BOILER
MANUAL






R
S

y

S.S. SPARTAN, Hull 369

and

S.S. BADGER, Hull 370

Built For

CHESAPEAKE and OHIO RAILWAY CO.
By
CHRISTY CORP.

FOSTER WHEELER CONTRACT FWB 3370-3 & 3396-9

Instruction Book FWB 3370-3
FOSTER WHEELER CORPORATION

165 Broadway

New York, N.Y.

LMCF00092




TABLE OF CONTENTS

Part I = Description of Steam Generators

Design Data
General Description
Components
Drums
Waterwalls
Furnace . .
Refractory . .
Superheater
Economizer :
Steam Drum Internals
Desuperheater
Internal Feed Lines
Dry Pipe
Continuous Blow=Down
Surface Blow=Down
Plates and Baffles
Auxiliary Equipment
Tube Data List
Performance Curve
Drawings

- Part II - Operation

Putting Steam Generator in Operation
Lighting Off
Raising Steam
Cutting in Boiler
Shutting Down

Safety

Operating Precautions

Emergency Procedures

"Low Water
Tube Failure
Loss of Fires
Air Heater Fires
Fuel Econgmy

Section
1.1
1-2
1-3

1-4

2=2
2=3
2=4

2=5

Putting New Steam Generator in Service 2=6

Hydrostatic Test
Boiling Out

Boiling Out Pressure Parts by Steam Method

Inspection
Initial Starting
Laying Up Boilers

2=7
LMCF00093

FWB = 3370=3 220A.0



5

Boiler Feed Water
Sea Water Distillate
Shore Water
Salt Water Contamination
Condensate Leakage
Effect of Condensate Carry-Over
Source of Contaminiation
Leaking Lines in Bilges
Elimination of Oil and Grease
Avoid Excessive Make=Up
Boiler Water Hardress

S -‘i.n

Securing Boiler Water Samples for Analysis

Part III = Maintenance
Boiler and Waterwall
Water Washdng

Methods

Procedure

Washing Economizers
Washing Superheaters
Washing Main Boiler Tubes
Drying Qut the Boiler

Tube Removal and Replacement

Boiler Tubes
Superheaters
Economizer

Expanding Tubes

Description of Expanders
Opération
Maintenance

Installing and Removing Handhkéle Plugs

To Install the Lip Type Plug

To Install the Taper Plug (no lip)
Inspection

To Install Oval Handhole Plugs

2% Plugs

FWR ~ 3370-3

3=1
3=2

3=3

3=4

3=5

LMCF00094

3396=9



Section

Installing and Removing Handhole Plugs 3=5
(Continued)
Emergency Repair of Taper-Lip Handhole Plugs
Elliptical Handhole Seat Grinder
Operating Instructions
Five=Roll Hand Operated Rolling Tool for 2"

Handhole Seats

Instructions for Operation

Precautions

Caution
Economizers - Welded Return Bend 3=6
Refractories ‘ 3=7

General Description

Refractories for Sectional Header Type
Steam Generators

Refractory for "D" Type and ™A™ Type
Steam Generators

Causes of Refractory Failure

Inspection of Refractory

Repairs to Refractery

App endix

Crosby Safety Valves

Jerguson Gage Glasses

VYulcan Soot Blowers

Swartwout Feed Water Regulators
Yarway Remote Level Indicator

LMCF00095

FWB -= 3370-3 3396=9



‘, | LLk v L7
| &7 e ;;; j’/z/ Z/ﬁ/ pall

(reere

i e e d o)

Y;
E[/ /7//0/?&4,; L 7rd Lowve wry
‘Q ' r
: o |
_ e ot %w wuf T4
¥ Lo T st ase
aST |
DF’ “ 0 ﬂ)‘j’ )
W at e ifa/m« el
VERAZEA 6— I /f o 7 -
f~/ Ve y k¥ o STAIAE ’64
SRS g - s ‘M WVU)
4 e ?_y‘l" . /J,é'.)f, <SP 6‘5 %‘)L
\\\Q\\/\\: «?
))5}:/‘)?‘ ¢,

LMCF00096

ivselgTe betvetn Thiv & watl ot ol ¥ buih vy A ok voidalone - riasd Ty,



BOILERS = Steamsrs L2 and L3

L beilers each ship = 2 right hand, 2 left hand

Pogter-thesler Type D 2 diun F9B 3370-3 and 3396~9. Design

S00¥, operating pressure LS50F, Iinal temp. ThHD”, feed water

2259 yoar 1950. Heating surfrees, Boiler  LL7S sge. fte
Water Wall 350 sq. Tt
Teonomizer 2880 sq. ft.
Total 7675 5qe Tt

Superheater T20 sqe Y.
Furnace

volemne G880 cue %o
Grate suwrs 101 Bqs %

Velght of water per boiler & stesm lavsl 16,500 ib,

Performonce Normal rocirqun
Tatal svap, 2a. boller 1bs/hr, 25,500 T, 000
Superheater outlet temp. ¥, 750 T80
Total draft logs thru boller

ine, grates & agen. Hga 1.7 3.7
Air terp. under grates 100° 106°
Radign% heat absorblng surface 325 sq. f£t.

B /sq.8t. FHA surface 126,000

Liberstion BTU/cucfte LG, 350
Totel volurme 830 pu. 1t.

3oot Rlovers-Vuleen Hodel °=3 sige 29
Foed regulatorg-Swarthout 23" 6007 Thermo hydraulic 5.0. Type SM

Ope forced draft fen for each boiler.

Belt Griven by 20 H.F. electric motor LG0T «FM, fan speed 1080 1P
Olerage Vortex Oontrel Single Inlet Type W, size 3 Uesipn 2
Oapacity 20500 CFH W 3% wege © 100° F,

Une imduced drsflt fan foraech boiler Prat-leniel #110 Typs 1
B98I, K¢S design with Multi~Clene Collector rOHC-1-7(0. Delt
driven by Terpry Turbine,

Ferforman - barvometric 307 4,0,

1bs stesan 30,000 L, 000 fan desiga
ibs g=s3 per hr. 52,400 78,000 E6L00
HePeila 7ok 14130 1300
terp. 3Lo 390 1o
draft 3.21 6.63 8a25
B.H,Pe 28 3% 1.4

General Rerulator Combustion Comtrel Elsectronic relay tyoe.

Completely independent siasek duet for esch boiler,
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FOSTER WHEFLER CONTRACT FWB 3370-3 & 3396-9

DESIGN DATA
(Section 1-1)
TYPE: Foster Wheeler *DF Type TEMPERATURE: Normal Full
' ' ' Power Deg. F.
THE STEAM GENERATOR INCLUDES: Final temp. at super-
B01ler Waterwalls, Superheater, © heater outletesosessas750
nomizer, Soot Blowers, Valves Feed Water Temperature 226
and Flttlngs, Feed Water Regulators d
‘ HEATING SURFACES: SQ. FT.
Four (4) Steam Generators are ,
Installed Per Véssel. BOileresoscoanssconeas 4475
C , ' Waterwall,.aeseos0a0 340
FUEL: Coal » Economizer..icoosecos 2860
' ’ Total Water Heating
JRE: Lb. psi SUTTACE.seeovseenceas 7675

, Superheater s.00000s 720
Des.ign..,-q......-..........,. 500 » .
Hydrostatic testecesceseses 750  GRATE SURFACE: SQ. FT. 101
* Hydrostatic test for 4 .
desuperheaterss.eooceces.o 300  WEIGHT PER BOILER:
Superheater Outletescicsssas 450

Safety Valve Setting ' At steaming Temperature Lbs.
steam drUMecsceceosscecesee 475 BoileT DIVieosesseosld6,970
aNdoeocssscsvenconses 470 Water Normal level.._16,500

Safety Valve Setting Total.coesosanescaaal03,470

supérheater outletesosees. 450
Weight. of Water Full 20,390

BOILER, PERFORMANCE
NORMAL MAXIMUM

Total Evaporation, ea. boiler lbs/hr 29,500 44,000
Superheater outlet temperature-Deg. F. 750 760
Feed Temperature - Deg. F. 225 225
Total draft loss through boiler

including grates and economizers H-0 1.7 3 7
Air temperature under grates = Deg.ZF 100 100

1

own T o
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GENERAL,

(Gection 1-2)

The steam generators on this contract are of the‘ﬂbﬁ
type design, two left hand and two right hand, designed for
coal firing. Each steam generator includes a two drum bent
tube boiler section, side waterwalls; rear waterwalls, con-
vection type superheater, and an extended surface economizer,

A desuperheater which SUEplleS low temperature steam to auxili-

arlei,7 is installed in the steam drum below the normal water
level .

, The superheater is located behind the first three rows
of 2" boiler tubes and in front of the bank of 14" generating
tubes. It consists of U-bend elements rolled into headers
which are parallel to the boiler tubes. The superheater ele-

ments extend across. the boiler, at right. angles to the boiler
tubes. ‘

The economizer is located inboard and above the gen-

erating tube bank and arranged for three parallel water circuits
through the unit.

The rear of each boiler is fitted with a double casing.
Air leaving the blowers passes through thls double casing,
absorbs heat from the furnace inner casing, and enters the
furnace below the grate area.

The products of combustion formed in the furnace make
a single pass through the screen tubes, superheater, and large

bank of generating tubes, then upward through the economizer
to the uptake.

Drums‘
The nominal inside diameter of the steam drum is 4B*
with a wrapper sheet 7/8" thick and a tube sheet 24% thick.

The water drum has an inside diameter of 30® with a shell
thickness of 1=9/16%,

Wg;erwa;lg

The furnace. is water cooled on the roof, side wall and
rear wall with 2% tubes. These tubes form heat absorbing sur-

-2 = ‘ LMCF00099
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faces which protect refractory and at.thé same time provide
additional boiler heating surface.

Circulating water for the rear waterwall is provided
by means of three 4% 0.D, feeder tubes_which are expanded into the
lower rearwall header. Two of these 4" tubes lead from the steam
drum, below the water level, and one 4" tube leads from the water
drum.

The side waterwall is supplied by means of five 4™ 0,D,
feeder tubes which lead from the water drum to sidewall header. _
These side and rearwall feeders are shown in Part I, Section 1-8
of this manual on drawing NY 500u470

A tube list in Part I, Section 1-6 of this manual gives
size, number and quantity of all tubes 1nstalled in these steam
generators.

FurnaceA

The furnace is of ample size for burning the required
quantity of fuel without excessive heat release. The side wall,
rear waXl and roof of the furnace are lined with water tubes
backed up by tile, high temperature insulating block, mineral
wool blanket and the puter casing. The front wall of the fur-.
nace 1is lined with refractory blocks backed up by high tempera-
ture 1n5ulat1ng blecks, and the casing.

Drawing Ne. NY 500-719 in Section 1-8 of this manual shows
in detail the arrangement of brickwerk and insulation furnished
on this contract. Maintenance of refractory is Cumpletely des-
cribed in Section 3-7.

SU"rhg‘aer

The superheater is located in _the generating tube bank
behind the screen tubes. It 1seathreenloop, four-pass type, con-
sisting of 104 U-bend elements rolled into the superheater headers. -

Each header is fitted with a 3/4% drain valve and the
header diaphragms are perforated with a small drainage slot; to
provide complete drainage.

. The superheater elements are supported by alloy plates
placed parallel to the gas flow and extending from the steam drum
to the water drum. The support plates are secured to four 3%
superheater support tubes. The superheater elements pass through
holes in these support plates,

LMCF00100
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Steam enters the outhoard superheater header at the bot-
tom, makes four passes through the loops, leaves at the top of the
outboard header, and flows to the main steam line and desuperheater
inlet.

The 2" superheater safety valve is installed in the piping
between the superheater outlet and the stop valves

Economizer

The economizer is of the counterflow, extended surface,
three pass type. It consists of a series of "U"=-bend horizontal
elements, which have their longitudinal axis parallel te the boiler
drum.

The ends of these e¢tonomizer "U"=bend elements are cone
nected by means of headers. The economizer ends are expanded
into thése headers, machined flush with the inside surface of
the headers and seal welded. See Part III, Section 3=6, and
drawings NY 500~439 and NY 500-440 in Part I, Section l=8

Each element is made by shrinking 5" 0.D. cast iron rings
on 2% O.D. x 9 BWG seamless steel tubes to form the extended heat
absorbing surface. These elements are installed through the front
tube sheet,

Each economizer is fitted with an inlet manifold header,
an outlet manifold header, a %" vent and a 3/4" drain.

Two steam soot blowers are provided for keeping the
economizer elements clean.

_M>Sectlbn"l=4'
Desuperheater

A desuperheater is installed in the steam drum of each
steam generator to supply low temperature steam required for aux-
iliary equipment, and to protect the superheater at low ratings
by maintaining steam flow through the superheater. The desuper-
heating is accomplished by the cooling action of the water in the
steam drum which absorbs heat from the superheated steam.

LMCF00101
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The desuperheater consists of 2™ pipe which makes four
lengthwise passes below the normal water level in the drum. The
ends are connected to inlet and outlet connections located at the
rear of the drum.

Due to the higher pressure in the drum than in the super=
heater, which would permit moisture and solids in the drum to be
entrained in the auxiliary steam line in the event of a leaking
joint, the desuperheater should be tested independently of the steam
generator at a pressure of 300 psig.

Inte;nal Feed Line

The internal feed line extends horizontally the length of
the drum, below the normal water level. It is made of 24™ seamless
pipe closed at the ends. The internal feed line has slots which
are cut horizontally in the top for introducing feed water into the
~drum evenly throughout its length. The feed water inlet connection
is located in the top of the drum as shown in Drawing No. NY 500-564
in Part I, Section 1-8 of this manual.

Dry Pipe

The dry pipe is suspended along the top center line of
the steam drum. It consists of an 8" pipe closed at each end and .
perforated along its upper surface with 3/8" holes. In the bottom
of the pipe, at each end, are 3/4" drain holes. Steam enters the
" dry pipe through the upper perforated area, thus preventing carry-
over of moisture. Steam leaves the dry pipe through the steam
nozzle in the top of the drum. '

A A contimmous blow-down pipe is placed near the bottom eof
the steam drum. It consists of 3/4™ pipe which enters through a
fitting in the rear head of the drum and extends approximately
one~half the length of the drum. The end of the pipe is open. The
purpose of the blow=down is to provide a means of reducing the den=-
sity of the boiler water. '

Sgrfac? Bl ow-Down

A 14" surface blow=down pipe is located in the steam drum
at the normal water level. The surface blow is used for removing
scum, 0il or grease from the surface of the water and for reducing
high water level when the steam generator is in operation.

P es and Baffles

Swash Plates are 3/16" plates placed in the steam drum of
the boiler. They keep surging of water to a minimum by dividing the
lower half of the drum into three separate, approximately uniform
spaces.

LMCF00102 FWB 3370=3
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Steam Baffle Plates are perforated plates placed at the
normal water level in the steam drum to prevent foaming. The plates
are horizontal. They extend the width of the drum and run about
2/3 its length.

AUXILIARY FQUIPMENT

(Section 1-5)

The auxiliary equipment furnished on this installation
by Foster Wheeler Corporation on this contract includes Crosby
Safety Valves, Jerguson Gage Glasses, Vulcan Soot Blowers,
Swartwout Feed Water Regulators, and Yarway Remote Level Indlcators.

Manufacturer's instruction manuals covering description,
operation, and maintenance of this equipment will be found at
the end of this instruction manual under section entitled
"Appendix". A complete listing of all valves and fittings furn-
ished by Foster Wheeler is included in Part I, Section 1-8, :
Drawing No. NY 502-220, of this manual.

LMCF00103
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TUBE DATA - (FOR ONE STEAM GENERATOR)
- (Section 1-6)

2%.0.D. x 10 BHG TUBES

. : Ne. of
Row No. Ne.Perfoy  RowNo. Losation ITubes

5 69 1 Sldewall 30
6 73 1A _29
7 75 Iatal Sidewall
8 74 w Tubes = 59
9 75
10 74
11 75 3
12 74 L 30
13 ‘ 75 ‘ " 291
14 74 lIgtal Screen '
15 7 Tubes = 74
16 74 |
17 ' 74 22 to ReaIWall
18 | 75 47 incl, 26
19 74 48 to Rearwall
20 75 63 inel. Risers 16
21 sy |
Total 1759

Screen 13
£en >

48.9:D; x .6 _BUG.

No. of .f:y;ff;>;.Q.wmtx._“.‘Nn. of
Tubes. Tube No, Location. Iubes

TRty

_ Superheater
SHp .. 2
5§52 Superheater ,
Tetal Supergeater
Support Tubes 4

Fl - Sidewall
Feeders

F2 Sidewall
L Feeder

F3"° Rearwall
Feeder

F4 Rearwall
. Feeder

F5 Rearwall
Feeder

Total = =

wg L s e R -

DC1 Downicomer Tubes 2

DC3 M e 2
DA . K M 2 .

- Total - = '8

LMCF00104
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PERFORMANCE CURVE
Section 1=7

DRAWINGS

{Section 1-8)

General Arrangement

Auxiliary Sections

Steam Drum Internals‘
Brickwork and Field Insulation
Feeders and Rear=-Wall Risers
Spares and Tools Per Ship
Valves and Fittings Per Ship

NY~500-439
NY~500-440
NY=500-564

NY-500-719

NYa500-470
NY_.-=5O].-’.’5«85
NY=502-22¢

LMCF00105
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Section 2-1

OPERATION

Part Il — OPERATION
recommended that at least 3 or 4 hours be taken
to put the boiler in service. However, in cases

of extreme necessity the unit may be put in

service more rapidly.

Valves —Main steam stop valves should be eased
slightly to prevent sticking due to ex-

pansion. When steam issues forcibly

from the air cock (approx. 20 1b.) it may

IN OPERATION

be closed. A flow of steam must be

maintained through the superheater.
The superheater vent valve should be

PUTTING STEAM GENERATOR

{Section 2-1)

wide open when lighting off but may

be closed-in somewhat as pressure rises
to reduce amount of steam wasted. The
superheater header drain valves and the

The following procedure is a brief, easily re-

membered outline of the necessary steps to be
If the unit is new, has been

desuperheater drain valve (if installed)

taken in putting a steam generator in service for
laid up, or has undergone extensive repairs refer
first to the section “Putting New Steam Generator
should be cracked slightly so as to pre-
vent accumulation of condensate. Blow

the pressure gage line to check opera-
tion of the steam gage. Allow conden-
sate to build up in line so that steam

nornial operation.
Section 2—6.
will not come in contact with gage and

in Service.”
Lighting Off

Vealves —Closed: Steam stop valves, surface and

bottom blow, economizer vent

and drain, waterwall drains.

