valves ShOUld not be allowed 
to continue unchecked, since it may indicate 
dangerous defects in the valve. 

IIANO-UP.-When a boiler safety valve will 
not reseat properly after it has popped and 
blown Clown, the cause may be either improper 
blowelown adjustment or some kind oi mechanical 
interference. If the trouble cannot be corrected 
by changing the blowdown adjustment, the valve 
must be dlsassembled so that the cause or the 
trouble may be determined. The spindle shou ld 
be checked first, as it Is '' fall'ly common cause 
of hanl(-U(l. 

HYDROSTATIC TESTS 

Boilers are tested hydrostaticall y for various 
purposes. It is important to underst.'lnd in each 
case why a test is being made and to use-but 
NOT to exceed-the test pressure specified for 
that particular purpose. In general , most hyd1·0-
statlc tests are made nt one of three test 
pressures: boiler design pressure, 125 percent 
of design pressure, or 150 percent of design 
pressure. Other test pressu1·es may be auth­
orized for cer tain purposes. For example, a 
test pressur e of 150 psi is 1·eqt1i1·ed for the 
hydrostatic test given before a boiler undergoes 
chemical cleaning. 

The h.yclrostatic test a t design pressure is 
required upon the completion of each general 
overh:\ul, cleaning, or repair that affects the 
boller or its parts, and at any other time when 
it is considered necessary to test the boiler 
for leakage. The pur pose or the hydrostatic test 
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at design pressure is to prove the tightness of 
all valves, gaskets, flanged joints, rolled joints, 
welclecl joints , and boiler fittings. 

The test at 125 percent of design pressure 
is r equir ed after the renewal of pressure par ts, 
after chemlcal c leaning of the boiler. after 
minor welding repairs to manhole and handhole 
seats, and after repairs to tube sheets such as 
the oorr ectlon of gouges and out-of - roundness. 
The " renewal of pressure parts" Includes all 
tube renewals, rolled or welded. except down­
comers and superlleater support tubes. 

The tes t at 150 per cent or design pressure 
is required after welding repairs to headers 
and drums, lncludlng tube s heet cr acks and 
nozzle repairs; after drain and vent nipple re­
pairs; and after 1·enewal o r r eweldlng of super­
heater support tubes and downcomers. The 
hydrostatic test at 150 percent of design pres­
sure is basically a test for strength. This test 
may be (but ls no t necessarily) 1·eq11lred at the 
5-year ins11ection and test for st 1·ength. The 
5-year inspection ancl test is cllscussed later 
in this chapter. 

Before makln~ a hydrostatic test, rinse out 
Ute boiler with fresh water. Using atleast 50-psi 
pressure, play lhc hose onto all surfaces of the 
steam drum, the tubes, the nipples, and the 
headers. Examine the boile r ca1·e(ully for loose 
scale , dirt, and othe r deposits. Be SURE that 
no tools or other objects are left In the boiler. 

Remake a il joints, being sul'e l:hat the gas­
kets and the seating surfaces a1·e clean. Re­
place the handhole and manhole plates and close 
up the boiler. 

Gag all safely valves. Boiler safety valves 
must NEVER, under any circumstances, be 
lifted by hydrostatlc pressure. When gagging 
the safety valve~. do not set up on the gags too 
tightly or you may bend t he valve s tems. As a 
1·u1e, the gags should be se t up Only hand tight. 

Close all connections on the boiler except 
to the air vents, the pressure IJ'ageM, and the 
valves of the line through which water is to be 
pumped to the boiler. Be sure the steam stop 
valves are completely closed ,111d that there will 
be no leakage o( water through them. 

After all preparatlons have been made, use 
the emergency feed pump to fill the boiler 
completely. After all air has been expelled fr om 
the boiler, close the air vents and build up the 
hydrostatic pressure required for the particular 
test you arc making. A band boiler lest pomp is 
furnished to many ships for use in building up 
the hydrostatic test pressure. If a hand test 
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pump Is not available, bulld up the required 
test pressure by CQnUnuing to run the emergency 
feed pump .lfter the boiler has been fl lied. In 
any case, the specilied test pressure should not 
be exceeded. After the boiler is run, It takes 
very little additional pumping to uulld up quite 
a p1·essure. 

To avoid complications arising from changes 
in pressure caused by changes in temper atur e, 
the water used should be at approximately the 
same temperature as the boiler and the Iire­
room. In any case, the temperature or the water 
must be at least 7ff F. 

While the liydrostalic pressure Is belngbuilt 
up, the boiler should be very carefully checked 
for signs or strain or deformation. U there is 
any lndic:ttlon of pe1·manent (or probably per­
manent) clcformation, stop the hydrostatic test 
:ind makq the necessary r cpall'S. If It is not 
p0sslble co make the re1>airs right a way, give :l 
second l1ydrostatic test, progressing slowly up to 
20 psi less than the pressure at which the first 
test was stopped. U the boiler passes this 
second Lest successfully, Uae new working pres­
sure of the boiler must be two-thirds or the test 
pressure reached on !be second test, and all 
salety valves must be set accordingly. 

Do not make any attempt to set up 0 11 leaky 
handhole 0 1· manhole plates until the p1·essur e has 
been pumped up to within 50 psi o! the test 
prcssul'e. After all manhole and handhole leak­
age has been remedied, pump the prcs~-ure on 
up to test p1·essure. Check Ul~ pressur e dr op 
over a perlOd or time. 1f all valves have been 
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blanked orr, lhe maximum acceptable pressure 
drop is 1. 5 percent or the Lest pressure over 
a period or 4 hours. U valves have been merely 
closed, Instead or blanked oCC, the maximum 
acceptable pressure (lrop is 1. 5 percent or the 
test pressure over a period of 1 hou1-. 

A tube seat should not be considered tight 
unless It ls bone dry at the test pressu1·e. Any 
tube thM cannot be made tight undel' hydrostatic 
test s hould be renewed or r e rolled. A hydrostatic 
test at I 1/ 4 times the boiler design prcs,,'Ure 
should be made after each renewal or any pres­
sure parts and at any time when CQnsldered 
necess.~ry by the commanding officer. 

U there Is an excessive pressure drop when 
there Is only a slight leakage at tube joints, 
handholes . and manholes, the loss or pressure 
Is almost certainly caused uy le'1kagc tlll'ougb 
valves and fittings. Valves and Cittlngs should 
be overhauled and made tight. 

At 5-year inte1·vals, each boiler must be 
inspected for integrity of welds and nozzle 
connections. Lagging must be removed from 
drums and headers sufficiently to expcse the 
welded Joints and the nozzle connections. The 
welds and nozzle connections must be ln~pected 
visually from both inside and outside. U there is 
any doubt about the welds, they s hould be in­
spected by magnetic par ticle Inspection or dye 
penetrant lnspecti<m. U elther the visual exami­
nation or the magnetic particle or dye pene­
trant Inspection indicates any questionable a r eas, 
a hydrostatic test for st renb<th nt 150 po1·cenl of 
boilel' dcslirn pressure must be npplled. 



CHAPTER 3 

FUEL Oil EQUIPMENT 

This chapter deals with the equipment com­
monly used for pumping, measuring, heattng, 
straining, burnlng, and otherwise handling or 
controlllng fuel oil on steam-driven surface 
ships. Fuel oil charactel·istics, stowage, handl­
ing, and maintenance of equipment are also 
covered In lhls chapter. 

FUEL OIL SERVlCE EQUIPMENT 

Before discussing the individual units of fuel 
oil equipment in detail, an overall vlew or the 
ilow or rueloilcanbeobtainedbytraclng the path 
of the oil from tile time It leaves the storage 
tanks to the ttme it is mixed with alr and burned 
In the boiler furnace. The arrangement shown 
schematically In figure 3-1 IS typically found 
on ships having double- furnace boilers with 
straight-through-Gow atomizers. The same gen­
eral arrangement of fuel oil equipment ls used 
on most ships, except that additional units-fuel 
oil coolers, valves operated by the automatic 
combustion control system, and thermostatic 
control devices-are used on some of the 
newer ships. 

The path of fuel oil can be traced by rollowlng 
figure S-1. From a storage tank, the oil passes 
through a manifold to the fuel oil service tank. 
The fuel oil booster and transfer pump can lake 
suction from the manifold or dischargetoit. The 
primary function of the fuel oll booster and trans­
fer pump Is to transfer tuel oil from storage 
tanks to service tanks. 

The tuel oil service pump is used to pump oil 
from a service tank to the boll er. If the fuel oil 
service pump cannot take suction directly from 
a service tank, the fuel oil fill and transfer 
pump can be usedasaboosterpump, discharging 
oil directly to the suction side of the fuel oil 
service pump. 

With the fuel oil service pump in operation, 
the fuel oil flows through the remote-operated 
quick-closing valve; the fuel oil meter, or the 
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meter bypass; the fuel oil heater, or the heater 
bypass; the fuel oil str ainers; the main fuel 
oil valve (sometimes called the master valve} 
to the boiler ; and the emergency quick-closing 
valve. The fuel oil then enters two burner 
manifolds-one on the saturated side, one on 
the superheater side. 

The pressure of the oil going to the burner 
manifolds is controlled by a pressure-regulating 
valve (micrometer valve) on each burner mani­
fold. From each burner manifold, the fuel oil 
passes through a separate burner root valve 
to each burner line. 

The fuel oil enter s the burner Uu·ouglt an 
atomizer valve. The oil mixes with the air 
supplied by the forced draft blowers, and Is 
burned in the boiler furnaces. 

The fuel oil equipment described In the 
following sections includes pumps, valves, me­
ters, heaters, strainers, burners, and other 
items needed to deliver fuel oil to the furnace 
at the required pressures and temperatures 
and to burn the oil In the furnace. Most of this 
equipment ls either a part of the fuel on serv­
ice system or else very closely related to U. 

FUEL OIL SERVlCE PUMPS 

Fuel oil service pumps take suction from 
the service tanks througb independent tailpipes, 
cutout valves or manifolds, suction mains, and 
pump connections. The suction arrangements 
for fuel oil ', service pumps allow rapid changes 
of pump suction from one service tank (or from 
one tank group manifold) to another. The pump 
suction plpln(! ls arranged to keep to a minimum 
any contamination that might result from one 
service pump taking suction from a service 
tank that Is contaminated with water. The tank 
stripping system is connected through stop­
check valves to the service suction mains, so 
that these mains can be cleared of oil that 
is contaminated with water. The service suction 



Chapte r 3- F UEL OIL EQUIPMENT 

SIJPE:RHEATER­
SIDE BURNER 
MANI F'OLO - --lf---1 

Oil SETTLING TANK 

RECIRCULAT ING 
LlNE~ 

METE A 
BVPASS 
VALVE 

·OUPLEX 
S'fAAIHER 

- HEATER BYPASS VALVE 

F.O.DOOSTER 
ANO TRANSFER PUMP 

TO FILLING ANO DISCHARGE 
DECK CONNECTION 

"·<+>--w----' 

EMERGENCY 
OUICK- CL.0$1NG 
VALVE 

HANO OR 
EMERGENCY 
F. O.SERVICE 

MAIN FUEL OIL 
VALVES (ONE fO 
EACH BOil.ER 

;:::::::;::::iPUMP 
.... 

STEM.M 
HEATlt'1G 

COIL---- --

FlJE:L Olt. SERVICE 
TAt"K 

Figure 3-1.-Path of fuel oil on ship with double-furnace boilers. 

97 

38.63 



ENGINEERlNG, OPERATION AND MAINTENANCE 

main that is common to all pumps in one space 
has connections to the fuel oil transfer main 
through stop-check valves that are no1·mally 
locke<I in the closed position. 

On some ships, <liesel oll an<I heavy end 
aviation fuel (HEAF) or JP-5 can be used as 
boiler fuel in emergencies. In these ships, the 
diesel and HEAF systems a r e a r r anged so that 
they can dischar ge to the fue l oil service system. 
Fuel oil ser vice pumps used on these ships 
must be capable oi handling diesel oil and HEAF 
as well as regular fuel oil. 

Three c lasses of fuel oil service pumps 
are con1monly used: main fuel oil service pun1ps, 
port and cruising fuel oil service pumps, and 
band or emer gency fuel Oil service pumps. 

MAIN FUEL OIL SERVICE PUMPS are 
usually screw-type rotary pumps that are driven 
by steam turbines. Howeve r , other types of 
pumps ai-e used fo r this purpose on some ships. 

PORT AND CRUISING FUEL OIL SERVICE 
PUMl'S on recent ships are very similar to tl1e 
main fuel oil service pumps except that they 
are driven by two- speed electric motors. The 
capacity of these pumps can be adjusted by 
selecting the rectuired speed of the motor and 
also by using a bypass arrangement to r ecir cu­
late unused oil from the pump discharge to the 
pump suction. On older ships, the port and 
cruising fuel oil service pumps may be rotary 
pumps or they may be axia l-piston variable­
stroke pumps; in eithe r case, they a r e normally 
driven by electric motor s rather than by steam 
tu1·bines. 

HAND OR ENERGENCY F UEL OIL SERV­
ICE PUMPS are used when boilers must be 
lighted off and neithe r steam nor electric power 
is available . Most hand 01· emergency fuel oil 
service pumps are hen ingbone gear pumps. 

Basic types of pumps a r e described and 
illustrated in chapte r 9 of this training course. 
For deta iled information on the fuel oi'l serv­
ice pumps on your own ship, consult the man­
ufacturers' technical manua ls. 

F UEL OIL VALVES 

There are several valves in the fue l oil 
system. These valves allow the system to be 
lined up so that oil, under proper conditions of 
pressure and tempe1·atur e, can be delivered 
to and burned ln the boiler furnace. Many of the 
most important valves in the fuel oil servi ce 
system are shown in figure 3- 1. 

SUCTION AND DISCHARGE VALVES allow 
the llning up of pumps for the delivery of fuel oil. 

The REMOTE-OPERATED QUICK-CLOSING 
VALVE ;n the supply main on t he discharge 
side of the fuel oil service pump provides a 
means for rapidly shut.ting off the fuel oil from 
a r emote location. The remote operating gear 
for this valve is so arranged that the valve may 
be operated from two places: (1 ) from the 
boiler front oper ating station, and (2) from the 
fireroom escape trunk or from the deck above 
and nea r the access to the space. The remote­
operated quick-closing valve is normally a 
spring oper ated gate valve. 

The FUEL OIL METER VALV ES and the 
METER 8 YPASS VALVE allow tile fue l oil 
meter to be used or to be bypassed, as tile 
s ituation requires . The fuel oil meter is by­
passed when oil is being recirculated. 

THE MAIN FUEL on., VALVE to each boiler 
is normally a globe-type stop val ve. 

The EMERGENCY QUICK- CLOSING VA LVE 
is a spring operated gate valve tha t can be 
oper ated from both the upper level and 
the lower level at the boile1· front. It is installed 
adjacent to each burne~ supply manifold. 

At the top of each burner manifold, a 
MICROMETER VALVE is insta lled. This valve 
is used to contr ol fuel oil pressure ancl thus 
controls the amount of oil being bur ned in 
the furnace. 

From the Imrner manifold, a small flexible 
line goes to each burner. A small globe valve 
called a 8 URN ER ROOT VALVE is installed 
in each bur ner line to allow the supply of oil 
to be shut off to any burner that is not in use. 

An ATOMrZER VALVE is installed on each 
burner at the atomizer connection. 

At the lo,ver end of each burner n1anifold, 
a RECIRCULATING VALVE is installed . By 
means of these valves and the l'ecil·cula ting 
line, fuel oil can be returned fr om the burner 
manifold to the suction s ide of the fuel oil 
pump. The r ecir culating llne is used to circu­
late Oil through the fuel oil hea ters and thus 
bring it up to proper temper a ture for lighting 
off. A clearing line b1·a11ches off from the re­
circulating line. Val ves in the r ecirculatingline 
and in the clearing line a llow the discha1·ge 
of fuel oil eithe r to the suction side of the fuel 
oil ser vice pump or to the contaminated oil 
settling tank (or ove1·board). (The r equirements 
established by the Oil Pollution Acts must be 
obser ved when oil is pumped overlJoarct.) A 
CHECK VALVE in the r ecirculating line prevents 
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the back flow of oil from the fuel oil suction 
main. A check valve is also Installed at the 
connection of tile clearing line anct tbe contam­
inated oil settling tank' to prevent back now 
from the contaminated oil settling tank through 
the clearing line and into the recirculating 
line. 

The valves just mentionedaretypicallyfound 
in the ruel oil ~>·stem or a boiler equipped with 
stralgbt-througb- flow atomizers. Several addi­
tional valves are required In Uie fuel oil svstem. 
of a boiler equipped with retur n-flow atomizers. 
Instead of a burner manifold, a supply header and 
a r eturn header are Installed at the boiler front. 
The valves on the supply s ide of the fuel oil 
system usu;<lly include a remote-operated qulck­
closlng valve; fuel oil meter and meter bypass 
valves; fuel oil heater and heater bypass valves; 
and emergency quick- closing valve {or a solenoid 
valve); a micrometer valve; and a burner supply 
root valve to each burner. On the burner Itself, 
the1·e Is :1 valve thatcorrespondsto theatomlzer 
valve used for a straight-through-flow atomizer. 
A burner return root valve ls located ln the 
return line between Uie burner and the r eturn 
header. On the discharge side of the return 

header, there ls usually a gate valve; a pressure­
regulating valve; a second set o! meter and meter 
bypass valves, for a second fuel oll meter; a 
relief valve; and a plug cock which can be used 
lo discharge the return oil to the fuel oil suction 
main or to a clearing line that leads to the 
contaminated oll settling tank. The recirculating 
line and the clearing line are tlttecl with the 
usual valves, Including check valves to prevent 
back flow of oil. Some return-flow Installations 
are also provided with v-.Uves that allow the 
r etur n oil to be routed to a fuel oil cooler before 
being r e tu rued l.o the fuel oil se..vlce pump 
suction. Where automatic combustlon controls 
tU'e insh\lled, a fuel oil supply valve and a 
fuel oil t·eturn valve, both operated by the auto­
matic control system are also provided. 

FUEL OlL METERS 

Most meters used for measuring the amount 
of fuel oil cllscharged to the boiler are of the 
pos itive-displ~cement type, often called OISK­
TYPE orNUTATTNG-PISTON METERS. A meter 
of this type Is shown in cutaway view In figure 
3-2 and In exploded view in Clgure 3-3. 

38.64 
Figure 3-2.-Culaway view or disk-type fuel oil meter. 
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The flow o[ oil through the mete r causes 
the disk (or piston) to move with a peculiar 
motion which imparts a 1·otary motion to the 
pin that pr ojects from the upper spherical 
s urface. The rotarj' n1ove n1ent of the pjn ro­
tates the gears, and the gears actuate a count­
ing device at the top of the meter. 

Understanding the motion of the disk is the 
key to u nderstanding the operating pi·inciples 
of the fuel oil mete r . The disk moves with a 
motion that is called a NUTATING motion. A 
nutating motion might also be described as a 
ROCKING AROUND motion, similar to the motion 
of a spun Coin just before it set.ties flat on its 
side. The disk in the fuel oil meter cannot 
settle on its side like a spun coin, s ince tho 
disk i~ nutating· or rocking· around on a lower 
spherical bearing s urface. 

The disk ca1mot rotate because it is held 
in place by a fixed diaphragm that runs ve rtically 
through a s lot in the disk. However, the nuta­
tional motion of the disk Imparts a rotary motion 
to the pin that pt·ojects f rom the uppe1· spherical 
s urface. F igur e 3- 4 illus tr ates the nutating 

38.66X 
Figure 3- 4. - Oiagt·am illus trating nutating 
motion of disk and rotary 1.notion of pin i n 
fuel oil meter . 
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moUon of the disk that results fl•om the flow of 
oil through the meter. By studying this dla­
g1·am, it can be seen hO\\! the nutating 111otion 
of the disk gives a rotary motion to the pin so 
that the pin can rotate the gears. The gears, 
in turn, actuate the counting device. 

In order to get an accurate reading or the 
amount or oil discharged to the boiler, the meter 
must be bypassed when oil Is being recirculated 
berore the burners a r e lighted off. Therefore, 
fuel oil meters are a lways i nstalled with a byp:tss 
arrangen\ent. 

When boilers are equipped witll return-flow 
atomizers, supply and return rue I oil meters are 
installed. The difference between the two meter 
readings gives the amount of oll actually dis­
charged to the boiler. (NOTE: Fuel oil re,\dings 
should not be considered as replacing tank 
soundings.) 

Flf£L OIL HEATERS 

Fuel oil heaters are installed in tile oil sup­
ply line to the boiler, on the d iscllarge side of 
the fuel oil service pump. '!'he heaters heat 
the oil to the temperature required to p1·oduce 
tile best viscosity for proper atomization. Steam 
at boiler pressure or a t a i·educed pressur e is 
usod as the heating agent in fuel oil heate rs. 

There are rour types of fuel oil heaters ap­
proved for use in the fuel oil systems of 
naval ships. They are all heat exchangers of 
the shell-and-tube type, but they dlffe1· con­
siderably in design. '!'he Type A heater is a r rang­
ed so that the oil circulates inside the tubes 
and the steam circulates outside the tubes. The 
Type B heater, generally re!erred to as the 
G-FIN HEATER, is an extended-surface unit 
In which each inner finned tube is encased in a 
separate oute1· tube or shell. The type C heater 
is an extended-su rface unit in which each s hell 
encloses more than one tube. The Type D heater 
is arranged so that the steam circulates inside 
the tubes and the oil ch·culales outside the tubes. 

The only heater described here is the Type 
B or G-fln heater. This heater, which is s hown 
It\ figures 3-5 and 3- 6, is the type most com­
monly used 011 combatant ships. 

In the G-fln type or heatel', the oU flows 
through a series of shells, each of which contains 
a single finned tube. The shells are ar ranged in 
slacks and a1·e connected together by a common 
tube sheet at one end. The end at which tile shells 
arc connected Is called the REAR F.ND or the 
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38.67 
F ig\ll'e 3-5.- G-fln fuel o il heater (rear view). 

FLOATING ENO {fig. 3-5). At the other end 
(fig. 3-6) the shells are connected together by 
tubes. 

The Stea Ill flows thr ough the lnside or the 
finned tube. 'the oil flows inside the shell but 
outside I.he btbe, along the stmight longitudinal 
patlls formed by the G-fins. The tube is not finned 
ar ound the U-bend or opposite the sllell connec­
tions, s ince fins in these locations would in­
lerfere with the flow of oil. The purpose of the 
fins ls to increase the amount or heat- transfer 
sur face; the extel'ior surface of each Umied tube 
bas more than eight times the area of the inside 
surface of the tube. 

G-f!n fuel oil heaters ar e insta lled in se<:­
tions, each section usually consisting of four 
shell-and- tube assemblies. Each section can 
be operated separately. The numlier of heaters 
or heater sect.ions used at any given time de­
pends upon load conditions. As a general rule, 
it ls mo r e efficient to operate one heater w one 
heater section at full capacity than to ope1·ate 
two heaters or two heater sectlons at partial 
capacity. 

Drain lines and fittings a r e installed to allow 
the steam side of the heater to be kept drained 
a t a ll times. Steam traps are filled in the drain 
lines. Other fittings and connections found on 
G- Hn fuel oil heaters include steam and oil 
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38. 68 
Figure 3- 6. - G-fin fuel oil heater (front view). 

valves, vents, steam strainers, relief valves 
(which discharge into Sight-flow funnels and then 
into spill tanks), connections for pressure gages 
and thermon1eters, and oil <Ira.in connections. 

On many ships, the temperature otthefuel oil 
leaving a beater is conh'olled by making small 
adjustments in the position of the steam throttle 
valve to the heater. A small steam bypass around 
the steam throttle valve a)lO"'S small changes 
to be made in fuel oil teniperat.ure under light 
load conditions. G-fln fuel 'oil heaters i nstalled 
on some newer ships are equipped withregulat­
ing valves that automatically r egulate the ad­
mission of steam to the heaters and so auto­
matically control the fuel oil tempei·ature. 
These regulating valves are controlled by the 
temperature of the fuel oil in the discharge from 
the heater bank. 

Waler must not be allowed to accumulate on 
the steam side of a fuel oil heater, as it would 
r educe the heating capacity of the unit. In idle 
heaters, water accun1ulation te nds to cause 
corrosion. 

Special precautions must be taken to pre­
vent leakage of oil into the steam side of heaters. 
Heater drains must be inspected hourly for the 
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presence of oil. U oil is found in the drains, the 
defective heater must be secured and the drains 
run to the bilges. If only one heater is in use 
\vhen oil leakage is discovered, a second heater 
must be cut in before the leaking one is secured. 

It is import.ant to control heater temperature 
at all times. Heating the fuel oil to too high a 
temperature causes the oil to break down and 
deposit carbon 011 the finned tubes, thus fouling 
the heater. 

In operating fuel oil heaters . remember that 
steam must not be admitted to the heater unless 
oil is flowing through. When cutting in a heater, 
get the flow of oil star ted beCore cutting in I.he 
steam. When securing aheater, cutout the steam 
before s topping tlie flow of o il. In testing or fuel 
oil heaters always r efer to chapter 9550 (55) 
of the Bureau of Ships Technical Manual. 

FUEL OI L STRAINERS 

Strainers are installed in the fuel oil serv­
ice system to catch particles of foreign matter 
that might otherwise interfere with atomizer 
operation. On some older s hips, basket-type 
str a iner s were installed on the suction side Of 
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the fuel oil service pump. These suctlonstraln­
ers are no longer required by Navy spec ification. 
Instead, stt-ainers a re installed be tween the fuel 
oil heaters and the burner manifold. Arter the oil 
has been heated, ltls very fiuid"and readily gives 
up any foreign 11articles contained in lt. 

Duplex strainers of the basket type are 
usually used in fuel oil service systems. The 
strainers are installed in such a way that the 
oil flows from the center or the basket to the 
outside, leaving dirt and sediment ln the basket. 
Duplex strainers are installed with a value ar­
rangement that a llows for the r emoval of one 
basket for cleaning while the other basket re ­
mains in service. At least two clean baskets 
should be kept near the strainer so that baskets 
can be changed and cleaned when necessary. 

A duplex pressure gage, installed by means 
of a three-way plug cock arrangement, in­
dicates the pressure on each side oC the basket 
in use . If the pressure is noticeahly highe r on 
the inlet side than on the outlet side, the basket 
probably needs to be cleaned. Even If there is no 
special indication t11at the basket in use needs 
to be cleaned, the baskets should be shifted and 
cleaned once a day as a matter of routine. 

The general operating pr ocedure for dupl ex 
strainers is as rollows: 

l. Prior to shHtlng to the clean side, inspect 
this s ide to ensm·e t hat the basket cove r is 
properly posltloned and secured tiglltly, and the 
vent and the drain are shut. 

2. Shi(t the oil now to the clean side by 
slowly moving the shift handle its full limit of 
travel. If a leak becomes evident, shi!t back to the 
previously used strainer compartment, and lock 
the shift handle In this position. 

3. Mter shifting, inspect the strainer for 
leaks. 

4. Ensur e that the s trainer comp:irtment, 
which is to be disassembled to be opened, is 
not under pressure; this may be accomplished 
by slowly opening the drain valve. 

5. Crack the vent valve of the com1>artment to 
be opened. 

6. Remove the cover. 
7. Before IHting out the baskel, drain the 

compartment until the o il level is below the 
basket support Oange. '!"his will p1·event any 
unstrained oil from reaching the strained oil. 

8. Clean, inspect, and reassemble the side of 
the sti·ainer thal was in use. Ensure that the com­
partment gasket Is sound and con·ectly placed. 

9. After cleaning and reassembling, Inspect 
the unit visually to ensure that the cover has 
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been replaced propedy and secured tightly. 
Check the unit for leaks by a ti·lal shift to the 
compartment just cleaned. Fill the compartment 
wltll Oll and air vented from the compartment 
by opening the vent valve and c~ckingthe sw:itch­
ing valve very slightly. Hold a 1·ag (or other 
means) at the vent in order to prevent oil from 
spraying into the 1·oom. Mter oil shows at the 
vent, continue venting until a ll a ir is out of the 
compar tment, then close the vent. Then move the 
s hift handle slowly to Its full limit ot tl·avel 
and inspect for leaks. Be prepared to shift 
back if a leak is evident. Upon successful oper a­
tion or the unit, shift the switching valve back 
to the other side and, again, lock firmly. 

In strainers utilizing a valve plug for changing 
the direction of oil flow, the valve plug must be 
unseated by operating the jack lever before it c:rn 
be rotated. The valve plug must never be i·aised 
any high.e1· than necessary to permit turning 
it witll full a r m force. TM valve plug must be 
tightened down, or seated, as soon as shifting 
is complete. 

As far as specific operating procedures are 
concerned, a definite ste1>-by-step procedure for 
shifting strainers should be established. This 
should Include the general procedures mentioned 
previously and additional procedur es compatible 
with the specific installation and service for 
which the unit is installed. These procedures 
should be posted in the Immediate vicinity of 
each strainer installed in the system. 

FUEL OIL BURNERS 

P1·actically all fuel oil burners used on naval 
boile r s are mounted on lhe boiler front. Special 
openings called BURNER CONE: OPENINGS are 
provided in the furnace front for the burners. 

The two main parts of a fuel oil burner are 
the atomizer assembly and the air register 
assembly. In addition, various valves, fittings, 
and connections a r e required. The following 
sections deal with atomizers. which divide the 
fuel oil Into very fine par ticles; air registers, 
which pe1·mit combustion air to enter the fur­
nace in such a way that it mixes thoroughly with 
the finely d ivided oil; and burner safety devices, 
which prevent spillage or oil when an atomizer 
assembly is r emoved from the burner while the 
burner root valve is still open. 

Atomizers 
Three mail\ kinds of atomizers are now in 

use on naval boilers. straight-through-flow 
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atomizers are used on most boilers. Return-flow 
atomizers are used on many of the newer ships, 
particularly those equipped withautomaticcom­
bustion controls. Steam-assist atomizers are 
used on boilers in a few new ships. 

STRAIGHT THROUGH-FLOW ATOMIZERS. 
- In a straight-thr ough- flow atomlz-0r, nu oil 
pumped to the atomizer is burned in the 
boiler furnace. The fuel oil Is forced through 
the atomizer barrel at a pressure between 125 
and 300 psi. With this type of atomizer in use, 
the firing rate is controlled by changing the num­
ber o! burners in use, the file! oil pressure, 
aod the size of the sprayer plates. 

The fuel oil goes thr ough the nozzle, which 
directs the oil to the grooves or the sprayer 
plate. These grooves a r e s hape() so as to give 
the oil a high rotational velocity as It discharges 
into a small cyllnd1·1cal whirling chamber in the 
center or the sprayer plate. The whirling 
chamber ls conedoutattheendandhas an orifice 
at the apex or the cone. As the oil leaves 
the chamber by way of the orifice, It Is broken 
up into very line particles which form a cone­
shaped fogllke spray. Astrongblastofair, which 
bas been given a whirling motion in its passage 
through the diffuser and the stationary air flils 
of the burner register, catches the oil fog and 
mixes with It. The mixtur e of air and oil enter s 
the furnace and combustion takes place. 

A fuel oil burner with a straight-through­
flow type or atomizer is shown in cross section 
in figure 3-7. Figure 3- 8 shows how burners of 
this type look when installed at the boiler front. 

A straight-through-flow atomizer assembly 
consists or a goose neck, a burner barrel (also 
called an atomizer barrel), a nozzle, a sprayer 
plate, and a tip. These parts are shown in fig­
ure 3-9. Figure 3-lOshowstwovlewsofa nozzle 
and sprayer plate. The nozzle is threaded on 
the inside so tha t It can be screwed onto the 
end of the barrel. The grooved or s lotted face of 
the sprayer plate fi ts a.gains! the front face of 
the nozzle. The tip (not s hown In figure 3-10) 
screws onto the externally threaded par t or the 
nozzle and thus holds the sprayer plate tightly 
and evenly against the nozzle. 

The two types or nozzles now In general use 
are the STANDARD NOZZLE and the SEM:l­
WIDE-RANGE NOZZLE. These two types of 
nozzles are shown In c ross section In figure 3-11. 
The standard nozzle has four oil holes; the 
semi wide-range nozzle has six. When the present 

supply of semiwide- range nozzles Is exhausted, 
only standard noz:tles will be Issued. 

The sprayer plates most commonly used are 
called STANDARD SPRAYER PLATES (fig. 
3-12). Standard sprayer plates may be either 
flat-faced or dished and rounded, and they may 
have three, four, or six oil grooves. Standard 
sprayer plates with four grooves are most 
common. 

Another type of sprayer plate ls known as 
the STANDARD HIGH-CAPACITY SPRAYER 
PLATE. At the pr esent time these plates are used 
on only a rew ships. The diameter or the whirling 
chamber Is larger in a high-capacity sprayer 
plate than In a standard sprayer plate. Allhlgb­
capaclty sprayer plates are dished and rounded. 
Most of them have six grooves, but a few of the 
very lar gn sizes have e ight grooves. 

Sprayer plates and nozzles ue used in 
s everal combinations . The STANDARD ATOM­
IZER ASSEMBLY consists of a standard sprayer 
pla te and a standard nozzle. The SEMIWIDE­
RANGE ATOMIZER ASSEMBLY consists of a 
standard sprayer plate and a semiwide-range 
nozzle. The HIGH-CAPACITY ATOMIZER AS­
SEMBLY consists of a high-capacity sprayer 
plate and a standard nozzle. High-capacity 
sprayer plates must NOT be used with semi­
wide- range nozzles. 

The size of sprayer plates used in stralgbt­
th rough- flow a tomizer ass emblies is Indicated 
by four nu mbers which are s tencilled on the face 
of the sprayer plate. The first two digits Indicate 
the bore of the orifice (standard drill s ize). 
The second two digits are the quotient (with 
decimal point left out) of the combined cross­
sectional area of the sprayer plate grooves 
divided by the area of the oriflce. ln addition 
lo these numbers, the spr ayer plates may also 
bear a manufacturer's designation. For example, 
let' s take a sprayer plate size 3808 and see 
how it would be identified by different manufact­
urers: 

38T08 ... . . .. . Todd Combustion Equip-
ment, Inc. 

P. C. R.S. 3808 . . J?hiladelphia Naval Ship­
yard ( C. R.S. stands for 
CORROSION- RESIST­
ING STEEL.) 

3808 ... .... .... Babcock & Wilcox Co. (No 
Identifying letter.) 

The same letters ar e used to identify nozzles 
and tips-that ls, "T" for Todd; "P. C.R.S." for 
Philadelphia Naval Shipyard; and no Identifying 
letter for Babcock & Wilcox Co. 
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Figure -7.-Cross-sectlonal view of Babcock & Wilcox Carolina- type fuel oil burner with 

sti·algbt- through-fiow 3tom1zer. 

Some spraye1· plates are also fu1·ther ldcn­
tllled by a letter or letters that follow the 
number. For example D (as, 3803-0) Indicates 
that the sprayer pl:i.te is dished and rounded. 
The letters RC (as. 1609-HC) indicate that the 
plate is a high-capacity sprayer plate. 

To ensure proper atomization of the oil, 
Qll atomizer parts must be kept clean and ln 
gooct condltion. Evon the slightest change In 
the dimensions ol atomizer parts can se riously 
affect atomization. Even 3 tiny scr3tch or a 
speck of carbon on or in a sprayer plate will 
03use the spray to be uneven. Most damage to 
sprayer plates ts caused by careless handling 
and Inadequate cleaning. Procedures !or cle~m­
lng sprayer plates and other atomli;.er parts 

can be obtained from the manufacturer's 
technical manual for the specific equjpment. 

RETURN-FLOW ATOMIZERS.-Rerurn-Oow 
atomlz.ers arc used 011 many of the newer ships, 
partJcularly those that have automatic com­
buslon controls for the boilers. Return-flow 
atomizers are not as standardized in design as 
the straight-through-flow atomizers. One type of 
return-now atomizer (Todd) ts designed to 
operate with a constant fuel oil supply pres­
sure of 300 pstg and amfaimum returnpressure 
of 25 pSig; this ty~ of atomizer ts usually 
called a VARIABLE-CAPACITY (or VEE-CEE) 
atomizer. Another return-now atomizer (Bab­
cock & Wilcox) operates with a varbble fuol 
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oll supply pressur e (up to 1000 psi) and a 
variable return pressure. Still another type (also 
Babcock and Wilcox) operates with a constant 
supply pressure of 1000 psi and a variable 

38.70 
Figure 3- 8. - Babcock & Wilcox Carolina- type 

fuel o il burners installed on boiler front. 

38.71 
Figure 3- 9. - Parts of a s traight- th1·ough­

flow atomizer assembly. 

38.7ZX 
Figure 3-10. - Two views of nozzle and 

spr ayer plate. 

38.73 
Figure 3-11.-Semiwlde - range and standard 

atomizer nozzles . 

return pressure. Since several types of return­
flow atomi zers are in use, always check the 
manufacturer's technical manual for detailed 
inform~ttion on the retur n-flow atomizers used 
in any particular installation. 

Tbe return-flow atomizer shown in figure 
3-13 and des cr ibed her e oper a tes with a constant 
fuel oil supply pr essure. The amount of oil burn­
ecl in the furnace is controlled by regulating the 
oil return pressure. The supply oil enters 
through the tube- like opening down the middle 
of the a tomizer barrel and passes through the 
spr ayer plate. The tangential slots or grooves 
in the sprayer plate cause the oil to enter the 
whirling chamber with a r otary motion. As 
the oil r eaches the r eturn annul us, cent rifugal 
for ce causes a certain amount of the oil to 
enter the return annulus. The amount of oil 
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FLAT FACE DISHED AND ROUNDED FACE 

38.74 
Figur e 3-1 2. - Standard sprayei· plat es. 

ORIFICE 
PLATE 

OIL LEAi/iNG V1lf\RLING OIL RETURN OIL ATOMIZER 
ORIFICE CHAMBER SUPPLY BARREL 

38.75 
Figure 3- 13.- Retum- flow atomizer. 

thus returned iS deter mined by the back pres­
sure in the return line; the back pressure 
ls in turn determined by the extent to which the 
return line cont rol valve is open. The oil which 
is not re turned e1ne rges fro1n the orif ice in 
the form of a hollow, conical spray of atomized 
oil. 'the amount of oil burned is therefore the 
difference between the amount of oil supplied 
and the amount of oil returned. 

Sprayer plates used with r eturn- flow atom­
izer s are marked with two pairs of numerals 
separated by a lette r. The letter designates the 
desig?1 type. The two numerals appearing be­
fore the letter indicat e t11e number of the drill 
used to make the or ifice. The t.wo numer als 
appearing after the letter indicate the r atio of 
the total cross-sectional ar ea of the tangential 
slots to the area of the orifice; the decimal 
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point is omitted in this designation. For ex­
ample, the marking 32Y20 on a sprayer plate 
would indicate: 

(1) that the orifice was made with a size 
32 drill; 

(2) that the design type of the sprayer plate 
is identified as Y; 

(3) that 2.0 is the quotient of the total area 
of the tangential $lots divided by the area of 
the orifice. 

Orifice plate used with return-now atom­
izer s are also marked wlth numbers that in­
dicate the drill size of tile orifice. Sprayer plates 
and orifice pla tes used together MUST have the 
same size orifices. For example, a sprayer 
plate marked 32Y20 should be used only wlth 
an orifice plat e marked 32. 

STEAM-ASSIST ATOMIZER- The straight ­
through-flow atomizers and the return -flow 
atomizers just described are both mechanical 
atomizers of the pressure type. The s team­
assist atomizer, no\v in use on some new ships, 
operates on different principles. Thefueloil en­
ters a steam-assist atomizer at a relatively low 
pressure and is very finely atomized by a jet of 
steam. Combustion air is supplied by forc.ed draft 
blowers, just as it is in other installations . 

A steam- assist a tomize1· has two s upply 
lines coming into it, one for fuel oil and one 
for st eam. These two lines make the atomizer 
look a good deal like a r etur n-now atomizer. 
However , the steam-assist atomizer does not 
return any fuel oil; insteacl, all oil supplied to 
the atomizer is burned in the boiler furnace. 



ENGINEERING, OPERATION AND MAINTENANCE 

Sprayer plates and other parts are somewhat 
differently s haped hi steam-assist atomizers 
than they are in straight-through- flow atomizei·s 
and return-flow atomizers. 

One reason why steam-assist atomizers 
have not been used for naval boilers until re­
cently is that they use a cons iderable amount 
of steam whi<~h cannot be recovered and r eturned 
to the feed sys tem. However, they have some 
advantages that tend to make up for this dis­
advantage. A major advantage is that the firing 
r ange of steam-assist atomizers is much greater 
than the firing range of either straight- lhrough­
flow or return-flow atomi?.ers. This charac­
teristic makes tbe steam-assist atomizer par­
ticularly useful for naval service, since it 
means that large changes of load can be made 
merely by va1:ying the fuel oil supply pr essure. 
Without cutting burners ln and out. The fuel oil 
supply pressure can be varied between 8 psi 
and 350 psi. 

Air Registers 

The main parts of an ah· register a r e (1) 
the movable air doors, (2) the diffuser, and (3) 
U1e s tationary a ir foils. These parts are shown 
in figur e 3- 7. The movable air doors allow 
you to open and close the 1·egister. When the 
a ir doors are open, ah- r us hes in and is given a 
whirling motion by the d iffuser pla te. The dif­
fuser causes the a ir to mix evenly with the oil, 
and also prevents flame being blow11 back from 
the atomizer. The s tationary air foils guide the 
major quantity of air and cause it to mix with 
the larger oil spray beyond the <ti!It1ser. 

Burner Safety Devices 

On all new construction, fuel oil burners 
are fitted witl1 safety shutoff devices that close 
automatically when the atomizer assembly is 
remo,•ed from the burner. These safety shutoff 
devices p1·event spillage of oil if an atomizer 
should be r emoved wt1ile tbe burner r oot valve is 
still ope11. 

Safety shutoff devlces are not found on 
burners 011 older ships. However, on these ships 
the thr eads on the atomizer valve s tem ar e 
cut in such a way that the atomizer valve can 
be closed very rapidly, with less than a run 
turn of the valve handwheel. 

FUEL OIL CHARACTERISTICS 

NAVY SPECIAL FUEL OIL i$ used in steam 
driven naval ships. Many ye11 r s ago, Navy fuel 
oils were divided into three classes - Bu1.1ker A, 
Bunker B, and Bunker C. This classification 
is no longer in use, but low g rade fuel oil may 
still be referred to as "Bunker C oil." 

All fuel oil comes from petr oleum. Crude 
petroleum consists of a numbe r of d iffe r ent 
hydrocarbons-that is, compounds of hydrogen 
and car bon. C1·ude petroleum qulie often contains 
traces of sulfur, nitrogen, oxygen, and other 
in1purities. 

Several r efining processes a r e used to 
change crude petroleum Into fuel oil that is 
suitable ior use in boiler furnaces. The natur e 
of the crude petroleum and the r efining processes 
Uta! are used determine the characte1·istics of Ille 
fuel oil that is finally 1woduced. 

Certain characteristics must be known with 
r espect to each consignment of fuel oil. The most 
impor t.ant of these are viscosity, flash point, 
fire point , gr avity, calorific value, ash content, 
water content, and sediment content. These 
characteristics a1·e deter1nlned by various tests. 
Some of the tests a r e so complicated tha t they 
can be performed 011ly in a fully equipped lab­
or atory; but others are relatively simple and 
can be made on board s hip. It is most helpful 
to know the pm·pose of each fuel oil test and the 
pr ocedures fo r perfo1·mlng those tests made 
aboard s hip. 

Some naval ships a r e rurnished with an oil 
tes ting outfit. Tills outfit includes a viscosimeter 
for determining ttle viscosity of o il; a flash 
tester for determining flash point; a hydrometer 
for determining gravity; and a centrifuge tor 
determining the amount of water and sediment 
in oil. 

VISCOSITY 

The v;scosity of a liquid is a measure of 
its resistance to flow. A liquid is said to have 
high viscosity if it nows sluggishly, like cold 
molasses. It is said to have low viscosity if it 
flows freely, like water. The viscosity of oil­
and, indeed, of mo:;t liquids-is greatly :tffected 
by temperature. 

The viscosity o! fuel oil is usually expressed 
as the number of seconds requir ed for a given 
amount of oil to flow tli1·ough an orifice of a 
certain size, when the oil Is at a specified 
temperature. Devices used to me;.isure the rate 
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of flow are called VISCOSIMETERS or VIS­
COMETEllS. The viscoslmeter furnished for 
shipbOar<I use can also be used to measure the 
viscosity or lubricating oils. 

The vlscosimeter furnished ror Shipboard 
use ls a Saybolt viscosimeter wlth two orifices. 
The larger orifice ls called the SA YBOLT 
FUROL o rHice; the smaller one is called the 
SA YBOLT UNIVERSAL orifice. The Furol ori­
fice is used for measuring the viscosity of 
r elatively heavy oils; the Universal orifi ce is 
used for measuring the viscosity of relativeli• 
llght olls. li the viscosity of an oil Is likely to 
be more than 1000 seconds Saybolt Universal, 
use the Furol orifice. 

A Saybolt viscosimeter consists or an oil 
tube; a constant-temperature oil bath which 
maintains the co rrect temper atur e of the sample 
in the tube; a 60-cc(cublc centime te r) graduated 
r eceiving flask; therometers to measure the 
tempemture or the oil sample a ncl of the oil 
bath; and a liming device. 

A Saybolt viscosimet er ls shown in figure 
3-14. Figure 3-15 showsdetailsoruieviscosim­
eter oil lube. The general procedure for using 
the Saybolt viscosimeter i~ discussed here 
briefly. Detailed instructions ror using the de­
vice are given in chapter 9550(55), Bureau of 
Ships Technical Manual. 

The o ll to be tested is s t rained and poured 
into the oil tube. The tube is sunou11ded by the 
constant-temperatur e oil bath. When the oil 
sample ls at the corr ect temperatu re, the cork 
is pulled Crom the lower end of the tube and the 
sample flows through the orifice and into the 
graduated receiving flask. The time (in seconds) 
required ror the oil to fill the receiving flask to 
the 60-cc mark is noted. 

The visco.sity or the oil is expressed by 
lndicMlng three things: first, the number of 
seconds required for 60-cc to n ow into the 
receiving nask; second, t he type of orifice used; 
and tillrd, the temper ature of the oil sample at 
the time the viscosity dete rmin(1tlon is made. 
For example, s uppose that a sample or Navy 
Special fuel oil is l1eated to 122°F and that 
132 seconds are required for 60-cc or tile sam­
ple to now through a Saybolt Universal orifice 
and into the receiving flask. The viscosity of 
this oil ls said to be I 32 seconds Saybolt 
Universal at l22°F. This is usually expressed 
in a shorter form as 132 SSU at l22°F. 

Saybolt Furol viscosities a r e obtained at 
122°F. Saybolt Universal viscosities for fuel 
oil are always obtained at 122•F. Val"ious other 
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temperatures are used for obtaining Saybolt 
Universal viscosities of oils other than l\lel oils. 
The temperatures must ALWAYS be Included in 
the statement or viscosity. 

FLASH POINT AND FIRE POINT 

The flash point of a pet roleum pr oduct is 
the lowes t tempe rature at which lt gives off 
enough vapor to foi-m a flammable mixture wlth 
the air abOve the surface of the liquid. The fire 
point, also called the bu rning point, is the tem­
perature at which enough vapor is given off to 
continue burning afcer ignition. The fire polnt is 
usually 10" to 7Cf'F above the flash point. 

Two general types of testers are used to 
determine flash points and fire points: open-cup 
teste rs and closed- cup testers. In both types, 
heat is applied to the oil and, a t intervals, a 
s mall flame is passed over the surracc of the 
oil. The temperature at which tho oil flashes 
is the flash point; the temper atur e at which it 
continues to burn is the fire point. 

The open- cup tester is a lways used for 
determining fire points , since a free supply of 
oxygen is required. The closed-cup meUtod 
is used to determine nash points below 25ltF; 
for example- NSFO, Diesel Fuel, and JP-5. 
The open-cup method is used to determine flash 
points above 250°F; for example, lubrlcat!ngoils. 
In gene ra l, rJash points obta ined by the open-cup 
method tend to be about lO' F highe r than those 
obtained l>y the c losed-cup method. 

