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Abstract. Most of the electricity produced throughout the world today is from steam
power plants and improving the performance of power plants is crucial to minimize the
greenhouse gas emissions and fuel consumption. Energy efficiency of a thermal power
plant strongly depends on its boiler-condenser operating conditions. The low pressure end
conditions of a condenser have influence on the power output, steam consumption and
efficiency of a plant. Hence, the objective this paper is to study the effect of the low
pressure end conditions on a steam power plant performance. For the study each
component was modelled thermodynamically. Simulation was done and the results
showed that performance of the condenser is highly a function of its pressure which in
turn depends on the flow rate and temperature of the cooling water. Furthermore, when
the condenser pressure increases both net power output and plant efficiency decrease
whereas the steam consumption increases. The results can be used to run a steam power
cycle at optimum conditions.

1 Introduction
A steam power plant that operates on Rankine power cycle is one of the major power generation
methods. The main components of this plant are the feed pump, the steam generator, turbine and
condenser. Mountings and accessories are also part of the plant to control its operation and enhance
the plant performance. The efficiency of the cycle depends on each component conditions. Condenser
remains among one of the key components of a steam power plant that affect the plant performance.
The main function of the condenser is to create vacuum pressure at the turbine exit so that the turbine
specific power output increases. Consequently, low steam generation is required for a given power
output and hence saves the cost of fuel. Secondly, to recover the condensate as a feedwater by
rejecting its heat to circulating water which saves fresh water chemical treatment cost. Many efforts
are going on to improve the performance of a condenser or heat exchangers from design point of view
with different flow arrangements. Kim et al. [1] evaluated the flow distribution and thermal
performance of a multi-pass, multi-channel heat exchanger as functions of the number of passes and
inlet diameter. Chung et al. [2] examined the effect of flow distribution on the thermal performance of
parallel flow heat exchanger by varying the design factors. Furthermore, operating the plant at
optimum conditions is needed in order to get maximum power output to do this identifying the
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parameters and component/s that affect the performance significantly is important. In line with this,
factors that reduce the efficiency of the condenser and power plant were studied by Haldkar et al. [3].
Dutta et al. [4] also studied the effect of cooling water temperature rise on Loss Factor and Efficiency
of a condenser used in 210 MW thermal power unit. From the review it is observed that if the
condenser does not operate at proper conditions the desired output will not be achieved. Therefore,
this study investigates in detail the low pressure end condenser conditions on a power plant
performance.

2 Modeling
Steam surface condensers are the most commonly used condensers in modern power plants [5]. For
the study the following are assumed, the heat exchanger is shell and tube type, there is no air leakage
into the condenser and steady state conditions.
The mathematical model of the cycle is based on the mass conservation and the first law of
thermodynamics. Designation of Figure 1 is used to analyse the cycle. The net power output and
efficiency of the cycle are given by,
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Figure 1. T-s diagram representation of a steam power plant cycle
The heat transfer in the condenser is given as [6]
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For the sake of investigation the heat transfer should be correlated to the cooling water inlet
temperature, cooling water mass flow rate, the steam temperature and the overall heat transfer
coefficient. This is eq. (6) which is obtained by equating eqs. (4) & (5) and solving for the cooling
water out let temperature and substituting this back into eq. (4).
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Equating eqs. (3) & (6) and solving for the steam flow rate gives
  AU

m c
m s  m cw c pcw 1  e cw pcw

T

s

 Tcw,in 

h2  h3 

(7)

For the sake of simulation a one pass shell and tube heat exchanger was considered. The overall
heat transfer coefficient was assumed to be 1500 W/m2.K and using energy balance the area was
estimated to be 205 m2. In addition, to simulate the cycle numerical values from available plant were
used and tabulated in Table 1.
Table 1 Turbine operating data

Steam inlet temperature (oC)
Steam inlet pressure (bar)

425
52

Steam flow rate (kg/s)

3.5

Condenser pressure (bar)

0.16

Shaft speed (rpm)

12378

Nominal power (kW)

2970

Equations 1 to 7 with Table 1 numerical values were used to simulate the low pressure end effect
on the plant performance. For simulation purpose a simple subroutine developed in visual basic for
excel application was used.

