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1 - GENERAL DESCRIPTION

The szeam generation plant of *the Linex "France” consdsis o0f 5 Pemiods

natural circulation boifers with the following principal characteristics :

- max{mum evaporaiing capacity 90 T/H

- comresponding fuel consumption 6.500 Kg/h
-‘uwahing pressure 71,5 Kg/sz
- maximum pressure at superheater exit 64 Kg/cmz
- max{mum superheat temperature 500°C

- feed Zemperature 120°C

- combustion chamber vofume 51,4 m°

- direcet heating surface 93 m’

- bricked surface 24,4 ?2

- convection heating surface 416 m

- prdmary superheaten surface 248 m

- secondary Auperheater surface | 248 mz

- Green economizer surface ) 513 mz

- Penhoét economizer Asurface 559 mz

- Ain heater surface 1.560 m’

COMBUSTION CHAMBER AND STEAM GENERATOR

The fLateral surfaces and the back walf of the combustion chamber are
Lined with radiation generator tubes. The entire sole and water walls
up to a certain height are Lined with bricks and refractory cement.

The entire convection tube wall is Aituated in front of the superheater.
1L comprises 11 Zanks of tubes. Between the 9th and the 11th tanks, a gap

allows access to the front of the superheatenr.



SUPERHEATER

The superheater is divided into two units : satinated steam Leaving the uppen
drum enters the primary |Low temperature) element. From there, it is fed to
the secondary |high temperaturel efement, whare it &y ndsed to its Linal -
temperature.

In the tubing connecting the primary and decondary superheaterns, is situated
a water injection temperature regulation device, consisting of two spray
nozzfes and a stainless steel protective jacket.

The water is draum from the feed main and its Lnfection pressure {4 regulated
by a MECT automatic valve. Either the two nozzles may be used in parallef, or
either one may be used on its own. The upper nozzfe has a greater diameter and
output capacity than the Lowen one. ‘

The superheater headers are compartmented in such a way as 2o cause the

steam 2o cinculate through two passes, in sendies, each set occupying half the
height of the superheater.

In the primary superheater, the tubes and headers are buift of carton steed ;
<n the secondary superheater, the headers are builft of steel containing 0.5 %
chrome and 0.5 % molybdenum. The tubes of the Lowen pass are of steel type
Chromesco T10.5 % Cr and 0.5 % Mo, and three of the upper pass are of EM 11
Afeel (1.25 % 0x and 0.5 $ Mo).

The superheater AuppoatA are designed to be replaced without necessitating
dLéhantﬁing 0f the tube bundlfes. They are of moulded alloy containing 25 %
chrome and 12 § nickelf. At the front of the secondary superheater, they are
protected grom the direct radiation of the steam by a stack of bricks.

ECONOMIZERS

On Leaving the primary superheater, the steam {mmediately enters the economizer
which conaists of two parts (§4g.1):

- a Penhoét type economizer with bare steel tubes,

- a Green type economizer with tubes ringed with cast-iron §ins.




The Penhoét type economizer is itseff divided into two tiers . Each tien
consists of 4 units mounted side by sdide ; each unit may be dismantled indivi-
dually and is gree to stide Longitudinally along its sub-frame. In the units
of the Lower tier, the tubes are fitted with Longitudinal dins.

The Green economizer consists of 10 tanks of tubes placed one above the othex.
On fLeaving the Green economizer, the feed water passes through a pre-heaten
before being introduced into the Penhoét type economizer. This pre-heater
consists of a Loop of piping of 107/127 diameter placed within the steam drum.
125 function 48 to maintain the {eed water, when this is at a Low Level in the
boiler, at a high enough temperature on entry into the Penhoét economizer to
prevent corrosion by sulphurous soo0ts.

Permanent Lenghts of piping sectionedoff and bolted shut under normal cincuméianceé

allow either one of the economizers to be by-passed in case of a burst |see

page 39 for instructions regarding these emergency steps).

Each economizer is protected by a Cocard Crosby safety valve set to 95 Kg/cmz.

STEAM ATR HEATER

On expulsion from the boiler fans, ain is directed into an SICC air heater
divided into two symetrical sections. The air, compressed, mid-way along the
boiler's Length, {8 distributed into two circuits which have their exits at the
front and rearn faces of the boifer nespectively, each passing through one of the
Two sections. Each section consists of 3 efements, each of which may be dismantled
with cupro-nickef tubes ringed with §ins of 3/10 mm thick red copper. These
Tubes are brased on to vertical steam and watenr headenrs.

The ain heaters are fed with steam by the HP bleedenr and the six elfements
exhaust in parallel into a bottle gitted with a Masoneilan water Levef regulaton
{4ee diagram n® 3640-2).

The efements are fitted with individual air vents open pexmanently to the drain
Lank ; this tank 4is §itted with an air vent pipe which mwst be permanently open

when the boiler 48 in service.




BOTLER FANS

Each boifer is served by two Neu rotary distributon boilex fans (see Neu
instructions). They have the foflowing characteristics for an air temperature
04 55°C . ’

al 2 4ans in parallel

- output 55 700 m>/h
- Atatic output pressure 620 mm WG

- %otaz output pressure 644 mm WG

- fan shaft power 170 HP

- Apeed 04 rotation 1 770 RPM
bl 1 4an only in operation

- output §3 000 m>/h
- static output pressure 398 mm WG

- total output pressune 425 mm WG

- fan shaft power A 200 HP

- 4peed of rotation 1 770 RPM

The fans are driven by 250 HP Aingke-pozaaity molons,

The {impefler and the motor drive shaft are mounted at their coupling on

4mooth sea water cooled bearings : at their two ends, they are mounted on
condcal tull bearings aciing as siops. Uutpul is negulated by a ring of

dampers gitted in the intake and operated by a MECT Type T.12 servo motox.

A counterbalanced Lid {4 f§itted in the fan delivery divergent nozzle. Finally,

a controf vatfve allows one gan to be isolated at rest ; it is operated by remote
control from the boiler-room watchkeeping position by means of a Tefeflfex cable.
A contactor prevents a fan being started up 4§ 4t dampers are not completely
closed ; their closure is indicated by a grees signal Light on the boiler

room control console. 1t is impossible to start up if the agreen Light 4is not on.
1T is possible to operate on one fan per boiler up to a fuel-o0il consumption

0f 4 000 to 4 500 Kg/h pern boifer ; beyond this point, two fans in parallel are

necessary.
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Uperation on two gans in parallel is possible down to the Lowest rates of
consumpiion. However, at rates below 4 000 Kg/h, it {s Less economical than
operation on a séngle fan, and at very Low speed, it rendens boiler ain regulation

a more delicate matter.

INTERIOR ASSEMBLY

The intenion assembly i3 Limited to the steam drum which contains :
- a feed pipe sfotted on the upper sdide

- a steam infet pipe

a pre-heaten

t

a service desuperheater consdisting of an {mmensed tubular efement fed
by steam drawn off at the secondary superheater outfet. The desuperheater

consists of Zwo elements in senies, with straight steel tubes.

EXTERIOR ASSEMBLY {4ee diagram n° 1130.3)

1) Cockburn's - A.B.C. automatic rapid closure valve (see A.B.C. instructions)

This valve acts as a non-return valve on the superheated steam outfet, and can
be closed by remote controf by means of two refay valves, one Aituated at the -
boiler face. the other on the control console in the engine aoom..

?) Desuperheated sfeam infet valve

This valve can be remotefy controllfed from C. desk gangway by means of a

Telekiron pneumatic control system {see Aspecdial instructions).

.




3) Safety valves

- For saturated sfeam, Zwo Cocard Crosby valves mounted ditrectly 21 tiv of
the boiler drum (see Cocard instructions for description and adjustment).
They are set respectively at 71.5 and 71.3 Kg/cmz.

- For superheated steam, one Forster-Vapor valve set at 66 Kg/cmz (see
special instructions fon deseription and adjustment). This valve can elthex
gunction A@nteneoualy or have (ts action {nitiated by a saturated steam pifoi
vafve set at 71 Kg/cmz ; the back pressure of this fLatter moves the piston of

a jack (see figure n° 3J.

4 - Levets

The "Péirnole service” transparent fevel gauges consist of three offset glasses ;
in additcon, the two mountings are themselves offset by the height of one glass
in nefation to one another, A0 that the normal fevel corresponds approximately
2o the top of the middle glass of the mounting nearer the ship's centre-Line,
and to the bottom of the middle glass of the mounting on the outboard adide

(see sketch n° 4).

The normaf fevel is marked on the mountings by a red £&ine on a small scale A
whete band nepresents the Limits of admissible variation. To replace the fevel
alasses, follow the "Pétrole Service” instructions contained in the annexe %o
ege 49 95 this guide. The nuts must be tightened using a dynamomeiric Aspanner ..
which fonms part of the shdip's took kit.

In add4tion, each boiler 4is gitted with a Bailey-Jerguson remote indicator with

an efectnic nepeatern on the engine-room control consolfe [(see Bailey instructions).

5 - Soot blowers

Each bolen (s f4atted with 17 Forest soot-blowers with elfectrec nemote control
ca0¢ apecad wnstructoons). The soot-blower are controlled aulomaiically by pusi-
tuiions «n the soot-blower console, sdituated in the boiler-room gangway. Control
b cffected by a semc-automatic sequence, L.e. {f a certain number of buttons

w the console have been pressed beforehand, the corresponding soot-blLowens wifl

art up automsticar
meta * o L Fa e ef 'y .
Cally one Lfici zhe sthen in numerical onder. The number of /
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passes made by the soot-blowers can be adjusted : when new, the machines

are adjusted fon 3 blowing operations.




The allocation of the soot-blowers is shown in sketch n° 5.

- Blowerns 1 - 3 l§ront face) and 2 - 4 |back face) are retractible machines
placed in the gap above the secondary superkaater,

- Blowers 5 and 6 are f4ixed-head machines, which blow through the back of the
primary Asuperheater and underneath part of the Penhoét economizer,

- Blowers 7 and & senve the Lower units of the Penhoét economizer,

- Blowers 9 and 10 operate on the upper uniis of the Penhoét economizex,

- BLowers 11 and 12 serve the Green economizexr.

An individual airn inflow on each soot-bLower prevents combusiion gases surging

back into the piping and causing corrosdion thexre.

MECT AUTOMATIC REGULATION

AL details concerning this equipment will be found <n the MECI operating
instructions. This gudde will Limit iZself to providing a reminder of dafa
04 which knowfedge is essential for the operation of the boiler rooms.

1) Steam pressure regulation

The control gauges (2 in each boilexr room) measure the pressure of the
superheated steam in the bufkhead piping of heater 1 to poat and to starboard.
They control the cil pressure ai the distributor by adjusting the openings of
the valves which discharge {into the fuef Line.

A 3- way tap, placed in the centre of the control console, provides the
following choices :

- separate operation in which the two fuel £ines, port and starboard, operate

individually, regulated by the two controf gauges, it {is imperative that this

mode of operation be used when the Live steam main cross-connection 43 noi open.




- foint operation in which a singfe controf gauge |either port vr starboardj

controls akll the boifers. This mode of operation is recommended wherever the main

Ateam £ine cross-conneclion L3 open. When 3 boilers in each boiler room are

being used, control should generally be given to the control gauge on the aidsz

on which 2 boifers are Lit.

Note 1 - Good care should be taken to avodd incorrect procedutre resulting in the
admission of impulsion to isofated steam piping, o in dmpulsion opera-
tion on one sdide only {f the main steam Line cross-connection is closed.

Noze 7 - 1% should not be forgotten that whilst a boiler is on Line through
desuperheated steam only, iis pressure is not under the control of the
automatic regulating system.

2) Regulation of the fuel/air mixture

Smoke flow is measured by the combined pressure drop in the economizers. The

rate of fLow of 0if for each boifer is measured by the pressure drop of a
diaphragm situated above the burner register. In fact, two diaphragms are fitted
in series, each one associated with a controf gauge type S.200. The §irst covers
A5 whole movement between 210 and 1050 g/cmz . The second moves from 0 up o

the maximum rate of 04if §Low of 6 500 kg/h. An inversion relay gives priority
to"Low §Low"impulsion below 2 500 kg/h and tc "high f§Low" above this figure.

- The object of this devici it Lo i{mprove the piecdsion with whicn the ﬁaza“05 o{Z§
flow is measured at Low consumption figures.

A relay compares smoke §Low with oif-§Low in order to mainzain a constantly
batances fuel/ain mixture.