Figures 3-16 and 3-17 illustra te the closed­
cup apparatus that is used for determining 
flash points. The oil cup or container, which 
bas a tight fitting lid, rests in a heating jacket. 
stirring paddles, suspended in the oll cup, are 
operated by a flexible stirring shaft. While 
heat ls applied to the sample In the oil cup, the 
paddles a r e operated to ensure 11nifom1ity or 
temperature tln·oughout the sample. F rom time 
to time, a small fla me is tilted into the cup. The 
temperature at which the vapor flashes with a 
very slight explosl01r is the flas h \X>int otlhe oil 
sample. 

Each oil sample can be used for only one 
flash test. After one flash, some of the volatile 
vapors have been burned ocr and the volatility 
or the remaining oil is thereby reduced. 

SPECIFIC GRAVITY AND AP! GRAVITY 

The specific gravity or a substance is the 
r atio or the weight of the subsh\nce t.o the 
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38.213 
Figure 3- 14.-Saybolt viscosimeler. 

weight or the same volume of some standard 
substance, when both substances are under 
standard conditions or tempei·ature and pres­
sure. For solids and liquids, lhe standai·d 
substance use cl for com pa rt son is pure water. 
In engineering, the standard conditions for both 
substances are 60°F and atmospheric pressure. 
Pure water at 60°F and atmosphe ric pressure 
ls considered to have a specific g1·avity of l. 
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A substance lighter than water has a speclflc 
gravity of less than 1. A substance heavier than 
water has a specific gravity of more than 1. I! 
specific gravity is measured at some tem­
perature other than 60°F, it is con·ected to a 
value that will correspond with 60°F by the use 
of correction tables. 

The gravity of peh·oleum products is usually 
exp1·essed In degrees APl, in accordance with 
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38.214 
Figure 3-15.-Details of viscoslmeter tube. 

a scale developed by the American Petroleum 
Institute. The relationship between specltlc 
gravity Is given by the formula, 

141. 5 
specific gravity=--------

131. 5 + degrees API 

AP! gravities are usually corr ected to the 
standard temper ature of 60"F l>y the use of 
correction tables. 

Hydrometers are used to measure both spe­
cific gravity and AP! gravity. The hydrometer 
that is nor mally used for testing fuel oil Is 
graduated in degree~ APL 

A hydrometer ls shown in figure 3-18. The 
it1st1·ument is immersed in a glass container 
of oil, in which It floats . The readh~g is taken 
from the graduated scale at the level of the 
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38.215 
Figure 3-16.-Closed-cup apparatus ror 

dete1·mi11ing flash point. 

L 

38.216 
Figure 3-17. -Diagr ammatic view of closed­
cup apparatus !or determining !lash point. 



ENGINEERING, OPERATION AND MAINTENANCE 

38. 217 
Figure 3- 18.-Hydrometer. 

liquid. The oil to be tested must be thoroughly 
stirred so that it will be uniform in density 
and temperature when the hydrometer and 
thc1·mometer reading Is made. Tbe hydrometer 
and the glass container that is used to hold the 
oil must be clean and dry at the beginning of. the 
test. The hydrometer reading must not be taken 
untll all air bubbles have disappeared from the 
surface of the oil. 

CALORIFIC VALUE 

The calori!ic value of a fuel oil ls the amount 
of heat produced by the complete combustion 
of a sample of specified size. Calorific value is 
sometimes expressed ln calories a1\d sometimes 
in Btu. A calorie is the amount of heat required 
to raise the temperature of l gr am of water 
1 degree Centigrade. A Btu is the amount of heat 
required to raise the temperature of 1 pound 
of water 1 degree Fahrenheit. One Btu is equal 
to approximately 252 calories. 

Calorific values can be measured only by 
complicated laboratory tests that are not nor­
mally made aboard ship. 

ASH CONTENT 

The amount of noncombustible material In a 
petroleum product is known as the asb content 
or the substance. To determine the ash content, 
a sample of oil is weighed in a small crucible 
and burned until all combustible material is 
gone. The residue left In the ctucible is called 
ASH. The ASH CONTENT is determined by 
calculating the percentage of ash In the original 
sample. The dete1·mination of ash content is 
normally a labor atory procedure rather than a 
shipbOard procedur e. 

WATER AND SEDIMENT 

Fuel oil sl\ould be tested for water and sedi ­
ment before It is taken abOard. Fuel oil In the 
tanks should be tested for water once each week 
and a.gain before the oil is drawn for us e. 

Before fuel oil is trans fe rred to a fuel oil 
service tank, and before a service tank is lined 
up for service pump suction, thetankfromwhich 
the oil Is to be drawn must be checked for tile 
presence of water. Approxi mately 150 to 300 
gallons of oil should be pumped to the con­
tamlnated oil settling tank, using the stripping 
system pump and the low suction connection. 
While this oil is being pumped, a sample, taken 
through the test connection on the discharge side 
of the stripping pump, should be examined for 
the presence of water. 

In the sample, water may appear eltl1e1· in 
emulsion or In a clearly separable form, 
depending upon the temperature Of the Oil, the 
amount of mechanical agitation to which It has 
been subjected, and other factors. If water is 
present, s tripping of the tank should be con­
tinued until test samples show that the oil is 
free of water. 

When there is any doubt as to the presence 
of water in the oil, a sample of the oil should be 
tested in a centr ifuge. A centrifuge is a machine 
Which utilizes centrifugal force to sepa rate water 
and sediment from the oll. Some centrifuges used 
aboard ship are electrically driven, like the one 
shown in figure 3-19. Others ar e driven by nanc:t. 

The oil to be tested ls placed in graduated 
glass tubes of the type shown In figure 3-20. 
The tubes are placed in the centrifuge in an 
upright position, in metal tube carr iers. The 
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38,218 
figure 3-19.-Centrifuge. 

piece which carries the tubes in their tube 
carriers is rotated at about 1400 to 1500 rpm. 
Centrifugal force causes the bottom of the tubes 
to move outward, so that the tubes are in a 
horizontal plane. The water and sediment, lieing 
heavier than the oil, are forced to the outer tip 
(bottom) of the glass tubes. When the tubes are 
removed from the centrifuge after having been 
whirled for the specified length of time, the 
water and sediment will be at the bottom of the 
tubes. Since the tubes are graduated, a direct 
reading can be made of the volume of water and 
sediment from the marks on the tubes. Centri­
fuge tubes were formerly marked in cubic centi­
meters, but are now being marked in milliliter s 
(ml). Full ins truc tions for using a centrifuge 
are given in chapter 9550 (55), Bureau of Ships 
Technical ll'!anual. 

Samples of oil fr om tanks may be obtained 
either by means of the test connection on the 
discharge side of the stripping pump, as de­
scribed before, or by means of devices called 
THIEF SAMPLERS. Two types of thief samplers 
are shown in figure 3-21. These samplers may 

38.219 
Figure 3-20.-Centrifuge tube. 

be made up on board ship or obtained h·om 
naval repair activities. 

Both of the thief samplers shown in figure 
3-21 may beusedinstandardl 1/2- inchsounding 
tubes or in larger openings. The bottle-type 
sampler on the left side of the illustration i s 
suitable for use wher e it is not necessary to 
obtain a sample from the very bottom of the 
tank. The weight of U1e bottle is carried on the 
stopper; a quickjerkofthecordorwire removes 
the stopper so that a sample may be taken at 
and desired level above the bottclm of the tank. 

The sampler on the right side of figure 3-21 
s hould be used when it is necessary to take 
samples from the very bottom of the tank. If a 
pull cord is attached to the valve stem, this 
sampler may also be used to take samples at 
other levels. 

All thief samplers should be made of non­
ferrous metal to reduce the possibility of spark­
ing. 

Water contamination of fuel oil should be 
pr evented. Water in the fuel oil is a serious 
engineering casualty that can lead to a se r ies 
of other casualties. Sea water contamination is 
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38.220 
Figure 3-21.-Thicf samplers. 

a particular problem because, in addition to 
lnterfcrring with the cor r ect ope1·ation of the 
bur ner s, it can cause extreme damage to 1·e­
fractorles even if the amount <)f sea water is 
so slight that you cannot notice any effect a t the 
bur ne1·s. To prevent water contamination of the 
fuel oil-or, it that ls impossible, to at least keep 
the contaminated oil from reaching the burners­
it is necessary to: 

I. Make the requir ed tests of fuel Oil when 
fueling ship. 

2. Sample and test fuel oil in s tor age, 
service and standby tanks as often as necessary 

3. Keep the fuel oil systems (including 
valves, vents, tanks, and piping) In good con­
clllion.· 

4. Follow cor rect proceduresior separ a tlng 
water and oil in contaminated oil settling tanks. 

Oil and water mi.xtures in contaminated oil 
settling tanks should be allowed to settle as 
long as possible before separation of the liquids 
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is attempted. The tank heating coils should he 
used to warm the mTh.iure so that the water and 
oil will separ ate more rapidly. When the water 
has settled to the bottom, the st l'ipping pump 
should be used to discharge tl1e water overboard 
through the low suction connection. 
CAUTION: This water mus t not be dischar ged 
overboard near shore or in .. esh'ictecl waters. 
Even undel' the most favorable conditions , some 
traces or oil a l'e a lmost sure to go overboa1·d 
wiU1 the water. 

After removing the water from the con­
taminated on settling tank, a sample or the 
r emaining oil should be taken and tested in t he 
cent rifltge to see if it is Cr ee of water . If tlw 
oil is found to be suitable for boiler use, it 
sboulcl be drawn through tbe high suction con­
nection and discharged to a service tank. 

MAINTENANCE OF FUEL OIL EQUIPMEN1' 

This section deals with the inspection, main­
t enance and repair of fuel oil bur ners and with 
the procedur es for cleatting and testing fuel oil 
hea ter s . Additional information on fuel oil 
bur ners and heaters, and other Items of fuel 
<)ii equipment, may be obtained fr om either 
BuShips Technical Manual (chapter 9550) or t l1e 
manufacturers technical manuals !or tile specific 
equipment. 

FU.EL OIL BURNERS 

Fuel oil bumers must be cor rectly installed, 
maintained in proper position and alignment, 
and kept cleM an\! free of defects. Since atomizer 
parts wer e discussed eal'lie r in the chaplet-, 
the following sections deal wit h some aspects 
of burner installation and maintenance tha t may 
be of particular impor tance aboard s hip. 

Installation and Care of Air Registers 

The stationary air foils 01· bladed cones 
should be installed befor e the r efractory or 
burner tile of the burner front is Installed. The 
air foils flt over the ends of bolts tha t a re fast ­
ened to the inner front plat e. After the s tationary 
a ir roils have been fitted over the ends of the 
bolts, the rmts s hould be tightened enough to 
hold the ah· foils <firmly in place. The burner 
front forms should then be fastened in place and 
the refractory or burner tile installed. 
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It is essential that exact dimensions be main­
tained in setting up the refractory of the burner 
front. At this point, it should be emphasized 
again that the burner openings must be precisely 
concentric around the atomizer and that the slope 
of the burner cone opening must be precisely 
as specified in . the plans. If the burner is not 
1!11ed up properly with respect to the burner cone 
ope11ing, flame impingement, damage to re ­
fractories, and poor combustion will probably 
result. 

All parts of the air register-the air foils, 
tile diffuser plate, ancl the air doors-should be 
checked at frequent intel·vals to make sure they 
are operating properly. In pal·ticular, new or 
newly assembled installations should always be 
checked before being put into operation. 

All air surfaces or tile register must be 
kept clean and free of oil, carbon, or dirt. Air 
doo1·s, air foils, air scoops, and diffusers should 
be wiped off at frequent intervals. The slots in 
the diffuser plates must be enti1·ely free of 
material that would impede the flow of air. 

Pos itioning the Ato1nizer Barrel 

The position of the atomizer barrel in the 
distance piece should be checked from time to 
time and adjusted if necessary by screwing the 
distance piece in Or out untll the proper relation­
ship exists bet.ween the face of the atomizer tip 
nut and the diffuser plate. This setting of I.he 
distance piece, which varies for different types 
of burners, must not be changed without con­
sul ting the manufacturer's technical manual or 
the boiler plans. 

Posilioning the Burner Assembly 

After the s tationary air foils and the re­
fractory burner cone have been installed, and 
after the atomizer barrel has been correctly 
adjusted in tile distance piece, the entire burner 
assembly can l'Je inserted through the opening in 
the outer casing. /\ piece called a SPOOL is 
fastened to the outside of the inner casing. As 
the burner assembly is inserted through the 
opening in the outer casing, it should be centered 
on the studs provided in the spool. Afte r the 
burner asse.mbly has been centered, it should be 
bolted firmly to the outer casing. The piping con­
nections to the burner mainfold can then be made 
up and tile unit will be 1·eady for operation. 

Use of Gaskets 

All gaskets used in a fuel oil burner assembly 
,must be of the proper dimensions and material 
and must be installed exactly as specified in the 
manufacturer's technical manual. Failure to use 
the correct type or size of gasket or failure to 
position the gasket correctly is likely to cause 
fuel oil leakage and poor atomization. 

Before burner gaskets are installed th e 
seating surfaces sllOuld be cleaned carefully. 
The seating surfaces should be smooth and true, 
without nicks or other irregulariiies. If the 
seating surfaces are not perfectly true, it may 
be advisable to use high pressure packing in­
stead of a regular gasket, as a temporary or 
emergency measure . Ho\vever, the seating sur .. 
faces should be trued up and a proper gasket 
installed at the first opportunity. 

On burner s that have safety shutoff valves 
or other automatic safety devices, the thickness 
of the gaskets is particularly important. Using 
a gasket that is too thick may prevent Cull opening 
of the safety check valve and thus reduce the 
pressure available for atomization of the oil. 
When selecting gaskets always use BuShips 
packing chut B-153 and refer to chapter 9950 
(95) of the Bureau of Ships Technical Manual. 

Maintenance of Burner 
Safety Devices 

On all nev.• construction, fuel oil burners are 
fitted with safety shutoff devices that close 
automatically when tile atomizer assembly is re­
moved from the burner. These safety shutoff 
devices prevent spillage of oil if an atomizer 
should be removed whlle the burner root valve 
is still open. 

Maintenance of. the burner safety devices ls 
ext1·emely important because defects in a safety 
device could easily interfere with combustion. 
The information on maintenance given here ap­
plies specifically to tile Babcock & Wilcox burner 
safety shutoff valve shown in figure 3-22. For 
inforn1ation on the nlaintenance of other types 
of burner safety devices, consult the manu­
facturer's technical manual. 

DISASSEMBLING THE SAFETY SHUTOFF 
VAL VE. -To disassemble the valve, first un­
screw the encl cap and remove it. The 0- ring 
packing tends to hold the encl cap finnly in place, 
so removal may be somewhat difficult. Next 
remove the camshaft nut and withdraw the 
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Figur e 3-22. -Safety shutoff va.lvc for BabcOCI< & Wilcox fuel oil burner. 

camshaft and lever assembly. Remove the 
pistonhead, together with a ll par ts that are 
fastened to the pistonhead. 

No further disassembly Is r equired in order 
to replace the 0-rinit packing. llowever, if it. 
is necessary to replace other parts 01· if it is 
necessary to gr ind in the valve seat to the seat 
piston. the valve must be taken apart. To con­
tinue disassembling the valve, r elease the 
pislonhead by loosening the Allen setscrew. 
Unscrewing the pistonhead from tbe seat piston 
holder gives access to the spring. Loosen t.he 
Allen setscrew in the cam piston, and unscrew 
the cam piston from the valve disk stem. At 
this point the seat pis ton can be removed by 
bringing it thr ough the seat pis ton holder. The 
valve is now completely disassembled and ready 
!or any required r epairs or n ,pJacemenls. 

REASSEMBLING Tl-lE SAFETY SHUTOFF 
VALVE. - Burner safety devices must be very 
carefuUy reassembled so that all p" rts [it 
together as they should and a ll designed clear­
ances :tre maintained. To reassemble the valve 
shown in figure 3-22, fii·st insert tbeseatpiston 
through the seat piston holde1· and insert the 
valve disk stem through the seat piston. Then 
position the valve spring over the valve disk 
stem, as shown in figure 3-22. Replace the 
pistonhead in the se:tt piston holder, making it 
up hancltight. Then r eset the Allen setscrew to 
lock th ls part of the assembly. Attach the cam 
piston, screwing it onto the valve disk stem until 
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only about three thxeads remain visible. Now 
inser t the enti re valve assembly into the valve 
body. Set the camshaft and lever assembly in 
place, threading tile camshaft nuthaudtight on its 
seat. 

To make the final adjustments, Insert the 
blade of a screwdriver through the center of 
the pistonhead and engage the slot or the valve 
disk Stem. With tbe lever in the closed position 
(vertical} hold the lever lightly and turn U1e 
sc r ewdriver clockwise as for as it will go. 
Then back off one-eight of a t.urn, to provide 
the necessary clearnnce at the cam. Release the 
lever, back off the camshaft nut, and remo•te 
the cams haft and lever assembly. Wilhd1·aw 
the pis lonhead from the body and tighten the 
A.lien setscrews to lock the cam piston in place 
on tho valve disk stem. 

Replace the entire valve assembly in the 
body, being sure tha t the open end oC the cam 
piston faces upward. Replace the camshaft and 
lever assembly and take up the camshaft nut 
wiU1 a wrench. Replace the end cap, using a 
w1·ench. The valve Is now 1·eassembled and 
ready for operation. 

FUEL OIL HEATERS 

This section deals with information conce rn­
ing testing, clea1ling, repairing, reassen1bling, 
and r e installing fuel oll heaters. The Information 
which follows is gene1·ally applicable to all types 
ol fuel oil beaters (discussed earlie r in the 
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chapter) used aboard ship. For speclflc details, 
the manufactu1·e1·'s technical manual should be 
consulted. 

Testing f'uel Oil Heaters 

The following tests are required for fuel 
oil heaters installed in the fuel oil service 
system: 

1. Whenever a fi r eroom has not steamed for 
a pe riod of more than a week, and In any case at 
least once each quarter, the entire system on the 
discharge s ide of the fuel oil service pump must 
be subjected to an oil p1·essure equal to the au­
thorized setting of the fuel oU service pump dis­
charge relief valve. This test, of cou1·se, includes 
the fuel oil heaters. While under test, the fuel oil 
heaters must be inspected !01· signs of leakage at 
all joints. The recirculation system lsuseddur­
ing this test, and the oil Is heated to a tempera­
ture corresponding to a viscosity of200seconds 
Sayboll Universal. 

2. When any part of tile fuel oil system has 
undergone repairs U1at might affect either the 
lightness or the s trength of any part, the e11tlre 
system including the fuel oil heaters must be 
subj ected to an oil pr essm·e equalto 150 p<n·cent 
of the designed oper ating pressu1·e. Jn addition, 
the steam side of the heater (Including the piping 
from the heate1· steam throttle valve to the drain 
dischar ge cutout valve) must be subjected to a 
hydrostatic test pressure equal to the designed 
steam operating pressure or the heater. 

3. At least once each year, the steam side 
or all fuel oil heaters lincludlng the piping from 
the throttle valve to the drain discharge valve) 
must be subjected to a hydrostatic test pressure 
equal to the designed steam ope1-ating pressur e 
of the heater. 

4. Every 5 year s, the steam side of the ruel 
oil heaters must be subj ected to " hydrostatic 
test 1wessur e of 1 1/2 times the designed steam 
operating pressure of the heater. 

Cleaning Fuel Oil Heaters 

Most fouling on the oil side of fuel oil heaters 
Is caused by overheating the oil. As a rule, fuel 
oll heaters should be cleaned eacb time the 
boiler is overhauled; if this is done, there should 
be little need to clean them aloU1er limes unless 
abnormal operating conditions cause excessive 
fouling. 

Manual cleaning ls appro,·edO!\!..Y for Type B 
and Type D heaters, and then only if it is done 
in strict accordance with the manfacturer's 
instructions. A chemical method of cleaning 
based on the recirculation or a water-diluted 
heavy duty degreasing compound is approved !or 
a ll types of fuel oil healers. The mater ials :tnd 
equipment required for the chemical cleaniug 
of fuel oil heate1·s a r e: 

1. The cleaning agent. This is a heavi•-rluty 
degr easing compound conforming to specifica­
tion MIL-C-20207C. This compound may be 
obtained h·om standard s tock in 55- gallondrums 
and in 5-gallon cans. 

2. A small, low-capacity pump. The fuel oil 
service pumps and other permanently installed 
shipboard pumps should NOT be used !01· this 
service, since the cleaning compound may attack 
certain kinds or packing. A spare water-ci rculat­
ing pump from some types or boat engines, con­
nected to a small electric motol' that operates at 
about I 750 rpm, makes a ~alisfactory pump for 
this use. 

3. A steam coil or immersion heater for 
heating the cleaning solut.ion. 

4. A mixing tank or drum. 
5. A pressure gage. 
6. Piping and pipe fittings. 
The general anangement fo1· reci1·culat­

ing the cleaning co mpound through a fuel 
oil heater is s hown In figure 3-23. The pro­
ceclure for cleaning should be in accordance with 
the Naval Ship Systems Command r econunen­
dations. 

The following precautions should be observed 
when a fuel oil heater is being cleaned: 

I. Never substitute any other chemical for 
the specified degreasing compound. unless pe1·­
missio11 is obtained from the NavalSbipSystems 
Comn1and. 

2. Do not use degreasing compound on 
aluminum or ilnc surfaces. 

3. Do not lei the compound come in contact 
with skin ox eyes. Wear protect.ive equipment 
such as rubbe1· gloves, rubber aprons, and 
goggles. U the compound does come in contact 
with skin. wash It off immediately with cold 
\vater. 

4. The vapors of the deg1·easing compound 
are relatively nontoxic. However, the area 
should be kept well ventilated during the entire 
cleaning process. 

5. Dispose or all oil-contaminated solutions 
in accordance with lhe provisions of the Oil 
Pollution Acts. 
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HEATER INLE_T __ l-;-J.---------'--"'-
PRESSURE 
GAGE 5 TO 10 
PSI 

CLOSEO 
STEAM C.Q.L 
OR IMMERSION 
TYPE HEATER 

30 OR 50 GAl. 
DRUM oA: 
MIXING T ANK 

TEE F ITTING w i Tll 
PIPE Pl.UG FOR 
PRIMING PIJ\1P 

'-CRAIN PLUG 

MOTOR - ORIV'EN 
PUIAP-- 1750 R?M 

96.36 
Figur e 3-23. - Arrangement for cleaning fuel oil heate r by i·ec lrculation Of degr easing compound. 

Reinstall ing Fuel 
Oil Heater s 

Fuel oil heaters that have been disassembled 
for manual cleaning or for inspection Collowjng 
chemical cleaning must be very carefully reas­
sembled. Before or during reassen1bly, all bear­
ing surlaces or gasket ed Joints should be cleaned. 
Gasket mater la ls should confor m to the spec ifi­
cations given on the applicable d rawings. Gas ­
kets cut fl'Om s heet stock mus t Ile accul'a te ly 
la ld out to ensure a proper flt. Bo lted joints 
should be tightened evenly . 

When heaters have been r emoved tor clean­
ing, they should be hydr ostatlcally tested on botJ1 
the oil side arid tJ1e steam side before they are 
reinstalled. This procedure will show up leaks 
which might not otherwise be noticed until the 
whole rucl oil syst em is placed under test. 

When heater s a r e being r e installed, any 
shims u~e(l in the original i11stallation mus t 
be COl'l'eCtly placed so as to ensure proper 
a lignment. of the hea ter and the piping. In units 
that have slotted holes in the su11pc1·ts to per­
mit exoanslon o! the umt, the holddown bolts for 
these holes should be tightened only enough to 
make a snug flt. When reconnecting the steam 
and oil piping to a fuel oil heater, all flanges 
must be clean, gaskets must be In goO<I condition 
and n~~de ol the specified material, and all bolted 
joints should be taken up evenly. 

Before r einstalling a fuel oil heater, be 
SURE to remove any blanks that may have 
been used during the cleaning oC the l1eate1". 

116 

FUEL OIL STOWAGE AND HANDLING 

Detailed Information concerning fUcl oil 
stowage and handling is given in chapter 9550(55), 
Bureau of Ships Technical Manual. The present 
discussion deals wjth some aspects of fuel oil 
stowage and handling. 

FILLING FUEL OIL TANKS 

The rated full capacity of a fuel oil tank is 
95 percent or the total capacity, ail.er allowance 
has been made for all obstructions and struc­
tures In the compar tment. The remajnlng 5 
per cent of the Space must remain free to allow 
for expansion of the oil. Care should be taken 
to see that oil tanks are never filled beyond tbe 
95-percent level. 

Fuel oil tank overflow systems :ire provided 
to reduce the danger of overst ress lng fuel oil 
tanks by s ubjecting them to excess1vepressur e. 
Howeve r, the overflo'v systems C3nnot con1 .. 
pletely eliminate this ha,,ard unless cer tttl11 
operating precautions are obse rved. Precautions 
concer ning the fllllng of tanks and the use of the 
tank overflow systems are given In the man­
ufacturer's technical manual for the ship's piping 
systems. 

Fuel oil storage tanks are fitted with air 
escapes. The air escapes have removable flash 
scr eens at the outlet. The flash screens must 
be Inspected and cleaned at least once each 
quarter and r eplaced when necessary. 

Automatic air escape valves and nonreturn 
valves that are accessible from outside the 
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tanks should be inspected and cleaned at least 
once a year , and more often if necessary. 
Automatic air escape valves and nonreturn 
valves that are access ible only from inside the 
tank should be inspected and cleaned whenever 
tile tank is cleaned. Failure of these valves could 
cause serious tank dan1age by allO\ving exce~sive 
pressures to build up inside the tanks. 

Liquid level indicating systems of the s tatir. 
head type are ins ta lled in many fuel oil tanks. 
Indicators for the level indicating system are 
either liquid manometers or differential pres­
sure gages. Manometers have two scales. The 
right-hand scale is graduated in hundreds of 
gallons of the liquid using the average specific 
gr a,•ity of the liquid at 60'F. Tile l eft- hand 
scale is graduated to r ead in feet and inches 
of pressure head equal to the height<>f the liquid 
in the tank. DiJierential pres sure gages have 
scales graduated in hundreds of gallons . Usu­
ally the 5 percent and the 95 1>et·cent full 
marks are prominently marked on the s cale . 

Tank capacity curves, generally available for 
eac:h tank, indicate the capacity of the tan!< (in 
gallons), at each foot height of liquid level. 
The curves a lso show the location of the upper 
and lower datums (the location of the air bells 
above the bottom of tile tank). The lower datum 
is below the 5 percent full, and the upper datum 
above the 9 5 percent full. Absolute empty or 100 
percent full points cannot be indicated. 

Static head liqulcl level indicating systems 
consist of air bells a t the top and bottom of the 
tank, tile indicator (usually a tr ansparent column. 
liquid manometer), and piping connecting the air 
bells to the high and low pressure connections 
on the indicator. The indicating systems fre­
quently are designed to allow low pressure air 
to flow through t he piping from the indicator, 
through the air bell, into the tank; this prevents 
liquid from collecting in the system, caus ing 
erroneous readings. 

BALLASTING AND DEBALLASTING 

Most combatant ships arc provided with 
waler ballast compensation systems. These 
systems allow selectecl fuel oil tanks to be 
flooded with sea water in order to p1·ovide 
stability, torpedo protection, and protection 
from initial list in the event of underwater 
damage to the s hip. 

A specified s equence must be followed so 
that tanks and voids will be ballasted and 

deballasted in proper sequence. When one fuel 
oil storage tank is almost empty, the fuel oil 
contained in it is pumped to another tank and 
the empty tank is then filled with sea water. 
The ballasting and deballasting plan specifies 
the sequence that will best maintain stability 
under various conditions. 

Fuel oil tanks must be comple tely emptied 
of oil before sea water is admitted and com­
pletely emptied of sea water before they are 
refilled with fuel oil. 

MAINTENANCE OF FUEL OIL TANKS 

Fuel oil tanks are not painted on the inside 
but instead are protected fl'Om corrosion by the 
oil film on the inner surfaces. In order to 
maintain the protective oil film on all inner 
surfaces, the Na val Ship Sys tems Command 
requires that all fuel oil tanks be pumped full, 
to their overflow capacity, at least once each 
year. 

Wheneve r a fuel oil tank is cleaned and made 
safe for personnel , a complete inspection of the 
tank must be made. At the same time, the 
heating coils must be tested and inspected. Fuel 
oil tanks and tank heating coils a r e inspected 
on schedules es tablished by the Naval Ship 
Systems Command. All tests, inspections, clean­
in·g, and repairs of fuel oil tanks, fuel oil tank 
heating coils, and fuel Oil tank fittings must 
be entered on the applicable hull history card. 

Aboard ships that are not fitted with water 
compensating-systems, at least one fuel- oiltank 
must be cleaned and inspected every 18 month$. 
These inspections can usually be accomplished 
most expediently during the sllipyarct-overhaul 
period. The ta11k designated should be one in 
which the most extensive deterio ra tion is ex­
pected. 

Ships fitted with water-ballast compensating 
systems should clean and inspect at least ten 
percent of the tanks that have beenfloodectdm·ing 
the preceding l 8-moi1th period. NO more than 
four tanks, however, needbe inspected during any 
18-month per iod. 

Cornnlanding officers nluSt detern1ine, from 
the results of these routine inspections, whether 
or not the inspection of additional tanks is 
necessary. 

Cleaning fuel-oil tanks or entering these 
tanks fo1· inspection, involves hazards to per­
sonnel and material if the prescribed safety 
precautions are not rigidly adherect to. The 
procedures for entering and cleaning fuel-oil 
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tanks are described, in detail, In chapter 9550 
(55), of the Bureau or Ships Technical 
Manual. 

A record or all inspections, cleaning, tel.ts, 
and repairs, of fuel oil tanks and their fittings 
should be entered In the material history. 
An annual entry should also be made tor each 
fuel-oil tank In the ship, indicating the date 
when the lnnk was last Inspected. 

RECEIVING FUEL OIL 

Before receiving fuel oil, soundings or 
readings should be taken on all fuel oU storage 
tanks and all Cue! oil service tanks. A statement 
shOwlng the amount and location of all fuel oil 
on board must be submitted to the ofil~er in 
charge or ruollng. 

Ballusted tai1ks must be deballasted and 
stripped as soon as possible alte r fueling is 
planned. All service tanks and as many s tor age 
tanks as possible s hould be topped off to the 
95-percont level in order to reduce the number 
of tanks that must be filled while !uellng. 

When fuel oil ls recelvedfromanavalsource 
of supply such as a naval ship, a naval storage 
tank, or a naval fuel barge, the activity supplying 
the oil must furnish the commanding officer or 
the receiving shlp with an analysis or the oll. fI 
possible, an officer and the oil king of the re­
ceiving ship should witness soundings and the 
drawing or samples from the tanks of the sup­
plying activity. The samples must be taken from 
the suction level or the tank from which the oil 
is to be drawn. One sample should be taken 
before loading Is started; another should be 
taken after loading Is completed. Both samples 
must be centrifuged to determlne thepercenl.age 
or sediment and water In the fuel oil. 

Whe1t fueling Is accomplished at sea, it may 
be Impossible tor the supplying ship to furnish 
a complete analysis or the oil and for the re­
ceiving ship to send representatives lo witness 
the soundings and the sampling. In this case, the 
supplying vessel furnishes a statement or the API 
gravity and the sediment and water content of the 
oil. The receiving ship must then take samples 
during delivery and make tests to determine the 
percentage or sediment and water. The samples 
should be taken by dipper from the tank that is 
being tilled, or drawn through connections in the 
dellvetJ' pipe line. Smalhamples should betaken 
and accumulated to make a total sample of at 
least 5 gallons. Smaller samples for tests are 
then talten from the total sample. AU containers 

used for taking and accumulating samples must 
be completely clean before being used. 

As fuel ls coming aboard, the oil king must 
keep a close watch on the levels !nail tankS. He 
must keep the fueling o!Cicer Informed con­
cerning tank levels so that the pumping rate can 
be s lowed wllen necessarv. 

After fueling has been completed, soundings 
and pneumercator readings must be t.'ken to 
determine the amount of oil received. The 
amount received, the time at which the fueling 
operation began and the time at which II ended, 
and other details must be reported to the orrtcer 
i n charge of fueling. ComputaUons of the amount 
discharged and received are exchanged between 
the deliverlrig and receiving shlpsoncompletion 
or rue ling via normal means of communications. 
Computations are compar ed and tho results or 
the comparison are reported to the engineering 
log room and discrepancies (i! any) noted. 

SAFETY PRECAUTIONS 

All petroleum products, including fuel oil, 
are dangerous I! not properly handled. Fuel oil 
vapors a r e flammable and explosive, and they 
are dangerous if inhaled. Benzene (Benzol) 
should NOT be used below decks or In enclosed 
spaces because or the Cit·e ha~a1·ds Involved in 
its use. Some of the most Important p1•ecautions 
to be observed ln connection with fuel oil and 
fuel oil equipment are as follows: 

1. Do not allow anyone to smoke, when re­
fueling. 

2. Use only approved types of protected 
lights when working near fuel oil. 

3. Do not allow oil to accumulate In bilges 
and voids. The vapor from even a small pool 
of oil could cause an explosion. 

4. Never raise the tempera tu re or Cue I oil 
above 120" F In fuel oil tanks; 01·, I! the tanks 
are next to a magazine, nevo1· aJlow the oil to 
become hot enough to raise tho temperature or 
the magazine above 100° F or to maintain a 
temperature or more than 90" F 111 the magazine. 

5. Never raise the temperature of fuel oil 
above the nasb point in any part or the system 
except betw«n the fuel oil heaters and the 
atomizers. 

6. Never exceed the designed pressure in 
any part of a fuel oil system. 

7. Do not a llow smoking or the use of any 
open name or any spark-prOd\1clng obJect In 
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the Immediate vicinity of vent pipes from fuel 
oil tanks. 

8. Be sure thal the wire screen protectors 
in the vent pipes are kept intact. Do not allow 
them to be painted. 

9. REMEMBER THAT FUEL OIL FUMES 
ARE DANOe:nous IF INHALED. The effects 
range from eye in·itation, headache, and 
dizziness to suffocation and unconsciousness. 
Any person suffering from inhalation of fuel 
oil fumes should be given first aid im­
mediately. Remember, also, that a person 
who is suUering only mild effects from 
Inhaling fuel oil fumes may be confused or 
drowsy enough to cause a serious acci­
dent. 

IO. Do not enter, and do not allow anyone 
else to enter, any fuel oil compartment which 
has not been declared SAFE FOR MEN by the 
gas -free engineer. Permission must always be 
obtained liefor e any person is allowed to enter 
a fuel oil tank. 

11. When your ship is indrydock, take every 
precaution to prevent oil draining from the ship 
Into the dock. 

12. Take every precaution to keep oil from 
spraying out into tbe furnance without being 
burned. Accumulations of oil on the furnace deck 
are very dangerous. 
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13. Be sure that all atomizer parts ai-e clean, 
polished, and free from blemishes, scratches, 
and deposits before using them. Do not tamper 
with atomizer parts. Never make any changes 
in the dimensions of any sprayer plate or other 
atomizer pa1·t. 

14. Never use steel wire or steel tools to 
clean atomlwr parts. 

15. Do not overtighten the a toml zer tip 
when assembling an atomizer. Repeated ovcr­
tightening of the tip will undercut the sprayer 
plate ancl reb-ult In oil leakage. 

16. Keep the burner root valve FULLY 
OPEN when the bumers are in operation and 
FULLY CLOSED when the burners are secured. 

17. When burners are secured, remove the 
atomizers if feasible. During a sta.ndby period, 
when the s hip Is maneuvering, or when other 
conditions make it impracticable to r emove the 
atomizers, withdraw the atomizers as far as 
possible. 

18. Periodically, the burner s should be 
checked to see that they are in good condition 
and that all settings and dimensions are exactly 
as specified. 

19. Measures should be taken to ensure that 
all shielding around flanged joints and strainers 
be replaced after maintenance or repairs have 
been completed, 



CHAPTER 4 

BOILER WATER AND FEED WATER TESTS 

The primary purpose of conclucting tests of 
the water both In the feed system and the 
stowage tanlcs, and also in the baller itself 
is to determine its characteristics so that 
necessary water treatment may be carried out. 
A clear understanding of Ille qualities desired 
in feed water and boiler water is essential to 
an undei·standlng of the Indicated test 
procedures. The major purpose of this chapter 
is to present the subject Of water h'eatlng and 
testing In such a way that officer personnel can 
become thoroughly familiar with II, 

BOILER WATER CONTAMINATION 

Modern naval boilers cannot be operated 
safely and el'ftclently without careful control ·of 
boller water quality. If boiler water conditions 
arc not witJiln a llowable limits, the high operatln~ 
pressures and temperatures of modern bollors 
will lead to rapid deterioration of the boiler 
metal, with the possibility of serious casualties 
to boiler pressure parts. 

Maintaining boiler water In Uie required 
condition Is therefor e an extremely important 
job. In order to control the quality of boller 
water, lt Is Important to have bOth theoretical 
knowledge and practical skill-knowledge of 
boiler water pr oblems and treatment, and skill 
i n making boiler water tests. 

However, before discussing boiler water 
problems, a knowledge of sources of contami­
nation will be most helpful. 

Sea water, the sour ce of practlcallyall fresh 
water used aboa rd ship, contains nbout 35,00-0 
parts per million of sea salts. This is equiv­
alent to roughly 70 potmds or sea salts per ton 
of water. When sea water is evaporated and the 
vapor IS condensed in tile distilling plant, the 
resulting distillate contains about l . 75 ppm of 
sea salts or roughly 70 pounds per 20,000 tons. 

In other words, distillate !S actually 
DILUTED sea water-sea water that Is diluted 
to about 1/20,0-00 oC its original concentration. 
It is not "pure water ." In considering water 
problems and water treatment, one must re­
member that the basic impurity of sea water 
distillate would make water treatment necessary 
even If no other impurities entered the water 
from othc1· sources. 

The snits that are present In sea water­
and, therefore, to a lesser extent in distillate­
are chiefly compounds of sodium, calcium, and 
magnesium. 

SEA WATER is most likely to enter the 
system at the following points: 

1. Maln and auxiliary condensers . 
2. Distilling plant evaporators, condensers, 

and air ejectors. 
3. Drain collecting tanks, open funnel drains, 

and drain lines that run through or terminate 
In the bilges. 

4. Feed suction lines tliat run Uirough bilges. 
5. Rese rve feed tanks (leaky seams or open 

sounding tubes). 
6. Bot tom blow valves on idle boilers. 
FUEL OIL may enter U1e feed system and 

eventually be carried to the boiler. The most like­
ly sources of rue! oil contamination a re the rue I 
oil heaters and the fuel oil tank heating coils. 

LUBRICATING OIL from the main lube oil 
system may enter the condensate system through 
tile turbine l(land seal system. 

RUST PREVENTIVES or PRESERVATIVES 
used In new or activated ships may enter the 
condensate system or the feed system from a 
number of different sources. 

DISSOLVED OXYGEN contamination results 
from defects In the deaerating Cecd tanlc, Im­
proper operation of the deaerating reed tank, 
air leakage Into any part of the system, and ­
most commonly-failure to secu1·e the boilers 
and lay them up in accordance with prescribed 
procedures. 
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CORROSION PnODUCTS may be picked up 
from piping, valves, and machinery at various 
points in the steam-water cycle. These corro­
sion prOducts, like other contaminating mate­
rials, tend to be carried to the boiler. 

WATER TREATMENT CHEMICALS must 
also be considered as contaminants of the boiler 
water. Al though Uie chemicals arc necessary, 
they do Increase the amount of foreign matter 
in the boiler water. 

MINERALS PRESENT IN SHORE WATER 
introduce an entirely now set of contaminating 
substances Into the boiler water, if shore wator 
is used as boiler feed. Even if shore water ls 
distilled befor e use , it will still contain im­
pur ities th:\t can NOT be counteracted by the 
standard methods of boiler water treatment. 
For Uiis reason, shore water should never be 
used as boiler feed except in an extreme emer­
gency. It should be noted, also, that steam ob­
tained from shore wlll normally be contaminated 
in the same manner as distilled shore water. 
While recognizing tile dangers of used shore 
water, shipboard personnel sometimes overlook 
the fact that the same dangers exist (though to 
a lesser degree) in using shore steam. If shore 
steam Is i·outed to the drains, for example, 
trouble may later be encountered wiih the boiler 
water. 

BOILER WATER PROBLEMS 

Although there are many sources of boiler 
water contam\nntio11, the contaminating mate­
rials tend to produce thr ee main problems when 
they are concentrated or accumulated in the 
boiler water. Thus, boiler water treatment must 
be aimed at controlling the results of boiler 
water problems: (1) waterside deposits, (2) 
waterside corrosion, and (3) carryover. 

WATERSIDE DEPOSITS 

Any waterside deposit Interferes with heat 
transfer ancl thus causes overheating of the 
boiler metal. The general manner in which a 
waterside deposit causes overheating ofa boi lei· 
tube is shown in flp.\lre 4-1. In a boiler operat­
ing at 600 psi, the temperature Inside a generat­
ing tube is appr ox! mately 500°F and the tempera­
ture of the outside surface of the tube is about 
lOO"F higher. Where a waterside deposit exists, 
however, the tube caimot transfer the heat as 
rapidly as It receives it. As shown in figure 
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4- 1, the Inside of the tube has reached a tem­
perature of 800"F at tile point where the water­
side deposit is thickest; the outside of the tube 
at Uils point has reached a temperature of 
950"F. What happens? The tube metal ls over­
heated to such an extent that It becomes plastic 
and blows out, under boiler pressure, Into a 
bubble or blister. The temperatures given In 
this example do not apply to all situations In 
which a boiler tube is overheated; the exact 
temperatures or the inside and the outside of a 
tube would, of course, depend upon the operating 
pressure of the boiler, the natu1·e of the deposit, 
and other factors . 

The term WATERSIDE DEPOSITS is used to 
include sludge , oil, scale, corrosion deposits, 
and high-temper ature oxide. With the possible 
exception or oil, these deposits nr e not usually 
soluble enough to be r emoved by washl ng or 
bolling out U1e boiler. 

Sludge 

Sludge Is a general term used to cover nil 
sedimentary deposits of insoluble matter in the 

600 PSI 

soo• F - -...i 1-+-- -500°F 

,. WATERSIDE / , , , DEPOSIT 
BLISTER f / 

I f 

950° F I 
500° F 

eoo• F I I 
\ ' 
' -' ' \ ', 

38.131 
Figur e 4-1.-El'feets of waterside 

deposit on boiler tube. 
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boiler water. In general , s ludge consists of 
metal oxides (such as rust) and other corrosion 
products; reaction products of the chemicals 
used !or boller water treatment; and oil or 
grease. 

Most sludges a r e originally sort and non­
adherent. J\fter remaining on the boiler surfaces 
for any le ngU1 Of tim~, however, s ludges adhere 
fi r mly to the metal. In some cases, they can be 
as difficult to remove as scale (discussed later 
in this chapter). 

Sludge s imply settles out (or floats out) 
or the water and is dep<>siled in layers on the 
inside or tubes and drums. Sludge deposits are 
not crystalline In structure; In this they differ 
from scale, which has a crystalline structure 
that may be seen under microscopic examination. 

Most sludges a r e heavier tJ1an water, and 
tJ1ereforc tend lo collect in the lower drums and 
headers and In the lower ends or the tubes. 
Figure 4-2 shows a heavy deposit of Sludge in 
a 2-inch !ire row tube. aecause or the high 
temperatures In the fire row tubes, sludge that 
accumulates in these tubes tends to become 

38.132 
Figure 4-2.-Baked s ludge on boiler tube . 

baked. Baked sludge is extremely difficult to 
remove. The danger o! baked sludge Is Indicated 
by the fact Uiat approximately 25 percent or all 
boiler tube casualties are associated witl1 such 
deposits. 

It ls far easier to PREVENT the accumula­
tion or sludge than to try to l'cmove sludge after 
it has baked onto tubes or drums. The proper 
use or blawdown i s most effective 111 preventing 
excessive accumulations of s ludge In the boiler 
water. 

Oil 

Oil Is actually considered as a special kind 
of s ludge. When Oil gets into tl1e boiler water, 
it te nds to coat tlte watersides or the boiler uni­
formly. At high temper atures, It gradually car­
bonizes Into a gr aphite-like sh1clge such as that 
shown on tho boiler tube in figure 4-3. 

Under somo conditions, oil ln the boiler 
wate r may mix with other insoluble materials 
and roll Into s ludge balls such as those shown 
ln figure 4-4. These balls cannot be detected 
except when tl1e bOile r is opened up ror Inspec­
tion or repair. On the whole, these sludge balls 
are not as troublesome as oil or grease alone 
would be, since they seem to collect the oil and 
thus prevent its deposit on waterside surfaces. 

The early detection of oil Or grease in the 
feed system ls of tlte utmost importn nce. Drains 
from fuel oil heaters and from hea ting coils In 
lubricating 011 tanks and fuel oil tanks should 
always be passed through inspection tanks before 
being discharged to the feecl system. If oil or 
grease ls detected in the d rain inspection tanks, 
the drains must be diverted to the bilges until 
tJ1e source of contamination has been eliminated. 

It Is usually quite dlll\cult to detect oil or 
grease In the bOiler water. After oil or grease 
has been exposed to the extremely high tem­
peratures In the bOiler, any bubble or mm of 
oil that appc:u·s in the gage glass Is likely to be 
quite transparent and almost colorless. In addi ­
tion, the oil may disappear tcmporarlly when tl1e 
gage glass is blown down, a nd may not reappear 
for some lime. It is important, therefore, to 
take even the slightest indicatlono! oil or grease 
as a serious matter. A very small drop of Oil 
In a gage glass may Indicate a large amount of 
oil in tlie bOller. 

Scale 

AIU1ough the word SCALE ls used freely by 
shipboard personnel, ti·ue scale ls actually rare 
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38.133 
Figure 4-3.-C:u·bonlzed oil on boiler tube. 

in m\'31 boilers. The discovery that scale has 
actually formed In a boiler should lead to an 
Immediate itivestlgatton of the conditions that 
allowed Its formation. 

True scale ls ro1·med as the result or crystal­
lization proc~ssos that occur becau'se of 
temperatu1·0 changes. Tn order to unclerstand 
how scale may form ln a boiler, the me:ining 
or the solubility of salts In water must be 
clarified. Everyday experience leads us to 
believe that salts :u·o more readily soluble in 
hot water than In cold water- that is, that hot 
water can hold n1oro salts in soh1tion U1an cold 
water. This is tn1e for many salts . However, 
the salts that Co1·m scale In a boiler are LESS 
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soluble in hot water th.in they are in cold water. 
Titus, ln the cooler parts or the boiler, the water 
may contain scale-!ormlng salts lNSOLUTION­
that ls, dissolved In tho boller water. h1 the 
hotte t· 11arts of the bollcr, however, the same 
concenti•ation of scale-fo1·m\ng salts will r esult 
in crystallization of the salts that cannot be held 
in solution at the higher temperature. The 
crystals Utat are thus formed are known as 
SCALE. 

Since the scale-forming salts crystallize out 
Of the hottest water and Since the hottest water Is 
that which is directly in contact with the metal 
surface, boiler scale forms directlv on the metal 
of tho boiler tubes. Crystals of scale-forming 
salts tend to be deposited whc1·e steam bubbles, 
boiler water , and a tube surface make contact 
wl th one another. 

As the steam bubbles leave the metal surface. 
a rlng of small scale crystals will be left to mark 
the location where the bubble was in contact wlth 
tho boll er tube. As succcssi ve steam bubbles 
separate from the metal surface, the mru1y rings 
or scale crystals become lnterlaced and tJ1e indi­
vidual crystals increase in size. Most scale­
forming salts c1-ystalllze at 1·ight angles to the 
metal surface- that is, normal to l~e tube wall. 