3 Results and Discussion
The performance of a steam power plant depends on the condenser pressure. Figures 2 (a) & (b) show
the effect of the condenser pressure on the plant efficiency and its net power output, respectively. As
the condenser pressure increases both cycle thermal efficiency and the net power output decrease. The
reason is the steam leaving the turbine has high enthalpy and this energy is rejected to the cooling
medium in the form of waste. Furthermore, the main sources that affect the condenser pressure are air
leakage, the cooling water mass flow rate and its temperature.

Figure 2 (a). Variation of thermal efficiency with
respect to condenser pressure

Figure 2 (b). Variation of net power with respect to
condenser pressure
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Simulation was done to show the effect of cooling water temperature on the condenser pressure for
205 kg/s cooling water flow rate and 6800 kW condenser heat transfer load. As indicated in Figure 3
when the cooling water temperature increases the condensing pressure increases. Naturally the cooling
water temperature changes with the seasonal change. Because either it comes from the natural water
sources for one through cooling system or in closed system after it was cooled down in a cooling
tower. Furthermore, the cooling tower effectiveness and the water source temperature depend on the
weather data. Therefore, when the cooling water temperature increases to maintain the condenser
pressure its mass flow rate should be increased.

Figure 3. Condenser pressure variations with respect to cooling water temperature for 205 kg/s cooling water
flow rate and 6800 kW

Figure 4. Variation of condenser heat transfer rate with respect to cooling water temperature at a given condenser
pressure condenser heat transfer load.

Variation of the condenser heat transfer rate with respect to cooling water inlet temperature for
different cooling water flow rates is shown in Figure 4. The heat transfer rate decreases as the inlet
cooling water temperature increases because for a given condenser steam temperature when the
cooling water inlet temperature increases the temperature gradient between the two streams decreases
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which results less heat transfer. Furthermore, at a given cooling water temperature the higher the flow,
the higher is the heat transfer as mass flow rate is directly proportional to heat transfer.

Figure 5. Condenser steam load versus condenser pressure for different cooling water mass flow rates at constant
cooling water inlet temperature

The steam load on the condenser depends on its pressure for a given cooling water inlet
temperature. As indicated in Figure 5 as the condenser pressure increases the steam entering to the
condenser increases. The main reason is when the condenser pressure is high, the turbine is exit
enthalpy is high and the specific turbine power output is low. Therefore, to achieve the required
turbine power output it uses higher steam flow rate and hence the condenser steam load increases.
Moreover, for a given condenser pressure the less the cooling water mass flow rate, the higher is the
steam load on the condenser. All in all, continuous condenser operating parameters should be
monitored and necessary adjustment has to be made to achieve the optimum cycle efficiency and
specific power output.

4 Conclusions
A Rankin power cycle was modeled thermodynamically. The model was used to simulate the
condenser operating parameters effect on the cycle thermal efficiency and its specific power output
assuming no air leakage into the condenser. The steam power plant strongly depends on its low
pressure end operating conditions, where the condenser is the key for the heat exchange. Generally as
the condenser pressure increases both thermal efficiency and net power output decrease whereas the
steam consumption increases. Condenser pressure is affected by the cooling water temperature and
mass flow rate. The smaller the cooling water flow rate for a given cooling water inlet temperature,
the higher will be the condenser pressure. Cooling water temperature may vary as the season change
in a year and hence its mass flow rate should be varied to maintain the condenser set pressure in order
to get the optimum cycle efficiency and power output.
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Nomenclature

Subscripts

W  power
Q  heat transfer rate

t  turbine
p  pump
s  steam

m  mass flow rate

cw  cooling water

h  enthalpy

cond  condenser

  specfic volume
p  pressure
T  temperature
c p  specfic heat
A  surface area
U  overall heat transfer coefficien t
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