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T i ie  modern condenser for sea-going purposes is now essentially 
a surface condenser. The two m ain objects of th is condenser is 
firstly, to reduce the final back pressure, hence increasing the 
total power, and secondly, to re tu rn  the condensed steam  as feed- 
water to the boilers. The chief arrangem ents of an ordinary  
condenser for a sea-going cargo steam er are shown in  F ig . I .

As w ith all parts of a m arine engine, those of the A dm iralty  
are superior, and more costly than  those of the m ercantile  
m arine. F o r the purposes of the la tter, the condenser shell is 
usually cast iron or m ild steel. In  the A dm iralty , nearly  the 
whole condenser is made of gum netal, though th is is not always 
essential for the best results. F ig . I .  shows a cylindrical con­
denser. The shell is of mild steel, and at each end of th is  a 
flange is attached, and against these, gunm etal tube plates are 
jo in ted ; while outside these the end-covers are fixed. The 
tube plates are usually  about l in .  th ick, and have an enormous 
num ber of holes bored in  them , th rough  which the tubes p a ss ;
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in  large condensers they num ber several thousands. The tubes 
are usually f in . external diam eter, sometimes f in .,  and are 
made of gunm etal of special composition. F ig . I I .  shows a 
section of the jo in ting  for the tube plate and end-covers. F ig . 
I I I .  gives a section of p a rt of a tube plate which explains itself.

The ferrule is of gunm etal, and the packing of cotton. An 
■open ferrule is placed a t the end where the w ater enters the 
tube, and a reduced one where it leaves. The tubes connect the 
end spaces, and by th is means the circu lating  water passes from 
one space to the other. The exhaust steam is led from the L .P . 
cylinder by the m ain eduction pipe to the space in the con­
denser surrounding the tubes. Thus we get steam on the  ex­
ternal and water on the in ternal sides of the tubes. In  F ig . I.
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th e  circulating w ater enters by m ain inlet, through the inlet 
valve, hence to the centrifugal pum p. From  here it is dis­
charged to one end space, passing through the tubes to the 
other space, and re tu rn ing  again through  the h igher row of 
tubes.

A division plate is fitted horizontally at the water-end, and 
th is  prevents the water short circuiting. I t  has thus to follow 
the direction of the arrows, and finally is discharged overboard 
by the m ain outlet. The end-covers are shaped as shown, in  
order to deflect the water equally over the tube plate, so th a t 
each tube shall do an equal am ount of cooling. Small hand 
holes are fitted to the end-covers for exam ination of, and repairs 
to the tube ends. The covers should have webs cast on them  for 
strengthening purposes.

P rotecting  plates, now almost invariably  made of m ild steel 
are fitted on the water side of the condenser, in electrical contact 
w ith  the tube plates, to prevent corrosion of the tubes and tube 
plates. A weed trap  is fitted close to the inlet, and this prevents 
blocking up of the tubes, and can be cleared conveniently. A 
sim pler method is to have a g ra ting  fitted over the in let, only 
th is cannot be cleaned a t sea, except by reversal of the circu la­
tion . A fter leaving the cylinders the course of the steam  is 
as follow s: i t  first enters the  condenser by the  top. N early  
always the momentum of the steam is broken by a baffle p la te ; 
th is  is a perforated sheet of steel or cast iron, and is attached 
to the sides of the condenser. The steam, after passing round 
and through this plate, comes in  contact w ith the tubes, is 
condensed to water, and falls to the bottom, whence it  is drained 
to the air pump suction, and from there to the air pump. The 
usual fittings to a main condenser are as follows :—

On the top, usually  in the saddle :
The m ain eduction pipe from the L .P . cy lin der; 
E xhausts from the reversing engine and m ain c ir­

culating  engines;
Autom atic separator drains, and supplem entary 

drains, with drain  from the L .P . cylinder;
E xhaust from m ain feed-pumps and the various 

pumps which are in  use whilst the m ain engines are at 
work, including the dynamo engine exhaust.

