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Abstract— The present paper describes performance 

comparison of reheat cycle and regenerative steam power 

cycle. Thermal efficiency calculation is carried out by 

developing a program using c language. Using this 

developed program we can analyze steam power cycles such 

as simple rankine cycle, reheat cycle, regenerative cycle and 

combined reheat and regenerative cycle for different process 

parameters. Developed program takes into account 

isentropic efficiency of turbine and pump. Inlet and outlet 

pressure, temperature of boiler, turbine, pump and 

condenser. Comparison between rankine cycle, reheat cycle, 

regenerative cycle and combined cycle are made at different 

operating conditions. Small increment in thermal efficiency 

leads to large investment return and more power production 

for a given set of operating parameters. Developed program 

helps in determining thermal efficiency of the cycle by 

choosing appropriate set of operating condition of process 

parameters. This analysis helps power plant designers in 

choosing appropriate thermal power cycle for a given set of 

operating conditions. It is observed that the results obtained 

from the program, such as optimum bled steam tapping 

pressure for regenerative cycle and effect of boiler pressure 

variation on reheat cycle and regenerative cycle are in good 

agreement with the referred literature. Analysis shows that 

regenerative cycle is more efficient compare to reheat cycle 

for a given set of operating conditions. 
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I. INTRODUCTION 

Vapour power cycle is a thermodynamic cycle that converts 

thermal energy into useful mechanical energy. Thermal 

power plant works on the principle of simple rankine cycle. 

Rankine cycle consists of two isentropic processes and two 

isochoric processes. Because of higher pressure limitation at 

the inlet of turbine efficiency of rankine cycle is low. Only 

rankine cycle is not used in power station. To enhance the 

efficiency of rankine cycle, reheater and regenerators are 

used. In case of reheat cycle, initially high pressure and 

temperature expands in high pressure turbine. Expanded low 

pressure working fluid is taken back to boiler, reheated in 

boiler and fed back to low pressure turbine for further 

expansion. Compare to rankine cycle reheat cycle has little 

higher efficiency. Another method used to increase 

efficiency of thermal power plant is regeneration. In rankine 

cycle irreversible mixing of cold condenser and hot boiler 

water reduces the thermal efficiency of rankine cycle. This 

drawback is eliminated by regeneration. In regeneration 

cycle working fluid is extracted from turbine at one point in 

the expansion. Extracted steam is used for heating the feed 

water. This regeneration process increases mean temperature 

of heat addition which increases thermal efficiency of the 

cycle. In the most of thermal power plants reheat cycle and 

regenerative cycle are used. Efficiency of combined cycle is 

high compare to simple rankine cycle. Operating parameters 

have their own influence on efficiency of plant. Optimizing 

these parameters enhance thermal efficiency of the cycle. 

Here program is developed using c language for calculating 

thermal efficiency of the cycle. Single program is developed 

for all the vapour power cycles. Switch key is used for 

individual cycle. This program helps us to analyse different 

vapour power cycles at different operating conditions and 

any one vapour power cycle with different operating 

conditions.  Also program helps us to optimize operating 

parameters for maximum output. Analysis of cycles and 

optimization using this program is compared with existing 

literature. 

II. PERFORMANCE COMPARISION 

A. Simple Rankine Cycle 

Keeping boiler and condenser pressure constant as 80bar 

and 0.1bar, temperature of the steam expanding in turbine is 

incremented from 300C to 500C. Corresponding enthalpy 

value at different temperature and constant pressure are 

given as input to the program. Outputs from the program are 

plotted in the graph. From the graph it is clear that 

improvement in efficiency is achieved with super heating.  

Most of the thermal power plants work with super heating. 

 
Fig. 1: Rankine Cycle 

1) Reheat Cycle 

Here simple rankine cycle is compared with reheat cycle. 

