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T h e  operating  conditions of steam boilers in  B ritish ships 
have steadily increased over the past th ir ty  years. A bout 1920, 
average operating  conditions w ould  be 200-2501b. per sq. in. 
gauge w ith  total steam tem perature from  400-500 deg. F . F rom  
1930-40 the m axim um  conditions w ould be 300-4001b. per 
sq. in. gauge and  650-750 deg. F. total tem perature. Present 
day advanced steam conditions are of the order of 500-7501b. 
per sq. in. gauge w ith  to tal tem peratures of 750-850 deg. F.

In  th is advance in  steam conditions we have gone forw ard 
more cautiously th an  either A m erican o r G erm an m arine engin­
eers. F rom  about 1933-45, G erm any had had a num ber of

F i g .  1 — General trend in boiler steam conditions for 
marine service

* T h is  paper was read before the Sydney Local B ranch of the 
In s titu te  on 9 th  M arch  1950.

m arine boiler installations operating  a t from  800-3,2001b. per 
sq. in. gauge and  total tem peratures o f 750-900 deg. F . In  
A merica, about the same period, steam conditions could be 
taken as ranging  from  45 0-1,4501b. per sq. in. gauge and  750- 
950 deg. F . Fig. 1 indicates the general trend  of advancing 
steam conditions from  1920-1948 in  these three countries.

In  both  America and  G erm any, as the steam conditions 
increased so also did their operational troubles due to  corrosion 
difficulties. C orrosion in  boilers is largely due to  dissolved 
oxygen in  the feed w ater and  increases very rap id ly  w ith  rise 
in  boiler tube operating  tem perature. W hen the oxygen con­
ten t of the feed w ater is high, p ittin g  an d  perforation  of the 
tubes and  d rum  take place, w ith  consequent outage of the 
boiler. I t  will be seen, therefore, th a t the higher the boiler 
operating  conditions, the lower should  be the oxygen con­
tent of the feed w ater to  safeguard the boiler tubes and  drum . 
O ptim um  deaeration of the feed is therefore of extreme im por­
tance for m axim um  availability.

Feed w ater w hich has been deaerated will, if perm itted, 
absorb gases m uch  m ore rapidly  th an  non-deaerated water. 
I t  is im portan t, therefore, th a t the feed c ircu it should be com ­
pletely a irtigh t, and  stric t a tten tion  should be paid  to  sealing 
of glands operating  u nder sub-atm ospheric conditions and  
re tu rn  o f d rains to  po in ts in  the system— no ooen pigs’ ears, 
collecting tanks, etc., to be used.

Considerable research w ork was carried o u t in  A merica 
and  G erm any on corrosion problem s p rio r to  and  during  the 
recent w orld war. In  each case the m arine engineers of these 
tw o countries arrived a t an  identical solution to  the ir corrosion 
troubles, the answ er being to  alter their open or sem i-open 
feed w ater systems to  the closed feed type.

T h e  closed feed w ater system has been successfully fitted 
in m ost o f the principal B ritish steam ships over the last quarter 
of a century , and  cred it for its m ain  developm ent should  be 
given to  a Scottish  engineering firm , G. and  J. W eir, L td ., w ho 
have been investigating corrosion difficulties in boilers, etc., 
p rio r to and since the beginning of this century. O ne of their 
early suggestions tow ards overcom ing corrosion was to  deaerate 
all m ake-up feed w ater before in troducing  it in to  the feed 
circuit, so rem oving dissolved oxygen, carbon dioxide and  o ther 
active corrosive gases from  the m ake-up feed. P rim arily , their 
object was to  provide fo r the com plete exclusion of a ir from  
contact w ith  the feed w ater th roughou t the feed circuit, thus 
preventing absorption  of a ir and  consequent contam ination  of
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the feed. Events have since show n tha t this is the one certain 
m ethod of ensuring corrosion-free operation of steam genera­
ting  plants.

T he  closed feed system, therefore, is fundam entally  con­
cerned w ith  preventing a ir from  com ing into contact w ith  the 
feed w ater by using a closed circuit, thus preventing any 
absorption of a ir by the feed water, and so elim inating corrosion 
from  the boiler and  its associated equipm ent. In  addition , it 
provides a flexible feed system w hich under all steam ing con­
ditions, is au tom atic in  operation.

C orrosion in  boilers can be a ttribu ted  to one or more of 
the follow ing fa c to rs : —

(a) D issolved oxygen and  carbon dioxide in  the feed 
w ater;

(i>) acidic condition  of the feed w ater;
(c) electro-m echanical or galvanic action  due to (a) 

an d  (b).
Dissolved oxygen is the principal m ilitan t factor in  cor­

rosion, and  its reduction  to  below 0 02 cc. per litre in  the feed 
system has a pronounced effect in  reducing corrosion problems, 
and in  m ost cases completely preventing them . C arbon dioxide 
is generally present in  such m inute quantities tha t it can be 
disregarded.

T reatm ent or condition ing  of the feed water to  reach a 
p H  value of 9 0-10 0 in  the boiler will nullify  acidic conditions 
of the feed water. Briefly, the pH  value is a  measure of the 
acidic o r alkalinic condition  of the feed. If the value is greater 
than  7 0 the w ater is alkalinic, w hilst for values under 7 0 it 
w ould  be acidic.

Electro-m echanical o r galvanic corrosion can be consider­
ably reduced by : —

(i) rem oving the dissolved oxygen;
(it) treating  the feed w ater; and 

(Hi) where metals have to  be in  contact, electrolytically 
and  m echanically, ensuring  th a t they are close to 
each other on  the galvanic scale. T h is  scale lists 
the metals in com m on use in  a particu lar grouped 
sequence. T hose metals w hich are close in  poten­
tial are listed together and, where two dissim ilar 
metals are used, they should  be chosen where 
practicable from  the same group  or relatively 
close groups to  ensure having the m in im um  pos­
sible potential difference between them , so 
reducing the danger of galvanic corrosion.

It will be obvious from  the foregoing tha t dissolved oxygen 
is the m ost im portan t con tribu ting  factor to corrosion in  the 
boiler, m ain engines, ancillary equipm ent and  associated feed 
piping. Removal of dissolved gases and  neutralization of salts, 
plus satisfactory alkalinity of the feed w ater, should be aimed 
at to ensure reduction of electro-m echanical corrosion to  the 
m inim um  obtainable under operating conditions.

T he basic closed feed system w ould com prise a condensate 
extraction pum p, draw ing from  the condenser o f the prim e 
mover and  delivering into the suction of the boiler feed pum p , 
w hich w ould then supply feed w ater to  the boiler I t  will be 
clear, however, th a t th is system w ould be inoperable fo r tw o 
reasons: —

(1) T he  considerable variation in  boiler storage capacity 
under different steam ing conditions creates wide fluctuations in 
the condenser level. W ith  a boiler under steady steam ing con­
ditions, the observed gauge glass w ater level is approxim ately 
constant. T here is a definite p roportion  of steam  to  water 
under the w ater level and , should the m ain  engines now 
require increased steam quantity , the percentage of steam below 
the observed water level increases, raising  the indicated  level 
in the boiler drum . T he  boiler feed p u m p  is controlled by 
the boiler w ater level and  reduces its o u tp u t as th e  level in 
the boiler increases and  vice versa. W ith  th e  tem porary  rise 
in  level due to the increased steam requirem ents of the m ain 
engines, the ou tp u t of the pum p is reduced. S im ilarly, if the 
steam requirem ents o f the m ain engines are reduced, the level 
in  the boiler subsides and the pum p increases its o u tpu t. I t 
will be seen, therefore, tha t varying dem and from  the boiler 
feed pum p w ould no t necessarily be m atched by the o u tp u t 
from  the condensate pum p. W hen the boiler feed p um p  was 
handling less than  norm al requirem ents, the level in  the con­
denser w ould be built up  due to  the increased steam require­
m ents, and vice versa. T h is  situation  w ould tend to  cause 
hun ting  and surging in  the system.