Because scales ;Lre forn1ecl in the manner 
just described, they have a definite crystnlllne 
s tructure that may be seen under a microscope. 
l'i!l'l1re 4-5 shows scale ns it appears on a 
boiler tube; note that the crystalline rnlt11re or 
Uie deposit IS not visible in thjs picful' e. IC 
tllls tube is viewed under a microscope, however, 
It will be noticed that the scale co11Sists or a 
mass or crystals. 

Compounds of calcium and magnesium al'e 
the principal scale formers in naval beilers . 
Calcium sulfate Is probably the most dangerous 
scale-forming salt because It is soluble In 
boiler feed water but almost insoluble at tho 
temperatures existlni: In the boiler tubes. In 
tl1e 3bsence of proper water treatment, tJ1ere­
fore, practically all of the calcium sulfate Uiat 
enters in U1e feed wate1· mu~-t be deposited as 
scale ln the boiler tubes. Calcium sulfate Is so 
hard, and it sticks so tightly to the tubes, that 
It can scarcely be r emoved by mcchnnlcal 
cleaning. 

As mentioned before, tl'Uc scale i s seldom 
found In naval boilers. However, the day thnt the 
water tests are not m~de could be the day tl1at 
calcium SUlfate scale would begin to form In a 
boiler . It's a lot easier to make boiler mter 
tests and to keep up the proper boiler water 

38.135 
Ftgiire 4-5.-Scale on boiler tube. 

treatment than it is to remove scale or to try 
to explain why the scale was allowed to develop. 

Corrosion Deposits and High-Temperature 
Oxide 

Corrosion depos its , like scales, form directly 
in place on the boiler metal. Unlike scales, 
however, these deposits are the r esult of chemi­
cal r eactions of the metal w!U1 the water ; 
they are NOT the result or crys tallization. A 
boiler tube wlU1 a typical corrosion deposit form­
ed in place ls shown in figure 4-6. 

High-temperature oxide is a special t;11e or 
corrosion prOduct that r esults when hot metal 
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38.136 
Fle:urc 4-6.-Corrosion deposit on 

boiler tube. 

reacts with air or water . Thi!; oxide Is some­
times called "mill scale'· because It gtves the 
boiler mct.'ll an appear ance similar to that of 
the surface of newly rolled steel. High-tempera­
ture oxide on a boiler tube is shown in fi~ure 4-7. 

WATERSIDE conROSJON 

The term WATERSIDE CORROSION Is used 
to include both localized pitting and general 
corrosion. Most, if not all, waterside corrosion 

. . ~ .. ··- - _..,-.., - - - ..... -

~·. 
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38.137 
Flsure 4-7.-Hlgh-temperature oxlde on 

boll er tube , 

is probably electrochemical in nature. There 
are always some slight variations (both chemical 
and physical) In the surface or any boiler metal. 
These small chemical and physical variations 
in tlie metal surface cause slight differences In 
electric potential between one area of a tube 
and another area. Some areas are ANODES (pos­
itive terminals) and others arc CA'fHOOES 
(negative terminals). Iron from the boiler t1.1l>e 
tencls to go Into solution more rapidly ln the :tnode 
areas than nt other points on the boiler tube. 

This electrolytic action cannotbecompletely 
prevented In any boiler. However, it c:in be kept 
to a minimum by maintaining the boiler water 
at the proper alkalinity and by keeping the dis ­
solved oxygen content of the boiler water as 
low as poss Ible. 

Localized Pitting 

The presence of dissolved oxygen In the 
boiler wate r contributes greatly to the type or 
conosion in which elech'olytlc actlon makes 
pits or holes or the type shown in ilgure 4-8. 
These pits actually indicate the anodic areas 
in which Iron Crom the boiler tube has gone Into 
solution in the boiler water. Under certain 
circumstances, some of the metal may be de­
posited over the plt, forming a sort of scab of 

38.138 
Figure 4-8.-0xygen pit in boiler l\1be. 
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the type shown in figul'e 4- 9. It is possible for 
a boiler tube to have some of these oxygen pits 
without showing any other signs of corrosion. 

General Corrosion 

General corrosion occurs when conditions 
favor the formation of many small anodes and 
cathodes on tlle surface of the boiler metal. As 
corrosion proceeds, the anodes and cathodes 
constantly change position. Therefore, there 
is a general loss of metal over the entire sur­
face. Low alkalinity (or low pH) aUows this type 
of general corrosion to proceed unchecked. 

If the boiler water is excessively alkaline 
(or if tl1e pH value is too high), general corro­
sion may also occur. When alkalinity is very 
high, strong caustic concentrations develop in 

the hottest parts of the boiler. These caustic 
concentrations dissolve the protective oxide 
layer from the surface of the boiler metal and 
thus permit continuous chemical reaction to 
occur between the metal and the boiler wate1-. 

General corrosio11 may also occur if the 
chlor ide content of the boiler water is too high. 

CARRYOVER 

Failure to control the quality of boiler water 
frequently results in carryover. Under some 
circumstances, very small particles of moisture 
(almost like a fine mist) are carriecl over with 
the steam. Under other Circumstances, large 
!1,Ulps or slugs Of water are carried over . The 
term PRIMING is generally used todescribethe 
carryover of large quantities of water. Both 
kinds of carryover are dangerous and both can 
cause severe damage to superheaters, steam 
lines, turbines, and valves. Whatever moisture 
or water is carried over carries wltfl it the 
solid matter that is dissolved or suspended in 
the watel'. Tflis solid matter tends to be de­
posited on turbine blades and in superheater 
tubes and valves. Figure 4- l 0 shows a super­
heater tube in which solid matter has been 
deposited as a result of carryover. Priming, 
or the carryover of large slugs of water, is 
especially dangerous because it can <lo such 
severe damage to machinery; for example, 
priming can actually rip turbine blades from 
their wheels. 

One cause of carryover is foaming of the 
boiler water. Foaming occurs when the water 
contains too much dissolved or suspended solid 
matte1·. The solids tend to stabilize the bubbles 
so that the bubbles pile up instead of bursting. 
If a great deal of solid matter is present in the 
boiler water, a considet·able amount of foam 
will pile up. Under these conditions, carryover 
Is almost sul·e to occur. 

BOILER WATER TESTS 

Boiler water treatment cannot be carried 
out 011 a hit or miss basis . Before attempt­
ing to counteract the effects of impurities in the 
boiler water, a precise knowledge of the actual 
condition of the water is essential. This knowl­
edge can only be obtained through tests of the 
boiler water and of the feed watet·. 

The information givenhe1·e applies primarily 
38.139 to boiler water tests . Feed water tests are 

Figure 4- 9. - Scab formed over oxygen pit. discussed late1· in the chapter. However, certain 
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38.140 
Figure 4-10.-Evidence of carryover 

in super beater tube. 

aspects Of water testing that apply are given 
in the present discussion and are not repeated 
In the section dealing with reed water. 

UNITS FOR REPORTING RESULTS 
OF WATER TESTS 

Four units are used for reporting the results 
oC boiler water and feed water tests on steam­
driven surface ships . Dissolved oxygen and 
phosphate are reported in terms or the un.it 
called PARTS PER MlLUON (ppm). Chloride, 

alkalinity, and hardness are reported In terms 
of the w1il C.'\lled EQUIVALEC\"J'S PERMILUON 
(epm}. The unit known as pH is used on some 
ships instead or the epm unit !or alkalinity. On 
some ships, the electrical conducth1ly or the 
boiler water Is measured and the conductivity 
is reported in U1e unit called MtCROMllOS. 

Parts Per :\1111\on 

Parts per million (ppm) is a welght-per­
weigltt unit that Indicates the number or parts 
or a spccl!led substance in a million JXlrts or 
another substance. For example, 58.5 pounds 
of salt in 1,000.000 pounds of water represents 
a concentration or 58.5 parts per million. Note 
a lso that 58.5 OUKCES of sail dissolved In 
1,000,000 OU!\CES or water, or 58.5 TONS of 
salt dissolved in 1.000,000 TONS or wnter. 
l'epresent the same concentratlon-tlmt Is, 58.5 
ppm. Simll~rly, if 8 pounds of oxy~en are 
di ssolved in l ,000,000 pounds of wate1·, the 
concentration Is describe<! as 8 ppm. 

Equivalents Per Million 

Equivalents per mlllion (epm) can l>edeflned 
as the number of EQUIVALENT parts of n 
substance per million parts or some other 
substance. 'l'he word "equivalent" her o r efers to 
the chemical equivalent weight or a substance. 
The chemical 0(\uivalent weight ls dlffot·cnt for 
each element and compound. Tho chomi cn l 
equivalent weight of sod ium chlod clc (common 
table salt) is 58.5 so a solution contalnlni: 58.5 
parts or lhls snit per 1,000,000 p.1rts or water 
is said to have a concentration or 58.5 ppm on I 
epm. IC a substance has a chemical equivalent 
weight of 35.5, a soluhon containing 35.5 p.1rts 
per million Is described as having a concentra­
tion of I epm. Yf a substance has a chemical 
equivalent weight of 35.5, a solution containing 
35.5 parts per million is descrlbecl ns having a 
concentration of 1 epm. 

The pH Value 

Some ships are required to determine the pH 
value, ratlter than the alk1linity. or the boiler 
water. The pH unit does not mCAsurc alkalinity 
directly; however. It Is related to alkalinity In 
such a way th.~t a pH number gives an Indication 
or the alkalinll)• or acidity of t.he water. The 
pH scale or numbers ruM Crom zero to 14. 
On thi s scale, pH 7 is the neutral point. Sol11tlons 
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having pH values above 7 (as, for example, pH 
8 or pH 13) are defined as alkaline solutions. 
Solutions having pH values below 7 are defined 
as acid solutions. 

Micromhos 

The micromho, a unit of electrical con­
ductivity, is used on all ships to repOrt the 
conductivity content of the boiler water. The 
elec;trical conductivity varies according to the 
amount of ionized dissolved solids in the water. 

TYPES OF BOILER WATER TESTS 

The boiler water teststhatmaybeperformed 
aboard ship include chloride tests , hardness 
tests, alkalinity tests, pH tests, and phosphate 
tests fo1· the dissolved solid content of the boiler 
water. Note, however, that no ship makes all 
these tests. The types of boiler water tests 
r equired on any particular ship depend on the 
type of water treatment authorized for that ship 
and on the equipment that is furnished for making 
the tests. 

Some of the boiler water tests used aboard 
ship give a direct indication of just what con­

. laminating substance is present, in just what 
amount. In otl1er cases, ho\vever 1 it is n1ore 
important to know what EFFECTS the con­
taminating substances have upon the water than 
it is to know exactly what the substances are or 
exactly how much of each is present. Therefore, 
some water tests are designed to measure 
PROPERTIES that the water acquires because 
of tl1e presence of various impurities. 

Chloride Content and Dissolved Solid Content 

The term "chloride content" r eall y refers 
to the concentration of the chloride ion, rather 
than to the concentration of an}' one sea salt. 
Because the concentration of chloride ions is 
relatively constant in sea w<iter, the chloride 
content may be used as a measure of the amount 
of solid matter that is derived through sea water 
contamination. The results of the chloride test 
at·e used as one indication of the need for blow­
do\vn. Chloride content is exi1ressed in equiva­
lents per million (epm). 

The test for chloride content Indicates some­
thing about the amount of solid matter in the 

boiler water, but it indicates only t l1e solid 
matter that is there because of sea water 
contamination. It does not tell you anything about 
other solid matter that may be dissol vecl in the 
boiler water. A more accurate indication of the 
total amount of dissolved solids is obtained by 
measuring the electrical conductivity of the 
boiler water, s ince this is relatecl to the total 
dissolved solid content. The dissolved solid 
content is expressed in micromhos. 

Hardness 

Wat.er in which soap does not readily form a 
lather issaidtobeHARD. Hardness\sa property 
that the water acquires because of the presence 
of certain dissolved salts. Hardness is expressed 
in epm. 

Alkalinity and pH 

Alkalinity is a property that the water 
acquires because of the presence of certain 
impurities. As noted before, the pH value is 
related to alkalinity. On ships that make standard 
alkalinity tests, the results are expressecl in 
epm. Ships that use phosphate controltreatment 
for boiler water are furnished with the equlpment 
required to determine the pH value of tlie boiler 
\vater. 

Phosphates 

Boiler water that is treated with phosphates 
must be tested for phosphate content. Boiler 
water that is treated with standard Navy boiler 
compounds i s not tested for phosphates. 

When the phosphate content of bOiler water 
is maintained witl1in the specified limits, the 
hardness of tl1e water should be zero. There­
fore, hardness tests are not required for boiler 
water when phosphate tests are made. Phosphate 
content is expressed in parts per million (ppm). 

t'REQUE:NCY OF BOILER WATER TESTS 

The boiler water tests to be made on any 
ship and the frequency of these tests depend 
on the method of boile·r watet· tr eatment au­
thorized for tl1e ship and on the stahts of the 
boilers. The authorized types of water treatment 
are discussed later in this chapter. The various 
schedules of boiler water testing are shown iu 
table 4-1. 
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Table 4-1 .- F1·equen cy O! Boller Water Tests 

Autliorized Type Ships 
Boller Water Included 
Treatment 

Standa t'<l Na•'Y Most ships wiU1 
boiler compound boilers operat-
treatment ing at about 600 

psig or less 

Phosphate Ships with 
conb·ol 1200-psig 
tt·eatment boilers 

Special treatment LSD 1- 8 class; 
for diatomite certain CVE's 
mtc1· systems 

BOILER WATER LIMITS 

In order to use tl1e r esults of boiler water 
tesw as a guide to baller water treatment, 
the allowable limits for each substance in 
(or property Of) tJ1e bOilel' w:1ter must be known. 

Condition Mandatory Frequency oC Boiler 
of Boller Tests or Water Tests 

Boiler Water 

Steaming Chloride Daily, and after 
Alkalinity water treatment 
Hardness or blowdown 
Conductivt tv 

Idle, laid Chloride Weekly 
up wet Alkalinity 

M:u·dness 
Conductivity 

Freshly Chloride How·ly, until proper 
filled pH water conditions 

Phosphate have been estab-
Conduct! vi ty l!Shcd 

Steaming Chloride Daily, and after 
pH water treatment 
Phosphate or blowdown 
Conductivity 

Idle, laid Ctilori<le Weekly 
up wet pH 

Phosphate 
Conductivity 

F resllly Ch loride Houl'ly. until proper 
filled Alkalinity wa ter conditions 

Phosphate have been esto.b-
Conductivity 11shed 

St~mlng Chloride Daily, and a fte r 
Alkalinity water trc:1tment 
Phosphate or blowdown 
Conductivity 

Idle, laid Chloride Weekly 
up wet Alkalinity 

PhOSJJhate 
Conductivity 

The boiler water limits specified for any 
particular ship depe11d upon the type or water 
b·eatment authorized !or the ship. The boiler 
watc1· limits specified by the Bureau or Ships 
Technical Manual, chapter 9560 (56) :\l'e shown 
in table 4-2. 
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Table 4-2.-Boiler Water Limits 

Authorizecl Boiler Boiler Water 
Water 'rreatment Test 

Standard Navy Chloride 
b<>ilcr compound 
treatmeni Alkalinity 

Hardness 

Conductivity 

Phosphate contr·ol Chloride 
treatment 

pli 

Phosphate 

Conductivi ty 

Special treatment Chloride 
.for diatomite 
filter systems Alkalinity 

Phosphate 

Conductivity 

MAKING BOILER WATER TESTS 

Making boiler 'vater tests is a rather com­
plicated job that requires a ~reat deal or care 
and attention. A water test result based on 
careless or inaccul·ate test procedures is not 
only useless l)ut may actually be dangerously 
misleading. Useful information concerning the 
condition of the boiler water cannot be ob­
tained unless each test is performed with r eal 
precision and accuracy. 

When boiler water tests are performed, it is 
most important that the following be 
accomplished: 

1. Obtain proper samples of boiler water. 
2. Use correct chemicals for each test. 
3. Measure chemicals accurately. 
4. .Make all measurements and readings 

as accurateli• as possible. 
5. Interpret test results correctly. 
6. Keep all test equipment clean and in 

good condition. 

Boiler Water Limits 

2 epm maximum 

2.5 to 3.5 epm 

0 

1300 micl·omhos/cm maximum 

2 epm maximum 

10.4 to 11.0 

10 to 25 ppm 

700 1nic romhos/ cm n1axi1nu1n 

2 epn1 1naxi1n\1m 

2.5 to 3.5 epm 

20 to 100 ppm 

1300 rnicromhos/ cm rnaxi UlUlll 

Sampling Boiler Water 

Samples of boiler water taken for analysis 
must be truly representative of the watet· in the 
boiler. The container into which the sample is 
drawn must be clean, and the sampling con­
nection must be thoroughly flushed out to 
remove sediment and stagnant water that may 
be trapped in the line or in the connection. 

The water sample must be protected from 
contamination during .the interval between sam­
pling and analysis . rt should not be exposed to 
air for any long per iod of time, since an alka­
line sample would absorb carbon dloxide from 
the air ; this would result in a false low reading 
for alkalini ty. 

Boiler water samples should be cooled down 
to below 100° F befor e being tested. A cooling 
coil of the type shown in figure 4-11 is usually 
provided in the sampling line . If no provision 
is made for cooling the sample, as much as 
one-third of the sample might flash into steam 
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SAMPLE WATER 
INLET 

SAMPLE \'t'ATEFt 
OUTLE:T 

COOLING WATER 
OUTLET 

38.141 
Figure 4- l l.- Boiler water sample cooler. 

and be lost. If such a sample is t ested, the 
results will not reflect the true condition of 
tJ1e wate1· In the boiler. 

Boiler Water Testing Equipment 

All the equipment requi red for malc\ng hard­
ness, chloride, and alkalinl ty tests of boiler 
water ls assembled in a s tandard boiler water 
testing cabinet (fig. 4-12). Phosphate and pH 
testing equipment is furnished in kit form. The 
Taylor comparator kit is used for making phos­
phate and pH tests on ships t hat have 1200-
psi boilers. 'l'he Taylor or the L:u'V!otte phos­
phate compar ator is used for making phosphate 
tests on ships that have diatomite filter systems. 
An electrical conductivity meter for determining 
the conductivi ty (and hence the dissolved solids) 
oi the boiler water is furnished to all ships. 

Each chemical used in making boiler water 
tests must be prepared and used in s trict ac­
cordance with the NavalShipSystemsCommand. 

Some of the chemicals are supplied in reacly­
to-use fonn . Other s are supplied in solution 
form but must be dilut ed before they are used. 
Detailed instructions for pr eparing and using 
the chemicals needed for boiler water tests a r e 
given in chapter 9560 (56), Bureau of Ships 
Technical Manual. 

When chemicals required fOl' making boiler 
water tests are used, all appropriate safety pre­
cautions should be observed. Some or tile 
chemicals a r e ver y dangerous if they are not 
hanclled correc tly. 

Before starting to use the boilel' water 
testing equipment, it is most impor tant to 
understand how to use it. Most of the bottles, 
bur ettes, cylinders, and other Items are cali­
brated ln a metric system unit ca1le<I milliliters 
(abbr eviated ml). o i1e milliliter is 1/1000 of a 
liter . A liter is equal to appr oximately a quart 
in our r egular system Of measurement. Ex­
treme care should be taken in making measure­
ments and i n taking readings. 

The boiler water testing cabine t contains 
three 1-liter (or 1000-milliliter) bottles for the 
chemicals used In makil\e; the tests for alkalinity, 
har dness, and chloride. One bottle is for nit ric 
acid, one is for mer curic nitrate, and the other 
ls for soap solution. A 10-ml automatic- zero 
burette and an aspi rator bulb for filling the 
burette are lltted Into the stopper of each 
bottle. To fill the burette, the aspirator bulb 
ls pressed, and then released. When Pl'Operly 
filled, the burette will drain clown to Uie zer o 
ma rk automatically. All tests must be started 
wiU1 the bur ettes filled and dr ained down to the 
zero mark . The burette tip must always be 
complete!}' filled with the chemical solution. 

A liquid in a buret te has a sllghtly curved 
surface. This curved sur face iscalledaMENIS­
COS. When reading a burette, always take the 
r eading from the BOTTOM of the meniscus. 

All boiler water testing equipment s hould be 
handled car efully so that it will not become 
damaged. The equipment should be kept ab­
solutely clean at all times. If it is not clean 
when used, the r esult of the water test cannot 
be accurat e. The soap solution bur ette can be 
c leaned with distilled water or with alcohol. 
The dishes, pipettes, and graduated cylinclers 
should be r insecl with distilled water and wiped 
i mme<liately afte1· each use. Soap may be used lf 
necessary to wash this equipment, but the soap 
mus t be entirely removed by ver y t horough 
rins ing. Lye, scouring pO\Yder, or a11y strong 
cleanser must not be used to clean chemical 
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Figure 4- 12. - Boiler water testing cabinet. 

glassware and porcelain. If soap and water will 
not clean the eqt1ipment properly, a wea.k acid 
solution should be •.i sed; all acid should be 
rinsed off the equipment. 

The burette stopcocks must be lubricated 
occasionally. A special stopcock lubricant is 
provided in the boilel· wateL· testing cabinet. 

When the water t esting equipment is used, 
pressure should not be exerted on the burette 
tip. A burette or a bulb should not be removed 
from a stopper except when it is necessary to 
replace a broken lmr e tte. 

Testing For Alkalinity 

There are two methods of testing for al­
kalinity. The PHENOLPHTHALEIN test is used 

for v.1ater front steaming boilers and for \vater 
from idle boiler s which have been steamed. 
The METHYL- PURPLE test is used for water 
in freshly filled boilers which have not been 
steamed. If a boiler has been idle for a long 
time, it is best to use both tests. 

PHEKOLPHTHALEIN TEST.-Some Of the 
steps in making the phenolphthalein test for 
alkalinity are illusb-ated i n figures 4-13 through 
4-18. 

The phenolphthalein test for alkalinity is 
performed as follows: 

I. Fill the nitric acid burette and allow it 
to drain down to zero, as shown in figure 4-13. 
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38.143 
Fig11re 4-13.-Filling t he nitric acid burette (phenolpl1thalein a lkalinity test). 
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Figure 4-14.-Measuring 50 ml of sample water (phenolphthalein alkalinity test). 
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38.145 
Figure 4-15.-Trans(erring the 50-ml sample from the graduated cylinder to the casse 1·01e 

(phenolphthalein alkalinity test). 
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Figure 4-16.-Adcllng phenolphthalein (phenolphthalein alkalinity test). 
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38.147 
Figure 4-17.-Adding nitric ncid (phenolphthalein alkalinity test). 
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Figure 4-18.-Reading the burette (phenolphthalein alkalinity test). 
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Be sure the Up o! the buretle ls full and 
completely free or air bubbles. A container or 
some sort must be placed under Uie burette 
tip to catch the drop or two or nitric acid that 
will drip !rom the tip as you :tre ri lling it. It 
is satlsfnctory to use the casserole ror this 
purpose. but it must be cleaned thOi'oughly be­
fore it Is used for the test. 

2. Take a sample of boiler water. 
3. Rinse a 100- ml graduated cylinder with 

some of tho sample water. Then fill the cylinder 
to the 50-ml mark as shown in figure 4- 14. 

4. Pour the 50-ml sample from the g1·adu-
ated cylinder into a CLEAN casserole. as 
shown In figure 4- 15. 

5. Add two or three drops of phenolphthalein 
indicato1-. as shown in figure 4-16. Uthe sample 
is alkaline, the water will turn " deep pink 
color. 

6. Add nitric acid from the bu1·ette to the 
sample :\S s hown in figur e 4-17. while stirring 
ihe sample continuously Add only one drop of 
acid at a time The pink color will begin to fade 
and will presently disappear. 

7 As the pink color just disappears, read 
tbe burette. as shown in ligure 4-18, taking 
the reading from the bottom or the meniscus. 
The burette reading in milliliters equals the 
alkalinity of Ute sample In equivalents per 
million. For example, the burette shown in 
figure 4-18 reads 2. 9 millillte rs; this means 
that the sample has a n a lkalinity of 2. 9 epm. 

METHYL-PUHPLE TEST.-The methyl-
purple test for alkalinity is performed as 
follows: 

I. Measure 50 milliliters or sample water 
into a clean porcelain casserole. 

2. Adel two c11·ops of methyl-purple indica­
tor. [f the sample is alkaline. the water will 
turn green. 

3. Stirring the sample, add nlh·ic acid 
solution unlll the color changes to purple. A 
gray tint precedes the puqJle end point color 
and gives warning of its approach. 

4. As the color of the sample changes to 
purple, read the burette. The burelte reading 
is numerically equal to the alkallnlly of the 
sample In epm. 

The color change from green to purple is 
quite easlly seen in clear water but is not so 
easily seen in water that contains suspended 
lro11 compounds. The water for the test s hould, 
of course, be as free of suspended matte r as 
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possible. If it is not possible to obtain a sample 
that is clei1r enough for the methyl-purple test, 
an apprOXlmate value for the alkalinity Of the 
water In an unsteamed boiler can be obtained 
by making a phenolphthalein test and multiplying 
the results by two. 

Testing for Hudness 

The p1·ocedure for testing boiler water for 
ha1·dness Is as follows: 

I. Use the 100-ml graduated cylinder to 
transfer 50 ml or the sample water to the square 
8-ounce bottle. as shown in figure 4-19. 

2. Fill the soap solution bu re tte . as shown 
in figure 4-20 and allow it to drain clown to 
zero. Be su1·e the burette t ip i:; full. 

3. As s hown in figure 4 -21 , add 0.4 ml of 
soap solution to Ute sample. This amount (0.4 
ml of soap solution Is called the LATHER 
FACTOR, since it is the amount of soap solution 
required to produce a lather that will pe1·sist 
for 5 minutes over the entire surface of a 50-ml 
sample or pure water. Until recently. the lather 
factor had to be determined ror each new lot of 
soap solution. However, the lather factor appears 
to be very close to 0.4 ml for all soap solutions 
used in the hardness tests, so the lather factor 
is now assumecl to be 0. 4 m l in all cases. 

4. Stoppe1· the bottle and s hake it vigorously, 
as shown in rtgu re 4-22. 

5. Lay the bollle on its side, as shown in 
figure 4-23. and start a stopwatch. If the lather 
persists for 5 minutes over the entire surface 
or the water, as shown in figure 4-23, report 
ZERO HARDNESS. 

6. rr the lather does not persist (fig. 4- 24) 
for 5 minutes over the entire surface oC the 
wate r, some hardness is present. ln this case, 
add more soap solution (about 0. l to 0. 2 ml), 
stopper tile bottle, s hake it, lay lt on Its Ride, 
and start the stop,\iatch. Repeat this procedure 
as often :lij necessary to obtain a lather that 
persists for 5 minutes and completely coverthe 
surface of the water sample. 

7. Read the burette, as shown In figure 
4- 25, taking the reading from the bottom of the 
meniscus. 

8. Calculate the hardness. Subtract the 
lather factor (0.4 ml) from the burette reading 
and multiply the result by 0.2 to obtain tile 
hardness of the sample. The r ending on the 
burette s hown In figure 4-25 is 0.? ml; therefore 
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38.149 
Figur e 4-19. - Tt·ans fening the 50-ml sample to the square bottle (hardness test). 
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38. 150 
Figure 4-20. - Fi!Ung tho so~p solution burette {hardness test). 
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Figur e 4-21. - Adding O. 4 ml of soap solution to the sample (ha rdness test). 
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Figure 4-22.-Shaldng the sample bottle (baroness test). 
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38.153 
Figure 4-23.-Zero hardness: Lather persists ror 5 minutes over entire surface or sample. 

38.154 
Figure 4-24. -Waler Is hard: Lather does not persist Cor 5 minutes over entire surface of sample. 
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38.155 
Figure 4-25. - Reading the soap solution burette (har dness test). 
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the hardness of this sample is calculated as 
follows: 

( 0. 7 - 0. 4) x 0. 2 = 0. 06) 

In other words . the hardness of this sample 
is 0. 06 epm. 

Testing for Chloride Content 

Until recently, the chloride indicator usecl 
in making the chloride test was fu1·nished in 
solution form, ready to use. This solution de­
teriorated after being stored for some time, 
particula rly if it was s tored in a hot place. To 
prevent this deterioration, chloride indicatot 
is now supplied dry, in capsule form, so that 
it can be made up into solutions as it is needed. 

To make up a chlo ride indicator solution, 
one capsule of the dry indicator is clissolved iii 
50 milliliters of a specified type of alcohol. 
The resulting solution is identical with the 
solution pr eviously furnished for s hipboard 
use, and it is used in exactly the s ame way. 

The chloride indicator solution prepared 
from the capsules is also subject to deteriora­
tion fro m prolonged storage and should be made 
up in small batches. It s l1ould not be used after 
it has been kept in solution form for more than 
9 months . It must not be stor ed for prolonged 
periods in hot locations. 

The procedure for making the chloride test 
is as follows : 

L Rinse a 100-ml gL·aduated cylinder with 
some oC the sample water, and then measm·e 
25 ml of the sample in the graduated cylinder. 

2. Pour the 25-ml sample into a clean 
casseL·ole. 

3. Add five drops of chloride indicator lo 
the sample in the casserole , as shown in figure 
4-26. The water will turn blue- violet or red . 
depending on how aka.line it is. · 

4. Fill the nitric acid burette and allow it 
to drain down to zero. Be sure the tip of the 
burette is full. 

5. Add nitric acid to the sample, one drop 
<tt a time, s tirring continuously , until the blue­
violet or red color just disappears. The water 
will probably be pale yellow. 

6. Add exactly 1. O ml more nitric acid. 
7. F ill the mercuric nitrate burette, as 

sho\vn in figure 4- 27, and aJl0 \'1 i t t.o drain 
down to zero. Be sure the burette tip is lull. 

8. As shown in figure 4-28, add mercuric 
nitrate from the burette, stirring continuously, 

until the pale yellow color disappears and a 
pale blue- violet color persists throughout the 
sample. The b lue-violet color indicates the encl 
point of the test. Add the mercuric nitrate 
fairly rapidly at first, but add it very slowly­
drop by drop-as the end i s approached. 

9. Read the burette, as shown in figure 
4-29. Take the reading from the bottom of the 
meniscus. The burette reading in milliliters 
equals the chloride content of the sample in 
ectuivalents per million. The reading on the 
burette shown in figure 4-29 is 1.3 milliliters, 
so the sample of boiler water has a chloride 
content of I. 3 epm. 

Testing for Conduct ivity 

As far as dissolved solids are concerned, all 
s hips are being furnished with electrical con­
duc tivity meters for measuring the conductivity 
of the boiler water. The pur pose of measuring 
the conductivity is to obtain an indication of 
the amount of dissolvecl s olids present in the 
water. The conductivity mete r is a s imple and 
rugged instrument which is very easy lo operate. 
The procedure fo1· conducting the conductivity 
test for solids should be performed in ac­
co rdance with the Naval Ship Systems Command 
instructions . 

Testing for pH and Phosphates 

As noted before, special kits a1·e provided for 
use in making the shipboard pH and phosphate 
tests of bolle r wate r (The Taylo r comparatol' and 
the LaMotte phosphate comparator). Both the pH 
and the phosphate tests are color comparison 
tests. Certain che micals are added to the sample 
of boiler water, and the resulting color of the 
sample is compared ·with standm·d colors pro­
vided in the kit. Although the pH and phosphate 
tests are not difficult to make, a great deal of 
practice is required before colors can be 
matched with the required degL·ee of accu racy. 

Detailed instructions for making the pH and 
phosphate tests are g iven in chapter 9560 (56), 
Bureau of Ships Technical Manual. (In addition, 
ships hav ing 1200-psi bOilers are Curnished with 
a special technical manual that gives detailed 
instructions for making the water tests required 
on these ships . l 
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38. l 56 
Figure 4-26. - Adding chloride indicator to sample (chloride test). 
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38.157 
Figure 4-27. -Filling the mercuric nitrate burette (chloride test). 
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Figure 4-28. -Adding mercuric nitrate (chloride test). 
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38.159 
Figure 4-29. -Reading the burette (chloride test). 
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BOILER WATER TREAT MENT 

As ment\oned previously, bo iler water is 
bound to be contaminated to some e:dent. The 
contaminating substances present in bcliler water 
ca.use \vatersjde deposits, waterside corrosion, 
and carri•over. The most dir ect methods of 
controlling these problems are (1) chemical 
treatment of the boiler water, and (2) use of 
blowdown. 

CHEMICAL TREATMENT 

At the present t ime there are three author­
lzed methods of chemical treatment for boiler 
\Yater on stearn-driven surface s hips. Each 
met.hod is designed to comple tely eliminate 
hardness and to maintain the a lkalinity (or the 
pH) within the prescribed limits. The method 
of boiler water t reatment specified fo1· each 
ship is the method that will best per form these 
two functions and, at the same lime, take into 
account the total concentration of solids that 
can be tolerated in the particular type of boiler. 

The three types of chemical water t reatment 
now in use are (l) s tandard Navy boile r com­
pound tr eatment , (2) phosphate control tr eat­
ment. and (3) special treatment for systems 
with diatomite feed water filter s . 

Standar d Navy Boile r Compound Treatment 

Boile r waler treatment with Navy boiler 
compound is s tandard for most s hips that have 
boilers operat ing at about 600 psi or less. Navy 
boiler compound is a mixture of d\sodium 
phosphate, sodium carbonate (soda ash), and 
cornstar ch. These chemicals work together 
to convert scale-forming salts into relatively 
harmless sludges. The sodium cal·bonate ser ves 
the additional vital purpose of providing the 
necessar y contr ol of alkalinity. 

The addition of Navy Jioiler compound in­
cteases the alkalinity of the water and, at the 
same time, reduces the hardness. Navi• boiler 
compound is a perfectly balanced ~ombination 
of chemicals designed to counter act the im­
purities derived from sea water . The amount 
of compound needed to bring the wate1· to zero 
hardness a lso puts the boiler water within the 
prescribed all<alinity r ange of 2. 5 to 3. 5 epm. 

It is important to re member the Navy 
boiler compound is perfectly balanced ONLY for 
use in t reating water that is originally derived 
from sea wate1·. The compound is NOT balanced 

for use in treating water that is dist!lled from 
shore water or for use with other water that 
contains unusual co11tan1inating $Ubstances. 

The amount of Navy boiler compound that 
must be added to boiler water depends upon 
(l) the capacity of the boiler at steaming level, 
and (2) ihe condition of the boiler water. When 
these two factors are known. the calculation of 
dosage may be made from the charts s hown in 
figures 4- 30 and 4-31. 

Figure 4- 30 shows the chart used fo r cal­
culating boiler compound dosage for a steam­
ing boiler, on the basis of the results of the 
alkalinity test. l?lace a s traight edge across 
the chart from t.he point of alkal inity (right­
hand scale) to the water capacity of the boile r 
at Steaming level (left-hand scale). The point 
where the line crosses the middl e scale indi­
cates the amount of compound that nrnst be 
added to bring the alkalinity up to the upper 
limit of 3. 5 epm. 

Fi~ure 4- 30 should al~o be used to deter­
mine the boiler compound dosage required 
when a boiler has been emptied and is tieing 
filled to steaming level with fresh !eed water. 
In this case , place the straight edge across 
the chart from ZERO alkalinity to the water 
capacity of the boile r at s teaming level. 

When a boiler is to be laid up full of water, 
the amount of boiler compou nd that mus t be 
added to maintain proper alkalinity may be 
determined as follows: 

1. Before filling the boiler from steaming 
!eve l to the a ircocks . test the boiler water for 
a lkalinity. Calculate the dosage (if any) r equir ed 
to bring this water within the prescribed a l­
kalinity limits . 

2. find out how much additional feed water 
\Vill be requi red to raise the \Vater fron1 stea1n .. 
ing level to the a ircocks. To do this, t he DIF­
FERENCE must be taken !Jetween the water 
capacity of the boile1· when filled t<> the air­
cocks and the water capa.city at steaming level. 

3. Lay a straight edge across the chart, 
using ZERO alkalinity for the r ight-hand scale 
aucl the figure obtained in step 2 for the left­
hand scale. This indicates the amount of AD­
DITIONAL bOiler compound that must be added 
to give proper alkalinity to the fresh feed 
wa ter that is to be added. 

4. Add the dosage cal culated in step l and 
the dosage calculated in step 3. This will give 
the total boiler compound dosage r equired to 
give proper alkalinity to the boiler water when 
the boiler is full to the ai rcocks . 
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Fi~'Ure 4-30. - Chart for calculating Navy boiler compound dosage from boiler water alkalinity. 

The chart shown in figure 4- 31 ls used for 
ca lculating boile r compound dosage when the 
boile r water tests indicate any hardness in the 
same way as the alkalinity d1art. The right­
hand scale shows boiler water har dness, the 
l eft-hand s cale shows water capacity at steam­
ing level, and the middle scale shows the 

amount of compound required to bring the water 
down to zero hardness , 

An alkalinity test must always be made 
again after boiler compound has been added, 
If the alkalinity test shows more than 3,5 epm, 
t he excess alkalinity must be r emoved by blow­
down, If the boiler compound was added because 
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Fig\lre 4-31. - Chart for calculating Navy boiler compound dosage from boller water hardness. 

of ha1·dness, a new hardness test and a new 
alkalinity test must be made. 

Boiler compound must be added to each 
boiler individually, in accordance with the re­
quirements indicated by the water tests . The 
compound may be added in a s\ngle dose or in 
several doses, but is should not be added in a 
continuous diluted stream. 

The compound must be completely dissolved 
in hot (preferably boiling) water before it is 
added. Mix about 1 pound of boiler compound 
in about 5 quarts of water, and stir vigorously 
until all the compound is dlssolvecl. 

The arrangements used for adding boiler 
compound wu·y on diIIerent types of ships. On 
most s hips the boiler compound is added to an 
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injection tank and discharged to the desl red 
boiler through the main feed line. When adding 
bolle1· compound in this way, allow the feed water 
to run through the injection tank for several 
minutes so that all the compound will be well 
flushecl out. On shipswhichclonothavecompound 
Injection tanks, the boiler compound is usually 
added to the emergency feed pump suction and 
discharged through the aux!llary feed line to the 
desired boiler. After the compound has been 
added, the emergency reed pump should be run 
long enough to wash out the feed line. 

When only one boiler Is steaming, the boile r 
compound may be adcled to the suction or the 
feed pump (or the feed booster pump) In use. 
Do NOT add boiler compound to the fresh 
water drain collecting tanks. 

Phosphate Control Treatment 

Phosphate control treatment of boiler wate1·, 
used on all ships that have 1200-psi ballers, 
will be used on all new construction in which 
1200-psl boilers are installed. 

The chemicals used in the phosphate control 
treatment give independent control of pH (i n­
stead of alkalinity) and phosphate (instead of 
hardness). Two chemicals are used in U1e phos­
phate control treatment. Sodium hydroxide (bet­
ter known as caustic soda) is used to control 
the pH of the boiler wate,.. Disodium phosphate 
reacts with var ious materials in the bol!e l' 
water that would otherwise cause hardness. 
Therefore, the boiler water is maintained at 
zero hardness when disodium phosphate Is 
present In U1c prescribed amount. 

The two chemicals-caustic soda and dlso­
dlum phosphate- ar e added separately, ns re­
quired . When water tests indicate that the pH 
value needs to be ralsecl, a small amount of 
caustic soda is added. When water tests s how 
U1at the phosphate content needs to be raised, 
a small amount of disodlum phosphate is added. 

The dlsodium phosphate must be completely 
dissolved in several gallons of HOT water 
be!orc It Is fed to U1e boiler. The caustlc 
soda must be completely d issolved In several 
gallons of COLD watel' before it is fed to the 
boiler . CAU1'ION: The caus tic sO<ia solution Is 
very strong. It should not come in contact with 
the eyes or the skin. If It does get in the eyes 
or on the skin, it should be rinsed immediately 
With plenty of cold water and the area treated 
with a boric acid solution. Medical attention 
should be obtained immediately. 

The amount of dlsodium phosphate required 
to raise the phosphate content of the boiler 
water to the specified limit Is :1pproximately 
0.5 ounces per 100 gallons of untreated water . 
The amount of caustic soela r equi l'ed to rai se the 
pH value to the specified uppe1· limit is ap­
proximately l ounce per 100 gallons of untreated 
water. As noted before, the two chemicals a r e 
added SEPARATELY. The water In a steaming 
boiler will normally r equire about 1 to 4 ounces 
of either chemical at any one time to bring the 
phosphate content or the pH value to about the 
middle of the allowable limits. The water must 
be tested again after eithel' chemical is added, 
to be sure tJ1at the phosphate content and the 
pH value are within U1e a llowable limits . 

Special Treatment for Oiatomite 
Filter Systems 

A special phosphate treatment Is used tor 
the boiler water on ships o! the LSD 1-8 class 
and on certain CVE's. These Ships have 1·e­
ciprocating s team engines instead ot steam 
turbines. The reciprocating steam engines in­
troeluce a certai11 amount of oil Into U1e feed 
water system, tlms requiring the use of filters 
to remove the oil before U1e water enters tlie 
boiler. 

The filters, usually called DIA TOMITE 
FILTERS, consist of screens on which are 
placed filter aids made of diatomaccous earth 
and asbestos fiber . As the hot feed water 
passes tllroul(h the filter, oil !S removed and 
various minera ls from the fil ter a ids are 
dissolved in the feed water. Some of Uiese 
minerals are serious scale formers. The pres­
ence or these minerals causes Uie water to 
become extremely hard, and thus disturbs the 
usual balance between hardness and alkalinity 
that is round In sea water dis tillate. 

Treatment Of Uie boiler water with Navy 
boiler compound is not effective in these ships. 
If enough compound is used to completely 
eliminate hardness, the boiler water will have 
an extremely high alkalinity. rr the alkalinity 
Is maintained within proper limits, the bailer 
water will be hard. There£ore , hardness and 
alkalinity nius t be controlled separately In 
these boilei-s. 

For these boilers, caustic soaa ls used to 
increase alkalinity; disodium phosphate is used 
to reduce hardness without significantly in­
creasing alkalinity; and cornstarch is used to 
a id in the remO\".ll of sludges. The caustic soda 
and the dlsodlum phosphate are added separately, 
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about 2 to 4 ounces at a time, as the water 
tests indicate the need. Cornstal'Ch is ad<lecl 
whenever disodium phosphate is added; the 
cornstaxcb shoulcl be added In an amount equal 
to one fourth the weight or the clisodium phos­
phate that is added , 

To prepare the ctisocllum phosphate and 
starch, dissolve the dlsodlum phosphate In 
several gallons of hot water, Add a small 
amount of cold water to the star(:h ancl stir 
until it forms a paste. Then stir the starch 
1iaste into the hot disodium phos1ihate solution. 

To prepare the caustic sOda, dissolve the 
required amount in several gallons of COLD 
water. 'l'he solution must not be a.llowedtocome 
lt\ contact with the eyes or skin. If it does get 
In the eyes or on the skin, it should be l'insed 
immediately with plenty of co lei water and then 
the area treated witli a bo1·ic acid solution. 
Medical attention ShO\lld be obtained i m­
mediately. 

BLOWDOWN 

Chemical treatment of the boiler water in­
creases, ratlier than decreases, the need ror 
blowdown. The chemical treatment counterar,ts 
the effects of ma ny of the impurities in the 
boiler water; but, at the same time, it increases 
the total amO\mt o( solid matter in the water 
and thus increases the need !or blowclown. 

Although the chloride test is frequently used 
as a way Of dete1·mining when blowdown is 
needed, it should not be the only g" \dc. 'fhe 
chloride content of the boller water is closely 
1·elated to the total soltcl content of the water , 
Insofar as the solids are derived from sea 
water. But Ute chloride test gl ves no indication 
of solid matter that Is del'lved from the use 
of water tr eatment chemicals or from other 
sources . The electrical cond\1Ctivi ty or the boiler 
w.iter gives a more accurate picture of th.etotal 
dissolved solids content. 

Each steaming boiler must be given a sur­
face blow at least once a day, and more often 
U !lie chlor ide concentrati.on Is high or if the 
conductivity limit ls exceeded, Bottom blows 
are more effective than surface blows in 1·e­
moving sludges and other heavy materH1ls 
that tend to settle in the lower drums and 
headers. Bottom blows are most effective when 
U1ey a1·e given about. 1 hou1· after the boiler 
llas been secm·ecl. 

CAUTION: Division wall headers, water 
wall headers, water· screen l\ea.ders, and water 

drums that are connected to headers by floo1· 
tubes must NEVER be blown down while the 
boller ls steaming or while any burner is in 
ope1·ation. 

FEED WATER TESTS 

As mentioned ear Iler in the chapter, feed 
water and boiler water cnn never be totally 
free or contamination even when all possible 
precautions are taken to prevent the entrance 
of conf:lmln-"lting substances. By itsveryn,"\ture, 
sea water distillate contains some contaminants 
derived ft·om sea water ; and still other con­
taminants are bound to enter the sys tem at 
various points. 

However, only an extremely small amO\mt 
of contamination can be tolerated in reed water. 
Practically all contaminants present. ln feed 
water must eventually find their way to the 
boilel·s . It is essential, t herefore, to maintain 
the feed watel' at the highest 1l<lssiblc level 
of purity and as free :\s possible of dissolved 
oxygen. 

Feed water must be tested routinely Ior 
chloride, ha rdness, and dissolved oxygen. Al­
kalinity, pH, anct phosphate tests are not normal­
ly mad e on feed water. However. alkalinity 
tests must be made on each Jot of sho\·e water 
that is to be used as emergency feed. To be 
acceptable even as emergency feed, shore 
watel' should show no color with phenolphthalein 
and should show a green color with the methyl­
purplo Indicator . 

On ships having dl<•tomite illte1· condensate 
systems, tests s hould also be made at frequent 
intervals to determine tile amount or emulsified 
oil present in the f\ltere<I condensate, 

CHLORIDE TEST 

The chloride content of feecl water may be 
determined either by the chemical chlorlcle test 
01· by taking readings on the electrical salinity 
indicators. Electrical salinity iJldicator readings 
should be checked frequently by tl1e chemical 
chloride test. 

When making a chemical test for chloride 
content ln feed water, the same procedure as 
in testing boiler water !or chloride ts used . 
However. the Ieed water sample must be JOO 
ml in size rather than 25 ml, and the burettc 
reading must therefore be divided by 4. For 
example, on a boiler water test, a burette 
•·eading of 2.0 would indicate a chlOrlde content 
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of 2 epm; but on a feed water test, a burette 
reading oC 2.0 would indicate a chloride con­
centr;1tl01l of 0.5 epm-that i s , 2.0 dlviciect by 4. 

Electt·lc:11 salinity indicators are installed 
in almost all naval ships. Since the elech·ical 
1·esistance of a water solution varies according 
to the amount of ionized salts ln the solution, 
it is possible to measure salinity by measuring 
the elecfrlcal r esistance. Resistance \•aries also 
with the temperature of the solution, so a 
temperature compensator is provided. The com­
pensatoi· must lJe set at a value conesponding 
to the temperature of the solution in which 
salinity is being measured. Temperature com­
pens,1tion must be accomplished manually in the 
older types of saJ;nity indicntol'S; the newer 
types have automatic temperature corn­
pensato1·s. 

Electrical salinity indicators were formerly 
callb1·ated In a measm·ing unit called grains of 
sea salt per gallon. This unit Is no longer used 
for reporting tile results of water tests. All-or 
practically all-electrical salinity indicators 
now in naval use have been converted to give 
readings In equivalents per million. 

HARDNESS TES'I' 

Normal feed water tllat has been distilled 
from sea water ls tested for harcfness in 
exactly the same way that baller water is 
tested !01· hardness . The calculation of hardness 
is also identical. 

ff shore water is to be used as emergency 
feed, a second hardness test must be made 
because shore waters sometimes show false 
encl points on the first hardness te>its. The 
p1·ocedure for making a scconcl h:wdness test 
and fo1· calculating the hardness of s hore wat.er 
Is gi ve11 In chapter 956 0 {56), Bureau of Ships 
Tcc11111cal Manual. 