The quantitative differentiation made by this negulation system is such that

a rigidly constant fuel.air ratio should generally be obtained, regardless of

Zhe number of burners in operation and of the type of nozzles being used. In
practice, a surplus of air {» experdienced, which i8 greater at fLow rates of
consumption. The air flow can be adjusted by means of a pressure transformen.
Normal adjustment conresponds to the §inst mark on the transformen. To increase
ain-fLow, reduce the transformation ratio (0.8 - 0.6 ete...) ; to reduce air-§Low,
increase the transformaticn ratio 1i.. 7.4 «ic...}

.




The ol flowmeters are fitted with a sleam heating device which e
switched on approximately ? hours before using the regulation sy

The smoke fLoumeter should be set to zero when zhe smoke ducts a ¢ waum,

with the boiler stopped and the boiler fans {sofated. Under these conditions,
the zeno takes accoung of natural draught.lf the zero we%e sel when the ducZs
we-2 cold, an abnormally farge excess of air would be obtained ar Low operating
Leveds.

Since 04l fLow i3 measured at entry into the registers,care must be taken

to ensure that the header return 45 well isofated and airtight ; any feak 4in
the header neturn upsets the operation of the regulation sysiem by increasing
the excess of adr.

3 - Feed regufation

The system comprises 3 efements : 3 S.200 differential gauges measuring

respectively :

Level vardiations (amplLitude + 375 mm in refation to standard Level)

feed water §Low |diaphragm at drum water infet)

steam {Low (pressure drop in §irst pass of primary superheater).

A substraction nelay compares feed water and steam flow and corrects zhe
impulsions of the Level measuring device.

For the regulation syatem to function correctly, the output pressure of

the turbo-feed pumps at zero nate of §Low should be sLightly highen than
working pressure, and under way This shoufd be increased by the value of the
- pressure drep 4n the economdizers, which reaches approximately 9 kg/cmz fon
maximum steam generation |6 500 kg/h of 04if) . A satisfactory adfusiment
connesponds to 75 hg/cmz at anchor and to between §0 and §5 kg/cmz under way.
Note . Regorous care should be taken to maintain complete airtightness at the
differential gauge impufsion infots : a blow-hole or joint Leak, or lLeak

0f any king would cause the differential gauges to give false readings.




10

4) Regulation of superheat temperature

This is effected by two water-injection efements. A control pyrometer

reconds the §inal temperature lon the face of the controf consofe]. A second
pyrometer within the consofe receives a derdivative action ; 4t measures the
temperature between the primary and secondary superheaters after the injection
0f waten. This post-injection is repeated on a series 15 display on the face

04 the consodle.

Water injection is carried out selectively by one of two nozzles. The

upper nozzle, type R.35 60-6-47 is capable of a greater outpul than the Lower
nozzle, type R.35 41-6-32. The nozzde to be selected is that which allows
injection on to the MECT vafve with the feast opening adjustment. This wi Ll

in addition, ensure optimum spray qualily.

In commencing water {njection, avoid hiccoughs. 1t is recommended Zhat manuaf
contnol be wsed initially before passing over to automatic control.

Peaks of superheat should be avoided. A superheat temperature alarm L4 given

by the "Pyrométrie Industriefle" reconding pyrometers, and another alarm s4gnals
L0ss of tension on the MECI superheat coﬁzaoz pyrometens. Avodid Leaving seciions
of the nozzle covers open when infection is not being carried out. A Leak in

the injection valve on its by-pass could reduce superheating to an abnormaf

feveld.

5 - Membrane rupture warning sdgnal

The different servo-motors of the MECI regufating devices are builft with
doubfe membranes. Rupture of a membrane is signaled by a pressure contactor
Continued operation £ possible temporarily on the second membrane until the

defective one can be repaired.

6 - Compnessed air feed |see Operating Instructions Volume 1 page 77)

A supply of dry, o0il-free air is essential. A watch should be kept on the

048 consumption of the compressons and on the working order of the Gohin Poulenc

dehumidifying and 0il-scrubb_ing equipment. The control devices are fed through

3 batteries of fifters and pressure-reducers situated within the control consofe.
e
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These batterdies comprise :
- 1 §4lten with feft and porcelaine elfements,
- 1 pressure-reducen,

- 1 aecond paper §ilter below the pressure-reducer.
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One pressure-reducer feeds two boifers ; there is therefore one et of §<ilters
and pressure-reducer permanently in reserve.
The fiftens shoukd be maintained in a state of cleanfiness, the 2%ements beding

replaced as often as necessary.

7) Loss of compressed air

On Loss of compressed ain :

- the feed control valves close automatically,

- the 04& vafves open automatically, Lowering the oif pressure to a
minimum,

- Zhe desuperheating water {injection ports close automatically,

- the boifer fan servo-motors have an automatic tendency 2o shut down, but
the aerodynamic pressure acting on the dampers maintains these fLatter (n an
intermediate position (see page 77 for action to take in the event of a

compressed ain breakdown).

DUST COLLECTORS

Each boilen is equipped with two "Ventif Cyclogalax” dust collectors (aece
special {nstructions) :

- 1 Cyclogalax VA.5 (amall dust collectoxr)

- 1 Cyclogalax VA.§ (Large dust coflectonr)

These pieces of equipment are buift of stainfess steel and work by aerodynamic
centrifugation fo dust particles.

The smafl dust collector, alfone, should be used at Low Levels of operation

(at anchon) 4in onder to achieve effective removal of dust. Under way, the

two dust collectors should be used in paralfel.

A shuttern with two posditions is §itted in *he ‘nle? of i{he fanrge dust collector ;
4% can be operated by remote control §rom the boilfer room control consofe by means

04 an automatic fack |see diagram n° 6).
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Before moving the "Pilotain™ operating handle, press 4is to its full extent

the unlocking button which must be held in this position untif the operation

44 completed (compfetion of movement shown by an indicaton Light) : the green

© Light indicates ihat the shutter is open and the red that it is closed.

A second shuiter allows the small dust collector to be isofated ; it is operated
directly and fLocks in the open position. 1t has a tendency zo open under the
ac;ion 0f the gas fLow ; a red indicator bulb Lights up on the control console
L§ 4t {5 closed.

Important note -

Never Light a boifer without having checked beforehand that the shutter of the

small dust collector is Locked open.

Soot evacuation &s carnded out hydraulically through Linkage with the §iring
commutator. The interior of the evacuation commutatorns is vulcanite-protected.
This evacuation must be in permanent operation on alf § dust collectors as Long
as a boilern 4s Lit in the boifer room.

Overglow pipes, connected to the watexr inzgt, emply {nto the bilfge pressing
through an eye-piece in the boifer {ace.

The overffow pipes end in a pot with a water reserve : these pots must be supplied
with water in orden to avodid any discharge of 400t on gas into the boiler rooms.
Above the {sofating shutters of the dust coffectors, each smoke duct is fitted
with a shutter ; the space between the two serdies of shutters can be supplied
with air by a special gastightness fan |1 in operation and 1 in reserve <in each
boiler noom). This fan must be in operation at sea when one on several boifers in
Zhe boiler room are closed down, in order to prevent blLock-back of gases into

Zhe boiler|s) in question. Open the air shutter allowing the fan to supply the
closed down boilers. Keep closed the eciipse gasket situatad on the dedivery ‘

sdide of the fan not in use.

FUNNELS
Each funnel is fitted with two §ins for Lateral smoke evacuation.
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The smoke ducts telow the dust collectors meel in a singlfe drum budilt of

Light alloy. A 3-position sectorn balanced shutter allows the smoke to be
evacuated either through both fins at once, or on one side ondy. Ina canA-wLnd
in onden to avodid the smoke being blown back Jown, Lt 48 advisable to cfose up thé
Leeward §4in and to allow the gases to escape through the windward one, the smoke
then passes above the funnel and is blown down far from the ship.

The shutter 4{s operated grom the boiler room gangway by means of a preumatic

jack lsee d{agaam n° 7) ; a boft holds the shutter in position.

To operate the shutter, §inst throw the unlocking Lever. The Lug which focks

the 3-poaition sefector knob L8 withdrawn when the unfocking is effective. Then,
move the knob to the desired position. Release the unlocking Lever when the
corrnesponding indicator bulb is Lit.

Do not shift the shutter from porl to starboard in a single movement. Operate

the controls 40 as to stop the shutter in {ts mid-position before changing sides.
When one of the fins is closed, the pressure drop 4in the smoke ducts 4is increased
(50 mm approximately at crudising speed). 1t is therefore advisable to operate
with the shutter in {ts mid-posdition whenever the direction of the relative

wind permits.
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11 - PENHOET OIL FUEL BURNING EQUIPMENT

BURNERS AND AIR DISTRIBUTORS

The 04if fuel burning equipment mounted on the boilers consists of Penhoét

Type 1700-6.C air distributons, §itted to operate with fixed-gLow burners,
variation being obtained by altering the delivery pressure of the fuef. Each
boifer possesses six distributors, give controfled pneumatically and one manually.
The burners are fed with o4l by a distribution register. The central burner can
be fed with Light fuel by special detachable piping to allow starting grom cold.
The §ive burners and air distributons are operated from the boifer room control

console by pneumatic control.

BURNERS (Plate 1)

Penhoét burners use mechanical atomization.

A burner comprises a single-bLock body 1), at the gront end of which L4 mounted
a nozzle |2) secuned to the body by a nut (3). The rear end, fitted with an
{s0lating handle (4], contains the fuel inlet, and fixes the burner to {ts
support. A circulan asbestos joint ensures gastightness on the finebox sdde

and prevents combustion gas bLow-back into the boiler room.

The burner is held in place on its support by a single screw gitted with an
operating wheeld and mounted on a tipping stirwup. At the front it is centred in
the guide-tube by two guides and by fins welded to the body. Screwing down the
burnen removes at the same time the bafl from the safety valve.

The mounting and dismantling of a burner can be carrdied out in a very short time.
The burner nozzle |2), §ixed to the front end of the body, provides mechanical
atomization. The fuel is fLed from outside the nozzle into a whirfing chamber
through tangential cylindrical passages set at a determined angfe to the horizontal
This ensures rotation of the §ludid in the chamber prion to its projeciion, <in very

fine droplets, through the sprayen orifice centred on the chamber.
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The whirling chamber is closed on the side opposite the outlet by a jointless
gastight plug (5].

The nozzle is mounted on the burner support on ground bearings and without the
use of a foint.

The nozzles of Penhoét burners are mounted 4in the foflowing mannen : R.35,
which denotes the common type of afl the nozzles, and three numbers. The finsl
0f these gives the diameter, 4in tenths of a millimetrne, of the sprayer ordifice ;
the second gives the number of tangential passages ; and the third gives the
diameten, also in tenths of a millimetre, of these passages.

The ship's equipment includes the 5 following nozzles :

R.35 : 41-6-32 ; 36-6-78 ; 32-6-25 ; 30-5-25 ; 75-5-71

Graph n° § shows the output of these nozzles plotted as a 6unctién §o fuel-o0if

preAssuLe .

PNEUMATICALLY CONTROLLED AIR DISTRIBUTORS (Pfates 11 and 111}

In case of damage to the ain circudt, these can be operated manually. Detachable

handfes can be mounted to facilitate this operation.

The actual distributon is fixed permanently by means of four cross-pieces (7)

to a circular doorn |6) of which it forms part. 1t is sdituated in the air duct

which §eeds &t and the door, bolted on to the front of the caisson, ensures closun

0f this Laiter. An asbestos jodnt ensures gasiighiness t&wa&aé the combustion
chamber. ALso §ixed to the door, are the boiler fuel-o4il infet and compressed ain
control system mountings.

The distributon consists of :

a) a converging-diverging nozzle in two baﬂtz. The converging part 44 of pressed
sheet ateed, but the diverging part, more exposed to heat, 44, 4in fact, formed
by the nefractory wall of the boifer face moulded into suitablz Ahape.

b) an air control cone (9) suwrnounding the buaner and situated to the rear of
and within the converging part of the nozzfe, 40 as Zo controf flow through
the cylindnical air infet hofe. Convergent nozzle and controf cone are made

integral with one anothen by welded fins situated at their edges. Aerodynamic
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vanes (10) are welded on 2o the central control cone at the front, angled

40 as to swird the combustion air sufficiently.

¢} an obturator {1} which closes the airn lalet cylinden when the busher L3 noi

d)

in use. The movements 0§ the obturator are externally controlled by a system
04 rods which passes through the door by means of stugging boxes. The
movements of the obturator are Limited by f4ixed stops. The opening action

{5 fnom back to front.

a junction piece (12) of regfractory sieel, fitted at the front of the control
cone. This function piece, placed in the ordifice of the air outlet to the
§inebox, can move Longitudinally. Operation is external and can be carrdied
out whilst the equipment is stopped on working. Optimum adjustment <5 made

by trnial and error and the rods are then Locked in position. No further adjust-

e)

ment is requined unless the burner position is changed.

a tubular casing (13), fixed permanently to the door and centred at the front
in the central cone. The movable burner guide tube (14) moves within this tube.
Towards the §ront, a clack-box protects against the glare backand bLow back

04 hot gases on to the boifer room gangway during manoeuvaing. The burner

opens the clack box flap in its pre-Lighting movement. On shut-down, {ts

© closure protects i1 gaom raviatdlon gaom ine geiebox. The Zubufun casing 4o

provided with a cooling orifice and contains in its Lower part drains, for

the evacuation of fuel should this be necessary.

