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I. INTRODUCTION 
The steam condenser is one of the important 

components in a power plant which significantly 

affect the power generation and performance of unit 

in terms of heat rate. Deterioration in thermal 

performance of condenser not only affects the power 

generation but also thermal performance of unit as a 

whole [1, 2]. The parameters that are responsible for 

condenser thermal performance are cooling water. 

  

(CW) mass flow rate, temperature, heat transfer area, 

velocity, tube fouling, partially filled water box and 

air leakage’s flow rate and condenser pressure 

changes according to the variation in unit load. The 

CW temperature at condenser inlet varies according 

to change in annual temperature cycle of the intake 

system. During operating condition, the condenser 

performance is subject to change with variation in 

exhaust steam and CW parameters. The operating 

conditions of steam surface condenser are of the 

great influence on the power generation and the 

turbine cycle heat rate. At the same time, the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Operating conditions of the CW system determine 

the operating condition of the condenser. 

Manufacturers and researchers have put many efforts 

for performance enhancement of surface condenser 

based on design aspects like flow arrangement, tube 

configuration and material modification. In the 

present scenario, the rise in the demand for energy is 

increasing rapidly due to increase in fast growing 

world’s industrial sector. The conventional coal fired 

thermal power plant is one among the most effective 

and economical system developed for the conversion 

of heat energy into mechanical work.  

 

The thermal efficiency of power plant mainly 

depends on its turbine- condenser performance. 

Therefore this work pertains to study the thermal 

performance of surface condenser. Manufacturers 

and researchers have put many efforts for 

performance enhancement of surface condenser 

based on design aspects like flow arrangement, tube 

configuration and material modification [3,4]. In 

recent years many studies have been performed 

which examine the effect of CW temperature, CW 

flow rate, condenser vacuum on the thermal 
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performance of steam condenser [5–15].Assessment 

of condenser performance is generally performed by 

two methods: correction method (related to heat 

transfer surface area based on known CW flow rate 

and temperatures) and effectiveness method 

[16,17].Some models [18–19] have been proposed 

for condenser performance assessment based on 

fouling, velocity and material characteristics. In the 

literature, attempts have been made to investigate or 

evaluate the condenser performance based on 

effectiveness method, with function of overall heat 

transfer coefficient, CW flow rate, heat transfer area, 

CW velocity, fouling model for design and off design 

conditions. This requires detailed design information 

like data related to geometry of condenser, set of 

equations to determine Reynolds, Nusselt and 

Prandtl number. Many cases it is difficult to make 

available complete geometric data, which leads to 

further difficulties to develop an accurate model. 

 

II. RESEARCH METHODOLOGY 

 
1. System Description 

In this study the process flow considered is a typical 

210000 kW coal fired power plant having single 

reheat system with 4 low pressure heater (LPH), 3 

high pressure heaters (HPH), high pressure turbine 

(HPT), intermediate pressure turbine (IPT) and double 

flow low pressure turbine (LPT). The configuration of 

steam condenser as shown in Fig. 3.1, is a shell and 

tube type heat exchanger. Cooling water (CW) enters 

to the tubes, through tube sheet and the shell side of 

condenser receives steam from exhaust of LPT. 

Steam passes over the shell side and cooling water 

flows through tube side. The condenser is equipped 

with 15620 number of welded 90/10 cupronickel 

tubes having total surface area of 14600m2. At 

nominal condition the condenser pressure is 

maintained at 10.13 kPa with CW temperature of 33 

°C. Detailed design parameters are shown in Table 1. 

 
Figure 1: Flow arrangement of steam condenser. 

 

 

 

Table 1: Design details of steam condenser. 

 

 
 

2. Thermal Performance Analysis 

Performance of the condenser is analyzed based on 

logarithmic mean temperature difference (LMTD) 

method. Based on LMTD, the heat transfer equation 

can be expressed as in Eq. below, 
Q = kA(dTm) 

Where, k, heat transfer coefficient; A, tube surface 

area; Q, heat transfer rate. Based on energy balance, 

heat to cold side flow (Q12) and heat from hot side 

flow (Q345) is given by 

Q12 = m1 (h2-h1) = m1cp (T2-T1) 

Q345 = (m3h3 + m5h5 m4h4) 

Where, m˙, mass flow rate; h, enthalpy; T, 

temperature. Subscript 1, 2, 3, 4 &5 denotes the state 

point as shown in Fig. 3.1. 

Considering no heat loss is taking place, Q = Q12 = 

Q345 

LMTD (dTm) from above equations, can be derived 

by using following expression by: 

 
Where, Tsat, saturation temperature of steam inlet to 

condenser 

As the cooling system is an open cycle system, 

usually deposition takes place on the tubes in the 

water side. Fouling on water side decreases the 

thermal performance of steam condenser. When 

there is no change in the operational mode and 

water quality is stabilized then the velocity of water is 

the only factor which affect rate of deposition in 

tube. 

To determine the CW flow rate, below formula is 

used. As the diameter of the pipe is known, the 

measured average velocity is used to calculate the 

CW flow rate. 

