
THE DEVELOPMENT AND DESIGN OF CONDENSERS 
AND CONDENSING PLANT. 

!t'he gmera,l adoption of the turbine for prophion 
yurpom in RN. Navy was quickly followed by the appreciation 
of the fact that this typ  of engine could make ecanomical use of 
very high m, and this greatly atimuIatd the deeignem of 
condex18ia.g phnt, bringing into bekg what is praohiwlly a new 
art. 

It h, of course, the object of the designer to  obtain a high 
vmuum without an ~mnecmsady large condensing surface, and 
thus he must fit the mmt effiuient rejr extrtaction plant thak 
considerations of weight,, ~ p c e  and ateam consumption wil l  
allow, W& at the esame time so dispaaing the mndensing surface 
that the maximum possible tmamission of heat between the 
vapour and the wakr h obttbked at dl parts of the coadenmr; 
the ideal t~ ba aimed at is to obtain uniform h& trazlamisaion 
throughout; the tube ned. 

The extent of the condemhg &ace to be E t k d  in any given 
cwe depends msenGi1b11y upn the desired vacuum and upon the 
relative proportions of the space into which the anrfm has to be 
arranged. The problem depends at m~trce alpon the fewtom in- 
fluencing the fxmsmission of heat from tho vapour to  the ~ o o k g  
wahr, namely, the hmpor~ture and the velocitiy of both vapour 
and mkr. From the deigner$ point of &v neither the 
vwuum nor the temperature- of the amhg watsr can bo regarded 
ag variab1ea, and he is thus compelled to direct hiEl attantion 
to the two remaining f h m ,  high vsIues of which favour 
correspondingly high r a w  of heat tranamhsion. 

A high vapour velocity oan only be obtained by e x p i n g  
but a small area of t u b  ~urface t o  the exhaust vapour, a prebcbice 
whioh msdh in the fitting of deep tube mh. Under such 
condibiona the heat t d e r  ta the tuba remote from the e h u d  . . 

Orifice is smss~, W M ~  fie resistmm to the flow of vapour ia pery 
large, rlw the latter is proportional to the square of the vapour 
voIocity and to tho depth of the t u b  mat. The preaent bndency 
of design %hemfore ie towards a very low mpow ~elocity  cos^ 

the ht m of tubes, the objeot h h g  to reduce the depth of 
the tube nest. 

For m given volooity of water it wilI be found that G h e  tram- 
&ion of h a t  is favoured by ehe UM of &OI% tubes, S ~ B O ~  the 
average temperature of the aimdating m k  passing t h g h  
the oondenmler will thereby be lowered. In order, however, to 
pmpide the required surface with short tubas Zheir number muat 
be large; enkiling s correspondingly incmsed ~o111me of cooling 
wahr to maintain the required velocity through the t u b .  
Farther, since the loss of head through the condenser t a b  bkes 
place principally at enkanco and exit a rednotion in length is  



not accompmied by a comsponc?ing lessening of the resistancc 
to the flow of water. In this connection it may be of ixlfepegt to 
note that &ream lined ferrules are being tried in one veasel, and 
it is hoped by this means to  effect s reduction in the entering 
and leaving losses, whiIe the more regular flow in the tubes may 
lessen cornsion at their ends. It is dificutt to detect leakage 
through the screwed gland when this type of ferrule is employed, 
m d  hence those fitted in new construction merely have their 
en& rounded to make s better p t h  of entry for tho water. 
h practice, therefore, the gain obtained by fitting short  tube^ 

is more thm counterbalanced by the extra weight and s h m  
eomumption of the circulating pump, m d  the bngth of thi, 
tubes in modem underslung d o s i p  of the single flow type k as 
large as space conairferations rand the ~ i i l ~  of the exhaust orifice 
of the turbines allow. 
h cams where the space permits of rr mmonebble length of 

tub  king fittcd and whore the airoulating pipm aan be arranged 
so as to emure a fairly even distribution of water flow throughout., 
single flow condensers are in general t o  be preferred to  those in 
which the water Bows twice t h g h  the tubes. In many cams, 
however, condensers with two or more passes mwt bc fitted, 
and it becomes necessary to  augment the heed of the circuhting 
pump in order to overcome the hcremd enteriag and leaving 
lows at the t u b  plates, 

Tho mtnal water velocities empIoyed in practice are limited 
on the one h a d  by the reqnhment that the flow must be turbu- 
lent, a phenomenon which occure at  a speed of about 0 - 5  feet 
por second in stmdsrd 2--in. condenser tubos, and on the other 
by the fact that high water velocities are accompanied by heavy 
demands upon the circnlating pump; in practice it is foul~cl 
that very Litt,le benefit is to be obtained by the use of water 
speeds exceeding about 7 ft. per second. 