EXTERNAL FITTINGS

of

The burner, fitted in Line with the airn distributor, 4is mounted externally on

a support (16) which is integral with the movable guide tube. The alignment

the suppont ir maintained duning its movement by two xods 117) screwed into

the doon.

Fixed to the movable support, are the foflowing :

1)

the fuel {nlet

This works from a manually controlled secondary cock described befow. The

/.
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outlet hofe from the suppont is obiurated by a ball valve when there 4is no

burner in position.

7} the iipping stirup mounting of the bwinex (79] with its wheéiiéﬁén&téd -

AcCrew,
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3) beneath, a toothed rack (20) sliding in a guide with fongitudinal position
adjustment by means of a screw (21). The function of this toothed rack is to
open mechanically the primary fuel inket cock (22) at Zhe end of the burner's
gorward movement. 1t 4is necessary o readjust the Aetzing of the toothed idch

{f the position of the burner is changed.

4) hordizontally, and in Line with the burner, a cross-connection which drives

the obturaton of the air distributor when the support moves.

5) between the two gudide rods, the coupZing (23] o4 the pneumatic remote control

senvo-moton.

6) beneath the support, a drip-tray |24) o cateh fuel drips which may occur

when a burner i withdrawn, and a dradin cock (25) to drain the burner before

At L& removed.

On the burner door, apart from the guide rods and the guide tube gastightness

mechanism, the following §{ttings are to be found :

- above the burner, an opening viewing port (26) allowing observation of the f{la-
‘mQA and used to {ntroduce the ignition torch. The port can be covered by a
shutten, |

- on an adapted mounting, the primany fuef inlet cock (27),

- the stuff4ing boxes of the obturator and junction-piece rods.

PNEUMATIC REMOTE CONTROL

This includes :

al a servo-moton clamped to the door {mmediatefy above the burner and enclosed
in an insulated casing,

b} on the control console, a "Westinghouse Pifotair” controf. The "Piloiﬁi&"
neturns 2o neutral as soon as pressune on the fever in edither direction 4is
netleased,

c) connecting piping between servo-motor and "Pilotair.
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The servo-motor comprises a cylinden (28), closed at the front by a screw-plug
{29) and at the rear, by a second pfug, which is integral with the cylinder.
The front plug carries the air inlet, connected to the mounting cfamp on the
door, gor the backward movement of the burnen. At the rear, the plug welfded

to the cylinder has an ain infet fon the reverse operation.

A sdingle-block piston and Lits nod (30) move within the cylinden. The rod passes
Iﬁaough the back and gastightness 4{s ensured, as too for the piston in the
cylinden, by self-Lubricating cast-iron packing segments.

The servo-motor rod is coupfed to The burner mounting by a nod (31) fitted
with a ball-and-sockel joint hinged on one of the socles of the mounting.

The two rods are connected by a stanchion nut (32) fLocked by fwo counter-nuts.
The "Pilotain" possesses an infet for air regulated 2o a suitable pressure,
and two outlets, one fLeading to each of the two servo-motor feed inlets. A
piston, operated by a hand fLever, distributes the air under pressure, and at
the same time ensures {ts escape ﬁaom the othen sdide of the servo-motox.

The pdiping connecting Pifotair and servo-motor |diagram plate V) is of coppexr

and 44 connected by K.S.A. joints. Decompression cocks are sdituated in the
circudt to allow manual operation, as are diaphragms to ensure satisgactory

working of the eauipment.

FUEL COCKS - Plate 1V

Each distributorn possesses two fuel infet cocka. Both éne safety cocka
consisting of a conical steel chest and a steel plug pressed §iumly into the
- chest by a spring device. The ncd 4s fitted with a safety gland, tightness
being achdieved in the main by the adjustment of the plug in the chest.

These cocks are of rapid operation type, opening or closing requiring a

rotation of only about 90°.
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On the rod of the primary |inverted chest) cock (22) is §itted a §ixed pinion
which engages with the toothed rack on the support to cause the cock to open.
An index integral with the pinion provides accurate indication of the position
of closure. The paimany cock s fixed permanently Zo a doox suppori.

The secondary cock (18) is operated by a specially shaped handfe, and inclfudes
a device to prevent the buwner being dismounted whife the cock 44 open. 1t
opening and closing are strictly Limited by Aslops.

Beneath the secondary cock, a smaff, hand-operated cock (25) allows the burner

to be drained into the diip-tray with the main cock closed.

FUEL PIPING

The fuel is Led to the primary cock by a fixed system of steel piping.

Precautions are taken 1o permit {ts free expansion and the connection between

thgﬂpaimang and Aegqndaﬂy cocks 48 with the help of rustproof 4Lexible pipding.

The installation as a whole i compleied by an electric device for indicating

the positions of the burner. Two contactons (35), one fixed to the door, the

othen to the movable mounting, {Lluminate corresponding indicator £ights on

the boiler noom controd consofe next to the "Pilfotairs". To hold the burner

in its two alternative positions, an adjustable fLocking mechanism has been

gitted (361.

- onange indicator £ight ifLuminated : burner in operating pOAiiion _

- green indicaton Light {ffuminated : burner extinguished and in withdrawn

position

- ne{then Light {Lluminated : burner {n motion, or not comrectly 4n
position in either direction.

In this Latter case, action should be taken at once to bring the burner Zo

completion of its movement. 1{ necessnny, oven the pneunatic circudl decompressicr

cocks to facilitate this operation.
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OPERATION
The placing of a burner {n position is always carried out with the guide tube-
mounting assembly in i{ts rear position (green bulb ifluminated). The burner in
posdiilon 4is thus protecied by the nen-ieturn §lap in 640&% 56 {t. The focking
screw should be well tightened to ensure gastightness and to alfow passage of the
secondary cock safety feather. Once the burner is fixed in position, open the
secondary cock. Note <that in the rear position of the mounting, the primary
cock 45 closed : this cock shoudf never be manually operated except during
adjustment (infrequent).
Since the burners are protected from the flames, they can quite safely be feft
in position, fitted with pre-sefected nozzle+, neady 2o be £it. The fLighting
of the first burnen 4 carrdied out with the aid of a toach introduced through

the viewing port. 1t is preferable, in this instance only, to have the secondary

cotk closed, to move the burner into its operating position manually on by
preumatic control, and then, having introduced the torch, to open the secondary
conk, at the same Time keeping the ignition under observation. CLose the viewing
port as soon as the torch is withdrawn.

When a pneumatically controfled burner 4is brought into operation, the compressed
air, chanelled by the "Pilotair" on to the back face of the servo-motor piston,
pushes this forward, causing the mounting and the butner itseff to move with AL,
ToZak movement equals 240 mm. In the {irst part of this, the burner opens the
gLap in the éuide-tube\;zhen, the front stops of the obturatonr rods enter into
contact with the cross-piece, and the obturator begins to open. Finally the tocth:
rack engages the pindion of the primary cock and causes this in turn to open. On
completion of the movement, the air and fuel infets are §ully open and the
burnen Lightas. |

To extingudish the burner, the "Pilotair" fLever i3 brought forward and the
servo-moton pdston moves the equipment bachwards. The rack, stilL engaged with
the pindion of the primary cork, causes the cork to cfose. Tha cross-piece

entening into contact with the back stops of the obturator rods, causes the
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obturator in turn to cfose, and the burner withdraws behind the protective §lap.
1§ the burner is extinguished for what is to be a pmlonged halt, on in orden

for it to be neplaced, close the secondary cork and drain the burnen before

dusmantling.
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ADJUSTMENTS

The situation may arise, in the event of use of a fuel different from that

wsed at the time of adjustment, in which it becomes necessary to alter the
poaition 0f the burner within the converging-deverging nozzfe 4in order 1o
achieve good combustion. For this purpose, the burner 4s prevdided with a
capacity of movement up 2o 50 mm maxi{mum. The adjusiment requires care, 4in order
1o avoid working unsatisfactory operation, which could fead to damage.
Adfustment is possible whifst the burner is alight, but it is pregerable in
onden 2o avodd disturbing the operation of the boifer, 2o camry it out with the
burnen extinguished.

Proceed in the following manner - Instance in whith the initial po'/u'z‘,éon of

the burnen 4s at the extreme rear of {ts movement, burner to be moved forward :

Extinguish the burnen |pneumatic control), close the secondary cock (18], drain
the burner and dismount it. Place the dummy burner in position.

Using pneumatic control |do not decompress the ain circuits), send the moving
equipment {into its forward position. The rack (20) is then engaged with the
pinion (34) of the primary cock (22), and the obturator (11) 4is open. Ain .
pressure on the servo-motor piston (30) holds the equipment in this position.
Froo the fock-aut of the front conifacton screw and afacken lthe screw (fhe
indicaton Light ixs.:then extinguihed).

Push forward the front nuts of the cbturator rods.

Sfacken the front and rear fLocking nuts (33) of the servo-motor piston coupling
Atanchion (32).

The moving equipment i3 then free to move, supported by the rack-and-pinion
assembly of the primary cock.

S{muftaneously turn the nack screw and the servo-moton coupling stanchion (32]
in the appropriate direction. With the rack (20) acting as a fixed point, the
burner mounting will move forward the desired amount.

Check the new points of adjustment in relation to Zhe initial poinls given at
the end of the chaptex.
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Tighten the Locking counter-nuts on the stanchion nut. Note that whilst carrying
out any adjustment, on work on the servo-moton, the rotation of the piston 4in
the ecylinden musi be prevenfed. A §at piece on the visibie seciion cf the

rnod 48 provided for this purpose.
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Reconnect the gfront nuts of the obturator rods on the cross-piece, anc tighten
the rods cross-connecting tubes by means of the rear nuts.

Adjust the screw of the front contactor 40 as to {Lluminate the corresponding
indicator Light, and fLock it. T
Open the decompression cocks and move the equipment back manually. Adjust the
screw of the rean contactor and Lock 4it.

Carry out several manual movements 2o verdify that the equipment is worhing
correctly, paying particular attention to the meshing of the primary cock
nack and pindon, and to the {LLumination of the indicator Lights. On closing
the decompression cocks, check the correct working of Zhe equipment under
prneumatic controf begore mounting and Lighiing a burnex.

Since the junction piece {4 operated manually only and has no connection at

all with the pneumatic system, its adjustment musl afways be carrdied out separa-

tely. 1ts capacity of movement {s Likewise 50 mm. 1§ it is necessary, adjustmeni

04 the position of the junction piece should be made, after adjustment of the

burnen. The operation is carried out with the burner alight, after slackening

of the Zocking screws on the rods passing through the stufging boxes in the
doox.

ALL the adjustments made from whatever stariing point, are cavrdied out in the

same way, acting in either one dixection or the othex.

a) The distance between the §ront heef of the toothed rack and the doox 4is
always equal o 59 mm when the burner {3 {n {14 operating posiiion, whatever
the adjustment of the fattex.

£) In thus same operating position, there must always be 7 mm of polished
servo-meton cylinder rod visible, in order to ensure the necessary play 4in
the cylinden a2t the Limit of rhe movement,

r} When the burncn s Ln L{ts rear posdition, the distance between the gront face
of the mobide mounting ard the centrnal strenghtening piece of the door 44
113 mm. This conrisponds to a burner position 320 mm behind the brick wall

04 the combusion chamber. The front face of the junction piece shoudd then

be 70 mm «n front of the burnenr.
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The above figure (113 mm) is the datum grom which all adfustments should
be caleulated.

The tools necessary for carrying out an adjustment are ab follows :

4 x sdize 35 spanners fon the obturalor rod wmils;

t

4 x size 26 spanners for the stanchion and the servo-motors nrod fLocking nuts,

i

2 x sdize 17 spanners to hofd the servo-moton rod and 2o adjust the
contactorn rods,

4 x size 9 Allen spanners fon the rack screw,

1

1 x size 59 gauging rod for checking the position of the nack-heel.
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111 - OPERATION

A - STARTING UP

BOTLER STATES WHEN SHUT DOWN

Three different situations may be envisaged :

al the boiler is stifl warm, having been shut down within the previsous
48 hours
- water in the drum at the normal Levelf
- superheaterns emply

bl the boilen is cold, having been shut down more than 4§ hours previously
- water {n the drum at the normal Leves,
- superheatens 5u££ oﬁerIe@’zo minimize corrosion ,

c] the boifer has been placed in a state of preservation for a prolonged

shut-down

- upper drum §ull up to the air release

- superheatens full of water

The Lighting-up process described belfow i3 applicable to situation b). In

s{tuation a), as soon as Lighting begins, open the superheater drain cock;

in sdtuation c), 4in addition, bring the water down to {ts normal fLevel in

the drum before Lighting up.

