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STEAM CONDENSERS

1.1 Introduction
Steam condensers are devices in which the exhaust steam from the steam engines 

or steam turbines is condensed by means of cooling water. The condensate (condensed 
steam) thus formed together with the air and other non-condensable gases is continuously 
removed by pumps or similar other devices.

The primary object of a condenser is to maintain a very low back pressure on the
exhaust side of the piston of the 
steam engine or the rotor of the 
steam turbine. This enables the 
steam to expand to a greater extent 
which results in an increase in 
available energy for converting into 
mechanical work. The shaded area 
in fig. 1-1 shows the increase in 
work obtained by fitting a con-
denser to a non-condensing steam 
engine. The secondary object of 
a condenser is to supply to the 
boiler pure and hot feed water, as 
the condensed steam which is dis-
charged from the condenser and 

Fig. 1 -1. p—v diagram for non-condensing and condensing steam enginescollected in a hot-well, Can be 
used over again as feed water for the boiler. Thus by fitting a condenser, the thermal 
efficiency o f the steam power plant can be greatly increased and also the capacity, without 
increasing size.

The condensation of steam in a closed vessel produces a partial vacuum by reason 
of the great reduction in the volume of the low pressure steam or water vapour. If a 
kilogram of dry steam at 1 01325 bar and with a volume of 1-6729 m3, contained in a 
steam tight vessel, is condensed into water at a temperature of 100°C, the liquid would

q 1
occupy only 0001044 m . The volume of steam would be thus . part of the space

inside the vessel, and the pressure would fall to 0-2 bar. This means the back pressure 
in the steam engine or steam turbine can be lowered from 1 01325 to 0-2 bar or even 
less.

Steam engines, however, cannot take the advantage o f a very low vacuum in the 
condenser because they are intermittent (non-continuous) flow machines and have to force 
the expanded steam out of the cylinder through restricted exhaust ports and passages. 
The lowest exhaust pressure, therefore, for most steam engines is 150 to 200 mm of 
mercury, i.e. about 0-2 to 0-27 bar.

Steam turbines can, however, take advantage of very low vacuum because they are 
continuous-flow machines and have large exhaust outlets through which the steam may 
be discharged after expansion. Steam turbines may expand steam to a pressure of 25 mm 
of mercury absolute or even less, i.e. about 0 034 bar.



1.2 Elements o f a Steam Condensing Plant
The main elements of a steam condensing plant are :
— a condenser in which the exhaust steam in condensed,
— supply of cooling or injection water, for condensing exhaust steam,
— a pump to circulate the cooling water in case of a surface condenser,
— a pump, called the wet air pump, to remove the condensed steam (condensate), the air, 

and uncondensed water vapour and gases from the condenser (separate pumps may 
be used to remove air and condensed steam),

— a hot-well, where the condensed steam can be discharged and from which the boiler feed 
water is taken, and

— an arrangement (cooling pond or cooling tower) for cooling the circulation water when a 
surface condenser is used and the supply of water is limited.

1.3 Types
Condensers may be classified broadly into two major groups according to the manner 

in which the cooling water cools and condenses the exhaust steam; these are :
... Jet condensers, in which cooling water comes in direct contact with the exhaust 

steam and the steam as a result is condensed. The condensing or cooling water 
is usually sprayed into the exhaust steam so that rapid condensation of the steam 
OCCU[S.

... Surface condensers, in which the cooling water and exhaust steam do not actually 
mix; the cooling water passes through a number of tubes while the exhaust steam 
passes over the outer surfaces of the tubes.

The most common type is a surface condenser which has the great advantage that 
the condensate (condensed steam) is not thrown to waste but is returned to the boiler 
through feed water system. A jet condenser is a much simpler* and less costly apparatus 
than a surface condenser. The jet condenser should be installed where a cheap source 
of boiler feed water is available.
1.4 Jet Condensers

There are three main types of jet condensers :
... Low-level condenser, in which the condensing chamber is at low level and overall 

height of the unit is low enough so that condenser may be directly placed beneath 
l the steam engine or steam turbine. Combined pump or separate pumps are 

required to extract (remove) the cooling water, condensate, and air from the 
condenser.

... High-level or Barometric condenser, in which the condensing chamber is placed 
at sufficiently high level (above 12 metres) above the point of discharge to enable 
the water to drain away by gravity through the tail pipe. No water pump is required 
to remove the condensate and cooling water, but an air pump is required to 
remove air from the condenser.

... Ejector condenser, in which exhaust steam and water mix in a series of combining 
cones, and the kinetic energy of water is utilised to assist in removing the 
condensate and air from the condenser. The mixture is then discharged into the 
hot-well against the pressure of atmosphere. No separate pump is required to 
remove condensate and air.

Low-level Jet Condensers may be sub-divided according to the direction of flow of 
water and exhaust steam as under :
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STEAM CONDENSERS 3
— Counter flow je t condenser, in which exhaust steam and water flow in opposite directions; 

exhaust steam enters at the bottom and flows upwards, while the water enters at the top 
and flows downwards, the air pump is at the top.

— Parallel flow je t condenser, in which exhaust steam and waterflow in the same direction; 
the steam and water enter at the top and fall together to the bottom where the mixture is 
removed by an extraction pump. The parallel flow arrangement is generally best suited 
for turbine work where the exhaust steam comes from the underside of the turbine.

The counter flow  je t condenser is normally arranged with two or three water trays
perforated with holes to break

To dry pump
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irlet
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the water in small jets. Suffi-
cient water head is arranged 
over the trays to ensure that 
they are always full of water. 
In the condenser (fig. 1-2), the 
exhaust steam and any air 
mixed with it, enter the lower 
part of the condenser and rise 
to the top through the falling 
water which enters at the side 
near the top of the condenser. 
Rapid condensation of exhaust 
steam takes place. The con-
densate and cooling water des-
cend through a vertical pipe 
to  the  e x tra c tio n  pump 
(generally of the centrifugal 
type), which delivers water to 
the hot-well. The boiler feed 
pump returns some water to 
the boiler, while the surplus 

,. water flows by gravity back to 
the colling pond. The air and 
uncondensed water vapour is 
withdrawn at the top of the 
condenser by a separate dry 
air pump or an ejector. The 
air pump required to remove 
air and uncondensed water 
vapour will be of small capacity 
for two reasons, firstly, it has 

Fig. 1-2. Low-ievei counter flow jet condenser. to handle air and water vapour
alone, and secondly, it has to deal with smaller volume of air and water vapour since
the volume of air and water vapour is reduced due to their cooling while rising through
the stream of cooling water. The cooling water is usually lifted from the source of supply 
(water tank or cooling pond) to the condenser head (top) by means of the vacuum created 
within the condenser. The greatest height to which water can be lifted by this means is 
about 5-5 metres with a vacuum of about 710 mm of mercury in the condenser. A cooling 
water pump is used when necessary, to aid in lifting the water to the condenser head.

In parallel flow  je t condensers, the cooling water and exhaust steam flow in the 
same direction, downwards to the bottom of the condenser from where they are all 
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withdrawn by a single pump known as wet air pump and delivered to the hot-well. Since 
the pump has to deal with the condensate, air and water vapour, the capacity of the 
condenser to maintain vacuum is limited and the vacuum produced in such a condenser 
will, therefore, be low. The exhaust steam enters either at the top or the side of the 
condensing vessel and the cooling water enters immediately below. The cooling water is 
usually lifted from the source of supply (water tank or cooling pond) to the injection head 
by means of the vacuum created within the condenser as in the case of counter flow 
jet condenser. A cooling water pump is used when necessary, to help in lifting the water 
to the condenser head (top).

High-level or Barometric Jet Condensers is so named because it is placed at a
height greater than that of water 
barometer. If a long pipe, over 10 metres 
in length, closed at one end, and filled 
with water, inverted without spilling 
(throwing out) any water, and the open 
end submerged in an open tank of 
water, the atmospheric pressure would 
hold the water up in the pipe to a 
height of 10 metres at sea level. This 
fact is made use of in a barometric 
condenser by making the tail pipe more 
thanlO metres in height and thus making 
it impossible for any vacuum in the 
condenser, to cause the water to rise 
high enough in the tail pipe and flood 
the engine.

Figure 1-3 illustrates a high-level 
counter flow jet condenser. The con-
denser is elevated at about 10.33 metres
above the hot-well, and in general
design it is similar to low-level counter
flow jet condenser. The water outlet of 
tail pipe extends from the bottom of 
the condenser to the ground level and 
has its lower end immersed in the 
hot-well. The exhaust steam enters the 
lower part of the condenser through the 
engine exhaust pipe and rises to the 
top through the falling cooling water. 

The cooling water enters at the side near the top of the condenser. Rapid condensation
of exhaust steam takes place. The condensate and cooling water flow out of the condenser
by gravity into the hot-well. There is, thus, no need of a water extraction pump. The air 
released from the condensed steam passes upwards through the descending (falling) 
cold water and gets cooled. It is then removed by a separate dry air pump or an ejector 
at the top of the condenser. The size of the dry air pump required is comparatively small 
at it has not to handle the condensate.

Unless a supply of cooling water under pressure is available, an injection water pump 
will have to be provided in this type of condenser. The injection water pump will have 
to first lift water through a head of about 12 metres, but after the vacuum is formed in 
the condenser, the pump will have to lift water through a head of 12 — 5-5 = 6-5 (neires
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STEAM CONDENSERS 5
only (5-5 metres being the lift of water due to vacuum formed in the condenser).

The principle of operation of Ejector condenser is that the momentum of flowing
water ejects (throws out) the condensateCooling water 

inlet and air without the aid of a pump. A 
common form of an ejector condenser 
is shown in fig. 1-4. The condenser 
consists of a central vertical tube in 
which are fixed a number of cones or 
converging nozzles.

