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ABSTRACT 

The solar energy is renewable energy that cannot be exhausted. Photovoltaic convert solar energy to 

electricity.Sensitivity in temperature variation is very high in solar photovoltaic cells. There is a linear increase in 

the Operating temperature of the photovoltaic (PV) when it is exposed to ambient temperature and solar 

irradiance directly falling on its surface. Mono and polycrystalline photovoltaic cell shows reduction in the 

circuit voltage, fill factor and power output when there is an increase in operating temperature. This results in 

Irreversible damage to the photovoltaic cell and loss of conversion efficiency. Therefore proper cooling methods 

are to be used to remove heat and to maintain the photovoltaic temperature. So to reduce the amount of water 

used and electrical energy needed for cooling of the solar panel we have performed some experiment. This is 

generally applicable to hot regions such as deserts. Therefore water cooling on the front surface method is used 

to reduce the temperature of the photovoltaic (PV) module. Mathematical modelling is also performing so as to 

determine cooling rate and starting point of cooling water, when the PV module reaches is its Maximum 

Allowable Temperature (MAT). An experimental setup is also prepared to determine the time taken by the PV 

module to cool from standard temperature that is 35 ℃ based on the proposed cooling system. The heating of the 

PV module and cooling of the PV module both are validated by experimental setup. If the PV module is at 

maximum allowable temperature 45 ℃ then the output of the PV module is highest as compared to 55 ℃ and 65 

℃. 

----------------------------------------------------------------------------------------------------------------------------- 

1. INTRODUCTION 

Sun has lot of energy. We can use that energy and generate electricity by using Photovoltaic’s. As India is 

developing country, it needs more energy to sustain. To generate electricity, first it depends on coal, next on 

hydroelectricity, followed by natural gas. Above all generate carbon emissions into the environment. The power 

generation by solar energy does not emit carbon emissions and it is noise free process. 

The government of India has announced increasing the renewable power generation to 175 GW by 2022. In total 

renewable power generation, solar power have a 100 GW share. Out of 100 GW share, it set a target of 40,000 MW 

for Solar Rooftop systems. MNRE (Ministry of New and Renewable energy) started “The Green Campus 

Programmme” aims at encouraging existing campuses to conduct energy and other sources audit. MNRE has 

announced an incentive of 5 lakh as a fund to conduct audit and to develop detailed green campus plan. 

Different types of cooling systems 

1. Heat pipe based passive cooling. 

2. Active cooling by attaching air/water/fin cooling system on the backside of the module 

3.  Active cooling by spraying the water over the front surface of the module. 

4. Liquid in motion cooling. 

1.1. HEAT PIPE BASED PASSIVE COOLING 

Heat pipe is a device used to transport heat by two phase flow of working fluid from one place to other. It consists of 

condenser section, adiabatic section and evaporation section. Heat rejection place at condenser section heat 

absorption takes place at evaporator section and adiabatic section is fully insulated. This is a passive cooling method 

based on thermo siphon. Under concentrated light this is an effective cooling technique for solar cells. The 

experimental results shows that maximum temperature of solar cell without cooling was 84.5 ℃ with cooling was 
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45.6 ℃ the maximum power output was 10.5 Watts and 20.7 watts without and with cooling respectively different 

working Fluids used acetone ammonia etc. 

 
Fig. 1.1 Output power VS voltage of Single crystalline solar PV module at different temperatures. 

1.2. ACTIVE COOLING BY ATTACHING AIR/WATER/FIN COOLING SYSTEM ON 

THE BACKSIDE OF THE MODULE. 
Hybrid PV/T solar system which compares electrical efficiency of PV module between active cooling and without 

active cooling. 54 W polycrystalline solar modules were used in the experiment. Underneath the PV module air was 

allowed to pass, to increase heat transfer rate from the PV panel they attached fins also. Without active cooling there 

was an increase in temperature rate at 1.5 ℃ for every 100 W/m
2
 increment of solar irradiation maximum value at 68 

℃ and efficiency drop 86 % .But when the active cooling system was put on there was an increment of 1.3 ℃ for 

every 100 W/m
2
 increment of solar irradiation temperature of the module could be maintained at 37 ℃ and electrical 

efficiency also be kept at 12.4 %. 

 

 

Fig. 1.2. Different design of water circulation system. 

1.3. ACTIVE COOLING BY FLOW OF WATER OVER THE FRONT SURFACE OF 

THE MODULE. 

Typical reduction in the electrical unit of PV module is by 7-14% due to reflection of the sun's radiation from the 

front surface. Anti reflective coating is being used to reduce this loss but they are not durable. Expensive structured 

surfaces were also used but there is the difficulty to clean due to the accumulation of dust and dirt. When water is 

passed over the front surface the refractive index becomes 1.3, this reduces the reflection losses by 2.1-3.7 % 

additional cooling also takes place because of the evaporation of water flowing over the front surface the overall 

operating temperature of the PV module was reduced by 22 ℃ as compared to without cooling Electrical yield also 

increased to 10.4 % during the whole day. 
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Fig. 1.3. Comparison of the efficiencies and powe routput between with cooling andwithou tcooling to the PV 

panel. 

1.4. LIQUID IN MOTION COOLING. 

Dielectric liquids of glycerin isopropyl alcohol, acetone and butane where used in the liquid immersion cooling 

system and PV module was covered with film of anti-reflective material. Characteristics between current and 

voltage were carried out using various densities of solar radiation for diffuse daylight and direct solar radiation. I 

(SC) and V (OC) of the cell immersed in glycerin showed the greatest changes with direct exposure to solar 

radiation. 4-5 mm gap was maintained in between glycerin surface and PV module surface. 40-60% increase in 

efficiency was observed in the presence of dielectric thin film. 

