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Abstract -  World is currently in energy crisis and it is very important to find new methods to create energy or utilize the 
available energy resources to their upmost potential. Solar energy is a renewable and a clean source of energy. The multi 
junction photovoltaic solar cells are cells that contain more than one PN junctions in them. They can be used similar to the 
conventional single junction solar cell and also they provide a higher efficiency (4-5 times) as compared to the single 
junction solar cells. To increase the output of the cell, sunlight is concentrated on its surface. However, that leads to heating 
issues which decrease the cell’s efficiency and danger of possible damage of the cell. So, a cooling system is designed so 
that the cell can work more effectively and safely. The cooling system helps in maintaining the temperature within the 
operating limit. By maintaining the temperature of the cell within the operating limits, cell’s life is increased. The cooling 
system developed is a hybrid one combining the use of both active cooling system and passive cooling system. The 
temperature of the cell is detected by an infrared thermometer and kept below the maximum operating temperature of the 
cell with the help of a hybrid cooling systems. 
 
Keywords - Solar cell, Hybrid cooling system, Active and Passive cooling system, Concentrated Photo-Voltaics(CPV). 

 
I. INTRODUCTION 
 
The energy demand all over the world is increasing 
day by day. Solar energy is the current most used 
renewable source of energy. But solar energy gives a 
very small output to investment ratio.  So, an 
improved method of harnessing solar energy has been 
discovered. CPV (concentrated photovoltaic) solar 
cells is an alternate comparatively cheaper method of 
harnessing solar energy, as it shows higher efficiency 
as compared to single junction cells. CPV in addition 
uses high concentrating lenses for increasing the solar 
radiation on multi junction photo voltaic cells, thus 
increasing the output. However, the temperature of 
the panel rises due this greatly, which reduces the 
efficiency of the cell. Also, there are chances of solar 
cell getting damaged completely if the temperature of 
the cell crosses the maximum limit which hampers 
the normal working of the solar cell.  Thus, we are 
proposing a cooling system to maintain the 
temperature. A passive cooling system does not 
consume any power, but it is unable to achieve high 
cooling rates. An active cooling system achieves high 
cooling rates, but it consumes power. Thus, we 
propose a hybrid cooling system which achieves a 
combination of less power consumption and good 
cooling.[1] The PV module was cooled with an active 
cooling system. The developed CPV module with 
cooling system was compared with fixed tilted single 
junction PV module (without cooling and 
concentration). The work presents performance 
analysis of the water cooled CPV. It has been 
observed that the output electricity is 4-5 times 
greater than single junction PV module. [2] 
Concentrated solar cell was cooled using the heat 

pipe and fins. Initially the concentrated solar cell was 
mounted on to a plate which was attached to the heat 
pipe. Fins were provided as well on the heat pipe for 
better cooling of the system. For the above assembly 
various combinations of metals and cooling fluids 
were analyzed and the combinations that gave the 
best results were aluminum/ammonia and 
copper/water. [3] Experiment of a novel micro heat 
pipe was used in solar panel cooling. Both of air 
cooling and water cooling conditions under nature 
convection were investigated and compared. A 
silicon single junction solar panel was used in this 
experiment. The heat pipe due to smaller dimension 
has a higher heat transfer efficiency and uniform heat 
distribution that solves the solar panel cooling issue. 
The cooling for normal solar panel without heat pipe, 
cooling of solar panel with heat pipe using air cooling 
and cooling of solar panel with heat pipe using water 
were compared. Based on the results obtained hybrid 
cooling system consisting of both air and water 
cooling was proposed.[4] Experiment of a hybrid 
approach has been followed to better utilize the heat 
energy harvested during the cooling of solar 
generator. The assembly of this process consists of a 
solar cell onto which the sunlight is concentrated with 
the help of a parabolic dish concentrator.. As the solar 
cell heats up, the heat is passed into the cooling fluid 
gradually and the temperature of the fluid rises. This 
fluid is then passes through a heat exchanger where 
the heat is harvested and sent to a chiller and the fluid 
is passed further to undergo the same cycle again. 
This paper offers us the technique toutilize the heat 
energy given out by the PV cell. [5] In this 
experiment, the photovoltaic cells are cooled with a 
hybrid system such that the cooling agent i.e., water 
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or air is circulated around the PV panels for cooling 
the solar cells. Two small solar prototypes were 
developed in this experiment, one of them was not 
provided with any cooling while the other was cooled 
by spraying water on its surface using a fan. It was 
concluded from the study that water is found to be 
more effective than using air. 
 
II. SIMULATION 
 
2.1. Geometric Model 
The geometric model is shown in Fig.1. It consists of 
copper block with a hole drilled in copper block. 
Copper fins are provided to the block for passive 
cooling. The slot provided on the block is for 
mounting the solar cell. The dimension of copper 
block is 30mm x 30mm x 30mm.The diameter of the 
hole is 6 mm. The dimension of the fins is 30mm x 
30mm x 3mm. 