A t the bottom :
The air pum p suc tion ;
Connection w ith reserve tanks to make up feed-water 

loss, with various other fittings given la te r on.
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The tube plates require staying against the external pressure, 

and th is is effected by placing rods instead of tubes a t suitable 
intervals, which take all the stress off the tubes. W hen the con­
denser is of any great length  a support plate is fitted nearly  m id­
way between the tube plates. This plate is m arked off from  the 
tube plates, and holes are bored w ith a small clearance for the 
tubes. I t  is then set up in  position by a ttach ing  i t  to the shell. 
The reason for fitting  the stay plate off the centre is to prevent 
the vibrations of the tubes from synchronising on each side, and 
so increasing th e ir in tensity .

The chief of the improved condensers which have been 
brought out la te ly  are the “  W eir-U niflux ,”  the Morison, 
“ Contraflo,”  and the Norm and, Condenser.

The “  W eir-TJniflux ”  is trian g u la r or heart-shaped in  cross- 
section, the chief feature being th a t there are no tra in in g  or col­
lecting  plates. P ractica lly  no im portance is attached to the de­
posit of water on the sides of the tubes, and the steam  enters 
th rough  an enormous eduction pipe tak ing  up almost the com­
plete top of the condenser. P ig . IV . shows a freehand sketch of

F ig . I V .
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th is type of condenser. W hen the steam enters th is i t  is con­
densed by contact w ith the tubes, through which circulating  
w ater is flowing, and the water drops down to the side of the 
shell and drains to the bottom. As the steam descends more is 
condensed, and its volume is decreased, and the cross-section 
area of the condenser is dim inished proportionally. A lthough 
there is a great advantage in having 110 guide-plates, the shape 
of the condenser is not economical for space, and the shell re ­
quires considerable staying to resist external pressure.

In  contradistinction to the “  W eir-U niflux ,”  the Morison 
condenser has several guide-plates. In  F ig . Y. a cross-sectional

W a t e r  o u t l e t

Fig. v .
view of the la tte r is shown, in which the three guide-plates may 
be seen. The chief object aimed at is th a t im m ediately steam is 
condensed to water it is collected and drained away to the air 
pump suction. In  this way a high tem perature is given to the 
feed. The shape is usually  cylindrical and so needs little  stay-
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F ig . V I. shows a “  Contraflo ”  condenser in p art section, with 

a feed tem perature regu la ting  valve fitted. The shajie is 
sim ilar to the Uniflux, bu t there are several guide-plates. Most 
of the steam is condensed and drained on to the plates (A and B). 
From  here the w ater drains down through (F) to the regu la ting  
valve, where it can either be sent direct to the a ir pum p, or back 
to the condenser (at E ). F rom  (E) the water flows up through 
(G), and out to the a ir pum p suction w ith the rest of the a ir  and 
vapour.

The “  Norm and ” Condenser is d istinct from the rest in th a t 
there is no packing a t the tube ends. The entire shell and tubes 
are curved to a certain  radius, and the tubes are expanded into the 
tube plates. In  th is way expansion effects due to heat are taken 
up by the curvature, and there is no packing trouble or leaky 
g lands; in fact it only leaks when the tubes have deteriorated. 
I t  can be re-tubed in about a quarter of the tim e, and the total 
cost is about half th a t of an ordinary one of the same capacity 
w ith cotton cord packing and glands.

The latest alterations in condensers are in those used in  con­
nection with turbines. Both in reciprocating engines and tu r ­
bines, the final back pressure, and thus the vacuum  gained, has 
an im portan t effect on the efficiency obtained. W ith  the re ­
ciprocating engine, however, when a fa irly  h igh vacuum , about
27 inches of m ercury is obtained; any increase in  th is vacuum  
makes very little  difference in  the efficiency. In  a tu rbine th is 
is quite different, and thus the ex tra cost in obtaining a vacuum  
of 29 or 29-5 inches is more th an  compensated for by the  ex tra 
increase in power. One difficulty in getting  an effective vacuum  
is the resistance offered to the steam by its friction  in  going from 
the exhaust to the condenser. This is almost elim inated by 
m aking the eduction pipe extrem ely large in cross-section, and 
very short. The most im portan t factor, though, is the air, 
which leaks through the jo in ts and any little  holes in  the cast­
ings. I t  is also present in the f'eed-water, and is set free in the 
condenser and ruins the vacuum.