 
Fig. 1.4 Maximum power output of PV panel with and without water cooling mechanism. 
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2. OVERHEATING EFFECT ON PV EFFICIENCY 
Overheating is the main obstacle faced by the photovoltaic cell, this is caused because of high ambient temperature 

and excess solar radiation. There is drastic decrement in the efficiency due to overheating. For the temperature 0 ℃ 

to 75 ℃ the P-V characteristic is given below. For each reading the temperature and input irradiation is kept 

constant. Increase in operating temperature reduces the maximum power output of solar cell. In this Experiment 0.5 

%/℃ is the temperature Coefficient used. This indicates that there will be 0.5 % drop in efficiency for every 1℃ 

temperature increment. PV panel output is affected significantly due to heating. 

 

 

Fig. 3.1 P–V characteristics as a function of the module temperature Tm. The   module temperature varies 

between 0.1 ℃ and 74.9 ℃. 

3. COOLING TECHNIQUE 
For cooling the photo voltaic panels most common and most popular method used which gives high efficiency and 

high result is hybrid photovoltaic thermal PV/T solar system. In this PV system cooling system is integrated along 

with the photovoltaic panel. Water is used as a cooling agent which is circulated around the PV Panel for cooling 

and warm water received at the outlet is used as domestic purposes. Maximum 50% increase in the power output can 

be achieved using hybrid solar PV system using coolant as water. Higher performance and output was achieved 

using the water cooling system then the air cooling system.  As the glazing area increases the efficiency also 

increases. Computational fluid dynamics can also be used to determine the flow of water on the front surface 

.Construction of the module is done in such a way that air can also pass below the PV module and maximize the 

cooling by natural convection. Effective cooling of the PV panel is directly related to the geometry and construction 

of the panel. Natural Convection and forced Convection both experiments were performed and in natural convection 

12 ℃ temperature can be achieved at the end of the day. 4.6 ℃ reduction in the solar cell temperature was achieved 

using as the coolant and there was a rise of 2.5 % solar panel efficiency. When water was used as coolant the 

decrement in the cells temperature was by 8.2 ℃ and 3.1% increase in the panel’s efficiency. Therefore water 

cooling is much more effective than air cooling system. 

 

 

Fig. 3.3 The module temperature as calculated and measured during June 2012. 
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Fig. 3.4 Cooling time t versus water flow rate V 

4. EXPERIMENTAL SETUP 
The experiment was conducted Indoor in energy engineering laboratory 2nd floor PG Block. Used solar PV module 

was of maximum power output 40 W. Continuous intensity was provided by the halogen lamps which were attached 

at the top surface above the PV module. There was a leaver provided to change the angle of the PV module with 

respect to horizontal. Ecosense (Insight solar) is a measuring apparatus which gives output voltage, output current 

and output power. In ecosense we can set the load which is applied at the output of the PV module .Before starting 

the experiment proper wiring of the ecosense measuring unit should be done. The ammeter and voltmeter 

connections on the ecosense are to be correctly connected to their respective inputs  and then taken to the Load. I use 

the bucket and mug to pour water onto the PV module so as to cool it. A plastic sheet was also applied on the top of 

the PV module so as to save it from any leaks and to contain the water on top of the PV module. 

 

             

Fig  4.1  Experimental setup photos. 

5. RESULTS 
Reading were taken using the Eco sense multimeter which has a connection of voltmeter, ammeter, temperature 

sensors and power metre. Intensity of the falling irradiance from the halogen lamps was constant. The readings all 
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taken for every 0.1 V change in the output voltage of the PV module. It was observed that as the temperature of the 

PV module used to increase the voltage output used to decrease and also for almost every 2 to 3 ℃ rise in the PV 

module temperature there was decrease in 0.1 volts. 

WHILE HEATING 

Temperature 

       T(℃)  

   Current 

    I(Amp)   

     Voltage  

     V (Volts)  

Output power 

    W(watts)  

42.4  .10  18.9  1.89  

43.7  .10  18.8  1.88  

44.5  .10  18.7  1.87  

45.2  .10  18.6  1.86  

46.8  .10  18.5  1.85  

47.9  .10  18.4  1.84  

Table 4.1 Experimental readings while heating of PV module. 

WHILE COOLING 

Temperature 

       T(℃)  

   Current 

    I(Amp)   

     Voltage  

     V (Volts)  

Output power 

    W(watts)  

45.4  .10  18.6  1.86  

44.5  .10  18.7  1.87  

43.7  .10  18.8  1.88  

41.3  .10  18.9  1.89  

40.3  .10  19.1  1.91  

39.3  .10  19.2  1.92  

 

Table 4.2 Experimental readings while cooling of PV module 
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Fig 4.2 Ecosense readings photos. 
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6. CONCLUSIONS 

To decrease the amount of water and energy used for cooling the PV module is the basic aim of this experiment. 

Water spraying system is developed which sprays water after a fixed period of time. This reduces the water 

consumption, as the water does not have to be kept flowing for continuously. Mathematical Models which determine 

the time taken by the setup to cool from a certain maximum allowable temperature (MAT) is established. For the 

determination of the starting pt of the cooling water mathematical model is also prepared, which determines the 

heating rate. From these experiments we can conclude the following: 

1. This cooling system performs both cleaning and cooling of the PV module, even though its main purpose is 

to cool the PV module. 

2. 2.1 ℃/min is the cooling rate observed by this experiment, which means it takes 4.5min to cool the PV 

module by 10.1 ℃. The experiment and the mathematical cooling model are showing good agreement with 

each other. 

3. It is seen that the PV module gives maximum output when it is cooled from Maximum Allowable 

Temperature (MAT) of 45.1℃.  
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