(2) There is no  provision for m ake-up of leakage from  
glands, etc., in the circuit.

I t  is essential, therefore, to  have a reservoir w hich can 
absorb the fluctuations in supply and  eliminate any  surges or 
hun ting  w hich m ay otherwise occur between condensate and 
feed pum ps. T here should also be a source of supply fo r make­
up  purposes. T he  reservoir or well is located for convenience 
in  the base o f the condenser and  is fitted w ith a float controlled 
double-seated type of valve having “m ake-up” and  “overflow”

Make-Uf^condertser,

Automatic
closed-feed
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V:---- - S '
Extraction pump 
(motor driven)1 —

Feed tank

Steam to 
lump
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and r  
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(Turbine driven)

^Automatic pressure  
controlled steam valve

F i g .  2 — Modern closed-feed system
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connexions. T h is  valve m aintains the required level in  the 
condenser, passing condensate to a feed tank  o r draw ing from  
the feed tank  as occasion dem ands. T he w ater from  the feed 
tank, w h ich  is, of course, m ake-up water, is therefore deaerated 
in  the condenser before being in troduced  in to  the feed system.

T h e  follow ing list gives the un its  and  the o rder in  w hich 
they are in troduced in to  the feed circu it between the condenser 
condensate outlet and  the boiler feed w ater in le t: —

(a) Closed feed contro ller;
(i>) condensate extraction p u m p ;
(c) steam jet a ir ejector and  condenser;
(d) glands condenser;
(e) recirculating valve;
(/) d ra in  cooler;
(g) l.p. heater;
(h) boiler feed pum p;
(j) h.p. heater o r heaters;

(.k) boiler feed regulator.
T he system m ay also incorporate feed filters, deaerating p lant, 
evaporating plant, and perhaps an  auxiliary steam generator.

Fig. 2 shows a  typical diagram m atic arrangem ent of a 
closed feed system and a brief description of each of the units 
involved fo llow s: —

M ain  Condenser.
T o  ensure op tim um  deaeration of the feed water, it is 

essential tha t the condenser be of the regenerative type so 
th a t the dissolved oxygen conten t in  the condensate a t the ou t­
let from  the condenser is no t greater th an  0 -02 cc. per litre. 
T h is  figure is readily obtained w ith  a well-designed condenser 
having suitable steam lanes and  n il partial a ir pressure. Fig. 3 
illustrates a m odern  form  of regenerative condenser, show ing 
first flow c ircu lating  w ater tube nest (A ); second flow cir­
cu lating  w ater tube nest (B); converging steam centre lane (C ); 
baffle plates (D ); a ir  suction  connexion (E ); condensate outlet 
b ranch  (F ); c ircu lating  w ater inlet connexion (G ); facing for 
closed feed controller (H ); circu lating  w ater outlet connexion
(J).

G
F ig . 3— M odern form of regenerative condenser

T he w ord “regenerative” signifies th a t the condenser, 
a fter condensing a po rtion  of the incom ing exhaust steam, 
reheats it  w ith  the rem aining exhaust steam in  such a way th a t 
the condensate tem perature at the outlet from  the condenser 
is equal to  or w ith in  2 deg. F. o f the satu ration  tem perature 
corresponding to  the exhaust pressure a t the eduction. T h is 
function  is carried o u t by providing suitably arranged steam 
lanes w hich perm it a p roportion  of the exhaust steam to flow 
to the base of the condenser and  reheat the drops of con­
densate w hich m ay have been undercooled during  their passage 
th rough  the tube bundle. Baffles are form ed in  the sides of

the condenser and  operate as air coolers. T he  reason fo r cool­
ing the air before rem oving it is to  increase its density  so th a t 
a given m ass occupies a sm aller volum e an d  it is therefore 
m ore easily handled  by the air ejectors. Generally, the air 
suction belt is arranged tw o or three row s of tubes dow n from  
the junction  of the baffle and  condenser shell, to  ensure th a t 
the cooled a ir does no t come in to  contac t w ith  the relatively 
ho t baffle plate.

T h is  regenerative effect has two im portan t fea tu res: —
(1) D eaeration;
(2) therm al efficiency.

Regarding the first, it is know n from  D alton ’s “Law  of 
Partia l Pressures” , th a t in  a vessel con tain ing  a m ix ture  of a 
num ber of gases o r vapours, each ind iv idual gas exerts its own 
partial pressure as th ough  it  were the on ly  gas in  the vessel 
and  the sum m ation  of the individual partia l pressures gives the 
to tal pressure in  the vessel. In  the case o f a  condenser, the 
m ixture is m ade up  of a condensable vapour an d  air. Since 
the m ixture is saturated, its tem perature determ ines the vapour 
tem perature and  therefore its pressure. T he  partia l pressure of 
the a ir is, therefore, the total pressure in  the condenser as 
m easured by a gauge, m inus the pressure equivalent to  the 
saturated tem perature o f the vapour found  from  the steam 
tables. As the condensate tem perature is increased by regenera­
tion, the w ater vapour pressure also increases, causing a cor­
responding reduction  in  the partia l a ir  pressure w hich reaches 
nil at the condensate outlet, the condensate then  being free 
of air.

Secondly, there is a considerable saving in  heat, since, if 
the condensate was undercooled instead of regenerated, there 
w ould be a  loss o f heat from  the feed to the c ircu lating  w ater 
in the system, and it w ould be necessary to  replace this heat 
loss in  the feed w ater from  an  exhaust o r bled steam supply 
if the feed inlet tem perature to  the boiler is to  be m aintained.

Closed Feed Controller
T he closed feed contro l valve, as show n in Fig. 4, is fitted 

in  the base o f the condenser and  m ain tains the required  w ater 
level therein. T he  contro ller com prises tw o valves m achined 
integrally o n  the same spindle. T h e  “m ake-up” , o r supple­
m entary, valve w hich is in  the topm ost position, perm its w ater 
to  pass from  the feed tank  to  the m ain condenser w hen the

float is in  the lower position. T he sm aller valve or overflow 
valve allows w ater to  be discharged o u t of the system  by the 
condensate p um p  to the feed tank  w hen the level in  th e  con­
denser is high. In  the travel o f the valve there is a lazy position 
w hich perm its m in o r fluctuations in  the condenser level to 
take place w ithou t con tinuous m ovem ent o f the valve.

Condenser E xtraction  P u m p
T he condensate is w ithdraw n from  the condenser, generally 

by means of a vertical tw o-stage centrifugal pum p. A typical 
pum p is show n in  Fig. 5.

T he  first stage im peller is designed norm ally  to  raise the 
pressure o f the condensate in  the system from  the vacuum  con­
dition  ob tain ing in  the condenser up  to  atm ospheric pressure. 
T he  second stage im peller gives the necessary head to  overcome 
the various losses between the extraction pum p discharge and 
the feed pum p suction, these losses com prising  pipe fric tion  and
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F i g . 5

to  reduce the am oun t of a ir to  be handled by the successive 
stages. T he  vapour entrained w ith  the a ir and  the operating 
steam is condensed by condensate flowing th rough  the ejector 
condenser on the outside of the cooling tubes. T he  air ejector 
show n has its first and  second stage drains generally taken to  
the condenser and  the th ird  stage drain  to  the feed tank.

T he relative position o f nozzle exit to  diffuser inlet is 
im portan t and  is arranged to  give a series of waves in  the 
diffuser, as indicated in  Fig. 7, w hich entrain  the air and  finally 
discharge it  to  the atmosphere.

A single stage u n it w ill m ain tain  a vacuum  of u p  to 
26" H g., a tw o stage up  to  29" H g., and  over th is a three 
stage ejector w ould be fitted.

Glands Condenser
T his  particu lar item of the feed system is a comparatively

fric tion  d rop  th rough  the various heat exchangers. T he  pum p 
speed is approxim ately 1,000-1,400 r.p.m . for satisfactory design 
and  operation w hen handling  “near-boiling” w ater under the 
low static head available in the ship, norm ally about 3 feet.