The exhaust steam enters at the 
left and surrounds this central tube. 
In the central tube there are a number 
of steam ports. The cooling water enters 
the converging nozzle at the top under 
a head from 5 to 6 metres and attains 
high velocity while passing through it. 
In flowing • past the steam ports the 
water produces a vacuum. The vacuum 
causes the exhaust steam and air to 
flow through the ports in the tube and 
mix with the cooling water. The exhaust 
steam gets condensed, as a result of 
which the vacuum is further increased. 
The condensate and air then pass on 
to the diverging cone where the kinetic 
energy is partly transformed into pres-
sure energy so that the condensate and 
air will be discharged into the hot-well

against the pressure of the atmosphere. The condenser acts as an air pump as well as
a condenser. This type of condenser is usually fitted with a non-return valve as shown,
to prevent a sudden backward rush of water into the engine exhaust pipe in case of
sudden failure of water supply to the condenser. To ensure satisfactory working under 
all conditions of load, the ejector condenser must be supplied with cooling water at inlet 
branch on the condenser of not less than 6 metres head of water. This head is usually 
derived from a centrifugual pump or from overhead tank.

An ejector condenser requires more cooling water than any other type of jet cndenser. 
The vacuum obtained is about 620 mm of mercury. It is a small jet condenser as 
compared with other condensers and there being no pump, the first cost is low. It is 
also simple and reliable but can be used ony for small power units.
1.5 Surface Condensers

Surface condensers may be sub-divided into :
... Surface condenser in which exhaust steam passes over a series of tubes through 

which the cooling water is flowing.
... The evaporative surface condenser in which exhaust steam passes through a series 

of tubes and water is allowed to flow in the form of thin film outside the tubes 
while air passes upwards outside the tubes.

A surface condenser, as illustrated in fig. 1-5, consists of a cast iron shell, cylindrical 
in shape and closed at each end to form a water box. A tube plate is located between 
each cover head and the shell. A number of water tubes are fixed to the tube plates.
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Fig. 1 -5. Two-flow surface condenser.

The exhaust steam from the engine enters at the top of the condenser and is condensed 
by coming in contact with the cold surface of the tubes through which cooling water is 
being circulated. The cooling water enters at one end of the tubes situated in the lower 
half of the condenser and after flowing to the other end returns in the opposite direction 
through the tubes situated in the upper half of the condenser. The resulting water from 
the condensation of the exhaust steam and the air associated with the uncondensed 
water vapour, are extracted from the bottom of the condenser where the temperature is 
the lowest, so that the work of the wet air pump is reduced.

The surface condenser of this type requires two pumps, namely, wet* air pump to 
remove air and condensate, and a water circulating pump to circulate the cooling water 
under pressure through the tubes of the condenser. Steam driven reciprocating pumps 
are used, but electric driven centrifugal pumps are used very extensively (commonly) for 
circulating water and condensate removal. Steam ejectors are also sometimes used for 
air removal.

Surface condensers may be classified as, two-flow or multi-flow condensers. Surface 
condenser, as illustrated in fig. 1-5, is a two-flow condenser because the circulating water 
traverses (travels) the whole length of the ‘condenser twice. By introducing more partitions 
in the water boxes, the condenser may be converted into a three-flow condenser or even 
four-flow condenser. The velocity of cooling should be increased with the increase of 
number of flows. The rate of transmission of heat through the tubes to the circulating 
water, increases with the increase of number of flows, but the power required to circulate

> the water is increased.

Another way of classifying surface condensers 
is according to the direction of flow of exhaust 
steam viz. down-flow, central flow, inverted flow, etc.

Figure 1-6 shows a sectional view of a down 
flow condenser. The exhaust team enters at the 
top and flows downwards over the tubes through 
which the cooling water is flowing. The exhaust 
steam as a result is condensed and the condensate 
is extracted from the bottom by the condensate 
extraction pump. The cooling water enters at one 

Fig. 1-6 . Schematic view of a down flow surface end of the tubes situated in the lower half of the
condenser.
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STEAM CONDENSERS 7
condenser and after flowing fo the other end returns in the opposite direction through 
the tubes situated in the upper half of the condenser. The temperature of condensate, 
therefore, decreases as the exhaust steam passes downwards, and hence partial pressure 
of steam decreases from top to bottom of the condenser. The air exit is shielded from 
the down stream of the condensate by means of a baffle plate, and thus air is extracted 
with only a comperatively small amount of water vapour. As the air passes downwards, 
it is progressively cooled and becomes denser (partial pressure of air increases) and 
hence it is extracted from the lowest convenient point. In a condenser of this type, 
therefore, the partial pressure of steam decreases, the partial pressure of air correspondingly 
increases, as the mixture passes from top to the bottom of the condenser. The result of 
all these effects is that the condensate temperature falls below the the exhaust steam 
temperature which enters at the top. Thus, by cooling the air, the capacity of the air 
pump is considerably reduced. (See illustrative problem-15).

In Central Flow Surface Condenser (fig. 1-7), the suction pipe of the air extraction 
pump is placed in the centre of the tubes nest; this causes the condensate to flow 
radially towards the centre as shown by the arrows in the figure. The condensate leaves 
at the bottom where the condensate extraction pump is situated. The air is withdrawn 
from the centre of the nest of tubes. This method is an improvement on the down flow 
type as the exhaust steam is directed redially inward by a volute casing around the tubes 
nest; it has thus access to the whole periphery of the tubes.

Where the supply of cold water is extremely limited, the evaporative condenser is

Tubes

To a ir
extractionpump

To con den sate 
extraction pump

Fig. 1 -7. Sectional view of a central flow surface condenser. Fig. 1 -8. Evaporative condenser.

the only suitable type which can be run on a minimum supply of cooling water, and even 
without cooling water in cold weather and on light loads. Exhaust steam from the engine 
is exhausted into a coil of grilled pipes or series of tubes, the outlet of which is connected 
to the wet air pump (fig. 1-8). Cooling water is allowed to flow in a thin film over the 
outside of the tubes. A natural or forced air current causes rapid evaporation of this film 
of water.The effect of this is that not only the steam inside the tubes is condensed but 
some of the cooling water is also evaporated on the outside of the tubes. The process 
of evaporation cools the water. The film of water on the outside of the tubes is maintained 
by allowing water to trickle (fail) over them continuously.

The water which is not evaporated falls into an open tank or collecting tank under 
the condenser, from which it can be drawn by circulating water pump and used over



again.The evaporative condenser is placed outside In the op'en air. On account of nuisance 
which would result from the production of clouds of steam, this type of condenser is 
restricted to small power plants.
1.6 Comparison o f Jet and Surface Condensers

Jet condensers have low first cost, occupy small space, and attain high vacuum. 
However, they have more air to remove which requires large air pumps. In large plants, 
jet condensers are not used because, apart from the loss of the condensate, the power 
consumption of jet condenser pumps and the first cost of the water and air pumps, 
out-weigh the advantage of the high vacuum produced by them.

Surface condensers provide both higher vacuum and the recovery of the condensate. 
The construction of surface condenser is more complicated, and its first cost is greater. 
It occupies large space, and attention required is greater than in the case of a jet 
condenser. It provides pure feed water for the boilers which out-weighs its disadvantages. 
The necessity of having pure feed water for the boilers makes the use of a surface 
condensers universal for marine services.
1.7 Sources o f A ir in Condensers

Following are the chief sources o f air found in condensers :
... Air leaks in condenser from atmosphere at the joints of the parts which are internally 

under a pressure less than that of atmosphere- The amount of air leaking in, 
mainly depends upon the accurate workmanship and can, with care in the design 
and making of the-vacuum joints, be reduced to a very small quantity.

... Air also comes in with the steam from the boiler into which it enters dissolved in 
feed water. The amount of air coming in depends upon the treatment the feed 
water receives before it enters the boiler. The air entering through this source is 
relatively small.

... In case of jet condensers, some air comes in with the injection water (cooling 
water) in which it is dissolved.

In the surface condensers of well designed and properly maintained steam turbine 
plants, the amount of air entering condensers is about 5 kg per 10,000 kg of steam. 
With reciprocating steam engines, the air entering is about 15 kg per 10,000 kg of steam.

In case of jet condensers the amount of air dissolved in injection water is about 0-5 
kg per 10,000 kg of water.

The important effects of presence of air in the condenser are as follows :
... With the increased amount of air in the condenser the condenser pressure or back 

pressure is increased. This reduces the useful work done in the primemover.
Presence of air also lowers the partial pressure of steam and therefore lowers the 
saturation temperature of steam. With the lowering of the saturation temperature, 
the evaporation enthalpy (latent heat) of steam increases and therefore more 
cooling water will be required in the condenser.

1.8 Measurement of vacuum
The vacuum in a condenser is usually expressed in millimetres of mercury and it is 

the difference between the barometric pressure (or barometric height) and absolute pressure 
in condenser (fig. 1-9). In order to know the absolute pressure in the condenser, both 
the vacuum gauge and barometer must be read. The difference between the barometer 
and vacuum gauge readings will give the absolute pressure in the condenser.

Barornetric pressure is a variable quantity and varies from place to place. Hence, it 
is more convenient for the purpose of comparison to refer vacuum gauge readings to a
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standard barometer of 760 mm of mercury (or 1-01325 
bar).

Standard or corrected vacuum in mm of Hg.
= 760 mm of mercury -  absolute pressure in 

condenser in mm of Hg.
= 760 mm of Hg -

Barometer reading Vacuum gauge reading] ...(1.1) 
in mm of Hg. “  in mm of Hg.

Since one standard atmosphere = 760 mm of Hg = 
1-01325 bar (101-325 kPa),

760

I  —J — LU 1 bar = 1-01325 = 750 mm of Hg> 

Pressure equivalent of 1 mm of Hg = 1-01325
760

Fig. 1-9. Measurement of vacuum.

= 0-001333 bar or = 0-1333 kPa.
Problem-1 : The vacuum guage reading in a condenser 
is 714 mm of Hg when the barometer reads 759 mm.
In another case the vacuum is 709 mm of Hg while the

barometer is 756 mm. Correct these vacuum gauge readings to the standard barometer 
of 760 mm.

If the barometric pressure is raised to 760 mm without any change in absolute 
pressure in condenser, then mercury in the vacuum gauge will rise to (760 -  759) + 
714 = 715 mm, i.e. the standard or corrected vacuum gauge reading is 715 mm of Hg.