CW flow rate, m1 = ρUA 

Where, ρ is density of water, U is the velocity 
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III. RESULTS AND DISCUSSION 

 
1. Effect of Steam Inlet Temperature 

The theory of condenser operation is reasonably 

straight forward. Heat transfer in condenser and 

latent heat removal from the exhaust vapor depends 

on condenser pressure, CW temperature and flow 

rate. At a given steam inlet temperature, variation in 

output parameters (LMTD, heat transfer coefficient, 

effectiveness and condenser pressure). 

 

Table 2: Simulation variation of steam inlet 

temperature and output parameters. 

 

 
Based on the results from simulation model using 

EES code (Table 2), Fig. 2- 4 depicts the impact of 

steam inlet temperature on LMTD, heat transfer 

coefficient, effectiveness and condenser pressure. 

 

 
Figure 2: Variation of steam inlet temperature with 

LMTD. 

 

 
Figure 3: Variation of steam inlet temperature with 

heat transfer coefficient. 

 

 
Figure 4: Variation of steam inlet temperature with 

effectiveness. 

 

 
Figure 5: Variation of steam inlet temperature with 

condenser pressure. 

 

With rise in steam inlet temperature effectiveness 

and heat transfer coefficient reduces, leads to 
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increase in condenser pressure for a given CW flow 

rate. LMTD increased with increase in steam inlet 

temperature from 50 °C to 100 °C. This is due to 

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. 

2. Development of Correlation 

From the analysis, the relation of input and output 

parameters is established using Minitab 15 software. 

 
Figure 6: Fitted line plot of saturation temperature 

and heat transfer coefficient. 

 

As observed, the functional relation of steam inlet 

temperature with heat transfer coefficient is found to 

be non-linear but quadratic in nature. From the 

analysis, the relation of steam inlet temperature with 

heat transfer coefficient is established as 

 

K= 6662-144.9Tsat + 0.8319 Tsat
2 

 
Figure 7: Fitted line plot of saturation temperature 

and effectiveness. 

 

As observed, the functional relation of steam inlet 

temperature with effectiveness is found to be non-

linear but quadratic in nature. From the analysis, the 

relation of steam inlet temperature with effectiveness 

is established as 

e = 1.915 – 0.03901Tsat + 0.000216 Tsat2 

 
Figure 8: Fitted line plot of CW flow rate and heat 

transfer. 

 

As observed, the functional relation of condenser 

heat transfer with volume flow rate is found to be 

non-linear but quadratic in nature. From the analysis, 

the relation of condenser heat transfer with volume 

flow rate is established as  

Q= -6.555+ 37630Vw – 0.07576Vw2 

 

 
Figure 9: Fitted line plot of CW flow rate and heat 

transfer coefficient. 

As observed, the functional relation of CW flow rate 

and heat transfer coefficient is found to be non-

linear but quadratic in nature. From the analysis, the 

relation of CW flow rate and heat transfer coefficient 

is established as  

K= -4.2 +216.9 Vw – 0.06061 Vw
2
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IV. CONCLUSION 

 
This work describes the influence of input 

parameters on the condenser performance. The 

dependency of saturation temperature of steam and 

volume flow rate of cold water with heat transfer 

coefficient, condenser pressure and heat transfer is 

established for a condenser. 

1. The steam load on the condenser depends on its 

pressure for a given cooling water inlet 

temperature. 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.  

2. 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. 

3. 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. 

4. At a given CW temperature with deposition in tubes 

the total available heat transfer area reduces, thus 

the condenser pressure increases. To maintain the 

desired condenser pressure CW flow rate should be 

increased and thus will have better heat transfer in 

the condenser and the performance will improve. 

Moreover with increase in CW flow rate the total 

heat transfer area increases. In this condition the 

heat load will be more and maximum heat will be 

rejected from hot medium (steam) to cold medium 

(water). Thus the condenser pressure will be 

optimum. 

5. Having the dependencies as explained above, it is 

evident that for a given power generation, with 

higher CW temperature, the heat rate of the power 

cycle deteriorates. To optimize the condenser 

operation and improve the power cycle heat rate, 

CW flow rate increases to maintain the same heat 

transfer at higher condenser vacuum. 

6. It is found that condenser pressure increased with 

decrease in flow rate. It can be concluded that for a 

defined CW flow rate and temperature the 

performance of the condenser deteriorated 

because of higher condenser pressure or higher 

dissolved oxygen. With high condenser pressure 

the unit consumes additional fuel to reach the 

desired load or it may happen that the unit is 

unable to generate desired load as the condenser 

pressure reached its limit. An increase in condenser 

pressure will tend to cause the end point enthalpy 

to rise, leads to reduction in power generation. The 

increase in heat rate is due to the higher steam 

flow required to maintain load with the increase of 

condenser pressure. 

7. Lower the CW velocity higher the chance of fouling 

potential in tubes which needs additional tube 

cleaning system to maintain the condenser 

pressure to improve the thermal performance. 

Thus it can be concluded that the higher the CW 

temperature, higher will be the heat transfer 

coefficient; larger the CW flow rate, higher the heat 

transfer coefficient. At the same time more be the 

clean CW pipes, the greater the heat transfer 

coefficient and vice versa. 
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