T o  m inim ize heeling conditions it is essential th a t the 
extraction pum p be fitted as near the centre line of the con­
denser as the installation will perm it.

Steam  Jet Operated A ir Ejector
T his  u n it is the m ethod now generally accepted of air 

rem oving (tha t is, vacuum  m aintain ing equipm ent), due to  its 
simplicity, com pactness, smallness and absence of m oving parts. 
Fig. 6 shows a typical a ir ejector and  condenser.

T he general principle of the steam operated air ejector is 
to com press the a ir in  a num ber of stages from  condenser 
vacuum  to  atm ospheric pressure. Each stage follows the same 
principle and , depending on the vacuum  to  be m aintained in 
the m ain condenser, the ejector w ould be of the one, two, or 
three stage design, each stage com prising a steam nozzle dis­
charging in to  a diffuser.

T he  potential energy of the supply  steam is transform ed 
in to  kinetic energy in  a convergent divergent nozzle. T he steam 
is approxim ately 5 per cent underexpanded and leaves the 
nozzle w ith  an  exit velocity of from  3,500 to  4,000ft. per sec. 
T he  steam jet entrains the a ir by friction  and  the combined 
mass of steam and  a ir is discharged in to  a  diffuser. In  this 
diffuser, p a rt o f the kinetic energy is reconverted in to  pressure 
energy so th a t the a ir is discharged a t a pressure higher than  
the ejector suction  pressure.

T he  m ixture of a ir and  vapour is cooled after each stage

(c)
F i g . 7 — W ave form ation o f the operating steam in air ejectors
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recent innovation. Its  prim e purpose is to  m aintain  a sub- 
atm ospheric condition  in  the gland pockets o f the m ain turbine 
glands. I t  is fitted w ith  a small steam -operated single stage 
air ejector w hich removes the air and  vapour from  the gland 
pockets and  thereby increases the habitability factor of the 
engine room . P rio r to  the fitting  of this equipm ent the vapour 
from  the m ain  engine glands condensed, generally overhead, 
and  created a shower of condensate w hich was annoying to the 
engineroom  personnel.

Fig. 8 shows an  outline arrangem ent of a glands con­
denser. T he  a ir and  vapour m ixture is inhaled a t the inlet 
to the g land condenser. T he vapour is condensed and  the air 
inhaled by the steam jet a ir ejector discharged in to  the ejector 
condenser. T he nozzle steam is condensed in  the ejector con­
denser and  the a ir is released th rough  a  vent pipe. T he  gland 
vapour an d  the ejector steam are condensed in  separate com ­
partm ents w hich are circulated in  parallel by the relatively cool 
condensate. T he  drain  from  the ejector condenser is taken 
th rough  a looped sealing pipe to  overcome the difference in 
pressure in  the two com partm ents.

Recirculating Valve
T his  valve is used d u ring  starting -up , manoeuvring o r shut- 

ting-dow n operations. Its function  is to  ensure the circulation 
of condensate th rough  the steam jet a ir ejector and  gland con­
denser for the purpose of condensing the operating  steam.

Drain Cooler
As its name indicates, this heat exchanger is responsible 

for the cooling of the ho t drains from  the various un its  in 
the closed feed system to a tem perature suitable for in troducing  
these drains in to  the m ain  feed tank w ithou t overheating it. 
T he  drain  cooler as show n in Fig. 9 is circulated by the feed 
condensate, the tem perature of w hich it increases in the order 
of 10 deg. F ., depending on  the operating  conditions. T o  
obtain good heat transm ission, as this is a “ flu id  to  fluid” heat

exchanger, the ho t drains flow th rough  a well baffled path  
in  the shell before entering  the feed tank  or condenser as the 
case m ay be.

Feed W ater Heaters
T he general line of dem arcation for feed heaters in  the 

closed feed system is w hether they are fitted on  the suction 
or discharge of the boiler feed pum p, all heaters fitted before 
the boiler feed pum p generally being term ed low pressure 
heaters and  those fitted after it, h igh pressure heaters. T he 
feed heating system is a very im portan t factor in the design, 
operation and  heat econom y of sh ips’ m achinery. C onsider­
able research has been carried o u t to  determ ine the m ost 
econom ic final feed tem perature it is advisable to  carry  for any 
given boiler pressure. T here is an  op tim um  final feed tem ­
perature for each set of conditions and  it  is necessary, therefore, 
to make use of calculated estim ating curves to  enable determ ina­
tion  of the econom ic final feed tem perature to  be made. T h is 
should be done in  conjunction  w ith  the boiler designer, par­
ticularly  if economizers a n d /o r  a ir preheaters are fitted, to 
obtain the best therm al efficiency. Fig. 10 gives typical curves.

G enerally speaking, in  the feed heating portion  of the 
closed feed system it is usual to  take any auxiliary exhaust steam 
to the low  pressure heater, and  cascade the h igh pressure heater 
drains in to  it also. In  the case of high pressure heaters the 
heating steam is bled from  the m ain engines at suitable pres­
sures necessary for the final feed tem perature, previously deter­
m ined, to  be obtained.

A typical three-cylinder turbine cond ition  curve plotted 
on a M ollier heat-entropy ch a rt is show n in Fig. 11. P I , T1 
and  H I  indicate the pressure, tem perature and  to tal heat of the 
steam before the nozzle contro l valves. P2, T 2  and  H I repre­
sent the steam conditions in  the steam belt before the nozzle 
inlets. T he isotherm al pressure d rop  from  P I to  P2 is purely 
a th ro ttling  condition , the to tal heat rem aining constan t except 
for any slight rad iation  losses.
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F ig . 10— T ypical curves fo r determination of feed temperature

In  the h.p. turbine cylinder, the steam expands adiabati- 
cally from  P2 to  P3, bu t due to  various internal losses such 
as nozzle, disc and  blade friction, w indage, etc., the steam is 
reheated to the condition  P3 : T 3 : H 3, giving the exhaust con­
d ition  at the h.p. cylinder and  the inlet condition  a t the i.p. 
cylinder.

As in  the case of the h.p. cylinder, the steam again expands 
adiabatically in  the i.p. cylinder and  is reheated to condition  
P 4 :T 4 :H 4 ,  w hich is the exhaust condition  for the i.p. and 
the inlet condition  fo r the l.p. cylinders. T he steam is fu rther 
expanded in  the l.p. cylinder, reheated due to  the various 
internal friction  losses as previously m entioned, and  the final 
exhaust steam condition  a t the l.p. cylinder outlet and  the con­
denser inlet w ould be P5 : H5.

F o r tw o-stage feed heating, it w ould be sim pler to  take 
the bled steam from  the interconnecting pipes between the h.p. 
and  i.p. cylinders, and the i.p. and l.p. cylinders, as this enables 
simple castings to be made of the turb ine casings since no 
bled steam belts w ould be required. P3 : T 3 : H3 and  P4 : T 4 : H4 
w ould then be the steam conditions at the h.p. and i.p. heater 
inlets respectively.

STEAM TURBINE 
CONDITION CURVE

TOTAL
HEAT

H

i

9
ENTROPY

F ig . 1 1 — Total heat-entropy diagram for a three-cylinder steam
turbine

F or certain steam conditions and  turbine revolutions, how ­
ever, full expansion can be obtained in  one cylinder and  it is 
then essential to  have the bled steam belts cast integrally in 
the turb ine cylinder casings a t the requisite stages, w hich give 
the correct bled steam pressures for the feed heaters. F o r 
m arine w ork it is preferable to  have 10 degrees to 15 degrees 
tem perature differential between the saturation  tem perature of 
the incom ing bled steam and  the tem perature of the outgoing 
feed from  the heater, to  cover possible fluctuations in  turbine 
nozzle pressure and  keep the heaters to a reasonable size. In  
other words, the saturation  tem perature of the bled steam should 
be 10 degrees to 15 degrees higher than  the heater outlet feed 
tem perature. In  power station practice, this tem perature differ­
ential is frequently reduced to  approxim ately 5 deg. F. to  give 
op tim um  therm al efficiency.