Similarly, corrected vacuum gauge reading in the second case will be 
(760 -  756) + 709 = 713 mm of Hg.

1.9 Estimation o f Quantity of Cooling Water
To find the quantity of cooling water necessary to condense a given quantity of steam

is a problem of a simple heat exchange between two fluids.
Let mw m mass of cooling water required in kg per hr.,

ms m. mass of exhaust steam condensed in kg per hr.,
ts = saturation temperature of the exhaust steam (corresponding to the condenser 

vacuum),
fc = temperature of the condensate leaving the condenser, 
t-, m inlet temperature of cooling water, 
t2 = outlet temperature of the cooling water, 
x  = dryness fraction of exhaust steam enerting the condenser,
L = enthalpy of evaporation of exhaust steam entering the condenser, in kJ/kg.

and
K  = specific heat of cooling water = 4-187 kJ/kg K.

The exhaust steam entering the condenser is usually slightly wet even when steam 
supplied to the steam engine or steam turbine is usually superheated^ The exhaust steam 
(wet steam) on condensing gives up first all its evaporation enthalpy xL and then a 
portion of its sensible enthalpy (ts -  tc ) due to the coofing of the condensate below 
the saturation temperature corresponding to the vacuum; this latter effect is due to air 
which leaks into the condenser. The heat given up or lost by the exhaust steam per



hour in condensing is, therefore, equal to ms [xL + (fe -  fc)] kJ/kg. The heat removed 
or gained by cooling water per hour is equal to mw (fe -  ti) kJ/kg.

Assuming that all the heat given up (lost) by wet exhaust steam in condensing is 
removed (gained) by the cooling water, ,

i.e. heat lost by exhaust steam in kJ per hour = heat gained by cooling water in kJ 
per hour.

i.e. ms[xL + (ts -  tc)K\ = mw (fe -  u) K
The mass of cooling water required per hour,

nu lxL  *  K it ,  -  fc)] ....(1.2a)
K(fc -  (i) k9™ '

and dryness fraction of exhaust steam entering the condenser,

...(1.2b)
*  '  L

The above equations apply to surface condenser only. Since in je t condenser steam 
and cooling water mix together, the temperature of the condensate fc will be the same 
as that of the outlet temperature of cooling water fe, i.e. tc = te. The mass of cooling 
water mw kg per hour that is necessary to condense ms kg of exhaust steam per hour 
in case of a jet condenser will be given by the expression

_  ms[xL + K(ts -  fe)] , ... (1.3a)
 Wfc -  h )—  kg per hour,

and the dryness fraction o f exhaust steam entering the jet condenser,

-  a )  -  K ( U  -  fe ) .. .(1 .3 b )

x  L
Problem-2 : In a surface condensing plant the following data were obtained :

Temperature of exhaust steam entering the condenser ... 4267°C
Temperature of condensate leaving the condenser ... 35°C
Inlet temperature of cooling water ... 165°C
Outlet temperature of cooling water ... 30°C
Quantity of cooling water per hour ... 46,250 kg
Quantity of condensate per hour ... 1,190 kg
Calculate the dryness fraction o f exhaust steam entering the condenser.
From steam (pressure) tables, pressure of steam corresponding to 42-67°C is 0 085 

bar. .
From steam (pressure) tables, at 0.085 bar, L = 2,400-3 kJ/kg.
Let the unknown dryness fraction of exhaust steam entering the condenser = x. 
Then, heat lost by one kg o f exhaust steam of dryness fraction x  at 42-67°C (0 085 

bar) in condensing to water at 42-67°C and in being cooled from 42-67°G to 35°C 
= xL + K (ts -  tc) = 2,400-3x + (42-67 -  35) x 4-187 kJ per kg of steam.

Heat removed or gained by cooling water per kg of exhaust steam
= Mass of cooling water required to condense one kg exhaust steam x specific 

heat of water x rise in temperature of cooling water.
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mw 46 250
= — (t2 -  fi) K *  , ' (30 -  16-5)4-187 = 2,196-9 kJ per kg of exhaust steam.rn§ i  j 1 yu

Neglecting losses,

heat lost by 1 kg of exhaust steam = heat gained by cooling water per kg of exhaust 
steam

i.e. 2,400-3x + (42-67 -  35) 4-187 = 2,196-9
/. x m 0-902 (dryness fraction of exhaust steam entering the condenser) 
Alternatively, using eqn. (1.2b), dryness fraction of exhaust steam entering the condenser, 

mw
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(t2 -  t,)K  -  (fs -  tc)K
x -  5

46 250
1 190 (30 "  16,5) 41 87  -  (42 67 -  35)4*187 

x  = —*------------------------2 400 3---------------------------- = (same as before)

Problem-3 : The following particulars relate to a test of a surface condenser o f a steam 
turbine :

Absolute pressure of exhaust steam, 0.06 bar; temperature of condensate, 32°C; 
temperature of cooling water in the condenser at inlet and outlet, 15°C and 30°C respectively; 
mass o f condenser cooling water per kg of steam, 32 kg. Assuming that all heat lost by 
exhaust steam is taken up by cooling water, determine the dryness fraction of the steam 
as it enters the condenser. Take specific heat of water as 4167 kJ/kg K.

From steam (pressure) tables, at 0.06. bar, h = 151 -53 kJ/kg,
L = 2,415-9 kJ/kg, and ts = 36-16°C.

Heat lost by one kg of exhaust steam

= xL + K (ts -  tc)

= x x 2,415-9 + 4-187 (36-16 -  32) = 2,415-9x + 17-418 kJ/kg of exhaust steam.
Heat removed or gained by cooling water per kg of exhaust steam ’

mw
ms

x K (t2 -  fj) = 32 x 4-187 x (30-15) = 2,009-76 kJ per kg of exhaust steam

Neglecting losses,
Heat lost by 1 kg exhaust steam = Heat gained by cooling water per ,kg of exhaust steam 

i. e. 2,415-9x + 17-418 = 2,009-76
.*. x = 0-8246 (dryness fraction of steam entering the condenser)

1.10 Dalton’s Law o f Partial Pressures
Dalton's law states that in a mixture of perfect gases which do not react chemically 

with one another, total pressure exerted by the mixture is the sum of partial pressures 
which each gas would exert\ if it separately occupied the whole volume, and was at the 
same temperature as the mixture. In other words, in such a mixture each constituent gas 
obeys its own characteristic (equation as if the other constituent gases were absent.

Let a mixture of gaseous substances be made up of.constituents a, b, c, etc Then, 
according to Dalton’s law the total presure pm exerted by a mixture of gases is the sum
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of the partial pressures. A partial pressure is the pressure which one constituent, such 
as a, would exert if it alone occupied the whole volume (volume of the mixture), and 
was at the same temperature as the mixture. We therefore have,

Pip = Pa + Pb + Pc +.......
If a mixture of gases a, b, c, etc. is contained in a volume v, each gas occupies 

the whole volume v, exerts a partial pressure pa, pb, Pc, etc. and all the constituents 
are at an absolute temperature T. Then, for any constituent such as a,

Pa x Va =  m a  X Ra X Ta
Pa x Va /Ha x Ra x Taor ma = -5 or va = --------- -----------
Fla x Ta Pa

Dalton's law holds good approximately for mixture of gases and vapours which do 
not combine chemically.

In steam condensers, we have mixture of steam (water vapour) and air, and the total 
absolute pressure which exists in the condensers is the sum of the pressures exerted 
by the steam and non-condensable gases. These non-condensable gases consist chiefly 
of air and carbon dioxide. The carbon dioxide is in extremely small quantity in comparison 
with the air and may be neglected. We, therefore have pm = pa + Ps where, pm is the 
total pressure in the condenser, pa is the partial pressure of air, and ps is the partial 
pressure of steam.

If the effective volume of the condenser is v r r i, then according to Dalton’s law, 
each constituent part occupies the whole volume at its partial pressure. We, therefore, 
have v = vs = va where, vs is the volume of steam in m3, and va is the volume of air 
in m3.

If the temperature of the mixture in the condenser is t°C, then according to Dalton’s
law, temperature of each constituent part will be the same as the temperature of the
mixture.

We, therefore, have f = ta -  ts
where, ta is the temperature of air, and k is the temperature of steam.
The application of Dalton’s law of partial pressures to condensers and air pumps is 

illustrated by the following problems :
Problem-4 : The vacuum in a steam condenser is 685 mm of mercury (barometer 760
mm) and the temperature is 28-96°C. What is partial presure of air present in the 
condenser? If the volume of condenser steam space is 8  5 m3, what is the mass of air 
present in the condenser ? Take R = 0 287 kJ/kg K for air.

The combined pressure of steam and air in the condenser, 
pm m 760 -  685 = 75 mm of Hg,

75Or total absolute pressure in the condenser, pm = = 0-1 bar

( .. 1 bar = 750 mm of Hg)
; At 28-96°C, partial pressure of steam, pa = 0 04 bar [from steam (Pressure) tables.].

Hence, by Dalton's law, the partial pressure of air,
Pa = Pm -  ps = 0-1 -  0 04 = 0 06 bar

By Dalton’s law, air and steam occupy the same volume at their partial pressure and
have the same temperature, and hence air present in the condenser will occupy a volume
of *8-5 m3 at 0 06 bar and will be at a temperature of 28-96°C.
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Applying the characteristic euqation for air, pava = maRaTa,

PaVa (0 06 x 105)8-5Mass of air, ma = -= ■ =  *---------   1----------  = 0-5885 kg.
R a~a (0*287 X 103) (28-96 + 273)

Mass of air present in the condenser = 0-5885 kg.
Problem-5 : The temperature in a surface condenser is 42°C and the vacuum is 685 
mm of mercury (barometer 749 mm). Correct the vacuum to a standard barometer of 
760 mm and determine the pressure of steam and air, and mass of air associated with 
one kg of steam. Take R = 0-287 kJ/kg K for air.

If the barometer is raised from 749 to 760 mm of Hg without any change in absolute 
pressure in condenser, then the mercury in the vacuum gauge will rise by 760 -  749 = 
11 mm.

