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ABSTRACT 

Combined cycle power plant of gas turbine topping cycle and steam turbine bottoming cycle, are widely used due 
to their high efficiencies. Combined cycle cogeneration has the possibility to produce power and process steam more 
efficiently, leading to higher efficiency and reduction in green house emission. The objective of present work, is to 
simulate and analyze a natural gas fired combined cycle cogeneration unit and to investigate the effect of operating 
variables on the overall efficiency. The operating variables include compressor inlet temperature, gas turbine inlet 
temperature, exhaust temperature of gas, inlet temperature of steam and pinch point. 
 
Keywords: turbines, combined cycle power plants, HRSG, thermal efficiency, temperature, pinch point. 
 
Nomenclature 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 
Greek Letters 
 

 
 

 
 

 
INTRODUCTION 

The combined cycle is the combination of two or 
more thermal cycles, in a single power plant. Normally the 
cycles can be classed as a “topping” and “bottoming” 
cycles. The first cycle to which heat is supplied from 
combustion chamber is called “toping cycle”. The waste 
heat produces, and then it is utilized in a second process 
which operates at a lower temperature and is therefore 
referred to as a “bottoming “cycle. Careful selection of the 
working media makes it possible to create an overall 
process that makes optimum thermodynamic use of the 

heat in the upper range of temperatures and returns waste 
heat to the environment at low temperature level as 
possible. The topping and bottoming cycles are coupled 
through a heat recovery steam generator (HRSG). 
 At present only one combined cycle has found 
wide acceptance: the combination of gas turbine/steam 
turbine power plant. In these plants liquid fuels or gases 
are burnt. There are two main reasons of wide acceptance 
of gas and steam power plants. 
 

 It is made up of components already existing in power 
plants with a single cycle. Therefore development 
costs are low. 

 Air is non problematic and inexpensive medium that 
can be used in modern gas turbine at higher 
temperature level. That provides the optimum 
prerequisites for a good topping cycle. 

 
 In bottoming cycle, water is used which is 
inexpensive and widely available. The waste heat from a 
modern gas turbine has a temperature level beneficial for a 
good steam process. In recent years have gas turbines 
attained inlet temperatures that make it possible to design 
a very high efficiency cycle. Today the installed power 
capacity of combined cycle gas turbine and steam turbine 
power plant is more than 30000 MW [1]. 
 
METHODOLOGY 

In a combined cycle power plant (CCPP), or 
combined cycle gas turbine (CCGT) plant, a gas turbine 
generator generates electricity and waste heat is used to 
make steam to generate additional electricity by a steam 
turbine. Most new gas power plants in North America and 
Europe are combined cycle power plant. In a thermal 
power plant, high-temperature heat as input to the gas 
turbine, usually from burning of fuel, is converted to 
electricity as one of the outputs and exhaust from the gas 
turbine is used as input to the steam turbine through 
HRSG [2]. The schematic diagram of combined cycle and 
temperature entropy diagram is shown in Figures 1 and 2. 
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Figure-1. Schematic diagram of combined cycle 
power plant. 

 

 
 

Figure-2. Temperature-entropy diagram of combined 
cycle power plant. 

 
Effect of operating variables 
 The variables that affect the overall efficiency of 
the combined cycle power plant are listed below. 
Inlet temperature of air to the compressor =  
Inlet pressure of the air to the compressor 
=  

Pressure Ratio of the compressor  =   
Efficiency of the compressor =  , 0.88 
Pressure drop in the combustion chamber = 3 % 
Maximum gas temperature at inlet to the gas turbine = 

  
Efficiency of gas turbine =  , 0.88 
Inlet pressure of steam in steam turbine = 

 
Inlet Temperature of steam in steam turbine = 

 
Efficiency of Steam Turbine =  
Condenser pressure =  

Steam Flow Rate =  

 

Pressure drop of gas in the HRSG = 5KPa 

  Calorific value of fuel = 

Specific heat of air =    

Specific heat of gas =    
Specific heat ratio of air = 1.4 

bine plant: 

Process 1 -2 

 
hermodynamic analysis T

Considering gas tur
 

   
 

Putting  
 

        (1) 
 

onsidering  
Process 2-3: Pressure drop = 0.03 × p2 

 the flow rate of combustion gas be 1kg /s and 
of fu

pg (T3-T1) - (1-f) Cpa (T2-T1)  

After solving it

C
     Combustor 
p3 = 0.97 p2 
 

Let
that el f kg /s so flow of air = (1-f) kg/s  
Therefore, 
 

× CV = 1 ×Cf 
 

  
Now  

Air fuel ratio          
                                                                 (2

onsider

           ) 
 

ing process 3-4 C
  
 

  
 

         
(p1=1 bar) 

g HRSG (Heat recovery Steam Generator) 
 

onsiderinC
Let the pinch point difference   
Now from energy balance equation 
 

  
Feed water temperature to the HRSG = 

 
72



                                            VOL. 5, NO. 12, DECEMBER 2010                                                                                                            ISSN 1819-6608           