L ow  Pressure Heaters. T he  l.p. heaters are generally of 
the m ulti-pass type on the feed w ater side. T he tubes are 
usually m anufactured  in  S.D . brass o r equivalent and  have 
C rane type packing, sim ilar to condenser tube fittings, on  the 
tube ends. T he shell is fabricated in  m ild  steel w ith  scantlings 
to  m eet the requisite exhaust or bled steam conditions. The 
water side is subjected to the condensate extraction pum p dis­
charge pressure w hich will vary from  25 to  401b. per sq. in. 
gauge over the full load to shu t valve pum ping  conditions.

H igh Pressure Heaters. These heaters are designed for 
operation on  the discharge of the feed p um p  and  are, there­
fore, subjected to  the boiler pressure plus a m argin  of, say, 
150/2001b. per sq. in. gauge on  the feed w ater side. O n the 
shell side they are, of course, subjected to  the bled steam 
pressure associated w ith the required outlet feed tem perature. 
T he  design is such as to  perm it any differential expansion to 
take place between tube bundle and  shell. T hey  are generally- 
constructed w ith  hairp in  type tubes arranged in  m ultipass form  
on the water side. T he tubes are expanded in and  bellm outhed, 
and  the m aterial is dependent o n  the heating steam tem perature. 
N orm ally solid draw n copper is used. C upro-nickel and M onel 
tubes are satisfactory for h igh tem peratures. T he drains are 
taken th rough  an orifice plate o r d rain  trap  to  an  appropriate 
heat exchanger in  the system.

In  certain high pressure heaters, an autom atic bypass valve 
is incorporated w hich, in  the event of a burst tube, and  conse­
quent flooding of the heater, autom atically  cuts the heater ou t 
of the feed system, bypassing the damaged u n it and perm itting 
the feed water to  flow direct to  the boiler feed regulator.

M ain, A uxiliary and H arbour Service Feed P um ps
T he type of m ain, auxiliary and  harbour service feed pum ps 

to be fitted is determ ined prim arily  by the heat balance for the 
feed system and also w hether steam or electricity is available 
in port. Over 5,000 s.h.p. it is preferable generally to  fit steam 
turbine driven m ain feed pum ps. In  m ost ships these are of 
the centrifugal type (Fig. 12), b u t in one notable example, the 
“Beaver” Class, they are vertical m ultith row  reciprocating 
pum ps driven th rough  double reduction  gearing (Fig. 13).

D eterm ination as to the type of pum p to install is also 
based on p um p  efficiency, initial cost, ease of m aintenance and 
space available. T he turb ine direct driven centrifugal un it 
has a pum p efficiency of approxim ately 60-68 per cent, depend­
ing on  volume handled and  discharge head. I t  has reasonable 
first cost and  its m aintenance is relatively sim ple; it is a 
com pact design and  for a given o u tp u t, etc., occupies the 
least space.

In  the case of the turbine driven geared m ultithrow  recip­
rocating unit, the com bined p um p  and  gear efficiency would 
be approxim ately 88 per cent. T he initial cost w ould probably 
be between tw o and three times th a t o f the centrifugal un it 
and, being a reduction-geared m ultith row  reciprocating set, it 
w ould require considerably m ore m aintenance than  in  the case 
of the centrifugal u n it; since there are a greater num ber of 
glands to  be packed and  a larger num ber of rubbing and 
wearing surfaces, it w ould occupy considerably m ore space 
than  the centrifugal un it. T he exhaust steam from  either of 
these turbine driven un its  w ould be clean and could be used
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F i g .  12 — Two-stage turbine-driven centrifugal feed pum p

for feed heating, deaerating or evaporating purposes and  then 
re tu rned  direct to  the condenser.

In  the case of the tu rb ine direct driven centrifugal feed 
pum p , the speed of the u n it is fixed by the best operating speed 
of the pum p , w hich is rarely the speed for m axim um  efficiency 
of the tu rb ine under the required  steam conditions. T he  tu r­
bines are generally of the im pulse design, having one pressure 
stage and  tw o or three velocity stages. T he peak turbine stage 
efficiencies for single (Rateau) and  tw o- an d  three-row  C urtis 
wheels are o f the order of 80, 68 and  53 per cent respectively. 
However, speed (r.p.m .), steam  supply  and  exhaust conditions 
do n o t perm it of the fu ll advantage of these efficiencies being 
taken, due to  the large adiabatic heat drop. I t  is considered, 
therefore, th a t these turbines could be ru n  under suitable bled 
steam conditions to  ob tain  the necessary adiabatic heat drop 
to  give op tim um  stage efficiency, w ith  a consequent saving in  
heat consum ption  and  therefore increased p lan t therm al 
efficiency. T he  turbine, d u ring  m anoeuvring, could  operate 
tem porarily w ith  boiler steam reduced to give the same pressure 
as the bled steam w hich w ould norm ally  be used. O n this 
basis, the turb ine w ould, under seagoing conditions, be operated 
w ith bled steam, giving the requisite heat d rop  to  obtain the 
op tim um  stage efficiency, and  its exhaust could  be used in  
evaporators o r feed heaters. T he  steam w ould do useful w ork 
in  the m ain  engines before being used for feed p um p  turbine 
work.

T here  is m ore divergence of opinion in  respect to auxiliary 
and  harbour service feed pum ps, bu t th is is generally deter­
m ined on w hether steam or electric power is available in  port, 
and on  various o ther factors. T here are the follow ing alter­
natives : —

(t) Steam  driven d irect-acting  reciprocating pu m p ; 
(it) m otor driven reciprocating m u lti-th row  pum p;

(Hi) m otor driven centrifugal m ulti-stage pum p.
(i) T he first does no t call for any particu lar com m ent,

being well know n under various names a t sea such as “u p  and  
dow n” , “p ush  and  p u ll” , etc.

(ii) F o r high pressure boilers a m oto r-d riven  geared m u lti-

F lg . 13— Turbine-driven m ulti-plunger boiler feed pum p for 
8501b. per sq. in. boiler pressure as fitted aboard the Beaverdell 

and sister ships
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Fig. 14— Electrically-driven centrifugal feed p u m p

throw  horizontal pum p has been developed, a typical example 
being the pum p fitted in  the Orcades.

{iii) T h is  u n it is the Electrofeeder design of feed pum p, 
having a ring  section o r barrel casing depending on the opera­
ting  conditions; Fig. 14 shows a typical design.

D eterm ination  of the discharge pressure required a t the 
outlet of the n on -re tu rn  discharge valve on  the feed pum p is 
carried ou t as show n in Fig. 15. T he operating pressure in 
the boiler d rum  is know n and  is indicated as constant a t all 
outputs. T o  this pressure is first added the static head from  
the feed pum p suction centreline to  the inlet of the boiler 
feed regulator on the boiler drum . A n estim ate is then made to
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F i g .  1 5 — Estimate of feed pum p discharge pressure

obtain the curve show ing the friction  loss in the system at 
various ou tpu ts, allowing for piping, valves, heat exchangers, 
etc. T h is  loss varies approxim ately as the square of the feed 
flow in the system and  can be quickly estim ated, using full 
ou tp u t as a datum . T he p o in t a t w hich this curve cuts the 
full power feed flow gives the pressure a t the boiler feed regu­
lator inlet. A fu rther increm ent of pressure m ust be added to 
cover the d rop  in pressure across the boiler feed regulator. 
T h is drop in  pressure varies for different types of boiler feed 
regulators, bu t a reasonable figure to  allow for satisfactory 
contro l w ould be 501b. per sq. in. gauge. T h is  final figure 
gives the design outlet pressure a t the feed pum p discharge 
valve.

