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Abstract 

Environmental issues like global warming and limited sources of fossil fuels has compelled the 

researchers to focus on investigation of renewable energy sources mainly solar energy as it is 

inexhaustible, clean and universally available source of renewable energy. India has added 

advantage with a plentiful amount of solar energy because of its geographical position. Solar energy 

is the best alternative to fossil fuels due to its variety of applications such as water heating, air 

heating, water distillation etc., for domestic and industrial purposes. Several solar energy 

technologies have been developed since last few decades. One of the promising technology is solar 

air heating for the numerous applications of hot air. Present study deals with investigation on 

evacuated glass tube solar collector with external parabolic / flat segmented reflector of different 

concentration ratios. Air is used as working fluid to extract heat from the collector. Helical wiry 

structured insert is used as turbulator to increase the convective heat transfer coefficient between 

absorber of the collector and air. A thermal model is developed to predict the performance of 

evacuated glass tube solar collector for different concentration ratios. Effect of various parameters 

like solar radiation, concentration ratio, and mass flow rate on solar collector efficiency and air 

outlet temperature was studied. The simulation work was followed by extensive testing of evacuated 

glass tube solar collector with and without turbulator under outdoor field conditions at Kalol 

Institute of Technology and Research Centre, Kalol, Gujarat, India (latitude 23.22º N, longitude 

72.49º E) for the different values of concentration ratios. Inlet and outlet temperatures of air, air 

flow rate, solar insolation and pressure drop across the collector were measured at regular interval 

to investigate the performance of the collector. Experimental work on the evacuated glass tube solar 

collector with the different concentration ratios was performed for 7 mass flow rates in range of 

2.92 to 7.72 kg/h and observed that air outlet temperature is generally higher during the afternoon 

hours compared to morning for the same value of solar insolation due to heat release by thermal 

mass. It is observed from experimental results that for all values of mass flow rates, both air outlet 

temperature and solar collector efficiency is higher with turbulator than that of without turbulator. 

Nusselt number and convective heat transfer coefficient for the collector with turbulator is 50% to 



280% higher compared to without turbulator. To evaluate the combine effect of heat transfer and 

pressure drop, thermo-hydraulic performance parameter (THPP) is computed for the collector with 

different concentration ratio and it can be concluded that use of helical coiled wire insert turbulator 

is beneficial in the range of Reynolds number under investigation. It is observed that the collector 

is capable delivering heat up to 160°C for about six hours of solar operation. It can be concluded 

that evacuated glass tube solar collectors with higher concentration ratio are preferable for high air 

outlet temperature requirement, while flat segmented reflectors are suitable for low air outlet 

temperature requirements. It is concluded that evacuated glass tube based parabolic trough collector 

with turbulator is technically viable option to cater the need of heat energy requirement at higher 

temperature.  

This PhD Thesis would be useful to small and medium scale industries due to affordable technique. 

As this research work is focused on development of low cost, energy efficient evacuated glass tube 

solar collector with external parabolic /flat segmented reflector and helical coiled wire insert as 

turbulator. The solar collector is capable of delivering heat in the temperature range of 90 to 250°C 

thus beneficial for low to medium air temperature applications. The research work will help in 

developing safe and economical technology for maintaining healthy and clean atmosphere using 

renewable energy.  
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