Corrected vacuum to standard barometer = 11 + 685 = 696 mm o f Hg.
Total pressure in the condenser, pm = 749 -  685 = 64 mm of Hg.
Now, 760 mm of Hg = 1 standard atmosphere = 1,01,325 pa = 1-01325 bar.

1 mm of Hg. = £  = 0-001333 bar.

Total pressure in the condenser, pm = 64 x 0-001333 = 0-08512 bar
From steam (temperature) tables, at 42°C, partial pressure of water vapour (steam), 

ps = 0-08208 bar
Hence by Dalton's law, the partial pressure of air 

Pa = Pm -  Ps = 0-08512 -  0-08208 = 0-00304 bar
Specific volume of one kg of steam at 0-08208 bar (saturation temperature 42°C)

= 17-671 m3/kg. [from steam (temperature) tables]
By Dalton’s law, air and steam occupy the same volume at their partial pressure and

have the same temperature and hence the air present per kg of steam will occupy a
volume of 17-671 m at 0-00304 bar and will be at a temperature of 42°C.

From characteristic equation of air,

.  (0 00304 » 105) » 17-671 .  „
RaTa (0-287 * 103) x (42 + 273)

Problem-6 : A closed vessel of 0 7 n? capacity contains saturated water vapour and 
air at a temperature of 42-67°C and pressure of 0-127 bar. Due to further air leakage 
into the vesel, the pressure rises to 0-28 bar and temperature falls to 37-63°C. Calculate 
the mass of air which has leaked in. Take R m 0287 kJ/kg K for air.

Initially : From steam (pressure) tables, at 42-67°C, partial pressure of water vapour 
(steam), ps = 0-085 bar

Hence by Dalton’s law, the partial pressure of air, 
pa = Pm -  Ps = 0-127 -  0-085 = 0-042 bar

.-. Mass of air, present initially in the vessel of 0-7 m3 capacity,

maf ,  .  ------(0 042 » 1° 5> * 0 7--------  0-0325 kg.
RaTa (0-287 x 10 ) (42-67 + 273)

Finally, from steam (pressure) tables, at 37-63°C, partial pressure of steam 
ps = 0-065 bar.
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Hence, by Dalton’s law, the partial pressure of air,
Pa = An -  Ps = 0-28 -  0 065 = 0-215 bar
.*. Mass of air present finally in the vessel of 0-7 m3 capacity,

maf = PaVa (0-215 x 105) x  0-7
0-1688 kg

RaTa (0-287 x 103) (37-63 +273)
Hence, air leakage into the vessel = maf -  rrhi = 0-1688 -  0-0325 = 0-1363 kg.

1.11 Vacuum Efficiency
In a steam condenser we have a mixture of steam and air, and the total pressure 

which exists in the condenser is the sum of the partial pressures exerted by the steam 
and air. With no air present in the condenser, the total absolute pressure in the condenser 
would be equal to partial pressure of steam corresponding to the temperature of condenser, 
and maximum vacuum would be obtained in the condenser. The ratio of the actual vacuum 
obtained at the steam inlet to the condenser, to this maximum vacuum (or Ideal vacuum) 
which could be obtained in a perfect condensing plant (with no air present) is called the 
vacuum efficiency, i. e.

V a c u u m _______ Actual vacuum at the steam inlet to the condenser_____
efficiency

[Barometric pressure] -
Absolute pressure correspondending 

to the temperature of 
condensation

or
[Barometric pressure] - Absolute pressure in the 

condenser

[Barometric pressure] - Abs 
to t<

solute pressure corresponc 
emperature of condensatic

ling
>n

...(1.4)

If the absolute pressure of steam corresponding to the temperature of condensation 
were equal to the absolute pressure in the condenser, the vacuum efficiency would be 
100%. In fact, there will always be some air present in the condenser due to leakage 
and dissolved air present in the steam entering the condenser. The value of vacuum 
efficiency, therefore, depends upon the quantity of air removed from the condenser by 
the air pump.
Problem-7 : Steam enters a condenser at 3288°C and with barometer standing at 760 
mm of Hg, a vacuum of 685 mm of Hg was produced. Determine the vacuum efficiency.

From steam (Pressure) tables, at 32-88°C, partial pressure of steam
= 0-05 bar = 0-05 x 750 = 37-5 mm of Hg.

Using eqn. (1-4),
Actual vacuum

Vacuum efficiency =
Barometric
pressure

Absolute pressure corresponding 
to temperature of 
condensation

685 685

or Vacuum efficiency =

Actual vacuum

760-(0-05 X 750) 722-5
Actual vacuum

= 0-9481 or 94-81 %

vacuum corresponding to saturation 
temperature of condensate

685
Ideal vacuum 760 -  37-5

= 0-9481 or 94-81 %(same as before).
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Problem-8 : In a surface condenser test the following observations were made :
Vacuum TOO mm of Hg; barometer 765 mm of Hg; mean temperature of condensation 

3&16°C; hotwell temperature 30°C; mass of cooling water 47,500 kg/hour; inlet temperature 
of cooling water 17°C; outlet temperature of cooling water 32°C; mass o f condensate 
1,500 kg/hour. Find : (a) the mass of air present per m3 o f condenser volume, (b) the 
state of exhaust steam entering the condenser, and (c) the vacuum efficiency.

Take R = 0-287 kJ/kg K  for air.
(a) Total or combined pressure of steam and air in the condenser,

Pm = - - - -7-go^ ~  = 0 0867 bar

At 36-16°C, partial pressure of steam, ps = 0 06 bar [from steam (pressure) tables].
Hence, by Dalton’s law, partial pressure of air,

Pa = An -  Ps = 0 0867 -  0 06 = 0 0267 bar
Applying the characteristic equation for air, pava = maRaTa,
Mass of air present per m3 of condenser volume,

ma .   (0-0267 » 105) * 1------0.030, k
fUTm (0-287 x 103) x (36-16 * 273)

(b) Heat removed or gained by cooling water per kg of exhaust steam

-  —  X (fe -  /1 )  K  = (32 -  17) X 4-187 = 1,988-83 kJ
ms i  ,500

From steam (pressure) tables, pressure of steam corresponding to 36-16°C is 0-06 bar.
From steam (pressure) tables, at 0-06 bar, L = 2,415-9 kJ/kg. of steam.
Let the dryness fraction of steam entering the condenser be x. Then, heat given up 

(lost) by one kg o f wet steam of dryness fraction x at 36-16°C (0-06 bar) in condensing 
to water at 36-16°C and in being cooled from 36-16°C to 30°C

= xL + (ts -  tc) K  = 2,415-9x + (36-16 -  30) x 4-187 kJ/kg of exhaust steam.
Neglecting losses, heat lost by one kg of exhaust steam = heat gained by cooling 

water per kg of exhaust steam.
i.e. 2,415-9 + (36-16 -  30) x 4-187 = 1,988-83
From which, x = 0-8126, i.e. exhaust steam entering the condenser is 81-26% dry.
Alternatively, using eqn. (1 -2b), dryness fraction of exhaust steam entering the condenser,

(fc -  ft)  K -  (ts -  tc) K
iTls

4 7  5 0 0
• (3 2 - 17) 4187 -  (36-16 -  30) X 4-187

x = —!------------------------ n n---------------------------- = 0-8126 (same as before)2,415-9

(c) Using eqn, (1-4), Vacuum efficiency
_________________ Actual vacuum in mm of Hg_________________
Vacuum corresponding to temperature of condensation in mm of Hg

,  Actual vacuum _ ------------700-----------  = 700 = 0 9722 or 97-22%
Ideal vacuum 765 -  (750 x 0-06) 765 -  45
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1.12 Condenser Efficiency

There is no standard method of determining the efficiency of a condenser, but a 
method adopted by the well known makers of steam turbines, Messers Parson & Co., 
has been widely used in engineering practice. By this method the thermal efficiency of 
a condenser is stated as the ratio of the difference between the outlet and inlet temperatures 
of cooling water, to the difference between the saturation temperature corresponding to 
the absolute pressure in the condenser and inlet temperature of the cooling water, i.e. 

Condenser Rise in temperature of cooling water___________  ...(1.5)
efficiency

Problem-9

Inlet temperature 
of cooling water
lo be 707.5 mm of Hg with

saturation temperature corresponding to 
the absolute pressure in the condenser

The vacuum in a surface condenser is found 
barometer reading 760 mm of Hg. The cooling water enters the condenser 1at 15°C and 
leaves at 36°C. Find the condenser efficiency.

Absolute pressure in the condenser = 760 -  707-5 *  52-5 mm of Hg
52-5
750 0-07 bar.

Saturation temperature corresponding to 0-07 bar is 39°C [from steam (Pressure) 
tables].
Using eqn. (1-5), Condenser efficiency,

___________ Rise in temperature of cooling water___________
saturation temperature corresponding to 
the absolute pressure in the condenser

3 6 - 1 5

inlet temperature 
of cooling water

39 -  15 0-875 or 87-5%

Hofi vary 
v a /v g

1.13 A ir Pumps
The primary function of an air pump is to maintain vacuum in the condenser, as 

nearly as possible, equal to that corresponding to the exhaust steam temperature, by 
removing air from the condenser. Another common but not essential function of the air

pump is to remove condensate together with the air from 
the condenser. An air pump which removes both air and 
condensate is called a wet air pump, while one which 
removes the moist air only is called a dry air pump.

Air pumps may be divided into :
(i) Reciprocating piston or bucket pumps, (ii) Rotary 

pumps, which are generally dry pumps, (iii) Steam jet 
air pumps (ejectors), which are generally dry pumps, 
and (iv) Water jet pumps, which are always wet pumps.