If  the feed pum p is of the centrifugal type, the characteris­
tic discharge curve w ould rise steadily to  the shu t valve con­
dition  pressure, w hich w ould be approxim ately 5-10 per cent 
h igher th an  the norm al full power discharge pressure, depending 
on  the design of impeller. T he shaded portion  of the g raph 
indicates the pressure difference, between system and  pum p 
characteristics, w hich is broken dow n over the boiler feed 
regulator. I t  will be seen, therefore, tha t the sm aller the rise 
from  full load to shu t valve, subject to  satisfactory governing, 
the less the pow er consum ption  of the pum p will be.

In  determ ining the feed pum p discharge pressure required, 
no account has been taken of the pressure available from  the 
extraction pum p, since under certain  emergency conditions the 
feed pum p w ould require to  draw  direct from  the feed tank 
and m ust therefore be able to provide the required full load 
discharge pressure when operating w ith a low static positive 
suction head.

Boiler Feed Regulator (F ig. 16)
A num ber of types of boiler feed regulators are available 

bu t only certain  o f these are satisfactory fo r m arine operating
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F i g .  1 6 — Boiler feed regulator

conditions, w hich are m uch  m ore arduous th an  land  boiler 
requirem ents.

T he  W eir robot feed regulator has been successfully fitted 
to  m ost types of m arine boilers. T h is  regulator is o f the 
float controlled type.

T he  valve is o f the no n -re tu rn  type an d  is m ounted  on  a 
float box fitted w ith  a float operated and  fu lcrum ed needle 
valve H . T he  n o n -re tu rn  valve has a dashpot p iston  B approxi­
m ately tw ice the area of the valve seat A and  has a hole K  
bored centrally, perm itting  feed pum p discharge pressure to 
com m unicate w ith  the dashpot cylinder D , the needle valve 
contro lling  the supply. T he  p iston  is an easy fit in the cylinder, 
enabling a certain  predeterm ined leakage to take place th rough  
the dashpot clearance annulus. T he float box P is fitted w ith 
balance connexions R and  S to  the boiler d rum , to  ensure tha t 
the same w ater level obtains in  float box and  drum .

I t  w ill be seen from  the sectional arrangem ent tha t boiler 
pressure acts on the underside of the dashpot p iston  B and on 
top  of valve A, w hilst feed discharge pressure acts on the 
underside of A. T h e  pressure in cham ber D  varies, m ain ­
tain ing the valve in  equilibrium  a t all feed flows. A ssum ing 
tha t the boiler has been steam ing steadily about half glass and 
the level begins to  fall, float J also falls and  the needle valve 
rises, cu ttin g  off flow to the top  of the piston from  the feed 
pum p side. T he  pressure above the p iston falls, due to  leakage 
th rough  the annu lus clearance, un til the pressure is insufficient 
to  m aintain  the valve in  equilibrium  an d  it therefore rises to 
pass w ater in to  the boiler. Valve A only  rises as far as the 
needle has risen, since, w hen th a t position  is reached, the 
needle valve is uncovered, allowing flow to  take place w ith con­
sequent pressure bu ild -up  above the p iston  un til equilibrium  
is again obtained. T he  reverse cycle takes place w ith  rising 
w ater level. T he  norm al w orking level varies from  top  position, 
w hen no  steam is being produced, to  bottom  level o r m axim um  
draw off, and  feeds steadily a t  these and all interm ediate posi­
tions. A sm all bypass is fitted to  enable hand feeding to  be 
carried o u t if necessary.

F E E D  W A T E R  F IL T E R S
In  the case of m arine installations where the m ain  p ro ­

pulsion or auxiliary m achinery is o f the steam reciprocating 
type, the feed w ater can  be contam inated  by the engine cylinder 
lubricating  oil. T h is  oil, if allowed to  pass to  the boilers,

results in  perforated boiler tubes, etc., an d  it  is o f extreme 
im portance th a t all possible steps be taken to  reduce the p ro ­
portion  of oil in  the feed w ater to  the absolute m inim um . A 
num ber of m ethods and  types of filter are employed to  obtain 
a low  oil con ten t and  these can be fitted on the low pressure 
o r the high pressure side of the feed system, depending on the 
application. C ertain installations carry  feed filters of the 
cartridge type, having terry  towelling, coconut fibre, diatom a- 
ceous earth  o r o ther form s of filtering m edium . These ca rt­
ridges can  be fitted as a separate u n it o r incorporated  in  the 
m ain  feed tank. T h e  feed w ater passes th ro u g h  the drain  
cooler in to  these filters a t a  tem perature of, say, 120-140 deg. 
F ., to  assist collection of the oil. H ig h  pressure filters are 
fitted in  the feed p u m p  discharge p ip ing  an d  are generally 
designed w ith  a bypass arrangem ent, enabling the filter to  be 
rem oved if necessary w hilst the p lan t is in  operation, should 
the pressure loss across the filter, due to  its being d irty , become 
excessive. T o  ensure trouble-free operation  of w atertube boilers 
it  is essential th a t the oil con ten t of the w ater should no t 
exceed 0 5 parts per m illion  of the feed water.

H A RBO U R S E R V IC E  D EA ER A TIN G  PL A N T
Fig. 17 shows the present type of m arine deaerator. T h is  

form  of deaerator is designed particularly  to operate w ith  oily 
o r greasy exhaust steam in harbour. T he  heating steam  is not 
in  direct contac t w ith  the feed w ater, being led th ro u g h  tw o 
separate U -tube  heaters operating  in  parallel. T h e  feed water 
follows a to rtuous p a th  to obtain good heat transfer and  ebul­
lition , so ensuring  fully deaerated feed water.

T h is  type of deaerator could  also be arranged in  an  exist­
ing open feed system to  enable deaerated w ater to  be supplied 
to the boilers. A n example of th is form  of feed system is given 
later in  the paper (Fig. 18).

A  deaerator can also be fitted in  the closed feed system to 
enable double deaeration to  be carried ou t where exceptionally 
high pu rity  feed w ater is required. W hen utilized in  the closed 
feed system it can  be used as a collecting vessel and  heat sum p 
fo r all clean drains.

F i g .  1 7 — Marine deaerator
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AIR EJECTOR

T he best position in  the engineroom  for the deaerator is 
on the floor level, w hich enables feed heater drains, etc., to  be 
returned by gravity. A booster extraction p um p  is then fitted 
at the deaerator outlet discharging in to  the feed pum p suction, 
m aintaining a pressure therein and  preventing cavitation in the 
feed pum p due to  flashing of the condensate. W hen the 
deaerator is fitted in an  elevated position it is essential to  fit 
a closed storage tank underneath  it w ith  a com m on connexion 
to the deaerator to ensure th a t a suitable capacity of feed will 
be available to  prevent any trouble a t the feed pum p suction 
when operating under varying loads.

EV A PO R A TIN G  PLA N T 
T he evaporating p lan t in  m arine service, show n in Figs. 

19 and  20, m ainly com prised single evaporators of various 
capacities, fo r w hich the heating steam was live boiler steam. 
T h is  arrangem ent, w hilst no t therm o-dynam ically economical, 
was satisfactory from  the po in t o f view of m inim um  space 
requirem ents and m inim um  costs, since the high m ean tem ­
perature difference available enabled a small heating surface 
to be utilized for a given ou tpu t. T h is  degrading of high 
pressure boiler steam is no t acceptable in large installations, 
particularly  w ith the present high cost of fuel. We find, there­
fore, th a t where high ou tp u t o f distilled water is required, 
bled steam from  a suitable stage of the m ain turbines is used 
as heating steam for evaporating purposes. T his, of course, 
involves a large heating surface due to  the smaller mean tem ­
perature difference available for operation. A notable example

of this is the Himalaya, whose evaporating p lan t has an  o u t­
p u t of 300 tons per day when operating on  bled steam. In  
addition , these large o u tp u t evaporating plants have chemically 
treated feed to  reduce the scaling effect to  a m inim um . T he 
chemicals are mixed in  special tanks before being introduced 
into the feed supply to  the evaporator generally in the same 
m anner as boiler com pounds are supplied to  the m ain boilers. 
I t  should be pointed ou t here, however, th a t distillation alone 
of the feed supply to  boilers is insufficient and it is essential 
to have deaeration also of the feed w ater to  ensure freedom 
from  corrosion.