Therefore the whole efficiency of the condenser depends on 
th a t of the a ir pum p. This pum p should be as sm all as pos­
sible, so th a t little  power only should be required to drive it. 
F rom  this it m ay be seen th a t all possible means m ust be taken 
to ensure against leakage of a ir into the condenser, especially 
w ith turbines.

I f  the tem perature and pressure of the steam at the condenser 
in let be taken they will be found to correspond to those given
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in the steam  tables. The pressure a t the air pum p suction is 
p ractically  the same, but the tem perature is considerably lower. 
Now the pressure a t the a ir pum p suction is due to the partia l 
pressures of the a ir and steam present. Thus, if the  tem pera­
tures of the steam at the in let and suction be taken and the 
corresponding pressures determ ined, the difference gives th a t 
pressure due to the air. By having therm om eters a t the in let 
and suction, an approxim ate gauge of the a ir present can be 
formed.

The presence of a ir also has the effect of “ b la n k e tin g ”  the 
tubes, th a t is, it reduces the total conductivity of the tube. From  
these facts the extreme im portance of the absence of a ir is seen, 
and such inventions as steam-packed glands, etc., have been 
made solely for th is object. Since turbines have come in  w ith 
th e ir demand for h igh vacua in  the condensers (about 29-5in.) 
m any improvements have been made.

The chief of these are :
The wet and dry air p u m p ;
The augm enter condenser;
The scoop system of circulation.

The wet and dry a ir pump was invented by W eir, and con­
sists of two separate pumps, u s u a l l j ^  driven by the same engine. 
One of these pumps takes off the a ir and vapour, and the other 
takes the water and any rem aining vapour. F ig . V I I I .  gives 
a diagram m atic sketch of a W eir’s “ D u a l”  A ir Pum p, writh 
an injection water cooler.

The wet pump is always directly beneath the cylinder of the 
engine driving the pumps, as this has all the heavy work, and the 
dry a ir pump is worked from a pair of links in  connection w ith 
the wet pump.

Only one connnection is made to the condenser, but a branch 
pipe is let off to the dry air pum p suction. The pipe line is so 
fitted th a t all the water goes to the wet pum p. The pumps are 
usually fitted with the three-valve system, and each pump has a 
separate suction, the dry  pump discharging through A to the 
wet pump below the head valves.

The dry  pump has water for sealing the valves and m aking the 
working parts a ir-tigh t, and th is is taken from the hot-well of 
the wet pump a t B. W hen starting  up B is opened and enough 
w ater adm itted. A fter th is the w ater goes th rough  the in jec­
tion water cooler and is pumped up to the dry  a ir pum p hot-well, 
when it is again returned to the cooler. The a ir and vapour are
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discharged through the spring-loaded valve C, which is set to 
m ain ta in  about 20 inches in the dry  pum p hot-well. The wet 
pum p discharges the whole, the water going to the feed, and the a ir  escaping.

Fig. V II I .
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Fig . IX . shows a “  Vacuum Augmesnter ”  fitted to a con­

denser. This lias been invented by Sir C. A. Parsons, and is- 
used in connection w ith his turbines. The m ain condenser is- 
usually tilted as shown, and lias two outlets fitted. One takes 
off the a ir and vapour and the other drains away the w ater. The 
condenser and a ir pump are so arranged th a t the a ir pum p in let 
is about four feet below the lowest p a rt of the condenser, and 
therefore the pressure at the inlet is about two inches of m ercury 
greater than  th a t in the condenser. Now, w ith  a vacuum  of
28 ins. it  can be seen th a t the pressure a t the in let will be double 
th a t in  the condenser. Therefore any a ir will occupy half’ the 
volume and so an a ir pump will carry off twice as much a ir as 
i t  would under ordinary conditions. As the diagram  shows, an 
outlet is made a t A and th is carries off the a ir and vapour by 
means of the steam je t and nozzle. The steam and a ir pass 
through an augm enter condenser and th is lowers th e ir tem pera­
ture, and they pass down to the a ir pum p suction and are drawn 
off there as usual.