DISSOLVED OXYGEN TEST 

Feed water used In modern naval boilers 
must be as completely Cree of dissolved oxygen 
as possible. Dissolved oxygen ls not good Cor 
any type or boiler, but it can cause very serious 
trouble in boilers that operate at high pres­
sures and high temperatures. The corrosive 
effects or dissolved oxygen are greatly speeded 
up in high pressure, high tempcrnture boilers . 

'the modern pressure-closed feed system is 
designed to keep the condensate nnct reed water 
from being exposed to air, and the deaerating 

feed tank ls designed to remove a great deal 
of the oxygen that does become dissolvect or 
entrained in the water. However, tl1ere :tre 
still many ways In which oxygen can get into 
the system lllld become dissolved in the water . 
Defects in the deaerating feed tank may resi1lt 
in water merely passing tl1rough thetatikwlthOut 
being deaerated. Incorrect 01>eratlon of tl1e 
deaerating feed tank can have the same effect. 
Dissolved oxygen can also result from air 
leakage at v:u·ious points of the condensate and 
feed system. 

Probably the most common cause of ctissol ved 
oxygen, however, is failure to lay "P Idle 
b-Oilers ht accordance with prescribed 
procedures. k'or example, one sure wny to get 
oxygen Into tl1e system is to secure a boll er ancl 
leave tlie water at steaming level. When the water 
is at the boiling tempet·atnre, it cannot hold any 
oxygen in solution. But oxygen becomes more 
soluble in water as the temperatu1·e goes down. 
A-< the boile1· cools, therefore, a great deal or 
oxygen will become dissolved in the water. 

On ships eq<Jipped withdeaeraling feed tanks, 
tests must be made to determine the dissolved 
oxygen content of the feed water on the dis­
cha1·g;e side of each operating deneratlng feed 
t.ank. All ships th:tt have deaerating feed tanl<S 
either have 01· will soon be fm·nlshed with the 
equipment for making dissolved oxygen tests. 

Wate1· from varlotts other parts of tl1e system 
should occasionally be tested for dissolved 
oxygen. Such testing is useful in helping to lo­
cate sources of oxygeu contamination. 

Some Ships are equipped witl1 Instruments 
that automatically analyze and record the dis­
solved oxygen content of feed water dis~harged 
fl:om thedeaerating feed tank. These instruments 
operate on several different principles; consult 
tile man\tfact\1rer's t echnical mani1al for de­
tailed instructions. NOTE: Ships that are 
furnished with dissolved oxygen an~lyzers ancl 
r ecorders nre still required to make the regular 
chemical test for dissolved oxygen in deaeratect 
feed wate1-. 

The mate1·lals and equipment required ror 
making tile dissolved oxygen test are kept in a 
special cabinet of tl1e type shown in rtcure 4-32. 
The main Items in this cabinet are: 

1. Three 400-ml bottles, each wltli a side­
arm aspir ator and a 2-ml automatic-zero 
pipette. Tl1ese bottles, which are labeled OXY­
GEN l, OXYGEN II, and OXYGEN ID, are for 
the t.hi·ec chemical sohttions required to fix 
tl1e S>lmple. The bottle identified as OXYGEN I 
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38.162 
Figur e 4-32.-Dissol ved oxygen testing cabinet. 

is for the solution of manganous sulfate. The 
bottle identified as OXYGEN II is for the solu­
tion of alkaline iodide. The bottle identified 
as OXYGEN m is for the solution of sulfuric 
acid . 

2. A I - liter l>ottle with an aspirator and a 
10-ml automatic- zero burette. This is for the 
sodium thiosulfate solution. 

3. Two 300-ml sampl e bottles with cone­
shaped stoppers. Each glass stopper is specially 
made to fit s nugly in one particula1· bottle. 
Do not use a stopper for one sampl e bottle in 
another sample bottle-i t may or may not fit 
properly. As shOwn in figure 4-32, each sample 
bottle is marked wl th a number, and the same 
number appears on the stopper. Various numbers 
may be used; just be sure the number on the 
bottle matches the number on the s topper . 

4. A large casserole. 
5. A hot plate and a 150- ml beaker for use 

in preparing the star ch solution. 
6. A bottle or soluble starch. 
7. A dropping bottle fo1· the s tarch solution. 
8. Glass tubing and l'Ubber tubing, for us e in 

obtaining the water samples . 
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9. A s patula. 
10. A thermometer. 
11. A tube of lubl'icant fo r use ONLY on the 

stopcocks of the OXYGEN I and OXYGEN l!I 
pipettes. 

Special care must be taken to keep all the 
dissolved oxygen testing equipment i n good 
condition. Some of the chemicals used in thi s 
test are very likely to clog t he pipette tips. The 
alkaline iOdide solution (OXYGEN II) will i n 
addition cor rode the glass of its pipette and 
cause the pipette stopcock to freeze if the solu­
tion remains in the pipette for more than 8 hours. 
To pr event t hese difficulties , the pipette must 
be cleaned immediately atte r use. A pipette is 
cleaned by filling the beaker with distilled water 
and r ai sing it s lowly onto the tip of the pipette. 
The s topcock on the pipette should be in t he 
open position. Then the beaker s hould be lower ed 
and the stopcock tip allowed to dr ain. This 
operation should be r epeated several times, 
using at least two changes of water. 1'he plug 
for the stopcock of the OXYGEN !I pipette 
(alkaline iodide) must be kept in the beaker, 
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cover ed with clean distilled water, when the 
testing kl t is not In use. 

The alkaline iodide solution (OXYGEN II) 
and the sulfuric acid solution (OXYGEN IU) 
are very strong corrosive agents. THEY MUST 
NOT BE ALLOWED TO COME IN CONTACT 
WITH THE EYES, SKIN, OR CLOTHING. If 
these chemicals get on the skin or 011 clothing, 
large amounts of fresh, clean water must be 
used to wash them off. If chemicals get in the 
eyes, medical attention must be obtained IM­
MEDIATELY. 

If OXYGEN II and OXYGEN In are ac­
cidentally mixed, a violent reaction will take 
place and the chemicals will spatter . To avoid 
accidental mixing of the chemicals, be sure that 
the 400-ml bottles are pl'Ope1·ly labelled and 
that the correct solution is always used in each 
bottle. An etched circle is provided on each 
bottle for pencilling in the number of Uie 
solution-that is, I, JI, or IT!. 

The dissolved oxygen testing procedure is 
divided into four separate steps or phases: (1) 
preparing the solutions; (Z) collecting the 
sample; (3) fixing the sample; and (4) making 
the test. 

Preparing The Solutions 

The fixing solutions (OXYGEN I, OXYGEN 
II, and OXYGEN Ill) are supplied in proper 
strength for use in the 400-ml bottles. Oo 
NOT fill the bottles more than half full. Be 
SURE you put the right solution in the cor rect 
bottle. 

The Sodium thiosulfate solution must be 
made up fresh once a week. Sodium thiosulfate 
is supplied in stock solution which is 20 times 
tile proper strengUi for use in the dissolved 
oxygen test. 1'o make tip a solution of the proper 
strength, U1e following procedu1·e is used: 

I. Remove the burette-and- stopper as ­
sembly from the sodium tlliosulfate bottle and 
rins e the bottle several times with distilled 
\vater. 

2. Take a 50-ml pipette or a graduate from 
the boiler water testing cabinet. Rinse it with 
distilled water and then with Uie stock solution 
of sodium thiosulfate. 

3. Use the 50- ml pipette or the graduate 
to transfer exactly 50 ml of the stock solution 
into the sodium thiosulfate bottle. Fill the bottle 
to the 1000-ml (or 1-liter) mark with distilled 
water. 

4. Put the solid rubber stopper in the 
sodium thiosulfate bottle. Shake the bottle until 
the contents are thoroughly mixed. 

5. Replace the burette-and-stopper assem­
bly in the neck of U1e sodium tbiosulfate bottle 
and fill the burette. 

6. On the roughened area above U1e label 
of the bottle, write the date in pencil. 

7. At the end of 1 week, discard whatever 
r emains of the solution and make up a fresh 
solution. 

The s tarch solution used for the dissolved 
oxygen test must be prepared fresh each day. 
The p1·ocedure for making up tile starch solu­
tion is as follows: 

1. Rinse the 150-ml beaker with distilled 
\\later. 

2. Fill the beaker tb1·ee-foudh.s full of 
distilled water. 

3. Place tile beaker on the hot plate in U1e 
cabinet and heat the water to the boiling point. 

4. Put. a small amount of soluble s tarch 
(about 1/4 to 1/2 teaspoonful) on the end of 
the spatula. 

5. Put the starch in the boiling water and 
stir the solution for about half a minute wiU1 
the blade of the spatula. 

6. Turn off the hot plate,1·emovethe beaker, 
and allow the solution to cool. 

7. Rinse the star ch dropping bottle with 
distllled water and fill It with the cooled starch 
solution. 

Collecting The Sample 

All samples for dissolved oxygen determina­
tions must be cooled to below 70° F as they are 
being collected. If a sample is at a higher 
temper ature when the test is made, the test 
will not show dissolved oxygen even if it is 
present. 

To collect a sample, attach the rubber 
tubing to the outlet nipple of the sample cooler. 
Insert one end of the glass tubing in the free 
end or the rubber tubing. Start the water flowing 
at a fairly rapid rate. Allow the hot sample to 
flow through the coole1· for at least 5 minutes to 
flush the line and the cooler. Then start a 
flow of cooling water through the cool er and, at 
the same time, U1rottle back the flow of sample 
water to about 300 ml per minute. At first, tile 
r ate of flow will have to be estimated. After 
starting to collect the sample, check the flow 
rate by noticing how long it takes for the 300-
ml sample bottle to fill up; it should take about 
1 minute. 
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When the sample is flowing from the cooler 
at a temperature below 70• F, as measured wltl1 
the U1ermometer from the testing cabinet, 
begin to collect the sample. Insert t11e glass 
tubing In a clean sample bottle, making sure 
that the end or tJ1e glass tubing Is almost at the 
bottom ot the bottle, as shown In flG\lre 4-33. 
Allow tile sample wate1· to flow continuously 
for at least seven times the period required 
to fill tJ1e bottle the first time. If the sampl e 
bottle Is fil led at the proper rate, the sample 
water should be allowed to flow for 7 minutes. 

Keep the glass stopper wet wl th the water 
Uiat overflows from the bottle. Slowly, without 
Interrupting the flow, withdraw t11e glass tubing 
from the bottle and Insert the stopper in t11e 
neck or the sample bottle Immediately. Give the 
s topper a twist to make sur e it is pr operly 
flttecl. Hold the stopper in place and turn tile 
bottle upside down. lf a bubble-even a very 
small one-appears when the bottle ls tur ned 
upside down, d is card the sample and collect 
a new one. Follow the collecting procedure 
just described until a sample entirely free of 
bubbles, Is obtained. 

Fixing The Sample 

After a satisfactory sample has been col­
l ected, It must be fixed. In the following in­
structions, the pipettes a r e Identified as 
OXYGEN I pipette, OXYGEN II pipette, and OXY -
GEN m pipette, to indicate the solution being 
used. 

1. Put the plug In the stopcock or the 
OXYGEN II pipette, as shown In figure 4- 34. 
This plug Is normally stored In water in the 
beaker when the testing equipment Is not in use. 
'111e plug must be wet when It Is put Into the 
s topcock. 

2. Close the stopcocks on all three pipettes . 
3. Using the aspirator bulb, fill each pipe tte 

with Its proper solution (fig. 4-35) . The pipettes 
have a very small capacity; care must be taken 
to avoid forcing excess solution out or the vent 
bole as each pipette is filled. When presSing on 
the aspirator bulb ls stopped, excess solution will 
siphon baek Into the bottle. After filling a pipette, 
drain a small amount from the pipette into the 
150-ml beaker; when the tip or the pipette i s 
full of solution and free of ai r bubbles , r efill 
the pipette. Discard tile solution tha t was 
drained into the beaker . Rinse the beaker 

thoroughly before per for ming the same opera­
tion on the next pipette. Small amounts or 
OXYGEN n solution and OXYGEN m solution 
must not be mixed. 

4. Remove the stopper from the filled sample 
bottle and raise the sample bottle onto the tip 
of the OXYGEN I pipette until the tip Is sub­
mer ged In the sample water. Open the s top­
cock on the pipette, as shown in figur e 4-36, and 
allow the contents to drain into the sample. 

5. As the level in the pipette drops into 
the tip, lower the sample bottle from the tip 
or Ute OXYGEN I pipette. Close the stOpCOCk, 
and lmme<llately raise the sample bOltle onto 
the tip or tJ1e OXYGEJ\ II pipette until the tip is 
submerged In the sample water. Open the 
s topcock of the OXYGEN II pipette (fig. 4- 37) 
and allow t he contents to d1·ain completely into 
the sample bottle . Lower the sample bottle as 
the Jlquld level drops Into the tip or the pipette. 

6. ll eplace the stopper in the snmple bottle, 
as shown In figure 4-38, and close the s topcock 
of t11e OXYGEN 11 pipette. 

7. Pour off the excess liquid above the 
stopper or tJ1e sample bottle. 

8. As shown in figure 4- 39, hold the neck 
of the sample bottle between two fingers and 
keep your thumb on top of tile stopper. Swing 
the sample bottle until the contents are 
thoroughly mixed. 

9. When the contents or t he sample bottle 
have been thoroughly mixed, the sample will 
look cloudy because s majl par ticl es will form 
as the chemical s r eact with each other. These 
small particles are called a PRECIPITATE. 
Allow the sample to stand until the precipitate 
bas settled to the lower part or the bottle, 
leaving the sample clear in the upper part or 
the bottle (figure 4-40) . 

10. Remove the s topper and raise the sample 
bottle onto the tip of the OXYGEN llI pipette 
until the tlp or the pipette is submerged in 
the sample water. Open the s topcock of the 
OXYGEN IU pipette and allow the contents to 
drain into the sample, as s hown In figure 4- 41. 

11. Close the stopcock in the OXYGEN llJ 
pipette and replace the stopper in the sample 
bottle. 

12. Swing the sample bottle to mlx the 
contents thoroughly. As the OXYGEN Ill solu­
tion mixes with the sample, it wlll dissolve the 
precipitate that was previously formed. When 
all precipitate had been dissolved and the sample 
is clear, as s11own in fig\lre 4-4Z, the sample is 
fixed. II may now be exposed to al r. 
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Figure 4-33.-Collecting the sample (dissolved oxygen test). 
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38.164 
Figure 4-34.-Replac ing tl1e plug In the stopcock of the OXY GEN II pipette (dissolved oxygen test}. 
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Figure 4-35.-Filllng the pipettes (dissolved oxygen test). 

Fisurc 4-36. - Adding OXYGEN I solution to the sample (cliRsolvecl oxygen test) . 
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38.167 
Figure 4-37 . - Addillj!; OXYGEN n solution to the sample (dissolved oxygen test). 

38. 168 
Figure 4-38.-Replacing tho s t.oppor in the sampl e bottle dissol ved oxygen tes t). 
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38.189 
Figure 4-39.-Mixing U1e cont~nts or the sample bottle (dissolved oxygen test) . 

3B. J 70 
Flgu"e 4-40.-Allowing the prec!p!tl\te to settle in sample bottle (dissolved oxygen test). 
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38.171 
Figure 4- 41.-Adding OXYGEN JiI solution to the sampl e (dissolved oxyp;en test). 

38. l 72 
Figure 4-42.-All precipitate has dissolved, and sample is fixed (dissolved oxygen test) . 
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Making The Test 

The sample should be tested Immediately 
after It has been fixed. Testing should be com­
pleted within 15 minutes after the sample has 
been flxcd, and preferably within 30 minutes 
after the sample was collected . The tempera­
ture of the sample MUST be below 70° F before 
the test ls llegun. If necessary, the TIGHTLY 
STOPPERED sample bottle should be placed 
tn cold wate r until the sample IS cool enough 
to test. CAUTION: The bottle must NOT be 
submerged. 

To test the fixed, cooled sample, the fol­
lowing procedure Is used: 

I. Using the aspir ator fill the sodium 
thlosulfate burette (figure. 4-43) and a llow 
it to drain clown to zero. Be sure the tip is 
full. 

2. Place the iron r ing in the holder , which 
is located between the sodium thlosulfate bottle 
and the rack for sampling bottles (fig. 4-44). 

3. Place the clean casse role In the ring 
beneath the tip of the sodium thiosulrate burette. 

4. Pour off any liquid that may remain above 
the stopper of the sample bottle. Remove the 
stopper, and pour the entire contents or the 
sample bottle Into the casserole (Hg. 4-45). 

5. Add about 10 dr ops of starch solution 
from the star ch dr opping bottle to the sample 
in the casserole (fig. 4-46). Remember , the 
starch solution must be made up rres heachday. 

6. If the solution does not tur n blue, repor t 
the dissolved oxygen content of the sample as 
ZERO (Ilg. 4-47). 

? • If tho solution does turn blue, add sodium 
thiosulfate solution from the burette, drop by 
drop, stirring continuously with a glass rod or 
a piece of glass tubing (fig. 4-48). Keep adding 
drops or sodium thlosulfate solution and s tirring 
until the blue color has just disappeared. Then 
read the burette. 

8. Calculate the dissolved oxygen cont ent 
of the sample. Moltlply the burette reading by 
0.4 and then add 0.02 to the result, to obtain 
the dissolved oxygen content In parts per 
million. For example, if the burette reading is 
0.4 ml, calculate the dissolved OX}•gen content 
or the sample as follows. 

0.4 x 0.2 : 0.08 
0.08 + 0.02 = 0.10 

Ther efore, this sample contains 0.10 par ts 
per million of dissolved oxygen. 

T EST FOR EMULSIFIED OIL IN 
TILTERED CONDEl\"SATE 

Tbe Tyndall light-cone test Is used to de­
termine the amount or emulsified oil present in 
filtered condensat e, on ships tl1athavedlatomite 
filter condensate syst ems. 

The Tyndall light-cone test Is based on the 
principle that small particles suspended In water 
wi ll r eflect light in a certain way. The test is 
simple to make. A narrow beam of s trong light is 
passed through the water sample. If U1e sampl e 
contains emulsified oil- that is, Oil which Is so 
finely di vtded that it mixes with the water-the 
light Is renected fromthesmall Oil particles in 
such a way that a glOwing cone- shaped area of 
light can be seen in the sample. (Incidentally, 
a similar effect In air may be observed; when a 
ver y small opening admits a beam of sunlight 
Into a darkened r oom, a cone-shaped area of 
light can be seen as the sunlight IS r eflected 
from small dust particles in the air.) 

In the Tyndall light-cone test, the narrow 
beam of light ts passed upward through the 
water sample. If the water is fr ee of emulsUied 
oil and other suspended particles, U1e sample 
wi II not show a cone-shaped area or light 
(fig. 4-49). If the water contains emulsified oll 
a Tyndall cone similar to the one shown in 
figure 4-50 wlll be visible. 

The Tyndall light-cone test can be used to 
determine the amount or emulsified oH present 
in a sample of water, as well as the mere fact 
that oil Is p1·esent. Standard water samples 
containing known parts per million o! soluble 
Oil are prepared aboard ships that make the 
Tyndall light-cone test. By comparing the Tyn­
dall cone seen in a sample with Uie Tyndall 
cones vtslbl e in the standard samples, the 
amount or emulsified oil present In the sample 
can be determined. Amounts or emuls ified oil 
as small as 0.1 ppm can be det ected In this way. 

The apparatus r equi red for making this test 
is very s impl e, consisting basically of a con­
tainer to hOld t he sample and a Tyndall light . 
The containe r must be clear; a glass bottle is 
usually used. In order to obtain accurate com­
parisons, the sample container must be Identical 
wiU1 the containers in which the standard samples 
are stored. The Tyndall lamp (figs. 4-51 and 
4- 52) can be made from a r egular 60-watt 
light bulb covered with a tin can. The tin can 
has a small hole (drill size no. 50) i n U1e top. 
The can-and-lamp assembly Is mounted on a 
wooden base, as shown in figure 4-52. 
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38.173 
Figur e 4-43.-Filling the sodium thiosulfatc bu1·ette (dissolved oxygen test}. 
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Figure 4-44.-lnsert!ng lron ring ln holder (cllssolvcd oxygen test). 
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38.175 
f'l~rc 4-45.-Pourlng the Clxe<l sample Into the casse1·olc (dissolved oxygeu test). 
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38.176 
Figure 4-46. -Adding starch solution from the starch dropping bottle (dissolved oxygen test). 
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Figure 4-47.-Zero dissolved oxygen: Sample does not turn blue when starch solution Is added. 

b 

38.l 78 
Figure 4-48. -Adding sodium thlosulfate to blue sample (dissolved oxygen test). 
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38.179 
Figure 4-49.-Appenra11cc or oil-free water 

wl th 1'yndall light. 

38.1.80 
Figure 4-50.-Appearance or 'l'yndnll cone in 

wate1· containing emulslfl~>d oi l. 

38.181 
Figure 4-51 .-Components of Tyndall lamp. 
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38.182 
Figure 4-52.-Assembled Tyndall lamp. 

FREQUENCY OF FEED WATER TESTS ships except for those on the extended schedule 

The intervals at which feecl water must be 
tested for chloride, hardness, and dissolved 
oxygen a.re shown In table 4-3. Note that these 
intervals are Ille same for all ships, regardless 
of the type of water treatment used or the type 
Of waterside cleaning schedule authorized !or 
the snip. 

FEED WATF;R LIMITS 

The feed water limits specified by the Naval 
Ship Systems Command for chloride, hardness, 
and dissolved oxygen are shown in tabl e 4-4. 
As may be seen, the limits are U1e same for all 

of waterside cleaning. 
The limits given for dissolved oxygen re­

quire a word of explanation. Deaerated feed 
water should not contai n more than 0.014 ppm 
of dissolved oxygen, and deaerating feed tanks 
are g\1aranteed by the manufacturers to reduce 
Ute dissolved oxygen content to this f!g\•re 01· 
below. However, the test. used aboard ship to 
dete1·mine tlle dissolved oxygen content ca1mot 
detect cor1centrations of less than O. 02 ppm. 
Therefore any indication of dissolved oxygen 
during a shipboard test must be taken as a 
warning that the feed water is not properly 
deaerated. Labor atory tests, being car more 
sensitive, can detect dissolved oxygen In con­
centrations of less than 0.014 ppm. 
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Table 4-3.-Frequency or Feed Water Tests 

Feed Water Test Source of Sample Frequency of Test 

Chloride Distilling plant discharge to Whenever a distilling plant 
reserve feed tanks measuring tank is filled (on 

Use chemlcul test frc- ships having distilling plant 
qucntly to check electrical measuring tanks) 
salinity Indicator readings 

Water in reserve feed tanks Weekly, and just before water 
is used 

Condensate from main Every 15 minutes while under 
condensers way 

Every 30 minutes while standing 
by 

Condensate from auxiliary Every 30 minutes 
condense1·s 

Water in deaerating feed tank Once each watch 

Water in feed tanks being used Once each watch 
and water in standby tanks 

Ha1·dness Water in feed tanks being used Daily, and just before water is 
and water In standby tanks used 

Water in reserve feed tan.ks Weekly, and just before water is 
used 

Dissolved oxygen Water in operating deaerating Daily 
feed tanks 
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Table 4- 4.-Fccd Wate r Umits 

Feed Water Test Source of Sample Feed Wate1· Limits Feed Water Limits 
For Ships on For Ships on 
Jlegular Schedule Extended Schedule 
of Waterside of Waterside 
Cleaning Cleaning 

Chloride Distilling plant dis- 0.065 epm maximum 0.065 epm maximum 
charge to reserve 
feed tanks 

Condensate (main and 0.1 e pm maximum 0.05 epm maximum 
auxiliary con-
dense rs) 

Water in all feed O. 5 epm maximum 0. 25 epm maximum 
tanks - use tanks, 
standby tanks, re-
:-::ierve feed t.anks, 
and deaerating feed 
tanks 

Hardness Water in all feed tanks 0.5 epm maximum 0.2 ep1n 1naximum 

Dissolved oxygen Water in operating Less than 0.02 ppm Less U1a11 0.02 ppm 
deaerating feed maximum by ship- maximum by ship-
tanks board test board test 

0.014 ppm maximum by 0.014 ppm maximum by 
laboratory test laboratory tes t 
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CHAPTER 5 

TURBINE OPERATION 

Steam turbines are uaed for ship propulsion 
and !or driving many or the auxiliary machinery 
units associated with U1e propulsion plant, such 
as lubricating oil pumpH, condensate pumps, lee<I 
pum1>s, circulating pump8, fuel oil pumps, forced 
dra!t blowors, and ship's service generaton. 

As an ofllcer or the engineering department, 
you wlll be required to know a great deal of gen­
eral Information co1\cernlng propulsion plants 
and associated auxiliary machinery, and you 
will need specific in!or-tlon about the opera­
tion or the propulsion =chlnery Installed In 
your ship. 

This chapter deals wlU1 U1e principal typos or 
steam turbine propulsion plants, and main and 
auxiliary steam turbines (from the standpoint 
of basic design features and operating principles) 
engtnoroom ope rating procedures, and casual­
ties with turbine lnstalllltlon.s. !'.talntenance of 
turbines ls covered In Chapter 6. 

It Is Important to note that most or the In­
formation contained In this chapter is of a 
general nature only. Turbine installations vary 
to such an extent that it ts necessary to consull 
Ibo various manufacturers' tcel>nlcal manuals ror 
dotallod in.lormation lor any given unit. f'urther 
intormatlon may be obtained from the Bureau 
ol Shlps Technical Aunual, Chapter 9410 (41), 
Section I-Turbines, and Chapter 9500 (501, 
Awdlbry Steam Turbines. 

STEAM TURBINE PROPULSION PLANTS 

Tbe two principal types ol steam turbine ship 
propulsion plants In use today are the geared­
turbine drive and the lurbo-electrtc drive. The 
direct-drive type turbine propulsion plant, which 
was the forerunner of tho present day plants, 
wlU be round on only a few naval ships. 

Steam turbines must operate In a i·el allvoly 
high range of i·evolullons per minute (rpm) 
In order to obtain the maximum amount ol work 

per pound of steam used. Propellers (assume 
fixed-blade type !or this discussion) however, 
operate most efficiently in a much lower rpm 
range. In the direct drive Installation, it Is 
generally true that neither the modern turbine 
nor the p1·opeller can operate in its ideal rpm 
range, when both nuerate at the same speeds. 
Steam consumptlo ., and consequontiy luel con­
sumption, in these plants was tremendously high. 
Only by rodesignlng the high-speed turbine 
to a large-diameter slow-speed turbine of many 
stages (50 or more) can the turbine eftlciently 
approach the required value. The need for 
suitable moans of ope1·atit,g both turbine and 
propeller within their respective efficient rpm 
ranges brou~ht about the development of the 
geared- turblne dl"ive an<I the turbo-electric 
drive. 

ln the geared-turbine drive, a reduction gear 
unit is used as the muns !or reducing high 
turbine rpm to the much lower propeller shaft 
rpm. In the direct-connected electric drive, the 
necessary speed reductlon Is brought about 
electrically. That Is, U1e turbine drives a 
generator Bl high rpm, and the generator 
furnishes pOW4ir to drive an electric propulsion 
motor which operates in a low rpm range. 
The turbine Installations in these two types or 
drives diller considerably, as will be pointed 
out In the succeeding paragraphs. However. 
there is essentially no difference (In design 
and operational features) lo the auxllluy mach­
inery and equipment such as pumpK, condensers. 
and coolers Dssociated will• the~e two types of 
propulsion drives. 

GEARED-TURBINE DRIVE 

In the geared-turbine drive, the parts or 
sections which make up the individual propulsion 
units consist of the main turbines and the reduc­
tion gear. 
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Chapter 5-TURBINE OPERATION 

F igure 5-1 shows the general arrangement 
of the turbines and gears in a gear ed-turbine 
propulsion unit. Not all geared turbine plants 
have the cruising tu1·bine; generally such tur­
bines are found in only the smaller ships such 
as fri.gates and destroyer s of WW Il vintage. 

In a typical destroyer propulsion plant, the 
speed reduction ratio between cruising turbine 
shaft and high pr essure turbine shaft is ap­
proxim,\tely 1.8 to 1. The speed ratio between 
high p1·essure turbine shaft and p1·opeller s haft 
is 16 to I, and the ratio between low pressure 
turbine and pl'opeller shaft is 13 to I. In other 
words, i n operation, if the propeller shaft is 
revolving at 100 rpm, a t cruising speed, tile 
c r uising tu rbine will be revolving a t 2880 r pm 
(1.8 x 16 x 100), the high pr essure turbine a t 
1600 rpm (16 x 100), and the low pr essure 
turbine at 1200 rpm {12 x 100). However, a t 
full-power speed (300 to 400 rpm for a DO), 
the units will run as high as 10,000 rpm for 
the cruising turbine, 5000 to 7000 rpm for the 
H. P. unit, · anti 4000 to 6000 rpm for the L. P. 
unit, with gear ratios accordingly. 

l' igure 5- 1 shows two aste r n e lements, one 
at each end of the low pressur e tur bine. This 
arr angement is typical for combatant type s hips; 
auxllia1·y type s hips usually have one astern 
element instead of two, and that one invariably 
is located at the for ward end of the low pr es­
s ure turbine (the encl far thest from the reduction 
gear). 

The PROPULSION SHAFT , extending fl·om the 
main gear (low speed) shaft of the reduction 

ASTERN ELEMENT 

f: 

CRUISING 
TURBINE 

' ' I LOWJ>R:E$.!.URE J 
I TUR8UH! 1 
I ' I I 
I o 

CRUISING 
TUR61N E­
REOUC:::Tl0K 
GEAR 

Hl (;H · 
PReS!.URE 
TUR 81HE. 

gear to the propeller , is suppor ted and held in 
alignment by the SPRING BEARINGS, the STERN 
TUBE BEARINGS, and the ST RUT BEARING. 
The axial th rust, acting on the propulsion shaft 
as a r es ult of t he pushingeffectofthe propeller, 
is absor bed In the MAIN THRUST BEARING. 
In many ships, the main thrust bearing is located 
at the forward end of the main shaft, w'ithin 
the r eduction gear casing. In other ships , 
hO\veve r, the n1ain s haft thrus t bearing is located 
farther aft in a machinery space or a shaft 
alley. 

In submar ine applications and other ships 
utilizing Singte- casingturbines gea red to a single 
propeller shaft, ther e Is usually a clutch, as well 
as an emergency e lectric motor. 

TURBO- ELECTRIC DRIVE 

Unl ike geared-turbine propuls ion plants, 
which have one or more ahead turbine elements 
and one or l \VO as tern elen1ents for each propul ­
sion shaft, the turbo-elect ric drive installations 
have a s ingle turbine unit for each installed 
sha.ft. Figm;e 5- 2 shows the diagrammatic ar­
r angement of a turbo-electric propul sion unit. 
This unit includes a turbine, main generator, 
propulsion motor, a direct current generator 
fo1· supplying excitat ion current to the generator 
and the pl"Opulsion motor, and a propulsion 
contr ol board. 

The speed r eduction ratio between turbine and 
propeller in the turbo- electric d1·ive is ap­
proximately the same as in the gear ed- turbine 

MAIM 
REDUCTION 

GEARS 

k AIM SHAF T 

47.1 
F igure 5-1. -Gear ed turbine propulsion unit. 
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Figure 5-2. -Diagram of the turbo -electric drive. 

drive, and is brought about electrically. For 
example, in 0110 class of turbo-electric d1·ive 
type destroyer esco1·t, the normal operating 
range fixed speed ratio between the turbine­
gcncrator set and tile propulsion motor is 14 to 1. 

One of the differe11ces between geared drive 
and electric d1·ive is that the latter does not 
have an astem turbine element. In the electric 
drive. the direction of rotation of thep1·opulsion 
motor, and consequently the propeller. is con­
trolled by the electrical switch setup which 
whlcll reverses the dircctlo>l of rotation of the 
propulsion motor. Therefore, there is no need 
to reverse rurblne rotation for astern operation. 

STEA.I\.! TURBINE GIWUPINGS 

Turbines may be grouped in f\ve ways i.e.; by 
the: 

1. Manner ilt which the steam causes the 
tui·blnc rotor to rotate. 

2. Type of staging and compounding of steam 
pressure and velocity. 

3. Division of the steam flow. 
4. Direction of the steam flow. 
5. Repetition of steam flow (lncludilig single 

entry, single re-enh·y, and double re-enll-y 
type turbines) may also be used. 

Unde r each of these g roups, there are 
several varieties of turbines, some of which 
are described brie!ly in the following var­
ag1·aphs. A ft er readini; these descripiions and 
studying the accompanying illustrat ions, you 
should be able to identify eve1·y turbine used 
by the Navy. 

BY IMPULSE AND REACTJON PRINCIPLES 

The basic distinction made between turbines 
has to do with the manner in wllich the steam 
causes the turbine rotor to move. When the 
r otor is moved by a push 01· "Impulse" from 
a high velocity jet of steam that s trikes blades 
mounted on the periphery of a rotor wheel, 
the turbine is said to be an IMPULSE TURBINE. 
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When the 1·otor Is moved by the force of reac­
tion, the turbine is said to be a REACTION 
TURBINE. 

The angle al Which the steam hits the moving 
blades and the shape of the moving blades are 
the two ma In factors which determlne whether the 
rotor Is moved by a direct impulSe or by reac­
tion to an impulse. Figure 5- 3 shows the nozzle 
and blade arraniicment In an impulse turbine. 
Figure 5-4 shOws the fixed blades and the moving 
blades in a reaction turbine. 

Impulse 'J\1rbines 

In tile lmpulso n11·blne, the steam expand~ 
through stationary nozzles only and so loses 
pr essm·e but gains veloclly. In t.he moving 
blades, the steam loses velocity but the pressur e 
remains constant. Aclu:tlly, an impuls e tu rbine 
utilizes bOth U10 Impulse of the steam jet and, 
to a lesser extent, the reactive for ce which 
results from the ract Utat the curving blades 
cause the steam to change its direction. 

Reaction Tllrblnes 

In the reaction turbine, the steam enters 
through the row of nxed blades which el<P'\nd 

IUllES 

38. 76X 
Figure 5-3. -lntpulse turbine noz2le 

CNTERING 
STUM 

and blades. 

38.77X 
Fi1t11re 5-4.-Flxed and moving blades 

in a reaction turbine. 

and direct the now of steam to the moving 
blades. The fixed blades and the moving blades 
are very similar In shape (see rig. 5-41. Stc:im 
expansion takes place in both set s of bl:\des. 

A reaction turbine is moved by (tl the re­
active rorce produced on the moving blades 
when the steam increases In velocity, :ind (2) 
tho reactive force produced on the moving blades 
when the steam changes direction. However, 
some or Ute motion of the rotor ls actually 
caused by the imp:ict of the steam on the blades; 
and, to a cer tain extent, therefore, Ute r eac­
tion turbhte ope rates ou the impulso principle 
as well as on the 1·oaction prlnclple. 

Bnslc Differences Between Impulse 
And Reaction Turbines 

Regardless of Ute number of fixed and mov­
ing blade rows ln an impulse turbine, U1e pres­
sure remains the same throughout U1e blading of 
each stage. In the reaction turbine, however, the 
stoam pr essure decreases In every row of fixed 
and moving blades. Ther e are no nozzles In the 
reaction tu1·bine; the fixed blades serve the same 
purpose as the nozzles of :m impulse turbine. 

BY STAGING AND COMPOUNDING 

In an Impulse turbine, a STAGE Is de fined 
as one set of nozzles and the succeeding row 
or rows of moving and fixed blades. Another 
way of defining a s tage is to S3Y tha t lt Includes 
the nozzles and blading in which only one prcR­
sure drop takes place. (Jn an impulse turbine, 
i·emember, the only pressure dr op takes place 
In the nozzles. Ther efor e, the number of sets of 
nozzles In an impulse turbine Indicates the 
number of stages.) 

Plgure 5-5 shows a SIMPLE IMPULSETUR­
Bil'IE. This turbine has one stage. consisting 
of one set ol nozzles and one row of moving 
blades mounted on the rotor. Simple impulse 
turbines do not completely utilize the velocity 
or the s team, and ar e therefore not vc 1·y effici­
ent. They have the advantage or bclng simple 
In design and construction , however, and are 
often used fo r small auxiliary units. The simple 
Impulse s tage is usually called n RATEAU 
STAGE. 

In tile REACTION TURBINE, the steam prcs­
su1·e s uccessively dr ops in each r ow of bladeR 
(whether fixed 01· moving). Tile combination of a 
row of fixed blades with a row of moving bl3des 
ln these turbines Is sometimes rererred to as 
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38. 78X 
Figure 5-5. -Simple impulse turbine. 

a DOUBLE STAGE (alsoknownasasingle REAC­
TION STAGE). 

One way to increase the efficiency of a 
single stage impulse turbine Is to add another 
row (or even two more rows) of moving blades 
to Ute rotor wheel. Figure 5-6 shows a turbine 
which !Ins two i·ows of moving blades. This 
turbine IS called a VELOCITY COMPOUNDED 

38. 79X 
Figure 5-6.-Velocity compounded impulse 

turbine. 

IMPULSE TURBJ'NE because the residual veloc­
ity or the steam leaving the first row or moving 
blades is utilized in the second row or movin" 
blades; and, If a third row is added. the veloc: 
ity of the steam is utilized again In lhe third 
row. The lixed blades, which are l:tstened to the 
casing rather than to the rotor, se1·ve to direct 
the steam from one row of movinl)' blacles lo 
another. 

The velocity compounded impulse turbine 
shown In figure 5-6 has only one pressure drop 
and thereto re, by definition, only one stage. This 
ltind o( velocity compounded impulse stage is 
usually called a CURTIS STAGE. l\fany of the 
auxiliary turbines used for pumps and forced 
draft blowers consist of one Curtis stage. 

(Velocity compounding can also be :tchieved 
when only one row of moving blades Is used, 
provided lhe steam is dil'ected in sucll a way 
that it passes through the blades more than once. 
This point will be taken up in g1·eater detail in 
the discussion of types of steam flow.) 

Another way to increase the ectlciency or 
an impulse turbine is to arrange two or more 
simple impulse stages in one casing. The casing 
is internally divided by diaphragms which con­
tain nozzles so that the residual s team pressure 
of one stage Is utilized in the following stage. 
This type of turbine is known as a PRESSURE 
COMPOUNDED IMPULSE T URBINE be<'ause a 
pressure dro1l occurs in each stage, as the steam 
expands through each set of nozzles. Figure 5-7 
s hows a p1·essur e compunded impulse tur bine 

38.SOX 
Figure 5-7.-Pressure co111pounded in1-

pulso turbine. 
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with four stages. A p ressure compounded im­
pulse turbine is often called a RA1'EAU TUR­
BINE, since it is essentially a series of simple 
impulse (Rateau) stages arranged in sequence 
in one cas ing. Pressure compounded impulse 
turbines are not commonly used for small 
auxilia1·y units. 

The PRESSURE COMPOUNDED REACTION 
TURBINE (all r eaction turbines are p1·essure 
compounded) employs alternate rows, or stages, 
of fixed and moving blades which compound the 
total pressur e dr op into as many steps as there 
are rows , of such blades. This pressu1·e staging 
lowers the steam velocity in each stage. 

The COMBINATION IMPULSE AND REAC­
TION TURBINE employs a velocity compounded 
impulse (Cur tis) stage a t the high pressure end 
of the turbine. This effects large temperature 
and pressure drops in the first- stage nozzles, 
as well as a high initial utilization of the rmal 
energy. lt also enables the ren1aining pressure 

EXHAUST TD 
l.P. lURBIH( 
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GUND 

• 3 RUCTION 
BLADE RING 

• 2 lliCTIOH 
BlMIE RING 

compounded reaction stages of the tu rbine t.o 
work more efficiently and with less tendency to 
distortion in t he turbine parts. Figure 5-8 
illustrates diagrammatically the design of this 
type of turbine, which is often referred to as a 
MODIFIED PARSONS TURBINE. 

BY DIVISION OF STEAM FLOW 

The next c lasslficatlon of turbines concerns 
the number and type of divis ions in the steam 
flow through the several elements which com­
prise the complete turbine. The turbine types 
under this grouping include single- flow turbines, 
c ross-compound tu1·bines, and double-flow 
turbines. 

Single- Flow Turbines 

In slngle-flow turbines, the steam enters at 
the inlet or throttle end, flows once through the 
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47.3X 

Figur e 5- 8. - CombinaUon impulse and reaction turbine . 
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blading In a line approximately paralle l to the 
rotor or slmft, and emerges at the exhaust end 
of the turbine. Figure 5-9 illustrates this type 
or turbine. 

The steam passi11g through :>. multistage 
impulse turbine does not exer t any appreciable 
axial thrusi to the rotor s ince the pressure drop 
actut1Uy takes place in the nozzles. The EQUAL­
IZING HOLES provided In the lurblne whee l al so 
help to prevent the development or ax ial thrust 
upon the individual wheel o! the l"Otor. In a 
reaction turbine cons ider able axia l thrust is 
developed Crom the steam pressure drop occurr­
ing In the moving and the stationary blades. 
In single-flow reaction turbines, this axial 
thrust Is p.utlally counterbalanced by use of a 
dummy piston and dummy cylinder arrange­
ment such as Is shown in rigure 5- 1 o. In this 
arrangement, space A surrounds the Inlet end 

face area o! t.he turbine rotor and Is connected 
to space B, which sur rounds the outlet face 
end area or the rotor, by an equallzing pipe. 
The dummy piston and cylinder which form 
a close running sealing surface serve to pre­
vent the entry of large amounts of steam 
from the Inlet passage Into space A. (The 
differ ence 111 s team pressure across the dummy 
causes a thr ust toward the high pr essure 
end of the turbine , pa rtially counte1·balancing 
the thrust In the opposite di rection caused by 
the pressure drop in the r otor blading.) 

In some combination impulse and r8'1ction 
turbines (fig. 5-8), a dummy piston cylinder ar­
rangement similar to the one justdescrlbedwas 
used to help offset the axial thrust effectcaused 
by the reaction blading of the turbine. In reac­
tion turbines of t he double- now type, discussed 
later in this chapter the dummy piston and 

47.4 
Figur e 5- 9.-Singlc flow, p1·cssure velocity compounded impulse turbine. 
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EXHA.UST 

4?.4X 
Figure 5- 10. -Dummy piston and dummy cylinder. 

cylinder aro not necessary since the axial thrusts 
developed at each c1'1d counte1·b:llauce each other. 

Compound Tu1·binc Unlts 

In turbine unlts ol small o r moderate power, 
complete expansion of the steam, and resultant 
utlllzatton or the latent energy. can be provided 
ror· In a single cnslng. For greator power 
requi1·ements, howcve1', this type of turbine 
would requh·o c:islngs and 1·oto1·s or such great 
size as to create serious dUficulties in con­
struction. 'l'ho s ize of these parts would be such 
as to c1·eato se dous potential problems due to 
dlfforentlal expansion. 

Hlgh-powet· geared turbine Installations ar e, 
therefore. generally built a8 compound turbine 
units. In thl8 type, the steands partially expand­
ed in a l!IGll PRESSURE TURBINE (enclosed in 

47.6 
Fig11l'e 5-1 l.-Ol11gramnmtlc arrangement 

cross-comPOUnded turbine. 

a casing of its own), and then exhausted, lhl'OUgh 
a crossover pipe, to a LOW PRESSURE TUR­
Bll\E where the expru1slon Is completed. The 
energy-depleted steam Is then exhausted to the 
main condenser. In older 00 designs, 11 CRUIS­
ING TURBINE precedes the hlsh pressu 1·e tur­
bine. This turbine is 01>erated over the cruising 
range and may be bypassed at higher powers 01· 
speeds. 

In more recent desl(!!ls, a se1·1es-pa.-allel 
turbine ls being usecl. It consists of o. single 
high pressui·e-intermedlate prcssu1·0 rotor and 
casing, and a conventional tow pre1:1su1·0 unit. 
The high pr essure-inlermedintc 1wcssu1·0 steam 
chest and noz2le-control valves ar e :1rranged 
so that steam ls admitted only to the high pres­
sure element for speeds In tho cruising i·ange. 
The steam then passes th1·ough an external pipe 
"' tile intermediate pressure element and Is 
exhausi.ed lo the tow 1wessuro unit. For lilts 
condition, the turbine Is said to be operatlng 
in "series." For speeds In excci;,; or 1he cruiB­
ing range. main steam ls o.dmliled to both the 
ttigb pressure an<! Intermediate pressure ele­
ments, and the turbine is operating In "1>arallel." 
Both the high pressure 3nd Intermediate pres­
sure elements exhaust to the low pressure 
element. 

There were orlgln3lly 1wo general :1rrange­
ments of compound turlnne units In use-the 
crosscompound and the tandem-compound-b<1t 
the cross-compound type ls the only one now 
used In the Navy. In these CROSS-COMPOUND 
TURBfNE installations (fig. 5-11 ), the lltgh and 
tow pressure units arc on scp:u·atc sharts. The 
two tu1·bine shnits a•·c conncctod. th1·ough •·educ­
tion gea1·s, to ;1 c.onunon shart which drives 
the ship's propeller. 
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CRUISING TURBINES are generally similar 
in design to tho high pressure tur bines, except 
that the crulslng turbines are smaller in size and 
flO\\' volun1e. When cruising turbines are inuse, 
steam passes first through tile cruising turbine 
before going to the high pressure turbine (fig. 
5-12Al. In thls way, the steam is expanded 
through a greater number of pressure stages. 
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Thls extracts mor e ene rgy from the steam than 
Is possible by use of the high pr essur e and low 
pressure turbines. When speeds in excess orthe 
cruls1ng turbines range are desired or antic­
ipated, the steam is led directly to the high 
pressure turbine, bypagsingthe cruising turbine, 
as shown in figure 5-12B. In some designs, 
cooling steam is supplied to the cruising turbine 

OICM 

A 

B 

c 
47.7 

Figure 5-12. -Schematic diagrams s howing steam flow to cruising, high pr essu re. and astern 
turbines. 
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from tho high pres~-ure turbine to prevent 
d3mage from overheating caused by friction of 
rotation; In other designs this lsachlcvcdsolely 
by vacuum. Reduction gears and sha!tlngareused 
to connect the high pressure turbine and the 
cruising turbine. 

Steam Hhoulcl not be admltied to the backing 
or astern turbine while steam ls being admitted 
to the ahe:\d turbines. {See fig. 5-12C.) Steam 
may be admi tted to an aste1·n turbine when a 
ship is going ahe:i.d at any time it I~ desired 
to slow. stop, or back the ship, providing the 
ahead throttle Is closed. Astern turbines which 
m:.y be either single-flowordOuble-flow impulse 
turbines. develop about one-tenth to one-filth 
the maximum pawer of the ahead turbines, but 
have a torque capability Crom 90 to 120% or 
tl\at of tho nhead e lements. 

In noncombatant ships , the aste rn turbine 
usually consists of one 01· two velocity-com­
pounded lm1>ulse {Curtis) stages mounted in the 
exhaust end of the s ingle-flow low-pressure 
ahead turbine. 

Most submarines have one or more single­
casing turbines. each fitted with an astern ele­
ment. Most combatant surface ships. with geared 
turbine Installations. have an astem clement or 
one or two velocity-compounded (Curtis) stages 
IMtnlled In each end of the double-now low 
pressu1·c turbine. This dual e lement provides 

higher astern power than is possible with a single 
astern element. In addition. the axial thrust 
developed by one element Is oppOSed :\l'ld balanced 
by an equal axial thrust developed by the other 
element. 

Double-Flow Turbines 

Single-flow turbines with a large capacity 
and a low exhaus t pressure requi re excessively 
long blades (or a very large turbine diameter) at 
U1e low pressure stages to allow free passage or 
the expanded steam. and to maintain therlesired 
efficiency. To overcome these disadvantages, 
LOW PRESSURE T URBINES are frequently 
constructed ns a double-now type (fig. 5-13). 
Tills tu1·bino consists of two s lngle- flow units 
inst:illed on one shaft. in the same cas ing. with 
slenm Inlet al tho center. The blading Is al"­
ranr;cd to permit s team now from tho center 
town.rd both ends , and to give tho rotational 
effect in the same directi on at both ends . 