The heat transmission in a condenser is advemely affected 
by the formation of water films on the outside of the Iower tubes 
due to the condensed vapour from the upper tubes chaining on 
to them, and special means h reduoe the IOW of efficiency due 
to this oause are taken in modern condensew. 

In the direct drive baaleships now in the Service, and in 
the earlier cruiwm and destroyers, condensers of the well kmown 
ud%ow type art, fitted. The objljeot aimed at in thia design is 
to obtain a rmsombly constant velocity of vapour past the 
tubea at t3lI wtiozrs of the condenser, so that the heat trmamiasioa 
between the &am and water should be as nearly as possible 
uniform. 

The tube phi% of a typica3. condenser of this type is illui&rahd 
a6 Fig. L, the most marked features being the wide vapour path 
ati the top, narrowing down as the vapour ia condensed to a smdl 
passage at the bottom, and the depth of fhe condenser, the ra,$i0 
between the breadth at the top and the depth of the t u b  nesta 
being about m ?  to 1. 
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In the earlier designs the amount of cooling surface provided 
was about 0 .8  sq. f t .  -per horse-power for battleships, 0.7 sq. ft. 
for cruisera, and 0 .6  sq. ft. for destroyers, the designs providmg 
for lower vacua md leas margin for adverse conditions in the 
smaller vessels than in the eapihl ships. With the increasing 
horse-powers of lahr deeigna, and the increased necessity for 
saving weight and apace, the snrfwe provided fell to 0 - 6 sq. ft,, 
0.5 aq, ft. aml 0.4 sq. ft .  as average %re.es for battlesbipa, 
cruifsera cstui de~Gmyem respectively. The a c t u d  increase in 
heat transmission per sq. ft .  of surface was not as mat as these 
figures impIy, as the turbines hadimproved somewha$ in eEciency, 
but e marked decrease nevertheless took place in the c w h g  
sutfm provided p r   ini it of heat transfemd in unik time. 

This rrduction of cooling aurface was arranged in pad bp 
reducing the letlgth of the tubes and in part by reducing the 
cross sectional area of the condenser, retaining it8 characteristic 
shape. Reduction in the size of a condenser leads, however, 
to an inoreaw in the v~bpoup velocity, and in some cases this 
velacitv has maohed 450 to  500 feet aer second. DificuItv 
was eiperiencd in obtaining the designeh vacuum at full power 
with Many of the condensem with the reduced cookg surfaxe, 
and there is no doubt Ghat bthii may he mainly attributed to the 
increased resistance t o  the Aow of vapour, the pressure drop 
between the top and bottom of the condenser reaching in some 
cams as mnch BR 1 h inches of mercury. 

Condensers of ihe underslung typF, situated imrnediatel~ 
beneath the L.??. turbine, are now universally fitted to the htest 
deaigns of geared turbines, the practical advantages of this 
type of condenser being the elimination of the 1omes due to the 
eduction bend and the great saving of weight and BPI~CP. 

If; will be seen from Fig. 2 that t h i ~  type of condenser is much 
wider and shallower than the uniflow deuign, and thua both the 
vapour velocity and the length of the vapour path are greatly 
reduced, any decrease in the efficiency of the heat, transmission 
being outweighed by the decreased resistance to yapour flow. 
On trial8 of vessela fitted with t h e e  condensers, and with a 
cooling surface of only 0.35 sq. ft. per shaft horse-power, the 
vacuum obtained compared favourably with that obtained in 
vessaXs fitted with the lEbter types of uniflow condenser with 
cooling surfme 0 . 5  sq. ft. per shaft horse-power and twbines 
of ~limilar efficiency. 