The situation of a shut-down boifer is additionally defined as §ollows :

- all sections closed to water and steam, in particular those covering the
feed regulators and the water injection valves,

- shutters closed on Large and small dust collectons.
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- ventilation §laps closed on the delivery side of the two boifer fans

- ain distributons closed,

- burnen: fued-cocks ctosed and buanen registens isclated.

LIGHTING UP AND RAISING STEAM

1)

7)
§)

9)

Ensure that the plating of the boiler casing 44 in good condition and
that all inspection doors are shut, particularly those of the {inner casing
which may have been nemoved during the shut-down.

Open the shutter of the smalf dust collector

Open the register of the boiler fan which 45 to be started up

Start cooling-water circulation to the boifer fan bearings

Open the Cockburn's - A.C.B. automatic stop valve

Set up the feed system s0 as to have onfy the head valve upstream of

the feed negulator feft to open |1.54]).

Open the steam infet and the drain cock of the steam air heater

Stant 04l cinculation in the negister, opening the drain s&€ightly until a
high enough temperature is neached (100 - 110° approximately)

Open the air releases on the drum, connecting pipes and superheaters

10) Ensure that the boifer fan flaps are compZeieﬂy closed : green Light

on the controf console.
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11) Start up a boifer fan, open all the air distributors, open the {laps
wide, ventifate the boilfer thoroughly for 2 minutes, and then close the
air distiibuton and the dampers again .

12) Léght up on R.35 25.5.21 nozzfe on the central air distributor, with

an 04if pressure of 10-15 Kg/cmz. Using successive 10 minutes burns interspersed

_ with periods of 10 minutes extinction, heat up the boilfer until steam begins
to 4onm. Lighting up may also be carrded out in a continuous manner using
an R.35 20.4.19 nozzle.

13) As soon as steam begins to form, close the air release and open the
drain cogkA 04 the superheaters ; drain the superheaters into the bilge
untiﬂ a pressure of § Kg/cm2 {4 neached.

14) At § Kg/cmz, open the Asuperheater exhausts to atmosphere and close theirn
drains to the biigé. Drain the desuperheater and continue 1o raise pressure
using a continuously it 25 burnen until pressure equalization with the
other burnens is achieved. About 3 hours are required Zo reach a pressure
o4 60 Kg/cmz. 1t is neventheless advié&bte not to acceferate the procedure,

and to allfow the temperature to rise gradually.

CONNECTING UuP

1) As soon as steam is raised,open wide the drain cock (Z.75) upstream of the
main Ateam Line bufkhead valve, and 2.72 either to the bifge, or to the drain
tank to heat the main fine.

2] When pressure is equalized, drain the desuperheater in use (tc the druml,
and drain also at .90 upstream of the desuperheated steam infet valve and
7.87, either to the bifge or to the drain tank ; then, connect up to the
desuperheated steam muadin.

3) Drain at 1.71 downstream of the A.C.B. stop valve, and at 2.70, eitheav
to the bilge ox to the drain tank. Check by means of a bilge drain sample
that the steam is perfectly dry upstream of the main steam £ine bufkhead
valve, then open very gradually the by-pass to this valve.

4) Open the main steam Line cock very gradually
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5) Switch 0if pressure regulation over to automatic controd 4§ this has not
already been done

6) Switch ain regulation to automatic controf after checking Lthat the oil
fLowmeters are being heated Lo a suditable temperature.

7) Switch feed regulation to automatic agter releasing air from the impulsion
infet pots of the differential gauges

SPECIAL CASE OF THE FIRST BOILER OF A BOILER ROOM

Lighting up is carndied out with diesel oil, using the Lighting-up pump

and hose which are provided for this purpose, to feed the central burren.
Tmmediately, connect up the desuperheated steam £ine to heat the 04 in the
settling tanks and in the oif headenrs.

Switch over to 0if when the regiaster temperature exceeds 100°.

In the case of this finst boiler, the main steam Line cock may be opened

at a Lower pressure ; the by-pass to this cock may even be opened before

Lighting up (see Operating Instructions Volume 1 page 7).
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B - NORMAL OPERATION

STEAM PRESSUKE

Superheated steam pressure should be regufated to between 60 and 64 Kg/cmz.
1t is necessary to exceed 60 Kg/cmz durning manoeuvning. At anchor, operation

at neduced pressure, 45 Kg/cmz, fon example, is possible without difficully.

Q1L HEATING

1) 0if temperature at the registen should be regulated 50 as Zo obiain a viscosdity
of 2.5° E 115 - 130°C for present oil fuels).

?2) As far as possible, all the distributors shoudf be in use during operation
under way. This will resuft in better flame distribution, the air distributors
will all be cooled by aLayénom the fans, and the presswre drop 4in the ain
will be reduced. The oil §Low to the buaners, however, must not drop s0 Low as
2o jexpodize the stabifity of the §fame. In particular, the pressure drop in
the distributons should remain sufficient to ensure that the pressure waves
in the combustion chamber produce no adverse effects.

3) Nozzles should be selfected to provide an oil pressure between about 14 and
71 Kg/em? : this provides considerable Latitude for varying the 0il pressure
ei{ther above or below its average valve. Prolfonged operation at pressure
befow 12 Kg/cmz {5 not necommended, as atomization tends lo become coarser
at this Level. However, temporarily, during manoeuvaing, pressure may gfalf to
7 Kg/em?, but this §igure constitutes a minimum.

On the other hand,though,zhere is no obstacfe at all to the raising of oif

pressure up 2o the maximum valve allowed by the pumps, equivalent to 28 Kg/crn2

at tho nogister.
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5)

6)
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Regufation of the fuef/air mixture can be camried out correctly only if all
the burners in use are fitted with the same nozzle type. Different nozzles
should onby be used temporarifuy during burner changeovers. Even duiing
manoeuvring, efforts should be made by manipufating the number of burners
in use, to ensure that as far as possible, all nozzles fitted are the same.
Ain regulation is carnded out by ON/OFF action on the pneumatically controlled
distributons. 1t is Likewise carried out by ON/OFF action on the manually
controlled central distributon : it is not advisable to regufate the air on
this distrnibutor by adjusting the obturator, particularly when other distri-
butors are in use.

The central burner should as a rule be kept permanently alight. 1t functions
as a pifot burner, its flame being used to Light the outer burners.

— 7 }-tinder- way;change—the-burners at Least once every 24 hours in order to

§)

steam-cfean them.
Use only nozzles in perfect condition ; these nozzles should be periodically
examined ; Lif possible with a magnifying glass, and an atomization test should

be carndied out using water.

SAFETY INSTRUCTIONS

The following safety insliuciions must be posied in the boiler xooms and brought

20 the knowfedge of afl personnef.

1)

Z)

Bedore Lighting up a boiler, ensure that the shutter of the smafl dust
collecton i» properly open

Before using the pneumatically controlled distributons, ensure that all the
rack-controlled stopcocks are in the closed position, and camty out a dummy
control operation of the distributons

Danger of an explosdion exists if the combustion chamber contains unburned
gases at the moment of Lighting up. Ventifate the chamber well before
Lntroducing the Zoach, and check that no accumufation of 0if has built up in

the air duct by opening the bLow-off cock of the doubfe casing 4§ necessary.
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W

7)

‘The -firaman cawnyding oul the Lighiing up operation should sifand to The s4d
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The torch used fon Lighting up Ahould be extinguished immediately afterwards
in the tube provided for this purpose.

- 2

[

0f the air distributor and not in front of Lit.

Light up only when the oif has been heated to a high enough temperature

to {gnite immediately, s0 as Lo avodd spreading any on the sole.

In the event of the ffame going out after Lighting up; Lmmediately close

the fuel cock and necommence the £Lighting-up operation taking the same
precautions. '

Check that the burner {8 tightly screwed on to its mounting before opening
the fuel cock on the distributor. Check that the register feed cock is open ;

outside periods of manoeuvring the register feed cocks on all burners not in

§)

9)

use should be closed.
Always maintain the nozzles in a condition of perfect cleanliness, using
the steam-clfeansing device. After cleansing, rinse the nozzles with diesel
0L and grease them thoroughly before stowing them. Never use steel wire 2o
unblock the nozzle holes ; use of copper wire L5 permitted.

For the central ain distributor, open the air infei before opening the fuel
cock, and close the fuel cock before closing The ain {niec. never Leave an
extinguished burner in position in the distributor ; its end would be in

danger of becoming red-hoZ.

10) In the event of fire on exploaion, Ashut the rapdid closure cack situated on

the o4l negister at the fevel of the boiler room control posdition grating.

17) Repair without defay Leaks in the o04if piping ; only use efectric arc or

oxyacetylene equipment when the pipes have been cleaned compfetely and there

L4 no further trace of o4l.

12) Rigorous cleanliness is essential for safety. Avodd build-ups of 0if <in

drain-trhaps, drip-trays, ete...
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14) 1§ a burner ia badly £it and 04if runs on to the sole, there i4 a danger

that it may spread into the doubfe casing and catch alight.

In zhe event of §ire, extinguish the burners, stop the boiler fan
and operate the steam drench system. 1§ there is a build up of 0il in the
double casing without fire, allow to coof, ventifate and then open the {nspection
doors to clean up. Do not open whilst the boifer is warm ; the inflammable gases

would cause an explosion.

REGULATION OF EXCESS ATR AND COMBUSTION

When combustion i3 wefl regulated, the smoke glasses should be perfectly clear.
1§, even before the glasses darken distinctly, gfaint shadows are seen, than
the smoke 445 grey and clearly visible outside. |

1§ proceeding at a asteady speed, regulate the excess air 40 as to oblain a

percentage of C02 in the amoke betuwen 13 and 14 %, equivalent to 2.7 - 4 %

of oxygen.

1§ manoeuvaing, {ncrease the excess ainr by a sdignificant amount to between

11 and 13 $%. \

1§ at: ateady speed, it ias <impossibfe to exceed 13 % CO0? without producing

Asmoke, aseek the cause :

- dinty on damaged burnens,

- maladfustment of burner or junction piece positions,

- coke on the junction pdiece : in this case, shake the piece, or {f necessary
withdraw it slightly,

- coke on the furnace throut : in this case, extinguish the burner momentarily
to enable the coke to be consumed and {f necessary give a blast of ain by

opening the distributor for a few seconds without opening the o4if.

1§ coke forms systematically on the furnace throut, check the dimension figures
0f the throut together with the centerding and the Longitudinal position of the
burner at the §inst opportunity.

Observe the flame through the eye-pieces in the Lateral walf.
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Note 1 - 1t may happen, with an abnormally high excess of air at Low pressure that
the ffame may feave the burner and that the o0if may burn in a sheet on
the back wall of the combusiion chamber, moducing fonge quaniiiies of

white smoke. Act {mmediatefy to remedy such a situation by reducing

excess of air and {f necessary, extinguish the burner in question in oader
to relight (ts flame.
NoZe 7 - Vibration of the boiler face may start Zo occur {if the excess of air 4is

Ansufficdient : take action {mmediatefy to astop this by increasing the

excess of air, assuming manual control for example {f the automatic

negufation system has faifed, on extinguishing some burners.

THE FEED SYSTEM

Boilen fevels should be checked constantly. Despite the accuracy of the Bailey-
Jerguson nemote gauges and the MECT Level recorders, it should not be gorgotten
Zhat the only check which is practically immure to faifure is that provided

by the fLevef glasses. Check that they are in good condition and keep a constant
waZch on them. The noamal fevel should remain between the zwo red bands on the
scade ; 4f, 4t enters above on befow either of them, take steps to remedy the
stuation without defay, bul withoul undue hasite.

14 the fevel is no kongeﬂ visible, having passed beyond the Limits of the glasses,
shut down the boifer {immediately. Try to establLish by draining the colfumns whether
the fLevel has disapperared above or below, and return it to normal by extracting
on feeding as necestany.

Do not forget, however, that it can be extremely dangerous to feed a boilexr

which has facked water Long enough for the tubes to become red-hot : the {mmediate
vaporisation of the water on contact with red-hot tubes could cause a seriows
accident.