Gage valves, gage glass valves,

superheater vent, superheater
cause damage to it.

—Check the water level by blowing down
the gage glasses. Blow both upper and
lower connections. As the hoiler warms

and desuperheater drains, air
up, the level in the gage glass will rise.

Open:
cock and feed stops.
(y Feed —TFill boiler with best available feedwater,
< (preferably 0.3 grains total solids per
gal. or less) through auxiliary feed line
until water appears in the lower gage Feed
glass. Continue until water raises one
inch, Change over to main feed line,
closing auxiliary check valve only, and
fll to 3" in lower glass. This pro- Do not allow it to rise out of sight in
cedure checks both feed lines. the gage glass. The water level may be
Burners—Inspect furnace floor for oil. Ventilate lowered by using the surface blow. If
boiler thoroughly using forced draft fan a surface blow is not provided put out
to remove inflammable gases. Recircu- the fires and use the bottom blow. As
the steam pressure rises it may be neces-
sary to add water to make up for the
loss through the vents and drains. If
steam should be formed in the econom-
izer, as indicated by water hammer,
feed to clear the economizer and blow-
down boiler if level becomes too high.
Use first

late fuel oil until oil at proper tempera-
ture is available at the burners. Install

the smallest sprayer plates in the atom-
izers furnished for type of oil with which
the bumner is designed to operate and
using torch, light off one burner. Make
sure the torch doesn’t go out. Make

sure the burper stays lit. If it goes
out, don’t attempt to light the burner

Burners—When bringing up steam it is advis-
able to rotate the burmers.
one burner then change to another,
allowing the brickwork to heat evenly
for approximately 3 hrs. hefore full
pressure is reached on boiler. This will
necessitate burner shut-off periodically

Use a torch for lighting burners.

again without first ventilating the furn-
ace. Flarebacks happen this way.
LMCF00106

Raising Steam
To prevent damage to the refractory and ex-
cessive temperatures in the superheater, it is
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FOSTER WHEELER STEAM GENERATORS

Cuiting in the Boiler

Falves —When the boiler pressure is within a
few pounds of line pressure, warm up
the steam lines slowly with the drains
on the lines open using by-pass valves
around the main stops if provided. On
some boilers the pressure may be equal-
ized through an auxiliary steam line.
If not, ease the stop valves open slowly
until first rush of steam subsides. Do
not close superheater vents or drains
until boiler is on the line.

Feed  —The water level must not be too high
when “cutting in the boiler. If pressure

in the line is lower than that in the

boiler there i$ likelihood of carrying

water over into the superheater. For

this reason the superheater drains are

left cracked open until boiler is on the

line. Regulate feed supply or change to

automatic regulator.

Burners—Change to proper size sprayer plates
for steaming. Adjust air and oil supply
and change to automatic combustion
control if so equipped.

Shutting Down

‘If possible use the soot blowers just before
shutting down.

Burner s—Extinguish the fires and remove burners.

Allow the forced draft fan to run a few
moments to clear the furnace of all
gases, then shut it off and close all air
registers. Allowing cold air to blow
through the furnace will damage the
brickwork and may cause casings to
crack. Remove the atomizers for
cleaning.

Valves —Open the superheater vent and crack
- superheater drain valve 14 turn. When
the boiler pressure drops below line
pressure the steam stop valves may be
closed. When the steam pressure drops
to approximately 20-25 Ib. gage fully
open the superheater drains (and de-
superheater drains if fitted) and the air
cock.

Feed ~—As the boiler cools down the water level
will drop. Maintain the level at least

2in. in the low glass. Unless absolutely
necessary, do not use cold feedwater to
cool down a boiler. When the boiler is
cold close the feed stops. The steam
stop valves can usually be tightened
when the boiler has cooled but should
be eased up when lighting off again.

SAFETY

{Section 2-2)

Safety should be the first consideration in boiler
operation. Accidents are often costly, not only to
boilers, but also by causing delays in sailing of the
vessel. The most frequent and most serious acci-
dents are caused by low water and flarebacks. The
competent operator will avoid dangerous situations
and eliminate careless practices that may lead to
damage or injury. The best accident prevention is
to be thoroughly informed with the construction
and proper operation of the boiler and the auxiliary
equipment. Also, in an emergency, knowing what
to do may eliminate serious damage.

Good operation not only increases safety but
pays dividends in reduced maintenance expense.

OPERATING PRECAUTIONS

{Section 2-3)

The outline in Section 2-1 is purposely brief
as 1t is intended to serve as a guide for the proper
sequence of steps performed in lighting off and
raising steam. It is supplemented by the follow-
ing additional precautions. :

1f the boiler is equipped with automatic com-
bustion control, shift to manual operation before
lighting off. When lighting off, it is difficult to
completely eliminate smoke while the furnace is
cold. Too much air, in an effort to stop the smoke,
is likely to result in unburned oil vapor being
deposited on the botler, air heater and economizer
surfaces, As the boiler heats up this vapor is
driven off and secondary combustion may occur.
The heat of this secondary combustion can cause
warped casings, baffles and supports, and if severe,
tube failure.

Too little air at any time will cause the boiler
to “pant”. Allowing this to continue will loosen
the casings with resultant gas leaks and damage
to the refractory. “Panting” can also occur under
certain conditions of poor mixture of air and oil,
or water in the fuel oil.

LMCF00107



Section 2-3
OPERATION

Never light a burner from the hot brickwork.
This practice may result in serious damage and
personal injury, due to explosion.

Keep the superheater vent open to assure steam
flow through the superheater. Tt is just as im-
portant as water in the boiler. The superheater

thermometer is not a reliable indicator of the

temperatures 1n the superheater when raising
steam.

Decrease the firing rate and increase the feed
for a few moments if steaming, which causes water
hammer, occurs in the economizer. Continued
water hammer can ‘catise leaks in the feed piping,
economizer return headers and return bends.

Use the surface blow to reduce high water
level. Do not use the bottom blow or open the
water wall drains unless all the fires are ex-
tinguished. For most effective use of the bottom
blow, first, open the valves in the blowdown line
then open the boiler blowdown valve wide. When
blowing operation is completed, close valves in
reverse order. When operating either the surface
or bottom blowdown valve, open valve wide and
operate quickly while opening or closing.

The normal water level, unless otherwise speci-
fied, is at the centerline of the steam drum. Carry
normal water level as the perforated baffles of drum
internals are designed to function best at this level.
Be suspicious of a water level that does not fluc-
tuate, Check gage glasses frequently whether on
manual or automatic operation. Check carefully
gage glasses that appear completely full or com-
pletely empty as either may cause serious damage
to equipment.

If there is an unaccountable drop in the steam
pressure, check the water level in the boier by
blowing the gage glass before increasing firing
rate. Steam pressure will drop when there is in-
sufficient water tn the . boiler.

When maneuvering anticipate changes in the
water level due to changes in steam demand. A
sudden increase as from “‘stop” to “full” will result
in a sharp rise in the water level. The feed should
not be decreased but rather increased to keep up
with the demand for steam. If the feed is de-
creased and the water level allowed to fall, the
water may drop out of sight when the firing rate is
suddenly decreased. Conversely, carrying the water
level too high at low loads may result in the water
going out of sight in the top of the glass. This

may cause a sudden drop in superheat tempera-
ture and leaking of the main steam line joints,

Carryover may also occur due to foaming, a
condition caused by a high percentage of dis-
solved solids in the boiler water. Boiler feedwater
must be pure, free of dissolved solids, oil and
oxygen. Use distilled water only, if possible, for
all makeup feed. Samples of boiler water should
be tested twice daily. Proper alkilinity should be
maintained to prevent corrosion. To prevent prim-
ing, blow down the steam generator if the total
concentration of dissolved solids exceeds 500 parts
per million (30 grains per gal.) or if the amount .
of scale forming salts is excessive.

To maintain low boiler water concentration, use
continuous blow when installed or the surface
blow. Otherwise shut off fires and use the bottom
blow.

Do mnot permit oil, especially that containing
vegetable fats, to enter the boiler as the insulating
film formed on heating surfaces will result in
blistering and eventual rupture of the affected
tubes. Sludge, rolled into small, hard balls found
in the waterwall headers, is an indication that
oil is getting into the boilers.

Dissolved oxygen may cause pitting and corro-
sion at and above the waterline in the drum and
also in the economizer. On vessels equipped with
deaerators, the oxygen content of the feed should
be tested periodicailly as a check on deaerator
operation and should never be more than .03 cc
per liter. To avoid oxygen pitting, maintain the
design feedwater temperature, particularly in port.
Feedwater below design temperature is very likely
to contain oxygen. Vessels not equipped with a
means of removing oxygen from the feedwater
must chemically treat the boiler water.

Boiler treating chemicals are preferably intro-
duced into the drum through a chemical feed line
rather than through the economizer as the chemi-
cals may possibly settle on the inner surface of the
économizer tubes.

It is most important that the recommendations
of a competent feedwater treatment concern are
followed. :

The soot blowers should be used twice daily
or as often as necessary as indicated by changes
in the stack temperature or in the draft loss. A
temperature drop of more than 20 deg. F. after
blowing tubes might indicate the desirability of
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more frequent blowing. Drain the lines generously
before blowing tubes. Wet steam in the soot
blowers will cause the soot to cake and become
difficult to remove. Use the soot blowers in the
proper order; that is start by blowing the air
heater and/or economizer, then the superheater,
the generating bank and finally the economizer
and/or air heater again. The order of blowing in
the superheater and generating banks should fol-
low the path of the gases. The gas path may be
determined from the general arrangement drawing
showing the position of baffles, if any.

Raise the air pressure when using the soot
blowers. When using soot blowers in port or under
low loads, be ready to relight the fires should
they be blown out. To reduce corrosion leave the
soot blower drains open when the soot blowers are
not in use and see that air check valves are
functioning. The scavenging air check valves
admit air to the elements when not in use to
prevent corrosive gases from backing up into
the soot blower leads and piping.

Hard external deposits found on economizer
surfaces are evidence that either wet steam is being
used for soot blowing or the temperature of the
stack gases has fallen below the dew point. When
the stack temperature falls below the dew point,
there is danger of certain components of the stack
gases condensing on the elements. These condensed
gases, particularly those from fuels with a high
sulfur content, will cause hard caking of soot
deposits and are highly corrosive.

These hard soot deposits may plug the econo-
mizers, and cause corrosion damage. These de-
posits may be removed by steam lancing. Steam .
lancing ports are installed on most boilers.

On boilers equipped with air heaters, the by-
pass must be used under low load conditions
when the stack temperature may fall below the dew
point. Failure to use the by-pass may result in soot
caking and corrosion damage to the heating sur-
faces and uptakes. The accumulated soot may also
result in a soot fire, causing severe damage to air
heater.

Remove atomizers from the boiler when they are
not in use. Atomizers in a cold boiler could flood
the furnace with oil due to leaky valves. Atomizers
not in use but remaining in position in a steaming
boiler will become choked with carbon and may
be damaged by overheating.

Inspect the fires for flame impingement on the
refractory throats or floor where deposits may bhe
formed.

Safety valves should be occasionally lifted
manually as a check on their operation.

EMERGENCY PROCEDURES

(Section 2-4)
Low Water

Low water, whether resulting from inattention,
feed pump failure or any other cause, is the most
serious condition encountered. If the loss is
gradual and noticed by the operators:

(a) Increase the rate of feed.
(b) Check feed line for leaks or open valves.

(c) Check blow valves for leaks or open valves.

(d) Check auxiliaries for water in steam from
auxiliary steam line which indicates leakage
from boiler steam drum into desuperheater.

(e) Start auxiliary feed system.

If, at any time, the water level falls out of sight
in gage glass secure all burners tmmediately.
Caution. Do not fill hot boiler with cold water,
as relatively cold feedwater coming in contact with
an overheated drum or tubes. may cause severe
distortion and leakage of rolled joints.

Tube Failure

In the event of tube failure, the boiler should
be secured quickly except for the feed. Feedwater
should be added in an effort to keep the water in
sight until the boiler cools down. Watch the water
in the other boilers. The sudden demand for feed
may result in low water in the other boilers. If
the failure is severe and the water cannot be kept
in sight, shut off the feed to the effected boiler
immediately. In extreme cases it may be neces-
sary to keep the forced draft fan running to carry
the steam up the stack. If escaping steam is a
danger to life the boiler may be emptied through
the bottom blow.

Loss of Fires

If the burners should go out from loss of o1l
pressure, stoppage of the pump, forced draft blower
failure or water in the fuel, close all burner valves
immediately, ventilate the furnace and relight
burners one at a time using a torch. Restoring
the oil supply with the burner valves open and
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allowing the fires to relight from hot brickwork
may result in an explosion.

Air Heater Fires

Air heater fires can be avoided by keeping
the heating surfaces clean. In the event of fire.
considerable damage is usually done by the time
the fire is detected. The boiler should be secured,
shutting down the forced draft fan quickly and
using the steam soot blowers in the air heater as
an aid in smothering the fire.

If the botler is shut down for amy reason, open
the superheater wvent to maintain a steam flow
through the superhéafer. Crack superheat drains
to prevent accumulation of water in the super-
heater elements.

FUEL ECONCMY
{Section 2-5)
To obtain high boiler efficiencies, the following
conditions should be observed:
Maintain operating temperature and pressure
Adjust burners for proper combustion
Keep fire and water sides of boiler clean

Check casings and all pressure parts against
leakage.

The most common cause of low efficiency is ex-
cess air. A certain amount is necessary but it
should be kept to a minimum. To obtain the
proper amount of air, without smoke, burners
must be clean and properly adjusted with the
jacket tube so that the flame just clears the re-
fractory cone without impingement. The best
position may vary slightly with different firing
rates. To obtain best operating results the jacket
tube may be moved in and out by loosening the
thumb screw for proper mixture of air and oil
The jacket tube should also be the proper length
s0 that the face of the sprayer plate nut is in correct
relation to the face of the diffuser. This varies
with different types of burners; with the Todd
“Vee-Cee” bumers the face of the sprayer plate
nut should project 4" into the furnace beyond
the point where the diffuser starts to flare. With
Todd straight mechanical (Hex-Press) burners
this distance is 14”. Using the Vee-Cee steam
assisted atomizer the distance is 124”. This length
is altered bv loosening the set screw and screwing
the burner clamp on or off the jacket tube. These
dimensions apply only with the Standard Hex-
Press Register and Hex-Press diffuser.

The refractory cone must be concentric and have
the proper depth and angle. The air registers
should be in good order, that is, working freely,
not warped or choked with carbon deposits.

The fuel should be at the right pressure and tem-
perature for best atomization. Q1! that is too cold
will not atomize properly and oil that is too hot
will carbonize in the burner tips. The best atom-
ization of the fuel oil is generally obtained when
the viscosity i1s 150 Seconds Saybolt Universal
The temperature at which the fuel will be at this
viscosity may be found by referring to the charr,
Fig. 1. Use the proper size sprayer plates. Make
sure the tips you are using have the proper spray
angle. Do not use more than one size burner tip
in the steam genmerator at the same time. Use all
burners unless oil pressure becomes too low. The
use of steel tools in cleaning sprayer plates may
damage them, resulting in poor atomization, there-
by requiring a large amount of excess air to elim-
inate smoke. Enlargement of the holes will result
in each burner handling a different quantity of
ol and adjustment of proper.amount of air will
be impossible.

Excess air in large quantities will be indicated
by white smoke. In some cases white smoke may
result from too high fuel oil temperature. If the
flame is intensely white as observed through peep-
holes in boiler or burner, too much air is being
supplied. If the flame is red there is insufficient
air. The ideal flame is a bright golden color.
Excess air will also be indicated by a rise in super-
heat temperature but for accuracy the use of an
Orsat to analyze the flue gases is necessary.
Smokeless combustion or a very light brown
haze with high CO, (12.5% to 14%) and no
CO are the ideal conditions.

Boiler casings must be tight as any air leaking
into the boiler will sharply reduce efficiency.

Steady steaming with little fluctuation in air or
oil pressures will be an advantage. Normal tem-
peratures and pressures should be maintained.
High stack temperatures may mean excess air or
fouling of the heating surfaces. A rise in air pres-
sure required for combustion may be caused by
poor burner adjustment or partial plugging of the
gas passages. Keep the firesides of the boiler
clean, particularly the superheater and the econo-
mizer. Fouling of the heating surfaces not only
reduces the heat transfer rate but in extreme
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cases “laneing” may result with high gas velocities
and temperatures through small sections of the
boiler. This causes severe damage to all parts

adjacent to or within the lane. Frequency of use -

of the soot blowers should be governed by the
changes in draft loss and stack temperatures be-
fore and after blowing tubes.

Maintain proper feedwater temperature. Lower
feed temperature will result in higher superheat.
Conversely a high feed temperature will cause
superheat temperature to be below normal.

PUTTING NEW STEAM GENERATOR
' IN SERVICE

(Section 2-6)

Before a new boiler, one that has been laid up
or one which has undergone extensive repairs, is
put in service it should be subjected to a hydro-
static test, boiling out, drying out for the refractory
and final inspection.

Hydrostatic Test

Prepare the boiler for hydrostatic test by re-
moving all tools, rags, ete. from the drums, tubes
and headers. Many tube failures are due to negli-
gence in removing foreign materials. Close up
all handholes and manholes. Remove all access
doors including those for waterwall headers. A
boiler that has been in service must be thoroughly
cleaned on the fireside to facilitate inspection.
Check operation of pressure gages. Close tightly
all stop check, drain and blowdown valves. Install

. blanks where necessary. Do not allow a stop valve

with steam on one side to be subjected to hydro-
static test on the other side of the valve. Install
safety valve gags. Do not use a wrench on these
gags. [t is unnecessary and may result in bent
valve stems.

The vents on the drum, superheater and econo-
mizer should be open while filling the boiler to
let the air escape. These vents may be closed as
water issues from them. Some boilers have check
valves in the feed line between the economizer and
the drum. If the test pressure is being applied
through a connection to the air cock on the boiler
drum, a separate test will be necessary on the econ-
omizer. The boiler should be-at room temperature
before testing. The water used for the test should
be at the same temperature or above. It may be

as high as 180 F. but in no case less than room
temperature or less than 70 F. whichever is higher.
In high pressure boilers with thick drums, it is
desirable that the temperature of the water used
for filling be close to the boiler temperature. The
use of cold water for testing a boiler which has
not thoroughly cooled down will result in leaking
of the rolled joints.