It should be noted that, &Ithough good vacua have been ob- 
binad on tri& of undord~ng oondenmm wihh cooling ~urfwe 
aa low as 0.35 sq. ft. per S.H.P., when ships are new and tubes 
are clean, the wale formed on condenser tubes during wrvice 
reduces the efficienoy uf the heat t,ransmission, and where weight 
and space allow, it is desirable ko provide not Iess than 0 - 6 sq. ft. 
of condensing sudace per horse-power. 

There is bne limitieion im&d by placing the condensem 
underneath the turbines in a, warship, namely that owing fo the 



very amall distance be t~~een  the exhaust orifice of the turbine 
and Ghe upper row of tubes it is not practicable to distribute the 
sham evenly over the condeneer surfme. Coasiderationa of 
this nature have resulted in the development of condensers 
which are approximately square in plan; even when every 
endeavour i8 made t o  distribute the steam over the- tube surface 
it is probable t h a t  portions of the nest are relatively infiective, 
especially mhero the L.P. turbines &re af the double flow type, 
receivinff steam at .the centre. 

Typimk Modem Condmer8.-A typical condenser of late 
design is illustrated in Fife. 3 and 3 ~ ,  this unit being provided 
with rotary water extraction pumpe and with a h m  air ejectors. 
The general shape of the condenser is not very different from the 
usual type of underslung candenmr, but deep lanes are provided 
in the tube nesk reaching down to about two-thirds of the depth 
af the nest, and suitable baffles are fitted t o  guide the vapour. 
These deep lams tend t o  reduce the resistance to the flow of the 
vapour, and, further, by increasing the extent of the dry surface 
exposed t o  the  vapour, a reduction in the 1 0 ~ s  dtxe to thc film 
of water on the tubes is to he anticipated. 

The top nests of tubs  haw a, slightly greahr pitch than the 
bottom nesh, thus further redacing the vapour velocity and the 
resistance at t h i g  part, of the condenaer. The actual vapour 
velooity about 300 feet per aecond at the b p  decreming 

t o  100 feet per second qear the bottom of the condenaer. 
The m h r  extwtion pump suction is ftttd at the bottom 

of the condenser, a suitable atrainer being fitted over the wction. 
Two air ~~aCtion~ on each side ace -fitted, A n a t  one-tohid of the 
way up the condenaer. The wing bottom tubw are seprtrahd 
from the remainder by a baffle so that the air and vapour is 
dram by the ejectors from the bottom of the condenger pad the 
wing nests, where the tubes cool the air and vapour, and m further 
condentling aome of the vapour. This d u c e 8  the proporbion 
of vapour to air in the mixture which p~haaes over to the ejectors, 
and slightly incmw the density of the air itmlf, thereby 
favouring the conditions under which the ejectors are required 
t o  work. 

Tha queation of the b~havionr of condensere under tropical 
conditions is of increarring inh& in view of the number of ship 
now operating abroad, and the cuma @m in Fig. 4 show how the 
m u u m  at full pwor will fall as the temperature of the circulating 
inlet water inc-. Thew curves have been obtained theoretic- 
ally but verified by examination of the d t a  of a large number 
of h i p  trkh in kmpemte and tmpioal wabm and may be used 
with confidence. 

Wh&t atearning at low pawera in tropicai -tern, it is not 
economicd to  obtain the highest possible vacuum, as the steam 
consumption of the main circulators under such aonditiom 
wiU more than offset any decnma in the consumption of the 
main engines due to the improved vacuum, 
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~Io&t ions  for the of e particular vesd indimte that 
msximnm economy is obtained under cruising conditions with 
a VWUURI of 27 in. and sea water temperatu~ 80" F., and at 
264 in. with water tempattum 90' F. 

