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Abstract—In the present situation of energy crisis, the utilization 

of renewable energy sources has got great scope due to depletion 

of fossil fuels and stringent rules on exhaust gases. Increasing 

prices due to limited resources and rising demand pose serious 

problems even for rich countries. A clean inexhaustible source of 

energy is needed, that is, the sun. Solar energy can be used in 

various indirect (Biomass, hydropower, wind) and direct forms 

(solar thermal power, photovoltaic system).The electrical 

efficiency of photovoltaic (PV) cell is adversely affected by the 

increase of cell operating temperature during absorption of solar 

radiation. The design of cooling system to enhance the efficiency 

of photovoltaic cells has got a great potential. 

This paper deals with the design, fabrication and 

experimental investigation of active cooling system for PV cells. 

To actively cool the PV cells, where the type of heat exchanger 

called fins are to be attached at the back of a panel for the air 

cooling. An experiment is performed with and without active 

cooling and performance analysis is presented. The use active 

cooling system has resulted in increase in conversion efficiency by 

2-3%. 

Keywords— photovoltaic cell, coolant, water, heat exchanger, 

temperature. 

I. INTRODUCTION 

ow a days, renewable energy resource is widely used in 

many countries. In which photovoltaic cell is one of the 

most popular energy resources in the world. The photovoltaic 

cell will utilize solar energy to produce electricity, where the 

solar radiation is directly converted to electricity only about 

15% of it and remaining 85% of solar radiation is converted to 

heat. And the generated electricity can be used for the 

household appliances. Where the efficiency of the 

photovoltaic module decreases due to increase in photovoltaic 

module temperature. Therefore decreasing the photovoltaic 

module temperature will increase in electrical efficiency. To 

reduce the photovoltaic module temperature there are several 

different techniques in which fins type of cooling system is 

used for the experimentation and the comparison is made with 

and without active cooling system. 

II. LITERATURE REVIEW 

 Dubey et al. [1] It was shown that the case of glass to 

glass PV with a cooling duct can give the highest 

efficiency among the four cases considered by the 

author. The annual average efficiency varied 

between10.41% and 9.75% for the cases considered. 

In order to improve the heat transfer from the 

photovoltaic module, thereby reduction in operating 

temperature of photovoltaic module will effects the 

increase in photovoltaic module efficiency 

 Prasad and Saini [2] artificially increased the 

roughness of absorber plate and wall of the channel. 

However, increase in roughness of wall and absorber 

will incurred a pressure drop penalty and, therefore, 

required a higher pumping power. 

 Han and Park [3] and Gupta et al. [4] showed that 

several types of ribs in the air channel can provide 

better performance for heat extraction but these are 

also accompanied by a significant increase in 

frictional losses.  

 Garg and Datta [5] suggested several practical 

modifications to enhance the heat transfer in the air 

duct. 

III. SUMMARY 

From the above literature it is clear that the 

temperature of the photo voltaic cell influences the efficiency 

of conversion of solar energy into electrical energy, hence the 

study is taken to design the active cooling system for photo 

voltaic cell. For present work cooling system is designed with 

using fins as their presence result in friction between fluid and 

surface.  

IV. OBJECTIVES 

The objectives for present work are mentioned below, 

1. To study the variation of output of photovoltaic cell 

with variation in surface temperature of panel. 

2. Design of active cooling system by using Fins for a 

Photovoltaic cell based on the solar radiation data 

collected with respect to the selected location. 

3. Performance evaluation of P-V cell with and without 

cooling system. 

             Solar radiation data is collected for the location 

selected for experimentation. Fabrication of active cooling 

system is done providing Fins below the panel surface. 

             The parameters such as voltage, current, temperature 

of panel surface are observed and the effects are studied and 

are presented in the terms of generalized inferences. 

N 
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V. DESIGN OF ACTIVE COOLING SYSTEM 

The materials used in the design and fabrication of active 

cooling system are mentioned below,  

Selection of solar panel polycrystalline panels are used for the 

present work. 

Cooling system 

Adjustable stand 

 

Figure 1. Adjustable stand with pv module. 

Cooling system is designed by using acrylic sheet. The 

Specifications are mentioned below, 

• Capacity of panel-50watts  

• Dimensions of panel 

Length: 76cm, Width: 50cm 

The stand is fabricated to fit the dimensions of the solar panel. 

The stand is made up of Mild steel material. The table can be 

tilted to any desired angle and can be fixed according to the 

angle requirement at the particular month. Telescopic 

adjustable mechanism is used for lifting and dropping of the 

stand’s leg in order to set to a particular angle, bolts and nuts 

are used to fix the leg. 