 
Fig.1.Geometric Model 

 
2.2. Mesh Model 
Mesh model of copper block with fins is shown in 
Fig.2. Course Meshing is done. Default meshing 
setting was used.  The number of nodes is 8808.The 
number of elements is 32154. 
 

 
Fig.2.Mesh Model 

 
2.3. Steady State Thermal Analysis 
Analysis was done on steady state thermal. The 
boundary conditions were applied. Heat flux of 
164140W/m2 was applied on the top of the copper 
block.  The temperature of ambient air was taken as 
37oC.The Fig.3.shows the analysis of copper block 
with fins, when air cooling is done. As we can 
observe the temperature of the copper block is almost 
constant at 67 °C and the highest temperature of cell 
is 102.86 °C 
 

Fig.3.Steady State Thermal Analysis of copper block with fins 
 
2.4. Fluent analysis at 0.5 LPM 
Analysis was carried out on ANSYS Fluent. The 
analysis was performed for three different flow rates. 
Heat flux of 164140 W/m2 was applied on the top of 
the copper block. The ambient temperature of the air 
was taken as 37oC. The Fig.4 shows the temperature 
distribution obtained when the analysis was 
performed at a flow rate of 0.5 LPM. The maximum 
temperature of cell is 67 °C. 
 

Fig.4.Fluent analysis at 0.5 LPM 
 
2.5. Fluent analysis at 0.9 LPM 
Fluent analysis was performed at a flow rate of 0.9 
LPM and following temperature distribution was 
obtained as shown in Fig.5. The maximum 
temperature of cell is 59 °C. 

 

 
Fig.5.Fluent analysis at 0.9 LPM 

 
2.6. Fluent analysis at 1.3 LPM 
Fluent analysis was performed at a flow rate of 1.3 
LPM and following temperature distribution was 
obtained as shown in Fig.6. The maximum 
temperature of cell is 47 °C. 
 

Fig.6.Fluent analysis at 1.3 LPM 
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III. EXPERIMENTAL SETUP 
 
3.1. Layout of Experimental Setup 
Experimental setup layout is shown in Fig.7. It 
consists of single axis solar tracking with an 
adjustable table which can be adjusted according to 
the focal length of the lens. The table is provided for 
mounting the copper block. The tracking is fixed by 
locking the screw provided. 

 
Fig.7. Layout of experimental setup 

 
3.2. Single Axis Solar Tracking 
Solar tracking is used so that the sunlight  isalways  
focused on the solar cell. Here, we have used a single 
axis tracking shown in Fig.8(a& b). Here, the 
tracking is done manually to avoid unnecessary costs. 
It consists of a base and the frame for placing lens. 
The base consists of two vertical pillars which is 
welded on to the base while the frame is welded with 
two rods, each on the opposite sides of the frame. The 
pillar has two pipes which are welded on the top. The 
holes in the pipe are provided for locating the frame 
by placing the rods in the pipe. The pipe is provided 
with a vertical threaded hole with a bolt to lock the 
rod on the frame. Due to which, the frame is able to 
rotate. The frame rotates along the axis passing 
through the centre of any one side of the Fresnel lens. 
The frame can be fixed at any particular angle by the 
bolts provided on the pipes on which the frame 
rotates. The frame is also provided with a table for 
placing the copper block. The table is adjustable as 
per the required focal length. This will help to focus 
the sunlight at the cell. 

 
Fig.8. (a & b).CAD and Actual Model of Single Axis Solar 

Tracking 
 

3.3. Multi junction Solar Cell 
A multi-junction solar cell is shown in Fig.9. It is a 
triple junction solar cell. The dimension of the cell is 
10mm x 10mm. It is made up of Germanium (Ge), 
Gallium Indium Phosphide (GaInP), and Gallium 
Indium Arsenide (GaInAs). The recommended 
operating temperature is below 110°C. The typical 
efficiency of the solar cell is 39.2%. 

 

 
Fig.9.Multijunction Solar Cell 

 
3.4. Copper Block with Fins 
Multijunction cell is fitted over the copper block in 
the slot is shown in Fig.10. Contact is maintained 
between the cell and surface of the copper block with 
the help of thermal paste. 

 

 
Fig.10.Copper Block with Fins, cell & pipe connectors 

 
There are pipes which circulate water so that cooling 
of the cell takes place.There is a hole drilled in the 
copper block through which water flows. The pipe is 
connected to this hole with the help of connectors. 
These ports have external threads which help in 
fitting. 

