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Fig. 20.1. Increase in work

(3) The condensed steam, called condensate
collected in the hot well may be pumped back
lo the boiler as feed water. Recovery of
condensate reduces the make up water that
must be added to the system from 100% when
non-condensing to 1.5% when condensing. For
steam power plants where sufficient quantity
of good quality boiler feed water 15 not
available, recovery of condensate 15 very
important. For marine practice where S€2 water
is treated before being used in the boiler,
recovery is a necessity.

(4) To prevent the encrusta
the feed water if not available

jon ﬂfbﬂﬂer:
in pure form

.

———

has to be
plant. ]t"[z treated first in the water softening
€ recovered condensate reduces the

Capital and runn;
ning c ;
plant. ing cost of the water softening

(5) Provision for the supply of hot water

to th i ;
= e boiler results in fuel economy and safety
om thermal stresses.

20.2. ELEMENTS OF A CONDENSING
PLANT

Fig. 20..2 shows the essential elements which
tomprise a condensing unit:

(1) A closed vessel in which steam is
condensed,

(2) A condensate pump to extract the
condensed steam from the condenser and feed
it to hot well.

Fig. 20.2. Elements of a condensing unit

(3)Adxyairpumptoremoveairandnon-
condensable gases. Sometimes a single pump
known as wetairpumpsewestoremmebuth
air and condensate.

(4) A feed water pump to force the
condensate from the hot well to the boiler.

(5) A cooling water pump for circulating
cooling water.

(6) An arrangement such as cooling tower
or spray pond to recool the circulating water
afteritgemheatedin&weondmser.'nﬁsis

when the supply of cooling water
isscaNEmtlmwaterhastobeusedwer
and over again for cooling purposes.
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(7) An atmospheric relief valve for relieving
the pressure in the condenser when the
condenser does not function properly. The
steam then escapes through the valve and
engine operates as non-condensing,

20.3. TYPES OF CONDENSERS

The condensers can be classified into two
groups namely jet condensers and surface
condensers. These two types are discussed
briefly in the following sections.

(A) Mixing or jet condensers. There is a
direct contact between the steam and cooling
water and the heat exchange is by direct
conduction. The steam quickly condensers in
water introduced in the form of spray or jet
and the stream of warm water (condensed
steam + water) is continuously withdrawn.
Since the steam escapes with cooling water,
the recovery of condensate is not possible. If
the mixture of condensed steam and water is
to be reused for boiler feeding, the cooling
water must be fresh and free from harmful
impurities.

Mixing condensers are seldom used in
modern power stations because of loss of
condensate and the high power of jet condenser
pumps. However with moderate size turbine
units and for reciprocating steam engines, the

Air extraction

Water —»

jet condensers are used especially where
abundant supply of good feed Water an
available. is

The jet condensers are divided into

(a) Parallel flow in which the steam ang
the cooling water flow are in the same dlrt-rn.»,;

(b) Counter flow in which steam flows r
the opposite direction to the cooling “'&I.;.,'

Depending upon the arrangement . the
removal of condensate, the jet condensers i
further subdivided into the following s,
categories:

(i) Low level jet condenser. A low water level
parallel flow jet condenser is equipped wit ,
dry air pump and a condensate extraction
pump (Fig. 20.3). The mixture of exhaust stear,
and air from the engine enters from the top
of the condenser and while descending
downwards comes in contact with a spray of
cooling water. The cooling water enters from
the top and is broken into fine streams by
suitable arranged baffles. This is done to have
intimate mixing of steam with water. The
condensate gets progressively cooled as it goes
down and this reduces the plant efficiency.

In a counter flow type, the cooling water
enters at the top, cascades downwards through
a series of perforated trays. The spent steam
enters near the bottom. In this arrangement

Fig. 20.3. Jet condensers (Low-Level)
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Because the steam and circul
do not mix, the condensate can be recovered.
Moreover cooling water need not be up to a
high standard of punty. [his fact is of great
advantage for ships which can carry only a
limited amount of pure treated water for steam
raising and use sea water for cooling purposes.
All the marine installations are equipped with
surface condensers.