The feed system is normalfy controfled by the MECI autbmatic negulator. Two
courses of action are avaifable in the event if its failure :

1} Assumz manual pneumatic control of the feed regulation.
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2) Bring into operation the by-pass and overhead sections of the MECI regufator ;
thein mechanical nemote control is fed to the boifer-room control position .

Manual operation snoufd be carnied out smoothly, avodding jerks.
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1t has been stated above, on page 9, that the defivery pressure of the turbo-

feed pumps should be maintained between approximately 75 and 85 Kg/cmz.

OPERATION OF THE BOILER FANS

1t has been stated, on page 4, that a single boifer fan is all that is required

up to an oilf consumption of 4 000 to 4 500 kg/h per boifer, and that beyond this

Level, it is necessary o wuse two fans in parallel.

al Switching into parallel :

open the delivery register of the second fan (Teleflex control)
- check that the fLaps are properly shut (green Light on the control

console) : forn this, it is necessary for pneumatic control to be switched

~ Note

: The negister of a atopped fan may be Left open if quick stanfing capability

by means o4 the 3-way cock on to the first fan only,
- ;iant up the second fan,
- when the adignal £ight indicating compfetion of the stariing Aequence
i3 ifluminated, switch the 3-way cock to control of both fans (H + B);
unden automatic contrnol, the new balaﬁce position of the gLaps will be
established automatically : under manual controf,the f{Laps should be
closed, to maintain at a constant the pressure {im the air duct.

b) Changing over fans :

- {nitiate paralfel operation and then stop one of the fans,

- switch the 3-way cock to the desired position and then close the
register of the stopped fan,

- adfjust the position of the flaps {§ under manual control ; under automatic
control, the new fLap posdition wifl be assumed automatically.

s nequined : the non-return valve on the delivery sdde of the fans provides

sufficient aintightness . However, it is preferable to close it for a
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prolonged period of inoperation in order to avoid any unnecessary air feak.

1t s in any use necessary to close the negisters of both fans when the boilex

Ly shut-down, 4in-order-to-avodid-gas-blow-back ints the boiier aoom.

OPERATION OF THE DESUPERHEATING WATER INJECTION SYSTEM

The water injection piping will be isolated, all sections closed off, as Long

as the 0if §Low nate nemains befow 4 400 Kg/h, per boifer room. Above 4 400 Kg/h,

the following steps should be taken : .

- switch the water {infection control system to manual and cfose the valves,

- open up the sections to pressurize the injection piping and establish water
fLow to one on other of the nozzles. Remember that the Lower nozzle gives a higher
oulput than the upper one.

- graduafly commence manual injection when the temperature afmost Zouches 500°C
avoiding any abaupt action,

- adjust the automatic controls to oblain on aperture equiva@ent to that obtained
under manual control.

- then, switch to automatic control.

Peaks of superheat shoulfd alfways be avoided, a Zemperature of 500° being considered
a max<mum. However, 4sofated, irrnegulan peaks of up fo 510° can be toferated fox
several minutes. The water i{njection system should not be made subject o brusque
control action, as the abrupt temperature changes caused by a massive and
uncoordinated infection have a harmful effect.

Very impontant note - Before manoeuvring water infection, chech the engine room

salinometers and then, {§ necessary, proceed 2o a check on

the chloride content 0§ the feed water. 1t Ls dangerous

§on the superheaterns to inject water containing an abnoamal
amount of salt. 14§ salt is detected in the condensers or 4in
the drain tank, take immediate Asteps to facilitate the stoppin
0§ water {njection should this be necessary : reduce air

excess, reduce speed, change number of boilers.
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SO0T BLOWING

Soot should be bLown once every 24 hours, proceeding in the following manner :

1)

2

3)

5)

Open the two valves 4in series on the soot-bfower steam inlets and Leave the
s00t-blower piping under pressure for 10 minutes, drain cock closed, 40 that

{1 may warm up.

Close the downstream steam infet and depressurize the piping using the drain

cock.

Repeat heating process for another 10 minutes and drain again.

Actual blowing of so00t : nun all the so0-blowers once in the order 1-12

14 necessary, carry out a second blowing of the elements which appear dirtiest
pregerably, operating the soot-bLowers in numerical order l|direction of steam
§Low) . ‘

After soot-blLowing, close the two head valves aga.»én,il open the drain cock

to depressurize and dry out the piping, and close on compfetion.

Note - 1t is necommended that so00t be bfown after each crossing in order that

the boifers should not be fLeft shut doum with an accumulation of s00%

in them,

WATER TREATMENT

The quality of the water used {n the boifens should be subject to constani

check. Refen to chapter 5 of this guide which deals fully with this aspect

of

operation.
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C - SHUTTING DOWN A BOILER

After extinguishing a boiler :

{s0fate the main steam Line at the bufkhead and at the A.B.C. stop valve,
{s0fate the desuperheated ateam Line,

Leave the water at a Level sufficdient to allow subsequent §ilLling of the
superheater from it, and inject hydrazine via the phosphate pump,

close the MECI feed regufator head valve,

close the boiler fan registens,

close the dust collector shutters,

is0fate the air heater 4aom the steam £ine and drain.

When the boifer has coofed down, about 4§ hours after extinction, §4LL the

_.Auperheaten. ..

1§ the boifer is to be shut down for a profonged period |5 days or more), comple-

tely §4£8 the upper drums up o the air releases, infjecting hydrazine.

1t is necommended that shut-down boifers be kept Luke-warm in onder to avoid

external cornosion of the tube bundfes. 1L is pcssible to :

1) Apply a burat of heat perdodically using diesef oif, which has the

advantage of eliminating the risk of corrosdon by dissolved oxyger ;

~ 2) Heat the boiler by astarting up one boiler fan and the steam air heater,

with a single airn distributon open. Stant up also the gastight integrily
fan, in onden to avoid blow-back of gas into the extinguiAhed boiler (see

page 12).
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D - OPERATIONAL INCIDENTS

CUT-0UT OF A BOILIR TAN

a) 14 one fan remains in operation, {mmediately extinguish enough burners
2o bring the nate of o4l §Low down to 4 500 Kg/h per burner and check that
there is no more black smoke. ’
b) 1§ there is no fan in operation, {mmediately extinguish all the burners.
As so0n as one fan has been started up, give a blast of air to ventilate
the combustion chamber and the doubfe casing. Check that no drips of unburned

04£ have coflected bedore relighting.

COMPRESSED AIR BREAKDOWN (see page 11 above)

- Stop the main engines.

- Ensure the feeding of the boilers by means of the automatic regulator by-passes ;
0iL pressure wifl fall to a minimum (approximately 5 kg/cmzi and the bodiler
fan §Laps will remain in an {intermediate position.

- Keep a watch on the ffames, extinguishing the burners if pressure falls below

3 &g/emz, orn {§ the glames become detached from the distiibuiuis.

OBSTRUCTION OF THE FUEL-QIL DISCHARGE

1t may happen that the oil discharge of the MECT valves to the sedimentation
tanks may become partially on totally blocked by a plug of cold oil ; this 4is
particularly Likely when the position of the 3-way cock has just been changed

2o dinect the discharge into anothen tank. 1f this is the case, the oil pressure
will not drop, despite the opening wide of the MECT valve, and the steam pressure

will nise,
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Immediatedy extinguish enough boifers to avoid blowing the safety valuves.

Then, sefect the same discharge route as was in in use beéqae the Lncident

and attempt to blow out the oil plug.

FIRE IN THE AIR DUCT

See safety instructions to be posted {in the boiler-room gangway (page 31).

LEAKS

1} Generator fube burst

I the tube concerned is in the combustion chamber, the §fames will probably
be bLown out :
- shut the rapide-closure cock on the burner register, or , failing that, the

individual fuef cocks of the different burners,

- close the main steam fLine Cockburn's - A.B.C. valve by means of the emergency
valve,

- Awdtch geed regulation to manual, £eav£ng‘the MECT valve cracked just enough
2o allow a Limited feed for as Long as the brick faces are stiLL red-hot,

then {sofate the boifenr.

2] Leak from a generator tube expansion §itting

This Zype of Leak is difficult to detect during operation. An increase in feed
rate without apparent cause may be noted on the gauges. In the Long run, it will
be observed that the percentage of salt in the boiler drops on ceases to rise
in the absence of extraction. On extinction, seek out the Leak by Listening
through a viewing port on a dismantled air distributor. Do not be deceived,
| however, by the air noise, caused by natural draught through the viewing poats.
When the boifer has coofed down, inspect the tube bundles and Look for traces 04
salz.
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3] Superheater Leak

The sympton of this is a slight increase in feed rate ; however, it is hardly

aelecdaoce excepl by hydranfic Lest, by inaces of salr 44 it occurns at a tube
§4tting on as a result of a blockage, ox by sound in the boifer once it <3 shut

down.

4) Economizen feak

- abrupt {ncrease in feed rate without effect on salindly within the boiler,
- external feaks through foints in the casing.
Intervene qudickly, as the jet of water under pressure will attack any obstacle
in 4ty path, particularly neighbouring tubes ; there is thus a risk of chain-
reaction bunszs.

ThQVGneen and Penhoét economizers can be individually isolated by means of
valves provided for this purpose and Locked open.
TesZ the Green economizer §insz, and then the Penhoét economizer in series with
it. As part of the emergency measures, open the economizer air relfease and
drain cock, and by-pass. Do not exceed a steam temperature of 350°C at the inlet
0§ the Green economizen if it is isofated.
Keep watch on the superheat temperature, which will be higher than during normal

operation.

5) Leak in the desuperheater whilst in operation

Symptoms of this are a drop 4in boifen salinity and, in the Long term, traces
0f salt on the Apindfes of the desuperheated steam cocks (pressure reducen,
Zurbo-feed pump, obturaton, etc...) ; analysis of the desuperheaten drain product

may also provide an indication. lsolate the suspect boifer as soon as po.ssible.

6) Leak in the preheater

Unexplained increase in the heating of the water in the bare-tube economizex.
It shoutd be noted that this heating variesin inverse proportion,to the C0?

percentage of the smoke for a set speed.
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IV - MAINTENANCE AND REPAIRS

WASHING “OF “THE “BOTLERELEMENTS

a) General points

Combustion of fuel 04 n° 2 causes the formation of deposits on the tubes

exposed to the hot gases :

- cindens on the generator tubes, particularly 4in the combustion chamber,

- sulphate and vanadium derdivative deposils on the superheater tubes,

- sufphate and s00t deposits in the economizers, particularly in the Low-
temperature Green economdzer.

The deposits on the superheater tubes can be removed by washing with hot water.

The s00t in the economizers can be recovered in part by vacuum cleaning or

removed by washing.

b) Fregency of cleaning

The frequency of cleaning to be recommended cannot be faid down in any precise
mannen ; {t depends on the percentage of {mpurities in the fuel, on the quality
04 combustion, -on the effectiveness of fuel additives, ete...

1t is necommended that washes be spaced out as much as possible, being carried
out at the earnfiest after 3 000 hours of operation, buil perhaps occurring only
every 6 000 hours, provided that intermediate inspeciions of the efements prove
satisgactorny.
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1t is possible to Limit washing to one parl of the boifer only, for

without wetting the superheatern, sireich a plasiickover over the rear of

the primary superheatenr.

¢) Washing procedure

The‘Authuaic and sulphuretted deposits become particufarly corrosive when
therelis humidity present. 1t is therefore important Zo remove the acidity,
and 2o do 40 4in such a way that afler washing, the surfaces dry rapidly.
Before washing, open the inspection doors and the so00t pockets, and set up
the spouts allowing the watern to be evacuated to the drain tank.

For washing, hot (50-60°) §resh water AhOukd be used, rendered alkaline

" (ph. §-8.5) by the addition of phosphate and soda. In each boilfex room, there
L4 pnobided forn this purpose, a special tank on which a hydro-ejectorn draws
(4ee diagram n® 1132.6) . 1§ aequiaéd, this tank may be used to add Teepol

2o the washing water in order to soak the deposits more easily.

The washing material should be used as shown <in plan n° 1180-1 : §fat nozzles,
round nozzles, hoses, elc...

Durdng the washing of the cconomizens, 4t Ls advisable Zo protect lhe Lhin
cement of the boifer casing behind the superheaters with a plastic sheet.

At the time of washing, the boifer should be as warm as possiblfe taking into
account the necessity for personel to enter the tube-wall gaps (40 - 50° appro-
ximately].

Wash the tube bundlfes untif all traces of deposit have disappeared, and until
the water issuing from the so00t pockets is no fLonger acdidic and turns Litmus
paper bilue.