VI. RESULT AND DISCUSSION 

Without active cooling system 

The experimental results with respect to time are 

tabulated below. 

Readings of temperature, voltage and current output from 

solar panel without cooling are presented below mentioned 

table. 

Time 

(hrs) 

Temp 

(˚c) 

Current 

(A) 

Voltage 

(volts) 

Solar 

intensity 
(w/m2) 

Efficiency(%) 

8 30.1 0.65 19.9 230 14.79 

9 35.8 1.44 20 460 16.47 

10 41.3 1.67 19.1 660 12.71 

11 49.9 2.53 18.9 810 15.53 

12 54.9 2.61 18.7 920 13.96 

13 48.8 2.73 19.2 940 14.67 

14 47.3 2.49 19.4 870 14.61 

15 46.9 2.09 19.5 710 15.1 

16 40.7 1.29 19.4 510 12.91 

17 35.5 0.59 19.2 260 11.46 

With active cooling system 

Readings of temperature, voltage and current output from 

solar panel with active cooling system are shown in below 

mentioned table. 

From the above experimental results, it was found 

that the output of the photo voltaic module is a function of 

temperature. The power output from the panel decreases with 

the increase in panel surface temperature and hence to 

optimize the power generation, the photo voltaic module is 

provided with active cooling system. 

Time 

(hrs) 

Temp 

(˚c) 

Current 

(A) 

Voltage 

(volts) 

 

Solar 

intensity 
(w/m2) 

 
Efficiency 

(%) 

8 30.1 6.7 20.1 230 15.4 

9 35.3 14.6 20.1 460 16.78 

10 40.2 21.4 19.4 660 16.55 

11 46 25.7 19 810 15.86 

12 51.4 28.6 18.8 920 15.37 

13 47 28.5 19.3 940 15.39 

14 44.9 25.2 19.5 870 14.86 

15 43 21.2 19.6 710 15.4 

16 38.3 15 19.6 510 15.2 

17 34 6.3 19.3 260 12.30 

Comparison of experimental results for photo voltaic cell with 

and without cooling system Graph showing comparison of 

output voltage with and without cooling system 
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Figure 2.comparison of time to voltage output 

The above graph shows the comparison between 

output voltage of module by providing cooling system and 

without providing cooling system. From the plot it is clear 

that the output voltage is greater for system with active 

cooling system compared to that of system without cooling 

system, as the working fluid continuously extract heat from 

the panel surface thereby maintains lower value of 

temperature compared to that of system without active cooling 

system. 

Graph showing comparison of output current with and without 

cooling system 

The below graph shows the comparison between 

current output  of the module with cooling system and without 

cooling system .It is found from the graph that the current 

output is also higher for system with cooling system compared 

to system without cooling system. 

The maximum current was found to be 2.86 amps 

and 2.61 amps for system with and without cooling system 

and it is observed between 12 pm and 1 pm when the solar 

intensity is maximum. 

 

Figure 3. Comparison of time to the output current 

 

Figure 4. Comparison of time to the module temperature. 

Graph showing comparison of module surface temperature 

variation with and without cooling system 

The above figure shows variation of module surface 

temperature with and without cooling system. It is clearly 

observed that the temperature of module is less compared to 

that of module without cooling system at all time intervals. 

The peak temperature of surface of module with 

cooling system was found to be 51.1
0
C compared to that of 

54.9
0
C for system without active cooling system. 

 

Figure 5. Comparison of time to the output efficiency  

Graph showing comparison of efficiency obtained by 

with and without active cooling system 

The above graph shows the improvement in electrical 

efficiency of photo voltaic module with active cooling system 

compared to that of photo voltaic module without cooling 

system. 
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Electrical efficiency of PV module 

The electrical efficiency of PV module is given by, 

Where,ή=(V*I)/(*G) * 100 

v – Voltage in volts  

I-Current in Amps 

As-surface area in m
2
= 0.38 m

2
 

G- Solar intensity in w/m
2
 

VII. CONCLUSIONS 

The following inferences are drawn from the experimental 

results, 

1. Photo voltaic module with active cooling system 

generates both electrical energy and thermal energy.  

2. The experimental results show the improvement in 

conversion efficiency of PV module by using active 

cooling system. 

3. The maximum temperature attained by the PV 

module without cooling system is 54.9 ºC  by active 

cooling system the peak temperature brought down 

to 51.4ºC. 

4. The experimental results are clear indication of 

variation of efficiency with panel surface 

temperature. 
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