A design of reciprocating piston or bucket wet air 
pump which has been largely used and is highly efficient, 
is the Edward’s air pump shown in fig. 1-10. In this 
pump, foot and bucket valves are eliminated and the 
condensate is arranged to flow by gravity from condenser 
into the pump. The bucket or the piston has a conical 
bottom which fits into the conical bottom of the pump 
cylinder. On the down stroke of the piston, a partial 

vacuum is produced above it, since the head discharge valves or delivery valves are 
closed and sealed with water. Immediately the piston uncovers the ports, air and water

Cnmcalbottom
Fig. 1 -10. Edward's air pump.
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vapour rush into the space above the piston. With the further downward motion of the 
piston, the conical part of the piston enters the condensate which has flowed into the 
conical bottom of the pump from the condenser and drives it through the ports into the 
barrel (pump cylinder) above the piston.

The rising piston traps the condensate, air and water vapour above the piston and 
raises the pressure slightly over that of the atmosphere until the head discharge valves 
open, The water vapour and air then pass to waste and the condensate gravitates to - 
the hot-well.

Since the speed of reciprocating air pumps is very limited, they become very bulky 
for higher vacuum or large powers. For this reason rotary dry air pumps and steam jet 
air ejectors are widely used.

Rotary pump is a dry air pump and handles only air, although it is charged with 
water for the purpose of its operation. The water and air is discharged through a diverging 
cone which raises its pressure slightly greater than atmospheric. The water and air then 
pass to a slightly elevated tank in which water is cooled and returned to the pump.

Steam je t operated air ejectors are almost universally used for the production of 
high vacuum demanded in modem land condensing plants, owing to their simplicity the 
small space occupied, and the absence of moving parts with the consequent reliability. 
There are may types of ejectors now in the market and they all follow the same general 
principle. In the simplest type of air ejector described below, the air is compressed in
two stages-the first stage compresses the air from condenser vacuum to about 650 mm
Hg vacuum, and the second stage compressing from this vacuum 650 mm Hg to

atmospheric pressure. Both stages follow the same 
general principle, i.e. enthalpy of the steam is trans-
formed in a convergent-divergent steam nozzle into 
kinetic energy. The rapidly moving jet of steam 
entrains (drags) the air and non-condensable gases, 
and the combined mass of entrained air and steam 
is discharged into a diffuser nozzle or diverging cone 
where portion of kinetic energy is re-transformed into 
pressure energy so that the air is discharged against 
a pressure higher than the ejector suction pressure.

Figure 1-11 illustrates the simple type of air 
ejector and is known as Lablanc’s steam air ejector. 
The moist air from the condenser is drawn in at 1 
and then compressed and discharged at not less 
than atmospheric pressure.- Compression of air takes 
place in two stages. In the first stage there is one 
steam nozzle 2 and in the second stage there is a 
group of steam nozzles 3. All steam nozzles are of 
the De-Laval Type.

Steam generally at a pressure not less than 8 
bar enters at 4, through a stop valve (not shown) 
and supplies steam directly to the second stage 
nozzles 3. The steam supply to the first stage nozzle 
2 is through the steam pipe 5 in which there is a 
controlling valve 6. The steam expands in the nozzles 
and comes out from them with a velocity of above
1,000 m/sec. and at a small absolute pressure de-
pending upon the vacuum in the condenser.

Ajrinlet

Fig. 1-11. Steam jet air ejector.
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The steam issuing from the nozzle 2. entrains (drags) the air and water vapour 

entering at the air inlet 1. The whole mass of air, water vapour and steam is discharged 
into the compression pipe with considerable velocity and a small pressure rise is obtained 
in the diffuser or diverging cone 7. Before reaching the second stage, both air and steam 
is compressed to about seven times the pressure in the space. 1. Further compression
required takes place in the second stage, aided by the steam jets from the nozzles 3.
The steam issuing from nozzles 3 entrains the total mass of air, vapour and steam 
discharged from the first stage and compresses this mass along with its own steam in 
the second stage diverging cone or diffuser to atmospheric pressure. The steam then# 
enters the boiler feed tank where steam is condensed.
Problem-10 : The vacuum at the air extraction pipe in a condenser is 710 mm of Hg 
(barometer 760 mm o f Hg) and the temperature is 36- 16°C. The air leakage into the 
condenser is 4 kg per 10,000 kg o f steam. Determine : (a) the volume o f air to be dealt 
with by the air pump per kg o f steam entering the condenser, and (b) the mass o f water 
vapour associated with this air. Take R = 0-287 kJ/kg K  for air.
(a) Absolute pressure in the condenser,

pm  = 760 -  710 = 50 mm of Hg = 50/750 = 0 0667 bar.
From steam (pressure) tables, at 36-16°C, partial pressure of steam, ps -  0-06 bar.
Hence by Dalton’s law, partial pressure of air,
Pa = Pm -  Ps = 0 0667 -  0 06 = a 0067 bar.
Mass of air leaking per kg of steam, ma = 4/10,000 = 0 0004 kg.
Applying the characteristic equation 'for air, pava = maRaTa,

maRaTa 0 0004 x (0-287 x 103) x (36*16 + 273)
Volume of air, va = ----------- -----------------*------------------------------------- L

P* (00067 x 10s)
= 0 053 m3/kg of steam

(b) By Dalton’s law.0-053 m3 is also the volume of water vapour.
From steam (Pressure) tables, specific volume of steam at 0 -06 bar = 23-739 m3/kg.

Hence, mass of water vapour (steam) associated with this air = g o ^ g  •  0:00223 kg.

Problem-11 : The temperature o f steam entering a surface condenser is 53-97°C and
the temperature of a ir pump suction is 45-81 °C. The barometer reading is 757 mm of Hg.
Find : (a) the condenser vacuum,

(b) the water vapour pressure and the air pressure near the air pump suction and,
(c) If the effective capacity o f the dry air pump on the suction stroke is 8-5 m per 

minute, find the mass of air entering the condenser per minute and the mass of 
steam carried over per minute in the air discharged from the air pump.

Take R = 0-287 kJ/kg K  for air.
(a) From steam (pressure) tables, at 53-97°C, partial pressure of steam ps = 0-15 bar. 
Partial pressure of air at steam inlet is very small and can be neglected. Hence, the

total pressure in the condenser (pm) may be taken as 0-15 bar.
Hence, the condenser pressure = 0-15 x 750 = 112-5 mm of Hg.
/. Condenser vacuum = 757 -  112-5 = 644-5 mm of Hg.
(b) From steam (Pressure) tables, partial pressure of steam, ps at 45-81 °C = 0-1 bar. 
Hence, by Dalton’s law, the partial pressure of air at suction,
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Pa = pm — ps -  0-15 -  0-1 -  0 05 bar.
(c) Assuming that the air pump deals with moist air only and not with condensate

(diy air pump), the mass of air ma is given by p*va = maRaTa

i.e. (105 X 0*05) x 8-5 -  m« X (0-287 x 103) x (45-81 + 273)
Mass of air entering condenser, ma -  0-4654 kg per min.

By Dalton’s law, volume of steam entering the pump per minute is also 8-5 m . 

From steam (pressure) tables, specific volume of steam at 0-1 bar -  14-674 m3.

Mass of 8-5m3 of steam per minute = {4  574  “  0-5793 kg/min.

Mass of the steam carried over in the air discharged = 0-5793 kg/min.
Problem-12 : A surface condenser deals with 12,500 kg o f steam per hour. The leakage 
air in the system amounts to 1 kg per 2,500 kg o f steam. The vacuum in the air pump 
suction is 705 mm of Hg (barometer 760 mm o f Hg) and the temperature is 34*C. 
Compute the suction capacity o f the wet a ir pump which removes both air and condensed 
steam in rri3 per minute, taking volumetric efficiency o f the air pump as 80 percent.

If the air pump is single-acting and runs at 1 r.p.s. and piston stroke is 1-25 times 
the diameter o f the pump, find the dimensions o f the air pump.

Take R = 0-287 kJ/kg K  for air.
From steam (temperature) tables, at 34°C, partial pressure of steam, ps m 0-05324 bar. 
Combined absolute pressure of steam and air in the condenser,

Pm = 760 -  705 = 55 mm Hg = 55 x 0-001333 -  0-07315 bar.
Hence, by Dalton's law, the partial pressure of air, 

pa — Pm — Pa — 0-07315 -  0-05324 -  0-01991 bar.
12 500

Mass of air leakage in the condenser per min, m* = 2*500 x 6 0  *  0-0834 k9-

Applying the characteristic equation for air, pava -  maRaTa,
Volume of air leakage in the condenser per minute,

_ maRaTa _ 0-0834 x (0-287 x 103) x (34 + 273) = g ^  m3 

Pa "  (0-01991 x 10?)
12 500Mass of steam condensed per min. = —^ — kg

As density of water is 1,000 kg/m3, volume of condensate/min.

= J 2’? L  *  0-2083 m3 60 x 1,000
Volume of mixture actually discharged by wet air pump/min.

= 3-691 + 0-2083 = 3-8993 m3
3-8993 o

Suction (or swept) capacity of wet air pump per min. = -■ ■ = 4-874 mO*o
6

Suction capacity of wet air pump per stroke = — x- —  = 81,223 cm3

.-. ?  (?  x 1 -25 d  = 81,233 4
V *

03
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4 x 81 233 3. /'
1-25 x 3*14 “  “  43-583 cm (diameter of air pump),

and air pump piston stroke, I = 43-583 x 1-25 = 5448 cm
Problem-13 : A je t condenser has to condense 3,800 kg of steam per hour. The volume 
of the injection water used is 290 m3/hour and its initial temperature is 25°C. The volume 
of air at atmospheric pressure dissolved in the injection water is 5 % of the volume of 
water. The air which comes in with the steam and that which leaks into the condenser 
amounts to 5 kg per 10,000 kg o f steam. The vacuum in the air pump suction is 675 
mm of Hg (barometer 760 mm of Hg) and the temperature of condensate is 36- 15mC.

Determine the suction capacity of the wet air pump in m3 minute to remove the air 
and water from the condenser. The volumetric efficiency of the air pump is 80% and the 
mass of one m3 of. a ir at 0°C and atmospheric pressure of 1-01325 bar (N.T.P) is 1-293 kg.