The pressure should be raised gradually, being
careful not to exceed the test pressure.

A hydrostatic test to the working pressure will
usually be sufficient for a boiler which has been
repaired but for a new boiler or one undergoing
annual inspection the test pressure is 114 times
the design pressure.

When inspection of all pressure parts and rolled
joints is complete the pressure may be lowered by
cracking a drain valve. Open a vent valve before
the pressure drops to zero and leave wide open
while draining the water to avoid a vacuum on
the boiler.

The desuperheater should be tested separately at
a pressure not over 300 lb. A leaking desuper-
heater would allow water from the drum to pass
into the desuperheater and be carried with the.
stearn to the auxiliaries or superheater.

On completion of the test, drain all water from
the superheater and desuperheater, remove safety
valve gags, and remove any blanks.

Boiling Out

The boiler must be boiled out to remove any pre-
servative on the tubes and the oil used in rolling
the tubes. Oil is a good insulator and if any re-
mains after erection or repairs, blistered and rup-
tured tubes may result.

Before proceeding with. boiling out of boiler
remove as much oil as possible by wiping out the
ends of the tubes, the headers and drums using
rags and by pulling rags through the tubes, using
an approved solvent. Make sure no rags are left
in the boiler as a tube may be plugged and the
loss of circulation will result in tube failure. Air
circulation should be provided for the protection
of any men working inside the drum.

The boiling out solution consists of three pounds
of caustic soda and three pounds of either soda ash
or trisodium phosphate for each 1,000 pounds of
water capacity of the boiler at normal water level
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A- boiling out solution using five pounds of Navy
standard boiler compound for each 1,000 pounds of
water capacity is also satisfactory. The chemicals
should be mixed thoroughly in hot water and the
solution poured into the drum. Close up the drum
and fill the boiler until the water is just in sight
in the gage glass. The superheater vents and drains
and the air cock should be open.

Observe all normal safety precautions when the
boiler is being fired for drying out or boiling out.

Using the smallest size sprayer plate, fire
the boiler, closing the air cock when steam issues
from it but leaving a superheater vent open suffi-
ciently to maintain a good steam flow through
the superheater. Allow the pressure to rise to 50
pounds and maintain this pressure during the boil-
ing out. Raise the water level nearly to the top of
the glass and blow down the level to 14 glass using
the bottom blow. Mix another ten pounds of boil-
ing out solution and inject into the boiler using
the chemical feed line. Every six hours again
raise the water level and repeat the blowdown pro-
cedure. This should be continued for 36 hours or
unti! examination of water samples from all blow-
down lines shows that no oil is present. The
sample, in a glass container, is best examined in
a dark room by shining a small pen type flash-
light through the water. Another simple test con-
sists of dropping small shavings of camphor on
the surface of a sample in a shallow container.
If the camphor remains motionless, oil is present.
1f even the slightest trace of oil is present the
boiling out process should be continued.

When boiling out is completed, the solution is
preferably dumped overboard through the bottom
blow. It is highly caustic and will cause damage
to paint or protective coatings if dumped into the
bilge. The compound may cause some damage to
valve stem packings and some repacking may be
necessary. Also, gage glass mica may require
replacement because of contact with a caustic solu-
tion. After the boiler is emptied it should be
opened up and all tubes and headers thoroughly
washed out with a high pressure fresh water hose.

Boiling Out Pressure Parts
by Steam Method
If steam is available and the pressure parts are

to be boiled out but the furnace is not to be dried
out, attach steam supply lines to the bottom blow

valve and the lowest openings in the superheater
and economizer. If practicable, blank off the
piping connection between the steam drum and
the superheater and also the piping between the
steam drum and the economizer. Close all other
openings and provide independent blowdown lines
from the steam drum, superheater vents and
economizer vents.

Using just enough water to dissolve the com-
pound and soda, make up separate boiling out solu-
tions for the boiler, economizer and superheater,
by dissclving three (3) :pounds each of soda ash
and caustic soda (or 5 lb. of Navy standard hoiler
compound) for each 1,000 lb. of water capacity
of each of these sections.

Using a portable or hand pump; inject the
boiling-out mixtures into the generating, super-
heater, and economizer sections of the boiler. The
mixture for the generating sections should be
divided between the water drums and headers.
Add fresh water to the generating section only
to bring the water level in sight at the lowest
visible point in the boiler water-gage glass. The
mixed compound should be admitted to super-
heaters and economizers without additional water.

Admit saturated steam to the boiler, superheater
and economizer maintaining a pressure of 25 to 50
Ib./sq. in. in the steam drum. To insure circulation,
the steam supply should be under a pressure of
about 25 1b./sq. in. higher than the pressure in
the steam drum. Open the steam drum, super-
heater and economizer vents to permit a con-
tinuous slow overflow from each section. Boil
out the pressure parts in this manner for 24 hours;
then shut off the steam supply and drain the
superheater, economizer anc'l boiler. Flush the
superheater, economizer and boiler either through
the temporary blowdown lines or by filling the
boiler and economizer and flooding the super-
heater.

Drain the boiler and wash out and inspect all
pressure parts.

Drying Out Furnace

A drying out fire should be lit in the furnace
within a few hours after installing new plastic

refractory. A wood fire is generally considered to-

be the best for this purpose as it provides a more
even heat for the entire furnace. The boiler should
he prepared for lighting off in the usual manner as
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if getting ready for steaming except that a wood
fire is started in the center of the furnace floor.
The fire should be kept burning at least 18 hours
and longer if time allows. The longer the drying
out period, the better. If the setting is heated too
rapidly, the outer layer of refractory will dry first,
shrink away from the remainder and cracks will
result. Also, with rapid heating, steam formed i
the refractory, especially in a thick wall, may not
be able to seep out without developing pressure.
Do not allow the steam pressure to exceed 100
Ibs. during this period. Removal of an air reg-
ister allows more wood to be added.

The furnace may also be dried out with an in-
termittent oil fire using the smallest size sprayer
plate and rotating the fire from one burner to
another every half hour. The pressure should not
be allowed to exceed 100 Ib. Drying out may be
completed in a minimum of 12 hours, although 24
or 36 hours is more desirable. At the end of this
time the pressure may be raised to working pres-
sure and the boiler cut in on the line if necessary.
The furnace will be dried out but 12 to 24 hours
of steaming at normal capacity is required to
cure the refractory. If the boiler is to be cooled
down again, close all openings and allow to cool
slowly. If possible, enter the furnace to check
the drying out and look for cracks or excessive
shrinkage.

Drying out may be accomplished simultaneously
with the boiling out process if the initial firing rate
is kept very low and increased slowly.

Inspection

Because of the possible presence of inflammable
or noxious vapors in the steam generator, it is
extremely important to ventilate the unit thor-
oughly before entering for inspection of pressure
parts. It is also important to make sure, before
entering the unit, that all valves which might per-
mit the entrance of steam or water are tagged,
closed and secured by a lock or wiring.

Make a thorough inspection of the internal sur-
faces and, if any scum or oil is present, repeat the
boiling-out procedure. It is advisable to run a
rag on a rod through various tubes to determine
their condition. Black smudge may be found at the
ends of a tube in a new steam generator even
though the remainder of the tube may be clean. A
slight trace of this black deposit is not harmful
and it may be wiped out with a rag which has

been moistened with a non-oily, non-poisonous
cleaning fluid; however, if the black smudge is
greasy or if any other oil or grease is found, it
will be necessary to boil out the pressure parts
again.

Before closing up the drum, check the internals
including baffles, ehemical feed line and regulator
damping chamber to see that they are secure and
that holes are not clogged. On a boiler that has
been in service examine for scale deposits and
corrosion. Pitting of the drum at the waterline or
above is usually a sign of oxygen m the feedwater.
Also examine the desuperheater and the feed
line applying hydrostatic test if necessary to check
tightness. Check dry pipe making sure holes or
slots are not plugged.

The internal surfaces of the superheater tubes
should be inspected for scale deposits. Secale indi-
cates carryover and will quickly result in a warped
superheater and tube failures.

When examining the fireside, the soot blowers
should be rotated from the outside. Check align-
ment of the holes so that steam will not impinge on
the tubes, and also that the soot blower elements
are straight and not chafing on the tubes. Elements
may be straight but the boiler tubes warped so
that chafing occurs.

On a boiler that has been in service, check for
blistered or sagged tubes. Look for soot deposits
in the air heater, economizer, economizer vestibules
and the superheater bank. Examine the soot
blower bearings, edges of the superheater support .
plates, access doors and openings for corrosion.
See that baffles are secure and dampers operating.
Inspect refractory to see that headers, drums,
doors, doors frames, etc. are adequately protected.
Measure the thickness of the brick wall to deter-
mine if erosion necessitates renewal. Determine
the depth of the floor by measuring from the top
of the floor to the centerline of the burner. If the
floor is too high because of slag deposits it should
be renewed as flame impingement will build up
more carbon deposits.

Encrustations around handholes indicate leaks.
Gaskets or ferrules should be replaced and encrus-
tations removed as they are corrosive.

Examine the air casings under the burners for
oil which may be a fire hazard.

Before closing up and filling the boiler, be sure
the bottom blow valve is closed.
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Initial Starting

Before starting a new boiler for the first time,
make sure all gages, thermometers and test con-
nections have been installed and are operating.
Check all auxiliary equipment such as feedwater
regulators and indicators, valves, combustion con-
trol system and soot blowers. Read carefully the
sections under “Operation” and “Operating Pre-
cautions”. Before cutting in the boiler it is im-
perative that the safety valves be blown and reset,
if necessary, to lift at the proper pressures. The
superheater safety valve must lift before the
main safety valves to give adequate protection to
the superheater.

It is desirable to limit the firing rate to low
loads for a few days to thoroughly dry out and
cure the refractory and also to ascertain that all
auxiliary equipment functions properly.

LAYING UP BOILERS
(Section 2-7)

A boiler not in use should not be allowed to stand
partially filled with water for lorg periods. If it
is expected that the boiler will be out of service
for more than a day, fill the boiler, economizer and
superheater completely with water to give protec-
tion against corrosion. Care should be taken to
see that the boiler is completely filled by building
up 20 or 30 Ib. pressure and venting at high
points. Make sure that leaking valves do not allow
the gradual entrance of steam or feedwater from
other boilers, as serious corrosion will result..

To fill the boiler, deaerated feedwater should be
used, adding chemicals to give a final boiler alka-
linity of 20 to 30 gr. per gallon. This should be

checked occasionally as the alkalinity will gradually
decrease. Either provide means for recirculating
the feed water when filling or add sufficient soda
ash or caustic soda before the boiler is filled. Add-
ing these later” with no circulation may result in
spots of concentrated alkalinity. If possible, light
a fire under the boiler before 1t is completely
filled to circulate the chemicals and drive off any
oxygen. The filling of the boiler and the super-
heater may then be completed. Do not use the
wet lay-up method if danger of freezing exists.
Be sure the superheater-is drained before putting
the boiler in service again.

If the boiler is to be laid up for a prolonged
period it is best laid up using one of the com-
mercial preservatives available to coat all internal
surfaces or else it may be laid up dry. If laid up
dry it is important that it be drained completely,
using an air hose to blow water out of any pockets
that are not self draining and mopping up water
remaining in the drums. Check all valves for tight-
ness. A number of shallow pans containing a de-
hydrating agent such as silica gel, quicklime or
calcium chloride should be placed in each drum
and the boiler closed up tightly. This dehydrating
agent should be examined every 3 months and
replaced whenever it has absorbed enough moisture
to make it ineffective.

Before laying up a boiler it should be thoroughly -

cleaned on the fireside. Soot deposits, especially
when damp, are highly corrosive and if allowed to
remain may result in serious damage to the casings
and pressure parts. All openings to the furnace
should be tightly closed and the stack covered.
Better protection may be had with special fireside
preservatives sprayed on the tubes.
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BOILER FEED WATER

(Section 2.8)

Sea Water Distillate

Practically all waters used for boiler feed pur-
poses contain some impurities which are undesir-
able. The distillate obtained from evaporation of
sea water should not contain more than 0.5 grain
per gal. of chloride. Even then small amounts
of all the other salts found in sea water will be
found in the distilled water and eventually will
enter the boiler with the fiakemup feed water.
The soap hardness of water distilled from sea water
normally will show less than 0.3 grain per gal.
of hardness when the chloride content is not over
0.5 grain per gal.

Shore Water

All shore waters contain varying amount of
contaminating salts, depending on the character
of the rocks, sand, and earth over which they
have flowed and on the extent and nature of
municipal treatment to which they have been
subjected. The impurity content of shore water
will always be higher and, more important, will
be chemically and proportionately different fram
that of the evaporated water which water-treat-
ment is designed to control. Water received
from shore should not be used in the boilers
(except in emergency) without first being evap-
orated in the ship’s distilling plant. If necessary
to use shore water without distillation, the water
should be tested and only a neutral water, low in
hardness, should be accepted for temporary use
during the emergency. A neutral water is one
which is colorless with phenolphthalein indicator
and green with methyl-purple indicator. The
evaporation of shore water, in order to obtain
satisfactory feed water for the boilers, may result
in depositing on the evaporator tubes an extremely
hard scale different from that resulting from
evaporation of sea water.

Salt-Water Contamination

Feed water shall be maintained as free from
impurities as possible. This requirement involves
careful attention to the entire plant through which
the water passes, either in the form of steam or
as water, for, even though water used as make-up
feed be excellent at the time of its entry into the
system, it may absorb impurities from the various
parts of the installation.

The most conumon source of contamination of
the water in boilers is salt-water leakage into the
fresh-water system. The principal parts of the
system where this leakage may occur are listed
below :

(1) Condensers: main, auxiliary, and dynamo.

(2) Salt-water-cooled air-ejector condensers.

(3) Distilling plants.

(4) Salt-water-cooled gland-exhaust con-

densers.

(5) Leaky bottom-blow valves on idle boilers.

(6) Leaky feed suction and drain lines which

run through bilges.

(7) Leaky seams and rivets in reserve feed

tanks.

Condensate leakage

Condensers are the most common source of
salt-water leakage into the feed water system.
Particular attention should be given to establish-
ing a routine to detect leakage of salt water into
the fresh-water side of condensers. In most in-
stallations, the condensate consistently contains
no more than 0.5 grain per gal. of chloride. Any
consistent increase above this value is a definite
indication of a leak. When a leak is detected, it
should be corrected as soon as operating condi-
tions will permit dismantling the unit affected.

Effect of Condensate

- Carry-Over

Whenever the condensate from any condenser
shows the presence of chloride to be above the
usual operating value, it is well to check the
steam from the boilers by testing a sample of
water from one of the steam drain lines. Such
a steam-condensate sample should be tested for
both alkalinity and chloride since a small amount
of alkalinity may affect the chloride determina-
tion. The results of the steam-condensate ana-
lyses will indicate whether or not there is any
carry-over of boiler water in sufficient quantity
to give more than normal chloride readings in
the condensate. Sudden large increases in ship
speed may cause carry-over from the boilers. The
effect of this carry-over on the chloride in the
condensate will be more pronounced the higher
the chloride content of the boiler water.
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FOSTER WHEELER STEAM GENERATORS

Scurce of Ceontamination

It 1s of the greatest importance that any unu-
sual rise in the chloride content in the feed
tanks, feed water, or boilers be investigated at
once and the source of the leakage found and
corrected. To locate these sources, test the fresh
water from different units in the system, and
where possible cut out the elements one at a
time until the feed water freshens. A test for
chloride in the feed water should be made each
time one of the elements is cut out. Before making
a test, the plant should be allowed to operate for
several minutes without this element in commis-
sion so that the chloride concentration of the feed
water due to that element may have time to be
diluted with salt-free water.

Leaking Lines in Bilges

The system may be salted up by leaky feed-
suction lines which run through the bilges. Such
leaks will also be: responsible for some loss of
make-up feed water. Periodic tests of feed-suction
lines should be made as very often leaks will exist
which are responsible not only for a loss of fresh
water but for loss of pumping efficiency when the
lines are being used.

Elimination of Air in
Feed Water

It is imperative that all possible precautions
be taken to eliminate dissolved air from the boiler
feed water in order to reduce corrosion of boilers
and, particularly, of economizers. Elimination
consists in correcting all possible sources of air
leakage into the feed system and of maintaining
the efficiency of the deaerating equipment. Where
open hot wells are used, it is recommended to keep
temperature as close to 212 deg. F. as possible,
so as not to absorb air from the atmosphere.
This can be accomplished by the installation of a
small heating coil in the hot well. The hot well
should be tightly covered, with a minimum open-
ing for observation.

Elimination of Cil and Grease

The presence of oil and grease in the feed water
and in the boilers is a frequent occurrence. The
following precautions should be effective in pre-
venting any oil from reaching the boilers:

(1) In general, it is not necessary to use oil
for the internal lubrication of the steam cylinders
or valve chests of any reciprocating machinery.
Saturated steam provides enough water of conden-
sation to give the necessary lubrication, and in
superheated steam units the metals used are usually
designed to operate satisfactorily without lubrica-
tion. The use of a pure mineral oil may be used
in special cases. Only a light, smooth coating
of petrolatum shall be applied to the inside of
cylinders at specified inspections.

(2) Very little lubrication of rods is necessary
and this lubrication shall be kept at a minimum
by the use of small quantities of mineral oil at
each application. With main reciprocating engines
using forced lubrication, the oil from such parts
as crossheads and guides should be prevented
from splashing on the piston rods or valve stems.

(3) When filters or grease extractors are fitted,
they always should be used and kept in efficient
condition.

(4) Filtering material should be cleaned or re-
newed as often as found necessary. Special pre-
cautions and instructions when using diatoma-
ceous-earth filter-aid should be observed.

(5) Drains from fuel oil heaters and from heat-
ing coils in lubricating oil tanks and fuel oil
tanks always shall be passed through an inspec-
tion tank before discharging into the feed system.
Frequent inspections of these tanks are necessary
in order that the presence of oil will be discovered
soon after its first appearance, in order that drains
may be diverted to the bilge until the source of
contamination is removed.