Since equal amounts of steam flow from the 
center toward each end in the double-flow tur­
bine, the ste;un thrust (pressure toward end of 
turbme) ls balanced, and the undesirable ax.la! 
thrust is eliminated. The majority or low pres­
sure compound turbine units a re of lliiM type or 
construction. 

AS1CRN Slt:.IM 1Ml£1 AHEAD STEAM FROM 
U. TURlll!IE 

ASTm ST!All INUT 

47.SX 
Flgu1·e 5-13. -Low pressul"e double-flow reaction turbine. 
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BY DIRECTION OF STEAM FLOW 

Turbines may be grouped by axial flow, heli­
cal flow. or radial flow, according to U1e direc­
tion of the now of steam relative to the rurbine 
wheel. The Navy uses only axial flow units for 
main propulsion; helical flow turllines are widely 
used ror driving auxiliary machinery; and radial 
flow turbines are used to a limited extent for 
small pump drives. 

Axial Flow Turbines 

Most steam turbines lespecially those of 
medium and high power) are or the axial flow 
type. ln such turbines, the steam flows in a 
direction approximately parallel to the axis of 
the wheel 01· rotor, the blades lleing set so 
that they project r adially from the periphery 
of the 1·010 r. 

As already indicated, the dosil'ed degree of 
steam expansion in this type tur bine Is provid­
ed !or by: increas ing the number or rows of 
blades; Increasing the length of blades in 
successive rows; increasing the diameter of 
the wheels or rotor upon which the blades are 
mounted; Changing the Shapes or t.he blades or 
variously spacing them; or a combination of two 
or more or these methods. 

Helical Flow Turbines 

In the helical flow (tangential) turbine, the 
steam nows in the form ofa spiral or helix. The 
rotating element consists of a whee l hnving semi­
circular slots, or "buckets." mllled Oblique­
ly In Its periphery or outside circumference. 
The nozzles (fig. 5-14), a r e located In such a 
manner around the circumference of the wheel 
that the steam flows from them In a direction 
approximately tangent to the wheel, or so that 
it impinges upon the s lots of the wheel. In 
this way, the steam is d irected lnto the buckets , 
and gives a rotational impulse to the wheel. The 
moving buckets are so s haped that the direction 
of the steam flow is reversed within them, and 
the steam Is sent back out or the side opposite 
from where II entered. 

TI1e steam conting out or the moving buckets 
is caught in stationary buckets or REVERSING 
CHAMBERS, where its direction Is again revers­
ed and the steam Hows back through the moving 
buckets. This reversing and redirecting process 
is repeated several times, after which tho steam 
passes out through the exhaust opening. 
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33.45X 
Figure 5-14. -Phantom view or steam path in a 

Strutevent helical flow turbine. 

A nozzle and the accompanying set or fLxed 
redi recting buckets or reversing cl.ambers are 
cast or welcled in one piece. Up to the limit 
imposed by the Circumfer ence Of tho wheel, any 
number or these nozzle and bucket sets may be 
installed. Since the only drop in pressure occurs 
in the nozzle, this turbine is a single-stage, 
velocity-compounded, impulse turbine. 

This kind or turbine is built only In small 
units. up to a few hundred horsepower, and is 
used for driving such auxiliary machinery as 
pumps and forced draft blowe1·s. It has reason­
ably high eCflclency over a wide r ange of speeds. 
and is expeclally adapted tounlls rec1ulrln1l' large 
speed v1u·Lat1ons in normal operation. 

PROPULSION STEAM TURBINES 

There are several types of turbines installed 
on naval ships; slx major types are: 

1. Type I (single-casing unit). -The Type 
l propulsion unit consists of one or more ahead 
elements, each contained ill a separate casing 
and identified as a single- casing turbine. Each 
tur bine delivers approximately equal power to 
a reduction gear or a propu lsi(>n gene1·ator. 
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2. Type rT-A {straight-through unitl.-The 
Type II-A propulsion unit is a two element 
straight-through unit, and consists or two ahead 
elements, known as a high pr essure (HP) ele­
ment and a low pressure {LP) e lement. The HP 
and LP elements are contained In a separate 
casing and are commonly kllQwn as the HP and 
LP mrblnes, respectively. The HP and LP 
turbines deliver p0wer to a single shait by 
separate coupling to a reduction gear. Steam 
Is ad mi ttecl to the HP turbine and nows straight 
di rough the turbine without bypassing nny stages 
(there ls partial l>ypassing of the fi1·st row of 
blades at high power). and then is exhausted to 
the LP turbine through a crossover plpe. 

3. Type ll- B (EXTERNALbypassunlt).-The 
Type II-B p1·opulsion unit is :>hnila r to the type 
It-A. except that provision ls made for bypassing 
of steam around the first stage or first several 
stages of the BP turbine at p0wers a'bOve the 
most economical point of operation. Bypass 
valves are located in the HP turbine steam chest. 
with the nozzle control valves. 

4. Type II- C (INTERNAL bypassunit).-Tbe 
Type n-c is similar to the Type II-A, except 
that provision is made for bypassing steam from 
the first-stage shell around the next several 
(one o r more) stages of the HP t\1rblne at powers 
above the most economical point of operation. 
Bypass valves and steam connections ;ue usually 
Integral with the HP turbine casing; however, 
some installations have the v3lves separate, 
but bolted di r ectly to the casing, wlth suitable 
connecting piping between the first-stage shell 
and valve to the bypass belt. 

5. Type m {series-parallel unit) -The Type 
DI propulsion unit consists of three ahead ele­
ments, known as the l:fP element. intermediate 
pressure {IP) element , and LP element. The HP 
and IP elements a r e combined in a single casing 
and lcnown as the HP-IP turbine. Steam l.s admit­
ted to the HP-IP turbine and exhausted to the LP 
turbine by a crossover pipe. For powers up 
to the most economical point or open \tlon, only 
the HP element receives inlet steam. with the IP 
element being supplied in sel'lcs wlth stenm lrom 
the UP element e~baust. At powers above this 
point of operation, both clements r eceive inlet 
steam in a manner similat· to that In a double­
flow turbine. During ahead operation no ahead 
blading is bypassed. 

6. Type JV (cruising gearodandventedunlt). 
-Tho Type IV propulsion unit consists of a 
cruising element, HP e lement, and LI' elemenl­
each contained in a separ ate casing. The cruising 
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tu1·bine is connected in tandem through a c ruising 
reduction g"e:u· to the ronva1·d end of the HP 
turbine. The 1:1·uising turbine contributes power 
to the propeller s haft !or p0wers uptothe most 
economical point of operation . and for hlghor 
powers It is ldled In a partial vacuum and sup­
plied wiU1 cooling steam to prevcntover heatlng. 
It Is p0ssible todlsconooct the cruising turbine to 
allow for repair while the HP turbine IS operat­
ing. For cruising powers, steam is admitted to 
the Ct'Uising turbine and then e><hausted to the 
HP turbine Inlet, and thence from the HP 
turbine exhaus t lnt.o the LP turbine th1·ough a 
crossove1· pipe. The arrangement of the HP and 
LP turbine ls ldenticn.l to the Type U units. 

All of these six types of propellln~ units 
contain an astern element for backing or reve rs­
ing. The aste 1·n e lement Is located in each exhaust 
end ol the LP turbine casing or in the exhaust 
end or each single- casing turbine. 

Anothe1· classification which affects lln·bine 
life requirements and cons truction is: 

Class A-Turbines for use in naval sub­
nmrines. 

Class B-Turbines (or use in nava l surface 
ships {warships, mine warfare 
ships and patrol ships). 

Class C-Turblnes ror use In ttllva l ships 
(amphibious wa1·fare slllps and 
:iux\liar y ships). 

AUXILIARY STEAM T URBINES 

Throughout lhis chapter, we have placed 
primary {though not exclusive) emphasi8 011 the 
larger types or turbines used for main propul­
sion. There a 1·e, of course, the ship's service 
turbine genel'ator set d!'ives and a conside1·able 
number of smalle r turbines employed In all 
naval eng"inecrlng plants for d1·iving au.•ilia1·y 
mal'.hlnery sucl1 as gene;·ators, pumps, air com­
pressors, and forced draft blowers. The ship's 
$ervice gene1·ntor turbines are multi-stage unit~ 
with ratings up to 2500 KW. These units are 
constant speed turbines running at 3600 rpm. 
Most auxiliary machinery units outside tho 
engineering spaces on naval ships, and many 
uni ls within these spaces, are driven by electric 
motors. For example, the usual practice is to 
duplicate some turbine-driven pumps wlth elec­
trically driven units to be used at c ruising 
speeds and in port. These motor-driven pumpS 
have a comparatively high efficiency, but o n some 
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ships their capacity is not great enough to 
meet the demands of the engineering plant 
at high speeds. 

EFFICIENCY OJo' AUXILIARY TURBINES 

Aside from the fact that Ule turbine driven 
units (particularly pumps) have a higher capac­
ity than the motor driven units, there are t wo 
additional important reasons why turbines are 
employed to drive the auxiliary machinery: 

1. Turbines ensure greater reliability than 
motor driven units. The possibility of 
interruption or loss of e lectric power 
supply is gl'eater than the possibility of 
loss Of Steam supply-especially during 
action. 

2. Turbines Improve theoverallef!ic lencyof 
the plant by supplying exhaust steam for 
such auxiliary machinery units as feed 
water heaters and evaporators, where low 
pressure steam is required. 

The efficiency of most auxiliary turbines 
Is increased with the use of reduction ~ears. 
These lurblnes a r e designed to have compar­
atively few stages (sometimes only one), to con­
serve space. This results In a large pressure 
drop in each stage. and a high steam velocity. To 
obtain maximum efficiency, the blade speed 
musl a lso be high. Hence, the reduclion gears 
reconcile the two confllctlng speed requir e­
ments, and increase the general efficiency. 

CLASSIFICATION OF AUXILIARY TURBINES 

In general , auxiliary turbines in nav:1l use 
may be classified (in a maimer similar to the 
general turbine type c lassification) according 
to the rollowinc characteristics: 

1. Speed (constant 01· variable). 
2. Exhaust conditions (condensing or 

nonconclensing). 
3. Shaft position (horizontal or vertical). 
4. Type (Impulse or r eaction). 
5. Steam flow direction (axial, radial, or 

helical). 
6. Stages (single or multiple). 
7. Drive (direct or geared). 
8. Service (based upon driven auxiliary). 
9. Power output capacity ancl limiting 

speeds. 
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Auxiliary turbines are usually impulse tur­
bines o( e ither lhe heli cal-flow or axial-now 
type. Except for electric generator condensing 
turbines, they operate against a back pressure 
of 12 or 15 pslg, depending upon the auxiliary 
exhaust line operating pressure of the ship in 
which installed. In later ships, this bac!< pressure 
is 15 psi. Turbines for driving theship'sservice 
generators are ordinarily of the impulse, axlal­
flow, multistage , geared type. 

USES OF AUX1LIARY TURBINES 

Since the various types or turbines were 
discussed in the earlier part of this chapter, 
It Is unnecessary lo explain in detail the various 
auxiliary turbines utilized todrlvethenumerous 
pumps in the engineering spaces of your ship. 
The principal pumps driven by these turbines, 
however, include the main condensate pumps , 
main condenser circulating pumps, main feed 
pumps, main feed booster pumps, main fuel oil 
service pumps, and main lubricating pumps. 

Main Condensate Pump Turbines 

On many ships the construction of the tur­
bines driving the main condensate, main feed 
booster, and the lube oil service pumps is 
identical. The bucket wheels (turbine wheels) 
ancl many other parts such as gove rnors , bear­
ings , and tul'blne and gear casings al'o Inter­
changeable. Figure 5-15 shows the wheel and 
blading diagram or a turbine used to drive the 
main condensate, main feed booster, and lube 
oil service pumps on a 00-692 class destroyer. 
Tl1ese turbines are single pressure stage, 
radial flow single 1·eentry. Although destroyers 
and other ships have changed radically s ince 
World War U, the basic deslgr\ of these tur­
bines has changed little. Improved metals a re 
used, however, to withstand the highe1· pres­
s ures and temperatures or steam on the newer 
c lass war ships. 

Main Condenser Circulating Pump Turbine 

Figure 5-16 s hows a vertically mounted, 
axial flow, velocity compounded, impulse unit. 
This turbine is designed to operate on saturated 
steam and exhaust at 10 pslg. (On some new 
combatant ships, these lurbines are driven by 
superheated steam and exhaust at 15 psig.) The 
turbine shaft IS secured to the vertical shaft 
of the pump. A tlH·ust bearing, mounted intep:1·ally 
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Figure 5-15.-Maln lube oil pump turbine. 

with the upper main bea ring, carries the weight 
of the rotating element, •md absorbs any un­
balnnced downward Uirust. A throttle valve and 
a double-sontcd balanced inlet valve (normnlly 
held wide open by a governo r mechanism\ a l­
low the steam to Oow into U1c turbine. 

Generator Turbines 

Figure 5- l 7 shows a turbine used to drive 
" 400-kllowatt a-c, 50-kllowatt d-c, genet·ntor. 
The i·url>l ne is an axial flow, pressure com­
pounded impulse type. It exhausts to a separate 
auxiliary condenser having Its own circulating 
and condensate pumps and air ejector. Cooling 
water for the condenser ls pro•ided by the 
au.~lllary circulating pump, throughseparateln­
jeclion and overboard \•al vcs. In case or casualty 

to the auxlll:u-y condenser, the turbine may ex­
haust to the main condenser, when the main 
plant is in operation. 

A relief vMve ls always insta lletl on the 
turbine exlmu8t casing to relieve excess p1·es­
sures which would build up within tho turbine 
casing if for some reason the exhaust steam 
should be Inadvertently closed or a loss or 
vacuum should occur. 

The turbine Is designed lo operate on either 
saturated or superheated steam at a pr essu1·c 
of 525 psi, and a t n. maximum tcmpor<\tur e of 
825° F a t the throttle. Provis ion is macle for 
supplying steam to the turbine from either the 
main steam llne (superheated) while underway. 
or lhe auxiliary steam line (saturated) during 
in-port operation. when the main engines and 
main steam lines are secured. The steam is 
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47. lOX 
Figure 5-16.-Main condenser circulating pump turbine. 

admitted to the turbine through a throttle trip 
valve to tile steam chest-the speed being regu­
lated by a number of nozzle control valves under 
the control of a governor. 

Generator turbines vary greatly. Detailed in­
formation concerning a specific unit can be 
obtained from the manufacturer's technical 
manual. 

ENGINEROOM OPERATING PROCEDURES 

The information in this section deals primari­
ly with operating procedures for steam-driven 
propulsion machinery fitted witll reduction gears 
and motor-driven turning gear. The steam­
driven propulsion l11stallations, In the Navy, vary 
to such an extent that only general Information 
ls given here. Even though the Information 
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which follows can serve only as a general guide, 
the inforn1atlon will be helpful to you as you 
learn or r eview the steps to be followed in oper­
ating steam-driven propulsion equipment. In 
addition to studying Ille material In this section, 
you must become familiar with those manufac­
turers' technical manuals which apply speclll­
cally to each main turbine and auxiliary unlt 
installed on you1· s hip, official trial data, and 
standard operatlng procedures. From these 
sources of information, the engineer officer can 
prepare and lssuue orders pertalnlngtotheoper­
atlon of the Installation under his charge. 

The engineroom operating procedures which 
follow, include the steps usually taken in operat­
ing gear ed turbine installations on ships with 
two enginerooms. 

Information related to certain steps in the 
procedures will be given later ln this chapter. 
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47.llX 
Figure 5- 17. - Ship's service generator turbine. 

PREPARATIONS FOR PLACING PLANT IN 
READINESS FOR GETTING UNDERWAY 

A general checkoff sheet or table of In­
structions to be followed In getting a turbine 
insl:Ulatlon ready for gettlngunde1·way is usually 
provided on each shlp. These instructions and 
the specified times of accomplishment or various 
Items will differ from ship to ship in accord­
ance with the type of Installation and with the 
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instructions ls sued by the engineer officer. The 
st.eps included In the following list are represent­
ative of those to be taken in placing a gear ed 
turbine propulsion plant in readiness for getting 
underway. 

1. Take and record turbine clearances, 
enter in log specifying cold readings. 

2. Back off throttle valves and reseat Lightly. 
3. Operate hand nozzles. 



ENGINEERING, OPERATION AND MAIKTENANCE 

4. Open all f\lnnel drains on main steam 
line. (When steam blows thro\lgh, close 
funnel drains and cut in high pressure 
drain t raps.) 

5. Have Electrician's Mates energize all 
necessary power and I. C. circuits. 

6. Check o il levels in sump, pumps, and 
spring bearings. 

7. Check cooling main, ensure adequate 
cooling water to all auxiliary machinery. 

8. Start a lube oil service pump. Check oil 
delivery to all bearings and check lube 
oll system ror leaks. 

9. Energize and test low pressure lube o\l 
alarm.Warm up standby lube oil serv ice 
pump and test automatic cut-in devices. 

10. Cut in cooling water to stern tubes, 
allow a small amount of water to leak 
through gland. 

11. With permission from the officer of the 
deck (ODD), engage turning gear and 
star t jacking n1ain engines. 

12. Open main injection and overboard dis­
char-r;e valves, vent main condense1'. 

13. Start main circulating pump. Do not 
operate with less than 125 to 150 psig 
steam chest pressure. 

14. Start a main condensate pump, rec ircu­
late condensate through the a ir ejector 
condenser back to the main condenser. 

15. Cut in steam to main turbine gland seal 
and start gland exhaust fan. 

16. Cut in steam slowly to second s tage of 
main a ir ejectors. 

17. Warm \IP one main feed booster pump 
and one main feed pump. 

18. Elect rician's Mates energize and test 
shaft revolution indicator and engine 
orde r telegraph. 

19. Shift from emergency(inportlfeedpump 
to main feed pump. (Place emergency 
feed pump in standby condition.) 

20. Open wide the bypasses on the main 
steam bulkhead stop and main engine 
guarding valve. 

21. Start warming up the main steam line 
by cr acking open the main steam boiler 
stop valve bypass . 

22. Open the drains fr om the whistle and 
cut in steam to whistle slowly. 

23. When main condenser vacuum reaches 
20 inches, shift auxiliary exhaust and 
low pressure drains to main condenser. 

24. Have Electrician's Mates test steering 
engines and anchor windlass. Report 

194 

results of tests to n1ain engine 
conti•ol. 

25. Wa1•m up and test standby auxiiial'Y 
machinery: condensate pump, main reed 
booster pump, and ma in feed pump. 

26. Warm up an additional ship's service 
turbogenerator. 

27. When the required number of boilers 
are on the line, split the following 
.syste1ns: main steam, auxiliary steam, 
150 psi steam, auxiliary exhaust, high 
pressure drains, lo\v i>ressure drains, 
main condensate, makeup feed, fl remain, 
inspection tank drains, anct (if applicable) 
turbogenerator steam. Parallel and then 
split the e lectrical load. 

28. Man the !JV and 2JV phones in all main 
propulsion spaces. 

29. Request permission from the OOD to 
test main engines. 

30. With the OOD"s permission, s top and 
disengage the turning gear, open \vide the 
rnain steani boiler stops, and the n1ain 
steam bulkhead stops, open the main 
engine guarding valve and cut steam into 
the first s tage of the main air ejectors. 

31. Test the main engines. 
32. When main engines have been tested, 

rep0rt engineering department read­
iness for getting underway to the 000 
and to the engineer officer. Open wide 
the n1ain engine g.uarcling valve . 

33. Request permission Crom the OOD to 
spin main engines e\•ery 3 to 5 minutes. 

34. Take and log main engine ''hot clear .. 
ances. '' 

35. Get underway when ordered. 
36. Close main turbine drains . 

NOTE: Information related to some of the 
preced ing steps in the procedures for warming 
up the main plant. is identified as a s tep number 
(step 1), and is given for cross-reference. 

For details on taking turbine clearances (step 
1), refer to either the manufacturer's technical 
manual for the specific installation or BuShips 
Technical Manual. NavShips 250-000. 

Steps 6, 8, and 9 deal with lubrication and 
the main plant lubrication system. This type 
system (forced-feed) is used for lubrication of 
main turbines and reduction gears, turbogenera ­
tors, feed pumps, and other auxiliary machinery, 
and in some internal combustion engines. 

Each engine1·oom lube oil system is arrang:ecl 
(or independent operation, and generally there 
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is no service connection provided between en­
ginerooms. The main engine lubricating system 
includes a purifier. whereas smaller systems 
must be periodically drained of oil (as tbe 
crankcase of an automobile is drained) and re ­
plenished with new or purified oil. 

When preparing to get under way, the fir st 
step in connection with lubl'ica ti011 is to chec.k 
the amount of Oil available. A float gage in­
dicates the oil level (in gallon;;) In the main 
engine sump. Dip sticks a r e used to check the 
oil level In auxiliary machinery sumps and spring 
bearings. The need fol· cleanliness, at all times, 
in the operation of lubricating systems must 
be con8tantly kept in mind. Lubricating oil will 
lose its lubricating qualities if it Is contaminat­
ed; if the impurities (water or other foreign 
matt.er) are removed, the oil can be used over 
and over. The entlre lubrica tion system must 
be given constant careful attention to ensure that 
tho oil Is kept free of for eign mailer. 

Each tlme a lubrica tion system Is put into 
operation, all parts of the system must be in 
satisfactory operating condition; to ensure tbat 
it is. proceed as follows: 

a. Take and record the oil level. Ensure 
that 2190 TEP oil is used. 

b. Inspect and clean sh·ainers. 
c. Star t a lube oil s e rvico pump and main­

tain tho designed pressur e throughout the 
system. Automatic cut-in dev ices for all 
lube oil service pumps should be tested. 
Motor driven pumps should be tested on 
alternate sources of power. Turbine driv­
en pumps should be operated satisfactori­
ly on their constant pr essure governor s . 

d. The temperatur e of the oil supplied lo 
the main engines and reduction 11ears must 
be itt least 90" F befor e the unit is turned 
over. H the t~il is below this temper atur e. 
It can be heated by use of the purifie r 
heater ot· by use oC the auxilia ry ex­
haust connection to the lube oil cooler , iC 
fitted. 

e. Do not admit cooling water to the lube 
oil coole1· until U1e oil ls 115° F. How­
ever, an adequate supply o! cooling water 
must, at all times. be avallal>le to the 
lube oil cooler. When the cooler is put 
into use, open wide th~ cooling wtller inlet 
valve, open the cooling water vent valves 
untli all air is expellecl. then close the 
vent valves. and re~ulate U1e te mper ature 
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of the oil by opening or closing down on 
the cooling water outlet valve. 

f. Inspect all pressure gages and sight now 
Indicators. Ensur e that there is an ade­
quate supply of oil at each bearing and 
reducatlon gear spray nozzle. Inspect the 
lub1·lcatlng system for leaks . Any t rouble 
found must be corrected. 

g. Test the ell\e r gency coo liug connections, 
usually from fir emain, if fit ted. 

h. Test the low lube oil pr cssu1·e a1a1·m by 
decreasing the o il p ressure until the 
alarm sounds. 1£ tbe alarm docs not sound 
at the praper pr essure. remedy the defect 
at once, and retest. 

i. While underway, dr aw a sample of oll 
at least once each watch, from the strainer 
In use, to determine whether any water 
has collect ed in the system. To test the 
operation or the purifie 1-, cl raw a sample 
of oil from the pur ifie r test cock. Check 
for water or other impurities. 

Step 11. Never turn the main engines over 
without permission Crom the 000. A shlp's 
propeller (screw) may bit a boat, barge or some 
other floating object or a mooring line 
or wire may be in a position to foul the scr ew. 
The 000 will ensure that the area near the 
screws is clea r before granting permis~ion to 
!\1rn the main engines. 

Step 13. When operating in cold wate r, s tand­
ing by, o r s teaming a t slow s peeds. the cooling 
wate r requlre n1ents for the n1ain condenser are 
gr e-.ttly reduced. However , the mah1 circulating 
pump MUST NOT be operated with less than 125 
to 150 psi steam chest pressure. At a steam 
pressu1·e Less than 125 to 150 pslg. the speed 
of the pinion-driven oil pump will not be high 
enough for the pump to deliver an adequate 
supply of oil co the lubrication system of the 
d1·iving u11il. 

Steps 15 and 16. Never cut in gh111t1 sealing 
steam until the tu rning gear is engaged and s tart­
ed. The ~land exhauste r and the second stage of 
the main air ejector should be placed in oper­
ation just prlo1· to, or s imultaneously with, the 
admission or glandsealingsteam. Theflrststage 
of the main air ejectors should not be placed 
in operation until after tbe turning gear has 
been disengaged. 

Steps 19-21. When the steaming boiler is 
receiving feed water from the main food pump, 
the auxiliary or emergency feed pump may be 
placed in a ~tant.lby condition. In the event or 
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a main feed casualty, U1e emergency feed pump 
is ready for Immediate use and can prevent a 
boiler casualty. 

Under normal warming-up condlUons, the 
main steam stop bypass valve should not be open­
ed until the main feed pump is reeding the boiler. 
This reduces the load that would otl1erwise be 
put on the " mergency feed pump. 

The procedur e for warming the main steam 
line will v,u·y from ship to ship. On most com­
batant ships Uie procedure is as follows: 

a. Open (I to I 1/ 2 turns) the low pressure 
(funnel) drain valves. 

b. Open the bypass valves on the main en­
gine guarding valve, the bulkhead or line 
slop valve (s), and the main steam split­
plant valve. 

c. Crack open the bypass valve on the main 
steam boiler stop valve. 

d. When the pressure in the main s team 
line reaches 50 psig, cut in the high 
pressure drain traps and secure the low 
pressure (funnel) drains. 

e. When the plant is split, secure U1e by­
paSS on the main steam split plant valve. 

f. When pernlission has been granted to test 
main engines, open the main stean1 boiler 
stop valve and the line or bulkhead stop 
o r stops. The turninggea1· must be stopped 
and cllsengaged before the main 1mgine 
guarding valve is opened. Open I.he gua rd­
ing valve ONLY 5 TURNS; this serves as 
a safety measur e in the event that a 
casualty occurs. For example. if a nozzle 
control valve sticks open while the main 
engines are being tested, the main engine 
guarding valve can be closed very quickly 
Crom the 5-turn position. After the engines 
have been tested, and be!o1·e getting un­
de1·way, open the guarding valve com­
pletely. 

Warming Up The Main Turbines 

In warming up a turbine it is well to remem­
ber that U1e rotor and the C.'\Slng must be evenly 
heated; othcr"1se, unequal expunslon will take 
place and will produce distortion or the rotor 
or the casing o r both. The results or such 
distortion are not as noticeable In small tur­
bine ins tnllallons as in large Insta llations; how­
ever, the cumulative effect of distortions due 
to tempe1·ature change ancl unequal expansion is 
very noticeable, and unless oxtren'e care is 
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taken, serious damage, such as rubbing of blades 
or packing. will result. 

I! an unusual noise is detected, the turbine 
should be stopped Immediately in order to pre­
vent damage to the installation. No unusual sound 
is so trivial that it can be neglected. A llstenlng 
rod will be helpful in detecting faint or i11clistinct 
sounds. Additional information concerning un­
usual noise is cover ed in the section clcaUngwith 
casuo.ltles. 

Two proccdu1·es are used in the warming 
up of a turbine: jacking the turbine; and spin­
ning the turblne. The jacking procedure is used 
during a normal warming up; tl1e spinning 
procedure ls used when the ship Is standing by 
to get underway and after the turning gear has 
been disengageci. 

J ,\CKING THE MAIN ENGINES.-Ouring 
warmil\lf up or cooling off of llle turbine, the 
rotor must not be permitted to remain at rest 
for any appreciable time while gland s team is 
being admitted to llie turbine. The turning gear 
should be put Into operation to roll the turbine 
rotor before steam is admitted to the turbine 
glands. In an installation equipped with tui·1ung 
gear, the turbine may be turned by steam 
during an emergency only after sealing steam 
has been admitted to the turblne glands for 
at least 15 minutes, and tho tu1·nlng gear 
has been disengaged. 

SPINNING THE MAIN ENGINES. -Afler the 
main engines have been tested sattsfactorlly and 
while you are waitlng to answer bells, Uie main 
engines must be turned by steam. The engines are 
spun astern and then ahead, to prevent putting way 
on the ship. Spinning the engines by steam not 
only heats the turbines and their casings, but 
also prevents the rotors from becoming bowed. 

The spinning procedure consists or admitting 
steam to the turbines by opening tho throttle 
quickly and then closing it immocllately. This 
procedure will start · the rotor tu ming more 
quickly than will a slight, steady supply or steam; 
uneven heating of the rotor ls less likely to 
occur. It ls preferable to open the astern valve 
first as any condensate in the piping will be 
discharge<! through the large nozzles and fewer 
rows or astern turbine blading, instead of through 
the ahead clement. Be sure that the main steam 
line is drained of all condensate berore spinning. 

After the turbines have been tested astern, 
repeat the process immediately with the ahead 
thr ottle. It is important that ·sufficient steam 
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be admitted to start the turbine rolling immedi ­
ately, without putting way on the ship. For high 
speed turbines driving double reduction gears, 
this procedure should be repeated every 3 to 
5 minutes, or at more frequent intervals if 
necessary to properly warm up the turbine. 

Pr oceClure Prior to Turning Over 
Main Turbines 

The main ~team line must be warmed up 
slowly and thoroughly drained lo prevent leaks 
at the Joints and to pr eclude the dangcrof water 
hammer. Full boiler- pressure must not be per­
mitted on the main steam lines up to the throttle 
until the lines have been p1·operly drained and 
warmed up. 

Tho preferred method of warming up mai11 
steam llllOS consists of warming the line to 
the bulkhe:Hl ,;top va lve. Pressure is then built 
up in the throllle lines by means of the bu lkhead­
s top bypass. 

An a ite1·nate method of warming up the s team 
lines. not equipped with bypasses. ancl the throttle 
lines Is to crack the boiler and bulkhead-stop 
valves, and then permit the pressu1·e to the 
throttles to build up slowly. 

Use or Ah· Ejectors 

The air ejectors should be placed In operation 
Just prior lo, or concurrent with, the admission 
of scaling steam to the turbine glands. The 
second-stage air ejecto t· should be used during 
the warming up period. The first stage must 
be put in operation prior to turnlng the engines 
with steam and reporting the depa1·tmenl ready 
for getting underway. 

PROCEDURES FOR STANDING BY 
When orders are received to stand by, the 

procedure to be followed wlll depend on the 
length of time that the ship ls to remain in 
"standby" cond ition. 

Stancllnp; By Indefinitely 

When a ship is standing by for an indefinite 
period of time, the condition of the main pro­
pulsion plant will depend upon how much time 
has been allowed to change Crom "stand by" 
condition to "ready to answer bells" condition. 
The principal variations will be in the number 
of boilers left on the line , the number of 
auxiliaries in use. and whether or not the plant 
will be cross-connected. U the ship is s tanding 
by for an hour or more, the following steps 
may be talccn: 
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l. Close the main engine guarding valve. 
2. Secure the first stage of the main air 

cJcctol'S. 
3. Engage and start the turning gear. 
4. Cross-connect the main plant and secure 

all boiler s that are not necessary. (On 
a !urge ship having four screws, a two­
plant setup may be used; the two forward 
plants cross- connected with one boiler 
steaming and the two after plants cross ­
connected with one boiler steaming. In 
this setup, the systems will remain split 
between the two forward plants and the 
two after plants. On a destroyer, or 0U1er 
small ship, only one boiler iS necessary. ) 

5. Use one lube oil service pump In each 
englneroom, maintain the r equired lube 
oil pressure to the bearings and reduction 
gears. 

6. Maintain tho requh·ed lube oil tempn­
ature. 

7. Maintain the gland sealing steam at 1/2 to 
2 psig. 

8. nun the main circulating pump, using the 
prescribed steam chest pressure. 

9. Use one main feed booster pump and one 
main feed pump to feed the steaming 
boiler. 

1 O. Close the mail\ steam boiler stop valve 
on the stean1ing boiler; open the n1ain 
steam bypass valve. (If the tt1rbogenera­
tors r eceive s team from the main s team 
line, the mail\ steam boiler stop valve 
will remain open.) Every effort should 
be n1ade to ope ra te the plant economi­
cally, the main feed pump discharge 
pressure can be lowered to about 75 psig 
higher than boiler operating pressure. 
Drain valves from the main steam line 
and main engines should be c racked open; 
however, do not open low p1·essure fun­
nel dra ins excessively, because this 
wastes feed water. Causos hlgt1 fuel oil 
consumpt1011, and raises the temperature 
or the engineroom. 

Standing By On Thirty-Minute Notice 

Wilen a ship is standing by with orders to 
get underway in thirty minutes, the following 
steps may be taken: 

1. Close the main engine i;u,u·dlng valve. 
2. Engage and start the turning gear. 
3. Secu1·e the first stage of tho main air 

ejector s. 
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NOTES ON TURBINE OPERATION 

Underway procedures must be carried out 
in a manner that enables the ship to accomplish 
its mission with the gr eatest operating economy 
possible. Economical and efficient operation of 
a propulsion plant, under varying conditions and 
speeds, necessitates the maintenance of a proper 
vacuum and the proper use of the cruising and 
tnaneuvering co1nbinat.ions. 

Importance Of Proper Vacuum 

In order to attain the greatest operating 
econon1y, the vacuu1n for \Vhich the turbine \vas 
designed must be maintained. Therefore, you 
should realize the necessity for the prevention 
and detection of air lealcs in the vacuum system. 

When the steam pr essure within the turbine 
is greater than atmospheric pressure, steam 
tends to leak out of the tu rbine to the ~urround­
ing atmosphere. On the other hand, when the 
pressure in the turbine is less than that of the 
atmosphere, air tends to leak into the turbine 
and impair the vacuum. To prevent air leakage 
into the turbine and steam leakage from the 
turbine, steam is led to the glands and the pres ­
sure on the glands is maintained slightly greater 
than that of the atmosphere, generally 1/2 to 
2 psig. 

To ensure lhat the proper vacuum will be 
maintained, care must be taken that the astern 
throttles do not lea!<; any leakage of s team past 
a closed t.hrottle tends lo raise the temperature 
and to increase the pressure within the turbine. 

If the following precautions are observed, 
there will be little difficulty in maintaining tile 
prescribed vacuum: 

1. Gland packing must be kept in good 
condition. 

2. A steam pressure between 1/2 and 2 psig 
must be maintained on the glands when the tUl'­
bines are in operation. 

3. There must be no air leaks in the con­
dense r , exhaust t runks, throttles, lines to air 
ejectors , gage lines, idle condensate pump pack­
ing and valves, and makeup feed lines. 

4. Adequate water must be maintained In the 
feed tank on which the vacuun1 drag is being 
taken to replenish feed water. 

C1·uising Combinations 

A combatant ship operates most of the time 
at speeds far below the maximum; at cruising 
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speeds, therefore, there is required only a frac ­
tion of the power for which the main turbines 
are designed. Operating economy at these lower 
speeds is attained (1) by the use of cruising 
turbines, s1Jecially designed to operate at re­
duced speeds, or (2) by the use of cruising stages 
in the high pressure turbines, ancl (3) by arrang­
ing the turbines so that they can be run in sel·ies. 
The cruising combinations should be used when­
ever the s tandard speed is such that the com­
bination can furnish the required number of 
revolutions. 

Protection Of Cruising Turbines 

Protective devices and indicating instrun1ents 
al'e required to p1·event casualties to cruising 
turbines. Devices and instruments installed on 
cruising turbines for this purpose include sen­
tinal valves, relief valves, r eta rd-compound 
gag·esi direct reading thermon1eters, and 
thermal alarms. When the high pressure turbine 
combination is in use, cooling steam is supplied 
from the high pressure turbine to the cruising 
turbine. The cooling steam prevents the cruis­
ing turbine blading from overheating due to the 
friction of rotation. 

V.'hen a ship is operating on cruising turbine 
combination, the following precautiona1·y meas­
ures should be taken at frequent intervals to 
prevent casualties to the cruising turbine. 

1. Be sure that the crossover valve is fully 
shifted to the proper combination. 

2. Check the retard-compound gage to be 
sure that the safe operating p1·essure is not 
exceeded. 

3. Check the sentinel valve frequently. If 
there is steam blowing from the sentinel valve, 
the safe operating pressure is being exceeded. 

Turbine \'ibration 

If a turbine begins to vibrate as \ts speed is 
increased, the turbine should be s lowed down 
immediately. If the vibration ceases at a lower 
speed, maintain that speed for several minutes; 
then attempt to build up the speed again. If no 
further vibration is noted, it rriay be assun1ed 
that the trouble was probably due to unequal 
heat ing of the rotor. If the vibration does not 
cease at a lower speed, the turbine must not 
be used, except in an emergency, and steps 
must be taken immediately to locate and remedy 
the trouble. If, after the turbine has been running 
at a reduced speed for some time, the vibration 
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again occurs at the higher speed, a speed limit 
lower than that at which vibration occurs must 
be set; and this 1·educed speed must not be ex­
ceeded until the trouble haS been eliminated. 

Use of Nozzles 

In most tu1·bine installations, the flow or steam 
to tho cruisl11g and high pressure turbines Is 
controlled by cam-operated nozzles or lifting­
beam valves. These valves a r e mechanically 
connected so as to open and close In the proper 
sequence. In some older installations, hOwever, 
steam now to the nozzles is cont rolled by the 
manual operation of individual control valves. 

It is essential that the pressure In the steam 
chest be kept as high as practicable. This high 
pressux·e allows for greate1· s team expans ion and 
a resulting increase in the useful wo1·k obtained 
from the steam. The fewer the nozzles in use, 
the highe1· will be the chest pressur e; therefore, 
it is essential that installat ions which are fitted 
with individually operated nozzle valves be op­
erated (at either low or high speeds) with the 
minimum number or nozzles required to obtain 
the desired speed. Adjacent nozzles should be 
used to ensure uniform stresses in the turbine 
blades, and the nozzle valves In use must be 
opened wide. The nozzle valves not in use must 
be tightly closed; otherwise, the resulting steam 
l eakage will reduce tu rbine efficiency and cause 
wire drawing to the valve seats. 

Turbine Blade Clear ance 

In an impulse turbine, the axial distance or 
the moving blades from tbe caslng or Uie sta­
tionary blades is known as the axial blade 
clearance. This clearance may be determined 
by means or a flnger piece, a roto1·-position 
micrometer, 01· a clearance indicator. 

A ready visual check on the fore-and-aft 
posit!o11 of the tur bine rotor may be obtained 
from the FINGER PIECE. In most cases, the 
fingc r piece consists of an indicator fastened 
to a plate which is secured to the turbine case. 
The lndlcato1· extends almost lo the Shaft. Usually 
three lines are scribed on the shaft to show the 
normal position and the maximum positions. In 
some cases, however, the indicator extends into 
a groove In the shaft; in these cases, the distance 
from the indicator to the shaft shoulder may be 
measurecl with feelers to dete r mine fore-and-aft 
clearance. 
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The axial posltion of a turbine rotor may be 
determined with a ROTOR- POSITION MICROM­
ETER. This Instrument can be used when the 
rotor is either revolving or at resL The microm­
eter is mounted al the forward end of the tur­
bine shaft, with the spindle in line with the 
center line of the shaft. When the micrometer 
is being used. the spindle contacts the encl of the 
shaft al the center . The reading obtained ls com­
pared with established limits to detcrn1inc if 
the position of the shaft is satisfactory. Care 
must be exercised to prevent the end or the 
micrometer spindle for becoming worn by long 
or bard contact with the rotating shaft. 

In some installations, the axial blade 
position or a turbine roter is determined with 
a ROTOR POSITION rNOICATOR. The lnclicator 
may be used when the turbine is In operation. 
The instrument consists of a scale plate and 
an indicator, 111ounted within a 1>racket whlch 
is bolted to the turbine casing. The scale pla te 
has scribed lines showing the normal position 
(midposltion) and the maximum and minimum 
posit ions. One end of the indicator is made in 
the shape or a pointer , and a roller or contact 
surface ls mounted 011 the other end. The in­
dicator operates on a pivot. To take a reading, 
it is only necessary to press tho arm of the 
indicator so tha t cont.act is made between the 
shaft and the roller, and then note the position 
of the pointer on the scale . 

ROUTINE UNDERWAY INSPECTIONS 

Periodic inspections of the propulsion plant 
must be made If the plant istobe kept operating 
efficiently. When a ship is underway, the follow­
ing items should be checked or inspected atfre­
quent intervals during each watch: 

1. Check all main engine and reduction gear 
bearing thermometers to detect SIATIS of over ­
heating. 

2. Check oil s ight- flow indicators for proper 
oil now. 

3. Check clearance indicators !or proper 
rotor position. 

4. Check all thermometers, pressure gages, 
and vacuum gages. 

5. Check the oil level in the main sump. 
6. Maintain the proper water level in the 

deaerating feed tank. 
7. Keep a constant check on salinity in­

dicators. 
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8. Check the lube oil temperature from the 
lube oil cooler, maintain oil temperature al 
120" F to 130" F. 

9. Check the cooling water main for proper 
pressure. 

10. Constantly be on the alert ror unusual 
sounds and vibrations. 

11. Each watch, clean lube o il and bilge 
strainer. 

Usually, the first indication of bearing 
trouble wlll be a rise in temperature. There 
is no objection to a bearing running warm, 
provided the temperature reached ls not suf­
ficient to harm the bearing. Whal mu81 be 
guarded against ls a rapid rise In temperature 
and an Increase over the normal operating tem­
perature. IC the bearing te mperature Increases 
above normal, the quallty and quantity or lub­
ricating oil must be checked. It possible, In­
crease the supply of oil to the bearing and in­
crease the flow of cooling water through the oil 
cooler. lf these measures do not reduce the 
bearing temperature, the unit must be slowed 
or stopped. 

A sight-flow indicator is fitted in the lube 
oil line or each main engine bearing and each 
reduction gear bearing. When a lube oil service 
pump Is in operation each indicator should show 
a steady now of lube oil. Fr equent inspections 
or the sight-flow indicators should be made in 
order to detect any interruption to the flow 
of lube oil. 

Each hour, the rotor-position Indicator for 
each turblno Is checked and the rotor position 
logged to help determine the position of the 
rotor in respect to the casing. Any abnormal 
reading must be thoroughly investigated. Should 
the rotor move sufficiently rorthc moving blades 
to strike the stationary blades or nozzles, great 
damage would result. 

One or the first indications of engineroom 
t rouble is an abnormal reading on a the1·mometer 
or gage. All t11e1·mometers and gages must Ile 
checked frequently to detect and prevent casual­
ties. It should never be taken tor gr anted that 
an abnormal reading is due to the rault of the 
gage or thermometer. The accuracy Ofagageor 
thermometer may be easily checked by replacing 
it with one that has been recently calibrated. 

Each hour, the oil level In the main engine 
sump is to be checked and logged In the main 
engine operating record . However, more fre ­
quent checkS should be made. An Increase in the 
oil level gener ally means that water Is entering 
the lube oil system or that the system ls gaining 
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oil in some Improper manner. The lube oil 
purifier may be lined up wrong. A decrease in 
the oil level of the main engine sump usually 
indicates a leak In the lube oil system or that 
the lube oil pur!fler is d ischarging oil through 
the Impurity dischar ge . An Increase or a de­
cr ease In tho main sump oil level should NEVER 
be neglected. It could result in a temporary loss 
of a main engine, or even costly repairs to main 
engine bearings and reduction gears. 

For safe el!lcient operation, the water level 
in a steaming deaerating feed tank should be 
kept between the minimum and maximum levels. 
If the water level is allowed to go above 
maximum, the deaerating effect is Lost. Admitt­
ing large quantities of comparatively cold water 
to the deaerating feed tank will reduce the pres­
sure In the tank. This reduces the main feed 
booster pressure which may r esult In casualties 
to the main feed pump and boiler. 

If the water level is below minimum, a 
sudden demand for feed water for the boilers 
may empty the deaerating feed tank. This 
may well result In casualties to the boiler, 
the main feed booster pump, and the main feed 
pump. 

A salinity indicator is located on or near 
the throttle board in each englneroom, lo detect 
the entrance of salt water Into the condensate 
system. The indicator must be constantly check­
ed as a s mall amount of salt in the condensate 
system will conta minate a steaming boller be­
yond allowable limits. An abnormal reading 
(0.1 epm or above) must be checked and ihe 
source of contamination eliminated. More In­
formation on salinity indicators may be found 
in chapter 9580 (58), BuShips Technical Manual, 
and in the appropriate manufacturer's technical 
manuals. 

A properly operating main engine and reduc­
tion geu Installation has a definite sound which 
trained personnel can r ecognize. Any abnormal 
sound shoulcl be Investigated and the unit oper­
ated with cm1tion until the cause IS found and 
remedied. 

PREPARATIONS FOR ANCHORING 
AND SECURING 

After the control engtneroom has been noti ­
fied as to the ttme the ship will enter port, the 
necessary preparations must be made to secure 
the main engines. Personnel should be notified 
and given specific instructions for settlng upthe 
inport auxiliary watch. Tile auxiliary machinery 
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to be used in port must be placed in operation, 
the deck machinery used in anchoring must be 
tested and numerous other tasks must be accom­
plished. 

Setting Sea Detail 

On installations whe re the turbogenerators 
exhaust to either the auxiliary or the main con­
denser, the following procedure s hould be follow­
ed in sett ing sea detail: 

I. M.~n the !JV and 2JV sound-powered 
telephone. 

2. Put the auxiliary condenser in operation, 
shift the tnrbogenerator exhaust from U1e main 
condense1· to the auxiliary condenser. 

3. Start the standby turbogenerator parallet 
and then split the electrical load. 

4. Wa1·m up the main circulator. (Open the 
turbine exhaust valve, close the turbine casing 
drain when steam blows through, and drain the 
steam supply line.) 

5. If not all:eady done, split the plant as 
ordered by the 'engineer officer. Start tbe main 
circulating pump (when necessary). 

6. Open turbine dr ains on the first stop bell. 

Securing Main Engines 

Each ship has its own detailed rorm for se­
curing main engines. The following checkoff list 
(engineroom only) is given as an example. 

1. Secure the throttle valves and c!Ose the 
main engine guar ding valve. Close the main 
steam boiler stop valve anddrain the main steam 
line. 

2. Secure the first s tage of the main air 
ejector. 

3. Engage and start the turning gear. 
4. Cross-connect the plant. 
5. Shift the electrical load to the generator 

designated fo1· in-port use and secure the s tandby 
generator. 

6. Shift the high pressure drains, low pres­
sure drains, and the auxiliary exhaust to the 
steaming engineroom. 

7. Secure the following standby pumps: 
a. Lube oil service pump. 
b. Main feed pump. 
c. Main feed booste1· pumps . 

. a. Start the auxiliary feed booster pump 
(if installed) and the emergency feed pump. 

9. Secure tile main feed pump and then the 
main feed booster pump. 

10. Shift the auxilia1·y exhaust andlowpres ­
sure dl'ains to the auxiliary condenser. 

11. Secure the second stage of the main air 
ejectors . 

12. Secure gland sealing steam (when main 
condenser vacuum drops to 10 inches of mer­
cury). 

13. Secure main circulating pump when the 
exhaust trunk temperature drops to near roJom 
ambient temperature. Close the main injection 
and ove1·boal'd valves. 

14. Stop and disengage turning gear. (Time 
will depend on type or s hip.) 

15. Secure lube oil service pump and drain 
waterside of oil cooler. 

16. Close all throttle, root, exhaust, and 
drain valves not in use. Secure all unnecessary 
vents and turn out all unnecessary lights. 

17. Report main engines secured to the en­
gineering duty officer. 

18. Twenty-four hours after securing, close 
turbine and steam line drains. 

As previously stated, operating procedures 
vary from ship to ship. The information given 
in this chapter Is general. For example, in step 
14 of the s ecuring schedule, no specific time 
can be given fo1· securing the main circulating 
pump. On a World War II destroyer, the time 
may be one hour; while on a Forrcstal class 
carrier, the main circulating pump may be i-un 
18 to24 hours after the main engines are secured. 
For any particular ship the best sources 
of information are the s hip's warming-up sched­
ule, operat ing instructions, securing schedule, 
and specific instructions issued by the engineer 
officer. 

