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ABSTRACT:

The thermal power plants are used to generate power. The thermal power plants are designed
based on required conditions (like a good quality of steam, pressure and temperature of steam
etc.), but actually inlet conditions are not as per the designed conditions. In practical situations,
when power plants are installed there are lots of constraints. This tends to reduce or increase
output power and heat rate of thermal power plants. Due to these conditions, the designed power
and heat rate are never achieved. Variations in the power outputs from plant are always a matter
of disputes. So the parameters for power and heat rate are generated for different conditions of
condenser pressure, flow rate of water through the condenser, Temperature difference. On the
basis of site measurement and design data collection performance of the Condenser unit can be
evaluated. These evaluations indicate that if operating conditions vary, then power output and
heat rate also vary. This paper deals with the factors or parameters which reduced the efficiency
of the condenser.

I.INTRODUCTION significantly below atmospheric. This allows

The condenser is a heat transfer device or the turbine or engine to do more work. The

unit used to condense a substance from its condenser also converts the discharge steam

gaseous to its liquid state, typically by back to feed water which is returned to the

cooling it. In doing so, the latent heat is
given up by the substance, and will transfer
to the condenser coolant. Use of cooling
water or surrounding air as the coolant is
common in many condensers. The main use
of a condenser is to receive exhausted steam
from a steam engine or turbine and condense
the steam. The benefit being that the energy
which would be exhausted to the atmosphere
is utilized .A steam condenser generally

condenses the steam to a pressure

steam generator or boiler. In the condenser
the latent heat of condensation is conducted
to the cooling medium flowing through the
cooling tubes. [1] In practical situations,
when power plants are installed there are
lots of constraints. This tends to reduce or
increase output power and heat rate of
thermal power plants. Due to these
conditions, the designed power and heat rate
are never achieved. [2- 5] The percentage

ratio of the exergy destruction to the total
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exergy destruction was found to be

maximum in the boiler system 86.27% and
then condenser and stack gas 13.73%. In
addition, the calculated thermal efficiency
was 38.39 % while the exergy efficiency of

the power cycle was 45.85%. [6]

Il. DESCRIPTION Basically, a condenser
IS a device where steam condenses and
latent heat of evaporation released by the
steam is absorbed by cooling water.
Thermodynamically, it serves the following
purposes with reference to the P-v diagram
shown in Figure 1. Firstly, it maintains a
very low back pressure on the exhaust side
of the turbine. As a result, the steam expands
to a greater extent and consequently results
in an increase in available heat energy. The
shaded area shown in the P-v diagram
exhibits the increase in the work obtained by
fitting a condenser unit to a non-condensing
unit for the same available steam properties.

In the P-v diagram,
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Figure 1: Key L‘u]np{mtntx of a thermal power plant
working on a Rankine Cyele [7]
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line 4-5 is non-condensing line when the
condenser unit is not applied and line 4-5*
is a condensing line when the condenser is
used. Secondly, the exhaust steam
condensate is free from impurities. Thermal
efficiency of a condensing unit is higher
than that of a non-condensing unit for the
same available steam properties. In a
reciprocating steam engine, the condenser
pressure can be reduced to about 12 to 15
cm. of Hg. The thermodynamic analysis of
condensate application is discussed in a
thermal power plant using regenerative
Rankine cycle with a closed feed water
heater and pumped condensate as shown in
the configuration of Figure 2. Condensate is
pumped from the condenser through the
Feed Water Heater (FWH) directly to the
steam generator and to the turbine along the
path 4-5-8-9-1. Ideally, P5 = P1 assuming
no pressure drop occurs in the feed water
heater and steam generator. As the operating
pressure of the condenser is low due to an
increased vacuum, the enthalpy drop of the
expanding steam in the turbine will increase.
This increases the amount of available work
from the turbine. The low condenser
operating pressure enables higher turbine
output, an increase in plant efficiency and
reduced steam flow for a given plant output.
It is, therefore, advantageous to operate the

condenser at the lowest possible pressure
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(highest vacuum).[10-12] The condenser

provides a closed space into which the steam
enters from the turbine and is forced to give
up its latent heat of vaporization to the
cooling water. It becomes a necessary
component of the steam cycle as it converts
the used steam into water for boiler feed
water and reduces the operational cost of the
plant. Also, efficiency of the cycle increases
as it operates with the largest possible delta-
T and delta-P between the source (boiler)
and the heat sink (condenser). As the steam
condenses, the saturated liquid continues to
transfer heat to the cooling water as it falls
to the bottom of the condenser, or hot-well.
This is called sub-cooling, which is
desirable up to a certain extent. The
difference between the  saturation
temperature for the existing condenser
vacuum and the temperature of the
condensate is termed condensate depression.
[13, 14] This is expressed as a number of
degrees condensate depression or degrees
sub-cooled. However, the pump is designed
according to the available net-positive-
suction-head (NPSH) which is given as:
NPSH is = Static head + surface pressure
head — the vapour pressure of product — the
friction losses in the piping, valves and
fittings. There are two primary types of
condensers that can be used in a power

plant: 1. direct contact or jet condenser 2.