W hen operating  an evaporator w ithout p reconditioning of 
the feed, it is suggested th a t the evaporator should operate w ith 
a density no t greater th an  2 /32nds. I f  possible, however, it 
w ould be better to operate w ith a density of l i /3 2 n d s ,  m ain­
tain ing  the lowest possible evaporator shell tem perature under 
all conditions, as this provides a softer scale w hich is more 
easily removed. O perating on th is lower density  means carry­
ing a larger blowdown and  consequently a  greater consum p­
tion  of heating steam. W ith  the lower density, however, the 
period required between descaling shutdow ns is considerably 
increased. I t  is, therefore, a balance between increased steam 
consum ption  and longer operating  conditions before descaling 
and  it is generally left to  the superin tendent engineer to  deter­
mine the necessary com prom ise. Present day practice w ith 
high pressure w atertube boilers is to  double distil seawater 
before using it for boiler feed purposes, o r alternatively to use 
single distilled shore w ater where available.
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F ig . 19— M arine coil type evaporator

AUXILIARY ST E A M  G EN ERA TO R 
T his  steam  generator is fo r the purpose of supplying 

saturated  steam  fo r the auxiliaries. I t  functions norm ally in 
the same m anner as an  evaporator, the heating steam being 
live boiler steam in troduced  in to  the steam box, flowing th rough  
steel tubes and  p roducing  saturated  steam  a t  the required 
pressure. T he  general construction  of the steam generator is 
generally sim ilar to  an  evaporator bu t suitably proportioned 
fo r the higher operating  pressure.

S P E C IM E N S  O F M A T ER IA LS SU B JEC T ED  TO  CO R R O SIO N  
Fig. 21 shows steel feed p ip ing  and  boiler tubes w hich have 

been subjected to  corrosion.

TY PIC A L  F E E D  S Y S T E M S
Generally speaking, fo r pow ers over 5,000 s.h.p. it  is 

advisable to  fit a closed feed system, particu larly  where w ater- 
tube boilers are fitted. Fig. 22 shows a closed feed system 
fo r 5,000 s.h.p. where certain auxiliaries are fitted w ith  steam 
reciprocating, and  others w ith  steam tu rb ine prim e movers. 
I t  w ill be observed th a t the greasy exhaust steam is taken 
th rough  the prim ary  feed heater, the drains o f w hich are cooled 
in  a drain  cooler before passing th rough  a filter in to  the drain  
tank. I n  the case of the steam  turbine driven auxiliaries, the 
exhaust is led to  the m ain  engines and  can be used in  a low 
pressure stage, or, alternatively, it can  be taken to  the auxiliary 
condenser. T h e  heating steam for the secondary feed heater is 
taken from  the bled steam  connexion on the m ain engines and  
the drains from  the heater are taken th rough  a separate drain  
cooler back to  the  d ra in  tank.

Fig. 23 shows a closed feed system w ith  a  single evaporator. 
T h e  vapour from  this evaporator is taken to the l.p. feed heater,

thence th rough  the d rain  cooler back to the m ain  condenser. 
T here is an  alternative connexion whereby the vapour can  be 
taken direct to  the auxiliary condenser, depending on the type 
of raw  w ater supplied. T he heating m edium  for this evapora­
to r is bled steam from  the m ain  turbine.

Fig. 18 shows a m arine open feed system operating  w ith  a 
deaerator and  direct acting  pum ps. All feed w ater is deaerated 
before entering the suction of the m ain feed pum p, after w hich 
it passes direct th rough  an h.p. feed heater to  the boilers. T he 
heating steam  fo r th is deaerator is oily exhaust and  i t  does 
no t come in to  con tac t w ith  the feed w ater since the deaerator 
is o f the surface type, having U -tube heating elements. T he 
drains from  the heating  elements are taken th rough  a com bined
l.p. feed heater an d  d ra in  cooler circulated  w ith  the ingoing 
feed supply  to  the deaerator. T he  drains from  th is heat

F i g .  2 0 — Evaporating plant
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Section o f a boiler tube show ing p itting  Section o f a boiler tube show ing a p it w ith  rust cap in position

R ust cap removed

Corrosion and p itting  in  a steel feedpipe w ith aerated water 

R ust cap  in position

F ig. 21

exchanger pass th rough  a fu rther seawater circulated drain  
cooler p rio r to entering a filter and auxiliary feed tank to  the 
m ain feed tank. T he  deaerator m ust be placed a t a suitable 
height above the feed pum p suction, determ ined by the deaerator 
feed w ater outlet tem perature, to ensure tha t flashing will no t 
take place in  the pum p chamber. I t  will be noted th a t the 
steam supply to  the H otwell pum p is controlled by a float 
valve operated by the level in  the deaerator.

Fig. 24 shows an  open feed system of a type generally 
fitted in  land  installations. In  this case the deaerator is of the 
direct contact type supplied w ith  clean steam in troduced to  the 
deaerator by means of an  autom atic steam contro l valve set 
to m aintain  a given pressure in the deaerator shell and  so con­
tro l the outlet tem perature of the deaerated water. In  this 
type of system the deaerator is fitted w ith  supply and  extrac­
tion  pum ps referred to as the “lift” an d  “booster” pum ps

____ >_________  _______ A /V e s te o m _________
T.G. N .R .V ^ i_____1 Bled steam %_______

C/ean exhaust
Greasy\exhaMb_^

Boilers

Secondaru
F.H.

D.A.
Standby pump

F ig . 22— Closed feed arrangement system  to use greasy exhaust steam
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F i g .  2 3 —Diagrammatic arrangement of a steam power plant with regenerative main condenser, closed feed system,
regenerative feed heating and evaporating plant

respectively. T he  fitting  of the lift and  booster pum ps enables 
the feed tank  and  deaerator to  be kept a t a relatively low 
position, the lift pum p giving the necessary head to  pass the 
w ater th rough  the float controlled w ater inlet valve, w hilst the 
booster p um p  extracts the h o t deaerated feed w ater and  dis­
charges i t  a t a pressure sufficiently high to  ensure th a t there 
will be no flashing o r  cavitation  in  the suction  of the m ain 
centrifugal boiler feed pum p. T h e  deaerator is fitted w ith  an 
a ir ejector an d  condenser fo r sub-atm ospheric operation. T he 
ejector condenser is circulated w ith  the ingoing feed w ater 
supply to  the deaerator, th u s increasing slightly the tem perature

of the feed before entering  the deaerator spray cham ber. In  
certain  cases the deaerator is fitted w ith  a  vent condenser or, 
as it is sometimes nam ed, “devaporizer” , w hich handles the 
vapour outlet from  the deaerator w hen i t  is operating  a t o r 
above atm ospheric conditions.

Fig. 25 shows the feed system as fitted to  the G erm an 
“N arvik” class destroyers w hich were in  action  d u ring  the 
recent W orld  W ar. Briefly, the operation  of the system is as 
follow s: T he  condensate p um p  takes the condensate from  the 
m ain  condenser, circu lating  it  th rough  the a ir ejector, then 
th rough  a “cooler” in to  the top  of the deaerator d is tribu tion

AIR EJECTOR
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F i g .  2 5 — Diagrammatic arrangement of deaerating plant and feed control system

chamber. H ere the feed passes th rough  small perforations and  
is broken up , finally falling th rough  secondary heating steam 
also issuing th rough  perforated tubes, and  lands on  the cross­
sectioned com partm ent m arked “Raschig rings” . T h is com ­
partm ent is filled w ith  small rings or metal discs tigh tly  packed 
to give the m axim um  effective heat transm ission area. T he 
m ain  heating steam is in troduced below an d  rises th rough  the 
Raschig ring  com partm ent, giving a contraflow  effect in  rela­
tion  to  the falling condensate. T he  effect of the heating steam 
in each case is to  atom ize the condensate and  so produce 
effective deaeration. T he deaerated water then passes th rough  
a heat exchanger marked “cooler” w hich heats the ingoing feed 
to  the deaerator and  cools the outgoing deaerated feed to a 
tem perature suitable for the suction operating  conditions of 
the m ain  feed pum p. T h is  deaerator was fitted w ith  a  m u lti­
plicity  of oil operated contro l valves w hich gave considerable 
difficulty in  operation, to  such an  extent th a t m anual control 
of the system was finally required. T h is  system is in  effect an 
open feed system fitted w ith a deaerator. O peration of this 
class o f vessel proved unsatisfactory, due to  corrosion difficul­
ties, and  it  was decided tha t, in fu ture  construction , Naval 
m achinery w ould be designed to  incorporate closed feed systems.