CASUALTIES WITH TURBINE 
INSTALLATIONS 

When a casualty occur s to any part of the 
main plant or to vital auxiliaries, the importance 
of continuous operation of the ship's propulsion 
plant should be the fir st consideration. Standby 
machinery must be started before any search 
ls made for the cause of the trouble. The en­
gineering office1· of the watch must be notified 
as soon as practicable; he, in turn, must notify 
the officer of the deck, if the maneuverability 
of the ship wlll be affected by the casualty. 

The information which follows is supplement­
ary to that given in the section dealing with 
engineroom operating procedures. 
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VIBRATION AND /OR UNUSUAL 
NOISE IN TURBINE 

Abnormal vibration in an operating turbine 
may usually be traced to one of the following: 

I. Water in the turbine. 
2 Bearing failure. 
3. Bent or broken propeller blades. 
4. Broken or missing turbine blades or 

rubbing of blades. 
5. Rubbing of carbon packing, labyrinth 

pacldng, 01· oil seal rings. 
6. Bowed rotor. 
7. Excessive differential expansion of r otor 

and casing. 
If a rumbling sound is heard from the tur ­

bine when it begins to vibrate, the trouble is 
probably due to water or foreign matter in the 
turbine. Water in the turbine casing may be 
caused by either boiler priming or improper 
casing drainage. The turbine should be im­
mediately slowed down until the abno1·mal 110ise 
disappears. If, after s lowing do,vn, correcting 
boiler operation and checking casing drains, the 
vibration Still exists, the turbine shall be shut 
down and the interior of the tur bine shall be 
inspected at the earliest opportunity. If a sharp 
metallic sound is heard after the rumbling noise, 
it may be a.ssumed !bat tbe thrust bearing has 
failed and part of the blading has been ctamagect. 

When bearing troubles occur, the turbine 
should be slowed then stopped as soon as prac­
ticable to prevent damage to the turbine. The 
bearings should be inspected, and 1·eplaced Ol' 
repalred as necessary. The cause of the trouble 
should be determined and appropriate s teps 
should be taken to pr event s imilar troubles 
from occurring. 

Rubbing of labyrinth or carbon packing or 
oil seal rings is usually caused by one of the 
following: 

I . Bad bearings. 
2. Bowed rotor. 
3. Improper installation of packing rings or 

oil seals. 
4. Excessive differential expansion of rotor 

and casing. 
Rubbing of shaft packing or oil seal rings 

will cause the s haft to overheat in the rubbing 
area, due to friction; and the shaft will start 
to show heating discoloration. An immediate 
inspectio11 should be made to determine the cause 
of the t rouble. If defective bearings are found, 
they should be replaced. A bowed rotor can be 
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straightened by operating {heating) the tur­
bine rotor a t low speeds. The s haft packing or 
oil sea.ls n1ay require refitting or rene\\1al to 
give proper clearances. 

It is also possible for the gland sealing system 
to cause the seal casing to become "egg" shaped 
and to cause vibration. This occurs when the 
tur bine is oper ating self- sealing and is slowed 
to a point where external gland sealing st.earn 
is required. When the engine is operating self­
sealini:i;, moisture collects in the external gland 
seal supply pip\ng if \tis not draining properly. 
When the external gland seal supply valve opens, 
the accumulated condensate i s forced into the 
shaft seal area, causing rapid coollng and 
distorting this area. The problem can be prevent­
ed by proper drainage of the gland seal line. 

When rubbing of turbine blading occurs, the 
cause will probably be abowedrotor,adefective 
thrust bearing assembly, a wiped jounal bear­
ing, foreign material inside the casing, or differ­
ential expansion of turbine rotor and casing. 
When a rubbing noise in a turbine is heard, the 
turbine should be stopped immediately and the 
<:ause of t rouble determined. 

When \Varming up a turbine, or after a tur­
bine has been warmed up, a vacuum shall 
not be maintained on the turbine \1nless the 
glands are properly sealed .• ti.ir leaking in along 
the shaft, particularly when standing still, tends 
to cause distortion ·of the shaft and rotor. If 
the rotor becomes dis torted while standing by, 
close the drains to the condenser and bring the 
pressure of the gland steam to between 1/2 and 
2 psi above atmospheric pressure, and spin the 
rotor alternately astern and ahead. 

For eign matter may enter a turbine casing 
through a defective steam strainer, or because 
of improper protection of a turbine that has 
been opened for inspection or repair. When any 
part of a tu1·bine has been opened, the greatest 
care shall be exercised to prevent the entry 
of foreign matter. Inspection plates shall not be 
left off overnight, or for any length of time 
unless the openings are well covered. Before 
reassembling a turbine after it has been opened, 
a very careful examination shall be made of the 
rotor and interior of the casing for any ar­
t icles left behind. An examinat ion shall be made 
before the rotor is Lower ed in place, and another 
examination made before the casing cover is 
lowered in place. 

Another cause of vibration in the turbine is 
bent or broken propeller blades. Normally, 
this condition is first indicated by excessive 
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vibration or the main shaft and by a lesser 
vibration In the main r eduction gears. When 
these conditions extst, the main turbines should 
be slowed until the noise and vibration stops 
or Is within safe limits. An immediate Inspection 
should be made lo determine the cause of 
vibration. 

If vlbratlo11 of the turbine iR caused by bent 
01· failed turbine blading, the turbine s hould not 
be used until effective repairs can be made by 
experienced personnel. 

LUBRICATING OIL FAILURE 

Even a momentar y loss or lubrlcatlng oil 
flow wtll result in localized overheating; it may 
result In wiping of one or more bearings. 
Continued operation with wiped bearings can 
cause serious derangement to the shaft packing, 
the oil seals, and the tu rbine blading. 

Loss of lubricating oil pressur e may be caus­
ed by: 

1. Failure of the lubricating oil system, 
including the main lubricating oil pumps. 

2. Failure of the power supply to the main 
lubricating oil pumps. 

Failure of the system may be caused by the 
presence of dlrt, rags, or other foreign mate­
ria l; by a piping failur e; or by failure of the 
operating pump. coupled with failure of the stand­
by pump to start. 

Standby lubricating oil pumps should be main­
tained in a ready- to-start condition, at all times. 
When automatic starting devices are not provid­
ed, steam driven pumps should be lined up so 
that the opening of the throttle valve is the only 
action required to start the pump. Steam-supply 
lines to the pump should be kept thoroughly 
drained. When operating installations which are 
equipped with electrical pumps , personnel should 
be thoroughly familiar with the alternate sources 
of power. 

A loss of steam pressur e. due to an oper ­
ational casualty or to battle dam<1ge, may be 
unavoidable. Complete loss of s team pressure, 
however. can usually be prevented by prompt 
action on the part of the throttleman. The throt­
tles must be closed promptly so that the 
avallable steam will be conserved for the 
lubricating oil pumps. 

The following general procedure should be 
followed when a loss of lubricating oil pressur e 
is indicated: 

1. If steam pressure is available, c lose the 
U1rottle in use and stop the shaft by means of 

the throttle for the opposite direction. Engage 
the jacking a:ear and apply the jacking gear brake. 
If the ship Is operating at high speed It may be 
necessary to r educe the speed before the :ufected 
shaft can be stopped. Endeavor to locate the 
source of any unusual sounds. 

2. When steam pressur e is lost In the 
engincr oom, during split-plant operation, the 
way should be taken o ff the s hip by backing the 
0U1er englnos , lf the tact ical situation permlts . 

3. Concurrently with the action described 
in the preceding two paragraphs, make every 
effort to regain lubricating oil pressure. The 
lubricating oil pumps should be started, If they 
are not ln operation. The oil-sump level should 
be checked; the strainers should be shifted. 
Any oil leaks should be located and repaired. 

4. secure the gland sealing steam and the 
main air ejectors to minimize disto1·tion of the 
turbine roto1·s. 

Afte1· lubricating oil pressur e has been r e­
gained, the lubricating oil should be circulated 
until the bea rings a r e sufficiently cool for in­
spection; circulation should be contlnued while 
the shaft Is locked, except during Ute time that 
bearings are open. 

The following should be accomplished prior 
to operation or the turbine: 

1. Reduction gear bearings of the turbine 
and of the cruising turbine should be thoroughly 
inspected. Be;1ring caps should bo nlsecl; the 
shells s hould be roiled out for inspection. 

2. Main r eduction gear bearings . accessible 
without lifting the gear casing, should be thor ­
oughly inspected. 

3. Reduction gear bearing thermometers 
should be r emoved in order that a check may 
be made for oil flow from the wells. An absence 
of oil flow from a thermometer well indicates 
that tile oil passage to thethermometcrhasbeen 
closed. 

4. Inaccessible reduction gear bearings 
should be examined, through the inspection open­
ings, for :1 flow of babbitt along the shaft. 

5. The oil-s trainer basket in 11se should 
be examined ror the presence of babbitt flakes. 

6. U the examination of the main reduction 
gear bearings produces no indications or wiping 
and only one of the turbine-or cruising-gear 
bearings Is round to be wiped, it may be assumed 
that the main reduction gear bearings are 
undamaged. 

7. If seve1·al of the turbine or cruising-gear 
bearings are found to be wiped, it ls p1·obable 
that some of the main reduction-gear bearings 
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al.'e also \\liped. Under these ci r cumstan.ces, 
the shaft s hould not be operated until such time 
as a complete inspection ol a ll bearings can 
be made and the necessary repair s accom­
pl ished. 

The procedure described in the preceding 
par agraphs applies when the lubricating oil pres­
sure is los t on an entire system. It does not 
apply when a local loss of oil, involving one 
or tv .. o bearings~ occurs. 

l\+fost s hips are equipped with turning- gear 
brakes, or c lamps. The following procedure 
must be followed when It becomes neces sary 
to lock a shaft of an installation which is 
equipped with turning-gear brakes : 

1. Slow sh ip's speed to one-half power or 
less . When a limiting speed has been designated 
by the Naval Ship Systems Command, the ship 
must be slowed below that limiting speed. 

Z. Close the ahead throttle; open the astern 
throttle until the shaft ls s topped. Record the 
astern steam-chest pressure on the stopped­
shaft, and the revolutions per minute on all 
operating shafts . 

3. Engage the turning gea r; immediately 
clamp the turnhlg-gear brake. 

4. Close the astern throttle slowly. 
5. Reduce the super heat to the aHecled tur­

bine. 
The following procedure must be followed 

when it is desired to unlock the shaft: 
1. Bring all operating shafts to the speed 

which was r ecorded when the locked shaft was 
s topped. 

2. Open the astern throttle of the locked 
turbine until the astern s team- chest pressure 
equals that which was recorded when the locked 
shaft was stopped. 

3. .Apply a steady, disengaging force to the 
clutch leve r of the turning gear. Open the astern 
throttle s lowly, until the clutch disengages. 

4. Close the astern throttle s lowly when 
the turning gear is disengaged. Release t he 
turning-gear brake. 

5. Open the ahead throttle and continue oper­
ation. If the shaft has been locked for an 
appreciable length of time, the turbine t·ot.01· 
may have become bowed; the procedure pre­
viously described for s traightening bowed rotors 
should then be followed. 

Reduction ratios as high as 20,000:1 are 
used between the propeller and the turning- gear 
motor. If the propeller is permitted to turn 
while the turning gear is connected, the motor 
will be overspeeded and seriously damaged. 
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LOSS OF VAC UUM 

A loss of vacuum may be caused by loss 
of the gland-sealing medium, insuHicient cooling 
water in the main condenser, air leaks, or 
improper operation of the air ejecto1·s or the 
condensate pumps. When the cause is deter­
mined, col'l'ective action should be taken without 
delay. 

JAMMED THROTTLE 

A balanced throttle valve of the type that 
is fitted with a pilot valve integr al with the main 
disk may jam if it is opened too rapidly. If the 
disk is unseated carefully, the valve may then 
be opened as rapidly as desired. If a main­
throttle valve jams or sticks open, either the 
guarding valve or the bulkhead stop should be 
closed immediately. 

P UMP FAILURE 

If a mai n circulating pump fails, the con­
denser cooling syste ms should be c ross- con­
nected. In ships fitted with scoop injection, the 
affected turbines may be warmed up and placed 
in operation without the main circulator, when 
the s hip's speed is above five knots . 

LARGE LOSS OF OIL 

If the oil supply begins to fail . all bea r ings, 
lines, and tanks, should be examined for leakage. 
The oil supply should be replenished by striking 
down oil from the settling tanks . U r epairs can­
not be accomplished, the affected unit must be 
secured. 

SALTING UP 

Condensers are tile mos t common source of 
salt\vater leakage intQ the feed- \vater system. 
In most installations, the condensate normally 
contains not more than 0.05 epm of chloride. 
Any consistent increase above this value is an 
indication of a leak. A leak should be stopped as 
soon after it has been detected as operating 
conditions will permit dismantling; tile affected 
unit. The procedures for testing condensers a.nd 
for repairing leaks will be discussed in chapter 
10 of this text. 

Whenever the condensate from any condenser 
contains excessive quantities of chlo1·icte, the 
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quality of the steam from the boile1·s should be 
tested. This may be accomplished by testing 
a sample or watel' from one or the steam drains. 
The results of the steam-condensate analysis 
will ln<licatc canyover of boiler water in suf­
£\cient qunntlty to affect the chloride content 
o! the condenser condensate. 

HOT .BEARING 

Oener:llly a hot bearing m.'\y be traced to one 
or the following causes: 

I Improper or Insufficient lubrication. 
2. Grit or dirt in the lubricant. 
3. Bearing out of alignment. 
4. l3e:11·ing Improperly lltted. 
5 t>oor condition or bearing or journal 
surface. 
6. Obstruction In the oil Lines. 
If the temperature of a bearing Increases 

abc>Ve its normal running temperature. the 
quality and quantlly of the lubricant supplied 
to that bearing should be checked immediately. 
If the ti·oublc Is due t.o improper or Insufficient 
lubrication, and is <tlscovered before the met.al 
ha11 wiped, an abundant supply of lubricant 
shoulcl g1·adually bl'ing the bearing back to its 
normal operatln{( te mperature . Should the t rou­
ble be caused by grit 01· di rt in the bearinr;, 
an Increased supply or lubricant may flush out 
the lmpurltle:i suCCiclently to permit continued 
operation. The supply of oil should be increased 
by opening the needle valve, i! a needle valve 
is provided. or by lncrea.sing the dellverypres­
sure o! the oil pumps, where practicable. The 
lub1·1eant should be further coolecl by Increasing 
the flow or circulating water through the oil 
cooler. If these measures arc not effective, 
the speed or tile unit should be reduced or 
stopped. Sp1·aylng w:lter on a bearing should not 
be resorted to except In an emergency, as cold 

water causes contraction of the bearJng, rurthel' 
reducing the cleal'ance. 

If the bea1·1ngs are out or allgnmcttt, Im­
properly fitted, or bearings and journals are not 
in proper condition, tho only etrective freatment 
is to operate the tm·blne at low speed until 
such time as the proper ndjustme nts or repairs 
can be made. 

The most effective ti·eatment ofahotbe-.\rlng 
\vill probably be the operation of the turbine at 
low or moderate powe1·. Usually an abnormal 
temperature In a bearing can l>e lowered by 
decreasing the amount or work or the bearing. 
The tempei·ature or a bearing should neve1· be 
allowed to exceed 180- F, since the babbitt will 
become sort and the beulng will wipe. 

I! bearing temperature reaches 180- F, the 
turbine should be Immediately slowed down. 
The turbine should be kept turning at a minimum 
speed to prevent the molten metal from adhc1·ing 
lo the jounial. When the temperature drops 
below 180° F. the tul'bine shOuld be stopped, 
the main shaft locked, and the luhrlcat!on system 
kept In operation. 

Bearing depth gage rcndings should be taken 
to determine IC any wear of the bearing has 
occurred. I! the readings indicate no weu of the 
bearing, operation or the turbine at low speeds 
can be attempted, or t11e bearlng c:in be dis­
assembled for a complete inspection. Operation 
of a wiped beni·lng can 1·esult In 8erious damage 
to the turbine. 

When a benl'ingoverheats, the lube oil strain­
ers should be carefully checked for traces or 
babbitt. The lube oil should be Inspected and the 
purifier started. 

In recent years, thepivoted-shoebeal"inghas 
been adapted to journa.l bearings. U the shoes 
are properly pivoted. they will have it freedom 
or motion which permits them to automatically 
align themselves to the shaft, and yet hOld the 
shalt to a smaller amount or motion limn do 
sleeve bearings. 
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CHAPTER 6 

TURBINE MAINTENANCE 

The maintenance of mal<lmum operatton."ll 
1·ellabillly and errlclency or steam propulsion 
turbines requi reH :\ ca refully planned and exe­
cuted program ot Inspections and preventive 
malnten.•nce, In addition to strict adherence to 
prescribed operating Instructions and sarcty 
precautions. rr proper maintenance> procedures 
are followed, abnormal conditions may be 
prevented. 

'l'his chapter presents ~elected lnfo rmatlon 
(supplementary to that p;lven in ch. 5) on the 
ceneral care, malnt~nance, and repair or the 
most common types or main turbines. Ad­
ditional Information can be obtained from the 
manufacturers technical manuals, detail draw­
ings for speclflc Installations, ~nd BuShlps 
Technical Manual for all Installations. 

CB~t:RAL CARE AND MAl:'(T£NANCE 
OF TURBINES 

When not under steam and not in drydock, 
main cnl{lnes shall be jacked over daily al 
lc~st 1-1/4 revolutions. Care must I~ taken not 
to bring the turblno rotor to resl In the same 
position for 2 consecutive days. The procedure 
prevents freezini: or bearings, bowing and spot 
corrosion ol the rutor, and permits lubrication 
or n\l gea" teeth. 

When the pro1mlsion machinery Is not in 
use, lubricating oil that Is free from lmpurlttt>s 
should bo circulated through the enllre system 
!or at least 15 minutes each day. It Is essential 
th:lt an oil film be malntllned In all bearings 
w!11le the turbines a re being jacked. 

Corrosion and rusting or the turbines may 
bo almost enti rely prevented by continuing tho 
operation or the second-stage air ejector to 
dry the machines alter they have been shut 
down, and while thoy are stlll hot. 

After a turbine has been warmed up, a 
vacuum shall NOT be maintained on the turbine 

unless the glands are properly scaled. 
Thorefore, \t IS boat to perCorm the following 
procedure: 

I. Secure steam to the second stage. 
2. Secure the condensate pump. 
3. When the vacuum has dropped to 10 

inches, secure the gland seal and break 
the vacuum through Ule air ejector suc­
tion. This would allow maxlmum normal 
coolinir time and put most or the lncoml111t 
air through the condenser vire the tur­
bines. 

The interior or main turbines shall be In­
spected quarterly ii practicable, or more fre­
quently if necessary. During this inspection, 
Ule effectiveness or the procedures in keeping 
the turbine dry and rree from corrosion should 
be noted. 

The tu rblnc inspections and checks listed 
in Table 6- 1 should be mado ancl appropriate 
entries made In U1c Engineerllll: Log. 

MACNTENANCE OF PROPER VACUUM 

When turbines and associated condenslnc 
equipment :ire operated at other than design 
vacuum, lnofflc ic11cles occur which i·esult In 
a high fuel rate, lowered tu1·bine perrormancc, 
and Incorrect heat trnnsfer. Thedesignvacuum 
recommended by the turbine rmnuracturer and 
condenser manufacturer may be found In their 
respective technlca I manuals and In shipbuilder 
furnished operating guides. Turbine plants are 
designed ro1· best and most. economical opor­
atlon at or near 29- 30 inches Hp;. vacuu m. 

Cold turbines should be warmed up wlU1 
reduced \':\Cuum with optimum (or deslgnl vacu­
um withheld until these conditions h:.ve per­
mitted a U1orough and uniform turbine warm 
up. This c.~n be accomplished by not cutting In 
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Table 6-1. - Turbine Checks and Inspections 

When What 

Daily Jack turblnes 1-1/4 t\1rns. 

Daily Circulate lube oil through system. 

Daily Run air ejector 1/2 hour . 

Daily Operate lube oil purifier. 

Weekly Check the valves, cocks, and 
joints of steam, exhaust, and 
drain llnes . 

Weekly Operate and lubr icate thr ottle 
control gear. 
NOTE : Do not place any lub­
ricant on stearn valve sten1s. 

Weekly Operate all valves not normally 
used. 

Weekly lnspect exterior fittings of the 
installation. 

Quarterly lnspect exhaus t trunk and last 
stages of LP turbine through 
manhole plat e. 

Quarterly Sound with hammer-holddown 
bolts, ties, and chocks of 
t\1rbines. 

Quarterly Remove turbine inspection plates. 

Quar terly Clean steam st rainers. 

Quarterly Inspect shoes o( thrust bearings 
£or clearance, and condition 
of bearing surfaces. 

Quarterly Inspect exhaust trunk. 

20'7 

Why 

To prevent freezing of bearings, bo\ving and 
spot corrosion of rotor and to lubr icate 
all gear teeth. 

To prevent accumulation of water and sedi­
ment in pockets and to form oil film 
jacking. 

To dry out tu1·bines. 

To r emove water and impurities from lube 
oil . 

For tightness. 

To pr event sticking. 

To ensure proper operation when needed. 

To detect oil leaks and corrosion. 

To detect corrosion or other defects. 

To detect signs of loosening turbine 
fastening. 

To determine existence of missing or loose 
blades or shrouding, and to check for 
corrosion. 

To remove foreign matter and to ensure 
integrity of the steam strainers. 

To ensur e proper position of the rotor . 

For tightness, evidence of corrosion, and 
loose bolts. 
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Table 6- 1.-Turblne Checks and InsJX)ctions-Contlnued 

When 

Quarterly 

Quarterly 

Quarterly 

Semi­
annually 

Annually 

Annually 

Annually 

Overhaul 
cycle 

What 

Test and set relief and sentinel 
valves. 

Check location and tightness ol 
rotor balance weights t11rougf\ 
Inspection openings lf p rovided. 

Inspect nozzle control valves. 

Inspect gland packing (where 
examination can be made 
wit11out lifting turbine casing). 

Inspect pr opulsion turbines 
lower casing. 

Inspect condenser expansion 
joint. 

Calibrate gages. 

Check main bearings for 
clearance. 

the first stage air ejector until 30 minutes 
p1·ior to getting underway. This procedure is 
in accordance with instructions In applicable 
technica l manuals, which counsel operators to 
observe prelerred practices. After the turbine 
is warmed up, the plant vacuum should be 
gradually Increased to the underway design 
value and maintained at that value after re­
porting "ready to answer all bells.'' 

PRECAUTIONS TO PREVENT ENTRY OF 
FOREIGN MAT'rER 

Whet\ a11y part of a turbine is open, every 
precaution must be taken to p1·event the entry 
or foreign substances. Turbine inspection plates 
should not be lei! oll overnight, or !or any 
considerable length ol time, unless the openings 
are completely covered. WbUe the Inspection 
plates are o!!, the openings should not be left 
unattended. All objects should be removed !rom 
t11e pockets of any person making an Inspection 
of turbine lnterio1·s . Inspecting personnel enter­
ing casing should use masking tape on buttons, 
collar devices, and eyeglasses. A Finni Inspection 
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Why 

To ensure proper protection against ex­
cessive pressures. 

To detect loose m· missing balance weights . 

For leaking valves. 

To ensure e!flclent seal being malnblncd. 

For signs or corrosion and continuous ly 
wet Insulation. 

To detect deterioration. 

To ensure correct readings. 

To ensure correct c learances. 

must be made by tlle engineer offlcer or his 
authorized representative officer, immediately 
prior to the replacement of t11e Inspection 
plates. An entry pertaining to the inspection 
should be made in the Engineering Log; U1is 
entry should include the name or the Inspecting 
officer. 

LUBRICATION OF TURBINES 

One of t11e more important fac tor s in Uie 
operation and maintenance of propulsion tur­
bines is an adequate supply of Uie correct lub­
ricating oil (2190 TEP) having the correct 
physica l and chemical qliaiities. Tu rbines are 
provided with either (a) NEEDLE VALV ES that 
permit adjustment of the oU rlow to a ll journal 
and thrust bearings, (bl NONADJUSTABLE 
ORIFICES In the oil supply lines to each journal 
bearing, (c) a NONADJUSTABLE ORIFICE in 
the Inlet to or dischar ge from each thrust 
bearing, or (d\ a BEARIJ\G so constructed that 
Uie oil clearance around the journal acts as 
an orifice. The needle valves are adjustable 
but the setting should never be changed except 
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in an emergency, and then only by experienced 
personnel. These valves are so constructed 
that they cannot fully cut off the flow of oil to 
the bearing. With the needle valves properly 
set, the oil flow to the bearings ts such as 
to provide adequate lubrication, but if a bearing 
is wiped to such an extent that the oil flows 
freely out of the sides of the bearing, its 
needle valve will not permit the damaged 
bearing to take an excessive amount of oil away 
from the others. 

Under normal operating conditions, the 
temperature of the oil leaving the lube oil 
cooler should be between 115° F and 130• F. 
The temperature of the oil leaving the bearing 
should be between 140° and 160° F but never 
greater than 180° F. The maximum operating 
temperature rise allowable in the bearing ls 50° 
F, even though such a rise may cause a final 
temperature of lower than 180° F. 

Various means are provided for maintaining 
a continuous check on the supply of oil to the 
bea1·ings, and on tl1e bearing temperatures as 
indicated by the temperature of oil flowing from 
the bearings. On some older installations, a 
pressure gage Is connected to the oil supply 
line to each bearing, or a spinner-type flow 
indicator Is connected in the supply line. A 
thermometer is fitted in each bearing as near 
as possible to the point from which the oil 
drains from the bearing shell. On some naval 
ships, joul'lla l bea1·ings and thrust bearings have 
four types of temper ature indicators pr esently 
being used: the mercury bulb thermometer, the 
bimetalllc thermometer, the thermocouple, and 
the resistance thermometer element (RTE\. 

The bimetallic thermometer uses the prin­
ciple of two dissimilar metals expand ing due 
to heat, and indicates the temperature on a 
calibrated gage. The bimetallic thermometer 
can be used to replace the mercur y bulb ther­
mometer for direct reading. 

Thermocouples have been installed in Ille 
bearings to indicate tl1e temperature of the oil 
film. The thermocouples are monitored automati­
cally by an electrical scanning device or monitor, 
brle£ly described as follows : The thermocouples 
are connected to lamps and an alarm in the 
scanner through contacts. These contacts are 
made and broken by ·a rotary stepping switch 
pulsing circuit which provides the power pulses 
to operate the rotary stepping switch so that 
all thermocouple channels can be scanned within 
10 seconds. If the temperature on any bearing 
exceeds 250° F, the lamp corresPQnding to the 

bearing will light and the alarm wlll sound. 
The alarm may be reset manually, but the light 
will remain on until the temperature r eturns to 
normal. (NOTE: Under normal conditions, the 
maintenance of alarms will be performed by 
Electrician's Mates.) Provision \salso made for 
a meter in the scanner which can be connected 
to read the actual tempe1·ature on any one 
bearing at a given time. 

It should be understood that the1·e will 
generally be some difference between the 
temperatures as indicated by the mercury bulb 
or b\metalllc thermometers (wher e installed) 
and the scanner meter. These differences, how­
ever, are due primarily to tl1e difference in 
position or the sensing elements for the bearing. 
If the temperature (as read by the thermometer 
or scanner), should suddenly rise without a 
change in speed, there may be a dish'essed 
bearing, and the speed should be r educed, if 
possible, and the cause ascertained. 

The RTE, and electrical resistance type 
thermometer installed within tJ1e bea1·lng, is 
used to measure the temperature of the babbitt 
material. 'l'he RTE uses the same type monitor­
ing system as the thermocouple. 

The bearings and gears of warships require 
a hlgh grade mineral oil (2190 TEP). The oil 
must be kept free from water and impurities 
by means of the purifier and the settling tank. 
·In keeping a continuous check on the condition 
or the lubricating oil, a routine procedure of 
taking oil samples should be followed. The oils 
should also be tested at regular intervals when­
ever testing facilities are available, to determine 
the neutralization number, flash point, viscosity, 
and other physical or chemical properties which 
govern the effectiveness of the oil as a lubri­
cant. 

l\olAJOR ADJUSTMENTS OF A TURBINE 

In all propulsion turbines installed on ships ln 
tlle Navy, there are two major adjustments : the 
fixing of the proper radial and axial positions 
of Ute rotor. The radial position of the rotor 
is maintained by the main bearings, and the 
axial position by the U1rust bearings. 

The major reason for maintaining a turbine 
rotor in its proper position is to prevent dam­
age to the turbine and to maintain the proper 
clearances between the rotor and Ille turbine 
casing. This is an lmporta1lt factor ln connec­
tion with the efficiency of the turbine. If U1e 
roto1· touches the casing any any time, because 
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of !allure of the thrust or journal bearings while 
the turbine is in operation, damage will result 
and It will be necessary to lift the turbine cas­
ing for repairs. The turbine par ts that are par­
ticularly subject to damage, because of close 
clearances involved, a re the rotor blading, 
diaphragm packing rings, shaft packing rings, 
and oil deflector or oil seal rings. 

Radial Position o r the Rotor 

The quickest means of detecting any change 
in the radial posltlon of the r otor, r esulting 
from bearing wear, Is by using the depth gage 
micrometer. When the turbines wer e installed 
origtn.~lly, depth gage readings were taken and 
recorded. Any difference between the original 
and the new t·eadin(l"S will be the amount of 
bearing wear. 

To take new r eadings (see rig. 6-1) a depth 
gage spindle is inserted into the depth gage well 
witll the bridge or the gage r ests evenly on the 
reference boss; the knurled handle of the mi­
crometer is then turned until the spindle touches 
t11e joumal. Read the micrometer and compare 
the new and the orl~lnal readings. 

Anothe r means of checking bearing wear is 
by measuring the crown thickness with an out­
side micrometer. When the turbine bearings 
were installed originally, the radial position of 
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the turbine rotor was set, and by using a mi­
crometer the combined thickness of the bear­
ing shells and liners (at designated places) 
was measured and stamped on tile bearing shell. 
To take new readings: the beal"lng cap must be 
removed, the top ha ll or Uie bearing lifted off, 
and the lower half of the bearing rolled out. 
Radial lines are scribed on one end of each 
bearing to indicate the measurement points 
which are always l 1/ 4 inches from the end of 
the bearing. Any difference be tween the ship­
board and the factory measurements will be the 
amount of bearing wear. 

Another way of measuring bearing wear is 
by using an inside micrometer to measure U1e 
inside diameter o f the bearing and an outside 
micrometer to measure t11e outside diameter or 
the joumal. The dlHerence between the readings 
wlll be the oil c learance. The difference be­
tween the old and the new oil clearances will be 
the amount of bearing wear. 

Axial Position of the Rotor 

The axial position of a turbine rotor is main­
tained by means of a thrust bea ring, usually of 
the pivoted segmental or Kingsbury type. With 
this type bearing, the axial pOSitlon or the rotor 
Is adjusted by machining rrom the filler piece, 
or by adding shims. 

CKAIN LINK 
CASINI: 

47.22 
Figure 6-1.-Bearing wear micrometer depU1 gage. 
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The axial clearance instruments consist of 
the rotor position micrometer and U1e axial 
clearance micrometer. The rotor position mi­
crometer IS shown in figur e 6-2. It ls used on 
some turbines, while Uley are in oper ation, to 
determine the axial position of the rotor and 
the amount of thrust bear ing wear. 

The p1·!nclpal parts of the rotor pos ition 
micrometer are: (ll the spindle, with spindle 
head a ttacheci; (2) U1e body, attached directly to 
the turbine casing; (3) the index wheel , which is 
threaded to the body aod graduated to read axial 
movement in thousandths of an Inch; (4) the feeler 
plate; and (51 the spring. The spindle is cutaway 
at the end, leaving only a half-section. 

Readings are carefully taken and recorded 
just after the turbine is installed, and after each 
overhaul period. (At any futm·c time, readings 
can be t.~lcen and compared with Uiose on record. ) 
Any ctlffc1·cnce between the r eadings taken at 
installation, or a t overna\tls , Indicates thrust 
bearing wear , which should be checked as soo1l 
as possible. The normal oil clearance in the 
thrust bearing should be given consideration; 
it should not be mistaken for excessive wear. 

Sometimes the rotor position micrometer 
is installed so Uiat readings can be taken from 
the dummy pi~ton and cylinder; It may then be 
r eferred to as a dummy micrometer. 

Some propuls ion turbines arc equipped with 
a diffe r ent type of micrometer whlch Is mounted 
on the forward end or the turbine s haft, with 
it"' spindle In line with the centc1·llna of the 
shaft. The linear speed or any point on U1e shaft 
approaches ze ro as tlle point nears the center 
o! ti!<! shaft. Thus, when the micrometer spindle 
touches Uie cente r of Uie shaft, lt will st1!(er 
negligible wear. Therefore, in taking one read­
ing, instead o! two, aod comparing that reading 
with the predetermined safe limits , tlle axial 
position of the shaft can be r eadily det ermined. 
This type of rotor position mlc1·omeler has an 
additional advantage in that It does not pass 
through the casing o( U1e turbine, and therefore 
does not r equire a stuffing box and packing 
gland. 

Many p1·opulsion turbine installations are 
equipped with axial clearance indicators. An 
axial clearance indicator of the type lnstalle<I 
on the low pressure turbille of a destroyer is 
shown In rtgure 6-3. The indicator Is located at 
the forward end of the turbine and provides an 
easy meanis of obtaining a check on the axial 
positton of the rotor. When not In use , the lever 
is held out of contact with the shoulder on the 

21 1 

47.23X 
Figu1·e 6-2. - Rotor position micrometer. 
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F'lgu1·e 6-3. - Axial clearance indicator. 
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shaft by means of a spring. The indicator is should be measured before the bearing is dis­
used by moving the stud manually so as to bring assembled. IC the readings are beyond allow­
the lever in contact with the shaft shoulder. able tolerances , there is no doubt that the bear ­
The pointer, at its initial adjustment, indicates ings should be disassembled for inspection. 
rotor center; ancl the indicator plate is marked When it is necessary to disassemble a thrnst 
to indicate the danger po int of deviation (at wbich bearing, a careful inspection should be macte of 
point adjustment must be madel. all parts. If there is slight rusting of the 

Another means ol dete rmining whether the collar surfaces, the rust can be removed witJ1 
rotor is opc1·ati11g witJ1in safe limits is to check a fine o ils tone. The work should be done slowly 
the total oil clearance of the thrust bearing. and carefully by exper ienced personnel. When 
This clearance can be obtained by measuring thrust shoes are recondltloned and r einstalled, 
tJ1e end play of the rotor . Methods of taking this check whether too much bearing metal has been 
measurement for various i nstallations may removed dur ing reconditioning. Renew the shoes 
differ but the basic JJrtnciplq_ is the same. Witb if Well~~r is evident and" it exceeds .. allOWil\Jle 

the tlu·ust bearing completely assembled, the limits. The manufacturer supplies a spare 
rotor is moved as far as It will go, first in one thrust collar and 12 spare shoes to the ship. 
di1·ection and then in the opposite direction. There sllOuld be no problem encounter ed in 
The length of travel is measured with a pre- using the manufacturer's spare t11rust shoes 
cision instrument, such as a dial indicator. since they are accurately machined and s ur-

One method of moving t he rotor is as faced to the proper dimensions. Whenever 
follows: Remove the upper half of the coupling l>lking measurements of the shoes, consult 
guard and at tach the dial Indicator to the the detail drawing !01· the place and design 
flanged surface of the bearing cap. To move value of such a measurement. 
U1e rotor forward, apply a bar bet ween the If thrust shoes are damaged and require 
after face of the coupling flange and the face rebabbitting and machining, the detailed 
of the adjacent cover. To move the rotor aft, measurements can be found by referring to the 
the bar is applied between the forward face of applicable blueprints. Damaged thrust shoes 
tJ1e coupling flange and the face of the bearing which cannot be recond itioned by the s hip's 
cap. In each case a wooden block is used to force are sent to a r epair activity to be 
prevent marring tJie metal surfaces. The end rebabbitted and machined. The radial edges of 
play (thrust bearing clearance o r float) is the shoes should be slightly rounded, otherwise 
obtained from the two readings of tlle dial tJ1e sharp edges wi ll tend to scrape tJ1e oil film 
indicator. If t11e end play is within designed off the tJirust collar. 
limits, the rotor is operating witJ1in its a l- Frequently a set of shoes is slightly burn-
lowable limits. ished or partially worn. If this happens when no 

TURBINE BEARING MAINTENANCE 

When a bearing is opened, it should be 
carefully inspected for ridges, scores, and 
amount of wear. It should be noted whether 
or not tJ1e babbitt lining has r emained anchor ed 
to the shell. If the bearing is only slightly 
wiped, it can probably be scraped to a good 
surface and r estored to service. In this case 
tJ1e clearance reading of the reconditioned 
bearing should be fairly close to \ts original 
value. 

Thrust Bearing Repairs 

When trouble occurs or is s\lspected in a 
tJ1rust bearing, tJ1e oil clearance in the bearing 
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spares are ava ilable, shi ft the astern shoes to 
the ahead side (if they are interchangeable). 
Stone any ridges cut in the collar (tl1e greatest 
care must be taken her e as to the thickness; 
tolerance is only 0. 005 inch). Spot in the worn 
shoes and ins tall on the astern side. After 
the bearing is reassembled, check for any 
change In tJ1rust clearance. 

If a thr ust collar is found to be badly 
scored or if deep rust pits are present, tJ1e 
collar should be r emoved for r epairs. On 
most turbines the tJ1rust collar can be re­
moved without lifting the casing and without 
dist\1rbing tile lower half of tJ1e forward journal 
bearing. 

The propulsion turbine thrust collars on 
older ships are keyed to the shaft and held in 
place by a thr ust nut threaded on the end of the 
s haft. To prevent the th1·ust nut r1·om loosening 
and backing off, a lockwasher is placed between 
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the thrust nut and the keyed sleeve. The lock­
washer ears must be bent squarely into the 
thrust nut notches to pr event the thrust nut from 
backing off. On modern installations, the collar 
is held in place by checknuts . 

From a study of li11,ure 6-4 , it is appar ent 
that the lower ha][ of the inner casing will have 
to be removed befor e the thrust collar (runner) 
can be r emoved from the shaft. The lower inner 
casing, together \Vi.th the thrus t bearing, is 
shown in figure 6-5. The lower irmer casing 
is removed from the outer thrust bearing housing 
by rotating it 180°, and lifting if from the 
journal. This is accomplished much the same as 
is ren1oving the lower half of a jour nal bearing. 

When a thrust collar is to be remachined, 
the bore should be exactly squar e with the 
£aces. The faces should be machined flat and 
smooth, and the thickness should be exactly 
uniform all around. The marks left by machining 
or grinding must be removed by lapping. 

When the thrust bearing has been reas ­
sembled and the oil clearance taken, the thick­
ness of the shim to be added should be computed. 
Take, !or example, a thrust bearing that has 
the following clearances: designed clearance 
0.010 inch; maximum clearance 0.020 inch; 
minimum clearance 0. 007 inch. II a reading of 
0.025 i nch was obtained, a shim of 0.015 inch 
Should be installed. Never more than one Shim 
shall be used to obta in the proper oil clearance. 

Bearing Journal Repair s 

Bearing journals should be smooth, even, 
and free from rust at all times. With the 
increased emphasis on noise r eduction in the 
Navy today, it is Impossible to maintain, by 
hand methods of reconditioning, tile roundness 
required for satisfactory operation. Any journal 
showing rus t, ridges, or sharp edges should be 
sent to a repair activity for machining. 

FITTING OF BEARINGS. -A bearing should 
have sufficient bearing area ol lit in order to 
withstand maximum designed load. If the bearing 
area Is reduced by any considerable amoU11t, 
more heat than the metal can withstand w\11 be 
generated in the bearing; and extreme measur es 
will have to be taken to keep the bearing cool 
and prevent i t fro n1 \Viping. 

Modern bearings are usually finish bo red 
to a diameter equal to that of the journal 
pltJS the des ired oil clearance, a11d little or no 
fitting should be necessary. However, where 
hand fitting is requi red , a m>mdrel should be 
used; the mandrel should have a diamete1· 
equal to that of the journal plus the oil clearance. 

General practice is to finish the hole to a 
standard size, w\thin the limit of the accuracy 
desir ed. Therefore, a 3/4-inch standard hole 
would ordinarily be -within a tolerance or one ­
half thousandth of an inch above or below the 

SACKING RING- L OCK WASHER 

JOURNAL 8EARIN<l THRUST RUNNER 
NUT 

Figure 6- 4.-Forward end of a high pressure turbine (base rings, leveling plates, 
and thrust shoes removed). 
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96.2X 
Figure 6-5. -Thrust bearing (assembled) 

and Lo,ver inner casing. 

true standard size o! exactly O. 750 inch. 'First 
the hole Is drilled or bored to wit.bin a few 
thousandths or an incb of the finished size; 
then the r emainder of the material is removed 
with a machine reame1·, followed with t\ hand 
r eamer if the Umits a re ext.remel v close. 

The bea ring is then pr essed on a "mandre l 
tight enough so the work will not slip while 
being machined and a dog is clamped on the 
mandrel which is mounted between centers. 

A ma ndrel is simply a round piece or 
s teel of convenient iengtJ1 which has been 
centered and turned true. Commercial man­
drels a r e made of tool sleet, hardened and 
ground with a slight taper (usually 0.0005 Inch 
per inch). On sizes up to I inch the small end 
is usually one-half thous.1ndth of an inch under 
the standard size of the mandrel, while on larger 
sizes this dimens ion is usually one thousandth 
of an Inch under s tandard. This taper allows 
the ~tandard hole in the work to vary acco1:d lng 
to the usual shop practice, and still provides 
a drive to the work when the mandrel ls 1>ressed 
into the hole. The ta]>er is not great enough 
to distort the hole in the work. The countersunk 
cente1•s of tile mandrel arc lapped for accu1·acy. 

The fl rst step i11 hnl"d fitting ls to co:tt 
the mand1·el with a compound such as P russian 
blue. One half of the bearing is placed on the 
mandrel and turned slightly with a light pres­
sure to cause the coloring on the mandrel to 
adhere to the hlgh SJ>OtS on the bearing. These 

high spots should be re moved with a scraper 
and the Citting operation repeated until the 
colo1·ing matter Is uniformly distributed over 
the bearing surface, which indicates that all 
of the bearing surface ls in contact with the 
journal. When no mandrel is used, contact 
with the joumal should he limited to a small 
al'ea, about 30°, in the bottom or the bearing. 

In sc1·aping a bearing, care must be taken to 
see that U1e lining IS kept concentric with U1e 
shell, and that taper rm10ut is avoided. 

REPLACEMENT OF JOURNAL BEARINGS. 
- When a bearing sm·face is round to be scor ed, 
uneven, considerably worn, wiped, or burned 
out, or tr the metal is loose, thebeal'lng mus t be 
rebabbi ttcd or replaced. The clcta Ued procedure 
for replacing turbine bearings will vary some­
what for different sizes and types of turbines. 
Care must be taken to properly mark all parts, 
while the bearing IS being d isassembled. A 
bearing impr oper ly Installed, will not rece ive 
adequate lubricat1on. A typical turbine bearing 
Is shown in figure 6-6. 

When a spare bearing is being re•died !or 
installation, it should be carefully c leaned and 
inspected. The two bearing halves shou.ld be 
bolted Ol' clamped together and the ins ide 
diamete r of the bearing measur ed wlth nn ins ide 
micrometer. The ins ide diameter of the !wari ng 
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Figure 6-6. -A typical propulsion turbine 

journal bearing. 
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should equal the outside diameter of the journal 
plus the designed oil clearance. The dimensions 
for a bearing may be found by checking the 
manufacturer's technical manual or the ap­
plicable blueprints. Ensure that a bearing which 
has been rebabbitted complies with dimensional 
specifications. 'l'hermal distortion from beating 
and cooling the bearing shells during babbitting 
often results in dimensional variations of the 
spherical contour. 

After the bearing cap and the upper half of 
Ille bear ing have been removed, IJ1e weight or 
the rotor is lifted by a jacking device (lig. 6-7). 
Lift the rotor only enough to permit the lower 
half of the bearing to be rolled out. Lifting 
the rotor excessively will damage the shaft 
packing, and the bearing half might bind. Before 
removing the lower half bearing, ensur e that the 
thermocouples are removed (ifap1Jlicable). When 
the lower h<ilf of the spare bearing ls installed, 
tl1e jack is removed and the bcal·ing reassem­
bled. 

A bearing being used for the first time 
should be used at low speed; and the oil 
temperature should be checked at frequent 

YOKE 

OUT? ~INC 

96.4X 
Figure 6-7. -Special jack used for removing 

lower ha!C of a journal bearing. 
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intervals. A temperature rise of more than 
t ° F per minute us\ially indicates that the 
rubbing surfaces have been scor ed. An inte1·val 
or 10 minutes is usually sufficient to determine 
the rate of temperature change. 

When a defective bearing has been replaced 
by a spare, the old bearing should be rebabbitted 
as soon as possible if it is a reusable type. 
The usual procedure is to have a repair ship or 
shipyard rebabbitt and machine the bearing. 
The appr opriate blueprints or manufacturer's 
technical manual will have to furnished to 
the repair act ivity, for the necessary detailed 
information concerning the bearing dimensions. 

NOZZLE CONTROL VALVE REPAIRS 

The nozzle cont rol valves (fig. 6-8) for 
the main high pressure turbine normally will 
operate for a Jong period of time without 
maintenance or repairs. However, IJ1e nozzle 
control valves are subjected to high steam 
pressures and temperatures, and in time they 
will require repairs. 

BOLT ______ -== 
SPRING GUIDE ---~ 

SPRING------.,;;;:::~ 

PROTECTINl;~P~LA;;T~E~J~i SET SCREW 
CAM ROLLER---~ 
CAP------~ 

PIH------­
BEARIHG CAP-~.:&J 

BEARING--- -.... 
SHIMS-- ---
HEAD-----~ 

96.5X 
figure 6-8. -A turbine nozzle control valve . 
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One of the more common tr oubles that may 
occur to nozzle control valves is U1e leakage 
or steam between the valve seat and disk. On 
modem ships, the complete disassembly of the 
operating mechanism is not necessary. The 
steam chest cover is lifted and carefully placed 
on wooden blocks to prevent damage t o t he 
valves . The contact area of a valve with its seat 
should be checked by bluing the valve. If the 
valve does not make a good contact wlU1 its 
seat, do not lap the valve and set as U1is makes 
a flat spot on both the valve and seat and 
destroys the spherical surface of the valve. 

Figure 6-9 shows a enlar ged section of a 
nozzle control valve. 

All valve seats have flat angular surfaces 
at the line of contact with the spherical sur faces 
or the valve disks. In or der to r esurface the 
valve seat, the following method is suggested: 
Turn a cast -iron cone with an angl e the same as 
the valve seat angle. Leave a tip on the upper 
end of the cone so t11at it can be held in, and 
driven by, an air motor or electrical drill. 
With this cone and some grinding compound, 
the flat angle of the valve seat may be r e­
sur faced. Care should be taken not to grind 
off any mor e metal than is necessary. If the 
s urface of the valve is not spherical because 
of pits or wear, place the valve in a lathe 
and polish it with emery c loth and oil until 
the surface is smooth and there is less than a 
0.0005- inch runout. In this way the valve disk 
will maintain a spherical surface and seat 
tightly even if slightly out of line. The manu­
facturer's technical manual should be con­
sulted for the correct d isassembly procedure. 
Badly cut or damaged seats and disks are re­
placed raU1er than reconditioned . 

RENEWAL OF SHAFT P ACKING 

On low pr essur e main turbines in which only 
labyrinth packing is used , usually the inner 
and outer packing is accessible when the upper 
half of the packing housing is removed. On 
low pressure main turbines where carbonpack­
ing is used, this packing can be replaced by the 
ship's force. 

