
 

 Hybrid solar collectors are designed to produce electricity, water heating or air heating. 

This type of collectors are designed to increase the conversion efficiency of solar cells, 

cooling them and using the heat absorbed to heat water or  air. When the temperature of the 

solar cells surface is increased higher than the operation temperature, especially in hot 

weather the conversion efficiency will decrease.  In the present research, a hybrid solar 

collector was manufactured using water as coolant media and external reflectors were 

added on the upper side and lower side of the hybrid solar collector to increase the solar 

radiation concentration  on the solar cell because most of the radiation falling on the cell is 

reflected and not utilized. This study is conducted in the atmosphere of the city Kirkuk 

(latitude 35.46° and longitude 44.39
o
). In addition, a theoretical study of the combined 

effect of the external reflectors and the addition of concentrations of nanoparticles (     ) 

to the hybrid solar collector cooling fluid was conducted. The experimental  results show 

that the temperature of the solar cell surface with cooling and without the use of external 

reflectors  with  a glass cover is 4..7 ℃  while the traditional solar cell surface temperature 

is  8..5℃ when the solar radiation 48.W/  while the daily electrical efficiency and daily 

thermal efficiency are 12% 66% respectively of the hybrid collector at the mass flow 2... 

L/min, either when using reflectors and with the presence of glass cover, the solar cell 

surface temperature is 52 ℃ while the daily electrical efficiency is 9.3% and the total 

efficiency is 62% when the mass flow of water is 0.15 L/min. Here is the effect of reducing 

the mass flow of water .When using only a top reflector without glass cover and flow rate 

0.3 L /min and daily electrical and thermal efficiency are 11.3% and 71% respectively. The 

solar cell surface temperature is 63 ℃ with using reflectors without glass cover, and the 

daily electrical efficiency is 11.7% and the total efficiency is 50%. The solar cell surface 

temperature reaches  88 ℃  using only upper reflector, and flow rate 0.3 L/min without 

glass cover , the electric and thermal efficiency are 11.3% and 71% respectively. When 

using only lower reflector the solar cell surface temperature reaches  86 ℃  , at flow 0.3 

L/min without glass cover and the daily electrical efficiency is 12.5% and the thermal 

efficiency is 53% .When using the top and bottom reflectors together with no glass cover at 

the same flow rate 0.3 L/min, electrical and thermal efficiency are 12.3% and 73% 

respectively. It is found that using The lower reflector with angle of 0° would give 

maximum electrical efficiency and overall efficiency from 25° and 15° ,and the daily 

electrical efficiency  is  (10.35%, 9.39% and 9.51%) respectively of lower reflector angle 
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(0°,15°,25°) respectively  , while the total efficiency is (34.7%, 31.36% and 34.2%) 

respectively of lower reflector angle (0°,15°,25°) respectively  for mass flow 0.1 L /min  

without using glass cover. The result shows that the presence of sand on the hybrid 

collector will decrease the total efficiency about 6%.  In theoretical analysis it is found that 

the solar cell surface temperature is (69.9% and 71.7%) respectively and electrical 

efficiency is (14% and 14.4%) respectively for mass flow rate (0.6 and 1.2 L/min) 

respectively. And it shows in theoretical analysis of presence of nanoparticles in the 

cooling fluid with concentration of (1%, 2%, 3%, 4%, 5%) that the daily electrical 

efficiency is (13.6%, 13.46%, 13.43%, 13.43%, 13.6%) respectively, while the daily 

thermal efficiency is (62%, 61.7%, 61.58%, 61.4% and 61.3%) respectively. A 

mathematical analysis of the hybrid collector is performed using the excel program and 

found a good correlation with the practical results. 