T o  obtain  trouble free operation of boilers from  a corrosion 
viewpoint, it is vital to  supply them  w ith  double distilled, 
deaerated and  treated water, and  this fact is confirm ed in  the 
m any reports th a t have been made in the past few years on 
corrosion problem s encountered in. boilers.

In  the largest type of ship so far built in A ustralia, the 
“ Iron  Y am pi” class 12,500 ton  ore carriers, owned by the

Broken H ill Pty. Co., L td ., a W eir closed feed system  is fitted 
and  has proved highly satisfactory in  service.

M A R IN E  E N G IN E E R S  
I t  will be seen from  the foregoing th a t the present day 

m arine engineer in charge of high pressure high tem perature 
boiler p lan t m ust, of necessity, be also som ething of a chem ist 
if he is to  m ain tain  his equipm ent in  good condition  and keep 
the ship a t sea, except for essential overhauls, fo r the m axi­
m um  possible period. In  the larger ships w hich have come 
on to the U nited  K ingdom -A ustralia  route, the engineer has 
a separate room  in the nature of a laboratory in  w hich he can 
carry  o u t the various tests required on each w atch fo r satis­
factory operation of the m achinery under his care.

A C K N O W L E D G E M E N T
T he au th o r wishes to  make acknowledgem ent to  G . and  J. 

W eir, L td ., for perm ission to  reproduce in  th is paper the 
various auxiliaries o f the ir m anufacture.
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(2) B .I.O .S. final report N o. 1173, “Corrosion of G erm an 

N aval Boilers w ith Particu lar Reference to Deaeration of 
Feed W ater” .

(3) B .I.O .S. final report N o. 1333, “F inal R eport on  G erm an 
N aval Boilers w ith  Particu lar Reference to  D esign, C orro­
sion and  Boiler Feed W ater T reatm en t” .
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INSTITUTE ACTIVITIES

D inner of the  Com bined  C o u n c ils  of the  In s t itu te  of M arine  
Eng ineers and the In s t itu t io n  of N ava l A rc h ite c ts

T he dinner of the com bined C ouncils o f the Institu te  and 
the In s titu tion  of N aval A rchitects was held on T hursday , 9th 
O ctober 1952, at the G rosvenor H otel, and  was attended by the 
fo llow ing : —
In s titu te  o f M arine Engineers

Vice-Presidents: M essrs. J. Calderw ood, J. C. Lowrie, W.
Sam pson and  R ear-A dm iral(E) F . E. C lem itson, C.B. 

M em bers o f Council: Messrs. G. R. Chappel, J. E. C hurch, 
F. J. Colvill, R. Cook, C. P. H arrison, S. H ogg (Vice- 
C hairm an of Council), H . R. H um phreys, O .B.E., A. 
Logan an d  A. Robertson, C .C. (H onorary  T reasurer). 

Secretary: M r. J. S tu a rt Robinson, M .A.
In s titu tion  o f N aval Architects

H onorary Vice-Presidents: E ng’r R ear-A dm iral W. M . 
W haym an, C.B., C .B.E., and  Sir Stanley V. G oodall, 
K .C .B ., O.B.E.

Vice-Presidents: S ir Charles S. L illicrap, K .C.B., M .B .E ., 
D .Sc. (C hairm an of C ouncil), S ir Sum m ers H un ter 
and  M r. V. G . Shepheard, C.B., R .C .N .C .

M em bers o f Council: M essrs. J. Baird, K. C. Barnaby,
O .B.E., J. B row n, F. C. Cocks, W. J. Ferguson, J. 
Lenaghan, J. A. M ilne, C .B.E., A. R. M itchell, M .B .E ., 
M .C ., J. M . M urray , M .B .E ., R. B. Shepheard, C.B.E., 
S. L iv ingston-Sm ith , C .B.E., D .Sc., H . E. Steel, J. 
T u rn b u ll, O .B.E., V ice-A dm iral(E) S ir D enis C. 
M axwell, K .C.B ., C.B.E. and  Professor E. V. Telfer,
D .Sc., Ph.D .

Associate M em bers o f C ouncil: S ir C olin S. A nderson, 
C aptain  W. H . Coom bs, C .B.E., R .N .R .(H on.) and 
Instr. R ear-A dm iral S ir A rth u r E. H all, K .B .E ., C.B. 
(Treasurer).

Secretary: C apt.(S) A. D . D uckw orth , R .N .(ret.)

Ju n io r Section
Birkenhead

A m eeting was held on M onday, 27th O ctober 1952, at 
the C onw ay Street Secondary School, B irkenhead, when M r. 
J. B rown gave a lecture entitled “T he C onstruction  o f Steam  
T urb ines” to  a large audience. T he lecture was delivered in 
an  excellent m anner and  the au th o r answered m ost efficiently 
the m any questions w hich  were asked in  the discussion w hich 
followed. M r. A. G . A rnold  (M ember) a ttended to  represent 
the In s titu te  a t this meeting.

C ity  and G uilds College
O n T hursday , 6th N ovem ber 1952, L ieut. C om ’r(E) A. P. 

M onk, D .S .C ., R .N .(ret.) (M ember) presented his lecture entitled 
“T he  C onstruction  of M arine Boilers” a t the C ity  and  G uilds 
College, South  K ensington. T w enty-tw o people attended the 
m eeting, m ost of them  students of the college. M r. F. D. 
C lark (Associate M em ber of Council) represented the Council. 
T he  lecture was very well received and the lively discussion 
w hich followed was only  term inated due to the lateness of the 
hour.

East H am  Technical College
A lecture entitled “T he  C onstruction  of M arine Boilers” 

was given by Lieut. C om ’r(E) A. P. M onk, D .S .C ., R .N .(ret.)

(M ember) on  W ednesday, 5 th  N ovem ber 1952, to an  audience of 
about 200 students a t E ast H am  T echnical College. T he m eet­
ing was late in  starting  as it was necessary to  arrange for fu rther 
seating accom m odation, the hall being filled to capacity. O wing 
to  the unavoidable absence of the P rincipal, D r. Jenkins, the 
C hair was taken by M r. M cD onald  (M ember), a  senior lecturer 
on the college staff. M r. G . F . G atw ard  (Associate M em ber) 
represented the Council.

C om m ander M onk, w ith  the aid  of an  excellent series of 
slides, described the various processes involved in  the m an u ­
facture of w atertube boilers, w ith  special reference to  assembly 
and  m odern  w elding technique. A brief outline followed on 
the procedure for bring ing  a  boiler in to  service. T he  lecture 
concluded w ith  a description of the boiler un its  fo r the s.s. 
Nestor. A fter a period fo r questions, w hich was unfortunate ly  
curtailed  ow ing to  lack of tim e, a vote o f thanks to  the au thor 
for his excellent lecture was proposed by M r. W. Geddes.

M r. G atw ard, in  a short address, gave an  outline of the 
qualifications necessary for adm ittance to  jun ior m em bership of 
the In s titu te  and  an account of the activities of the Ju n io r 
Section. H e also expressed thanks to  the C hairm an, Dr. 
Jenkins, and  the staff o f the college, for their help and  co­
operation.