The washing must be complete : any deposit remaining {mpregnated with water
in a apot not easily accessible, on top of the tubes and cross-connectors o4
the superheater, for example, will have a haamful corrosdive effect. Open atf
the inspection doors to allfow complete access, aid zimovs the superheater

.
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baick Layers and the piles of bricks which screen the superheater supports.
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1t is impontant that the washing be carrdied out by ‘conscientious panaohel

and that a responsible petty officer should inspect the tube bundles on completion

U ine operailvi.
After washing, Light up the boiler {mmediately to dry it out ; faifing this,
warm Lt up using one boifer fan and the steam air-heater with a single air

distnibuzon open.
Under no circumatances, Leave a boifer weil and cold, as this rishs sernious

corrnosion of the casing plates, the tube feet, ete...

IMPORTANT RECOMMENDATIONS

During cleanding, attention should be paid to the following points :
al On the §ront and rear 6ace¢, nemove all s00t which could eventuaﬂiy

deposits may be nemoved with a vacuum cfeaner. Repaint the bends and Zhe
headers with Apexior n° 1.

b) On the §ront face, clean the connecting bends of the Penhoét economizers
in the ain duct. 1§ the deposits are farge, examine and, {f necessary, repair
the cement seals at the fube outlets.

ci Inspect the superheater tube feet through the «nspeciion plugs provided gon .
this purpose. BLow out the deposits with compressed a{a, on i{§ necessary,

nemove by washing with atkaline watexr.

CLEANING OF THE INTERNAL PARTS

1§ the treatment of the boifer water {4 cormrect, then as a rule no significant
deposit shoubd occur within the boilex tubes. A descaling device with §lexible
Lead and serrated wheel driven by compressed ain forms part of the shdp's took
kit. However, {t is not advisable to use this frequently or regufarly, unfess

Large deposits are detected, as the mechanical descaling of the tubes destroys

the protective coating formed by the phosphates.
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The drums should be cfeaned at every inspection : nemove mud deposits by

washing with gresh water through hose and nozzle ; take care to remove all

mud deposiis which might build up around the tubes of thé intenal desuperheater,
particularly in the vicinity of the tube sheets and Asupports. Such deposits

may have a rapdid corrosdve effect on the desuperheater tubes.

TUBE INSPECTION

After internal cleaning of the steam header or after any work at all carried
out within {t, a check must be made Zo ensure that no tube remains obstructed
by a foreigh body.

Passing a steel ball through the tubes (s the simplLest method of carrying out
this test. On completion, an {inspection will ensure that no tool or other
object has been Legt in the drum, and the sealing plug will {mmediately be
neplaced.

HYDRAULIC TESTS

1% L& STRICTLY FORBIDDEN to carny oul any hydraulic test of the boifers with
cofd waten. Before any test, give enough bursts of heat to raise the water
Temperature to 50 - 60°C.

Avodd frequent raising of the boilfer pressure for test purposes to a Level
higher than working pressure : most feaks can be detected at meddium pressures

(30 - 40 kg/cmz fon exampfe).

EXPANSION OF THE BOILER FEET

The fr2e¢ movement 0§ the hoilen 4cet should be cheched periodically. 1§

necessary, introduce grease through the oval holes.

1




44

VARTIOUS REPAIRS

1) Eoizea tubes

In the event of damage, boilfer tubes may be plugged following the instructions
given below, but this is essentially a temporary measure and a new tube should
be §itted as soon as posasible, particularly in the case of tubes which screen
bricked sections (Lateral wall tubes and combustion chamber rear wall tubes).
The brickwork, the {nsulation, and even the casing plates risk deterioration.
Superheater support tubes should not be plugged. In the event of damage to

one of these tubes, stop the boifer until the tube can be replaced.

Boifen tube plugs should be inserted with the aid of a mallet. Perfect tightness
will be achieved by tuaning the plug through at Least one revolution with a
spannen applied to its squared end.

Do not forget to drill a smafl hole in the plugged tube to prevent an accidental
nise {n pressure, which would blow out the plugs. The plugs are depicted in
plan 1180-3.

14 it {4 necessary to cut a Zube using oxy-acetylene equipment, ensure that

the cut is at Least 50 mm from the tube plates.

The expanded end of the tube should be filfed down s0 that there remains no
profection which could damage the tube pfate on extraction of the tube.

When Lt {s necessary to work {n a header through a hand hote plug, take Zhe
precaution of protecting the machined surfaces of the header with a &ight copper
plate.

To extract a tube-end,cut with an oxy-acetylene torch a jack inside the header
pushing on a round-form cold chisef can be used Zo free the pari g4iited <into

the tube plate. However, care should be taken to avoid damaging the mounting hofe.
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Before §itting a new tube, the mounting in the plate should be cleaned with

emery paper. ALL sharp edges should be eliminated and no furrows ox protuberances

should be tolerated.

Check that the neplacement tube is clear, and as far as possible, polish both
ity inside and outside with emery paper up to a distance from the end about
25 ~ 30 mm greater than the thichness of the tube sheet. Round off the ends
during expanding and bell-mouthing operations. The ends of the Zubes and the
conresponding mounting holes in the tube sheet should be perfectly cleaned
with a rag soaked in a trichloroethylene fype éOZin:. The tubes inserted
in thein correct positions are expanded using external bell-mouthing tube
expandens provided in the tool kit. Use of these tools should be made as
follows : ,

In the top header :

Having regard forn the thickness of the tube-sheet (106 mm), the operation should

be carnied out in two Aslages, §<{rsl expansion and then bellf-mouthing.

141 slage

Expansion tube 69 x 89 took n° 52.466
tube 58 x 70 Zoof n°® 52.468
tube 45 x 57 tool n° 52.471

Znd AZage ‘

Expanadion tube 69 x 59 toof n° 52.465

Beff-mouthing tube 5§ x 70 zood n® 52.467
tube 45 x 57 toof n°® 52,470
Middle headen - Bottom header :

Fon these tube plates, which have a maximum fhickicss of 7¢ mm, thz opcralion
can be camndied out with a single Zool
Expansion Bell-mouthing tube 69 x 89 ool n° 52.465

tube 58 x 70 ool n°® 52.467 and 52.469
{superheater front efement) tube 47 x 57 took n° 52.470
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As a general rule, the tubes should be expanded slowly 30 that the ends are not

forced too widely apart during the operation. 1f is better to expand a tube :
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Little than too much. A tube which has not been expanded enough and which

which feaks after excessive expansion may have to be removed and replaced.
Moreover, excessive expansion can Lead 2o a fLaking of the metal of the
Zubes by the rollers. Excessive greasing of the part to be expanded should
be avoided ; moist soap can usefully replace grease for this purpose.

Do not forget to clean the end of the tube to nemove surplus grease after

the operation.

BOILER CASING AND BRICKWORK

The boilfer brickwork must be maintained in good condition, and repairs should
be effected using the same materials employed in the construction of the boilex.
When repfastering only is necessary, the ofd material should be dug out to

grom a dove-tril and to ensure that the nepai4 cement on f{lLen hodlds.

As a general nule, never add water to the putly to be used on the surface of

the front on back faces of the combustion chamben.

Forn farge nepains, specialists should be called upon.

Throats which have been repained should be carefully mowfded on to the tomnfate
centred in the guide tube (plan n° 1520.29).

Check the gastightness of both inner and on to casings.
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SUPERHEATERS
The plugs of the superheater headers are of a special type consisting of an

welded inside this tube lplan n° 1180.2). To gadin access

expanded tube and a

to the tubes, break the sealing weld with a firne g/zindz:ng wheel on with the
cutting tool (plan PT 1180.1).

To extract the innen plug, use the set of tools (plan PT 1180.3).

To §4t a neplacement plug, adjust the external diameter so that it can be
insented with ease and carry out the weld (plan 1180.7).

1t is not necessary o §4¢ the welded plug immediately.

‘ A temporary plug, referred to as the repair plug, is provided for this eventuality
{primary superheater plan 1141.3).

The §{tting of this plug requires the hedight of the expanded sfeeve to be reduced
by 25 mm using edither the cutting ool |(plan n® PT 11§0.2 A) on preferably

a grinding wheef.

The plug marked 26 is introduced into the header through the oval hand hole.
The gasket marked30 {8 gitted after checking that the mounting 4is 4in
pergect condition, and the stinnup marked 27 L3 applied, held 4in place by the
nut marnked 2§. Tighiness is then assured by gasket 31, tightened by nut 29.

For the secondany asuperheater, plan 1141.4, repair plug numbers 23 - 2§.

Through the tube expanding hofe or the hand hofe, it is possiblfe to plug zthe
tubes of the superheater (plan 1180.3).

Do noz Sﬁﬁigfio drill the plugged tube in order to avodd any internal pressure
excess which could blow out the plugs.

A% each annual {inspection, check the position and securdity of the perforated
plates which protect the superheater headers from the steam Line. ALso check the

free dilation of supeiheater headens.
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For the nepfacement of the expanded sleeve, use toof n° 52.474 {or expanding

and befl-mouthing.

and 57.476.

PENHOET ECONOMIZERS

The plugs of the Penhoét economizer headers are of the same type as those used
in the superheater headers.

Repairn operations are of the same type. Similarly, a temporary repair plug 4is
provided. (Plan 1151.1).

PLug number 17 4ia introduced into the headers through the oval hand hole.
Then, gasket n° 15, stirrup c€ip n® 13 and gasket n° 16 are §4itted, all being
hefd in place by rut n® 14.

For the replacement of the expanded sfeeves, wuse tool n° 52.472 for both expanding
and bell-mouthing. v
For the expanding and bell-mouthing of the tubes of the Penhoét economizer, use

tool n° 52.473.

GREEN ECONOMIZERS

See special FUSTER GREEN dnszruciionsd.-
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LINER "FRANCE"

INSTRUCTIONS FOR THE REMOVAL AND THE REFITTING OF

THE STEAM LEVEL GAUGE GLASSES
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INSTRUCTIONS FOR THE REMOVAL AND
THE REFITTING OF THE STEAM LEVEL GAUGE GLASSES

1 - GENERAL POINTS

1) The fevel gauge shoufd be removed when :
a) s0iling of the mica prevents the Level of the Liquid being seen
b) the glass becomes opaque as a result of the deterionation of the mica
¢} a Leak has occured which has not been stopped quickly.

2) To effect glass (on mica) neplacement, it is advisable, wherever possible,
Lo stop the chamber of i1s cocks (4 bolts to unscrew). This avoids any false
alignment of the constituent pieces on nefitting. (x)

3) Befow 40 kg/cm the bolts are simply inserted in the body (A is what
follows). Above 40 kg/cm , they are screwed Lnto the body (B in what 6o££ow4'.

4) 1% iy necessary to provide the §oflowing replacement parts :

- Lransparent glasses of the szpromiate inbos,

- washers (internal and external) forn each glasa

1

mica pieces of the same number as the glasses

packing pieces for glass §itting, thickness 0.4 mm, Length 45, height 5

(2) the advantage of having always ready one on two repfacement chambers, which
may be exchanged with those already in position simply by removal and negitting
of the 4 bolfts referred to above, is clear. The saving of time is considerable,

and the glasses can be replaced without haste in the best possible conditions.
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11 - REMOVAL OF A GLASS

A/ Below 40 hg/cmz

+

Tightening in pairs in the orden :

%; = nai$765 e Aéé£a£n§Wé;ii;;Wié;;;éwéh;WAEQQQ:T;;&WM
then the glass lon its fragments) and the mica.

2] - nemove the {inner washer, taking great care not to damage the bed
0f the washer in the body if a toof is used to prise it Loose. Note
that the nemoval of the glasses, immediately after the removal of the
gauge {itself, stilf warm, reduces the adhesion of the washer.

3) carefully clean the bed of this washenr.

4) - nemove the Lid washer and clean its bed in the lid.

B/ Above 40 hg/sz

The operation i the same, but since the bolts are screwed into the body,
all that needs to be done is 2o take 04§ the nuts on the same side as the
glass which is Zo be neplaced, positioning the chamber horizontally with

the glass in question on top.

TTT - FITTING IN A GLASS

4.5
3.6
2.7
1.8

A/ Below 40 hg/cm2

$

1) - place the chamber body [Laf on a bench, the mouniiing of the glass

ey

to be replaced facing upward, dnd press the innen washer |new) into its
bed, §otlowed by the mica |
2) - §4t the glass, positioning at each end and afong the edges 4/10
packing pieces o4 hLingerite or similar, and then the external washer.
3) - place the cover on top of this washer, and then the nuts on their
bofts ; having checked that the glass L8 suitably centred and that
the washers and the mica are correctly positioned, tighten the nuts
by hand.
4) -_Usdng a torque wrench on an initial setting of 0.7 mkg, tighten the

nuts <in the onder shown on f4ig. 2., {.e. beginning in the centre.