Avoid Excessive Mdké-Up

It is necessary to add to the system make-up
feed water to replace water lost by leakage. All
boilers, piping, glands, and valves should be kept
tight and in efficient condition. The amount of
make-up feed used per hour in port and per mile
under way should be checked daily and every
effort made to keep these amounts at a low and
consistent level. The use of excessive quantities
of make-up feed indicates lack of attention to one
of the most important details connected with
operating the engineering plant of a vessel. The
amount of make-up feed water used by a ship is
usually a fair indication of the overall engineer-
ing efficiency.
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Section 2-8

- BOILER FEED WATER

Boiler-Water Hardness

The occurrence of boiler-water hardness usu-
ally is evidence either that the make-up feed water
contains excessive hardness or that the boiler con-
tains considerable scale, although false soap hard-
ness may result from the presence of zinc supplied
either by condenser corrosion or from galvanized
storage tanks. The amount of compound which is
added to muaintain the proper alkalinity should
simultaneously insure zero hardness of the boiler
water if proper feed water is used. The source of
any unusual hardness in the boiler or feed water
should be searched fof, found, and corrected. If
the boiler water consistently shows hardness, and
the measures taken fail to remedy this condition,
competent feedwater treatment concern should be
consulted.

Securing Boiler Water
Samples For Analysis

When taking water samples for analyses, it is
particularly important that the sampling connec-
tion first be thoroughly flushed to insure obtaining
samples that are truly representative of the water
in the boiler and to remove sediment which may
be trapped in the connection. Coolers should be
installed in the line from the connection with the
Salinometer valve to cool the boiler-water sam-
ples to approximately 100° F. except that samples
for dissolved oxygen test must be cooled below

70° F. Figure 2 shows a typical cooler. Samples
of water for analysis should be taken i clean
containers, should be free from suspended matter,
and should be protected from contamination dur-
ing the time between sampling and analysis. If
the sample bottle is not stoppered tight, alkaline
samples will ahsorb carbon dioxide from the
atmosphere reconverting the hydroxide to car-
bonate, so that erroneously low results for alka-
linity will be obtained with the phenolphthalein
titration.

COQLING WATER
OUTLET

BOILER WATER

_____________ ——
o -2 SAMPLE

e . . . i, v e i e S,

-

N\ e e e e e e e i e e e . COOLED BOWER
“““““““““““ = WATER SAMPLE

COOLING WATER
INLET

FIGURE 2. Succestep MeTHop ofF CooLING BOILER
WATER SAMPLES FROM SALINOMETER CONNECTION.
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Section 3-1
MAINTENANCE

Part Il — MAINTENANCE

BOILER AND WATERWALL

(Section 3-1)

The most important item in the care of boiler
tubes is to keep them clean inside and out. The
outside is kept clean by the use of soot blowers
and the Inside by careful attention to the water
treatment. It is recommended the tubes be tur-
bined throughout with soft wire brush as often
as is found necessary. The tubes nearest the
{urnace will require the most cleaning as they
are exposed to the highest gas temperatures,
and consequently scale has the greatest tendency
to form in them.

The firesides of a boiler present more of a
problem. Soot accurnulations are removed with
the soot blowers and, periodically, by removing
the access doors and hand lancing and scraping.
For deposits of soot and slag that resist these
methods the operator may resort to water washing.

WATER WASHING
{Section 3-2)

When gas passages have been clogged to such
an extent that mechanical cleaning is ineffective,
the firesides should be cleaned by hot-water wash-
ing. This procedure should not be used indis-
criminately and is ordinarily necessary only for
inaccessible superheaters and economizers. The
following should be kept in mind when resorting
to water washing:

uom.e\‘

LENGTH AS REQUIRED FOR
DEPTH OF BOILER TUBE BARK

e

s e g e o e 0 5 B 8 QY

FIGURE 1. Water Lance ror AppLYING WATER
LocalLy WHEN WATER WASEING.

(1) Possibility of damage to brickwork

(2) Possibility of acid corrosion of tubes and
drums

(3) Awvailability of sufficient fresh water

(4) Protection of electrical equipment around
or under the boiler. Boilers shall be dried
out carefully immediately after water wash-
ing.

.(5) Because of damage caused by water wash-
ing, it should be resorted to only when all
other methods have failed.

Methods

In general, there are two approved procedures
for water washing:

(1) Use of a water lance, see Fig. 1.

(2) Use of soot blowers for distributing the
water in the tube nests.

The first method requires less water and re-
sults in less wetting of the boiler and refractories
but has the disadvantage that all parts of the tube
nests cannot be reached. The second method re-
quires more water and results in considerable
wetting of the boiler but has the advantage of
the washing action of a large quantity of water.
When sufficient water is available, best results
can be attained by employing a combination of
the two methods. The procedure described below
involves the use of both methods. When neces-
sary to conserve water, use the lance method. The
latter will ordinarily be found sufficient for econ-
omizers and (when necessary to wash) the gen-
erating, waterwall, and water screen tube banks.

Procedure

Open, remove, or loosen access doors and
panels to provide access to the firesides and drain-
age from the furnace, and around drums and -
headers. It may be found desirable only to loosen
certain panels to reduce splashing on adjacent
machinery or personnel. Line up a fire and bilge
pump for pumping the waste water overboard.

Install canvas shields or gutters where prac-
ticable to reduce wetting of the refractories or
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Section 3.3
TUBE REMOVAL & REPLACEMENT

TUBE REMOVAL AND REPLACEMENT

{Section 3-3)

Screen, waterwall, roof and floor tuhes, or any
tubes in or near the furnace and superheater tubes,
may be plugged in case of failure, but should be
replaced at the first opportunity.

When plugging tubes on the fire side of the

furnace, the following factors should be taken into

consideration :

(1) Screen tubes—plugging or removal of these
tubes will tend to increase superheat temperature.

(2) Wall tubes—removal or plugging of ad-
jacent side, rear or roof tubes endangers the
refractories,

(3) Floor tubes—plugging or removal of floar
tubes should be held at an absolute minimum,
since loss of these tubes will effect the circulation
in the furnace wall tubes.

(4) Superheater—plugging or removing super-
heater tubes will increase pressure drop through
the superheater, therefore, the number of tubes out
of use in any one pass should be held at a minimum.

Tubes in the-main tube bank may be plugged

in case of failure. Because of the large number
of generating tubes in the main tube bank, the
loss of several tubes will not effect the performance
of the steam generator.

Boiler Tubes

If it should become necessary to renew a boiler
tube, the defective tube is removed as follows:

1. Working from the inside of the drum (steam
or water drum) use a round nose chisel and chip
off flare (sometimes called the bell) of the tube
to be removed, until the tube end becomes flush
with the drum. Extreme care must be exercised
in this operation so as not to dig the chisel into
the drum. .

2. Use an acetylene torch or any heating torch,
heat the inside of the tube to a dull red. Allow
tube to air cool.

3. Burn, chip, or hack saw both ends of the
tube at furnace side approximately 1” to 2” from
tube sheets, taking care not to harm tube sheets.
After both ends of the tube have been cut from
the drums, the tube is pulled out through the
tube bank and removed from the furnace. Boiler

- tubes located in the front of the superheater are

removed through the burner opening. Tubes lo-

cated in the main tube bank are removed through
the access door placed at the bottom of the casing.

4. Insert driving tool- (made up to correct
size and gage of tube) into the tube and drive
the tool with a small mall. This will free the
tube ends from the drums.

5. To remove tube ends without cutting flares
off as above paragraph 1 describes, flush cut
tubes next to drums on fire side and drive into
drumas.

When installing a new tube, first properly clean
the tube seat to the bare mefal using a fine emery
cloth. Inspect the seat to check that no spirals or
grooves remain in the tube seat.

The spare tubes may be protected with an
internal coating which, if not removed, will act
the same as scale in service. This should be
thoroughly removed and the outside as well as
inside of the tube at the ends must be free of
burs and cleaned bright with fine emery cloth.

The tube is then placed in the drum holes and
rolled with the proper expander for the tube size,
gage and sheet thickness.

To remove waterwall tubes, follow instructions
in paragraphs 2, 4 and 5, substituting the word
“headers” for “drums”.

The amount a tube should be expanded can
only be determined from experience.

Tubes should be cleaned internally after ex-
panding.

Superheaters

To cut out a superheater tube, first remove the
handhole plugs from the header opposite the ends
of the tube to be removed. Access to the super-
heater header is by means of panels or doors in the
boiler casing.

Remove the adjacent plugs above or below
this point to admit a light and to give better
access for working. The tube should be cut at the
U-bend end and one side taken out at a time, Use
an acetylene torch and heat the tube end to be re-
moved to a dull red. Allow the tube to air cool
for shrinking. The bell end of the tube being
removed is to be crimped in or cut off. Insert tube
driver (made up to correct size and gage of tube)
into the tube and drive the tool with a small mall.
Pull tube at the U-bend end with a turn buckle
or small chain hoist, taking up slack on turn buckle
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Section 3-4
EXPANDING TUBES

Step 1:

Step 2:

Cut the superheater element at the U-
bend end removing U-bend in order to
take out one side at a time, Assemble
cutter- shank extensions and insert
through tube from the U-bend end.
Attach pilot from hand hole end that
fits nearest ID of expanded tube and
attach weld removing cutter. Assemble
sleeve, feed nut and washer over driving
shank and screw into extension. Insert
spacer and additional pipe spacer as
necessary between sleeve and end of tube.
With the use of an air motor or electric
drill to turn’driving shank, feed cutter
by backing feed nut until weld is removed
(approximately 1/16").

Remove spacer. Back entire mechanism

into header, replace cutter with tube
removing reamer and proceed as in
Step 1, until tube is entirely free from
header. When reamer has penetrated
tube for above 14”7, remove the pilot and
continue reaming. Clean tube seat thor-

oughly of any particles of tube, paying.

special attention to the grooves.

[ . e . “w, . ——

&
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/

TUBE

EXPANDER

i

.
TUBE HOLE DIA. PLUS

STeEP R

FIGURE 4. Expanper For RorLing Tuses 1IN MaIn
Bomer Tuse BANK AND THE SUPERHEATER ELEMENTS.

Step 3: Insert new tube to within 1/16” from
inside face of header. Expand tube in
seat by using expander with mandrels,
universal joint and extension.

Step 4: Seal weld tubes as per instructions on
arrangement drawing of superheater.

Step 5: Remove any weld splatter projecting
over inside edge of tube or inside of tube.

EXPANDING TUBES

{Section 3-4)

The proper use of expanders is of utmost im-
portance in the installation of tubes. The process
of expanding is a most severe application of power
and unless care is used, tubes and tube seats can
be badly damaged. '

Tubes should be expanded just enough to secure
tightness so that ample “life” may be left in the
metal for future expanding should it be found nec-
essary. The judgment of the operator must govern
the proper amount of rolling.

Description of Expanders

An expander consists of three or five expanding
rolls and one or two belling rolls, held in place by
a cage. A tapered mandrel fits thru a hole in the
center of the cage. The rolls are set at an angle

to the longitudinal axis of the body so that when

the mandrel is rotated in a clockwise direction, it
provides the pull or feed necessary to move the
mandrel forward. As the mandrel moves forward,
the rolls are forced outward expanding the tube to
its. seat.

The rolls are tapered to match the taper on the
mandrel, so that they will expand the tube parallel
to the seat. Selection of the proper expander to be
used is important. Factors governing the selection
include size and gage of the tube and the thick-
ness of the seat in the drum or header. Composi-
tion of the tube, wall thickness and diameter may
also affect the selection of the proper taper, Less

o e

TUBE HOLE
DIA. PLUS 20"

FIGURE 5. Sw~arp G;\GE.

LMCF00121



Section 3-4
EXPANDING TUBES

off the end of a tube from the expanding opera-
tion, it cannot get into a tube seat into which a
tube has not been expanded.

When starting to expand a tube, the expander
should be set into the tube, with approximate one-
half of the straight rolls in the tube so that the
expander will move into the tube as the mandrel
is rotated. The proper setting can only be deter-
mined by experience as it is necessary to set the
expander back farther from the end of the tube
when expanding into a thick tube sheet than when
expanding into a thin tube sheet. The expanding
operation should be stopped when the small end of
the belling roll is in line with the inside edge of
the seat. If the tube has not been sufficiently ex-
panded when the small end of the belling roll
reaches the imside edge of the seat, the expander
should be removed and the rolling operation re-
peated as outlined above. Do not let the small end
of the belling roll pass the end of the seat as it
will cut the tube, round the seat or pull the tube
into the drum.

For starting to expand economizer tubes, the

thrust collar should be set so that the distance”

from its seating surface to the front end of ‘the

belling roll is the same as the distance from the
handhole surface to the face of the tube sheet.
When the expander is in place, it should be set so
that the thrust collar is approximately 4" to 34"
from the seating, that is 15" to 34" of travel left.

{Use sleeve or bushing ta
protact handhole seat)

FIGURE 9. ExraNpeg WiTH UNIVERSAL JOINTED
Mawprer ror WaTer WALL RouNp HEeapegs.

RATCHET WRENCH

GEAR DRIVE

TRAIN OF GEARS

FIGURE 8. ExraxpinG Tuses in WaTer Heapers Wite Hano Hores 90 Dec. From tHE Ture HoLss.

LMCF00122



Section 3-5
HANDHOLE PLUGS

Za

INSTALLING AND REMOVING
HANDHOLE PLUGS

{Section 3-5)

Check Drawing for types of handholes used
on this installation.

Before installing handhole plugs, all plug seats,
plugs and gaskets or ferrules should be carefully
cleaned. Powdered graphite and water should be
used on the threads of all plugs, to prevent the
nuts from freezing after the equipment has been
in service. :

Particular care must be taken when reinstalling
old plugs to see that all rust and scale is removed.

77

'
o
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FIGURE 10. Lré Tyepe HanpHoLE Pruc DETaILs.

REFERENCE LIST

4. Handhole Plug
5. Lifting Tool
6. Make-up Plate

{. Nut
2. Handhole Plate
3. Ferrule or Gasket

To Install the Lip Type Plug

Screw the lifting tool into the end of the stud,
pass the plug through the handhole and draw it
squarely in against the header wall (see Fig. 10
above). Wipe both sides of the ferrule with light,
clean machine oil and insert in hole. Keep the
square edge of the ferrule outside and the beveled
end against the plug.

Slip the make-up plate over the stud, making
& sure that the ferrule is entered in the grooved
‘ plate and is true and squarely seated on the plug.

Install nut hand tight as shown in “A” of Fig. 10.
Hold make-up plate firmly against header and
tighten nut with wrench, tapping the plate back
against the header after each small increment
of tightening. The plug must not be allowed to
bind unless the plate is fully in contact with the
header.

Draw the plug in as far as possible with the
wrench, then remove make-up plate, coat stud
with a water and graphite mixture and install
the standard handhole plate and tighten nut se-
curely. Note that the plug must be drawn in
hard in order to compress the ferrule properly
and make a sealed joint as shown in “C” of Fig.
10.

To Install the Taper Plug (no lip)

Assemble the plug complete using make-up
plate. Coat the threads on the handhole plug with
a mixture of graphite and water and lightly coat
both sides of the ferrule with clean, light machine
oil. Keep the square edge of the ferrule outside
and the bevel end against the plug.

Insert the plug into the seat and bring the make-
up plate firmly against the header, similar to
sketch “B” of Fig. 10. Slowly draw up the plug,
using a wrench and tap the plate lightly to facili-
tate tightening and proper seating of the plug and
ferrule.

When completely tightened and properly seated,
remove make-up plate and replace with permanent
handhole plate,

PLUG ASSEMBLY
WITH NUT PULLED UP

FIGURE 11. 27 Stanparp (StraicET Tarer) Hawop-
HOLE PLUG.

PLUG ASSEMBLY

Inspection

To remove plug for inspection, remove nut and
plate and lightly crimp the projecting end of the
gasket at two points to hold gasket in place. Next
screw lifting tool into stud or fasten a wire around
the stem of the plug, thread pipe nipple over
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Section 3-5
HANDHOLE PLUGS

ELLIPTICAL HANDHOLE SEAT GRINDER

For repairing minor defects in elliptical hand-
holes, an Elliott Handhold Seat Grinder is sug-
gested. This unit is designed to hold a grinding
wheel in one plane while permitting its free
movement in that plane. It is driven by either
an air or electric motor, the drives being inter-
changeable.

The unit is set up for use by threading a face
plate to a handhole plate stud of an adjacent
handhole. An adjusting plate is screwed to the
face place on a ball joint, and adjusted by four
leveling screws. This™ plate rigidly controls the
alignment of the grinding wheel relative to the
seat face. The grinder can be set up to work at
any angle.

The width of the seat to be ground is controlled
by a guide roller on the spindle housing, which
bears against the side of the handhole. Guide
rollers can be supplied in four diameters and
four different diameters of grinding. wheels are
available. ‘Adapters for 34" and 1” handhold
studs are furnished. A convenient spacer on the
grinding spindle is used to adjust the level of
the grinding wheel for various thickness of headers.

Handholes of any shape can be ground. Any
handhole within range of the unit can be faced
with a single setting. In case the reach is greater
than 1114”, an extension link can be furnished.

Operating Instructions

The handhole grinder is assembled with the
grinding wheel ahead of the spindle collar for
use in grinding heavy headers. For thin headers
it will be necessary to assemble the spindle collar
in front of the grinding wheel. Before setting
up the grinder, measure the distance between the
top of the header and the top of the yoke. This
should be approximately 2 in. If it is less, use
washers between the leveling plate and the top of
the yoke. A good job of leveling the grinder
reduces the grinding tirne and results in a smoother
seat.

1. Remove the leveling plate from the grinder
assemble by unthreading the ball nut.

2. In a handhole within reach of the grinder,
assemble a handhole plate and yoke, then
thread the leveling plate on the stud (plate
has a 1" U. S. thread) and set up tight.

For other thread sizes of studes an adapter
is used between the stud and leveling plate.

Insert the grinding wheel in the handhole to
be refaced. Turn the adjusting lock nut clock-
wise to the limit of travel.

Assemible the grinder onto the leveling plate,
adjust the grinder to the best working posi-
tion and tighten the ball nut by hand.

HQUSING ROLLER SPINDLE

—_—; ()
7 e
é&i’(—i(‘«(('\(«:{\\\\\*:\\w 4
UM P

WHEEL

SPINOLE ARM

FIGURE 14. AssemeLy oF Ar-Driven HanpuoLE
SeAT GRINDER.

5. While turning the drive nut with the fingers,

turn the adjusting lock nut counter-clockwise
until the grinding wheel contacts the gasket
face lightly.

-. Turn the adjusting screws, with the T-handle

wrench, while twirling the drive nut, until
the wheel contact is uniform around the entire
seaft.

. Turn the adjusting lock nut clockwise to

remove the grinding wheel from contact with
the gasket seat.