760 -  675Total pressure (of steam and air) in the condenser, pm = — ---  = 0-1133 bar
750

From steam (pressure) tables, partial pressure of steam, ps at 36-16°C is 0-06 bar.
Hence, from Dalton’s law of partial pressures, the partial pressure of air,

pa = Pm -  Ps = 0-1133 -  0 06 = 0-0533 bar
volume of air dissojved in the injection 
water at atmospheric pressure and 25°C

Volume of this air at N.T.P. (0°C and atmospheric pressure 1-01325 bar) dissolved
1-01325 x 14-5 1-01325 x va\

= 290 x - 5 -  = 14-5 m3/hr. I uu

(25 + 273) (0 + 273)in the injection water is given by

vai = 13-28 m3 per hr.
Volume of air dissolved in injection water at N.T.P., v&\ = 13-28 m3/hr.

5
Mass of leakage air = 3,800 x —— ~  -  1-9 kg/hr.1 UjLKJU

1*9 3
Volume of this leakage air at N.T.P., Va2 = ”  1-47 m /^r-

_  . , , . . u . .  . . . * n  Va) + Va2 13-28+1-47 n<J. CQm3Total volume of air per minute at N.T.P. = — -------  = 0-2458 m

This volume (0-2458 m3) of air at 1-01325 bar and 0°C (N.T.P.).
Volume of this air (va) at 0-0533 bar and 36-16°C is given by

1-01325 x 0-2458 0-0533 x va
0 + 273 , “  36-16 + 273

Va = 5-292 m3/min.
3 800 3Volume of condensate per min. = ’ .. = 0-0633 m .60 X 1,000
290 3

Volume of injection water per min. = = 4-833 m

Volume of mixture (air, condensate and injection water) actually discharge per min.
= 5-292 + 0-0633 + 4-833 = 10-1883 m3.

10*1883 3
Suction capacity of the wet air pump =— ^ —  = 12-735 m /min
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It may be noted that the volume of condensate is negligible in comparison with the 

volume of injection (cooling) water and air.
Problem-14 : A condenser is to deal with steam of dryness fraction 095 and temperature
37-63°C, at the rate o f 5,000 kg/hr. If the estimated air leakage is 5 kg/hr., determine : 
(i) the water flow lost from the feed circuit in kg per-hr., (ii) the air pump capacity in 
m3 per hr., and (Hi) the additional heat required to be supplied in the boiler in kg/hr. as 
a result o f undercooling for condensate temperatures o f 36-16°C, 3288°C, 3062°C and 
28 08°C. Take R = 0287 kJ/kg K  for air.

The total absolute pressure at entry to the condenser is equal to the sum of partial 
pressure of air and saturation pressure of steam entering the condenser. This total pressure 
is assumed as constant throughout the condenser, since the velocity of steam flow is . 
small.

Referring to fig. 1-12,

At 37-63°C, partial pressure of steam, 
ps = 0 065 bar, and specific volume of dry saturated 
steam at 37-63°C, vs = 22-014 m3/kg (from steam 
tables). The total volume of steam entering the con-
denser/hr.,

v = x  x vs x 5,000 

= 0-95 x 22-014 x 5,000 = 1,04,600 m3/hr.
Air associated with this steam at 37-63°C is 5 kg. 

By Dalton’s law, the associated air volume is equal 
to volume of steam.

Hence, air volume, va = 1,04,600 m3/hr.
maRaTa

Now, partial pressure of air, pa = — - —

_ 5 x (0-287 x 103) x (37-63 + 273)
1,04,600 x 105

= 0-0000422 bar

Total pressure in the condenser, pm = ps + pa = 0-065 + 0-0000422 = 0-06504 bar
This pressure (pm) is constant throughout the condenser.
When condensate temperature is 3616°C :
At 36-16°C, partial pressure of steam and specific volume of steam (from stearfi
pressure tables) are : ps = 0-06 bar and vs = 23-739 m3/kg respectively.

Hence, partial pressure of air, pa -  Pm -  Ps -  0-06504 -  0-06 = 0-00504 bar

The amount of air, ma to be extracted is 5 kg/hr.
Using ideal gas equation for air,

. i_ maRaTa 5 x (0-287 x 103)x  (36-16+ 273) ---------
Volume of air per hr., va= -------------= ------ *------------------ 1— 1—*------------ L = 880-25 m3/hr.

Pa 0-00504 x 105

Hence, a ir pump capacity per hour = 880-25 m3.
By Dalton’s's law, volume of steam per hour is also 880-25 m .
Specific volume of dry saturated steam, vs at 36-16°C = 23-739m3/kg.

Exhaust steam 
01376/0 0*95 dry

at3&l6:3238:3<5-62:&0&*C
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The amount of steam flow lost with this air = -§P°'25 ka/hr
Vs ‘

Amount of steam flow lost from feed circuit, ms = = 37-1 kg per hr.
# o y

_  - ms 37-1.-. The ratio, —  = ——1 -  7-42 
ma 5

The steam is entering the condenser at 37* 63cC. The condensate temperature is 
36-16°. Therefore condensate is cooled below saturation temperature, i.e. 37-63°C. The 
cooling of condensate below saturation temperature is known as undercooling. As a result 
of this, additional heat to be supplied in the boiler will increase.

At 36-16°C, the additional amount of heat supplied.
= 5,(XX) x (37-63 -  36-16) x 4-187 -  30,800 kJ/hr.

Similarly, calculations can be made for the condensate temperatures of 32-88°, 30-62°C 
and 28-08°C and results be tabulated as under :
Condensate temp., °C 36-16 32-88 30-62 28-08
Air pump capacity, m3/hr 880-25 291-85 207-08 15978
Water flow lost from the circuit, kg/hr.37-1 10-35 6-51 4-37
ms/ma 7-42 2-07 1-302 0-874
Additional heat required to be
supplied in boiler, kJ/hr. 30,800 99,400 1,46,800 2,00,000

The following effects o f the reduction in condensate temperature can be derived from 
the above table :

— Water flow lost from the feed circuit decreases with decrease in condensate temperature,
—  Air pump capacity decreases with decrease in condensate temperature. This reduces 

the power required for driving air pump,
— Additional heat is supplied in the boiler, as a result of reduced temperature of feed water. 

This decreases the efficiency of the cycle.
Evidently a compromise must be made between the conflicting requirements of lesser 

loss of feed water, low capacity of airpump, and high condensate temperature, i. e. low 
capacity of air pump without undercooling. This is made possible by using down flow 
surface condenser as shown in fig. 1-6. Further improvement in performance can be 
obtained by using central flow surface condenser as shown in fig. 1-7. In this type of 
condenser, condensate temperature approaches that of the steam at inlet.
Problem-15 : A steam condenser fitted with separate air and condensate pumps, has 
portion of tubes near the air pump suction screened off and the condenser tubes at this 
point contain the coldest water. Explain the object of this arrangement.

In such a condenser, the temperature of entering steam is 37-63°C, of the condensate 
is 3&16°C, and of the air entering the pump is 35-58°C. If the quantity of air entering 
the condenser is 2-25 kg/hour, calculate the volume of air dealt with by the air pump in 
m3/hour. Compare this with the amount of air to be handled using a combined air and 
condensate pump. Assume constant vacuum throughout the condenser, and condensate 
temperature to be unaltered. Take R = 0287 kJ/kg K  for air.

Referring to fig. 1-13, from steam (Pressure) tables, at 37-63°C, partial pressure of 
steam, ps = 0-065 bar.

The partial pressure of air at entiy is very small and can be neglected. Hence, total 
pressure in the condenser (pm) may be taken as 0-065 bar.



At air pump suction temperature is 35-58°C.
At 35-58°C, partial pressure of steam, ps = 

0 055 bar [from steam (pressure) tables].
.*. From Dalton’s law of partial pressures, partial 

pressure of air,
Pa = Pm -  Ps = 0 065 -  0-055 = 0-01 bar.

Applying the characteristic equation for air,
PaVa = maRaTa,

Volume of air at air pump suction to be dealt 
with by the air pump,
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maRaTa 2-25 x (0-287 x 103) (35-58 + 273)
v* 0-01 x 105

-  199-266 m3/hour.

When the condenser is not screened 
A t condensate extraction pump, temperature is 3&16°C.
At 36-16°C, partial pressure of steam, Ps = 0-06 bar [from steam (pressure), tables].

Partial pressure of air (if cooling had not been provided),
Pa = Pm -  Ps = 0-065 — 0-06 = 0-005 bar.

Applying the characteristic equation for air, pava = maRaTa,
Volume of air to be dealt with by the air pump,

.  " M *  .  2-25 »(0-287 x IQ3) (36-16 + 273) _ ^  ^  m3/ho u f 
P« 0-005 x 105

Thus the capacity of air pump is reduced to about half, by screening a section of 
tubes (that is, the air is cooled) near the air pump suction.
Problem-16 : Explain the benefit of fitting an air cooling section to the steam condenser.

In a surface condenser, a section of the tubes near by pump is screened off from 
steam so that air is cooled to a temperature below that of the condensate, separate 
extraction pumps being provided to deal with air and condensate respectively. The steam 
condensed per hour is 4,500 kg and the air leakage is 4 kg per hour. The temperature 
of the steam entering the condenser is 3288°C, temperature of condensate at entrance 
to the air cooler is 30-62°C, and the temperature at the air pump suction is 26-19°C.

Assuming a constant vacuum throughout the condenser, find : (a) the volume of air 
in m3 to be dealt with by the air pump per hour, (b) the mass of the steam condensed 
in the air cooler per minute, and (c) the percentage reduction in the air pump capacity 
following the cooling of the air. Take R = 0287 kJ/kg K for air.

(a) From steam (pressure) tables, at 32-88°C, partial pressure of steam, ps = 0-05 
bar and specific volume of steam = 28-192 m3/kg.

.*. Total volume of dry steam per hour = 28-192 x 4,500 = 1,26,864 m3, and
from Dalton’s law, this volume is also the volume of 4 kg of air per hour.
Applying the characteristic equation for air, pava = maRaTai partial pressure of air,

maffaTa 4 x (0-287 x 103) (32-88 + 273) -pa = ------------=  *---- -------- *-»---------------- 1 = 0-0000276 bar, which is negligib e.
105 x 1,26,864

Exhaust steam

Tubes 

A ir cooling
' s t i r

^j^To dry •. , 
a ir pump 
15-5*t

„  To
- condensate pum*

36-16 X
Fig. 1 -13. Surface condenser fitted with air cooling 

section baffle.