I'he surface condensers may be classified

ating walter

according to:

(a) direction of flow of condensate and
arrangement of tubing : down flow, central
flow and inverted flow type surface condensers

(b) number of passes of water single pass
or multipass

(c) shape of shell which may be circular,
oval or U shaped

Fig. 20.6 shows a two pass down flow
surface condenser. The two pass arrangement
is compact, more efficient in the process of
heat exchange and is to be preferred when

Exhaust steam

supply ol cooling water is limiteq .
hie

the

extrachhon pump -
» INK

l"il"l_‘l 1)

suction of the
the bottom, Caues the spent steam o1

from the top to flow downwards ite
”'H' (¥ ill'.t|[||,'_-I water enter:

“l\-'a
OVer a Tu-._‘l

of tubes ' al one |
"Ficl

of the bottom set of tubes, flows through 4 =

the other end of the -.h;—!l -y

till it reaches o
water then rises up and flows in the Oppe The
direction through the upper half of Il’u-It v
and finally leaves through the outlet Ubey

A section of tubes near the air Pur
suction is screened off by providing a hafrf.l
[Fig. 20.7(a)] This is done to reduce the dmrm:
of water vapour going along with air Messove
the lowest temperature mainta:nlfd In this
cection increases the density of air and s -
need an extraction pump of a small capacity

In the central flow type surface condensér
[Fig. 20.7(b)] the air extraction pump is placed
in the centre of the tube nest. The steam flowing
radially towards the centre passes over the
entire periphery of tubes and is extracted at
the bottom.

In the inverted flow type surface condenser
the steam enters near the bottom and ﬂgw;
upwards since the air suction is at the top
After flowing near the outer surface the
condensed steam falls downwards and leaves
from the bottom where the condensate
extraction pump is installed.

Requirements of a modern surface condenser
: The following are the requirements of a

Circulating water outlet

Cover plate

Fig. 20.6. Two-pass downflow surface condenser
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Fig. 20.7. (a) Central flow surface condender

surface condenser, sometimes referred
26 an ideal condenser :

) The steam should be well distributed
o the vessel and the pressure drop should be
The steam should enter the condenser

ith least possible resistance.

(3) Circulating water should pass through
the surface condenser with least friction but at
1 velocity consistent with high efficiency.

(4) The steam should lose only its latent
heat and there should be no condensate
depression (undercooling of condensate). To
«hieve this the quantity of water circulating
through the tubes should be so regulated that
emperature of leaving water is the same as
the saturation temperature of steam.

(5) The water is to flow inside the tubes
and vapour outside so that outside surface of
the tubes (which is rather difficult to clean)
does not get deposited with sediments. The
toling water, if dirty, would leave such
deposits on the inside of the tubes. By removing
the end cover plates and passing motor driven
brushes, the inside surface of tubes can be

(6) There should be no leakage of air into
he condenser and i any, arrangements rnust
Made to extract it rapidly and with least
“Penditure of mechanical enersgy- The
of air in the condenser would destroy

C
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9. 20.7. (b) Down flow surface condender

th ;
€ vacuum and will hamper the rate of heat

::I-fal"l sfer from the steam to the coolant because
its poor conductivity.

(7) The air extraction should be at the
coolest section of the tubes and the air exit
should be shielded from the down flowing
condensate by means of a baffle. This is to
extract the air with a comparatively much
smaller amount of water vapour, i.e., without
entailing much loss of potential condensate.

20.4. COMPARISON OF JET AND
SURFACE CONDENSERS

Jet condenser : A jet condenser has the
following advantages :

(1) More intimate mixing of steam and
cooling water.

(2) Requires less quantity of circulating
water to affect the steam condensation.

(3) Equipment simple and low in cost.

(4) Less building space needed.

(5) In barometric and ejecter condensers,
condensate extraction pump is dispensed with
and the low level jet condenser does not require
cooling water pump-

The disadvantage of jet condenser are :

(1) There is waste of condensate.

@ ¥ condensate has to be salvaged,
ling water st.to'uld be clean and free



. VL0 W Crigineernng | nermoaynamics

(3) With low level jet condenser, there is
greater possibility of engine being flooded in
the event of failure of condensate extraction
pump

(4) The piping to and from the baromelric
condenser is costly.

(5) With barometric condenser a vacuum
loss (1-1.5 em of Hg) occurs due to leakage in
the long exhaust pipe line.

(6) Vacuum seldom exceeds 66 cm of Hg
as the cooling water always contains dissolved
air which gets liberated under the condenser
vacuum conditions.

(7) The air extraction pump requires high
power which may be about two times of that
required for surface condenser.

Surface condenser : A surface condenser
has the following advantages :

(1) High vacuum can be attained and
greater plant efficiency is achieved.

(2) Any kind of cooling water can be used
and so the cost of water softening plant is
considerably reduced.

(3) Chances of losing vacuum are minimum
because water supply is not affected by drop
in vacuum.

(4) The condensate can be salvaged and
used for boiler feed.

(5) The arrangement can be conveniently
adapted to weigh the condensate for tests in
laboratory.

(6) Suitable for high capacity units.

The surface condenser is, however, bulky
and so requires considerable floor space for
its erection. Moreover, the unit has a high
capital and maintenance costs.