ARPN Journal of Engineering and Applied Sciences 
 

©2006-2010 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
 

 
 

ower output of steam turbine P
 

 
 

Now mass flow rate of Gas Turbine   
 

  

ir flow rate entering the compressor 
 

A
  

 

 
 Power output from the gas turbine 

 
 

otal power output = T  
 

                       (3) 
verall  O efficiency 

 

    (4) 
 

After putting the value of 

in (4) one gets the overall efficiency 
er plant. 

 
of combined cycle pow

ESULTS 

compressor on the 

elp of equation (4) we see the effect of 
different

 temperature 
in the 

R
 
1. Effect of air inlet temperature of 
overall efficiency 

With the h
 variables on the overall efficiencies. 
We considered the variables air inlet
compressor, by substituting the values of all 

variables except air inlet temperature T1 we get the 
equation. 
 

                                                                                         (5)

 
Table-1 

 

T1 (K) 283 286 288 293 298 303 308 313 318 323 
ηo (%) 43.7 43.33 43.03 42.35 41.68 41.01 40.33 39.66 38.99 38.33 

 

 
 

Figure-3. Effect of Air inlet temperature of compressor on overall efficiency. 
 
2. Effect of gas turbine inlet temperature 

We considered the variables gas turbine inlet 
temperature T3, similarly by putting the values of all 
variables except gas turbine inlet temperature T3 we get 
the equation. 
 

               (6) 
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Table-2 

 

T3(K) 1173 1198 1223 1248 12 73 1323 1373 1673 1773 1873 
ηo (%) 41.60 42.51 43.33 44.11 44.89 46.13 47.27 51.99 53.05 53.95 

 

 
 

Figure-4. Effect of gas turbine inlet temperature on overall efficiency. 
 
3. Effect of pinch point 
 The temperature difference between the exhaust 
temperature of toping cycle and inlet temperature of 
bottoming cycle is called pinch point, which is generally 
in the range of 15 C° to 30 C°.  Here difference between 
T5 –T11 is the pinch point which is normally kept 15 to 30 
°C. 

By substituting the value of all variables in 
equation 4 except pinch point we get the following 
equation. 
 

                  (7) 
 

Table-3 
 

∆t(0C) 5 10 15 20 25 30 
ηo (%) 43.38 43.02 42.66 42.30 41.94 41.58 

 

 
 

Figure-5. Effect of pinch point on overall thermal 
efficiency. 

 
4. Effect of inlet temperature and pressure of steam 
turbine on overall efficiency of combined cycle 

By substituting the value of all variables in 
equation (4) except enthalpy of inlet steam in the turbine 
we get the following equation. 
 

            (8) 
 

Table-4 
 

Pressure (bar) 35 40 45 50 55 60 60 
Temperature (oC) 400 425 450 475 500 525 540 
Efficiency ηo (%) 41.42 41.66 41.84 42.03 42.19 42.34 42.35 
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Figure-6. Effect of Inlet temperature and pressure of 
steam turbine on overall efficiency of combined cycle. 

 
CONCLUSIONS 
 
a) From equation 5 and graph we can conclude that if air 

temperature increases the overall efficiency of the 
combined cycle plant decreases. Because 

 Increasing the air temperature reduces the density of 
air, and there by reduces the air mass flow drawn in. 

 The power consumed by the compressor increases in 
proportion to the inlet temperature without their being 
a corresponding increase in the output from the 
turbine. 

 In combined cycle plant as a function of air 
temperature with ambient conditions remaining 
otherwise unchanged. As its shows, an increasing in 
air temperature even has a slightly positive effect on 
the efficiency of the combined cycle power plant, 
since the increase temperature in the gas turbine 
exhaust raises the efficiency of steam process enough 
to more than compensate for the reduce efficiency of 
the gas turbine unit. 

b) As we increase the inlet temperature of the gas turbine 
the overall efficiency of combined cycle power plant 
increases. Because gas turbine efficiency and steam 
process efficiency increases. 

c) It is clear from the graph as we decrease the pinch 
point the overall efficiency of combined cycle plant 
increases. This is an important parameter, by reducing 
the pinch point the rate of energy utilization in the 
HRSG can be influenced within certain limits. How 
ever the surface of the heat exchanger increases 
exponentially which quickly sets in limit for the 
utilization rate. 

d) The Table and graph shows the steam temperature and 
pressure increases the efficiency will increase. But in 
combined cycle plant, a high live steam pressure does 
not necessarily mean a high efficiency. A higher 
pressure does indeed bring an increase efficiency of 
the water steam cycle due to the greater enthalpy 
gradient in the turbine. The rate of waste heat energy 
utilization in the exhaust gases however drops off 
sharply. The overall efficiency of the steam process is 

the product of the rate of energy utilization and the 
efficiency of the water steam cycle. There is an 
optimum at approx 30bar. 
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