Greenock
M r. M urdoch  M cA ffer (Local V ice-President, Greenock) 

represented the In s titu te  a t a jo in t m eeting of the In s titu te  and 
the Greenock Association of Engineers and  Shipbuilders held 
in the “L orne” , G reenock, on  T uesday, 7 th  O ctober 1952. M r. 
George M orrison, m anaging director of the G reenock D ock­
yard Co., L td ., presided over a com pany of n inety  members 
and  visitors.

T he lecture, well illustrated by lan tern  slides, w hich was 
given by M r. J. K. W. M acV icar (Associate) on “ A ir C on­
dition ing  of S hips” , covered every aspect o f design and  des­
cribed the measures taken to  overcome difficulties arising  from  
varying clim atic conditions and  dem ands on  the plant. M any 
questions were asked during  the discussion w hich followed the 
lecture w hich were fu lly  answ ered by the author.

Salford
O n T uesday, 4 th  N ovem ber 1952, a lecture entitled 

“Photo-elasticity” was given by D r. J. W ard, B.Sc., 
M .I.M ech.E . (M em ber) a t the Royal T echnical College, Salford. 
T he  C hair was taken by M r. W. K. Rooney, B.Sc., W h.Ex., 
M .I.M ech.E ., head of the m echanical engineering departm ent, 
and  the m eeting was attended by over one hundred  senior 
students an d  visitors. A fter reviewing the h isto ry  o f the 
developm ent of the photo-elastic m ethod of stress analysis and  
m entioning the pioneer w ork of Professors E. G . Coker and  
L. H . G. F ilon  at U niversity  College, L ondon , the au th o r dealt 
w ith the construction  of polariscopes, based on his experience 
in  the use of different types over the last eighteen years. H e 
then explained how the principal stresses and  their directions 
could be obtained from  the fringe pattern  and m entioned that, 
since the m axim um  principal occurred  on a free boundary , the 
designer could get valuable data from  the boundary  stresses. 
N um erous slides were show n illustrating  the m ethod applied 
to the determ ination of stresses in gear teeth, ro lling  m ill hous­
ings, rings subjected to  forced fits and  keys, and the stress
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concentrations a t fillets. H e dealt briefly w ith  the frozen stress 
technique used w ith  three-dim ensional models and  m entioned 
the research w ork on pipe flanges th a t had been carried ou t at 
H uddersfield Technical College by one of his research students. 
T he au tho r concluded by po inting  ou t the advantages of the 
m ethod to the designer. T he  photo-elastic m ethod enabled 
him  to  obtain  the stresses on  a complex shape w hich did lend 
itself easily to  the determ ination of the stresses by calculation.

At the end of the lecture, m any questions were asked, 
m ainly on the plastics used for the construction  of the models, 
the relating of the m odel results to  the m etal full-size com ­
ponent and  to  the accuracy of the m ethod.

T he C hairm an then called upon M r. A. P. T raill, O.B.E., 
W h.Ex. (Local V ice-President, M anchester) to  address the 
students. H e m entioned the good work the Institu te  was doing 
in  providing Ju n io r Section lectures at various colleges and 
stressed the im portance and  advantages to students of joining 
the professional engineering institu tions as soon as they were 
eligible for m em bership of the studen t sections. H e m entioned 
th a t the C ouncil of the Institu te  had introduced a scheme for 
probationer students and  how, for the paym ent of quite a small 
subscription, these jun ior members could be kept up-to-date 
w ith the latest developm ents in  m arine engineering.

A vote of thanks to  D r. W ard, M r. T ra ill and  to  the 
Institu te  was proposed and  seconded by two members of the 
staff of the m echanical engineering departm ent and  carried by 
acclamation.

M em bersh ip  E lections
Elected 12th N ovem ber 1952

M E M B E R S
W illiam  Renwick Adam  
Lawrence Q uinn  Beck 
B ernardus Bluem ink 
James M cA nish Brown
W illiam  Barclay C richton, L t.-C om ’r(E), R.C.N .
H ow ard George Jo h n  D alton  
E dw ard Robert D ewdney 
N orm an  Bruce D uff, B.Eng.
R ichard G ibson
H aro ld  G. G illis, L ieut.(E), R .C.N .
John  Jephcott H u tt
Jo h n  Aris Le G eyt, L t.-C om ’r(E), R .N.
W illiam  D ouglas Kellow 
R alph L ister
A lexander M cLean Logan 
D ouglas H am pton  M cK enzie 
L alor T hom as M eehan 
John  W yndham  P udner
M ichael Bruce Fernie Ranken, L t.-C om ’r(E), R .N.
Leslie Joseph M ann ing  Reed, L t.-C om ’r(E), D .S .C ., R.N. 

(ret.)
Robert Cecil Rhodes 
Ganes Spinks 
Jam es Chalm ers Still

A SSO C IA T E M E M B E R
M ichael Robert K ent, Lieut.(E), R.C.N .

A SSO C IA T ES
D ouglas E ric W illiam  A ldous
Jam es T h o rn to n  Bailey
E dw in T hom as Baker
G erald Clive B urnan , Lieut.(E), R .N.
Joseph Carm el A lfred Camilleri
C lelland Campbell
T hom as Kelly Cannell
Keshob C handra Chatterjee, L ieut.(E), I.N .
N orm an  C otton  
W illiam  John  D avidson 
John  F ly n n
Ved Prakash G arg , Sub. L t.(E ), I.N .
D ennis H odge 
W illiam  E dw ard  H arris

K halid  Saifuddin  H yder 
Jam es M cA lister K err 
John  R ichardson P rio r 
D udley V ernon Rogers 
John  G ordon H olland Shiach 
James Stew art 
Cyril W illiam Josiah Stow 
Roy T hom as S utton  
Ronald Charles T hom as 
R aym ond F rank  V incent 
John  Alexander W alkinshaw 
R ichard W aters 
R ichard W alter W ilkinson 
G ilbert Lawrence W illiams 
Ian  R ichard Broad W illiams 
P a t W illiam W in

G RADUATES
D ennis John  Brown 
Robert Owen F rank  P im lott 

P R O B A TIO N ER  ST U D E N T S
Peter H arvey B am forth 
John  R aym ond Barlow 
Brian John  Carey Barnes 
H aro ld  Joseph Brown 
Peter Jon  Calder 
B arry Cassidy
H am ish Alexander C attanach
Peter Y oung Coles
C hristopher Jo h n  Sim on Cox
E rnest Albert D ouglass
B rian E lford
Peter Jam es Everett
Jeffrey E dw in Fisher
Robert Jackson F ullerton
Geoffrey M ichael Beresford H artw ell
D avid John  Heaslip
Jam es W illiam  John  H ew itt
Charles Frederick H oner
E dw ard S hort H un ter
Jam es K insella
John  N icholas M aw hinney
W illiam  M cPherson
D onald  A drian M ieras
E ric Raym ond N o tt
T im o thy  John  Palm er
D avid A nthony R ichard
M ichael St. J. Robertson
James Robert Seaward
B rian Rex Sheppard
John  A nthony H . Sm ith
John  Spark
M aurice H enry  W est
Robert J. W eston
A lan Roger W hite
Alexander George Wilkie
John  E dw ard W illans
Stanley Yow
Phillip  T hom as Zoller

T R A N SFE R  FR O M  A SSO C IA T E M E M B E R  TO  M E M B E R
T hom as G ray

TR A N SFE R  FR O M  A SSO C IA T E TO  M E M B E R
T hom as Oswald W inter

T R A N SFE R  FR O M  A SSO C IA T E TO  A SSO C IA T E M EM B ER
James K enneth R olland, B.Sc.

T R A N SFE R  FR O M  GRADUATE TO  M E M B E R
Ernest Bispham  B udd, L t.-C om ’r(E), R.N.

T R A N SFER  F R O M  GRADUATE TO  A SSO C IA T E M E M B E R
John  M cPherson Cook 
H arry  K ay
F orrest T hom son  Randell
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