 
3.5. Infrared Thermometer 
The thermometer used for measurement is shown in 
Fig.11. is a BENETECH non contact LCD IR 
infrared thermometer. It is a thermometer gun with a 
temperature measurement range from -50°C to 330°C 
It is provided with the option of indicating the 
temperature in both °C and °F. The accuracy of the 
thermometer as given by the manufacture is ±1.5°C. 
It is also provided with a laser target pointer for 
assistance in locating the portion from where the 
readings are being taken. This thermometer requires 
two AAA batteries for as supply. It is an auto power 
shut off function which is performed automatically 
when the thermometer is unused for 7 seconds. 
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Fig.11.Infrared Thermometer 

 
3.6. Cooling of the Multijunction Solar Cell 
The cooling of multijunction solar cell was done be 
the system shown in Fig. 12. The tracking system was 
positioned in such a way that the focal point covers 
the cell surface. Due to the continuous tracking, 
temperature of the cell increases. While, there is 
continuous heat dissipation due to fins. The 
temperature was checked by the infrared thermometer 
at fixed time intervals to avoid overheating. As the 
temperature reached above or at 100°C the flow of 
water was started. Now heat was being dissipated at a 
faster rate as compared to that with only fins. The 
reading was taken at different flow rates and different 
temperatures to check the cooling capacity. 
 

 
Fig.12.Actual layout of experimental setup 

 
IV. RESULTS AND DISCUSSION 
 
Initially, we let the temperature of the cell rise above 
1000C.Water was passed through the copper block as 
soon as the temperature rise above 1000C. 
Temperatures were noted down at regular intervals 
for various flow rates. 

 
4.1. Temperature v/s Time intervalfor 0.5LPM 
Initially the system was checked for a flow rate of 0.5 
liters per minute and the readings that were recorded 
are shown in table 1. 
 

Table1: Temperature v/s Time interval for 0.5LPM 

 

Water cooling was started as the temperature rise 
above 1000C. Flow of water was maintained at 0.5 
LPM due to which the temperature was maintained at 
around 70°C. On plotting the above readings we get 
the graph shown in Fig. 13. 
 

 
Fig.13. Temperature v/s Time interval for 0.5 LPM 

 
4.2. Temperature v/s Time interval for 0.9LPM 
Readings were taken when the flow of water was 
maintained at 0.9 LPM. The readings recorded for 
this particular flow rate areshown in table 2. 

 
Table 2: Temperature v/s Time interval for 0.9 LPM 

 
 
Water cooling was started as the temperature rise 
above 1000C. The flow rate was maintained at a rate 
of 0.9 LPM in order to cool the system. The average 
temperature obtained was 610C. The following 
recorded observations were plotted on the graph 
shown in Fig. 14. 
 

 
Fig.14. Temperature v/s Time interval for 0.9 LPM 

 
4.3. Temperature v/s Time interval for 1.3 LPM 
Readings for maximum flow rate of 1.3 LPM were 
recorded. This is the maximum flow rate available for 
the water to flow. The observations that were 
recordedare shown in table 3. 

 
Table3: Temperature v/s Time interval for 1.3 LPM 

 

Temp 
(°C) 

103 72 71.7 70 69 72 71 71.5 

Time 
(pm) 

2:10 2:15 2:20 2:25 2:30 2:35 2:40 2:45 
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Water cooling was started as temperature rise above 
1000C . The flow rate was maintained at 1.3 LPM. 
The temperature is maintained to around 42 °C. Thus 
the maximum flow of water maintains the 
temperature at around 45°C. Hence the overall plot of 
these readings isshown in Fig.15. 
 

 
Fig.15. Temperature v/s Time interval for 1.3 LPM 

 
4.4. Comparison of Temperature v/s Time Interval 
for different flow rates 
 
For all flow rates a single graph was plotted depicting 
their effect on the temperature of the cell shown in 
Fig. 16. This graph depicts the temperature which is 
maintained by different flow rates once the cooling 
has started as the time goes on. 
 

 
Fig.16. Comparison of Temperature v/s Time for various flow 

rates 
 
4.5. Temperature variation in alternate air and 
hybrid cooling system. 
Also a test with alternate heating and cooling was 
performed in which the cell was continuously 
allowed to heat and once it crosses a particular 
temperature (100°C) then it was cooled by allowing 
the water to flow through the block so as the 
temperature can be bought down. The graph for the 
procedure is shown in Fig. 17. 

 

Fig.17. Variation in temperature v/s Time for alternate air and 
water cooling. 

4.6. Validation of experimental results with 
simulation results 
It shows a good agreement of the experimental results 
with the simulation results for various flow rates as 
shown in Table 4.Percentage deviation of the solar 
cell temperature was calculated for different flow 
rates as shown in Table 4. Percentage deviation is 
observed to be below 6%. 

 
Table 4:Percentage deviation 

 
 
A graph for mass flow rate V/S temperature was 
plotted for both simulated readings and actual 
readings shown in Fig. 18. 

 

 
Fig.18. Comparison of Mass flow rate v/s Temperature 

 
CONCLUSION 
 
The cooling setup was designed and fabricated 
successfully. The solar cell voltage increases when 
the light is focused onto it. There is a significant 
decrease in the temperature of the cell when the 
active cooling system is used along with the passive 
cooling. It was seen that the temperature range was 
within the desired limits. 
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