. Attach the motor drive unit by threading

the motor onto the housing lock nut.
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Section 3-5
HANDHOLE PLUGS

the handhole is out of round, it is advisable to true
it up with a 5-roll expander.

For operation of the tool proceed as follows:

1. Measure the thickness of the header material
in the handhole.

2. Measure the same distance on the handhole
reseating tool, making adjustments by adding
or subtracting some of the thrust washers,
see Fig, 15 until the distance from the bottom
spacer collar to the center of the rolls is such
that when the tool is inserted in the header
handhole, the bearing surface will fall approxi-
mately in the middle of the rolls.

3. Lubricate the rolls and the washers slightly.

4. Screw back the feed nut until the rolls fall
back in the roller head.

S. Insert the reseating tool in the header hand-
hole.

6. Tighten feed nut hand tight.

7. Place ratchet wrench on the end of the man-
drel.

8. Drop latch so that it engages with the feed
nut.

9. Rotate to the right approximately 45 deg.
10. Remove latch so as to stop feed.
11. Roll until tension is relieved.

12. Repeat steps No. 8 to 11 until a handhole
seat of the required width is obtained, or
until the marred surface of the header seat
is refinished.

Precautions

I. The header surface where the spacer collar
seats should be examined and must be perfectly
true and at 90 deg. with the handhole opening.

2. Dimension for tapered seat as shown in Fig.
16 of handhole seat should be kept accurate, too
wide a seat would make it difficult to make a tight
joint.

Caution

3. Do not feed too rapidly and check continu-
ously that latch feed does not slip into place, when
rolling is commencing.

4, This tool must be used with discretion; as
over rolling or tmproper use may result in serious
damage.
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Section 3-6
ECONOMIZERS

ECONOMIZERS
Welded Return Bend Design

{Section 3.6)

Access Doors

Insulated access doors are installed at each end
of the economizer. The doors at the rear of the
economizer must be removed for- access to the
handhole plugs in the headers. These doors must
be removed to examine welded joints for tight-
ness. Doors at the front of the economizer, in
addition to the above, are removed for tube removal
and cleaning.

Internal Inspection

For internal inspection of the elements the hand-
hole plate must be removed. Refer to Fig. 2.

(1) Screw plug lifting tool into stud.

(2) Remove nut, piece No. 7.

(3) Remove plate, No. 6.

(4) Slip pipe over lifting tool.

(5) Drive plug into the header by tapping pipe
as shown in view D of Figure 10 Section
3-5 Handhole Plugs (pg. 9).

(6) Crimp ferrule (or gasket) part No. 8 Fig.
2 using crimping tool (Fig. 3) and remove
from header.

(7) Remove plug (5) by means of lifting tool.

Taking Economizer Element
Out of Service

To take any element out of service, plug off the
entire stream which is affected by it. Place tube
plugs in the inlet (top) and outlet (bottom) head-
ers of the elements of the lane in which the leak
occurs—thereby blocking off the entire pass.

FIGURE 1. Secrion TuroucH Forcen STEEL HEaDER
SsowinG METHOD 0F REMOVING THE PLuGg From AN
Economizer Tuee Tuat Has Been PLuGGED T0 PER-
mir OreraTioN WirHOUT WAITING For REPAIRS.

FRONT OF
ECONDMIZER

FIGURE 2. Stanparp U-Bexnn Economizer ELEMENT
ConnecTep T0 HEADERS WITH WELDED RETURN BENDS.

REFERENCE LIST

1. Tube Sheets Headers Inlet or Outlet
2. Extended Surface Rings 10. Spacer Ring

3. Economizer Tubes 11. Spacers

4, Sealing Rings 12. Spacer Washer

5. Hand Hole Plug 13. - Tube Tack Weld to

6. Hand Hole Plate Spacer

7. Nut 14. Return Bend

8. Ferrule or Gasket 15. Return Bend Weld

The flow of water through the individual passes
of the economizer is shown by the drawing in
Section 1——under “Description of Economizer” in
the first section of this book. This drawing must be
followed to determine the passes of water through
the economizer. Carefully check the drawing to
determine the pass in which leak occurs so that
the elements at both the inlet and outlet header
of this pass can be plugged.

The tube plug for this purpose should have a
taper of 4" in 334" length or 15/32" per 127,
The tube plug and plug extractor are shown in
Figure 1.

Removing Economizer Elements

Burn, or preferably cut off (using hack saw)
both return bends (14) Fig. 2 from effected ele-
ment at four places where the return bends are
welded. This cut should be made through the weld
(15). This is necessary for accessibility in install-
ing and aligning new element. Chip the tack weld
(13) to spacer on effected element only. If one

= @
i

LTIy
P —

‘)

FIGURE 3. Crimring Toor For Removine HaNvmoLe
(GASKET.
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1. Thoroughly clean split chill ring and install
it in the return bend. See Fig. 7.

2. Fit bend to tube and tack weld the tube in
place.

3. Apply first weld head using 14" Fleetweld
#5 or §#85 electrode.

4. Thoroughly clean the weld with a rotating
wire brush or peen weld if more practicable.

5. Apply a sufficient number of welding passes

to build weld up flush with tube and bend. Clean
each pass thoroughly as described above.

6. Apply a final weaving pass covering the
weld.

After return bend is welded in place, tack weld
tube to spacer in four places (Fig. 2, §13).

Replace handhole plugs and test the welded
joints under pressure. If tight, replace economizer
doors.
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REFRACTORIES

(Section 3.7)

General Description

Why refractories and insulation?

The primary reasons for the use of materials

of this nature are to confine the . temperatures
resultant from the combustion process in the de-
sired areas, maintain uniform furnace temperature,
to aid in supporting combustion and to protect
vital. parts of the steam generator from direct
flame impingement or excessive heat.

For simplicity these materials can be divided
into three groups according to their general char-
acteristics and uses:

A. Dense Fire Clay Refractories.
( Super duty, special super duty
or high heat duty.)

B. Insulating Refractories.

C. Industrial Insulating Materials
(Block, Blankets, etc.)

(A) Dense Fire Clay Refractories may be sub-
divided into many types. This description covers
only those materials common to Marine Steam
Generator furnaces. Fundamentally the function
of the dense fire clay refractories is to take the
abuse or wear resulting from high furnace tem-
peratures and direct exposure to gases of com-
bustion.

Materials in this group are furnished in many
different forms and shapes. Those common to
marine boilers and generators are kiln fired fire
brick, such as Empire, Mex-Ko and KX-99, the
plastic and -castable refractories such as Super
Plastic, Super Hybond, Kast-Set and KS-4. The
latter are of such nature that they can be molded
or cast into desired shapes on the job. The KS-4
is a type of high temperature castable made
especially for gun application.

Kiln fired fire brick are provided in standard
and special shapes. The standard are referred to
as series brick. These are designed to eliminate,
to a great extent, undesirable cutting. Special
shapes such as anchor brick, roof tiles, etc. are
made for specific uses and locations.

(B) The Insulating refractories are refractories
having outstanding msulating qualities. These

materials possess the property of insulating value
at elevated temperatures. Their use will be cov-
ered later. Similar to the dense refractory group,
these are provided in several forms and shapes,
among which are standard shapes and castable
types. . An example of the latter is Kast-O-Lite,
a lightweight refractory castable.

(C) Such items as block and blanket insulation,
loose rock wool and insulating cement are identi-
fied as Industrial Insulating materials. Generally
these materials are designed for high insulating
efficiencies in a specific temperature range usually
1200° to 1900° F. These materials do not possess
refractory properties and are therefore used as
backing up and in areas where insulating efficiency

-more than refractory properties are desired. This

group has in addition to pre-formed shapes such
castable materials a8 castable #20, SK-7 and cast-
able block mix- which are used where it is neces-
sary to form special shapes or fill hard-to-get-at
areas. The SK-7 as in the case of K5-4 is made
for gun application.

The materials described above are common to
all Marine Steam Generators in part or as a whole.

Refractories for Sectional Header
Type Steam Generators

The materials used in the furnace and boiler
sections of the sectional header boiler are largely
of standard shapes and sizes. The walls are cen-
structed with standard 9” straights and series
brick of Mex-Ko super duty fire brick backed by
insulating brick and/or block insulation.

Anchor brick secured by anchor bolts located on
specified centers are provided to hold the wall
back against the casings. All bricks are bonded
together by a good grade of bonding mortar of
the same characteristics as the clay used to manu-
facture the brick. In furnaces having water walls,
ie.: the Victory Ship boilers and the C2SA]J1
class vessels these tubes are backed up by a high
heat duty fire brick such as Empire, backed by
block insulation.

An illustration of typical side wall construction
can be seen in figure 1. The application of ma-
terials in the floor and corbell in this type of unit
1s also llustrated in this figure. The materials used
in the front wall and burner sections are shown
in figure 2.

LMCF00128



Section 3-7
REFRACTORIES

Corbell construction in these units serve a dual
purpose. They are installed using Kast-Set or
Super Plastic (as specified on boiler refractory
drawing) to seal the floor expansion joints and
to protect the wall headers from exposure to direct
furnace heat.

The lower drum in these units is protected by
a refractory wall, referred to as a bridgewall. This
is constructed of either Super Plastic or Kast Set
as specified. It is the practice to anchor these
materials to the drum using special anchors made
for this purpose. The top of this drum is pro-
tected by a covering of Kast Set.

Coal fired units of this type equipped with grates
have a higher bridgewall than is common in oil
fired units. This bridgewall is generally con-
structed of a slag resisting KX-99 fire brick to
the height above the grate line as specified on
brick work drawing. Either Super Plastic or Kast
Set is then carried up from this point and over the
top of the drum, ’

Furnace water walls in the “A” or “D” type
units are backed with first quality or super duty
refractories, i.e. Empire or if the latter Mex-Ko.
Dependent upon the unit, these are either 9”
straights and series or square edge tile. This is
then backed with block and blanket insulation.
The same construction is followed for the furnace
roof,

R25T— SET

A" GROG

CASTABLE Nt 20

FIG. 3—RerFacrory INsTALLED onN Lower DruM aAnD
Froor Tuses oF “D” Type SteaM GENERATOR.

The economizer vestibule and boiler side and
end walls are insulated in the same manner as
described for the same area in the sectional header
boiler. There are some exceptions to this, however.
Some units have walls cast of Castable #20 in-
sulation and others were equipped with special
anchored square edge tiles. The vestibule floors
are insulated with two layers of block insulation,
the topmost covered .with insulation coating to
prevent penetration of water or soot into the block.

The superheater header is protected by a panel
of Kast Set poured in place. This serves as pro-
tection from the hotter furnace gases that would
cause damage to these headers and tubes. The
casing on the loop end of the superheater is pro-
vided with removable access doors. These doors
are protected with Kast-O-Lite backed with block
insulation.

The refractory and insulating materials used
in these units are designed to withstand the con-
ditions normally expected to be found therein.
With proper operation and maintenance, few if
any, difficulties should arise.

Causes of Refractory Failure

Some common refractory failures encoun- -
tered in marine furnaces are spalling (mechanical,
structural and thermal), slagging and abrasion.
These are considered the major causes. Briefly
the costliest refractory failures can be considered
to be spalling and slagging. There are many
factors that can be related to the causes of spalling
for our purpose.

Spalling '
Three basic types of spalling are:

1.. Mechanical, sometimes referred to as pinch-
ing, is not frequently found to occur in furnace
walls, This type of failure is generally caused by
improper location or lack of proper expansion
joints. Fireclay brick expand approximately 0.06
percent at 1800° F. It is therefore important that
expansion joints be properly located, as shown on”
drawings.

2. Structural spalling is the type most fre-
quently encountered in marine boiler furnaces.
This condition is accelerated by slagging and flame
impingement. Present day oils usually contain
chemicals which act as a flux when deposited
on incandescent fire brick. These fluxes have a
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should be consulted. Discuss any problems that
may arise with your service engineer.

After all old refractory, insulating materials
and debris have been removed all casings and
the floor pan should be examined for defects and
distortions. It is important that these be repaired
before replacing any brickwork or insulation.

In making renewals or repairs, emphasis should
be placed on strict adherence to the boiler refrac-
tory drawing and any latest revisions suggested
by your service engineer.

When laying fire brick care should be exercised
to get thin even joints. This is accomplished by

“using mortar of a consistency suitable for dipping

the brick. The best side of the brick should be
selected for the furnace interior and after being
dipped on two sides in the mortar, are then fitted
snugly against the next by rubbing until a tight
fit is assured. All joints should be staggered by
placing a soap at the end of the course, or by the
use of a large 9" straight. When placing the
anchor bolts and anchor brick it is important that
the fit be loose enough to permit movement due to
expansion. During the construction of the wall all
excessive mortar should be removed using a wire

brush.

Whenever Super Plastic is to be installed, the
manufacturers’ recommendations should be fol-
lowed closely. The plastic should be rammed in
place using a three pound maul or an air rammer
made for that purpose. Proper expansion joints
should be provided and the plastic areas should

be divided into sections with contraction cuts.

These cuts are made by scoring the plastic approxi-
mately 3" deep with a sharp thin instrument such

- as a trowel. After completion of the Super Plastic

work, the surface should be scratched to permit
venting. When using Hybond, it is necessary to
vent the surface by punching holes using a thin rod.

All castable should be dry mixed in a clean
container before adding the water as prescribed
by the manufacturer. Where metal tubes pene-
trate into or through the castable or whenever
the castable is anchored with metal anchors, pro-
vision should be made for expansion of the metal
within the castable. Wrapping with friction tape
or some other combustible material will serve this

purpose.

Firebrick used in the floor should be laid with
staggered joints around the floor. Placing soft
block insulation of 1" thickness in the expansion
joints will provide a 74" joint free from debris.

If the boilers are to be water washed it is im-
portant not to substitute your insulating products
with some which are soluble in water, as there
is a danger of washing away the backing up in-
sulating materials. Wherever possible, water
should be diverted away from the furnace and
boiler linings.

On repairs where Plastic refractories are to be
used, these materials should be applied last. It is
desirable to light off as soon as possible after this
work is completed. Where castables have been
used the opposite will apply as the castables be-
come stronger if permitted to fully air set before
the application of heat.

When all work has been completed, and all
safety precautions have been complied with, a
slow fire (wood if possible) should be started. If
the unit is oil fired the smallest tip possible should
be used. This drying out or baking period will
permit the moisture to escape without building up
captive steam in pockets throughout the lining. It
is advantageous to maintain this fire for 18 to 24
hours if possible. The temperature may be gradu-
ally increased until steam is raised.

Patching or minor repairs to the furnace or
boiler linings should be made as soon as discovered.
This procedure will prevent serious damage to re-
fractories and boiler.

Before any patches can be made to brick sur-
faces all slag and loose particles must be removed.
If the patch is to be shallow such as replacing
spalled material, an application of Green Cote as
described before can be made by spraying, brush-
ing or troweling. If the extent of the repair is
greater than this, the defective area should be
removed back to solid brick or plastic.

The sides of the hole should be dove tailed to
provide anchorage and Super Plastic rammed into
the patch.

Inspection and necessary repair to the furnace
lining will help to provide long and trouble free
refractory life.
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THESE mstructlom are compiled to assist operating
engdineers in the servicing of their safety valves. By
followmo these recommendations it will be found easy
to keep ‘the valves in good condition so that they will

Stay tight
Pop at their set pressures

Open sharply without any

simmer or warn

Blow down not more than
4%. of the set pressure

Close tight without chatter

CROSBY

' WRENTHAM, - MASS. L
cn CAGO_ DALLAS;,LOS;ANGELES
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CROSBY NOZZLE

DESIGN

Many thousands of Crosby Nozzle Safety Valves
are now in use, giving uniformly successful performance
on all classes of service. They are handling the highest
temperatures and ‘pressures encountered in modern
central stations and in marine power plants, providing
the same trouble-free performance they give at more
modest temperatures and pressures.

Crosby Nozzle Safety Valves have been chosen for
these modern installations because:—OF their freedom
from the perfrrmance faults of other safety valves; they
have high discharge capacities, stay tight over long
periods of time, operate accurately and surely, have
minimum blowdown, and low maintenance costs. De-
signs particularly adapted to meet the various existing
codes are reqularly furnished. Crosby valves for
“marine service' meet the latest rules of The Depart-
ment of Commerce, Bureau of Marine fnspection and
Navigation, American Bureau of Shipping and Lloyds
Register.

Crosby Nozzle Valves employ the reaction prin-
ciple (see Figure 1) to obtain the great capacity,
precise control, low blowdown, smooth operation and
other features of Crosby valves.

The valve opens to—and closes from—a moderate
lift. The high capacity of the Crosby Nozzle Safety
Valve, is produced by a secondary, progressively
increasing lift which is distinct from the initial opening.
Alter the valve has popped to a moderate lift, a
slight accumulation of pressure lifts the disc higher.
This movement progressively exposes an upper adjust-
ing ring which deflects the steam flow in a downward
direction through an angle of approximately 180°
The reactionary force resulting from this deflection is
transmitted to the face of the disc lifting it to a higher
position. The higher lift in turn increases the rate of
flow which subsequently increases the lifting force
until 'full bore" lift is attained, this lift being readily
attained at 3 percent accumulation (overpressure)
above the set pressure.

Thermal and mechanical distortion of the valve body
is undesirable and often results in leakage. Crosby
valves are designed to minimize the effect of body
distortion on the operation of the valves by the use

SAFETY VALVES

SAFETY VALVES

of "full nozzle” construction, and by the use of
“synchro-discs.”" "'Full nozzles are screwed into the
body from the flanged (lower) end until the tep of
the nozzle flange makes up against the recessed face
of the body. As the bottom of the nozzle flange is
in contact with the face of the boiler-nozzle flange it
is evident that tightening of the inlet flange bolts will
result in positive clamping of the nozzle flange with a
minimum tendency to distort the alignment of the
nozzle in the body. The synchro-disc design, due
to its two-piece construction, is free to tilt slightly
thereby automatically correcting any slight tendencies
of misalignment.

The full nozzle construction eliminates threaded
joints under pressure. Nozzles and synchro-discs
(made from the same material) are so designed with
respect to their mass distribution, that they expand
and contract together thereby eliminating the qalling -
of the seating surfaces which would be caused by
unequal mass distribution. Seating surfaces are flat and
of equal width thereby preventing indentation of one
another and are easy to maintain. :

A frequent cause of faulty operation is eliminated
by the use of top guided discs. There are no feather
guides below the disc to obstruct flow or stick as a
result of expansion or scale formation.