Obviously the most economical vacuum to employ depends 
on the design of the turbine8 and of the cimuhting. pumps, 
bu6 may readily be eatimshd. The curves given in No. 5 of 
"Papers on ~ e e ~  Subjects " wiU be found of asaistzbnce 
in estimathg the consumption of the chulating engines, whibt 
that of miprocathg air pumps will be found to vary almost 
direotly W the number of strokes per minuk, h Fig. PA ia 
shown the approximatr! effect of vacuum upon the steam con- 
sumption of the turbines. This curve appIies either to Persons 
or to Brown-Curtis multi-&age turbinea, and gives the percentage 
increase of consumption with dedecreaaing vacuum. To enable 
am sstimak h be made of the incrwmd weight, of etearn flow it 
is newwry to know the &ual ateam consumption of the t u c b h  
under the given conditions. -The steam comumption under 
v d o w  pwer conditiom 5 umdly known from trial records 
or the contrachr's &imsh. 

If the tab1 steam conanmption of the turbines af vaTiws 
powers be plotted against home power, the reeult will be a atmight 
line or a very fiat cnrve. Hence the averalI ste%m oonsumption 
for any given power can be obtained providing it is known at 
two or more other powers. 

Fip. 5 and 5mr. show the arrangement of the tube plate8 of 
two internsting condenmm of advanced design used in power 

ashore. 
The condenser in Fig. 6 is a design by the Metropolitan Victkem 

Chmpmy, the principal f&ures being that tb tube nest 
circnlar in shape and fitM sccentrically in the condenser wing 
so Ghat the exhaust steam mu enhr the neat over a very large 
snrface area, the tbEr being extrwhd at the centre of the con- 
denser. It It be ben that there is a compmtiely short 
path for the flow of vapour through the nest and that, due to 
the low veIwity and short path, the reaidance to va,pur flow 
will be very a m d .  

A firther advantage claimed for the d m  is that the t e m p -  
mtnre of the condomate at tha bottom of the condenser is high, 
appmwhing that of the temperature of the e x h u ~ t ,  whilst the 
temperature at the air suction ia low. 

Rg. 5~ shows a condemr fitted in s French power station. 
The interesting features of th i s  condenser are the number of 
long vapour la~le~,  and the fact that no tube is fithd directly 
under one a row or two higher up. Both featurn am designed 
to mini- the effect of the formation of wsbr film, which, 
as haa been predonuly stated, is a cause of p a t  lose of efficiency, 
The fact that the tubes are " ahggemd " from the vertical tends 
to provent the drip of wafer h m  rtn upper tube from compleiAy 
m e r i n g  the aurfwe of a lower one, &hough this advantage 



would hardly be realised in a marine installation. Very 
good res& have, however, bean obk&.ned from t K i  condenser 
on service in shore plants. 

PART 11.-COSDEXSING PLAXT. 

Main Cirrcuhthg Rqines,-In almost all existing @hips the 
main circulebting engines are of the reciprocating tvpe, but in 
certain mses turbines have been fitted, being coupbd directly 
to the impeller shafts. The usud designed head of the pump 
is 20 ft. for single flow and about 30 ft. for donbb flow condensers - 
at full power. 

Very high speeds are necessarj- to  keep the steam comumpti~~ 
of auxiliary turbine? low without undue demand upon weight 
and space, but although circulating pump can be designed for 
operating at high speeds, the cleamnces become rather h e  
and the efficiency of the pump tends to fall off on service due 
to wear. 

In hhe later vessels geared turbine-driven circt~Iating pumps are 
being generally fitted, the turbine running at some 4,000 or 
5,000 revolutiom per minute, and the pumps at about 800 revo- 
lutions, thus providing the required aompromim and enabling 
a steam consum~tion aomewhat less than that of the ancorn- 
pounded reciprobating combination to 3.m obhked. At full 
power the steam consumption per water horse power per hour 
of the geared turbine pumps is about 56 lbs. as against 75 Ibs. 
for a single ~yIinder reciprocating pump, and at three-fifths output 
the cormponding g u m  would be about 90 and 100 Ih. At 
very bw outputs, however, it is probable that the reciprocating 
pump ia mom economical than the turbine-driven pump. 

After rt condenser has been in sexvice for Home time, a hyer 
of scale is formed on the imidea of the condenser tubes while the 
exhrior ~lmfwes hcome covered with grersae. The hedesigned 
preeaure head of the circdating pump has h e n  insuficient in 
the p t  ta aUow of the full output of water being attainad 
w h s t  the additional resistance impmod by t he  acale, and, 
W the heat. transfer under these conditiom is also low, very 
p a r  vacua have hen recorded in cerbin -a aa a result. 
h new ~onstmction, however, the designed head againat which 
the full output of the pump can be obtained haa been very greatly 
increased, the new figures being 60 ft. for double flow snd 40 f t .  
for einqIe flow wndenmrs. 

