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ABSTRACT 

Thermal power cycles and thermofluid systems are important devices used in real 

engineering design for thermal power generation and control of environment. The 

conventional performance evaluation of these systems is based on first law analysis 

alone and is inadequate. A more meaningful evaluation must include second law 

analysis which can give better understanding of such systems without getting into 

mechanical details and component efficiencies. Second law analysis indicates the 

association of exergy losses with combustion and heat transfer processes and allows 

thermodynamic evaluation of energy conservation because it provides the tool for a 

clear distinction between energy losses to the environment and internal irreversibilities 

(exergy destruction) in the process. This thesis is an attempt to physically understand 

the evaluation of internal irreversibilities and form a base for exergy analysis as applied 

to thermal power cycles and thermofluid systems. 

This thesis presents investigations on thermodynamic modeling and evaluation of 

effects of irreversibilities in thermal power. cycles and thermofluid systems, using the 

concept of exergy analysis and entropy generation. Energy and exergy analysis of 

combined gas-steam multistage reheat power cycle, indirect fired air turbine and 

combustion gas turbine with multistage reheat cogeneration power plant, advanced 

thermal power system with special modifications and fluid flow under convective heat 

transfer in a duct flow system have been carried out. Analytical expressions for the 

performance parameters involving the relevant variables of these systems under given 

constraints/conditions corresponding to available power output and exergy losses in the 

system, have been obtained. Detailed parametric study have been carried out and 

numerical results are presented. This study includes the effects of pressure ratio, cycle 

temperature ratio, number of reheat sages, pressure drop in heat transfer devices, the 

pinch point temperature, the process steam pressure, steam injection ratio and, feed 

stock mass flow rate, on the performance parameters of thermal power cycles. The 

temperature dependence of viscosity is taken into consideration in the analysis of duct 

flow. The minimum value of dimensionless entropy generation and pumping power is 

computed for determining the optimum duct length and optimum inlet fluid 

temperature and hence, the minimum total cost of the duct can be determined. 



Second-law based thermodynamic performance analysis of multistage reheat combined 

Brayton/Rankine power cycle has been carried out using exergy balance approach. 

Expressions involving the relevant variables for specific power output, first-law and 

second law efficiency of gas turbine cycle, steam turbine cycle and combined power 

cycle, exergy destruction in the components of combined cycle and second law 

efficiency of each process of gas turbine cycle have been derived. Maximum exergy 

destruction was observed in combustion chamber and least in compressor for a given 

cycle pressure ratio and temperature ratio. It is further shown that by placing reheat in 

the expansion process a significant increase in specific power output and efficiency was 

obtained. The gains are substantial for one and two reheats but progressively smaller 

for subsequent stages. It was also observed that the second-law efficiency of each cycle 

was greater than the first-law efficiency. 

The study has been extended to the performance evaluation of an indirect fired air 

turbine and combustion gas turbine cogeneration system with multistage reheat, based 

on first law and second law analysis. The effects of various operating parameters on the 

thermodynamic performance of indirect fired air turbine and combustion gas turbine 

cogeneration systems, respectively has been studied. A comparative study between no 

reheat and multistage reheat shows that there is a significant improvement in electrical 

power output, process heat production, fuel utilization efficiency, and second law 

efficiency due to reheat. But the power to heat ratio decreases with reheat because 

improvement in process heat generation is greater than the improvement in electrical 

power output. 

An energy and exergy analysis is also carried out for the combination of steam-injected 

gas turbine system and forward-feed triple effect evaporation process with and without 

vapour recompression. Expressions involving exergy destruction due to irreversibilities 

(internal loss) during a process in the component and exergy lost due to exhaust 

(external loss) from the entire system are derived and examined for the evaluation of 

advanced thermal system performance. Parametric study shows that the interaction 

between the combustion irreversibility and the exhaust exergy losses is dominant in 

governing the system efficiency with various steam injection ratio and feed stock mass 



flow rates. The compressor and turbine losses are shown to have a relatively small 

influence on system performance. 

In the above studies energy and exergy analysis has been carried out for thermal power 

cycles. But if one is interested to determine the thermodynamic irreversibility 

associated with heat transfer and fluid flow processes, it can be studied by entropy 

generation analysis of thermofluid systems. Hence at the end of the thesis, the entropy 

generation for a fluid flow in a smoothly heated duct subjected to constant wall 

temperature is investigated analytically. The temperature dependence of viscosity is 

taken into consideration in the analysis. Expressions for entropy generation and 

pumping power for both the cases of constant viscosity and temperature dependent 

viscosity are derived. A comparative study between constant viscosity and temperature 

dependent viscosity cases shows that the constant viscosity assumption may yield a 

considerable amount of deviation in entropy generation and pumping power results 

from those of the temperature dependent viscosity, especially when more viscous fluids 

are considered. It is also shown that the performance of a turbomachine can be 

accounted directly with the entropy generation, and a more accurate and 

straightforward modeling can be done using fewer relations of entropy generations 

instead of larger number of efficiency relations. A case study for the simple compressor 

and turbine has been carried out. The results provided in the thesis provide the 

engineers and researchers, a base to improve the performance of thermal power cycles 

and thermofluid systems in practice. 
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