LMCF00139



CROSBY NOZZLE

lates above the set pressure, the lift will increase until
the maximum lift and rated valve capacity are obtained
at a pressure 3 percent above the set pressure. When
the pressure drops below the set pressure, the lift
gradually diminishes until the valve closes sharply,
with a blowdown of not more than 4 percent of the
set pressure and with no simmering or leakage after
closing.

Unless a safety valve is allowed a proper blowdown,
its operation will be uncertain. The disc moves up or
down when the force of the steam under it becomes
greater of less than the force of the spring. The greater
the blowdown the greater the operating forces and the
more positive the valve operation. 3 percent should
be considered a safe minimum blowdown. If the valve
is set for less blowdown it may not develop its rated
capacity within 3 percent accumulation of pressure. A
valve is not defective if it will not operate properly on
2 percent blowdown.

The normal working pressure must always be below
the pressure at which the lowest set valve closes. At
the set, or popping pressure of a valve, the steam load
under the disc balances the spring load on top. There-
fore the closer the boiler pressure is to the popping
pressure of the valve, the smaller the load holding the
disc down and the more possibility there is of leakage,
with the consequent damage to seats. '

Springs are designed to cover definite ranges of
pressure. |f used outside these ranges, the proper
adjustment of the valve becomes difficult or impossible.

SPINDLE LIFT NUT

118 CLEARANCE
ADJUSTING BOLT
ADJ. BOLT LOCK NUT

LIFTING GEAR CAM
SWIVEL THROUGH 225 DEGREES

Fig. 3.

SAFETY VALVES

VALVE TROUBLES

Troubles occurring in the safety valve may be
grouped under three general headings (a) Leakage
(b) Incorrect Popping Pressure, (c) Faulty Operation.

Leakage at normal working pressure is usually
caused by damaged seats or by lodged scale. It is
sometimes possible to blow out lodged scale by giving
several quick pulls on the lifting gear. If this does not
stop the leakage, the seats are probably damaged and
they should be repaired as soon as possible.

Strains set up in the valve body, either by pipe
expansion or by weight of unsupported discharge
piping also cause leakage. Such leakage can be
stopped by relieving these strains.

Under normal operating conditions, a safety valve
should pop consistently within the tolerances allowed
by the Code. However, if under these same conditions
the valve should fail to pop within the allowable toler-
ances, dirt or scale wedged between the disc holder
and the guide or a deposit of hardened boiler com-
pound on the nozzle under the seat may be causing it
to stick. The valve should therefore be dismantled for
cleaning.

If the valve pops too low, the seats may have be-
come damaged. Low popping pressure is seldom
caused by spring set, although this is considered a
common cause. , _

Excessive warn, failure to close sharply, or too long
blowdown, indicate improper adjustment, damaged
seats or sticking. If adjustment does not remedy the
trouble, the valve should be dismantled and examined.

LMCF00140
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CROSBY NOZZLE

necessary to break the joint between bonnet and
cooling spool.

A special wrench is necessary to remove nozzle. If
the nozzle should stick due to accumulation of deposit
in the threads, soak in penetrating oil or heat the body
adjacent to the threads. '

CONDITIONING SEATS

The tightness of the valve and its proper operation
depend directly on the condition of the seats. Many
safety valve troubles are due to worn or damaged seats.

" The nozzle seat is on the top of the nozzle being
1/16" wide. The disc seat is of the same diameter and
width. Both seats are flat and it is important that both
surfaces be true, without itregularities or scratches. See
Figures 7 and 8.

Unless the seats have been damaged by dirt or scale,
lapping the surfaces occasionally should keep the
valve in good condition. Lapping must be very care-
fully done—the seats must be kept perfectly true.

Never lap the disc against its seat. Lap each part
separately using a cast iron lapping block. Alter the
rough lapping, polish the seating surfaces by using a
small amount of fine compound spread evenly on the
truest side of the block. This produces a very smooth
matted finish. In lapping use a semi-rotary motion,
turning the block occasionally to another position.

The lapping block should be checked frequently on
a surface plate. Do not use a lapping block which is
not perfectly true.

The nozzle seat can be lapped in position after the
top structure of the valve has been disassembled.

_Boiler compound, or any other deposit, should be

scraped off lightly before lapping.
The conical discs must be removed from the disc
holder before lapping. Upon reassembly, the conical

— REASSEMBLING
W L Before reassembling c_heck the following

F;Oints:—"

sembled.

(1) See that nozzle ring is below the seat-
ing surface of the nozzle. Leave the nozzle
ring set screw out until valve is completely as-

(2) Check the height from the seat to the
top of the valve body with a combination
squaré and see that the distance from the un-
derside of the guide flange to the bottom of
the adjusting ring is the same. This “LEVEL"

setting of ring is illustrated in Figure 11.

SAFETY VALVES

disc should be free to tilt slightly in any direction and
must project slightly beyond the recess in the disc
holder. Do not attempt to machine the conical disc or
the disc holder. Carry spare conical discs.

REMACHINING

If remachining or other major repairs are necessary,
it is strongly recommended that the valve be returned
to the factory, because all parts must be accurately
centered and the work carefully done. No safety valve
will be tight or will operate properly unless all parts

line up exactly.

The simplest and most satisfactory way to remachine
the nozzle seat is by means of the reseating machine,
iltustrated in Figure 9, and- cutters specially designed
for this purpose. This method eliminates breaking the
connections or removing the valve from the boiler.

If a Crosby reseating machine is not available the
nozzles can be removed from the body or the body
(with the nozzle in place) may be mounted in a lathe
to eHect the necessary machining. It is vitally important
that the part to be machined must run absolutely true
before machining is done and that the proper-seat
contours be machined. Remachining templates are
available for this purpose and are highly recommended.

Some types of Crosby valves, for lower pressures
and temperatures, use what is termed a '‘solid one-
piece" disc instead of the “disc-holder and conical
disc.” These discs may be machined to their proper
contours, using the same template gage (opposite
end) as used for machining the nozzle seat contours.

The machining is best accomplished by the use of a
tool having a pointed nose like a threading tool with
a downward rake of 15 degrees and a back rake 15
degrees. Take very light cuts using white lead and lard
oil as lubricants. '
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General

; JERGUSON GAGE & VALVE CO.
Heading: GZInstruction Sheets

Gages and Valves for the
Observation of Liquids and Levels

87 Fellsway,

Unit No. 77 Replaces No. Somerville 45, Mass.
Subject: .
! MAINTENANCE INSTRUCTIONS %;ﬁ:: 71648
FOR JERGUSON FLAT GLASS GAGES )
Page: 1
8oLT
l—soLT / \ ./ 71 cusHIon
XN J-— CHAMBER ~_Mica
|| —GASKET GASKET
# A 555 GLASS CHAMBER
- CUSHION
Z/B [~ COVER
wkNUT GLASS
FIG.1 COVER
i NUT
FIG. 2
DISASSEMBLY )
Loosen end bolts first, working from alternate ends of the
cover towdrd the center.
ASSEMBLY ,
Assemble gage in accordance with the applicable sectional view,
Fig. 1 or Fig. 2, using gaskets as recommended bslow. Tighten FIG. 3

all nuts finger tight, beginning with the center pair and work-

ing toward alternate ends as indicated by the consecutive numbers shown in Fig. 3.
Repeat this procedure increasing the bolt torques in increments of about 5 foot-
pounds until the recommended torque as indicated in Table 1 has been reached. This
procedure is necessary to prevent excessive compression of gaskets at one end which
would create a bending strain in the glass and cause breakage. A torgque wrench is
recommended to insure that a uniforw and correct torque is obtained.

PROCESS Gage Series Recommended Torque Gage Series Recommended Torque
GAGES R-5 30 ft.-1bs. T-5 256 ft.-1bs.
' R-10 - 40 ft.-1bs. T-10 35 ft.-1bs.
R-20 50 ft.-1bs. T-20 45 ft.-1bs.
R-30 60 ft.-1bs. T-30 55 ft.-1bs.
T-50 25 ft.-1bs.
STEAM All models up to 600 W.S.P. 40 ft.-1bs.
GAGES All models over 600 W.S.P. 50 ft.-1bs.

NOTE: After new gaskets have been in service for a short time, they assume a some-
what permanent compression, especially if the gage is subject to heat:. This effect
may be noticed as a slight gasket leak or an apparent loosening of the bolts.
Shortly after replacing gaskets, therefore, the bolts should again be tightened to
the original torque by setting up the middle bolts first, and working towards the
ends as described above.

GASKETS AND MICA .

Series 50 gages employ O-ring gaskets. All other gages use 1/16" thick sheet.
Gasket material must be suitable for the temperature and liquid conditions under
which the gage will operate. Glasses in transparent gages to be used in steam ser-
vice should be protected from steam erosion by a sheet of mica placed between the
glass and its gasket on the liquid side. Special gaskets, glasses, O-rings, and
replacement parts for Jerguson gages are obtainable.
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How Ship DaL.& W,Groveland-N,Y¥.D, & Mt.M.R, Dely. =~ Shipping Date 3-15-51

Mark All Packages and Shipping Tags_ Order No, ¥-89101, Reqn. FE-616-16 *

-Hand of Installation , e

oo At ——

~

__FOUR  Boilers. Type FOSTER WHEEIER T.H. " T.W. Boilers No. _
THE¥  furnish THE Erector. ALL Labor to be furnished by CUSTOMER
Tk run steam connection and THEY  furnish material for running connection.

T TEREY
Thls list covers SPECIAL PARTS for. __FOUR  bhoilersand RO OUBSIDE MATERIAL

IMPORTANT—-Check up ALL material with this list, and if there is any shorlage report to the Home Office at DuBois lmmedlutely

L, 4 - 2" Hyvuloy elements as per Sk 271333,.._,_.. HMark #1.

2. 4 - 2" Hyvuloy elements as per 3k, 21383. Mark #2,

3e § - ’2"’ Vulerom elements ss per 81::_{21383—1. Hark #3.

‘B, 4 - 2" Vulorom elements as per Sk, 21383-1. Mark #4.

5. 8 - af &lower elements as per Sk, 21383-2., Mark FOUR #5, Fe’ﬁR #64
‘ 8 < Sleeves 19901, A-2- *5/16“ B - 32-5/8" and ¢ - 29-3/4" eagh

6u
complete With FOUR 1/2" x 2" studs 19878 snd FOUR 1/2" hex
Jam nuts: v-1894., Mark for Els. #1 and j2.

Ts 8 - sleavea 16901 A-a" B«-é- /16" and C-3" each complata with
FOUR 1/2" x 27 studs 12&7 a.ad FOUR 1/2% hex jam nuts v-189%,
Mark for Els, #3 and

8. 8 - sleeves as per Sk, A-0-21383 each complete with FOUR 1/2" x
2" studa 19878 and FOUR 1/2" hex jam nuts v-1894.
Mark for Els, #5 and #6.

9 24

- 3leeve stuffing boxes v-selo edch uomplate with the, fallowing:
s-amspacm v-2851-2 -
% 1-'{@§ studs V-4319 . L .
l -'G nk ¥-50 - -
2 - 3/8" hex nuts V-4319-X
Hark for all slements,
10. 24 - 6-13/16" 0.D, x 4-13/16" 1.D, X 1/8" thick gasketa v-4575,
_ Tie togsther and tag for all elements, =
11, 96 - Bteel washera V-3030. Tis together and tag for ali alement‘.s.
iz, 24 - Support bars 18913, A-16",
- 13. 24% -~ Suppert am earriages v-2809 each complete with GRE got

serew V-1966

LMCF00143
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Lrrite Ut

Vulcan Soot Blower Corporation
DuBois, Pa.

Date Jan, 11, 1951 : chgeA___‘m_Q _Job No.. 211187 19

Shipping date: 3 15~51

et
o
®
o
&
'

Voertical support screws 19011 cach camplete with the
follewing: .

- 2 - 1/2" hex jam nuts V-189k

2 - Washers V-1895

1 - Support spring 19815

15, 88 - Hyvule bearings V-2758 each complete with TWO Hyvuley haits
(strap) V-2760 and FOUR 1/2" Hyvuloy nuts V-1985.

Yulite bearings V-2759-V each complete with TWO Hyvuloy
strap bolts V-2917 and FOUR 1/2" Hyvuloy nuts v-1985.
Mark with YELIOW,

16, 64

17. 2% - 2" x 6-1/2" 600# F.3, companion flanges v~2361°
Stamp flanges as follows: "V,3.B. - 600 P.3.I. - 2" -
A~105-46 GR,1", n

18, 24 ~ 2“ 600# type "CG" flexitallio gaskets 15830,

19. 192 - 5/8:8x 4-1/4" studs V-2480-3 each complete with TWO nuts
V-2480~H,

20, 480 ft, - Chain V-2504,

4

HEADS AND WRENCHES ON PAGE 3,

e sz . "‘-
LMCF00144
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OFFICE OF

Vulcan-Seot Blower Corpoeration

DuBois, Pa. )
Date Jana 233 . 1951 quev.vm ,__*?‘_%_ s IOb No. 21487 R 19
{ R — mme mmmm e Sreeeemmemno e o Ss Smemme oo

Please add the followlng te the above jobs

Item No. -
FE R
24, 32 - Support plates as per Sk. A-0-21487,.

LMCF00145
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OFFICE OF

Vulcan Soot Blower Corporation
DuBois, Pa.

Date Jan, 11, 1951 __Page 3 ~__ Job No._ 21“‘87 - 19

Shipping dste: 3-15-51

HEADS: '
350# Pressure 750° BB,

Test all heads to & hydrostatic pressure THREE times operating pressure
and stamp sach head "600#" and "MS"

21, 24 - Series 2" 600 caat steel valve operating heads, Model PM-3,

sheave wheel operation,
CUTLETS 2",

22, 1 - Set serew wrench #-2765&.
23, 1 - Set sorew wrench V-2765,

INSTRUCTIONS:

The olements are to be installed in the locations snd 28 shown on Dr.
W~20059, The nozzles are to be centered in the apaces between the
boiler tubes in the locations shown on Pr, W-20059,

Elementa #1 & #2 are each to be supported by ELEVEN Hyvuloy bearings
V-2758 elamped to the boiler tubes in the locations shown on Dr,W-20059
with Hyvuloy strap bolts V-2750 using Hyvuloy nuts. Zee Dr, W-20059,

- Elements #3 & #4 are each to be supported by EIGHT Vulite bearings

V-2759-V elamped to the boiler tubes In the locs&tions shown on Dr.W-20059
with Vulite strap belts V-2917 using Hyvuloy nuts, See Dr. W-20055.

Elements #5 & #6 are each to be supported by ONE end bearing by B‘.H.corp..

Standard lnstalling instructions for installing thes heads and satting
the swesps are attached to this order.,

RBM :bk

W

LMCF00146
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PARTS LIST and SERVICE MANUAL
SQOT BLOWERS and DESLAGGERS

 Serial No.

This book contains information on various types of VULCAN Socot Blowers

and Deslaggers. Listed below is information applying specifically to your
installation.

By referring to this list before using this book, it will be much easier for
you to locate the desired informatica.

The contents of this bock are indexed on the following page.

Custoriar C’Mﬁz/ 2L ¥ L. .. O

Vulcan Job No. __2 /Y 2 General Arrangement ?)\v//wing No. W-200469

Associated Drawing Nos.

& BOILER

Type %{iz}.‘w Make “j% Nos. 4
SOOT BLOWER EQUIPMENT
2y 2" teeT  py.z

%
A
P
% VULCAN SOOT BLOWER DIVISION
Continental Foundry & Machine Company
P DUBOIS, PENNSYLVANIA
(‘_’, —
N

PRICE $2.00
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Section A Page 7
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PARTS LisT WULOARI service manuar

ARC WELDING INSTRUCTIONS

FOR HYVULOY, VULCROM, PLAIN STEEL SOOT BLOWER

WELDIN

ELEMENTS
ELEMENT BEARINGS
SWIVEL TUBE AND LANCE NOZZLES

ELEMENT WELDING

I
o 35° -
\ 35'-(0\;_\, ﬁ 8¢ f0° s
ARET 0 TR A
\ L7
N s
I
t

ELEMENT
SECTION

ELEMENT
SECTION

1
APPROX. 16*WIDE MACHINED -FACE

AT RIGHT ANG LES

TO ELEMENT AXIS

PREPARATION OF ELENENT JOINT FACES FOR V-BUTT WELD.
(Element Wall Thickness Exaggerated)

1
PROJECT BEAD 4 OF
WALL MATERIAL THICKNESS

MAINTAIN

'€~ CORRECT € DISTANCE—— 3
WITH NOZZLES |

IN TRUE ALIGNMENT

W 7777770777777 R

L
i6" GAP FOR COMPLETE FUSION

'VI/I/I/I/I/I/I/III/IIIII

V- 8UTT WELD

WELDED ELENENT.
(Element Wall Thickness Exaggerated)

When joining elements by electric arc welding,
best results are obtained by using a V-Butt Weld.
Grind or machine a 35° to 40° bevel on the joining
faces of the element sections with the bevel start-

- ing approximately 1/16" from element bore as shown

in the above illustration. The faces or shoulders,

machined at right angles to the element axis, should~-~ -
be approximately 1/16" wide.

It is very important that the element sections be
in correct alignment on their axes. Nozzles must
be spaced the correct distance from each other and
in true alignment.
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Section A Page 9

AT
]

&‘D

parTs List HULGARN service manuat

SWIVEL TUBE AND LANCE NOZZLE WELDING

LANCE & NOZZLE
PROPERLY BEVELED

¥
J7777TRES

i
i6" cap

FOR COMPLETE FUSION

\

\

ANNNN

V-BUTT WELD GROUND FLUSH

\\\j\\\\O\\f

WELDED RETRACT AND WALL BLOWER NOZZLE.

777777777778

ALELLLRRANNNARNRR

FILLET WELD

WELDED GUN BLOWER NOZZLE.

Retract and wall blower nozzles should be V-Butt
welded to their respective lances or swivel tubes
after beveling joining faces as described in Element
Welding. Extra care must be exercised to obtain
proper penetration at joint because the weld Head
must be ground flush and polished to permit pass-
ing of lance or tube through scraper plates and
packing glands.

Gun blowers should be attached with fillet weld
as illustrated above.

CAST NOZZLE WELDING DATA

The same nozzle welding data applies to stain-
less steel or monel swivel tubes or lances.

1. Use 1/8" diameter monel electrodes - Vul-

can Pan No. V- 4823 Specifications for this rod
are: 1/8" diameter coated monel electrode. Its
equivalent is International Nickel Comvpany's Monel
Metal Rod 130X. It is recommended for welding
monel to menel or monel to steel.