From the above pint of view it would be an economic pro- 
position to clean condenser tubes internally, provided that a 
mtisfaictary mekhod of so doing can be developed, as i n  addition 
h reducing the head on the pumps, cleaning the tubes would 
result in improved heat trander. Chemical methods have been 
pmpmd for cleaning the tubes and have been actually empIoyed 
in some c m ,  but their use is viewed with suspicion since damage 





may be done to the material of the tubes unless the procems 
are very carefulIy controlled. 

Mecka.nical methoda are in general both ineffective and 
expensive, while being aIso hb1e to damage the tubes. From the 
point of view of o o d o n  it i8 verg doubtful whether cormdon 
films or surface deposits of salt should be mmo~ed, since these 
may a& aa protectivs coatinge and tend to hhibit cornion. 
h view, therefore, of the coat of retubing hrge condensers, it h 
doubtful whether internal cleaning of tho t u k  can be recom- 
mended from the financial aspect. 

External cleaning of the tubes is, however, wholly benefieid 
and the method to be employed is laid down in the Engineering 
Manual. 

drrnngcmen!~ for Extracting Air and lBafer.-In nearly all 
the ships now on service a dual reciprocating air pump having 
wet, and dry barrela ia fitted for extracting the water and & 
respectivelp from the condenser, the arrangement being too well 
h o w n  to need dmription here. 

In certain ship, a steam jet is fitted to dmw the aerated 
vapour from the condenser, the dhharge  from the jet being 
passed to a cooler which may be either of the surface or j e t  
type* 

The coaler condenses the steam used in the jet and also moat 
of the vapour present, the vapour condensing readily m the 
pressure in the cooler is higher thm the coadedser pressurn. 

The air, the remajning vapour, m d  the condensed vapour are 
then paased into the suction of the dry barrel of a turn 
reeipmating pump. 

' f i e  wet barrel dram conde-te from the bottom of the 
candenser as usual. 

A diagram of the arrangement is given in Figure 6. 
The conditions of workmg of the dry p m p  rsre bhw much 

improved, not only on account of the reduced volume of vapour 
and iair with which it has to deal, but also owing to the greabr 
premm obtaining at the suction of the pump. It is therefors 
possible either to make W of smaller pumps or to obtain the 
benefit of an enhanced vacuum. 

In both the arrangements described, although the air and 
water are dm1t with by =parate pumps, it should be noted 
that there is no special de-aeratmg e%ect, since the two pumpa 
h v e  a common discharge pipe in each c-, 

With the development of &,earn ejechm, these appliances 
in oombbtion with rotary water extraction pump ha-. e entirely 
k p h e d  dual air pumps in new construction, the advanttbges of 
the new system incIuding not only the possibility of attaining 
higher vacua but also considerable economy in weight and 
space : the entire absence of working p& in the ejectors should 
lead to reduction in the cmt of mainbmnce, both in labour 
and material. 



Early experiments with steam ejectors indioahd that they 
would not operate with complete sfability under all running 
oonditiom with compression ratios of more than about =pen to  
one, and as a oonsequence two, or three stage ejectors are 
hvariabIy fitted. 

Even with multidage ejectam, if the air leakage with whioh 
the ejector htbs tO deal is unuswfly large, the steam jets will fail 
to entrain the air, and the vacuum will fdl to nil. This limit& 
tion of ejectors requires to be borne in mind, and s p i d  attention 
to the avoidance of excessive air leakage is necessary where 
ejectors are fitkd. 

The quantity of air baking inta the condemer of a R& of 
turbines remains wmibIy constant at all outputs, and thw 
the &am consumption of -the air ejectors becornea inomwhgly 
important at the lower powers : this effo& is specially marked 
owing to the am811 variation in the steam oonsumption of air 
ajechm over fhe whole of their crtpacity range, 

The &am consumption of air ejeatom may, however, be 
very considerably d u c e d  by psing the discharge from each 
sbga through 8uitabIe coolers where the oondensible vapours 
am tmtd md whem the air is cooled, with consequent rednotion 
in ita volume. Interstage coolers are now being embodied in 
th8. latest vesaeb, the d r h g e  from the coolers being pawed 
back again to the c o n h m .  