Inctease the torque by asteps of about 1.4 mkg, recommencing iiie
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tightening of the nuts afler each adjustment. Always in the same order,
and §inishing on a torque of 7 mkg linitial tightening).

Impoxtant : To avodd too great a Zorque on the bolts, {f is necessary ic grease

the nuts before nefitting them.
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5) - when the gauge is back in service, the washers are permanently

hot, and tightly compressed as a result, which £

slackening off, with the toaque falling from 7 mkg to about 4.8 mkg.
However, this torque {4 still sufficient to prevent any feak.

Refit the chamber between its cocks, and gently open the cocks to
bring the gauge up to working temperatunre.

To complete the operation, a final tightening up of the nuts should

be carrdied out. Finst, as a safety measure, close the sLop cochs

and open the drain cock. Then, with the torque wrench set at 48 mkgq,

carry out a general tightening 4in the order indicated in §ig. 2.

6) - when the gauge i back in servdice, check carefully that these are

no fLeaks. 1f there are, repeat operation (5). The slightest continued

seepage of steam may atiack the surface of the bed of the inner
washer, and will necessitate the re-machining of the chambex.

B/ Above 40 hg/sz

As stated in 1 (3), the bolts are screwed into the body of the chambex.

This results in a reduction of thg Zorque necessary for tightening up.

1) - 2) - 3) - as fon 111 A

4) - initiaf torque wrench setting 0.7 mkg, progressive increase in
sleps of approximately 1.4 mkg, as in 111 A, but §inish on a setting
of 5.5. mkg. |

5] - the initial tonque of 5.5.mkg falls, after entry into service 04
the gauge, to approximately 3.5 mkg.
Proceed as indicated in 111 A (5] and after cartying out a general
tightening up at 3.5 mkg {sufficient to prevent any Leak at 05 fzg/Cmg
carrny oul the check described in 11T A (6).

IMPORTANT NOTE : Never Lose sight of the safety aspect, and reduce pressure in the

gauge <n service befone any tightening up operation on the nuis.
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WATER TREATMENT

1 - GENERAL POINTS

OBJECT OF THE TREATMENT
The boiler water and the feed water must be regularly analysed and treated. The

object of this treatment is :

- 2o prevent salt being deposited in the steam generating tubes of the boilfers

- 1o prevent priming

- 20 prevent internal corrosion of the boifers and the feed piping -

Deposits are guarded against by Limiting the total salinity of the boifer water,

and in particular i{ts chloride content.

A fairly high percentage of P205 Lons {8 necessary to precipitate the alkaline

earth chlorides progressively as they enter the boifens.

Priming is simitarly guarded against by Limiting the total salinity of the

boiler waten. ‘

To combat corrosdion :

al oxygen i3 efiminated as comnfetely as possible from the feed water and the
bollen water. In the deaerator, a very hagh degree of physical gas separation
43 obtained ; this separation is completed by the chemical destruction of the
resdidual oxygen (hydroxine infections).

bl zhe waten in the circult {4 given a fairly high alkalinity. Additions to the
boifer water are of caustic soda and phosphates. In the case of the feed water,
the partiak break down of the hydrasine into ammoniac contributed to the raising
of the pH. 1t may be necessary though to add very small doses of volatile amino

products.
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ANALYSTS EQUIPMENT

1) 1n each boilfer room, a PROSIM analysis cabinet contains materiol allowing

- atkalinity : degrees of atkalinity \DA), total alkalinity |DTA) and basicity
(DB) '

- high concentration chlonides (boifer watenr)

- iow concentration chlorides (evaporator production and feed water).

2) In the engine room Laboratory, on B deck are 3 PROSIM cabinets containing
respectively the materdial necessary for checks on the fLevels of the 502£ow£ng :
al - atkalinity \DA,DTA,DB)

- high concentration chlonides
- Low concentration chlorides

bl - phosphates
- oxygen
- PH (by calorimetry)
- hydrasine
- 4{lica high concentrations of 2.5 - 25 milligrammes per Litre)

¢) - silica (Low concentration of 0.2 - 2.5 mifligrammes per Litre)

nardness

Methods o4 andﬁyéiAlane described in detail in the PROSIM instructions.

In addition, the faboratory is equdipped with a SEP1 Electrofact PH-meter
Yype 52 A, and with a Philips Philoscope conductometer (refer to the operating

instructions of these two pieces of apparatus).
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SAMPLE COCKS

Sample cochs with coofers are provdided :

n® 1650.6 and n° 1130.3)

2) in the engine nooms (diagram n° 1650.6) :
- on the defivery side of the drain-tank pumps
- on the suction asdide of the turbo-feed pumps
- on the delivery aide of the turbo-feed pumpas.
Finally, sample taps without coolers are provdided on the delivery sides of

the main and auxilfiary condensate pumps.

METHODS OF TREATMENT

1] In each boifer room, a 220 Litre tank i3 provided for addivites (plan n°1557.7).
 An Emidecau piston pump, capable of an output of 350 Litres per hour, at a
pressure of 110 kg/cmz, pumps into each boifer, either through the economizer

or directly into the upper drum. ($ee diagrams n° 1650.1 and 1130.3). The treatment
additives are normally pumped into the water through the economizer.

Pumping directly 4into the drum should, as a rule, be wsed only for treatment

04 a boiler which {3 shut down, or for treatment of a boifer on which the
economizen L4 out of aciion.

The Emidecau pump can, if necessary, be used as a test pump.

2) In both the forward and after engine rooms, a 250 Litre tank allows d dilute
s0fution of hydrasine to be introduced, drop by drep, by gravity into the
Vatmaépheﬂic drain tank.
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WEIGHT OF WATER CONTAINED IN A BOILER

Bollea und

- - " - o -~ - -

- Green economizer 900 kg 800 kg 8§00 kg
- Penhoét economizer 3 000 kg 2 600 kg 2 600 kg
- Superheaterns 3 400 kg

- Bodlen iﬁezé at normal fevel 21 800 kg 16 400 kg 14 000 kg

Level vardiation of 100 mm
grom noxmal fLevel 1100 kg §25 kg 715 kg

The doses of additives for the boifers should be caleulated for the weight
of water contained in the boiler itseff, without taking accourt of the economizers.
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11 - TREATMENT

1° FEED WATER

A - Salinity

The salinity of the feed water should be as Low as possible : keep a watch on
the condenser and drain tank salinometers, and intervene without delay as Asoon
as any rdise in salinity 4is detected.

1t is difficult to evaluate precisely, using the salinometer, any penetration
of salt Leading to a salinity of the order of one milligramme per Litre L4

the condenser. 1t is more practical to obaerve the variation in the salinity
0f the boifer water over a period of several hours when no extraction {5 cauded
out.

Example : Let ws suppose that the fuel-oif consumption of one boilfer room Lis
17 zons per houn with 3 boilers in operation, and that the salinity rises 50
milligrammes in 24 hours. The introduction of salt is then :

3 x 50 x 14 000
24 x 1 000

= §7.5 g/h

Vapourisation 4is approximatedy :
13.6 x 17 000 = 230 kg/h
The introduction of salt cornesponds to a salinily of :

§7.5
220

= 0.38 mg/L

Note : 4if the steam dryness function {4 0.995 and if the boifer water contains

50 milligrammes per Litre of chlorides, the quantily of 2222 carriod away by the
Ateam connesponds to a salinity of 0.005 x 50 = 0.25

1% can be seen that with an excellfent dryness function of 0.995, the saft removed
by the steam gives the condensate a salinity of the same onder as that calculated

in the preceding example.
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On the other hand, the pressure of ammondac, or ever of vofatile amino products
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B - Oxygen content

- wazed”gaom the main condensers, of which the oxygen content can reach as much
as 20 - 25 gammas (1 gamma equals 1073 milligrammes pen Litre),

- water from the atmospheric drain tank of which the oxygen content during ncamal
operation 4is of the orden of 400 - 600 gammas.

The oxygen content at the deaerator outfet sould not exceed the minimum deteciable

by the onthotolidine dosage method, <{.e. 7 gammas.

At anchon, the feed water may be partially aerated on the delivery side of the

turbo-feed pumps by mixing with the non-deaerated water used fox coofing Atuf §ing

box &inings.

To guard against penetrations of oxygen, it is sufficient to maintain a hydrasine

concentration of 50 gammas in the feed-water during operation. This extremely

Low Level conrnesponds to the minimum which may be detected by chemical analysdis.

C - AlRalinity and PH

The alhalinity of the feed water must be maintained within quite naviow £imits.
Water with a Low PH coarodes steel |piping, economizers, ete...).

Water with too high a PH will attack the alloys of copper |condensers, heaters, ete...
The PH o4 the condensate shoufd be maintained between § and §.5, and preferably
between §.3 and §.4.

In the absence of hydrasine treatment, on if they are necessary,of volatile amino
product additives, the condensate would be slightly acid (PH = 6.5 approx.].
Hydrasine treatment, cartdied out with the aim of eliminating oxygen, contributes
through a second reaction, to the aaising o0f the PH of the condensate lsee page 69).
Normally, the addition of hydrasine in the dose recommended above is sufficient to
obtain the desired PH both in the condenser and in the deaerator outlet.
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2° BOILER WATER

A - Phosphates

B - Chlondides

The chlonide concentration should not exceed 100 mifligrammes per Litre. 1% should
be endeavoured, as far as possible, not to allow it to exceed §0 miflligrammes pexr
Litre.

A chfonide concentration of 350 mifligrammes per Litre can be tolerated Zemporarily
for a few hours foLlowing accidental pollution of the circudl ; however, in this
case, the phosphate concentration should be increased to §0 mifligrammes per fLitre

06 P,0;. Boifer pressure should be reduced until a normal situation can be regained.

C - Total salinity

The total salinity of the boifer water should normally remain befow 300 mifligrammes

per Litre, which comnesponds to a resistivity of 1 200 ohms/em/cm?.

D - Afhalinity

The alkalinity of the boiler water is defined by the degree of alkalinity (DA} and
the degree of total alkalinity (DTA).
Realisation of the 4olLowing conditions should be attempled :

5, DAL 5

1.5 DAL DTA [ 7 DA
1§ this nesult is obtained, a check will show that the PH is between 10.5 and 11.5
1§ the DA is between 10 and 15, on if the DTA is between 13.5 and 20, an extraction

will probably have to be camied out in the very near future.
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14 the DA exceeds 15, or if the DTA exceeds 20, undertake an extraction immediately.

1§ the DA and the DTA are oo fow, trisodium phosphate and soda and, in certain

The graph on the following page shows the nelationship between DA, DTA and the Levels
0§ soda and P205 . On this graph :
- - the addition of soda moves the reference point in a direction paratllel
to the straight Line DA = DTA
- the addition of trisodium phosphate moves the reference point {in a
dinection parallel to the straight Line TAC = 2 TA
- the addition of disodium phosphate moves the reference point in a
direction parallel to the y-axdis.
Tabfes 1 and 2, established from the graph, show the doses of treatment products

to add in order to arrdive at a sdituation approximately ons = 40 and DA = 6.

E - Hydrasine and oxygen

The dose of hydrasine added to the feed water (50 Qammes] Leads to a hydrasine
concentration of 50 - 80 gammas in the boiler water. There should thus be no

taxe of oxygen to be found in this water.

F - Silica
The silica concentration should not exceed 6 milLigrammes per &Litre. Tne sdize of the
slica dose fon such Low concentrations in the presence of phosphates is a particularly
deficate matter. Such a dose should be added only rarely and it is advisable to engage
a specdalist Laboratory to do the job.
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TREATMENT OF AN ISOLATED BOTLER

30 minutes before isofating a boifer, commence a hydrazine injection using the

corresponds to an {nfjection of about 15 gammas of hydrazine per boilfexr.

TREATMENT OPERATIONS

1° Extraction

Rapid extraction may be carndied out grom the surface or from the bottom of the water
in the boifer, or a continuous extraction may be carrdied out via the sample cock.
The fatter procedure is recommended, as it allows the volume of water being extracted
to be conveniently measured, and also allows a check Lo be maintained on the results
by means of analyses carried out at intervals as the operation progresses.

7° Addition of soda and phosphates

Since the tank for additives has a wuseful capacity of 200 Litres and the Emidecau
pump an output of 350 Litres/hour, the Zank is emplied in approximately 35 minutes.
The abrupt introduction into the system of Large doses of soda or of phosphates
musl be avoided, however, as the resull would be a temporary increase in the
concentration in the upper drum of the boifer which could fead to priming and the
chokding of turbines. The dose of chemical added to the tank at one time whilst the
vodden 45 4n operation. s theregore Luimdzed Lo 250 grammes. 1§ Zhe dose required
exceeds 250 grammes, §{LL the tank several times Lin ordex tq effect a gradual
injection of the chemical.