Hence the total pressure, pm in the condenser may be taken as 0*05 bar.
At air pump suction, temperature is 26-19°C.
Partial pressure of steam at 26-19°C, ps = 0034 bar (from steam pressure tables). 
.*. From Dalton’s law of partial pressure, partial pressure of air,

Pa = Pm -  Ps = 0 05 -  0 034 = 0 016 bar.
Applying the characteristic equation for air, pava = maRaTai
Volume of air to be dealt with by the air pump,

va « = - * -(0287 x 103) (26-19 + 273) _ ^  m W
Pa 0 016 x 105

(b) According to Dalton’s law, 214*67 m3 is also the volume of steam. Specific volume 
of steam at 26*19°C (0*034 bar) = 40*572 m3/kg (from steam tables).
Hence, mass of steam mixed or _ 214*67 n-08fl2 k
removed with the air per minute 60 x 40*572 “  ®
When condenser is not screened.
A t entrance to air cooler, condensate temperature is 30-62°C.
Partial pressure of steam at 30*62°C, ps m 0*044 bar [from steam (pressure) tables]. 
/. Partial pressure of air (if cooling had not been provided)

Pa = Pm -  Ps = 0*05 -  0*044 -  0*006 bar
Applying the characteristic equation for air, pava = maRaTa
Volume of air to be dealt with by the air pump,

v,a _ m°R* T* » 4 x (0*287 x 103) x (30*62 + _273) = q f a
Pa (0*006 X 105)

And from Dalton’s law, this volume (580*92 m3 per hr.) is also the volume of steam 
per hour.

Specific volume of steam at 30*62°C (0*044 bar) = 31*806 m3/kg (from steam tables)
580*92.*. Mass of steam associated with air per minute = — g g s  -  0*3044 kg.oU x ol'oUb

.*. Mass of steam condensed in the air cooler per minute 
= 0*3044 -  0*0882 = 0*2162 kg.

. > Percentage reduction in the air pump 580*92 -  214*67 o*6305 or 63*05%
' '  capacity due to cooling of air 580*92 ° ^ ^
The air cooling section reduces the required capacity of the air pump and the mass 

of water vapour removed by the air pump.
The benefit of fitting an air cooling section to the condenser is explained on page 7.

1.14 Cooling Water Supply
In marine practice and land practice adjacent to sea, the sea provides an ideal source 

of cooling water. In land practice, a river or canal may provide an ample supply of cooling 
water, for which reason, large power stations are built on the banks of -rivers.

Where the supply of condensing water is limited, as when supplied by wells or brought 
from a water supply undertaking, it may be cooled and used again. This may be done 
in various ways. Where the adjacent land is cheap, a large open water cooling spray 
pond can be installed, into which warm condensing water from the surface condenser is
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B=
777̂

0=
7773

Sectional elevation 
Fig. 1-14. Cooling pond with spray nozzles.

led at one end and with-
drawn from the other end 
after being cooled. The cool-
ing effect is mainly due to 
evaporation from the surface 
of water, and may be in-
creased by a system of 
piping and spray nozzles 
over the cooling pond, from 
which the warm water is 
allowed to issue out as a 
fine spray (fig. 1-14). The 
disadvantage o f a spray 
pond, however, is that a 
large amount o f water may 
be lost in windy weather.

The most compact ar-
rangement is water cooling tower which can be of the open or closed type. In the closed 
or chimney type of cooler, which is commonly used, the troughs and hurdles are fixed 
within a casing made of timber, steel or ferro-concrete. The casing is provided with large
air openings near the base. Air enters at these openings and rises upward by natural
draught. Most of the cooling towers are provided with chimneys, the purpose of which is
to create an upward current of air, although in restricted places, forced fan draught is
some times employed. Fan draught is also used in tropics, where the air and water 
temperature difference is so small, that a reversal of air current might occur if natural 
draught water were depended upon.

Wooden and steel towers are usually of rectangular section, some 25 to 30 metres 
high, while largest reinforced concrete towers are built 50 metres high. These are of 
circular cross-section and can be made of double hyperbolic (longitudinal section) in order 
to obtain a venturi effect. This produces air velocity increasing to maximum at the smallest 
cross-section of the tower where the warm water is introduced.

In the ferro-concrete hyperbolic cooling tower, il-
lustrated in fig. 1-15, the hot condensing water is
pumped to troughs which are placed about 10 metres 
above the ground level. Nozzles situated in the bottom 
of the troughs, project the water on to spray cups, 
which thin out jets of water into sheets. These sheets 
of water break up under the action of gravity and 
hurdles, and fall into a pond or tank situated below the 
tower. The falling water gives up its heat to the rising 
column of air.

The cooling tower is built over a tank into which 
cooling water collects. The cooling water is pumped 
from the tank and returned to the condenser. Make up 
water must be supplied with all these cooling arrange-
ments and in the case of cooling towers, some 3 to

Fig. 1*15. Ferro-concrete hyperbolic 5  P6'0®'1* <* "a y  have to be replaced.
coding tower. Of the methods, the cooling pond is much cheaper,

but the cooling results obtained from the cooling towers, are better.



Tutorial -1
Delete the phrase which is not applicable from tie  folowing statements :
(i) The primary object of a condenser is to maintain a very low/high back pressure on the exhaust side

of the steam engine or steam turbine.
(ii) The fewest possible exhaust pressure in case of a condensing steam turbine plant is less^iigher than 

that of a condensing steam engine. *
(ill) A jet condenser is a much simpler and less costly/complicated and more costly piece of apparatus as 

compared to a surface condenser.
(iv) In case of a marine steam power plant a jet condenser /  a surface condenser is used.
.(>4 Locomotive steam engines are generally condensing /  non-condensing engines.
(vi) In a surface condenser, the exhaust steam and the cooling water do not/do come in direct contact.
(vii) The work output of steam engine will increase if its back pressure is increased/decreased.

[(i) high, (ii) higher, (iii) complicated and more costly, (iv) a jet condenser, (v) condensing, (vi) do, (vii) increased] 
Fill in the blanks to complete Ihe folowing statements :
(i) A vessel having vacuum of 60 cm of Hg will have absolute pressure equal to ______  mm of Hg when

barometer reads 750 mm of Hg.
(ii) A pump which extracts both air and condensate from the condenser is known a s   pump.
(iii) A pump which extracts moist air only from the condenser is known a s   pump.
(iv) Ih e  vacuum gauge reading in a condenser is 713 mm of Hg when Ih e ‘barometer reads 758 mm of

Hg. The corrected vacuum gauge reading to standard barometer of 760 mm in this case is  mm
of Hg.

(v) By Dalton's law, air and steam occupy the same  at their partial pressures and have Ihe same
temperature.

(vi) The secondary object of a condenser is to supply to the ___ pure and hot feed water.
[ (I) 150, (ii) wet air, (Hi) dry air, (iv) 715, (v) volume, (vi) boiler] 

Indicate the correct answer out of the suggested groups of phrases :
(i) Air from a condenser is extracted from

(a) the coldest zone in the condenser
(b) Ihe hottest zone in the condenser
(c) any where in the condenser
(d) the centre of the condenser.

(ii) Air from a condenser is extracted from Ihe coldest zone because
(a) the amount of air to be handled by the air pump will be low
(b) the air removed from the coldest zone will contain least water vapour
(c) less work is required to operate the air pump
(d) air pump of lower quality can be used.

(iii) Vacuum efficiency of condenser would be 100% if
(a) there were no air present in Ihe condenser
(b) there were maximum air present in Ihe condenser
(c) the temperature of condensate fails below saturation temperature
(d) the condenser is of surface type.

(iv) In surface condensers provided on steam turbines, 1he amount of air leakage should not exceed
(a) 10 kg/10,000 kg of steam condensed
(b) 5 kg/10,000 kg of steam condensed
(c) 10 kg/1,000 kg of steam condensed 

. (d) 5 kg/1,000 kg of steam condensed.
(v) In surface condensers provided on steam engines, 1he amount of air leakage is about

(a) 5 kg/10,000 kg of steam condensed
(b) 10 kg/10,000 kg of steam condensed
(c) 15 kg/10,000 kg of steam condensed
(d) 20 kg/10,000 kg of steam condensed.

f(i) a, (ii) b, (iii) a, (iv) b. (v) c]
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4. What Is the function of a condenser in a modem steam condensing power plant*

The vacuum in the condenser is 716 mm of Hg when the barometer reads 748 mm. in another case 
the vacuum in the condenser is 705 mm of Hg when the barometer reads 754 mm. Correct these vacuum 
gauge readings to a standard barometer of 760 mm.

[728 mm; 711 mm]
5. Stale the different types of steam - condensers. Sketch and described the working of any one of them.

The following particulars relate to a test of the surface condenser of a steam turbine :
Absolute pressure of the exhaust steam entering the condenser, 0-06 bar; temperature of condensate, 

32’C; temperature of cooling water at inlet and outlet, 15*C and 30*C; respectively; mass of coding water 
per kg of steam, 32 kg. Assuming that all the heat lost by the exhaust steam is taken up by the cooling 
water, determine the drynes fraction of the steam as it enters the condenser.

[0825]
6. Taking the data of the proceeding problem except the final temperature of the cooling water is to be taken

to apply to a jet condenser, calculate the mass of injection (cooling) water required per kg of exhaust 
steam.

[32-15 kg]
7. Compare the merits and demerits of surface condensers over jet condensers.

