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Abstract 

Currently, the energy requirement is increasing due to industrial development and population growth 

all over the world. A large portion of energy demand is met by use of fossil fuels. The two pivotal 

challenges associated with these energy resources are environmental pollution and high cost. 

Continuous usage of fossil fuels causes climate change due to the emission of greenhouse gases such 

as CO2 which leads to global warming. Thus we need suitable alternative for fossil fuels which are 

not abundant and are limited source of energy. Solar energy is one of the most promising form of 

renewable energy. The simplest method to convert solar energy to thermal energy is by solar 

collectors with a conversion efficiency of about three to four times that of solar electrical direct 

conversion system. Presently evacuated tube solar collector is used in many countries worldwide to 

meet the heat requirements in low temperature range. In order to have better performance, a lot of 

research has been focused towards increasing the efficiency of the system by making many optical 

and thermal modifications. Thermal performance of the solar collector can be enhanced by reducing 

the thermal losses or by increasing the heat transfer rates between the absorber and working fluid. 

Numerous researchers have studied the thermal performance of the solar collector with various 

turbulators such as twisted tapes, wire coil, fins, porous configurations etc. in order to enhance the 

performance of the collector. Thus the challenge is to develop a solar collector which captures the 

solar radiation that leads to minimum heat losses and better overall performance. The main objective 

of the present work is to develop an evacuated glass tube based solar collector to heat thermic fluid 

up to 150°C. In order to achieve better performance, a new concentrating solar collector is developed 

which uses evacuated glass tube with a novel turbulator as the receiver and a parabolic reflector. The 

present research work investigates various thermal aspects of the solar collector used for solar heating 

applications. The solar collector is designed, fabricated and tested to heat the thermic fluid up to 

150°C. Hytherm 500 from Hindustan Petroleum is used as the Heat Transfer Fluid (HTF). Thermal 

analysis is done and a mathematical model is developed to predict the performance of evacuated tube 

solar collector with parabolic reflector having concentration ratio 3, 4, 5 and 6. To validate the thermal 



model, experiments were carried out in real field conditions. Experiments were carried out with 

different concentration ratios (CR = 3, 4, 5, 6) with an aperture area of 0.757 m2, 1 m2, 1.262 m2 and 

1.514 m2 respectively, at different flow rates ranging from 8 – 25 l/h to achieve the fluid temperatures 

between 80°C and 150°C. Results are presented in the form of plots of variation of solar insolation, 

ambient temperature and thermic fluid temperatures over a day and variation of solar incident 

radiation, heat collected and instantaneous efficiency over a day for various concentration and mass 

flow rates. Both the experimental and theoretical model results were found to be in good agreement 

with each other. A maximum of 8.7% variation in thermic fluid outlet temperature and 16.14% 

variation in the efficiency was observed in the present work. An average efficiency up to 52% was 

recorded at reflector reflectivity (ρ) = 0.7 with solar insolation of about 1050 W/m2. For a fixed 

geometry, depending upon the insolation; mass flow rate of the thermic fluid can be varied to achieve 

required temperature up to 150°C. Also the number of hours for which the collector delivers heat 

above 80°C, 90°C, 100°C and 120°C temperature was found out for various concentration ratios and 

mass flow rates and presented. Thus the solar collector can be used with an auxiliary heating system 

to get thermic fluid at required temperature for required duration. This PhD Thesis would be useful for 

industrial applications requiring heat upto 150°C that would be available using commercially available 

evacuated tube solar collector with the noval turbulator and a parabolic reflector presented in this thesis. 
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