The Emidecau pump can pump {n either upstream of the economizer, ox diaectzy into
the waten drum.

When the boifen {4 in operation, pump in via the economizexn.

When the boiler 4is shut down, pump directly into the drum.
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3° Add.ition of hydrazine

Hydrazine is generally supplied in a dilute sofution of 10 % N2H4.
For addition to the drain tank, difute this solution furthexr s0 as Lo introduce

the hydrazine in a 1 on 2 % solution.

For addition to the boifers, a dose of the order of 15 grammes diluted {in the 200
Litrnes of the additive tank cornresponds to a dilution in the region of 1 / 10 000.
Note : 'The handfing of hydrazine requires precautions : personnel should wear

gloves and protective glasses to handfe the sofutions.

FREQUENCY OF ANALYSES

1) Main condensate water

- measure of resistivity with Phifoscope
- ammoniac Level

2) Feed waten

a} once a day :

- PH test
- measure 0f resistivity with Phifoscope
- oxygen fevel

- oxygen fLevel
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3) Bodifer water

- DA

- DTA
- chlonides

b) once a day :

phosphates
- PH

'

resistivity

hydrazine

¢) on shut-down boiferns :

- oxygen and hydrazine fLevels every 5 dayas.




64

DOCUMENTATION

The unit moat widely used to designate fevels of concentration is the mifligramme

per Litre. 1 milligramme per Litre is the equivalent of 1 gramme per tonne. This
unit <s designated by the abbreviation ppm (part per milLion) in Engfish and
American publications.

Very Low concentrations are reckoned an gammas, {.e. in thousandths of a mifligramme
per Litne.

Levels of alhalinity (see next paragraph) are expressed {n French degrees. The
French degree corresponds 2o one five-thousandth of a gramme molecula ﬁe& Litre

1°F = N
5 000

Exampfe : For caustic soda Na OH, a gramme mofecule is 40 grammes, and 1°F therefore

represents § milligrammes per Litre.

ALKALINITY - DA, DTA, DB

1) The measure of alkalinity DA corresponds 2o the indicator effect of phenolphtalene

™as
£

(PU = £ 4). 1 fitrates compounds dissofved {n water which give the solution o 7
highen than §.4. This is the case of free soda on of the §irat valence of trisodium

phoaphate : PO4 Na3 e P04Na3 H

2) The measure of total aflkalinity DTA corresponds to the indicator effect of
helianthine on methylorange (PH = 4). 1t titrates compounds dissolved in water
which give the sofution a PH higher than 4.
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In addition to the compounds titrated by the DA, those compounds which give their

s0futions a PH of between 8.4 and 4 are thus also titrated : this is the case of

3) The measure of basicity DB indicates the Level of free alkali after precipitation
0f the phosphates and carbonates by the addition of barium chloride. The three
valences of trisodium phosphate are titrated thus.

Only the measures DA and DTA are wsed for boiler water.
Forn sofutions of caustic soda : DA = DTA = DB

Forn sofutions of trisodium phosphate P04 Na, : DTA = 2DA

3

For solutions of disodium phosphate P04 Na, H : DA = 0

2
The gadbhicalrﬁépiééanzdiion of DA, DTA and {ts interpretation are shown

above (page 60 annexe A , graph n° 1.

PH
The PH o0f a solution is the cofogarithm of its concentration o4 H ions. 12
expresses the degree of acddity or alkalinity of the solution.

For water at 727°C :

(H*) (oH™) = 10774
(H') = (oH")
(H*) = 1077

PH =7
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For an acidic sofution PH [ 7

For an atkaline solution PH ) 7

stated that the PH of the boilfen water should be in a negion of 11, {t is

understood that this is the PH of the water at ambient temperature. In fact,

at the saturation temperature of 280°C, corresponding 20 a pressure of 65 kg/cmz

the PH {4 not more than 9.

The table befow gives the PH for varying concentrations of the sofutions of soda

and trhisodium phoasphate.

Concentration mmg/L

For 1 milligramme/&itre
2 n
3 n
5 11
10 "

30 "
40 "
50 "
60 "

100 "

PH of a solution PH of a solution

0§ soda NaOH 04 phosphate
R P04 Na3
9.5 7.3
9.8 7.9
10.0 7.95
10.3 5.0
10.5 §.25
10.8 8.65
11.0 2.3
11.1 9.1
11.2 9.2
11.3 9.3
11.37 9.35
11.45 9.4
11.48 9.45
11.5 9.5

Ammondac

fro e o am - -]

10.45
10.47
10.48
10.49
10.5

10.5

10.51




_The conductivity of a sofution is proportioned to its concentration of salis.
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CONDUCTIVITY OF A SOLUTION

1% s also nelated 2o the temperatwre of the solution.
C=0C0x {20 x %)
45
where CO 48 Zhe conductivity at 25°C
and C 48 the conductivity at t° C
Conductivity is expressed in micromhos /em/em ; its inverse, resistivity,
43 expressed 4in ohmA/cmz/cm.

Graph n° 2 shows the resistivily of different solutions as a function of their

concentration.

SOLUBILITY OF OXYGEN IN WATER

The s0fubility of a gas in water is a function of the partial pressure of the
gas and of temperature.

1§ water and ain are placed in contact Ln~an enclosed space at atmosphere
pressure, the pressure of the water vapour increases with temperature, and
the pantial pressure of the oxygen in the space consequently decreases :

the s0fubility of oxygen is thus inversely proportionak to Zemperature.

PHOSPHATES
This guide advocates the use of trisodium phosphate and disodium phosphate.
However, it also refers to the concentration Levels of phosphates expressed as

Pz 050
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The nefationship between the gramme mofecules of these different compounds

PZ 05 = 142 grammes
12 PZ 05 = 71 grammes
P04 Na3 = 164 grammes
P04 Naz H = 142 grammes

1 gramme 04 P205 thus corresponds 2o 2.31 grammes of PO4 Na3 and 2 grammes

04 P04 Naz H.

These nelationship apply 2o the industrial anhydrous products, which have a
tendency to hydrate in a humid atmosphere, forming di- and trisodium phosphates
crystallised with 12 mofecules of water

PO4 Ne, 12 HZ 0 = 380

3

P04 Na, 12 HZ 0 = 358

? :
1t i advisable to check periodically the phosphate content of the products
held on board ; if these products are partially hydrated, their doses Ashould
be adiusted accordingly.

Contain additive products will s0fd under trade names contain, in addition

to disodium phosphate and trisodium phosphate, polyphosphates such as

hexametaphosphate (P03 Na)®.

HYDRAZINE

Hydrazine N, H, is a Liquid with a boiling point of 113.5°C .

4
The commercial product is hydrazine hydrate N, H, H,0 which contains 64 %
pure hydrazine.

Concentrated hydrazine explodes on contact with viofent oxydizers Asuch as

Mn 04 K or H? OZ'
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Forn safety, only hydrazine hydrate diluted Zo 10 % of N, Hy should be used

Hydrazine is moneover toxdic and should be handfed only with care.
Hydrazine reacts with oxygen according to the formula :
NZ H4+ 02 R N2 + HZO

The reaction in fact is more complex and the oxides of iron also play a part
in £it. 1t 4» fast at high temperatures, but slow at Low temperatures.
Hydrazine and oxygen can co-exist for quite a Long time at temperatures
below 90°C, but at 140°C, 90 % of the oxygen is destroyed in three minutes.
In this reaction, a gdiven weight of hydrazine theoretically destroys an equat
wedight of oxygen lhydrazine excess 100 %).
Hydrazdine has a tendency, however, Zo decompose at high Zemperatures :

Heat

3N, H, > 4 NHy + N,

This forming of ammoniac explains why the addition of hydrazine increases

+ N

significantly the PH of the condensate, a result which would not otherwise
be expected from the pressure of hydrazine alone. Solutions of hydrazine are

in fact only very sLightly alkaline :

Concentration 4in mmg/2 PH
32 9.3

3.2 5.8

0.32 §.3

0.032 7.8

VOLATILE AMINO PRODUCTS

These are Liquids of which the solutions are basic and which tend to evaporate
Ain the boifer : their presence in the steam and in the condensate increases the

PH o4 the extraction water.
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Their use is not indispensable and is not incfuded in the instructions given
above for the treatment of boiler and feed water.

1° moapholine - formula Cy Hyg NO

- moleculan weight : §7
- bodiling point : 129°C

2° cyclohexylamine - formula C, Njp NH,

- mofecular weight : 97
- boiling point : 129 - 138°C

3° dimethyl - ethanof - amine - formula N (C, Hc), CH, CH, OH

- moLecufar weight : 117.5
- boiling point : 162°C
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T DIAGRAM Figure 3
_SCHEMA _

de 18 seupape de sureté sur vapeur surchevffée

Installation of the superheated steam safety valve

Installation

Slave jack Superheat=d steam valve

5@\,‘2_@_2_‘_ SWUr vapewr

surcheyifie

Verin o asservisseme

Emergency pressure-release cock
Prise _de pressien

7

aventugile /

)

Valve padiocked open

Yornie caaén‘.;-nz'e

O verte

Pilot valve
§Ou @ siohe

Tuyavtege vepeor
Furchavlfee (entrae

av deésurchaolleur de service)
Superheated steam piping
(to desuperheated in use

- Bellon  swpsrievr  chavdides . _
Top drum of boiler
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PNEUMATIC CONTROL -8 -

of the SHUTTERS of

the LARGE DUST |

REMOVERS | ' ¥

COMMANDE PNEUMATIQUE
des VOLETS des GROS
DEPOUSSIEREURS

Opening

Closing

compressed S
air inlet

»

Operation

the shutter : Throw lever of valve C. Compressed air passes through
this valve and acts on the cylinder of bolt D.

Place the lever of valve B in position O. This allows pressurisation
of the left side of jack A.

Discharge, from the right-hand side of the jack occurs through valve B
via the fixed delay duct of the non-return valve H1

Release lever of valve C, stopping flow of compressed air. Repressuratic
of bolt D is effected by this same valve C, allowing the shutter to be
torked in the open position.

the shutter : Throw the lever of valve C. Compressed air passes through
this valve and acts on the cylinder of bolt D, which frees the shutter.

Place the lever of valve B in position F. This pressurises the right
hand side F jack A.

Discharge from the left hand side of the jack accuts through valve
B, via the fixed delay duct of the non-return valve HQ.

Release the lever of valve C,
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firrivee oarr comprime P

Scherma 7

EUMATIC CONTROL of Diagram 7
SMOKE OUTLET SHUTTERS
b4

Fixed delay non-rety
H - Clopat o non-relovr

Aemparize

— ey
Pull

Rurle fonctio snlverr! svivanld
Compressed ai 2ur /e fonctionnementveirlapaga svivenle
P pir inlet For operation see following page
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Diagram 7

PNEUMATIC CONTROL OF SMOKE OUTLET SHUTTERS

PRINCIPLE OF OPERATION

The posditions of the fLever of the rotary valve "C" are as follows :
- feven down - stanboard closed
- fLever hordzontal - starboard and pori open

- fever up - port closed

Never pass directly from one adide fo the othex

The diagram opposdite shows the atarboard shutter closed. The fever 04 Pilotain

D44 4in the neutral position;—Lever—C—is—down; and—bolt F—spring=Loaded,
Ammobilises the shuitier.

To change the position of the shuiter, pufl fLever D, allowing compressed air £
enten the fLeft-hand sdde of cylinder A’, via C-HY and E’, and the right-hand
side of A% via ¢ and H'. Discharge grom the night-hand side of Al occurs thiou
the ain nefease at C by way of the fixed delfay duct of H>, and discharge grom
the Le4t hand side o4 Al through £ via the delay mechanism o4 Hz, and thaough ’
the ain release of valve B controlled by double valve E3. At the same time,
airn 45 admitted beneath piston of bolt F, passing through the fixed delfay duct
04 H4.

When bolt F has freed the shutter, if acts on valve 1 at the end of <ts moveme.
Asending compressed airn to the bolt of valve C, which in its turn frees the
Lever o4 the valve.

AL This point, and whilsi maintaining pressure on Lever D, move Lever C into

the horizontal position to obtain "starboard and port open". Do not refease Lex

D until the indicator Lamp cornesponding to the position of Lever C 44 {LLumim

Lever D 44 once more in the neutral position. Discharge from bolts C and F
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Diagram 7 (bis)

occursd through the airn release of valve C, the spring of bolt F immobifizes

the shutter, valve 1 at the end of F' » movement closes, and the bolt of

valve C, akso aspring-Loaded, Locks the fevex.
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