Exhaust steam having a dryness fraction of 0.85, enters a surface condenser at a pressure of 0-1 bar 
and is condensed to water at 38*C. The coding water enters at 15*C and leaves at 30*C. Calculate the 

- mass of cooling water required per kg of exhaust steam.
(32-9 kg]

8. (a) Enumerate the sources of air leakage in a steam condenser. Briefly state the effects of air leakage into
a condenser.
(b) Explain Dalton's law of partial pressures as applied to the condenser of a steam plant

9. The temperature in a condenser is 37’C (corresponding saturation pressure is 0-06281 bar) and the vacuum
is 700 mm of Hg (barometer 755-2 mm Hg). Correct the vacuum gauge reading to a standard barometer 
of 760 mm of Hg and hence determine ; (i) the partial pressures of steam and air, and (ii) the mass of 
air associated with one kg of steam. Take R = 0-287 kJ/kg K for air.

[704-8 mm Hg; (i) 0-06281 bar, 0-010606 bar, (ii) 0-27104 kg]
10. (a) What do you understand by ‘partial pressure' as applied to the condenser of a steam plant and what 

Is the law connecting them ?
(b) A closed vessel of 0-35 m3 capacity contains saturated water vapour and air at a temperature of 42-67‘C 

and pressure of 0-1336 bar. Due to further air leakage into the vessel, the pressure rises to 0-253 bar 
and temperature falls to 36-16*C. Calculate the mass of air which has leaked in. Take R = 0£87 
kJ/kg K for air. v  -

(0-0573 kg]
11. State the law of partial pressures and show how it applies to the condenser of a steam plant

The following observations were made on a condensing plant in which the temperature of condensation 
was. measured directly by thermometers : the recorded vacuum was 710 mm of Hg (barometer 765 mm), 
mean temperature of condensation 35-58'C, temperature of hot-well 28*C, mass of condensate per hour 
2,000 kg, mass of cooling water per hour 64,000 kg, inlet temperature of coding water 14-5’C, outlet 
temperature of coding water 30*C.

Find : (a) the state of steam entering the condenser, and (b) the mass of air present per m ' of 
condenser volume.

[84-52% dry; (b) 0-0207 kg|
12. In a surface condenser, the following data were .obtained :

. Temperature of exhaust steam entering the condenser, 42-67*C; temperature of condensate leaving the 
condenser; 35*C; inlet temperature of condenser cooling water 17-5 C; outlet temperature of condenser 
coding water, 31 *C; quantity of condenser coding water per hour, 46,250 kg; quantity of condensate per 
hour, 1,190 kg. Calculate the dryness fraction d  exhaust steam entering the condenser.

(0-903)
13. What do you understand by the term Vacuum Efficiency’ of a condensing plant ?

The vacuum at the steam inlet to a condenser is found to be 710 mm of Hg (barometer 760 mm)
and the temperature d  steam in the condenser is 36-16*C. Find the vacuum efficiency. [993 %]

14. Define the term- "Vacuum efficiency'd condenser. On what factors does this efficiency depend T
Steam enters a condenser at a temperature of 35-58‘C and the barometer standing at 749 mm, a



vacuum of 703 mm of Hg was produced. Determine the vacuum efficiency.

[99-34%]
15. (a) Explain fully the importance of a low vacuum in steam turbine practice.

(b) In a particular steam power plant, air is believed to leak into the condenser. To check whether this 
is so, the plant is run until the conditions are steady and then the steam supply from the engine is 
shut off; simultaneously the air and condensate extraction pumps are closed down, so that the condenser 
is isolated. At shut down, the temperature and vacuum are observed to be 39*C and 702 mm of 
mercury respectively. After five minutes these values were 26-19*C and 483 mm of mercury. The 
barometer reads 757 mm of mercury. The effective volume of the condenser is 0-57 m3.
Determine from the data, the mass of air leakage into the condenser during Ihe observed period. 

Assume R « 0-287 kJ/kg K for air.

[0-2178 kg]
16. Define the term 'condenser efficiehcy* of a steam condensing plant 

The following data were obtained from a test of a surface condenser :
Inlet temperature of circulating water ... 21 *C
Outlet temperature of circulating water ... 35’C
Vacuum in the condenser ... 707.5 mm Hg
Barometer ... 760 mm Hg
Determine the efficiency of the condenser.

[77-78%]
17. Enumerate the sources of air leakage in a condenser and describe briefly with suitable sketches any one 

method you know for extracting air from a condenser.
The temperature of the steam entering a surface condenser is 45-81 *C and the temperature at the air 

pump suction is 42-67*C. The barometer reading is 754 mm of mercury. Find : (a) the condenser vacuum, 
and (b) the vapour pressure and the air pressure near to the air pump suction.

If the effective capacity of the air pump on the suction stroke is 11 m3 per minute find : (i) the mass
of air entering the condenser per minute, and (ii) the mass of steam carried over per minute in the air
discharged from the air pump.

Assume that the air pump deals with moist air only and not with the condensate.
[(a) 679 mm Hg; (b) 0.085 bar; 0-015 bar; (i) 0-18033 kg/min; (II) 0-6433 kgAnin.]

18. (a) Describe in detail the various methods used in steam power condensing plants to obtain the highest 
possible vacuum.
(b) Discuss the factors which may influence the efficiency of a condensing plant
(c) The vacuum at the air extraction pump in a condenser is 706 mm of mercury (barometer 760 mm)

and the temperature is 37-63*C. The air leakage into the condenser is 5 kg per 10,000 kg of steam.
Determine : (i) the volume of air to be dealt with by the dry air pump per kg of steam entering the 
condenser, and (ii) the mass of water vapour associated with this air.

[(i) 0-0637 m3, (ii) 0-0029 kg]
19. (a) What is the function of an air pump in a steam power condensing plant ?

(b) A surface condenser deals with 5,000 kg of steam per hour. The air leakage into the condenser is 0.5 
kg per 1,000 kg of steam. The vacuum in the air pump suction is 670 mm of mercury (barometer 755 
mm of mercury) and the temperature is 34*C (corresponding saturation pressure from steam tables Is 
0-05324 bar). Find the volumetric efficiency of a single-acting air pump required to remove the condensate 
and air having cylinder diameter of 24 cm and stroke of 40 cm. The speed of the air pump is 1 r.p.s.

[64-21%]
20. What factor contribute to loss of efficiency in a surface condenser ?

The air pump, for the removal of the air and condensed steam, for a surface condenser is single-acting 
and has a diameter of 40 cm and a stroke of 60 mm. The air pump speed is 60 r.p.m. The mass of the 
condensed steam per minute is 75 kg. The pressure in the air pump suction is 0-06 bar and the temperature 
is 32-88*C (corresponding saturation pressure is 0 05 bar). Taking the volumetric efficiency of the air pump 
as 80 per cent calculate the mass of air passing through the air pump per 10,000 kg of steam condensed.

(5-406 kg]
21. Make a neat diagrammatic sketch of a barometric jet condenser and exp|ain its working.

A condenser of this type deals with 400 kg of steam per hour, maintaining a vacuum of 625-75 mm 
of mercury-, the barometer standing at 754 mm. The entering steam has a dryness fraction of 0-95 and 
the air leakage amounts to 0-3 kg per 100 kg of steam. The cooling water has an initial temperature of
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15*C and the mixture of water and condensate leaves at 37*C. The temperature at the air pump suction 
is 42-67*C.

Determine : (i) the mass of water vapour removed along with the air per hour, and (ii) the mass of 
cooling water required per hour.

[(0 0-7069 kg; (ii) 10,005 kg]
22. Describe with a neat sketch the working of a two-flow surface steam condenser.

Exhaust steam having a dryness fraction of 0-8 enters a surface steam condenser where the vacuum 
is 695-25 mm of mercury (barometer 759 mm) and is condensed to water at 37-63*C. The temperature of 
hot-well is 32-9*C. The circulating water enters at 15'5*C and leaves at 30*C. Determine : (a) the mass of 
the air extracted per kg of steam, (b) the mass of circulating water required per kg of steam, and (c) the 
vacuum efficiency.

[(a) 0-494 kg; (b) 32 27 kg; (c) 97-9%]
23. Describe briefly, with sketches, some form of a surface condenser.

Steam consumption of a turbine installation is 40,000 kg per hour, the quantity of air leaking in is 24
kg per hour, and the swept volume of air pump is 17.4 m per min.

Find the volumetric efficiency of the dry air pump when the vacuum in the air pump suction is 725
mm of Hg (barometer 770 mm) and temperature is 26-19*C.

Take R = 0-287 kJ/kg for air.
[75-92%]

24. Make a diagrammatic sketch of a counter-flow low level jet condenser and explain its working.
25. Describe briefly, with the aid of a sketch, any one type of condenser air pump.
26. Make a neat diagrammatic sketch of a two-flow surface condenser with an air pump and explain its working.
27. Describe, with neat sketches, a modern surface steam condenser showing how the air is cooled before K 

enters the air extraction pump.
28. Describe and arrangement suitable for reducing the water vapour loss at the air extraction of a condenser.
29. What is undercooling in a surface condenser ? State its merits and demerits.
30. What do you understand by 'undercooling' in a surface condenser ? Discuss its effect on the following : 

(i) power required for air extraction pump,
00 make-up water required, and
(iii) efficiency of the cycle.

31. Explain the benefit of fitting an air cooling section to the steam condenser.
In a surface condenser a section of tubes near the pump suction is screened off so that the air is 

cooled to a temperature below that of the condensate, separate extraction pumps being provided to deaf 
with air and condensate respectively. The steam condensed per hour is 15,000 kg and air leakage is 12 
kg per hour. The temperature of the steam entering the condenser is 32.88*C, temperature of condensate 
at entrance of the air cooler is 30.62*C, and the temperature at the air pump suction is 25-16*C. Assuming 
a constant vacuum throughout the condenser, find :
(a) the mass of steam condensed in the cooler per hour,
(b) the volume of air in m3 per hour to be dealt with by the air pump, when the condenser is not screened

and,
(c) The percentage reduction in the air pump capacity folbwing the cooling of the air.

[(a) 41 -522 kg, (b) 1,743 m3, (c) 67-27]
32. Describe, with a neat sketch, the operation of :

(0 an evaporative condenser, (ii) an ejector condenser, (iii) a steam jet air ejector, (iv) Edward's air pump, 
and (v) a high-level jet condenser.

33. What is the function of cooling tower in a modem condensing plant ? Describe with sketches the construction
and working of any one type of cooling tower.