Worn labyrinth packlng may be repaired 
in an emergency by using a chisel bar and a 
hand chisel as s hown in figure 6-10. These 
tools ar e placed as indicated in the figure, 
the chisel is s truck with a hammer, and t11eo 
advanced around the periphery of the packing 
a ti·ifle less than the tool's width. Care must 
be taken that each new position of tl1e chisel 
overlaps the preceding position. This pro­
cedure expands the "tooth" In height and 
draws it out to its o riginal featheredge. The 
drawing out of the " teetl1" must be continued 
to give ttle packing clearance specified on 
nunufacturer's dra\vings or in manufacturer's 
technical manuals. If the cl earance is not 

1-7'.H~-VALVE RING 
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96.6X 
Fig-ure 6- 9. -Section of a nozzle cont rol valve 

(pilot valve details). 
NOTE: CHISELS GAOUHD 
TO SUIT ANGL ES Of' 
.. LANDS " Under normal conditions, if it becomes 

necessary to repalr or replace the main engine 
shaft packing, the job will be done during a 
routine Shipyar d overhaul. When necessary, tl1e 
outer r ings of pa.eking for most high pressure 
turblnes can be replaced by the ship's force, 
s ince this can be accomplished by removing 
the upper half of the packing casing. The inner 
packing rings cannot be replaced by ship's 
force, as it would require. lifting the turbine 
casing. Some high pressure t urbines in the 
Navy have only labyrinth packing. Other high 
pressure turbines have carbon packing in the 
low pressure end only. 

HANO CHI SEL 
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96.7 
F igure 6- 10.- Method of expanding lands of 

worn labyr inth packing. 
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available from plans or instructions, the draw­
ings of "teeth" should be continued until they 
come within 0.005 inch or touching the shaft. 

When it becomes necessary for the ship's 
force to overhaul carbon packing, it is recom­
mended that the removed segments be placed 
in a box in suchamannerthat adjacent segments 
of a ring will be next to each other. Each 
segment of car bon packing is marked on each 
end with the number of the ring of which It ls a 
part. As each segment ls removed, an ex­
amination should be made ror scores, grooves, 
and wear in general . The rings can be refitted 
or renewed, whichever is necessary. 

The retainer springs must be car efully 
inspected and tested. If they are weak or 
corroded; they must be renewed. 

LIFTING THE TURBINE CASING 
AND ROTOR 

Although shipyard personnel a r e responsible 
for liCting turbine casings and rotors, you should 
bave a good understanding of the procedures 
involved. Before a turbine casing is lifted, 
preliminary work has to be done. All the turbine 
lifting gear, special tools, and equipmentshould 
be inventoried and inspected at least 1 day 
beCore the actual work is to begin. The manu­
facturer's technical manuals and Coordinated 
Shipboard Allowance List (COSAL) can be used 
for inventor y of the lifting gear . Ship's for ce 
should be ready (if necessary) to furnish turbine 
lifting gear which includes: casing guides, 
casing suppo1·ts, rotor guides, rotor supports, 
lifting brackets, and other items that the ship 
will have aboard. On some ships the turbine 
lifting gear has been removed, and U1erefore 
will be available only in naval shipyards and on 
tenders and r epai r ships. The ship's blueprints 
will have listed on them all of U1e lifting gear 
placed aboard the ship. 

Tile decision as to when casings should 
be li(ted will be made by BuShips when so 
requested by the type commander; otherwise, 
the type commander wlll make the decision. 
This decision will be based upon the past 
per formances or the particular type of turbine, 
data furnished by the CO of the ship, and 
recommendations made by the forces afloat. 
In an emergency, turbine casings may be 
lifted before permission is granted, but a 
detailed report must be promptly submitted 
to the Naval Ship Systems Command. 

2.17 

Regulations for Lifting Turbines 

Three months prior to each regular overhaul, 
a report by the CO of the ship on the condition of 
each propulsion turbine he thinks should be 
lifted ls submitted to the type commander. 
Copies of the report are sent to the Naval 
Ship Systems Command and to the repair ac­
tivity concerned. BuShlps Technical Manual, 
chapter 9410 (41), should be consulted fo1· 
the information required to be contained In 
the report . 

Any comments from the Naval Ship Systems 
Command concerning a recommendation to dis­
assemble the casing or to perform additional 
tests or inspections will be directed to the 
type commander with copies to U1e r epor ting 
ship, the planned overhaul activ ity, Ships Parts 
Control Center (SPCC), Naval Boller and Tur­
bine Laboratory (NBTL), and any other activities 
concerned. F inal authority for disassembling the 
casing is the responsibility of the activity 
(usually the type commander) controlling the 
operating schedule and overhaul runds of the 
ship. 

Lifting Cas ing and Rotor 

Whenever turbine casings are lifted for any 
purpose, advantage should be taken of the op­
portunity to observe the condition of all noz­
zles , blading, packing rings, and 0U1er internal 
parts. When practicable, such examinations 
should be made when adequate facilities are 
available for necessary repairs which are beyond 
the capacity of the ship's force. 

All turbine measurements and clearances 
should be taken before and after repairs; a 
permanent record of these measurements should 
be maintained. (Fig. 6-11 shows the method of 
checking tile rotor position with a taper gage.) 
Tip clearances may be omitted, lf they are 
consider ed unnecessary by the repair agency. 
The record must afso include the mate rial 
condition revealed when the turbine is opened 
and after repa lrs are made. A report of the 
above facts must be forwarded to the Naval 
Ship Systems Command with cop ies to U1e 
ship concerned and to her home yard. 

Some preliminary work must be completed 
be(ore the cas ing can be lifted. The covers 
over the flexible couplings, between the tur­
bines and the reduction gear s, must be re­
moved. !( a cruising turbine rotor is to be 
lifted, the cruising turbine reduction gear also 
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must be disassembled, as the pinion is part of 
the turbine shaft. Sections or the main s team 
lines are discormected and removed. The cross­
over line between the high pressure turbine and 
the low pressure turbine must be removed. 
Drain lines and gland seal lines may be removed 
if necessary. In some turbine installations , ob­
sh·uctions to lifting, such as steam lines and 
ventilation ducts, may have to be removed, and 
it may be necessary to remove some of the 
insulation from the turbine. 

Proper temporar y s towage of the piping, 
valves, nuts, bolts, tools and other necessary 
materials must be provided, either in or out of 
the engine room. Passageways and working ar eas 
must be kept free of tools and materials being 
used or disassembled. Avoid damage to the 

96.8X 
Figur e 6-11. - Using a taper gage to check 

the position or a rotor. 

piping, gages, gage lines, lagging, and other 
material. 

After the prelimin.'lry work has been com­
pleted, the turbine casing horizontal joint bolts 
are r emoved. As a r ule, the vert ical joint 
bolts on the high pressur e turbine are not 
removed, except wher e r epairs l'equire tile 
joint to be opened. Most inspection covers 
have caution plates which call attention to 
internal bolts or fittings which must be re­
moved. The upper hous ing and uppe1· halves 
of 111.ai n turbine bearings must be re n1oved. 
When r emoving turbine casing bolts that were 
tightened by heat, it is important tllat heat be 
applied when loosening these bolts; the heat 
will pr event galling the threads. If ther e is a 
tendency for the joint to spring open at dis­
assembly, i t is good pr actice to loosen the first 
few bolts, then tighten them lightly; these bolts 
can be removed last. After all the bolts have 
been removed, the joint can be broken loose by 
means of jack bolts, if necessary. 

When a ship is built, padeyes are welded 
in the overhead of the engineroom for at­
taching chain falls for lift ing heavy objects. 
The manufacturer 's t echnical manual and tile 
ship's blueprints will give detailed informa­
tion on the arrangement, number and size 
or the chain Calls , wire slings, and shackles 
to be used to lift any particular piece or 
machinery. The lifting arrangement for a tur­
bine casing will allow the four corner s of the 
upper casing to be lifted in a plane parallel 
to the flange of the lower casing. Four upper 
cas ing guide pins are installed. If U1er e is a 
scale on a guide pin, this scale should face 
outboard wher e it can be readily seen. '!'he 
location o r the upper casing guide pins is 
shown in figure 6-12. The guide pins are used 
to prevent any damage to the turbine blading 
and shaft packing. As the tur bine casing is 
raised or lowered, it should he handled in a 
manner to pr event tilting or swaying so as 
not to strike the turbine blad ing or shaft 
packing. 

When the turbine casing is ready to be 
lifted, men ar e assigned to tile various jobs 
and stations. It usually requires 10 or 12 
n1en to raise or lower a n1ain turbine ca.sing. 
(Four men ope1·ate the chain falls. Four men, 
one at each corner of the turbine casing, take 
measurement readings from the gu ide pins. 
Usually an observer is stationed a t each side 
of the turbine, and one man will s uper vise U1e 
entire operation.) 
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The casing ls slowly raised, keeping uni­
form heights at the graduated guide plns to 
ensure that the casing is level and not tilted. 
The usual procedure is to slowly raise the 
casing about one inch at a time until the upper 
casing is clear of the rotor. As a safety 
precaution, blocks are inserted under tile up­
per casing flange as the casing is raised. 
When the casing ls clear of the rotor, it can 
be either swung clear of the turbine, or secured 
in a position above it as shown in figure 6-13. 

After the casing has been raised to the 
desil·ed height (not higher than the guide pins), 
and if it is not to be swung clear, the four 
upper casing supports are installed , as shown in 
figure 6-13. Applicable blueprints should be 
on hand to show the exact location for installing 
the various turbine supports and guide pieces. 
The upper casing support pieces are bolted to 
the upper and lower casing flanges. Figure 6-13 
shows a turbine opened for inspection. 

A similar procedure is used for lifting a 
turbine rotor as is used in lifting the upper 
casing. Four rotor guides are attached to the 
lower casing of the turbine , as shown in figure 
6-14. There are different methods of attaching 
the wire slings to the turbitte rotor. One method, 
shown in figure 6-14, is used for a small 
turbine rotor. Another method uses a special 
lifting yoke and a lifting plate to r aise the 
rotor. The lifting yoke, a form of clamp, is 
attached to t11e forward end of the rotor. The 
lifting plate, a padeye welded to a plate, is 
attached to lifting devices so that chain hoists 
may be used in lifting the rotor. 

The rotor guide pieces perform two functions: 
when the rotor is being raised, the guide pieces 
keep it in a vertical plane passing through the 
centerline of the r otor shaft; machined surface on 
the inside corners of the roto1· guide pieces 
prevent the rotor from moving forward or aft. 
The machined surfaces bear with a small 
clearance against shoulder s on the forward and 
after ends of the shaft. In many cases, special 
bushings are attached to the rotor shaft. These 
bushings are located on the sections of the 
shaft between the pairs of rotor guide pieces. 

After all preliminary work has been com­
pleted, the turbine rotor is slowly lifted from 
the lower casing. The rotor is lifted approxi­
mately one inch at a time and measurements 
taken at each end to ensure that both ends have 
been raised evenly. Adjustments in height are 
made as necessary. This procedure is re­
peated until the rotor has clear ed the lower 
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Figure 6-12.-Lifting or lowering upper 
casing of a high pressure turbine. 

96.9 

96.10 
Figure 6-13.-Upper casing and rotor 

resting on supports. 
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96.11 
Figure 6-14. - Lifting a high pr essure rotor. 

casing. A rotor that has been lifted clear of the 
casing is sbowi1 In figure 6-14. 

When a turbine rotor is to be placed in its 
raised POSition, special secu1·ing devices such 
as rotor guide saddles, rotor supporting bars, 
roto1· guide tie brackets, and rotor guide spacer 
bolts are used. These attacl1ments are secured 
In place so as to pr operly s upport the weight of 
the i·otor. The same procedures a r e used to 
lift and support the high pressure and Uie low 
pressur e turbine rotors. 

CHECKING ROTOR BALANCE 
' 
If turbine rotor unbalance is suspected, 

the rotor should be checked for balance while 
s till in the casing. The normal procedure is to 
notify the type commander who wm determine 
the repair activity which will conduct the neces­
sary tests and inspections . All tur bine i·otors 
must be rebalanced wher1 any of their blading 
has been renewed or their balance has been 
altered by repairs. 

l'v1AJOR OVERHAUL CHECKPOINTS 

When a turbine casing has been lifted for 
repair, U1ere are several tests and inspections 
r equired by the Naval Ship Systems Command. 
A complete turbine repair guide list can be 
found in chapter 9410 (41) of BuShips Technical 
Manual. Some of the important points (see fig. 
6- 15, a through h) to be checked ar e as follows: 

1. High pressure buckets (al.-Scale maylie 
found here. It may uS\Jally be removed by 
\vashing with \vater; ho\vever, several other 

methods are employed for hard-to- remove 
deposits . It is not recommended to use chemical 
solvents in removing scale. 

2. Low pressure bucket~ (bl. -Steam enter­
ing the low pressur e turbine, having lost heat in 
the high pressure turbine, may contai n water. 
The water may cut the bucket tips, especially 
near the entrance edge. If the bucket tips are 
deeply eroded, it will probably be necessary to 
renew the buckets . If the buckets a r e not re­
placed, the amount of e rosion can be measured 
by using a feeler gage and a straightedge. 

3. Water drainage or ifices (cl.-If the blad­
ing has eroded, the drain orHices will probably 
be plugged. The or ifices will always be cleaned 
out so U1at normal drainage can take place. 

4. Diaphragm joi11ts (d). - Flow marks will be 
evident if there is leakage across the diaphragm 
joints. Th is leakage indicates that the joint 
ls not properly seated. To correct severe 
leakage, welding aud machining may be neces ­
sary o r the diaphragm supPQrt~ maybe adjusted. 

5. Rotor axial clearance (el. - The rotor axial 
cl earance should be measured and compared with 
the designed c learance. H adjustments are 
necessary, the axial clearance can be adjusted, 
uslng the procedures explained in this chapter. 

6. Journal bearing clearances (fl. -If journal 
bear ing clearances are beyond allowable limits, 
the bearings must be 1·ebabbitted or replaced. 

7. Shaft packing r ings (gl. - If the clearance 
of U1e shaft packing is beyond tile manufacturer's 
specified tolerance, the packing rings should be 
renewed or reconditioned. 

8. Casing Interiors (h) .-If erosion is found 
her e, it may be necessary to make repairs to the 
eroded parts. In most instances, the casing can 
be welded to r estore the sur face. 

REASSEMBLING A TURBINE 

When a t\rrbine ls opened for a major 
overhaul, the repair guide list in BuShips 
Technical Manual, the type commander's in­
structions , tlte 1113.nufacturer 1s technic.al n1anual, 
and the instructlons lssued by the Shipyard 
Commander should be checked-and followed 
whe r e applicable- be[ore the turbine is reas­
sembled. 

Before reassembly of a tu rbine that has 
been opened, a very careful examination should 
be made of tlle rotor and the interior of the 
cas ing for any articles left behind. This ex­
aminat ion should be made before the rotor is 
lower ed into place and again before the upper 
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!\(CROllETeR OPENING 

\ GLAND VENT 

GLAND LEAK.OFF 

~ 
BEARING AND 

THRUST OIL DRAIN 

47. 4 
Fi~'llre 6-15. -Requir ed ove1·haul checks . 

casing is lowered and secured in place. This 
examination should be made by an authorized 
officer of the engineering depar tment of the 
ship. II the work is being done by a naval 
repair activity, an engineering officer from tile 
repair activity will also make an inspection. 
An entry, Includ ing the names of both om cers, 
ls to be ma.de in the Engineering Log. 

Sealing Turbine Flange Joints 

Before the upper half of the tul·bine casing 
is lowered Into place, the horizontal joints 
should be cleaned with a solvent. If the solvent 
fails to clean the flange, mechanical cleaning 
methods mny be necessary. 00 l'OT use belt 
sander s or files. Use only mild sc1·aplng or 
a crocus cloth. 

Apply a thl11 film of Prussian blue to the 
joint on the uppe1· 11alf casing ancl to the 
hor izontal joint of internal stationary parts 
assemblecl In the upper hnl! casing. Carefully 
reassemble the upper half casi11g on the lower 
half. Install all joint studs; lubricate threads 

and races or nuts and all washers, and as­
semble nuts. Cold tighten all studs to ap­
proximately 011e-half the normal operating stud 
stress l n order to obtain a prope1· joint check. 
Disassemble joint nuts and studs and carefully 
raise tile upper hall cas ing and observe the blue 
contact on the joint or the lower half casing. 

If the blue check Indicates a poor contact 
due to local high areas, these areas should be 
either scraped or stoMd soastoobt.aina prope r 
blue check ill this area when using a su1•face 
plate not over 6 inches in dia meter . In some 
cases, the joint may contain eroded areas and 
grooves caused by steam leakage. To seal 
these areas and grooves and prevent subsequent 
leakage, it may be necessuy to apply a small 
amount of weld. The welding should be done 
under the s upervision of a capable welding 
engineer. 

When the joints on both the upper and lower 
halves of the cas ing show at least a continuous 
(approximately 85 pe1·centl contact on the sur­
face bet.ween the bore of Ute turbine casings 
and the bolt holes and also an Intermittent 
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(approl<lmately 50 percent! contact on the sur­
face between the bolt holes and the outer edge of 
the casing flanges, the joints should be cleaned 
of all foreign material and Ute upper hall 
casing lowered into position tor assembling. 

The entire joint sur face on each casing 
shall be lightly coated with a thin even mm of 
joint compound. This compound should be a 
triple bolled linseed o il or an approved com­
pound In acco rdance with MIL-S-15204. (Sealing 
compounds are presently being tested ror hlgh 
temperatures In use today. l The use of sheet 
packing !or flange joints Is prohibited. 

The main horizontal and vertical joints 
In some turbine casings have a system of 
grooves In the joint laces for pressure pump­
ing with sealing compound during emer gency 
repairs. These grooves shall not be filled 
with scaling compound during rout ine ove rhaul. 

T ightening Turbine Flange Joints 

With high steam pr essures and temperatures 
it is dl!!lcult to make the turbine casing joints 
(when cold) surriciently tight by using sledges 
or extension wrenches. Bolts are g\ven and ad­
ditional stress by tightening alter heating. The 
heating Is usually done with an acetylene torch 
or with electric heating elements; because 
acetylene torches are available on most ships, 
t hey are more commonly used. Almost all 
horizontal jolnt bolts of cr uising and high 
pressure turbines a r e drilled U1elr rull length 
for the application of beat. In applying the heat, 
a standard acetylene torch ls fitted with an 
attachment which is provided with a 1/ 16-inch 
orifice. For complete details on applying the 
heat and tightening the bolts, refer to the 
manufacturer's technical manual and BuSh\ps 
Technical Manna!. 

SETTING OVERSPEED T RIPS 

As far as turbogenerator Installations a re 
concerned, the tests, inspections, ma lntenance , 
and repairs a r e carried out similarly as those 
for main propulsion turbines. However, you 
should be familiar with information concerning 
the setting of overspeed trips. 

The overspeed trip (!ig. 6-16) IS a device 
which stops the turbine , by tripping the throttle 
valve and shutting off the steam to U1e turbine, 
In the event of overspeed tha t Is not checked by 
the constant speed governor. 

96.24 
Figure 6-16.-0verspeed trip mechanism. 

Under normal operating conditions, the con­
stant speed governor will not a llow tl1e speed 
of the unit to go beyond l 00 per cent or rated 
speed. II, because of some abnormnl condition, 
the speed or the unit should increase to 11 O 
:t2 percent or rated speed, the overspccd t rip 
will !unction and shut off the flow of steam 
to the turbine . The overspeed trip operates 
Independently of the constant speed gover nor. 

Overspeed trips are set at the factory and 
no addltlooal adjustment s should be necessary. 
No adjustments should be made without fir s t 
having checked to make sure U1at a ll parts 
ar e cl ean and In proper operating condition, 
and · then only H it has been determined by 
seve1·a l successive trials that the tripping 
speed Is Incorrect. 

If the overspeed trip should rail to function 
at 10 ±2 percent of oper ating speed, or should 
it slop the generator at less than this speed, 
the necessary adjustmenls can be made as 
follows: 

1. Remove the manual trip lever. 
2. Dlscom1ect the r ese t lever. 
3. Ro move the end plate from the turbine 

bea ring. 
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4. Remove tho top halt or the bearing cap, 
5. Turn the turbine rotor, If necessary, so 

that the lock screw ls accessible. 
6. Remove the lock screw. 
7. If the overspeed trip functions at too low 

a speed, Increase the spring tension by turning 
the bushing clockwise. 

8. If the overspeed trip functions at too 
high a speed, decrease the spring tension by 
turning the bushing counterclockwise. 

The new setting of the overspeed trip can 
be tested by r e:1ssembllng the unit, and then 
starting ln accordance with p1·escribed pro­
cedures. When the turbine IS properly warmed 
up and up to normal operating speed, a po1·table 
tachometer may be held against the generator 
shaft and the speed of the unit increased unt\l 
the overspeed trip functions, or 115 percent 
of the rated speed is reached. Repeattheopera­
lion several times because the overspeed trip 
tends to function at a lower speed alter the 
first actuation. TI1en, if the trip continues to 
funclion at a speed gri!ater or less than 110 
±2 percent or normal operating speed, the 
trip wlll have to b<l reset. This process may 
have to be repeated several times in order to 
obtain the proper setting. 

Additional info1·matlon on cont rol and snfety 
devices may b<l obtained from either manu­
facturer's technical manuals or IluShips Tech­
nical Manual. 

DOCK TRIALS 

When a main propulsion turbine has been 
opened for Inspection and repair, the work is 
not considered complete until a DOCK TRlAL 
and a POST REPAIR TRIAL have been satis­
factorily completed and any deficiencies found 
have been corrected. 

The engineer orficer or each ship may 
issue Instructions lor operating the plantdurlng 
a dock or post rep:1lr trial; however, the general 
procedure wlll be as follows: 

Before oil ls ch·culated through the lube oll 
system, muslin bags are fitted ln the lubo oll 
strainers. The muslin bags, available at n1wa1 
shipyards, wlll prevent very FINE particles 
of dirt from ente1·lng the bearings and gears. 
A lube oll pump Is started and oil is circulated 
tllrough the system. The muslin bags must be 
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changed orten (the interval or time between 
changeA ls usu.~lly set by the engineer olllcerl. 
When dirt or other foreign matter is no longer 
round ln the muslin bags, the turning gear 
should then be engaged. Personnel wlll be 
stationed at various points around U1e turbine 
to listen for unusual noises. II no abnormal 
condltlons are detected, the turbine can be 
considered ready for a dock trial. 

During a dock trial , the ship will remain 
tied to a pier and the engines turned by stoam. 
The commanding omcer usu.~lly determines tho 
maximum number of rpm the engines wlll be 
permitted to turn. On a ship having two engines, 
one engine should turn in the ahead direction 
and U1e other engine must tu1·n in tho astern 
direction; then the engines should be re­
versed. 

The main plants are warmed up In ac­
cordance wlth U1e engineer omcer's instruc­
tions. When tho engines are ready to be tested, 
the special sea detail should be stationed. The 
omcor or the deck will shift his watch from the 
qua rter deck to the bridge and personnel will 
be stationed around the turbines to detect 
unusual noises or other abnormalities. When 
all stations are manned and the enginocrlng 
pl:\llt ls ready, the engineer omccr wlll request 
permission Crom the bridge to test main engines. 
When the 000 111 certain that the area around 
tho fantail ls clear of boats, mooring lines, 
~tc.. ho wm grant permission to test main 
en~lnes. When the main engines have been 
tested and Cound satisfactory, the engineer 
otricer will report to the bridge that the 1.i:1ln 
engines are ready for dock trial. One tn:'lln 
engine will tl1en be designated to go In U1e 
ahead direction and the 0U1er m•ln engine 
wm be designated to go in the astern di rcctlon. 
The appropriate orders will be rung up on the 
englnE\ order telegraph and U1e re"'tred rpm 
will be indicated on the engine order telegraph. 
When these orders are received ln the cnglnc­
room, the engine itself will be t\lrned, by steam, 
at the indicated rpm. If no abnormal conditions 
are found, the engineer officer will request nn 
lncrensc in speed. The 000 wlll order the rpm 
lncrensed (about 5 rpm each change) until lhe 
maximum allowable rpm ls 1·eached. If no 
abnormal conditions ar e detected, tho main 
engines may be cons idered ready for u post 
repair trial. 

Information on Post Repair Trials ls given 
in SuShlps Technical Manual and in Engineer­
ing Administration, NavPers 10858-C. 
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SAFETY PRECAUTIONS FOR TURBINES 

Turbine installations In the Navy vary to 
such an extent U1at detnllcd safety precautions 
£or each type cannot be cover ed In tllls tralnlng 
courso. The following general safety precautions 
:ire preS<:ribed by the Naval Ship Systems 
Command and should be observed: 

I . Be sure that the lubrlcatton system ls 
operating properly before turning over tho main 
e nglno8. 

2. Keep the 1·otors turnlngove1· continuously 
while lhe main engines BN! being warmed up. 

3. Never fall to lnvostigate any unusual 
noise coming from a turbine. 

4. Do not put way on the ship when turning 
over tho main engines during warmup. 
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5. If a turbine vibrates, slow It down, 
Investigate and locate the cause. 

6. Except In an emergency, do not admit 
steam to the astern turbine until steam to Ute 
ahead turbine ls secured , ancl vlce versa. 

7. BefOl'O getting under wny, be sure that 
all steam lines are drained properly. 

8. When steam pressure drops, do not 
open the throttle to sueh an extent that the 
operating pressure or the steam drops to a 
dangerously tow point. 

9. Stop the engtnes immediately If the oU 
supply fallA. 

10. IC the throttle valvo sticks , close Uw 
guarding valve as soon as )>088lblc. In an 
emergency, the guarding valve can be used as a 
throttle. 

11. Excrctse caN! to prevent the entry of 
foreign matter Into a turbine when It ls opened 
for Inspection. 



CHAPTER 7 

REDUCTION GEARS AND RELATED EQUIPMENT 

In order to understand the care and opera­
tion of propulsion reduction gears, the engineer 
officer should be familiar with the general 
principles or gear design. The manufacturers 
of the different gears ln use ln the naval service 
have Issued technical manuals, which should be 
thoroughly studied. The engineer olllcer should 
also be thoroughly familia r with the detailed 
plans of the gears which may be li1cluded In the 
engineering d1·awlngs furnished the ship. It Is 
the 1·esponslbllity of the engineer officer to as­
certain that the requir ed ma11uals and drawings 
for the specl!lc equipment are on board. 

I $1,..01.rJ Hl!LICAI. C:.IAR I 

This chapter contains information on the 
operation, care, and maintenance of reduction 
gears found on Navy ships. It also Includes in­
formatlon on related equipment such as bear ­
ings and shafting. Additional details concerning 
a specUlc reduction gear installation can be 
obtained from the manufacturer's technical 
manual. 

REDUCTION GEARS 

Figure 7-1 Illustrates some of the more 
common types or gears found in various shiP.­
board machinery. Probably one of the Simplest 
types of reductlon gearing Is the worm gear, 
found In auxiliary machine1·y. Single and double 
hellcal gears are found on ships with more com­
plicated types or pr opuls ion machinery. 

Steam turbines mus t operate In a relatively 
high rpm range !or greatest efllclency while 
propellers operate most efficiently In a rela­
tively low rpm range. One means or accomplish­
ing the necessary stepdown from high turbine 
shaft rpm to lower propeller shaft rpm Is by use 
of an electric drive. The most commo11 means 
of obtaining the required propeller rpm for ship 
propulsion Is by use of r eduction gear s . 
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Figure 7-1.-Types or gears found ln 
shipboard machinery. 
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The use of reduction gears ls by no means 
limite<I to ship propulsion. other steam turbine­
driven machinery such as ship's service gen­
erators, air cOnlp1·essors, and varlous pun'lps 
also have reduction gea rs. In these, as in ship 
propulsion units, turbine operating efficiency 
requires a highe r rpm range than tllat suitable 
for the d1·iven unit. 

The construction, operation, and minor main­
tenance of main reduction gears, u~ed with pro­
pulsion turbines and reduction gears used on 
auxiliary turbines, will be discussed in the fol ­
lOWing parag1·aphs. 

MAIN REDUCTION GEARS 

Most main pr opulsion r eduction gearing ln 
curr ent (:ombatant ships has double helical 
gears (fig. 7-1 l. '!'be use of double helical gears 
produces a smoothe r action of U1e reductlon 
gearing and avoids tooth shock. Since the double 
helical gear has two sets of teeth at comple­
mentary angles to each other, end thrust, such 
as is developed in s ingle helical gears, is elimi­
nated. 

Reduction gea rs a r e classlried by the number 
of steps used to bring about the speed reduction 
and the arrangement of the gearing. Where only 
a pair or gears, that is a small gear (pi11io11) 
driven by U1e input shaft, drives a luge (bull) 
gear on the propeller shaft directly, we have a 
SINGLF. REDUCTION GEAR. In thls type of 
arrangement, the ratio of spee<I reduction is 
proportional to the diameter or the pinion and 
the gear. For example, in a 2 to l single reduc­
tion gear, the diameter of the driven r;ear is 
twice tha t or the driving: pinion; and in a 10 to 1 
singl e reduction gear, the dia meter of the driven 
gear is ten times that of the driving pinion. 

Most ships bullt since 1935 have DOUBLE 
REDUCTION PROPULSIONS GEARS. In this type 
of gea1· set, a high speed pinion, connected to 
the Input shaft by a. flexible coupling, drives an 
intermediate (first reduction) gear which is 
connected by a shaft to the low speed pi nion 
which in turn drives the bull gear (second r educ­
tion) mounted on the propeller shaft. Thus, fot· 
example , a 20 to 1 speed r educt\011 might be 
accomplished by hav;ng a ratio or 2 to 1 between 
the high speed pinion and the first reduction 
gear, and a ratio of I 0 to 1 between the low 
speed pinion 011 t.he first reduction shaft and 
the second re<luction gear on the propeller shaft 
(6000 f 2 - 3000 ~ 10 = 3001. 

For a typical example of a double •·eduction 
gear application, consider the main reduction 
gear installation 011 a DD-692 class destroyer: 

The cruising turbine is connected to the high 
pressure tu1·bine through a single reduction gear. 
The cruising turbine rotor is solidly attached 
to a pinion which drives the cruising bull gear; 
the cr uising bull gear is connected to Ute high 
pr essure turbine shaft by a flexible coupling. 
The cruising turbine rotor and pinion a r e sup­
ported by three bearings, one at the forward 
end of U1e tm·bine and one on each end or Ute 
pinion in the cruising re<luctlon gear case. 

The hl gh pressure and low pressu1·e tur­
bines are connected to the p ropelle r shaft 
through a Jocked t rain type of double r eduction 
gear (fig. 7- 2). First reduction pinions arecon­
nected by flexible couplings to the turbines. 
Each of Ute fi1·st reduction pinions drives two 
fir st 1·ectuction gear s . Attached to each of the 
fi r st reduction gears by a quill shaft and flexi­
ble couplings is a second r eduction (slow speed) 
pinion. These four pinions drive the second re­
duction (or bulll gear which is attached to the 
p1·opell<ll' shaft . 

Types or Double Reduction Gears 

The DD-692class destroyers have a LOCKED 
1'RAIN GEARING. There are two other a r range­
ments of double r eduction gearing in use-tl1e 
ARTICULATED GEARING and the NESTED 
GEARJ'l\G. 

ARTICULATED. -Typical artlculated pro­
pulsion reduction gears (fig. 7-3) have two first 
r eduction pinions (high speed), two fir st reduc ­
tion gears, two second reductlon pinions (slow 
speed), and a main gear. The first reduc tion 
pinions a r e connected to U1ei r respective tur­
bines by flexible couplings. The first reduction 
gear s are usuany connected to the second re­
duction pinions by a shaft which passes U1rough 
the bores or the pinions and gea1·s and is 
couple<!, at one o r boU1 ends, by a flexible 
coupling. 

'l'he articulated type of gear ing generally has 
morB bearings and occupies more longi tudinal 
space in a ship than the nes ted or locked train 
double reduction gearing. 

NESTED. -The nested gearing is tl1e simplest 
of all double reduction gears. Nested double re­
duction gearing employs no cp.Jill shafts and uses 
a minimum number of bearings and flexible 
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LOW PRESSURE l !.r 
REDUCTION PINION 

LOW PRESSURE lsr 
lECMJClK)N CEA.RS 

HICH PRESSURE ht 
REDUCTlON GEARS 

47.27 
Figure 7- 2.-Double reduction gear of a 00-692 class destroyer. 

couplings. Figure 7-4 shows two different types LOCKED TRAIN. -ln the locked train typeof 
or nested r eduction gears. Note that In partB or double reduction gearing {flg. 7-2), each high 
Figure 7-4, the helixes of the first reduction speed pinion meshes with , or drives, two fir st 
gear wheels are on separ ate wheels, and these t:eduction (tear s and thus transmits power to 
wheels stracldle the second reducllon 11:car wheel. two second r eduction pinions. Since the power 
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Figure 7-3.-Articulated type of double 

reduction gear ing. 

pa th between each first r eduction pinion and 
the main gear is split two ways instead or one 
way, the loacl on the gear teeth under a given 
power condition can be designed to be considera­
bly Jess than it is in other types of ma In reduc ­
tion gearing of equivalent dimensions. For a 
particular power rating, Jocked train reduction 
gear units can therefore be made more compact 
than any or the other types oC reduction gears. 
For th is reason, high power ed ships, currently 
used by the Navy, a re equipped wi th locked t ra in 
r eductlon gea1·s. 

l"lgure 7-5 Illus t rates a tu rbine and reduc ­
tion goat· Installa tion in a DD-692 c lass de­
stroyer. Most ships do not have cruising tur­
bines and cruising reduction gears, so details 
will vary; but most propulsion reduction gears 
used on destroyer t}i>e ships follow the same 
general pattern. Note the size of the locked 
train double reduction gearing for the main 
turbines as compar ed with the size or tlie single 
reduction gearing for the cruis ing tur ­
bine. 
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Figure 7- 4. -A. Nested type gear ing, wlUt divided main gear. 8. Nested type gear ing 

with divided first reduction pinion and gear. 

Constr\lctlon of Main Reduction Gear s 

The gears in a main reduction gear unit 
operate at high rotational speed and must be 
capable or transmitting tremendous power loods. 
Since even very sllgbt unevenness or tooth con­
tour and !oath spacing would cause the gca rs 
to operate noisily or even to fail , special pre­
cautions arc taken to manufacture the gea rs to 
ver y close limits . The gears are cut in rooms 
In which the t empe1·.iture and humidity are kept 
constant. Expansion and contraction of the gcar­
blank, during machining, are negl igible; oxidiz­
ing, due to moisture in the air, is virtually ellmi­
n.~led. In addition, all gears are carefully 
checked ror errors. 

CASINGS.-The gear casing can be divided 
Into three parts. The !owe•· part II! called the 
base s ection, or the lower case. It is used 
to suppOrt the bull gear, the main thrust 
bearing, and the upper parts of the main reduc­
tion gear. The Int ermediate section, called 
the upper case, supports Ute bearing housing 
ror the intermediate speed pinions and gears, 
ns well as the h igh speed pinions. The other 
part or the gear casing IS the main cover . 
The cover 111 d ivided into two sections which 
have inspection ports. These parts are covered 
by easily operated hinged plate~ and so lo­
cate<! that the teeth or any pinion or gear can 
be examined wiU10ut the necessity or lifting 
the main cover sections. 
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47.30 
Figure 7-5. - Turbine and locked ' t ra in double reduction gearing lnstalled on 

a DD-692 class destroyer. 

GEARS. - Double he lical type gears a r e capa­
ble of transmitting large power loads smooU1ly, 
and do not impart axlal thr ust to eitherthe driv­
ing member or the d r iven member. 

In most reduc tion gears, all pinions are 
completely machined out o! specia lly heat­
treated nickel- steel forgings. The gea r wheels 
are generally of built -up construction, with the 
teeth cut ln forged steel bands which a re welded 
to s teel webs. The fil'st reduct ion gears are 
generally welded on their respective shafts. The 
bull gear is usua lly pressed on the shaft against 
a locating shaft s houlder, secured by one or 
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more keys and locked , with a locknut, 011 the 
sha[t. 

F LEXIBLE COUPLINGS. -Flexible cou-
plings provide longitudina l and r adial flexibility 
between U1e input shaft and the pinion. This per­
mits each s ha(t to be adjusted axially and radi­
a lly to its proper position wiU1out impos ing 
excessive forces. 

In most installations the nexible couplings 
a r e or the gear t ype . Powei· is t ransmitted 
through a floating intermedia te membe r with 
exte r nal teeth that mesh with the internal teeth 
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of the shaft rings {sleeve) mounted on the driv­
ing and driven shafts. 

Figure 7-6 illustrates the design of the gear 
type nexible couplings that connect the main 
turbines to the h igh speed pinions of the main 
r eduction gear. The couplings also a llow ror 
expansion of the turbine shafts, and take care 
of any slight misalil(nment between the maln 
turbines and the reduction gears. 

The design or the flexible couplings, whlch 
connect the first reduction gears and th·e second 
reduction pinion, is shown ln figure 7-7. In 
these couplings, a quill shalt on high torslo11:11 
nexlblllty is used, as the floating member, to 
obtain equal distrlbutlon of the load among the 
several elements of the gear train. The qulll 
shaft runs inside the hollow bor e of the Inter­
mediate speed gear and slow speed pinion. Fig­
ure 7-'1 lllustrates how flexibility is obtained 
between the first reduction gear and the second 
reduction pinion. 

A flexible coupllng ls Installed in the shaft 
between the cruis ing tul'blne reduction gear and 
tho hlgh pressure turbllla. Figur e 7-8 shows a 
flaxlble coupling such as ls used on destroyers. 
In U1is coupling, the floathig member Is the two 
sleeves which are bolted together; the internal 
teeth or the sleeves mesh with the eidernal teeth 
or the hubs mounted on the shaft. 

Steady streams of oil from the supply pas­
sages of adjacent bearings are directed lnto the 

mt 
INlH 

coupling when the reduction gears operate. The 
oil is caught by projecting lips of the turbine 
and pinlon flanges (see fig. 7-6). Centrifugal 
actlon forces oll thl'ough the horlv.onta l holes In 
the flanges to the coupling teeth. on is discharged 
from the teeth Into coupling guards and then 
flows into the oll dr ain system. 

In order to ensure a flooded oll condition in 
the area of the coupling teeth a "snap ln" type 
of oil dam and retaining ring is provided ln most 
couplings. Referring tofigure7-6thisdamwould 
be placed ln the shaft rings at the encl of the 
teeth at the oll outlet. Thls dam provides for 
o il flooded coupllng teeth , but It also acts as a 
collecting polnt fo1· d irt, pr ovided the speed of 
the shaft ls hlgh enough to act as a centr ifuge. 
Dirt is centrifuged out of the oil and collects be­
hind the d.~m. Frequent disassembly and clean­
ing is required to prevent tllis dirt from limiting 
the free action of the coupllng. The couplings 
between the Clrst reduction genrs and second 
reduction plnlons run at much slower speed; 
consequently, the dirt is flushed out r athe r Uian 
depos ited. Frequent c leani ng, the l'e fore , is re­
quired between the turbine and the gear but not 
between tlie first reduction gears and the second 
reduction pinions. 

TURNING GEARS. - All geared turbine in­
stallations are equipped with an e lectric motor­
dr\ven turnln1u;car . A typical turning mechanism 

-

PINION -!-.....!"" I:•== 
- -.:I flAHlj[ 

SECTION A· A 
HOAnNG 
MEllB!ll 

Figure 7- 6. - Gear type of flexible coupllng. 
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Figure 7- 7. - Quill shaft assembly. 
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Figure 7-8.-Flexlble coupling between the cruising gear and the high pr essure turbine. 

is illustrated in figure 7-9. The unit is used for 
turning the ma.in engine during warming-up and 
securing periods so that the turbine rotor may 
heat or cool evenly. (The rotor of a hot tur bine 
or of one that is in the process of being warmed 
up, with gland sealing steam cut in, wlll become 
bowed or distorted if left stationary even for a 
few minutes.) The turning gear is used for other 
routine pur poses such as for turning the engine 
in order to bring the reduction gear teeth into 
view during routine inspection. In addition, the 
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turning gear ls used for the required daily jack­
ing of tJ1e main engines. 

The turning gear (fig. 7- 9) is mounted on 
top and at the after end of the reduction gear 
casing. A shaft, extending from Uie end of Uie 
high pressure first reduction pinion over the 
bull gear to the alter end of the reduction gear 
casing, connects to tJ1e turning gear by means 
of a manually operated jaw clutch. Engaging 
this clutch connects the pinion to an electric 
motor, through a train of gears, which usually 
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Figure 7- 9.-Turning gear mechanism. 

consist of a set of worm gears and sets of spur 
or helical gear s . Engaging the clutch and oper­
ating the motor will turn the hlgh pressure first 
reduction pinion, causing the reduction gears , 
the main engines, and the main (propeller) sha(t 
to turn. The reduction ratio between the main 
shaft and the electric motor may be as high as 
16,000 to 1; with the motor turn\ngand the turn­
ing gear engaged, the main shaft will make one 
turn in approximately 10 minutes. Because of 
tills high ratio, lf t11e shaft was allowed to turn 
at 1 rpm, the motor would overspeed and be 
seriously damaged. 

The turning gear is equipped with a propeller 
locking device (flg. 7-10} which is used when 
it becomes necessary to lock a propeller against 
rotation while underway. A friction brake is 
generally installed on the first r educ tion worm 
shaft. Either a brake d,l-um is mounted on the 
worm sbaft or the shaft coupling serves as a 
drum. (NOTE: Many locking arrangementsdon't 
have a brake on the worm shaft.) 

With the turning gear engaged and t11e brake 
set, a ship can go ahead on lts other engines 
and the idle shaft will be held stationary. In the 
arrangement shown in figure 7-lt, a drum (llis 
mounted on the first reduction worm shaft (2l. 
In addition, a pair of scissor-type clamp jaws 
(3 and 4) ar e mounted around the drum; they are 
hlnged together by a pin (5) through the anchor 
support block (6). An adjustable screw (7) is 
arranged below the lower clamp jaw (4) to sup­
port it in such a posi.tion that, when released, 
the jaw will not drag on the drum. A screw 
shaft (8) has threads at its lower end which 
screw into the lower clamp jaw (4). When the 
crank handle (9) is turned in a clockwise direc­
tion, the screw shaft draws the upper clamp jaw 
toward the lower clamp jawandtightensthe jaws 
around the drum. This brake stops the rotation 
of the worm gear shaft. A spring (10) ls mounted 
between the clamp jaws so that when the screw 
(8) is released, the clamp jaws are forced open; 
this action lifts the upper jaw and drops the lower 
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Figure 7-10. - Main i·eduction gear after end, high pressure side , showing turning gear 

and propeller locking mechanis m. 

jaw free from the drum. Another screw (11) ls 
provided to clamp the screw (81 in either the 
locked or unlocked position so that accidental 
engaging or disengaging of the brake jaws cannot 
occur. 

In order to engage the turning gear clutch It 
is necessary to first s top the shaft, either by 
stopping tile ship or by using the astern turbine 
to stop and then hold the shaft s tationary. The 
turning gear must never be engaged with tlle 
shaft turning. Regardless or how slow the shaft 
movement may be, damage to the motor or 
gears, or both, will occur. While the ship is 
moving the clutch should never be engaged with­
out using the brake and continuing oil c ir culation 
to the main engine and r eduction gear bearings. 

REDUCTION GEARS FOR 
AUXILIARY MACHINERY 

In the previous section of this chapter, main 
reduction gears of the double helix, double r e­
duction type, wer e discussed. In smaller units 
of englneroom machinery, such asturbogenera­
tors and turbine- driven pumps, there are differ­
ent types of r eduction gears. 

Turbogenerators 
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Most ship's service turbogenerators use a 
slngle reduction, single helix type of reduction 
gearing. An example of this type Ls found on the 
OD~692 class destroyers. A gear ratio of 8. 3825 
r educes the turbine speed of 10,059 rpm to the 
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Figure 7- 11.- P ropeller shaft locking device. 

generator speed of 1200 rpm. The pinion is forged 
integral with the shaft. One end of the pinion 
shaft is flanged and bolted rigidly to the turbine 
shaft. On the other end, a high speed thr ust 
bear ing is mounted to maintain the axial position 
of the pinion and turbine rotor . The gear wheel 
is a steel forging pressed and keyed on its shaft. 
One end of the shaft is coupled solidly to the gen­
e rator shaft, the turbine end is extended to car r y 
the gea r tha t drives the oil pump and govt?rnOr. 

Main Ci1·culating Pumps 

Turbine ... driven rnain circulating pun1ps e111-
ploy another type ol helical gear (fig. 7- 12). 
Single r eduction, double helical gears witl1 a 
ratio of about 8 to 1 reduce the tu1·bine speed of 
appr oximately 5000 rpm to the pump speed of 
600 rpm. Lubrication of the r eduction gear is 
prov ided by a gear type pump mounted on the 
lower end of the pinion shaft. Oil is sprayed 
through an orifice into the space between the 
gear teet h. 

The weight or the combined rotating e lement 
of the pump and the driving unit is carried on a 

Kingsbury-type thrust bearing which supports a 
collar mounted at the upper end of the r eduction 
gear shaft. The weight o( the tu rbine rotor and 
pinion shaft is transmitted to the Kingsbur y 
thrust bearing through the teeth of the double 
helica l r eduction gear. 

The pinion is a solid forging, wh ile the gear 
is constn1cted by welding a forged hub, for ged 
rim, and plate s idewalls. The gear hub is bolted 
to a spider which is keyed to the gear shaft and 
held in place by the thrust collar which scr ews 
on to the shaft and locks with a setscrew. 

Main Condensate Pumps 

Jn the reduction gears used ona turbine-drh•e 
main condensate pump, shown in figure 7- 13, a 
worm shaft and worm wheel reduce the turbine 
speed of 5534 rpm to the pump speed of 1145 rpm. 
The wor m is cut in a solid, low carlJon, nickel­
steel forging. It is carried in two babbitt-lined 
split sleeve bearings and is located axia lly by a 
collar type thrust element. One end is tapered 
for mounting the turbine wheel while the other 
is squared for the application of a tu1·ning wrench. 
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Figure 7- 12.-Maln condenser circulating pump (showing reduction gearing). 

The worm wheel is a solid, nickel-bronze 
casting; it is pr essed on a forged steel shaft 
which carries the drive pinion for the speed 
limiting governor and thedrlvlng halfofthe main 
pump coupling. The gear casing is cast steel, • 
specially designed to form a rigid support for 
the rotating elements . The gear case is of rugged 
construction to ensure proper a lignment of the 
driving and driven elements, and is split hori­
zontally to allow assembly and disassembly. 
The gear unit has a separate, closed pressure 

oil system; the boitom half of the gea1· casing 
serves as the oil sump. 

CARE AND OPERATION OF 
REDUCTION GEARS 

Some things are essential for the proper 
operation of reductlon gear s . Pr ope r lubrication 
includes supplying the required amount of oll to 
the gears and bearings, plus keep ing the oil clean 
and at the proper temperat ure. Locking and un­
locking the shaft must be done in accordance 
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with the manufacture r's instructions. Abnormal 
noises and vibrations must be investigated and 
corrective action taken. Gears must be inspected 
in accordance with current instr uctions issued 
by the Naval Ship Systems Command, the type 
commander, or other proper authority. Informa­
tion given in the sections which follow is supple­
mentary to that given in the chapter s on turbines. 

Proper Lubrication or Gears 

Proper lubrication or reduction gears and 
bearings ls or the utmost importance. The cor­
rect quantity and quality of lubricating oil must, 
at all times be available in tlle main sump. The 
oil mus t be CLEAN; and it must be supplied to 
the gears and bearings at the pressure speclfled 
by the manufacturer. (With clean, pure oil sup­
plied at the designed pr essure and temperatur e, 
reduction gears may operate successfully for 
several year s.) 