November 2016

surface condenser 3. Direct Dry Air cooled
Condenser. Direct contact condensers
condense the turbine exhaust steam by
mixing it directly with cooling water. The
older type Barometric and JetType
condensers operate on similar principles.
The direct dry Air-cooled Condenser is
beyond the scope of this paper.

2.1 ELEMENTS OF SURFACE
CONDENSER The basic components of a
surface condenser are. The heat transfer
mechanism is the condensation of saturated
steam outside the tubes and the heating of
the circulating water inside the tubes. Thus,
for a given circulating water flow rate, the
water inlet temperature to the condenser
determines the operating pressure of the
condenser. As this temperature is decreased,
the condenser pressure will also decrease.
As described above, this decrease in the
pressure will increase the plant output and
efficiency. Steam condensation enables a
vacuum and non-condensable gases will
migrate towards the condenser. The
noncondensable gases consist of mostly air
that has leaked into the cycle from
components that are operating below
atmospheric pressure. These gases are also
formed by the decomposition of water into
oxygen and hydrogen. These gases must be
vented from the condenser for the following

reasons: (a) The gases will increase the

Available online: http://internationaljournalofresearch.org/

Page |1821



International Journal of Research

// International Journal of Research
Available at https://edupediapublications.org/journals

\

~f—

p-ISSN: 2348-6848
e-ISSN: 2348-795X

LDl

operating pressure of the condenser. This

rise in pressure will decrease the turbine
output and efficiency. (b) The gases will
blanket the outer surface of the tubes. This
will severely decrease the heat transfer rates
of the steam to the circulating water, and
pressure in the condenser will increase. (c)
The corrosiveness of the condensate in the
condenser increases as the oxygen content
increases. Thus, these gases must be
removed in order to enhance the life of

components.

2.2 AIR REMOVAL The two main devices
that are used to vent the no condensable
gases are Steam Jet Air Ejectors and Liquid
Ring Vacuum Pumps. Steam Jet Air
Ejectors (SJAE) use high-pressure motive
steam to evacuate the non-condensable from
the condenser (Jet Pump). Liquid Ring
Vacuum Pumps use liquid to compress the
evacuated non-condensable gases and then
these are discharged into the atmosphere.
Condensers are equipped with an Air-Cooler
section for the removal of non-condensable
gases. The AirCooler section of the
condenser consists of a number of tubes that
are baffled to collect the no condensable.
Cooling of the non-condensable gases
reduces the volume and size of the air
removal equipment. Air removal equipment
must operate in two modes: hogging and

holding. Prior to admitting exhaust steam to
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a condenser, all the noncondensable gases
must be removed. In hogging mode, large
volumes of air are quickly removed from the
condenser in order to reduce the condenser
pressure  from  atmospheric to a
predetermined level. Once the desired
pressure is achieved, the air removal system
can be operated in the holding mode to

remove all non-condensable gases

I1l. PERFORMANCE ANALYSIS OF
CONDENSER Performance Evaluation of
Amarkantak Thermal Power Station by
Performance Analysis of Steam Turbine

Cycle,

3.1 COMPARISON OF DESIGN AND
OPERATING PARAMETER OF
CONDENSER Insulation and steam drain
systems based on present operating
condition of plant and then compare it with
design performance. The generating consists
of two condenser units, each having same
specification. The flow rate of water through
the condenser, Temperature difference and
pressure were measured. On the basis of site
measurement and design data collection
performance of the Condenser unit 1 can be
evaluated.

CONCLUSION From all the analysis of
ATPS, this paper realized that the power
plant has proposed on 120MW but they
could get worked on 75.24 MW. This paper
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evaluated all the aspects of condenser which

affecting the performance of power plant.
This paper worked on three causes which
affecting the performance of condenser are
deviation due to inlet temperature of cold
water is 25.4mbar,deviation due to cold
water flow and load 0.8mbar, deviation due
to air ingress/dirty tube, so total deviation of
pressure in the condenser is 35.4mbar.
Eventually, this paper find that the total
efficiency of a power plant will reduces to
0.4% by all these deviation in the condenser
and by overcome these three reasons, the
performance of power plant can be rises

with a good level.
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