Keeping boiler and condenser pressure constant. Assuming 

such that steam expands in high pressure turbine until it 

exits as dry saturated vapour and isentropic efficiencies of 

turbine, pump are 100%. It is observed from the graph that, 

reheat cycle has higher efficiency compare to simple rankine 

cycle. Therefore, most of the large conventional steam 

power plants in use today operate on the rankine cycle with 

reheat. 
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Fig. 2: Reheat Cycle 

2) Regenerative Cycle 

In case of regenerative cycle, m kg of steam is extracted 

from intermediate stages of turbine at pressure of 5bar. This 

extraction pressure 5bar is kept constant for different steam 

temperature at turbine inlet. Regenerative cycle efficiency is 

taken out by keeping all process parameters are as same as 

simple rankine cycle. Output efficiency for a given set of 

operating conditions as input are plotted in the graph.  It is 

observed from the graph that, regenerative cycle has more 

efficiency compare to simple rankine cycle and reheat cycle.  

 
Fig. 3: Regenerative Cycle 

3) Combined Cycle 

The effect of reheat cycle and reheat cycle alone on the 

thermal efficiency of the cycle is very small. To improve 

thermal efficiency to greater extent both the cycles are used 

in power stations. Process parameters for reheat and 

regenerative cycle are kept as same as previous cycles. 

Thermal efficiency for same working conditions are taken 

from the developed program and plotted in the graph. It is 

clear from the graph that thermal efficiency of combined 

cycle is high compare to basic rankine cycle, reheat cycle, 

regenerator cycle. 

 
Fig. 4: Combined Cycle 

B. Effect of Feed Water Pressure on Thermal Efficiency 

For this analysis open feed water pressure increased from 

3bar to 10bar, other parameters are taken constant. Output 

from the program is taken out; output results are plotted in 

the graph.  It is clear from graph that, as the pressure 

increases thermal efficiency increases. After certain interval 

it goes in decrement manner. This sensitive analysis clearly 

says optimization of process parameters. For a given set of 

operating conditions feed water pressure must be 5bar to get 

maximum thermal efficiency. Optimizing process 

parameters enhances efficiency by 0.5% to 1%.     

 
Fig. 5: Effect of Feed Water Pressure on Thermal Efficiency 

C. Boiler Pressure V/S Thermal Efficiency 

Here we are varying enthalpy value corresponding to boiler 

pressure. Analysis is done for reheat cycle and regenerative 

cycle. In both the cycles as the boiler pressure increases 

thermal efficiency increases. For any given pressure 

regenerator cycle efficiency is greater than reheat cycle 

Pressure cannot be increased above certain limitation 

because the maximum pressure of steam that can be used is 

fixed from metallurgical consideration. 
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Fig. 6: Boiler Pressure V/S Thermal Efficiency 

D. Condenser Pressure V/S Thermal Efficiency 

Here we are varying enthalpy value corresponding to 

condenser pressure. Condenser pressure is decresead from 

01 bar to 0.03 bar. Analysis is done on reheat cycle and 

regenerative cycle. Output from the program is plotted on 

the graph. In both the cases as the condenser pressure 

increases thermal efficiency increases. For any given 

condenser pressure regenerative cycles is more efficient then 

reheat cycle.   

 
Fig. 7: Condenser Pressure V/S Thermal Efficiency 

E. Isentropic Efficiency V/S Thermal Efficiency 

For our analysis we considered isentropic efficiency of 

turbine and pumps are 100% i.e. reversible adiabatic 

expansion. In practical case heat loss and frictional losses 

are associated with expansion and pump work. Expansion is 

neither adiabatic nor reversible. Isentropic efficiency of the 

turbine is the ratio of actual work output to ideal turbine 

output. Comparison of vapour power cycles are done by 

taking efficiency of turbine and pumps. As the isentropic 

efficiency decreases thermal efficiency decreases for both 

the cycles.   

 
Fig. 7: Isentropic Efficiency V/S Thermal Efficiency 

F. Temperature V/S Thermal Efficiency 

Most of the large conventional thermal power plants in use 

today, operating with working fluid temperature 540°C at 

turbine inlet. In recent days turbine materials are introduced 

which are capable of sustaining steam temperature 600°C. 

Here an attempt is made to analyse high temperature effect 

on thermal efficiency of reheat cycle and regenerative cycle. 

Performance at high temperature at the turbine inlet is 

compared with existing power plant working parameters.  It 

is clear from the graph that thermal efficiency of the cycle is 

high at 600°c.Combinedcycle has highest efficiency at 

600°c .  