If this rod is not available, good results may be
obtained with electrodes furnished under Vulcan
Part No. V-4711. Specifications for this second
choice may be found under Hyvuloy and Alvuloy
bearings.

2. Polarity of welder should be reversed - elec:
trode positive.

3. Use 130 to 190 amperes.

4. Electric arc should be as short as possible
to obtdin deep penetration and avoid splashing.

NOTE: Special applications not covered in these instruc-
tions may be obtained from DuBois on request.
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Section B Page 5

PARTS

1157 O LR

SERVICE MANUAL

ELEMENT BEARINGS AND HANGERS

EQILER
TUBE

BEARING
“x,

-COMPRESSION BEARING

WELDED BEARING

CROWN BEARING WITH STRAPS

Illustrations of Typical Bearings

Bearings and hangers, fastened to the boiler tubes,
support the element throughout its entire length with-
in the boiler. Bearing materials, like element ma-
terials, are selected according to the temperature
zone where they are installed. Each type of bearing
has its own specific application which is governed by
the type of bbdiler and method of construction.

“As a general rule Cast Iron and Steel bearings are
used on Plain Steel elements in low temperature
zones. VULITE and ALVULOY bearings are used
on VULCROM elements in medium temperature
zones. HYVULOY bearings are used on HYVULOY
elements in highter temperature zones.

A1l bearings and hangers are furnished complete
with bolts, clamps, and nuts unless otherwise speci-
fied. Descriptions of the cominon types of bearings
are listed below.

COMPRESSION BEARING - Made of HYVULOY, be-
ing used chiefly in higher temperature zones. Con-
sists of one bearing, clamp, stud and nut. In this
type of bearing the stud is placed in compression, so
that as it becomes heated and expands, the clamping
action on the tube is increased.

INTIMATE CONTACT BEARING - Made of Cast Iron
or VULITE (a chrome cast iron alloy). Used in po-
sitions not requiring HYVULOY or special designs.
Consists of one bearing, clamp, bolt and nut. Bolts
are either plain carbon steel or alloy. This bearing
is easy to install and has a long life. It may or may
not be machined to fit the tubes, depending on actual
requirements. The “nut cracker” action of the clamp
grips the tube tightly, thus preventing slippage.

WELDED BEARING - Made of HYVULOY, ALVULOY
or Plain Steel. This is the simplest type of bearing,
used where a clamp type bearing is not practical.
Welding rods of proper material are furnished to

insure that the bearing remains secure once it has
been welded to the tube..

CROWN BEARING ~ Made of HYVULOY, ALVULOY,
VULITE, Steel or Cast Iron. Consists of one bear-
ing, two clamps, four washers, four bolts and four
nuts. Washers are welded to the clamp for easier
installation. This type of bearing is used where
difficulty in installation might be encountered be-
cause of the tube spacing or other interferences.
The clamps are very effective in maintaining the
bearing in ifs correct position.

DISTAL END BEARING - Made of Cast Iron or Steel.

Used to support the distal or plugged end of the
element. Held in place against the boiler end by
bolts or cap screws.

COMPRESSION HANGERS - Made of HYVULOY.
Consists of one hanger, clamp, stud and nut. Clamp-
ing action is the same as on compression bearings,
except that hangers support the element below the
boiler tubes.

STATIONARY ELEMENT BEARING - Made of HY -

VULOQY, VULITE or Cast Iron. Consists of cne
bearing, clamp, two washers, one bolt and one nut.
The bearing itself is a block of metal held in place
between the two ends of the clamp. It is not de-
signed to support the element, but instead butts
against the side of the element to keep it from mov-
ing sideways on the boiler tube.

I exact duplicate bearings are required for main-
tenance, repair or replacement, give the position at
which the bearings are used, and the job number.
Job numbers are on all General Arrangement Draw-
ings and Bills of Materials. Vulcan engineering
files contain 21l information on original equipment
by job number.

LMCF00150
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No scof blower system will eperate
satisfactorily unless given proper

mainfenance attention.

Under the heading Maintenance
and Lubrication will be found de-
tailed instructions which, if followed,
will assure long life and trouble-
free operaiidn of your Vulcan

equipment.
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INSTRUCTIONS FOR INSTALLING

VULCAN VALVE OPERATING HEAD, MODEL PM-3

SLEEVE FOR BRICK SET BOILERS: Place the back of flange of SLEEVE
SQUARE and flush with side wall of boiler, locating the centerline
of SLEEVE on the centerline of ELEMENT both vertically or horizon-
tally. Place SLEEVE so the word "Top" is on upper side installation
shown on Drawing 2006.. Refer to note on Page 2. When the boiler
is bricked up and it is desired to cut holes, these holes should be
approximately 9 by 10 inches. If 1t is desired to leave openings
when setting new boiler, a 9 by 10 inch opening should be left.

If the blower is not ready for installatidén these openings can be
filled with loose brick and fire clay which can be removed. It is
a good practice not to try to get along with a small hole or open-
ing, as a large hole will allow work to be readily and conveniently
accomplished, and it will be easier for the brick mason to fill up.

SLEEVE FOR STEEL CASED BOILERS: Cut a hole in the steel casing as
shown on drawing, centered on the centerline of ELEMENT. Remove
steel casing panel if necessary, and set SLEEVE into brickwork or

if there is room to work from inside of the boiler setting, it may
be unnecessary to remove panel tc set the SLEEVE. FPlace finished
face of SLEEVE with the side wall of boiler and 1/76" behird cuter
face of steel casipg, locating centerline of SLEEVE on centerline of
ELEMENT, both vertically and horizontally. The SLEEVE should be
placed so the word "Top" is on the upper side. Fasten SLEEVE PLATE
to SLEEVE by means of FOUR CAP SCREWS which are screwed into four
tapped holes in the SLEEVE. Installation of SLEEVE AND SLEEVE PLATE
are as shown on Drawing 20061. Refer to note on Page 2. The same
size hole as specified above for brick set boilers should be cut ;.
through the brick wall behind the steel casing. This can be done from .
outside by removing a section of the steel casing or in some cases the
hole may be cut from inside of boiler. :

NIPPLES FOR SCREWED OUTLET HEADS: Place ELEMRNT in correct position

in boiler, being particularly careful to see that the nozzles register
with the space between boiler tubes, according to special instructions
in regard to location of the NOZZLES with reference to the boiler tubes.
The NIPPLE on the end of ELEMENT will extend thru the SLEEVE (some
ELEMENTS are made in one pilece without a nipple and coupling, the ELE-
ment itself taking the place of the NIPPLE.) Cut off end of NIPPLE,

as shown on DRAWING 20061. Refer to note on Page 2. Thread the end

of ELEMENT with standard Pipe thread. Place SEAL PLATE over NIPPLE

or ELEMENT and into its position with reference to the SLEEVE or SLEEVE
PLATE as shown on Dr. . Remove ELEMENT FLANGE from the HEAD.
After placing SLEEVE CUP SPRING agalnst the SEAL PLATE, screw ELEMENT
FLANGE tightly onto end of NIPPLE or ELEMENT. Distance from hub of
ELEMENT FLANGE to face of SLEEVE OR SLEEVE PLATE should be approxi-
mately 4 1/16" when the NOZZLES register properly with the spaces be-
tween the boiler tubes. The two 3/8" SET SCREW should be tightened
down on the ELEMENT. '
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(5)

(6)

ASSEMBLY OR UPPER ARM SUPPORT AND HEAD: - The upper arm support is
composed of the following pieces: a T7/8" square steel bar- "The Sup-
port Bar", and a steel stud- "THE SUPFORT SCREW". The SUPPORT BAR

is to be placed in the square opening in the SUPPORT BUTTON and the
3/8" set screw tightened securely. Remove the JAM NUTS from the SUP-
PORT SCREW, place the support arm carriage and SUPPORT SPRING over the
SUPPORT SCREW and replace the JAM NUTS. Lift the HEAD into position
and slide the SUPPORT ARM CARRIAGE over the SUPPORT BAR. The four
studs in the Gear should be lined up with the holes in the ELEMENT
FLANGE, then assemble the HEAD to the ELEMENT FLANGE and screw the
nuts onto the studs-final tightening with a wrench-being sure the
GASKET is assembled in ELEMENT FLANGE. (The GASKET may be made to
stick in the ELEMENT FLANGE by striking the outside gently to make it
slightly oval shaped.) Complete assembly of the HEAD is shown on Dr.

SETTING THE UPPER ARM SUPPORT: - After assembly has been completed,
the HEAD should be leveled up by adjusting the JAM NUTS against the
SUPPORT ARM CARRIAGE or SUPPORT SPRING. The HEAD should then be placed
in the proper longitudinal position. This 18 done by moving the ELE-
MENT in or out from the side of the boiler (being sure the 3/8" x 3/8"
SET SCREW in the SUPPORT ARM CARRIAGE HAS BEEN LOOSENED) until. fhe = .
NOZZLES REGISTER -1ith the spaces between the boiler tubes as outlined .
in the special instructions. The 3/8" x 3/8" SET SCREW holding the
SUPPORT AR!M CARRIAGE in position on the SUPPORT BAR should then be
tightened securely completeing the assembly. After the outside piping
has been erected, it is advisable to go over each HEAD and adjust the
JAM NUTS against the SUPPORT ARM CARRIAGE of SUPPORT SPRING until the
HEAD IS IN THE PROPER POSITION.

CHAIN: The Chain should be in one continous piece. Splicing of the
chain should be carefully done as shown on Dr. 8841.

NOTE: When the HEAD is to be installed farther from the side wall
than standard eit.ier the SLEEVE will be moved out from the
wall, or else a speecial SLEEVE PLATE or EXTENSION SUPPORT
will be furnished. This will be explained in the special in-
structions for the job.
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OFERATING INSTRUCTIONS
MCDEL PM-3

Operate soot blowers every 6 te 12 hours, depending on require-
ments of boiler operating conditions. t may be necessary to increase
cleaning under exfreme load conditions. '

Procedurse:

1. Open boller drafts before operating soot blowers.

>

2. Open drain valve and slowly open main steam supply valve.

3. Operate soot blowers in sequence as shown on General
Arrangement Drawing, starting with the number one soot’
blower unit. :

NOTE: Mecdel PM-3 Soot Blower 1s designed for Sheave Wheel or
Crank counter-clockwise rotation which In turn rotates
the element in a clockwise direction. Do not force
sheave wheel in a cloékwise dlrectlon or soot blower
mechanism will be damaged :

Cams are available for counter-clockwise rotation if
such rotation is required.

b, Rotate sheave wheel counter-clockwise by pulling slowly
and steadily on the chain or crank. Cams mounted on drive
gear will automatically open.and close the blower steam
valve at the proper time. '

5. The blower may be operated through as many cleaning cycles
as desired to clean the tubes at each position. After each
blower is operated, position element so that blower steam '
valve is closed. '

6. After all heads have been operated, close the main supply
valve and open-drain valve. o

7. Keep drain valve open at all times except when blower is in
actual operation.

Operating Suggestions and Precautions

Open boiler drafts wide when operating soot blowers.

Close all steam supply valves when blowers are not in operation
Open drain valves when blowers are not in operation.

Never use wet steam.

1] \

A7
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Never permit a soot blower unit to remain.open or blowing un-
less 1t 1s properly rotated,

Clean tubes increase draft -- adjust damper accordingly.

SOOT BLOWING -- OIL & PULVERIZED FUEL FIRED BOILERS

011l and pulverized fuel fired boilers should be operated between
half load and full load to prevent loss of ignition or an explosion
when blowing socot. Due to colder furnaces, lower gas velocities and
higher oxygen content of flue gases at low boiler ratings, unburned
combustible may accumulate in certaln areas. This combustible may
explode if the soot blowers are operated under these conditiocns. An
exception may have to be made if a boiler has to be operated at a
low rating for a iong period, but whenever possible, the burner fir-
ing rate should be increased for the soot blowing cycle.

If the soot blowers must be used when the burners are not operat-
ing the refractory must be cool and ho smoldering scot should be pre-
sent at any place in the boiler setting. An inspection should be made
for soot fires since combustible greases or unburned solid combustible
material may be ignited by hot refractory or smoldering material when
the soot blowers are operated. )

SOOT BLOWING -- STOKER FIRED BOILERS

When taking a stoker fired boiler off the line, it is advisable
to use the soot blower after drawing the fire or just before the non-
return valve 1ls closed so that boiler tubes will be c¢lean for in-
spection. '

ADJUST BLOWER STEAM VALVE

MODEL PM-3

Do not adjust blower steam if blowers operate satisfactorily
and valve does not leak.

. To adjust valve, rotate sheave wheel or crank counter-clockwise
until the closing dam contacts cam follower to close valve. Loos&n®
lock nut and tighten adjusting scerew until valve 1s firmly seated,
then secure lock nut. A leaky valve is indicated by the whistle
blowing when the element is in non-blowing position of its sweep.
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MAINTENANCE AND LUBRICATION
MCDEL PM-3

Soot blowers, bearings and elements are continuously subjected
to high furnace temperatures. The Vulcan Engineers take this point
into consideration and use the highest possible engineering standards
in design and construction of Vulcan Soot Blowers. As a result, the
blower equipment, when properly installed and cared for, is as trouble-
free as it can be. To keep the blowers operating efficiently and to
assure long life, all that is required 1s your attention to items below.

The following items should be checked periodically:
1. Lubrication (weekly).
CAM FOLLOWER: Lubricate through the angle Alemite fitting at in-

side of blower yoke. Use a high temperature, non-fibrous, gun-
type lubricant (Vulcan Part No. V-3008).

BALL BEARING: Lubricate through the Alemite fitting at the right
hand side of the reaction plate. Use high temperature, non-fibrous
gun . type lubricant (Vulcan Part No V-3008)

GENERAL: Clean and lubricate gears and all other external moving
parts with a good grade of motor oil.

2. MOUNTING: Make sure soot blowers units are securely mounted. Loose
mountings could cause Jjets of steam to be improperly directed inside
the boiler, resulting in a poor job ‘of cleaning and possibility of
damage to the tubes. ,

3. LINES AND OQUTSIDE PIPING: Check for leaks. Tighten fittings to
stop leaks or replace faulty fittings and connectiocns.

4.  PACKING: Check for leaks. Keep packing glands just tight enough
to prevent leakage--do not overtlghten Replace a packing that
leaks excessively.

5. PARTS INSIDE BOILER: Check bearings and elements to see that they
are 1in good condition and are properly alined to permit the element
to rotate freely. Check spacing of nozzles to see that they re-
gister properly between boiler tubes. Improper registration of
nozzles, caused by wall movement or other changes, wlll cause Jets
of steam to be mis-directed with possibility of the tube cutting
and damage to the other parts within the boiler.

6. KEEP SOOT BLOWERS CLEAN: To secure long life and top performance
from your scot blower, the out surface should be cleaned occasion-
ally. Dirt and rust accumulating over a period of time will enter
the operating mechanism and will not permit the blowers to function
properly. Dirt also acts as an abrasive causing moving parts to
wear.
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ADJUST BLOWING SWEEP
MODEL PM-3

: The element on Model PM-3 Soot Blower rotates in one direct-
ion only (clockwise) for a complete 360 degree circle. The open-
ing and closing of the blower medium is adjustable, thereby, estab-
lishing the blowing sweep on the general arrangement Drawing.

It is quite important that the sweep be adjusted as close
as possible to specifications on the General arrangement Drawing.

It is not economical to blow steam into a part of the boiler where

no cleaning is required and under certain conditions, if the nozzles
are pointed directly against the baffles, the baffles will be damaged.

Determine nozzle location by internal inspection, if the loc-
ation was not previously determined and identified. Mark nozzle
location on the element flange.

NOTE: There are two cams mounted on the drive gear; one opens
the blower steam valve and the other closes the valve at the proper
time during the 360 degree cycle of the blower. Refer to the assemb-
ly in the Parts List Section of this manual for identification of
these cams.

To adjust blowing sweep, remove both cams. Rotate sheave
wheel or crank counter-clockwise to position element nozzles at be-
ginning of the blowing arc. Install opening cam so that it contacts
the cam follower at this point. Again rotate sheave wheel or crank
counter-clockwlise until element is at the end of the blowing sweep

and install closing cam so that it contacts cam follower at the end
of the sweep.

After sweeps have been adjusted, the blower should be operated
through its actual sweep and inspected for correct setting from the
nozzle identification marks which have been previously placed on
the element flange and nipple.
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VALVE ADSUSTMENT
L PM-3

Field Service has disclosed that 1t iz possible to break pinions
or destroy either cpening or ¢losing cams if the valve throw is not
properly adjusted for openling and closing.

Proper procedure for adjustment is to loosen 3/4" Jam Nut, Part No.
V-5746. The Valve proper can then be turned and adjusted thru the valve
Nut, Part No. 18723, which is carried between and actuated by the two
links, Part No. 18725, on either side of the head. A square end is mill-
ed on the valve to permlt adjustment with a wrench.

With the unit in a closed poesition, that is, with Cam Follower, Part
No. 18738, on the top of the closing Cam. Part No. 18733, the valve should
be turned in only until it engages the seat snugly. The adjustment is
then locked and maintained by use of the Box Jam Nut.

After this adJustment is complete, the unit should be rotated slowly
by hand. On the PM-3 Units this 1s possible by using the Sheave Wheel
or Crank. A Complete cycle of rotation should be made by hand to see
that no undue strain ls placed on the CTam Follower of either of the
Opening or Closing Cams.

If too much pressure is exerted by the Valve on the Seat in closing,
» he Closing Cam may be brecken or stripped from the Gear. If the Valve
(; 3 not properly seated it will not only leak but may also strike the
o - acking Washer in 1ts rear-ward movement and destroy the opening Cam.

Mal-adjustment in eilther direction can destroy the Pinlon Gear
because of undue power strain. If the error of adjustment is great
enough, the Yoke Assembly can also be smashed. Proper adjustment and
check of same should he made at the time fthe sweeps are set or checked.
Hand operatad FM-3 Units are Just hard to turn.
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INSTALLATION AND GPERATION OF SWARTWOUT TYPE “FW 17
THERMO-HYDRAULIC FEED WATER REGULATORS

Fig. 332

Installation of Equipment

1.

The regulating valve should preferably be
mounted in an upright position as shown,
although operation will be satisfactory if it is
mounted horizontally, Inverted installation is
undesirable because dirt will collect on the
diaphragm and interfere . with the regulation.

