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ABSTRACT 

Energy in the form of heat and electricity is the backbone of human activities in all 

sectors of life. Due to uncontrolled harnessing and limited resources the conventional 

fossil fuel resources are being exhausted, and the combustion of fossil fuel has 

negative impact on our environment. For sustainable development presently used 

fossil fuels has to be quickly substituted by renewable energy sources and one of the 

promising options is solar energy. The conventional performance evaluation of solar 

energy 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. Second law analysis indicates the associations of 

exergy losses with 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 solar thermal 

collectors and solar thermal power plants. 

A flat plate solar collector (FPSC) is the simplest means available for solar energy 

utilization. The optimum slope of a FPSC by extra-terrestrial model, ASHRAE model 

and using measured data from radiation hand-book, and for periods of possible 

utilization for New Delhi (India) has been evaluated by searching the slope angle for 

which the total radiation reaching on the absorber surface after considering the 

transmissivity of glass cover is maximum. The energy and exergy analysis of FPSC 

for water heating has been carried out and the results are expressed in terms of mass 

flow rate of water, inlet temperature of water and stagnation temperature of solar 

collector. The effect of absorbed solar flux, on optimum exergy output rate has been 

investigated for given mass flow rate to ascertain the range of mass flow rate and inlet 

temperature of water for actual operation. Further the effect of number of glass cover 

and other system parameters like tube diameter, number of tube rows and selective 

surface on energy output and exergy output has been evaluated and numerical results 

are presented. 



The energy and exergy efficiency of the solar air heater collector array consisting of a 

number of sub-collectors arranged either in series or in parallel configuration have 

been evaluated for various values of collector aspect ratio of the collector/sub-

collectors, mass flow rate per unit collection area of the solar air heater collector array 

and number of sub-collectors arranged either in series or in parallel configuration for 

a given total collection area of solar air heater collector array. Based on exergy 

efficiency it has been found that there must be optimum mass flow rate per unit 

collection area for any configuration. Further the results have been presented to 

discuss the effects of mass flow rate per unit collection area, collector aspect ratio and 

duct depth on the energy and exergy output rate of the solar air heater. The study has 

been extended to the performance evaluation in terms of energy efficiency, effective 

efficiency and exergy efficiency of solar air heater employing artificial roughness 

geometries in the absorber plate. It has been found on the basis of exergy analysis that 

for larger flow cross section area of solar air heater duct along with low Reynolds 

number the roughened geometry should create more turbulence; while smooth 

surface, circular ribs and V shaped ribs are suitable for smaller flow cross section area 

of solar air heater duct and high Reynolds number. Further the performance 

evaluation in terms of energy augmentation ratio, effective energy augmentation ratio 

and exergy augmentation ratio has been carried out for expanded metal mesh 

roughness geometry in the absorber plate of solar air heater duct and the suitable 

design parameters of expanded metal mesh roughness geometry have been determined 

based on exergy augmentation ratio. 

The performance evaluation of photovoltaic thermal (PV-T) collector has been carried 

and the analysis has been done for unglazed/glazed PV-T air collectors with flow of 

air below absorber plate (referred as model I/model II), and glazed PV-T air collector 

with flow of air above and below absorber plate (model III). The extended Hottel-

Whillier model has been developed for the numerical simulations of the models I and 

II. It has been found that the glazed PV-T systems should not be recommended on the 

basis of energy gain and the cheaper modifications by expanded metal mesh 

roughness geometry and fins must be made in costly PV-T air collectors. The 

performance of PV-T water collector has been compared with PV-T air collector. 

Further the effect of packing factor and reference efficiency of PV cell on energy 

efficiency and exergy efficiency has been evaluated and presented. 

ii 



The energy and exergy analysis of parabolic trough collector for air and vacuum in 

the annular space between receiver and glass tube has been carried out using different 

heat transfer fluids, and numerical results have been presented. Further the influence 

of mass flow rate of thermic fluid, inlet temperature of thermic fluid to a row of 

parabolic trough collectors, solar radiation intensity and concentration ratio 

considering intercept factor has been discussed. The influence of row length of row of 

parabolic trough collectors on optimum inlet temperature of thermic fluid and mass 

flow rate has been discussed. 

The energy and exergy analysis has been carried out of a conceptual direct steam 

generation (DSG) solar thermal power plant (STPP). It has been found that the 

maximum energy loss is in the condenser whereas results of exergy analysis indicate 

that the solar collector field is main source of exergy destruction. The optimization is 

carried out for bleed pressure and corresponding mass fraction of bleed steam of 

proposed conceptual DSG STPP having one feed water heater (FWH) and also by 

incorporating two and three FWHs. It has been shown analytically for single stage 

regenerative Rankine cycle that solar thermal energy as an aided source for feed water 

preheating develops extra work more than that could have been produced in a STPP 

and a case study has been carried out of a typical STPP and a fuel fired thermal power 

plant (FFTPP). It has been shown that the efficiency of work conversion of solar 

thermal energy of typical STPP as an aided source in FFTPP is higher than efficiency 

of work conversion in STPP. The results provided in the thesis provide the engineers 

and researchers, a base to improve the performance of solar energy systems. 
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