!11 order to accomplish thls , severa l condi­
tions must be met. The lube oil ser vice pump 
must deliver the proper discharge pressure. 
All relief valves in the lube oil system must be 

set to function at their designed pressur e. On 
some ships, each bearing has a need le valve to 
control the amount of oil delivered to the liearing. 
On other ships, the quantity of oil to each bear­
ing is controlled by an orifice in the supply line. 
The needle valve setting or the orifice opening 
must be in accordance with the manufacturer's 
instructions or the supply of oil will be arfected. 
Too small a quantity of oil will cause the bearing 
to run bot. If too mt•ch oil is de liver ed to the 
bearing, the excess ive pressure 'vlll cause the 
oil to leak at the oil seal rings. Too much oil 
may also cause a bearing to overheat. 

Lube oil must r each thebearingattheprope r 
temperature . If the oll is too cold, one of the 
effects is insuUicient o il now for coollng pur­
poses. ![ the oil supply is too hot, some lubri­
cating capacity is lost. For most main r eduction 
gears, Uie normal temperature of oil leaving the 
lube oil coole1· should be betweeit 120°F and 130°f 
For full power operation, the temperatut·eorthe 
o il leaving the bearings should be between 140°F 
and 160°F. The maximum TEMPERATURE RISE 
of oll passing through any gear or bearing, undel' 
any operating conditions, should not exceed 
50°F; and the final temperature oCthe o illeaving 
tlle gear or bearing should not exceed 180°F . 
This temperature rise and limitation may be 
detern1inecl by thermometer or resist.1.nce tem­
perature e lements installed in the oil discharge 
from the bearings. 

Cleanliness o f lubr icating oil cannot be over­
s tressed . Oil must be free from all impurities, 
suc.11 as \\i:.tter, grit, n1etal, and dirt. Pa1·ticular 
care must be taken to c lean out metal flakes 
and dirt. \Vhen new gears a1•e wearing in or when 
gf>ar s have Ileen opened for inspection. Lint or 
d irt, if left in the system, will clog the oil spray 
nozzles. The spray nozzles must be kept open 
at all times . Spray nozzles should never be 
altered without the authorization of the Naval 
Ship Systems Command. 

The lube oll strainers perform satisfactorily 
under norn1al operating conditions, but they 
cannot tr ap par ticles of metal and dirt which 
are fine enough to pass through the mesh. These 
fine particles can become embedded in the bear ­
ing n1eta-1 and cause \vear on the bearings and 
joumals. These fine abrasive particles passing 
through the gear teeth act like a lapping com­
pound and remove metal from the teeth. 
Effects Of Ac id And Water In Oil 

Water and acid in oil are extremely danger­
ous. The oil must be tested fr equently [or water 
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and at 1·egula r perlods for acid. Even a small 
amount or water in oil can ca.use pitting and 
rusting. Fresh water can accu mulate, due to 
leaking turbine packing glands or from conden­
sation. Where main sump tanks are located at 
the skin of the ship, salt water may Leak Into 
the lube o il. Sa lt water may also enter through 
leaks in the lube oil coole1·. When salt wat.er is 
found in a lube oil system, corrective steps 
must be taken. The sou rce of the salt water must 
be found and sealed off. 'l'he conta minated oil 
must be t"e moved from the system by adequate 
flushing with clean oil. 

When oil is contaminated wlth fl·esh water, 
adequate purification will prevent an accumula ­
tion of water in the o ll but the source of water 
mus t be found and eliminated. Under normal 
operatl1ig conditions , operating the lube oil 
puri fier 1 Z hours a day, while underway, will 
be suf!icient; however, if the p1·esence of fresh 
water is noted, the purifier willhavetobe oper­
ated unti l there ls no visual lndlcation of wate r 
in the oll and no water is discharged from the 
pur ifie r. rr, with add itional pur ifier opci·ating 
time, the oil does not c lear up, the purifier 
should be checked for improper operation. The 
presence or salt water or fresh water in lube 
oil should never be ignor ed. The system s hould 
be checked immediately and the sour ce of con­
tamination should be e liminated. 

\\/hen the turbines are secured, a lube oil 
pumJ) should be kept r unning and the turning 
gear should be engaged and kept turning until 
the tu1·bines have reached approximately room 
temperatur e (ambient\. While o ll is circula tlng, 
the lube oil coole1· should be left in use and tlie 
pm·iflcr should be 01>eraled. Cil'cuJating oil will 
carry away ttu; heat from the turbines which 
might other wise reach the bearlngs. Operating 
the pur ifier will eliminate water caused bycon­
densatlon on the interior o r U1e reduct.ion gea r 
casing. 

Ships should take advantage or ever y oppor ­
ti,mity to have laborato ry tests made of the lube 
oil. Samples s hould be tes tv.d ror wate1·, >t cid, 
and sediment content. When the neutralizatlon 
number exceeds 0. 50 the lube oil should be re­
placed. 

Oil Emulsion 

With continuous use , the lube oil will in­
crease In acidity, and the lree fatty acids will 
!01·m mineral so.,ps which can form a stable 
oil and water emulsion. Once the emulsion has 
formed, the ren1oval of water becomes more 

difficult, and of more impo rtance , the oil Loses 
lts htbricat ing quality. 

The foi·mation of an oil film becomes Impos­
sible and the oil must be re110vated. Operating 
with emulsified oil will result in wiped bea1·ings 
aJ1d worn gear teeth. 

Main Sump Oil Level 
Lub1·icating oil is gener ally supplied to the 

gears from the main engine htbrication system, 
with a connection to each bearing and with noz­
'Zles located so that a constant spray or oll is 
dir ected to the gears . This constant spr ay of 
oil over the gear s, not only lubricates but also 
cools the gears. For 1·eduction gears, where the 
maximum oil level in the sump may reach the 
bottom or the bull gear , pos itive means a r e taken 
to ensu1·e that the bull gear does notdip into the 
oll. An oil excluding pan is fitted around the 
bottom or thebull gea1· topreventoil from r each­
ing it, during nor mal operation. 

I! the gear is a llowed to dip into the oil, the 
chu rning action of the gear wlll cause the oil to 
roam and to heat up. Under normal conditions, 
only a s mall quantity or oil comes in contact 
with the bull gear,Uierefor enodangerousvibra­
tion and no chur ning effect will occur. Oil from 
the gears is swept out of the pan by the bull 
gear and drained into the sump. A dra ln ho le is 
p1·ov lded on the bottom of the pan so located that 
drainage of any accumulated water is assured 
when the ship Ls on an even keel. When there is 
too much oil in the sump, the gear will churn 
and ae ra te the oil, caus ing a sudden incr ease in 
temperatur e. H this occurs, the engines mus t be 
slowed or s topped until the excess oil can be r e­
moved and normal conditions restored. Routine 
checks should be made to see that the Lubricating 
oil is mainta ined a t the pr ope1· leve l. Any sudden 
loss or gain in the amount of oil, in the main 
sun1p, should be in11n edi.ately investigated. 

l\oises and Vibration 

On s team turbine 0driven ships , some noises 
may occur at low speeds or when maneuver ing, 
or when passing through shallow water, which 
do not r esult from any defect in the propulsion 
machinery and will not occu1· during normal 
ope1·a tlon. A rumbllng sound which occurs at 
low sha(t rpm is generally due to the low pres­
sure turbine gea1·ing floating through Lt~ back­
lash. This condltlon has a lso been experienced 
with c ruising reduction gea1·s. The rumbling 
and thumping noises which m:iy occur during 
maneuvering 01· during operat ion in shallow 
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water, are caused by a torsional vibration in­
itiated by the propeller. These noises referr ed 
to a1:e characteristic only of some ships and 
should be regarded as normal sounds fo1· these 
units. These sounds will disappear with a change 
of propeller rpm or when the other causes men­
tioned are no longer present. These noises can 
usually be noticed in destroyers when the ship 
is backing, especially in choppy seas or in ground 
swells. 

UNUSUAL NOISES.-A properly operating 
reduction gear has a definite sound. At differ ent 
speeds and under various operating conditions, 
the operator should be familiar witll the normal 
opera ting sound o[ the r eduction geus on his 
ship. 

U any abnormal sou11ds occur, an investiga­
tion should be made immediately. In making an 
investigation, much will depend onhowtheoper­
ator interprets the sound or noise. 

The lube oil temperature and pressure may 
or may not help an operator determine the r ea­
sons for the abnormal sounds. A badly wiped 
bearing may be indicated by a rapid rise in oil 
temperature for the individual bearing. A certain 
so1md or noise may Indicate misalignment or 
imp1·oper meshing of the gears. If unusual sounds 
are caused by misalignment of gears or Core igi1 
matter passing through the gear teeth, the shaft 
should be s topped and a thorough investigation 
should ~ made before the gears are operated 
again. 

VIBRATION.-The most common causes of 
vlbratlon In a main reduction gear installation 
are: faulty allgnment, bent shafting, damaged 
propellers, and improper balance. 

A gradual vibration In a main reduction gear 
that has been operating satisfactorily for a long 
period of time can usually be traced to a cause 
outside oC the reduction gears. The turbine 
rotors, rather than the gears, are more likely 
to be out of balance. 

When reduction gears are built, the gears 
are carefully balanced {both statically and 
dynamically). A small amount of unbalance in 
the .gears will cause unusual noise, vibration, 
and abnormal wear of bear ings. 

When the ship has been damaged, vibration 
of the main r eduction gear installatlon may re­
sult from misalignment of the turbine, the main 
shafting, the maln shaft bearings, or the main 
r educt ion geadoundat lon. When v lb ration occurs 
within the main reduction gears, damage to the 
propeller should be one of the first things to be 
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considered. The vulnerable position of the 
propellers makes them more liable to damage 
than other parts of the plant. Bent or broken 
propeller blades wm transmit vibration to the 
main r eduction gears. Propellers can a lso be­
come fouled with line or cable which will cause 
the gears to vibrate. No r eduction gear vi­
bration is too trivial to overlook. A complete 
investigation should be made, preferably by a 
na\•al shipyard. 

MAINTENANCE OF MAIN 
REDUCTCON GEARS 

The main reduction gear is one of the la r gest 
and most expensive units of machinery found in 
the engineering department. Main r eduction 
gears that are installed properly and ope rated 
properly will give years of satisfactory serv­
ice. However, a serious casualty to main re­
duction gears, will eithe1· put the ship out of 
commission or force it to operate at reduced 
speed. Main reduction gear repairs can be very 
expensive as repairs usually have to be made 
at a shipyard. The sections which follow deal 
with gear teeth. Bearings are covered in a 
separate section. 

The Importance of proper gear tooth con­
tact cannot be over emphasized. Any abnormal 
condition which may be revealed by operational 
sounds or by inspections should be corrected as 
soon as possible. Any abnormal condition which 
is not co1-i-ected will cause excessive wear which 
may r esult in general disintegration or the tooth 
surfaces. 

If proper tooth contact is obtained when the 
gears are installed, little wear of teeth will 
occur. Excessive wear cannot take place without 
metallic contact. P roper clearances and ade­
quate lubrication will prevent most gear tooth 
trouble. 

WEAR-IN OF GEAR TEETH. -Gears which 
have been realigned and new gears should be 
given a wearing-in period at low power before 
being subjected to tile ·maximum tooth pressure 
at full power. 

TOOTH CONTACT.-For properoperationo( 
the gears, it is essential that the total tooth 
pressure be uniformly distributed over the total 
area of the tooth faces. This uniform pressure 
is accomplished by accurate alignment and 
adherence to tile designed clearance. 

The designed center-to-center distanceo( the 
axes of the rotating elements should be main­
tained as accurately as practicable but the axes 
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of pinions and gear shafts must always be 
parallel. If the shafts are not parallel, the 
load ts concentrated on one end or a helix; 
the result may be !laking, galling, pitting, 
reatheredges on teeth, deformation of tooth 
contour, or breakage or tooth ends. 

TOOTH CONTOUR. - The designed tooth con­
tour must be ma intained. A lack or It can cause 
load concentrat ions with consequent scoring. 

BACKLASH. -Backlash Is the play bet ween 
the unloaded surfaces or !lie teetli in mesh on 
the pitch circle. Backlash increases with wear, 
and can Increase cons iderably without causing 
trouble. 

TOOTH SURFACE WEAR. - U proper contact 
is obtained when the gears a re Installed, the 
initial wearing, which takes place unde r con­
ditions or normal load and adequate lubrication, 
will smooth out r ough and uneven places on the 
gear teetl1. This initia l wea r ing- in is r eferr ed to 
as NORMAL WEAR or RUNNING IN. As long 
as operating conditions remain normal, no 
further wear will occur. 

Small shallow pits starting near the pitch 
line, will frequently form during the initial 
stage or operation; this pr ocess is called INITIA L 
PITTING. Often the pits (about the slzeofa pin­
head or even smaller ) can be seen only under a 
magnifying glas~. These pits a r e not detrimental 
and usually disappear in lhe course of normal 
wear. 

Pitting which is progressive and continues a t 
an increasing rate is known as DESTRUCTIVE 
PITTING. The pits a r e fairly large and a r e 
relatively deep. DestnJctive pitting Is not likely 
to occur under proper operating conditions, but 
could be caused by excessive loading, too soft 
material, or Improper lubricatlon. It ls usually 
found that Utis type of pitting is due lo mis­
alignment or to Improper Jubrlcatlon. 

The condit ion in which groups or scratches 
appe:u· on the teeth (from the botlom to the top 
of the tooth) is termed abrasion, or scr a tching. 
It may be caused by inadequat e lubrication, or 
by the presence or for eign matter in tJ1e lubri­
ealing oil. When abrasion or scratching ls noted, 
the lubricating system and the gear spray 
fixtures should immediately be examined. Ir 
it is round that dirty oil is responslble, Ute 
system must be thoroughly c leaned and tbe whole 
char ge of oil cent riCuged. 

The tcrrn ''scoring'' denotes a general 
r oughening or the whole tooth surrace. Scoring 

marks are deeper and more pronounced than 
scratching and they cover an area of Uie tooth, 
instead or occurring haphazardly, as In scratch­
ing or abrasion. Small areas of scoring may 
occur in the same position on all teeth. Scoring 
which occurs with prope r a lignment and oper­
at ion, usually results fr om Inadequate lubrl­
cation, and Is intensified by the use of dir ty 
oil. If these conditions a r e not corrected , con­
thmcd opemt.ion will r esult in a general dis­
integration or the tooth surfaces. 

ROOT CLEARANCE.- The designMed root 
clearance with gear and pinion oper.itlng on 
their designed centers can be obtained from the 
manufacturer's blueprints. The actual clearance 
can be round by taking leads or by Inserting a 
long feeler gage or wedge . The actua l clearance 
should check with Uie designed clcai·ance. If the 
r oot c lear ance ls cons iderably differ ent a t the 
two ends , the pinion and gear shaft wlll not be 
parallel. P r ovided Uiere is still sufficient back­
lash, and the teeth are not meshed so closely 
that lubrication Is adversely affected or tJ1at 
clearance ls reduced below specified limits, the 
tolerance will be satisfactory. 

CHECKING TOOTH CONTACT. -The length 
of tooth contact across the race or the pinion 
is the means or determining if reduction gear 
a lignment Is satisfac tory. To check the length 
of tooth contact, the teeth of one gea1· should be 
coated lightly with pruss ian blue (machinis t's 
dye) and the teeth of Uie other gear wlth yellow 
chromate or r ed lead pigment, t\nd the gea rs 
r olled (wiUt the turning gea r \ with suCficient 
torque to cause metal contact between the 
meshing teeth. 

Either copper sulphate or blue or red 
Dyl<em is used to deter mine tooth contact for 
operating conditions. Dykem should be used !or 
dock trials as it will show ma rkings ror light 
load conditions. Coppe'r sulphate markings will 
remain vlslble afte r longer and hlghe1· power 
operatlons than will Dykem mn r klnp;s. L\1bri­
catlng oll must be . removed rrom the gear 
teeth by an approved cleaning agent, before 
the compound is applied; several bands should 
be coated on all gear elements. Arte1· Ilic tooth 
contact Is determined, the compound must be 
removed from the gear teeth to prevent possible 
contamlmtion of the lubricating oil. 

It should be noted Uiat some gear teeth are 
cut with a very slight taper to orrsot the eHects 
of torsional twist and bend ing. In such gearing, 
full contact across t11e teeU1 will not be obtained 
at llgh t londs. 
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SPOTTINC CEAR TEETH. -Rough gear teeth 
should be stoned smooth if it Is certain that the 
roughening was caused by the passage of some 
foreign matter. Any tooth deterioration which 
cannot be traced to a casualty should be in­
vestigated, giving special attention to the con­
dition of the bearing, to lubrication, and to the 
poss lbillty or a change in the supporting struc­
ture , whlch has disturbed the paralle lls m of the 
rotors. 

To spot- in surfaces of reductlon gear teeth, 
the pinion teeth are coated lightly with prussian 
blue. Then the gear is turned in Its ahead di­
r ection by using the turning gear. As the gear 
teeth come In contact with the marked pinion 
teeth, an Impression is left on the high part of 
the gear tooth. After the gear ls turned 1/ 4 
turn, or ts tn a convenient position for stoning, 
a ll high spots Indicated by the marks are re­
moved with a s mall handstone. It will be neces­
sary to replace the bluing on the pinion teeth 
repeatedly, but if the bluing is applied too 
thickly, fa lse impresslons will be le ft on the 
teeth. 

It ls permissible to hand stone gear teeth, 
with a small on stone, to remove a local hump 
or deformation, however, band stoning of gear 
teeth to obtain contact is oot permitted. Hand 
stoning to obtain contact, cannot be done without 
the appr oval o f the Naval Ship Systems Command. 

MAINTENANCE OF CRUISING TURBINE 
REDUCTION GEARS 

Many destroye rs , as well as other type ships, 
have cruising turbines and c ruislng turbine 
reduction gears. TI1ese gear s differ primarily 
from main reduction gears ln that they are 
single reduction. This type r eduction gear 
(fig. 7-14) consists of one pinion and one 
reduction gea r enclosed in a housing and fitted 
with the necessary bearings, thcmiometers, oil 
lines, and other fittings . Detailed inrormation 
concerning the construction of cruising turbine 
reduction gears can be obtained from the 
manufacturer's technical manual for the specific 
installation. 

Maintenance for cruising reduction gear In­
stallations Is basically the same as for main 
reduction gears. Repair work for a cruising 
gear may be easie r because there a r e fewer 
bearings In a cruising gear, which may mean 
less work If the bearings need replacing. 
Having only one pinion and one gear , cruising 

gears do not have to be timed as do main re­
duction gears. The casing of a crulslng reduc­
tion gear ls easter to lift than a main gear 
casing. 

Bearing Malnrenance 

In some c ruising reduction gear installations, 
the bearing shells are very Uthl and are not 
suitl.blc £01· rebabbltting. Such bea rings, i£ 
damaged, mus t be replaced with new bearings. 

To replace c ruis ing gear bearings, it is 
necessary to proceed as follows: Remove the 
bolts in the horizontal and vertical joints of the 
coupling guards. Remove the upper half of the 
coupling guards; the alignment bearing (center­
ing ring) may raise with the low speed coupling 
guard. Remove the bolts in the vertic."\I joint, 
between the disconnect lever hous ing and the 
gear casing. Remove the nuts from the bearing 
cap studs, Uiese studs extend through Ute uppe r 
half of tlte gear cas ing. Remove all bolts from 
the horizonta l joint of the gear casing. Lift 
the upper half of the gear casing; then the 
bearings can be removed for inspection. 

Gear Tooth Maintenance 

As wiUt main r eduction gear teeth, cruising 
gear teeth must be kept In correct alignment at 
a ll times. Uniform distribution of wear over 
the entire length of the gear and pinion teeth 
is an indlcation of cor rect contact. Any evi­
dence or poor tooth contact ls an lndlcatlon of 
worn bea rings or misalignment of the gears . 

The pinion should not be removed from the 
assembly unless It is necessary to replace it. 
The pinion can be lilted by the following pro­
cedu~: Remove Ute upper half of Uie reduction 
gear casing. Place the support yoke under the 
after end of the cruising turbine shaft and re­
move the bolts from the cruising turbine cou­
pling. Remove the upper half of the pinion bear ­
ings. The use of hydr aulic pressure, rathe1· 
than pneumatic , ls recommended for removing 
such fitted parts. However, an air fitting is 
installed in Ute c ruising turbine coupling, through 
which air pressure can be applied to force 
the tapered part out of position. n1e pinion 
can now be removed. (NOTE: Extreme C."\utlon 
should be taken whenusingpneumatlcpressure.l 

In order to remo\'e the gear from Uie as ­
sembly, It ts necessary to remove Uie dis­
connect device and the coupling nt the same 
t ime. After the gear has been r emoved from 
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SIGHT-FLOW°' IND ICATORS AND 
rHER:MOMETERS FOR EACR BEARING 

lOW SPEED COUPLING CONNECHON 
T0 l:HGH PRESSURE TURBINE . . 
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LOW SPEED 
·GEAR 
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96.12 
Figure 7-14.-A. Assembled cruising gear, after end, showing the disconnect coupling. 

B. Cruis ing gear, cover of(, s howing bearings, pinions, and gea1·. 
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the casing, the pnrts of the d isconnect device 
and the coupllng can be disassembled. 

BEARINGS 

Although bearings in main propulSion units 
vary gr eatly In size, composition and lubrica­
tion, their purposes are the same. Bearings are 
used to guide and support rotating or recipro­
cating e lements and to prevent free axial or 
radial movement or these elements. Radial or 
journal bearings are designed to carry loads 
applied in a plane perpendicular to the axis or 
the shaft. Thrust Ilea rings are designed to ca1·1·y 
loads applied In the same direction as the axis 
of the shaft and ar c used to prevent free 
endwlse movement. 

Lubrication of bearings differs. For ex­
ample, babbitt-lined bearings are lubricated 
by an approved lubricating oil while stern tube 
and strut bearings, which are lined with hard­
wood or a rubber composition, are sa It water 
lubricated. Bearings are designed to operate 
with a small oil clearance (the difference be­
tween tile out.side diameter of the journal 
and the inside diameter of the bearing is the 
oil clearance) which must always be maintained. 
Wit11 proper clearances and proper lubrication, 
bearings may operate successfully for many 
years. The lnformatlon given in this section 
is of a general natu re. Additional information 
may be obtained fro m chapte r 9430 (43\ of the 
Bureau of Ships Technical Manual. For details 
concerning a particular unit, consult the manu­
facturer's technical manual. 

MAIN REDUCTION GEAR BEARINGS 

Many propulsion gears have roller and txlll 
bearings; some have spherical seated bearine:s. 
Reduction gear bearings must not only support 
the weight of the gears and their shafts, but they 
must also hold the shafts in place against the 
tremendous forces exerted by the shafts and 
gears when they are transmitting power from 
U1e turbine shaft to the propeller s haCt. Like 
other radial sleeve bearings in main engine 
installations, these bearings are of the babbitt­
lined split type; however, instead of being 
spherical seated and self-aligning, the r eduction 
gear bearings arc 1•lgidly mounted, and doweled 
into tile bearing housings. The angulardirectlon 
of the forces acting upon a main reduction gear 
bearing changes with the amount of propulsion 
power being transmitted by the gear. ln order 

242 

to obtain the best bearing performance when 
load is the greatest, reduction gear bearings 
must be positioned so that the heavy shaft load 
Is not brought against the area where the 
bearing halves meet (the split). For this reason 
most or the bearings in a reduction gear are 
pL~ced so that the split between the halves Is 
at an angle to the horizo11tal plane. 

MAIN THRUST BEARINGS 

The main thrust bearing is located e ither 
at the fo1·ward or after end of the main reduction 
bull gear or tn the propeller line shafting art 
of the gea r. 

Axhtl or thrust bearings are mounted on the 
main shaft for two purposes: to resist any :1xtal 
thrust or force exerted on the shaft by the pro­
peller, and to limit the axial movement of the 
shaft to a small running clearance. Main Utrust 
bearings arc pivoted-segmental shoe type as 
Indicated in figure 7- 15. The essential parts 
are as follows: 

I. Thrust collar- made of steel and keyed 
to the shaft. 

2. Tilting segments, or shoes-made ofttlu­
mlnum-bronze and faced with babbitt. 

3. Upper love ling plates upon which U10 shoes 
rest, and lower leveling plates to equalize the 
thrust load among the shoes. 

4. Base ring-which supports the lowe1· Jev­
el111g plates, holds U1e plates in place, an(I trans­
mits the thrust on the plates to the ship's struc­
ture. 

5. Shoe supports (hardened steel buttons or 
pivotsl-forming 1>art of the shoes and pivoting 
U1em against the upper leveling plates in such :1 

manner that the shoe segments can assume the 
correct angle. 

Pins and dowels hold the upper and lower 
leveling plates in position, allowing ample play 
between the base ring and the plates lo ensure 
freedom of movement of the leveling plates. The 
base ring is prevented from turning by its 
notcllecl const ruction, which secures the r h1~ to 
lts hous ing. 

The s tationary bearing ekment i$ clivldecl Into 
slx or more segments or s hoes. These shoes 
are supported so that they are rree to pivot 
slightly under the toad. 

The rotating bearing element or collar (fig. 
7-15) ls attached to and turns with t11e main shaft. 
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Figl1re 7-15. - Kingsbury pivoted-s hoe thrust bearing. 

The entire a.ssen1bly is sob1ne l'ged in oil, some 
of which is dragged in be tween the collar and 
each shoe as the shaft rotates. 

Lubrication of the main thrust bearing is 
provided by the same system which furnishes oil 
to the turbine bearings, reduction gears, and 
flexible couplings- if located In with the r educ ­
tion gear. If the main thrust bear ing is located 
in the shaft alley, then lubrication of the bearing 
differs. The bearing will have its own oil sump, 
oil system, o il cooler, and pumps. While turn­
ing the engines by jacking gear, backing down, 
or going ahead slow, oil is supplied by an elec­
tric-driven gear pump. When the shaft speed is 
increased sufficiently, a shaft-drivengearpump 
supplies oil to the bearing and the e lectric-driven 
pump is secur ed. The shaft speed at which the 
shaft-driven pump can be secured will vary with 
the type o[ shlp. For additional information, 
consult the manufac.turer's technical manuallor 
the specific unit or equipment. 

MAIN PROPULSION SHAFT BEARINGS 

The bearings which support and hold the 
propulsion shafting in alignment are d ivided into 
two general groups: the main line shaftbearlngs 
or spring bearings, and the stern tube bearings 
and th'j' strut bearing. 

Main Line Shaft Bearings or Spr ing Bearings 

These bearings ar e of the ring-oiled, bab­
bitt-faced, sphel·ical seat, shell type. This bear­
ing (see fig. 7- 16) is designed prlmarilytoalign 
Itself to support the weight of U1e shaft.Ing. On 
some low powered ships, the bea r ing is not of 
the self-aligning type and consists only of a 
bottom half. The upper half of the assembly 
consists only of a cap or cover (not 111 contact 
with the shaft) to protect the shaft journal from 
dh-t. The spring bearings o[ most naval ships, 
however , are provided with both upper and lower 
self-al!gnlng bearing halves. 
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Figure 7- 16. - Main line shaft bearing. 

The brass oiler rings, Shown \n figure 7-16, 
hang loosely over thP. shaft journal and tile lower 
bearing half, and are slowly dragged arO\md by 
the rotation of tile shaft. As they glide through 
the reservoir or oil at the bottom the rings 
carry some of the oil along to the top or the shaft 
journal. The upper bearing half is grooved to 
accommodate t11e rings. 

Spring bearing temperatures and oil levels 
shOuld be checked hourly while underway. At the 
over haul cycle the bearings should be inspected, 
clearances taken, and defects corrected. 

Stern 'I\1be and Stern Tube Bearings 

The hold in the hull structure for accommo­
dating the propeller shaft to the outside of the 
hull is called the stern tube. The propeller shaft 
is supported in Uie stern by. two stern tube 
bearings-one at the inner end and one at the 
outer end of the stern tube. At the i1U1er end 
of the stern tube is a stufflng box packing 
gland (flg. 7-17) generally i·efer red to as the 
stern tube gland, The stern tube gland seals the 
area. between the shaft and stern tube and yet al­
lows the shaft to rotate. Construction of the 
stern tube bearings is Similar to Uiat of the 
strut bearings. (See t he next section of this 
chaplet.) 

The stuffing box is £langed and bolted to the 
stern tube. Its casting is divided into two annu­
lar compartments-the forward space being the 
s tuffing box proper, the after space being 
provided \Vith a flushing· connection ror pro­
viding a positive flow or water through the stern 
tube for lubricating, cooling, and flushing. This 
flushing connection is supplied by the flremaln . 
A DRAIN CONNECTION or a leakoff past the 
packing (on nan11·a1 pressure ci rculation sys­
tems) is provided both for testing the presence 
of cooling water in the bearing, and for per­
mitting sea water to flow through the stern tube 
and cool the bearing when the Ship is underway, 
where na tural sea water cir culation is employed. 

The gland for tile stuffing box is div ided 
longitudinally into two pal·ts. The gland bolts 
are long enough to suppo rt the gland when the 
latter ls withdrawn at least I inch c lear or the 
stuffing box. This permits the addition of a ring 
of new packing, when needed, while the ship is 
waterborne. Either braided flax packing or 
special semimetallic packing is used (ship's 
engineering drawings show the pr oper type of 
packing}. This gland is usually tightened up to 
eliminate leakage when the ship is in port, and 
loosened just enough to permit a slight trickle 
or water for cooling purposes, when Uie ship is 
underway. (NOTE: On anchoring, the glands of 
natural pressu~e circulation systems should 
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Figure 7-17.- Stern tube stuffing box and gland. 

NOT be disturbed unless leakage becomes 
excess ive.) 

Strut Bearings 

These bearings, as well as the s tern tube 
bearings, are equipped with composition bush­
ings which are split longitudinally into two 
ha lves. The outer sur face of t he bushing is 
machined with steps to bear on matching land­
ings in the bore of the strut. One end is bolted 
to the strut. 

Since lt is usually impr acticable to use oil 
or grease as a lubricant for under\vaterbea.r\ngs, 
some other material must be employed for that 
purpose. There are certain materials that be­
come s lippery when wet, including natural or 
synthetic rubber; lignum vitae, a hard tropical 
wood with excellent wearing qualities; 01· lami­
nated phenolic material consisting of layers of 
cotton fabric impregnated and bonded with phe­
nolic r esin. Strips of this material, as s hown in 
figure 7-18, are fi tted inside the bearing, 

A r ubber composition is the type most usecl 
in modern installations. These bearings, of 
course, will never be seen while the ship is 
afloat, and chances are when U1e ship is in dry­
dock, the naval shipyard personnel willper form 
the required work. However , the engineer officer 
should check the bearings v isually. 

CARE OF BEARINGS 

Properly operated bearings may give years 
of satisfactory service but like all tmits of 
engine room n1aChinery, they require period le 
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tests, inspections , and rnaintenance. Whenbear­
ings are or iginally installed, the manufacture1· 
takes oil clear ance readings which ar e usually 
the differences between the journal 0 . D. and the 
bor e I. D. These clearance readings are within 
the tolerance shown in the applicable drawings. 
At regi.1lar intervals the ship' s force must take 
these readings. Any difference between the old 
and the new readings will be the amount of bear­
inf1,' \Vear. 

Under norn1al conditions, the rnain reduction 
gear bearings and gears will oper ate for an 
indefinite period. If abnorma 1 condlt\ons occur, 
the naval sh ipyard will r.oi·mally perform U1e 
repairs. Sufficient repair parts a r e carr ied 
aboard to replace some bearings installed in the 
main r eduction gear. Usually each bearing is 
int erchangeable for the starboa1·d or po1·t in­
stallation. The manufacturer's technica l manual 
must be checked for interchangeability or gear 
bearings. 

Special tools and equipment needed to lift 
main reduction gear cove rs, to handle tJ1e quill 
shaft when removing bearings from it, and to 
tak~ required readings and measuren1ents, are 
normaUy carried aboard. The special tools and 
equlpme11t should always be aboard in case 
emer gency repairs have to be made by repair 
ships or bases not required to carry these items . 

JOURNAL BEAR!NGS. -A bearing, used in 
r eduction geai-s , has a pressure half and a non­
pressur e half, when r eferr ing to the ship's 
going ahead. The nonpr cssure half will usually 
have a radial scribe line at one end of the 
geometric center. The pressure half of all main 
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Figure 7-18.-Details of underwater strut bea ring. A. Longitudinal view. 

B. Cross sectional view. C. Rubber s trippmg in the bearing. 

reduction gear bearing shells usually has thr ee 
radial scribe lines on each end. These bearings 
are all marked for c r own thickness measure ­
ments. The crown thickness is measured ap­
proximately 1 1/4 inches Crom the end of the 
shell. These measurements a re taken and r e­
corded at the initial alignment and are per­
manently marked adjacent to each scribe line. 
Di rections (or reboring are g;enerally niarked 
on those bearings which are des igned to be 
rebabbltted . 

The amount of bearing wear a llowed s houlct 
not be great enough to a!low incorr ect gear 
tooth contact. The des igned bearing clearances 
and wear data are generally given In the manu­
racturer1s technical tnanual. These clearances 
and wear data a r e a lso given in the bluepr int.s 
!or the main reduction gears . The maximum 
allowable clearance can lie determined by re­
ferring to the Bureau of Ships Technical Manual, 
chapter 9430 (43). 

Replacing bearings in the main reduction 
gear is a major undertaking. When a casualty 
(such as the loss o( lube oill occurs, the high 
speed pinion shaft bearings are more likely to 
be wiped than the other matn gear bear ings. 
These high speed pinion shafts (coupled to the 
high pressure and low pressure turbines) will 
have a higher rotary speed than other shafts 
in the reduction gear. IC the bearings are in­
spected, the high speed pinion bea rings should be 
checked first. The bearings which rotate at 
lower speeds are normally not wiped. If repa irs 
are to be made by the ship' s force, personnel 
shOuld r efer to the manufacturer's technical 
manua l and the blueprints for the r eduction 
gear. A clear unde1·standing of the construction 
details and repair procedur e is most helpful 
before star ting a repair jolJ. Some factors to 
be considered in determining wher e 1·epairs 
are to be made include : location of the ship, 
available r epa ir facilities , ava ilable repair 
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parts, and the operating schedule ol the ship. 
In making repa irs, the flrst step ls to en­

gage the turnlng gear and set the bral<e to en­
sure that tho shaft will not turn while repairs 
are being made. All oil must be pumped out ol 
the main sump tank. A clean settling or storage 
tank can be used to store the oil until it is ready 
ror use again. Then a scctlon of the r eduction 
gea r cover is lilted by uslng chaln-falls and 
wire slings. (NOTE: On some installations, 
journal bearings can be replaced without lifting 
covers.) When the gear cover is moved out 
ol the way, the bearing cover can be removed. 
Next the bearing must be turned so that the 
bearing split ls on the horizontal plane and the 
top half of the bearing can be lifted of!. The gear 
shaft must be supported when the bottom half 
of the bearing is removed. A dummy, or 
similar device, bearlng ls used to supp0rt the 
weli;ht of the sha ft and to keep the shaft in 
position. Specl11l precautions should be taken to 
prevent the shaft from being turned or lllted, 
so that the gear teeth do NOT become un­
meshed. II the gear teeth become unmeshed 
nncl are not match marked, It is necessary to 
lollow a compllcated and detailed procedu1·e to 
reassemble and time the gears. The setting up 
of the locked train gear system is done at the 
factory and at naval shipyards. 

H the bearing has excessive clearance, is 
badly wiped, or heav ily scor ed, other repre­
sentative bearings should be examined todeter­
mlne the extent of the damage. All be»rlngs on 
that particular shaft, should be r eplaced, if 
necessary, to maintain correct gear alignment. 

To replace a bearing, proceed as follows : 

I. Review U10 Material IHstory to determine 
lf special bearings are necessary. 

2. Measure U1e diameter of the journal 
(with a micrometer) and compare the present 
readings with the origiMI readings, as re­
corded in the Material History. 

3. Check the crown U1lcknesses of installed 
and replacement bearings and compare readings. 
II scraping IS required lor the replacement 
bearing, use a Cull- sized mnndrel and 1>1·ussian 
blue to check tho worl<. Shatt parallelism must 
be maintained. 

4. To maintain shaft parallelism, bearings 
on the ends ol gear or plnlon shafts shall not 
dlrfer in crown thickness more than 0.002 inch. 

5. When a bearing is installed or a damaged 
bearing is scraped to maintain correct tooth 

contact, the crown thickness shall be stamped on 
the bearing shell. 

6. Dowels a1·e used, between the bearing 
halves, to locate the bearings in the upper 
casing. Upper and lower bearing halves must 
be mated parts. Interchanging of upper and 
lower bearing halves is prohibited. 

7. Examine the condition or the journal 
whenever bearhlgs are removed. If tl1e surrace 
of the journal Is slightly scored, it must be 
stoned and polished. Only experienced per­
sonnel should s tone a journal. Always oil a 
journal before rolling in a new bearing. 

NOTE: !£ Journals are badly scored, tl1ey 
may be gr ound undersize 01· restored to design 
diameter by chrome plating. II a journal is 
ground undersl7,e, it might be necessary to 
provide underslze bearings. This should be 
accomplished only by a naval shipyard and In 
accordance with existing insta·uctlons. The new 
jou1·nal diameters and bearing clearances must 
be recorded in the Material History. 

When installing a bearing, m.~ke sure Utat It 
is well oiled, then roll the lower half into posi­
tion, removing the dummy be:irlng. The upper 
half can be placed In position, and then the 
complete bearing can be shilled to its p1·oper 
position. Ensure that the dowels are In place 
and that the bearing assembly Is in its re(l.lired 
position, in accordance with the manufacturer's 
instructions. The bearing cap can be lowered 
into position and securely bolted down. 

Before the gear cover is lowered Into posi­
tion, a careful Inspection should be made to see 
that the inside of Ute gear Installation Is free 
or all dirt, tools, rags, and other foreign m.'ltter 
that would be harmful to U1c gea1·s. Afte r the 
gea1· cover is lowered into position and bolted 
down, the lube oil can be pumped to tile sump. 
Before Uie oil Is circulated through U1e system, 
MUSLJN bagS should be placed in oil strainers. 
The muslin bags will trap any dirt or foreign 
mntter that is too [ine to be stopped by the 
strainer. A lube oil service pump should be 
started to circulate oil U1rough the system. 
The muslin bags should be changed at 30-
mlnute Intervals until they no longer pick up 
dirt. The turning gear can U1en be engnged 
and started. 

THRUST BEARINGS.-Thls section contains 
only general Information on dllfcrent methods 
of taking end play readings on the main thrust 
bearing. See the ma1mlacturer's technical man­
ual for specific Information on any given unit. 
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Checking the end play for any six-or elght ­
shoe U1rust bearing must always be done with 
the top half or the bearing bolted down solidly, 
otherwise the base rings will lilt because of 
the freedom of movement gi vcn the leveling 
plates, and a false reading will be obtained. 

A record or the main thrust readings must 
be kept In the Material History ancl r efer red to 
when checking the main th rust bearing. Over 
a period of years, the normal wear or a plvoted­
shoe thrust bearing is negligible. However , 
when the bearing is new, there may be a slight 
settling or the leveling plates. Any Increase in 
the end play or a main thrust bearing Indicates 
the the surfaces of the U1rust shoes should be 
inspected, and necessary repairs made. 

In many main thrust bearings, a port is pro­
vided (In the main thrust bearing cap over the 
thrust shoes) for Inspection purposes. This port 
has a r emovable cover of sutrlclent s ize to 
permit the withdrawal of thrust shoes that ar e 
in line with It. 

CHECKING THRUST WH1LE UNDERWAY. ­
The simplest means of checking end play ls to 
use a dial Indicator on any accessible flange on 
the main shaft while theenginesaregolngslowly 
ahead and then astern. This can usually be done 
when the ship Is maneuvering to approach a pier 
or an anchorage. Tbe speeds should be s low 
enough to avoid adding deflections of bearing 
par ts and housing to the actual end play. But, 
the speed should be sufficient to ensuro that the 
full ena play is actually taken up. 

Some s hips have the main thrust bearing 
located at the forward end or the main reduction 
gear, and constructed as a component part or 
the gear. A spring- loaded pin gaire (located in 
the bearing end cover housing) and a microm­
eter depth gage are used to measure the end 
play. 'l'he pin gage cover is r emoved and the 
anvil of the depth gage is placed on the ma­
chined surface of the pin gage housing. The 
micrometer is carefully turned so that the spin­
dle pushes the installed pin against the main 
shaft. AU slack must be taken up; but excessive 
force must not be used, as it will lift the microm­
eter anvil from the machined surface. 

Another reading is taken with the main shaft 
operatlng In the opposite direction. The dif­
ference between the two r eadings is the end 
play. It Is a lways good practice to take mor e 
than one set or readings to ensure that the total 
end play was taken up and that the readings a r e 
accurate. 

JACKING ON A SHAFT FLANGE.-11 it is 
not practical to measure the end play while 
running, the next choice is to jack the shalt 
(while It Is still warm) fore and aft at some 
convenient main shaft flange. A dial Indicator 
is mounted on a rigid support, convenient to 
some main shaft flange and the shaft Is jacked 
for ward and then aster n. The shaft movement 
must be free; too gr eat a force should not be 
used. Excessive force might cause deflections 
of metal parts to be added to the actual end 
play. The main difficulty In using the jacking 
method Is finding suitable supports where no 
structural damage will be done. 

PROPELLERS AND MAIN PROPULSION 
SHAFTING 

The turbine and reduction gears convert the 
U1ermal energy of steam Into usable mechanical 
energy. This mechanical energy Is utilized 
through the propulsion sharting and the prOJM!ller. 
The MAIN PROPULSION SHAFTING, which 
ranges In diameter Crom 18 to 21 inches for 
small twin-screw destroyers to approximately 
30 inches for large four- screw carriers, Is 
divided Into four functional sections-the line 
shaft, thrust shaft, stern tube shaft, and pro­
peller or tail shaft (fig. 7- 19). 

MAIN PROPULSION SHAFTING 

Segments of the line and thrust shaft sections 
of U1e shafting are Joined together with Integral 
FLANGE TYPE COUPLINGS. The stern tube 
shaft Is joined to the after end of U1e line shaft 
with what Is knOwn as the INBOARD STERN TUBE 
COUPLING, with a r emovable after-sleeve 
flange. The tau shaft is joined to the stern tube 
shaft with what. is known as a MUFF TYPE 
OUTBOARD COUPLING. Tho shaft bearings 
have alrendy been discussed in a preceding 
section. 

On slni:le-scr ew s hips, that portion of the 
outboard shaft which turns In the stern tube 
bearing IS normally covered with a SHRUNK­
ON COMPOSITION SLEEVE. This Is done to 
protect the shaft Crom corrosion, and toprovlde 
a suitable journal for the water lubricated 
bearings. On multiple-screw ships , these 
s leeves normally cover only the bearing areas, 
and the exposed shafting between the sleeves is 
covered with synthetic sheet rubber to protect 
it aga inst sea water cor r osion. 
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For carriers and crulsers, normally the wet 
shafting (shafting outboard In the sea) is com­
posed of U1ree sections, a tail sbaft, an Inter­
mediate or dropout section, and a stern tube 
section. Integral flanged ends or these sections 
are 1101·mally used for jolnlng sections toge ther. 

PROPELLERS 

The screw propellers, where U1e mechanical 
energy produced by the maln engine is finally 
utilized, are of various types of construction. 
They may be left-handed helices, turning 
counto1·clockwlse in ahead direction when viewed 
from astern, o r t•lght-hand helices, turning 
clockwise. All starboard and centerline p1·0-
pellers turn clockwise. All port propellers turn 
counterclockwise. They may be of constant 
pitch, with pitch of blades Identical at all points 
along the radius; variable pitch, with pitch or 
blades varying a long the radius; or controll.'lblc 
pitch, with blades capable of being rotated 
within tJ1e lr sockets to change speed and direction 
or propeller thrust . They may be of solid con­
struction, of single casting, or a bullt-up 
constructton with individually cast blades bolted 
to the propeller bub. The number of blades may 
vary from three to seven. 

SAFETY PRECAUTIONS 

The following safety pncaut\ons should be 
observed when working with reduction gears 
and related equipment : 

l. If there is churning or emulsification or 
oil and water in the gear case, the gear must 
be slowed down or stopped until the defect is 
r emedied. 

2. If the supply of oil to the gear fails, the 
gears should be stopped until the cause can be 
located and remedied. 

3. When bearings have been overheated, 
gears should not be operated, except In extreme 
emergencies, until bearings have been examined 
and defects remedied. 

4. If oxcessive flaking of metal from the 
gear teeth occurs, the gears should n.ot be ad­
justed, except in an emergency, untll the cause 
has been determined. 

5. Unusual noises should be investigated at 
once, and the gears should be operated cau­
tiously until the cause for the noise has been 
discovered and remedied. 

6. No lnSpcctlon plate, connection, fitting, 
or cover which permits access to the gear 
casing should be removed without specific 
authorization by the engineer oCflcer. 

7. The immediate vicinity of 1111 inspection 
plate should be l<cpt free from paint and dirt. 

8. When geal' cases are open, precautions 
should be taken to prevent the entry or foreign 
matter. The openings should never be left 
unattended unless satisfactory temporary clo­
sures have been lnst.~lled. 

9. Lifting devices should be Inspected care­
fully befol'e being used and should not be over­
loaded. 

10. When ships are anchored In )ocalities 
where there are strong currents or tides, pre­
cautions should be taken to lock U1e main shaft. 

11. Where the rotation of the propellers 
may result In Injury to a diver over the side, or 
In damage to the equipment, propeller shafts 
should be locked. 

12. When a ship is being towed, the propel­
lers should ho locked, unless it Is permiss ible 
and advantageous to allow the shafts to trail with 
the movement or the ship. When the sha ft is 
locked, lutK: oil must be supplied to the pro­
pulsion machinery. 

13. When a shaft is allowed to turn or trail, 
the lubrication system MUST be In operation. 
In addition, a careful watch should be kept on 
the tempel'ature within the low pressure turbine 
cas ing to see tllat windage tempe1·atures cannot 
be built up to a dangerous degree . This can be 
controlled either by the speed of the ship or by 
nmintaining vacuun1 in the nt..'\in condenser. 

14. The main propeller shaft must be brought 
to a COMPLETE STOP before the clutch of the 
turning gear is engaged. (lf Ute shaft is turning, 
considerable damage to tile turnlng gear will 
r esult. I 

15. When the turning gear Is engaged, the 
b1·ake must be set quickly and securely to pre­
vent the shaft turning and damaging the turning 
gear. 

16. When a main sh.~ftistobcu1tlocked,pre­
caut\ons must be taken to DISENGAGE THE 
JACKtNG GEAR CLUTCH BEFORE releasing 
the brake . If the brake is r e leased first, the 
main shaft may bogln to rot.~te anct cause injury 
to the turning gea r and to personnel. 

17. In an emergency, where tlle ship is 
steaming at a high speed, the main shaft can be 
stopped and held stationary by the astern turbine 
until the ship has slowed down to a speed at 
which the main shaft can be safely locked. 

250 



Chapter 7-REOUCTION GEARS ANO RELATED EQUIPJ\IBNT 

lS. Where U1ere ls a limiting maximum safe 
speed at which a ship can steam with a locked 
propeller shaft, this speed should be known and 
should not be exceeded. 

19. Before the turning gear ls engaged and 
startc<l, a check should be made to see that the 
turning gear ls properly lubrlcated. Some ships 
have a valve In the o il supply line lead lng to the 
turning gea1·. The operator shou ld see that a 
lube oil se1·vlce pump is in operation and that 
the proper oil pressur e is being supplied to the 
turning gear before the motor Is started. 

io. It should be definitely determined that 
the turning gear has been disengaged before the 
main engines are turned by steam. 

21. While workingonorinspect!ngopenmain 
reduction gear s , the person or persons per­
formlni; the work should not have any article 
about their person which may accidentally fall 
into the gear case. 

22. Tools, lights, and mirrors used !or 
working on or inspecting gears and bearings 
should be lashed and secured to prevent acci­
dental dropplng lnto the gear case. 
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