20.5. EVAPORATIVE CONDENSER

The steam to be condensed enters a coiled
finned pipe system at A (Fig. 20.8). The water
from a cooling pond is pumped to a horizontal
header C which is fitted with spray nozzles.
The cooling water sprayed over the finned
tubes gets evaporated. The steam loses its heat
both to the cooling water and the current of
air circulating over the water film. The heated
air moves upwards carrying along with it a

portion of cooling water evaporated iy,
vapour. The remainder of the cooling thr:
falls into the cooling pond and the loss of Wdh‘r
(W']antpd is replenished by the additigy, ;:[
a requisite quantity of cold make Up water

.‘-—Cooling waler

— ﬂ Header, C
- Steam
e ;”' inle

Pump

Cooling pond—/
Fig. 20.8. Evaporative condenser

The arrangement is simple, cheap, does
not require large quantity of cooling water
and so needs a cooling water pump of small
capacity.

The vacuum created is, however, not so
high as in the surface condenser. Moreover
the cloud of evaporated water is also a nuisance
to the surroundings.

20.6. CONDENSER VACUUM

The vacuum obtainable from a condenser

depends upon tightness of valves and joints,

amount of air infiltration and the temperature

of steam after condensation. The vacuum is
not uniform throughout the condenser, being
least at the air pump suction, high in the body
of the condenser and still higher at the engine
exhaust valve.

The degree of vacuum measured by means
of a vacuum gauge (Fig. 20.9) can be expressed
in the following different ways :

(a) Excess of atmospheric pressure over
observed vacuum. A 65 cm of vacuum means
that the pressure of atmosphere is 65 cm of
Hg above the condenser pressure.

(b) Percentage of vacuum, i.e., ratio of
observed vacuum to atmospheric pressure. 1f
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Vacuum efficiency = n
B T

actual vacuum as recorded b
— Y Baupe
ideal vacuum

The ideal vacuum means the velc'u;JI;12[;-2)
to steam alone when air is absent. In thay :._".h
total pressure in the condenser will ell‘rhru::l‘-‘;
the pressure of steam corresponding 1o 1;
saturation temperature of steam. .

- Vacuum efficiency n_

actual vacuum as recorded by gauge

barometric pressure -
absolute pressure of steam

. --(20.3)

The vacuum efficiency depends upon the

effectiveness of air cooling and the rate at which
it is removed by the air pump.

20.9. CONDENSER EFFICIENCY

The purpose of an ideal condenser is to remove
only the latent heat so that temperature of
condensate equals the saturation temperature
corresponding to condenser pressure. In other
words there is no under cooling of condensate.
Further, the maximum temperature to which
the cooling water can be raised is the
condensate temperature. The condenser
efficiency is then defined as the ratio of actual
rise in the temperature of cooling water to

the maximum possible rise.

t, — 1
Condenser efficiency = p=y
...(20.4)

where t; = saturation temperature corres-
ponding to condenser pressure, t, and f are
the outlet and inlet temperatures of cooling
water.

20.10. DALTON'S LAW AND AIR-
VAPOUR MIXTURE

Dalton’s law forms the basis for the analytical
treatment of the problems dealing with mixture
of gases or of gas and vapour. The law states:
~ “The total pressure exerted by a mixture of
%ﬂfﬁiﬂtﬁmﬁtﬂre of gas and vapour (which have
e . ;




.-l action on each other) is
e ?mjar!l'ﬂf pressure of the fn)r}i::-ﬁ::?;:?:q’f'ﬂ
ol The partial-Pressure of each cnnsi;it;;
| mixture is the pressure exerted b ftr-:‘
of sﬁwent taken segarately if the quanti y
cﬂ: stituent occupies alone the same VOlETI? ;
i ot of the mixture and at the same
""smperﬂf“re' Thus each constituent behavez
::,1 t occupies the volume alone ang '1;
indepfndent of the presence of other
cansﬁtueﬂt' .

n a condenser, there is a mixture of steam
o air Jeaking into the condenser.

. Pressure of mixture = partial pressure
stea + partial pressure of air

P =Ps P ..(20.5)

The total pressure p is measured by a

jacuum gauge, L&, p = (barometric reading-

auge reading). If the condenser temperature

; known then p, can be read from the steam

ables. By difference the partial pressure of
air p, can be obtained.

the

EXAMPLE 20.1
The following observations were recorded during
g test on a steam condenser :
Recorded condenser vacuum
= 71 cm of Hg
Barometric reading = 76.5 cm of Hg
Mean condenser temperature
= 34 °C
Temperature of hot well
= 28.5°C
Condensate collected = 1800 kg/hour
Flow rate of cooling water
= 57500 kg/hour
Inlet temperature of cooling water
= 8.5°C
Outlet temperature of cooling water
= 26°C
Calculate: (a) vacuum correcte
barometer of 76 cm of Hg, (b) pacuum efficiency,
() under cooling of condensate,
ficiency, (e) state of steam entering the condenser
d (f) mass of air present per c
:""dmm volume and the mass of @i present per
8 of uncondensed steam.