The scoop system of circulation is perhaps, under some condi­
tions, the most efficient, although under others it is very trouble­
some. Instead  of the ordinary circu lating  inlet, a lip  jirojects 
on the aft side of the hole, and the suction line from the in le t to 
the condenser is sloped inwards so th a t the motion of the ship 
forward induces a flow of water through the condenser in  the 
opposite direction, w ithout the aid of a circu lating  pum p. 
W hen going astern the circulation is m aintained by having the 
outward delivery sloped in th e  opposite way to the inlet, and 
then the circulation is reversed, and the o u tle t. becomes the 
inlet. Small circulating  pumps are used when w arm ing the 
engine up, and when going a t very slow speeds. U sually  the- 
pumps are made too small, and when the engines are being con­
tinually  reversed the circulation is not good, and the vacuum  
decreases. W ith  efficient pumps th is method is extrem ely 
good, for as the speed of the ship increases and hence the am ount 
of steam used, the quantity  of water passing through the con­
denser increases in proportion. C ontrary to most opinions, the 
lip has little  retarding  effect on the speed of the ship, and if the 
suction and delivery lines are well designed the lip  can be made extremely small.
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Tlie K inetic A ir Pum p is also another modern im provem ent. 
The principle is first to m ix a ir and uncondensed vapour w ith 
steam, and then ex tract it by a h igh velocity water je t. The 
sketch, with its notes needs little  explanation. The water used 
for the K inetic water je t is condensed steam, and this, in  con­
densing the je t steam, has its tem perature raised before going to 
the feed tank. Tlie water is w ithdraw n from the condenser by 
two pumps, known as the “  head ”  pump and the pressure pum p. 
The head pum p is designed to work with an extrem ely small 
head on the suction side, and it  discharges into a stand-pipe. 
The la tte r is connected to the suction of the “  pressure ”  pum p, 
and so th is pump lias a natu ra l head and discharges against 
atm ospheric pressure. By this method the pumps can be placed 
only a few inches below the condenser bottom, which is a g reat 
advantage in  some ships.

A nother pump is the Leblanc A ir Pum p, this however, like 
most other pumps of its kind is affected greatly  by the tem pera­
tu re  of the sealing water and various other conditions. The 
most common pump for ordinary work is Edw ards’ Pum p, which 
is too well-known to need explanation. M any air pumps are 
now’ worked from independent turbine engines.

Some other fittings to the condenser are given below : —
A vacuum  guage to show height of vacuum , usually 

combined pressure and vacuum guage.
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A supplem entary feed, which, usually  consists of a 

small copper pipe jo in ing  the water side of the condenser 
to the steam side, and can be used in emergency to make up 
feed losses hv tu rn in g  on a cock.

Thermometer sockets are fitted a t various places, such 
as the in let and suction on the steam  side, as m entioned be­
fore, and also at the in let and outlet of the circu lating  
water.

The fittings on an auxiliary  condenser are much the .same. 
They consist of a combined pressure and vacuum  g u a g e ; the 
aux iliary  exhaust p ip e ; exhausts from the aux iliary  a ir pum p 
and one m ain circu lating  en g in e ; pipe conveying the gained 
•steam from the evaporator for feed-water m ake-up. This is 
usually  fitted to the m ain condenser also— exhausts from steer­
in g  and dynamo engines; the a ir pump suc tion ; d rains from the
H .P . and M .P . cylinders and casings; drain  from prim ary  
steam  of the evaporator coils.

The circu lating  pumps are nearly  always of the cen trifugal 
types, and this is too well-known to need explanation. The 
general tendency is to have these pumps driven by independent 
engines, as with most of the other pumps, and these engines are 
usually  small turbines, although the m ain engines m ay be of the 
reciprocating type.

W e are indebted to the courtesy of the following firms for the 
loan of blocks to illustrate  the figures and specialities referred 
to in  the essaj’, and we have pleasure in  giving th is acknow­
ledgm ent:-—Messrs. G. and J .  W eir, Richardsons, W estgarth  
& Co., Sir Clias. Parsons & C o .; the publishers, Messrs. Mc­
M illan & Co., Chas. Griffin & Co.; also to the authors of the 
volumes published by the last two firms named, viz., Messrs. 
Tompkins & A. E . Seaton.— J.A .