In the mlier d & p  of intercooled ejwtora, ~ t a  W& from 
tbe main uimuIatom used as the cooIig medium. On emmina-. 
tion of Figure 7, which shorn a &ion #rough s typiiod ejectm 
of this type, it; will be seen that them is a somewhat complicated 
~ p t e m  of jointing, which has led to the adoption of fresh water 
circdation in tho later designa, thua precluding any p o s s i h i ~  
of leakage of sea water into the feed cimuib at thia pint. h 
these decdps the whole of the condengate b pumped thmugh 
the ejector GircuLating water aystem, the codemation of the 
steam and vapour of the output King carried out entirely within 
the ejector casing; the h a 1  output is led Btraight to  tho feed 
tank, suitable venting arrangements being provided for release 
of the air. 

The mmwption of the ejectom depends upon the 
V&M~UM produced mher  thatl npon the output of the turbinee, 
and thw it m y  happen that under ashin conditions insufficient 
condenaah may be available for cooling the ejectors. h order 
ta prevent a drop in vacuum under auch conditions, arrange- 
menh are made for the extraction p u p  to deliver aufficiant 
water for oooLng pupms,  tbe surplus not required for the boiIers 
b e ' i  returned ta the condewer through a hand-controlled 
byepaw valve fitted on the oircnlating wabr discharge from 
fhe ejectam. Manipulation of this byeptbss will oauae the float- 
cantrolled nwke up f e d  valve to operate and thna admit inta 
the sptem an additional amount of wahr corresponding to the 
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opening of the bye- : the fempemtupe of the air ejectofs is 
thus under direct control, The use of condensate i n s W  of mlt 
wakr  for cmling the air ejectom m~nlta in an increase of &am 
consumption jn them unih. 

The heat of the ejector ateam passes into the feed water when 
condensah ooohg ia wed, but in Naval inataIletiorm this fact 
dwa not m l t  in m y  appreciable overall gain since there is 
alfeady available more exhaust steam than h r e q d  for feed 
heating pntpom. Under such conditions the addition of further 
heat to the feed water wiZl only set free exhaust ateam which 
cannot narmally be eoonomically disposed of :  the rnaximwn 
gain from this source will only be obtained when the whoIe of 
the surplus exhaust is made use of in the evaporators. 

The capacity of tho d r  ejectors fitted is about one cubic 
fmt of air per minute pet thousand horse power at 28-inch vacuum, 
and this cornpaces favourably with the capacity of reciprocating 
air pumps usually fitted. 

Extmtion pump are fitted to draw the condensate fmm 
tb bottDm of the a d e m e r .  Thegg pamps are of the m* 
impefier t p ,  the spindles being axntaged vertimfly in order 
to obtain the maximum positive head on the suction. 

Two impdew me fitted, mting in pmllel, with the suction 
between t h m ,  so that  the spindle glands are not under avacuum. 

The main pumps arc driven by a steam turbine, but where 
stand-by pumps are fitted, these are drive4 by eleotric motors, 
and am designed to be used for cruising purposes, one motor 
driven pump taking suction from two condensers, thus reducing 
the consumption of auxiliary steam. 

The driven pump b fitted with a governor so that 
it wil l  nob R@ up and trip should it pump the condenser 
dry. 

In new constmctian, a closed feed ~ystem is fitted which is 
~ b i l a r  in principle but dXem in  detail^ from that 
deearibed in Part IU: of " Papem on Engineering Subjects." 
With such a svstem it ia essential that tho characteristics of 
the water e*Ation pump hould be such that they c m  supply 
as much water aa may be required by the feed pumps at any time. 
The level of water in the bottom of the condenser is automaficdly 
controlled by float operated valves, but experience h= ahown 
that there is often a considerable lag in the operation of t h e e  
valve8 and it is themfore desirable that the water reservoirs 
h the bomm of the condwaera shodd be large in order to ensure 
the watsr mppIy on the suction side of the extractor pump. 
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