Install the valve so the flow is in the direction
of the arrow shown in Fig. 332,

Install the generator as shown on the connection
drawing sent with this equipment. Be sure to
set the generator at the correct angle and height.
Inaccurate location of the generator will result
in improper operation of the regulator.

Cover all piping above the generator as shown
in Fig. 832. Do not cover or paint the genera-
tor or any of the lower generator piping.

Connect the generator to the regulator by
means of the special 14”7 0.D. connecting
tubing furnished by the Swartwout Co. The
tubing fittings are special ground joints to
insure a leak proof system and ordinary pipe
or tubing fittings should not be used.

Starting Instructions

1. Fill the generator system as follows:

a. Screw bypass wheel tightly against the
8 ace(;' bar so that regulating valve is
osed. :

b. Close upper and lower hand valves on
generator piping. Open blowdown valve,

¢. Remove filling plug at top of generator
and fill generator with clean HOT water.

d. Replace plug and crack upper generator
shutoff valve to allow steam to circulate
through the generator and escape at
blowdown.

e. While keeping generator hot, crack open
connecting tubing union nut on top of
diaphragm plate of the regulating valve,
and allow air to escape. When water
appears, tighten nut.

f. Close upper generator shutoff valve and
cool generator by pouring water over it.

g. After generator is entirely cool, remove
filling plug and refill the generator.

h. It is important that all air be removed
from the generator system. The best
way to accomplish this with regulators
mounted in any position except upright is
to remove the diaphragm assembly from
the rest of the regulator and hold it hori-
zontally while cracking the connecting
tubing union nut and allowing the air to
escape. The diaphragm assembly can be
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removed by removing the four large nuts
that hold this assembly.to the rest of the

regulator.

2. Cut in the regulator by closing the blowdown

valve and opening the upper and lower gen-
erator shutoff valves. The regulator will now
pick up the load.

Adjustments
1. The characteristics of this type of feed water

regulator are such that it will carry a high level
at a low load and a low level at a hi% load.
Allow the regulator to operate for at least 30
minutes and carefully observe the level being
held before making any adjustments.

. Spring Compression has practically no effect on

water level and should not require adjustment.
In general, increasing the spring compression
will cause the regulator to be somewhat faster
in elosing off.

3. Generator location.

a. Ifitisnec to raise or lower the water
level being maintained, the unions in the
generator hookup should be loosened and
the generator raised or lowered the desired
amount. Sometimes there is a false lavel
within the generator if the drum connec-
tions are different from the water column
connections and the generator must be
raised or lowered accordingly.

b. The generator anﬁle will affect the differ-
ence between the levels being maintained
at high loads and low locads. The normal
recommended generator angle is shown on
the installation drawing (usually 30° with
the horizontal). If the level variation with
load changes 1s too great, the generator
can be made more horizontal. This will
increase the sensitivity of the system,
however, and may start a hunting eycle.
With boilers that are quite sensitive to
changes in steam flow or water flow, it
may be necessary to set the generator
more nearly vertical.

4. The regulator can be manually held in an open

position by screwing the bypass wheel out of
the spacer bar.

bolts. Slight leaks are hard to locate, but
if a teaspoonful of borax is dissolved in the
fillin, 1water, the leak will be easily dis-
cernible.

¢. Air in generator system.
d. Generator located too low. ;
e. A hand valve in feed line partially closed.

f. Air binding in generator piping to drum.
Blow down regulator.

2. High Water Level

a. Too high an excess pressure across regi-
lator.

b. Valve held open by foreigﬁ substance
lodged between seat and disc.

c. Generator overfilled. (May have been
filled with cold water or with regulator
jacked partway open.) Crack tubing
union at diaphragm to allow some water
to escape. Malke sure that regulator will
still go o(?en far enough to handle maxi-
mum load.

d. Generator located too high.

e. Hand bypass valve around regulator par-
tially open.

f. If upper generator piping is not covered
it may cause high level at low loads.

3. Hunting

a. Sensitivity is too great. Set the genera-
tor more nearly vertical.

b. Hunting of the feed water regulator can
also be caused by hunting of pump gover-
nors, rombustion control, ete., so make
sure that the feed water regulator is the
cause of the hunting before making any
adjustments.

4. Too wide a variation of level with load changes

a. Sensitivity is too low. Set the generator
more nearly horizontal.

b. Wide variation in level can also be caused
by wide variations in excess pressure.

5. If boiler operates at 25 psi or less, the generator
should be filled with a good grade of denatured
or wood aleohol instead of water.

Mainterance

1. Refill generator and tighten diaphragm bolts
whenever a gradual lowering of drum level indi-

Canaes of Improper Operation cates leakage in the generator system.

2. If feed water conditions are bad blow down the
generator for 3 to 5 seconds each day. Under
normal conditions blowing down generator is

1. Low Water Level
a. Low pump pressure or low excess pressure

across valve, seldom necessary except when starting up after
. a boiler shutdown.
b. Partially filled generator system. Slow
. loss of water will result in slowly lowering 3. In ordering repair parts, refer to the parts by
L water level. Refill the generator an name as shown in Fig. 332. Be sure to mention

AT
f Lok
i
]
i

tighten all tubing fittings and diaphragm

size and serial number of the regulator.

The Swartwuut Eﬂmpaﬂy 18511 Euclid Avenue, Cleveland 12, Ohio

Form No. 163

I8-118B
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INSTALLATION AND OPERATION OF SWARTWOUT TYPE “FW 1”
THERMO-HYDRAULIC FEED WATER REGULATGRS

BLos ooy
CONNECTION

STy

1

8T

Fig. 332

Installation of Equipment

1.

The regulating valve should preferably be
mounted in an upright position as shown,
although operation will be satisfactory if it is
mounted horizontally. Inverted installation is
undesirable because dirt will collect on the
diaphragm and intetfere with the regulation.

Install the valve so the flow is in the direction
of the arrow shown in Fig. 332.

. Install the generator as shown on the connection

drawing sent with this equipment. Be sure to
set the generator at the correct angle and height.
Inaccurate location of the generator will result
in improper operation of the regulator.

Cover all piping above the generator as shown
in Fig. 332. Do not cover or paint the genera-
tor or any of the lower generator piping.

Connect the generator to the regulator by
means of the special 1{” O.D. connecting
tubing furnished %y the Swartwout Co. The
tubing fittings are special ground joints to
insure a leak proof systemn and ordinary pipe
or tubing fittings should not be used.

Starting Instructions

1.

Fill the generator system as follows:

a. Screw bypass wheel tightly against the
spacer bar so that regulating valve is
cloged.

b. Close upper and lower hand valves on
generator piping. Open blowdown valve.

c. Remove filling plug at top of generator
and fill generator with clean HOT water.

d. Replace plug and crack upper generator
shutoff valve to allow steam to' circulate
through the generator and escape at
blowdown.

e. While keeping generator hot, crack open
connecting tubing union nut on top of
diaphragm plate of the regulating valve,
and allow air to escape. When water
appears, tighten nut.

f. Close upper generator shutoff valve and
cool generator by pouring water over it.

g. After generator is entirely cool, remove
filling plug and refill the generator.

h. It is important that all air be removed
from the generator system. The best
way to accomplish this with regulators
mounted in any position except upright is
to remove the diaphragm assembly from
the rest of the regulator and hold it hori-
zontally while cracking the connecting
tubing union nut and allowing the air to
escape. The diaphragm assembly can be
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removed by removing the four large nuta
that hold this assembly'to the rest of the

regulator.

2. Cut in the regulator by closing the blowdown

valve and opening the upper and lower gen-
erator shutoff valves. The regulator will now
pick up the load.

Adjustments
1. The characteristies of this type of feed water

regulator are such that it will earry a high level
at a low load and a low level at a high load.
Allow the regulator to operate for at %east 30
minutes and earefully observe the level being
held before making any adjustments.

. Spring Compression has practically no effect on

water level and should not require adjustment.
In general, increasing the spring compression
will cause the regulator to be somewhat faster
in closing off.

3. Generator location.

a. Ifitis nec to raise or lower the water
level being maintained, the unions in the
generator hookup should be loosened and
the generator raised or lowered the desired
amount. Sometimes there is a false level
within the generator if the drum connec-
tions are different from the water column
connections and the generator must be
raised or lowered accordingly.

b. The generator anﬁle will affect the differ-
ence Detween the levels being maintained
at high loads and low loads. The normal
recommended generator angle is shown on
the installation drawing (usually 30° with
the horizontal). If the level vanation with
load changes is too great, the generator
can be made more horizontal. This will
increase the sensitivity of the system,
however, and may start a hunting cycle.
With boilers that are quite sensitive to
changes in steam flow or water flow, it
may be necessary to set the generator
more nearly vertical.

4. The regulator can be manually held in an open

position by secrewing the bypass wheel out of
the spacer bar.

. If boiler operates at 25 psi or less, the generator

should be filled with a good grade of denatured
or wood aleohol instead of water.

Causes of Improper Operation

1. Low Water Level

a. Low pump pressure or low excess pressure
across valve.

b. Partially filled generator system. Slow
lozs of water will result in slowly lowerin
water level. Refill the generator ang
tighten all tubing fittings and diaphragm

bolts. Slight leaks are hard to locate, but

- if a teaspoonful of borax is dissolved in the
fillin, ]water, the leak will be easily dis-
cernible,

¢. Air in generator system.
d. Generator located too low.
e. A hand valve in feed line partially closed.

f. Air binding in generator piping to drum.
Blow down regulator.

2, High Water Level

a ;I‘oo high an excess pressure across regu-
ator.

b. Valve held open by foreign substance
lodged between seat and disec.

¢. Generator overfilled. (May have been
filled with cold water or with regulator
jacked partway open.) Crack tubing
union at diaphragm to allow some water
to escape. Make sure that regulator wil!
still go ocs)en far encugh to handle maxi-
mum load.

d. Generator located too high.

e. Hand bypass valve around regulator par-
tially open.

f. If upper generator piping is not covered
it may cause high level at low loads.

3. Hunting

a. Sensitivity is too great. Set the genera-
tor more nearly vertieal. '

b. Hunting of the feed water regulator can
also be caused by hunting of pump gover-
nors, combustion control, ete., so make
sure that the feed water regulator is the
cause of the hunting before making any
adjustments.

4. Too wide a variation of level with load changes

a. Sensitivity is too low. Set the generator
more nearly horizontal.

b. Wide variation in level can also be caused
by wide variations in excess pressure,

Maintenance
1. Refill generator and tighten diaphragm bolts

whenever a gradual lowering of drum level indi-
cates leakage in the generator system.

. If feed water conditions are bad blow down the

generator for 3 to 5 seconds each day. Under
normal conditions blowing down generator is
seldom necessary except when starting up after
a boiler shutdown.

. In ordering repair Eg.:at.rts, refer to the parts by

name as shown in Fig..332. Be sure to mention
size and serial number of the regulator.

The Swartwout Company 18511 Euclid Avenue, Cleveland 12, Ohio

Form No. 183

I2-118-B
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INSTALLATION INSTAUCTIONS
= YAHWAY ~

Remote Water Level Indicater

Serial Numbers \D &Cj aRye,

CONTENTS

(1) How It Works

(2) Assembly and Calibration Instructions
(3) Installation Drawing

(4) Type of Mounting

(5) Parts List Drawing

(6) Maintenance

Manufactured by
The Ysrnall-Waring Company
Chestmuit Hill
Philadelphia 18, Pa.

LMCF00171

Pamphlet #2A



(1)

YARWAY HEMOTE WATER LEVEL INDICATOR -~ HOW IT WORKS

The YARWAY Remote Water Level Indicator registers the differenca in head
between a column of water which varies with the water level to be indicated
and a constant head of water slightly above the highest variable head. 1In
practice, the variable hesd connection 1s made at a point on the vessel
below lowest water level to be indicated, and the constant head is obtzined
by connecting at a point above highest water level a smell constant head
chamber in which a constant overflow water level is established by con- -
densation. This method permits remote indication since it msrely requires
two connecting tubes between the water level location and the.indicator.

At the indicator, the variable and constant heads of water are connected
to opposed sides of a diaphragm (#24 Parts List Drawing). The diaphragm in
turn is connected by pin point frictionless linkage (11) to a2 beryllium
copper deflection plate (4), which deflects in sensitive response to changes
in differential pressure acting on diaphragm. Attached to the free end of
deflection plate is a special permanent horseshoe type magnet‘(7) whose poles
straddle a thin-walled tubular well (8), which extends horizontally into
pressure-tight housing (2).

Inside the tubular well is a spiral strip armature (17) mounted on
jeweled bearings and carrying on its outer end a counter-balanced pointer.
Slight movement of magnet along outside well in response to variation in water
level causes greatly amplified rotary movement of armature and attached
pointer. Pointer swings over a brightly illuminated vertical scale clearly
graduated and contrasted in color at high and low level polnter positions.

Calibration to give full scale indication for water level changes is .
obtained by adjustment of movable knife edge fulcrum (15), which controls
the deflection characteristics of the deflection plate (U4). Adjustment of
pointer for close calibration of indication to actual water level is also
provided. These adjustments are accurately set at the factory to meet in-
dividual .requirements. Only minor zdjustments, if any, are necessary on
installation. Both adjustments are external and both can be made with full
predsure on indicator,

o

. Ditt pockets with blow-down valves should be provided at the side of the
indicator and drain cocks are provided at indicator to permit occasional
cleaning out of suspended matter which may accumulate. Shut-off valves are
provided shead of indicator. Additionsl valves may be inserted at water
level connections, if desired by customer.
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g REMOTE WATER LEVEL INDICATOR INSTHUGTIONS (6004 MAX, W.3.P,)
‘ INSTALLATION

The detailed construction of indicator connections will very with different in-
stallations. The installation drawing (ZL ) accompanying these instructions
must be closely followed. This is pearticularly true of the location of the constant
head chamber and relzted piping. The centerline of the constant head chamber must be

located the required distance above the high water line as indicated on the installation

drawing. The centerline of constant head chamber is marked on nameplate fastened to
side thereof. Also refer to Parts List Drawing EL-903-690.

On panel mounted jobs, remove the casing cover and turn hinged flange on casing
up. Insert the instrument (bottom fixed hinge first) into panel opening. (See print
EL-906-721 attached). TFasten instrument to panel with four 10~24 machine screws and
then replace casing cover,

Cars should be taken that the tubes (13) are properly connected. The tube from
the constant head chamber (2), painted red, connecting with the right-hand connection
of the indicator (1ll), also painted red, when facing front of indicater. The tube from

‘the variable head fitting (10) joining connection on the left-hand side of the indicator

(11) when facing front of indicator,

The tubing should be run and the instrument mounted so that they will both be
removed from hot equipment, particularly exposed hot piping.

- Where connecting tubes run horizontally, they should slope 1" per foot con-
( lnuously down toward the indicator (11) and both tubes should run clese together
Y~ ) insure temperature uniformity. Bends should sll be long radius.

Provide 6" clearance for removing side cover plate of indicator (11) on lefi{-hand
side when facing front of indicater.

Dirt, scale and chips must be blown out of the constent head chamber piping and
the indicator connecting tublng before placing unit into operation.

PLACING UNIT IN OPERATION WITH BOILER DOWN

All valves should be opened and the indicator (11) and connecting tubes (13)
should be filled with water by means of the priming connection (17) at the boiler
connection. Alr should be removed by periodically opening the drain valves (18)
while filling wlth water from above. After all air has been removed and indicating
system is filled with water, replace plug (1?) and bring the boiler up to pressurs.
This is the method of putting indicator into service.

Alr binding is the chief cause of faulty indication, 2nd 5ll air must be expelled
from the system for satisfactory operation.

PLACING UNIT IN OPERATION WITH BOILER IN SERVICE

Close valves (15) above indicator and then slowly open shut-off valves (5) at
boiler connections, checking tube connections for lecksge. Two veslves are provided at
_(15). Allow tubing to come down near room temperature, then open the left-hend valve

P .

5g:;ﬁrst and then open the right-hand valve.
¥

Blow down the drain valves (18) lightly, slternating between valves until all
trapped zir has been expelled. Do not permit hot boiler water to resch indicator (11)
at eny time. Allow sufficient time for condsnsate to refill the constant head chamber

£ ding the inst t.
(g) before reading the instrumen LMCF00173



INSTRUCTIONS CONTINUED

CALIBRATING INDICATOR FOR POINVER POSITION

The indicator is factory adjusted to meet your particular requirements
as indicated on instellation drawing attached. No further zdjustment should
be necessary. Sealing plugs (19), which must be removed to make any adjust-
ments, are furnished with a lead seal, making removal of plugs impossible
without brezking the seal. Preferably this seal should be broken only at the
direction of the YARWAY sales engineer, but under no condition should this bve
done until all factors are checked {o make certain that installation and
priming are correct and in accordance with instructions. If pointer then does
not agree with water level, proceed as follows!

Shut-off valves (15) at indicator and open side cover plate of instrument
case. Referring to Parts List Drawing, remove sealing plug (19) on side of
indicator body. Turn the exposed adjusting screw (16) cloclewise to raise
pointer hand (21) and counterclockwise to lower pointer position. Under no
condition should this screw be turned clockwise more than 1/8 of a turn from
the position it is in when received.

CARE OF INSTRUMENT WITH EQUIPMENT DOWN

~ Before draining the tank, heater or boiler drum, close main shut-off
valves or root valves tightly to prevent draining of indicator connecting
piping. When equipment is put back into service, open shut-off walves.
Indicator will function properly without repriming.
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(1)

(2)

(3)

(8)
MAINTENANCE

Replacing Light Bulbs

Two (115 volt - 15 watt standard frosted Mazda lamps) per indicator.
Remove front cover screws and cover, loosen dial screws, gently
push pointer arm to uppermost position and remove disl screws and
dial. Replace lamp, screw down securely and, with pointer raised te
upper non-interfering pesition, replace dial. Make certain pointer
can move freely across the entire face of the dial. Replace cover.
Note - A resistance coil is used to increase lemp life.

Gaskets (Part #23 - Parts List Drawing)

These gaskets between housings and backing plate are of a high
uniform density type 1/16" thick, made of wire inserted Klingerit.
For this purpose only, gaskets furnished by the Yarnall-Waring
Company should be used in the instrument, as gaskets of a different
density will resbvlt in incorrect readings.

Blow-down

Dirt legs on side of indicator (or at lowest point in tubing) should
be blown down when necessery, depending on type of serv1ce. to
remova suspended matter from the lines.

Drain or vent cocks (18) at the instrument are principally used for
priming the system. Blow-down of 1nstrumen+ lines should only
be made through the dirt legs.
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