cubic meter of

Steam Condensers m 631 l

Soluti ;
ution : (a) Corrected vacuum

=76 (<)
®) F= 76 - (76,5 - 71) = 70.5 cm of Hg
et ;;‘m steam tables, the absolute
e pere steam corresponding to condenser
ure of 34°C
= 0.053 bar

0.0532

= 0.01333 3.99 cm of Hg

Vacuum efficiency Nas

actual vacuum as recorded by gauge

barometric pressure -
absolute pressure of steam

e L/
76.5-3.99
.
= ?_ZE = 0979 = 98%

(c) Condensate under-cooling
= condenser temperature
- temperature of hot well
= 34 - 28.5 = 55°C
(d) Absolute condenser pressure
= barometer reading
- vacuum reading
=765 - 71 = 5.5 cm of Hg
= 5.5 x 0.01333 = 0.0733 bar
Saturation temperature corresponding to
0.0733 bar = 39.95°C
Therefore the maximum temperature to
which cooling water can be raised is 39.95°C.

Condenser efficiency
actual rise in temperature
of cooling water

maximum permissible
temperature rise

=

26-8.5
- — 5 ;7%
39.95-8.5 ;

¢) From steam tables for a pressure of

h, =167.23 k] /kg

and hg = 2406 kJ/kg
The enthaply of condensate (1) corres-
onding to hot well temperature of 28.5°C is

119.4 ki/kg.






. Total volume of steam
=m X (x X vs)
= 1000(0.9 x 15.28) Ny
= 13752 m?> / hr o>

According to Dalton’s law this is
olume of 250 kg of air at 45°C.
From characteristic gas equation,

also the

p_= mRT
partial pressure of air,
L 250 x 287 % (45 +273)
Pa 13752

= 1659 N/m? = 0.01659 by
. Total condenser pressure
= 0.0958 + 0.01659 = 0.11239 s
0.11239

=~ 0.01333
. Vacuum reading

=75 -843 = 66.57 cm of Hg
Corrected vacuum
=176 - (75 - 66.57)
= 67.57 cm of Hg

= 8.43 cCm of Hg
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42. COOLING TOWERS
012 C0OLING PONDS D

e cooling towers and cooli
::11910)’9‘1 for cooling the hgil?vgatzrﬁ pr o
atof the condenser so that the resultin s
ater can be used again for circu]laI:io%'nc‘ml@d
~ondenser. The cooling is affected by ex o
the hot water to an atmosphere of ai]:'O 5:;'1}115
cooling tower becomes a necessity whe' he
supply of cooling water is scarce and thers;.l o=
ater has to be used over and over againazf?)i

cooling purposes.
The cooling process in the cooling tower
is normally affected by the following factors :
« temperature and humility of air,
« velocity with which the air enters the

cooling tower,
« reach of air to different sections of the

cooling tower,
e arrangement of plates/ baffles inside the

tower, and

« size and height of the tower.

The cooling towers operate on draught
which may be natural, induced or forced.

Natural draught cooling tower : Water from
the condenser is supplied to troughs and
nozzles with the help of a pump installed at
a height of about 8-10 m from the bottom.
Water falls in the form of spray and meets
the air which enters from the bottom. Water
loses its heat to air and gets cooled. The cooled

water is collected at the bottom and is
There are no

to condenser for circulation. _
moving parts in the natural draught cooling
tower. Air flow through the shell is crea

by the density difference petween the
i the tower

atmospheric air and the air inside :
X o hot circulating






water out

considerably small in size of tower and pipes,
has high efficiency but has high running cost.
induced draught cooling tower : The
construction and working of induced draught
cooling is similar to the forced draught system
except that the fan is installed at the top of
the tower instead at the bottom. Vacuum is

created in the tower and that leads to entry
of air. :

Hot air out

I _— Air fan

B g

Spray nozzles —=— Hot water

i

Cooling <—|__JL 5 y

Fig. 20.13. Induced draught cooling tower

Cooling towers are generally of hyperbolic
shape and are made of timber, steel or concrete.

The timber towers have a short life, a limiteg
cooling capacity, high maintenance cost and
rot easily due to exposure to sun, wind, water
etc. In contrast, the advantages of concrete
cooling towers are: low maintenance, large
capacity, increased stability, and improved
draught and air circulation.

Cooling pond : The hot water coming from
the condenser is sprayed into the cooling pond
through nozzles. These nozzles are kept at a
distance from each other so that there is no
interference from between two sprays. Further,
for effective cooling, the nozzles are fitted at
a height of 1 to 2 m above the ground level.
The evaporation from the water surface
produces the cooling effect.

For the same duty, the surface area required
in a cooling pond is about 30 times the size
of cooling tower. Further, a good amount of

water is lost by evaporation and by the wind
blowing across the cooling pond.