 
Fig. 8: Temperature V/S Thermal Efficiency 

III. ALGORITHM OF THE PROGRAM 
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Fig. 9: Algorithm of the Program 

A. Flow diagra of the combined cycle 

 
Fig. 10: Flow diagra of the combined cycle 

IV. BELOW EQUATIONS REPRESENTS SIMPLE RANKINE 

CYCLE, REGENERATIVE CYCLE, REHEAT CYCLE AND 

COMBINED REHEAT AND REGENERATIVE CYCLE 

𝜂𝑡ℎ𝑒𝑟𝑚𝑎𝑙 =
{(ℎ2 − ℎ1)𝜂𝑡𝑢𝑟𝑏𝑖𝑛𝑒 − (ℎ4 − ℎ3)/𝜂𝑝𝑢𝑚𝑝}

(ℎ1 − ℎ4)
 

𝜂𝑡ℎ𝑒𝑟𝑚𝑎𝑙

=
{(ℎ1 − ℎ𝑎)𝜂𝑡𝑢𝑟𝑏𝑖𝑛𝑒 + (ℎ𝑏 − ℎ2)𝜂𝑡𝑢𝑟𝑏𝑖𝑛𝑒 − (ℎ4 − ℎ3)/𝜂𝑝𝑢𝑚𝑝}

(ℎ1 − ℎ4) + (ℎ𝑏 − ℎ𝑎)
 

𝜂𝑡ℎ𝑒𝑟𝑚𝑎𝑙

=

{
(ℎ1 − ℎ𝑐)𝜂𝑡𝑢𝑟𝑏𝑖𝑛𝑒 + (ℎ𝑐 − ℎ2)(1 − 𝑚)𝜂𝑡𝑢𝑟𝑏𝑖𝑛𝑒 − (ℎ𝑒 − ℎ𝑑)

(1 − 𝑚)/𝜂𝑝𝑢𝑚𝑝 − (ℎ4 − ℎ3)/𝜂𝑝𝑢𝑚𝑝
}

(ℎ1 − ℎ4)
 

𝜂𝑡ℎ𝑒𝑟𝑚𝑎𝑙

=

{
(ℎ1 − ℎ𝑎)𝜂𝑡𝑢𝑟𝑏𝑖𝑛𝑒 + (ℎ𝑏 − ℎ𝑐)𝜂𝑡𝑢𝑟𝑏𝑖𝑛𝑒 + (ℎ𝑐 − ℎ2)(1 −𝑚)𝜂𝑡𝑢𝑟𝑏𝑖𝑛𝑒

−(ℎ𝑒 − ℎ𝑑)(1 −𝑚)/𝜂𝑝𝑢𝑚𝑝 − (ℎ4 − ℎ3)/𝜂𝑝𝑢𝑚𝑝
}

(ℎ1 − ℎ4) + (ℎ𝑏 − ℎ𝑎)
 

h- Enthalpy values at corresponding points 1,2,3,4,a,b,c,d,e 

in      KJ/KG  
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m- Mass of the bled steam in kg. 

ηT -  Isentropic efficiency of turbine.  

 ηP- Isentropic efficiency of pump.  

𝜂𝑡ℎ𝑒𝑟𝑚𝑎𝑙  -  Thermal efficiency of the cycle. 

V. CONCLUSION 

In this study, thermal efficiency analyses as well as the 

effect of varying process parameters on reheat cycle and 

regenerative cycle is presented. Analysis shows that 

regenerative cycle is more efficient compared to reheat 

cycle. For a given set of operating conditions, combined 

cycle has highest efficiency and rankine cycle has least 

efficiency. From the present work, it is observed that the 

nature of graph for different operating conditions and 

optimum feed water heater pressure for vapour power cycles 

are in close agreement with the referred literature.    

Developed program helps in determining the thermal 

efficiency by choosing appropriate set of operating 

conditions of process parameters. Program is developed for 

analyzing different steam power cycles and optimizing 

process parameters. This developed program helps analyzers 

and designers in choosing appropriate steam power cycle for 

a given set of operating conditions. 
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