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Abstract— Solar photovoltaic and thermal systems are 

potential solutions for current energy needs. One of the most 

important difficulties in using photovoltaic systems is the 

low energy conversion efficiency of PV cells and, 

furthermore, this efficiency decreases further during the 

operational period by increasing the cells temperature above 

a certain limit. To improve the performance of Photovoltaic 

cell different types of augmentation technique are used 

which include active, passive and combine technique. The 

passive technique is widely used because it is not required 

extra power. In passive technique use twisted tape or wire 

coil different type of insert's which is placed in flowing fluid 

in tube then turbulence will create. Then laminar flows gets 

convert in to turbulent flow which result increases in heat 

transfer rate is used to overcome the problem of low 

efficiency of Photovoltaic panel with water flow to the 

backside of PV panel. This water cooling mechanism is one 

way for maintaining a low operating temperature during its 

operation period. In this paper current advances in cooling 

techniques and temperature control of photovoltaic panels 

are analyzed and mentioned. 
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I. INTRODUCTION 

Although huge amount on Earth, solar energy for electricity 

production is still in little used. The performance 

characteristics of photovoltaic cells can be changed due to 

intrinsic and extrinsic factors. Some factors are resulting 

from the manufacturing process and the material used, and 

others are environmental factors such as solar radiation and 

ambient temperature. Increasing the Operating temperature 

of the PV panel leads, in particular, to the reduction in open 

circuit voltage (𝑉𝑜𝑐) and a slight increase in short circuit 

current (𝐼𝑠𝑐), which does not compensate for the loss caused 

by the reduction of voltage, therefore there is a clear loss of 

power and loss of power conversion efficiency (𝜂).The 

operating temperature plays an essential role in the PV 

energy conversion process. The electrical performance of a 

PV module which involves both the electrical efficiency and 

the power output depends linearly on the operating 

temperature. All previous investigations agreed that the 

performance of PV panels reduces with increasing 

temperatures. Therefore, most panels do not operate under 

ideal conditions due to different weather conditions or real 

ones. Since PV panels are more efficient at lower 

temperatures, cooling the PV panels allows them to function 

at a higher efficiency and produce more power. Panels can 

be cooled actively or passively. An active system requires 

some external power source to run. Many researchers have 

investigated and proposed different techniques of active 

cooling, consisting of forced air or water-cooling, to 

increase total energy output of the PV panel.Solar energy is 

one of the freely available energy obtained from nature and 

among the various established means of solar energy 

utilization; PV technology is a promising one. Solar energy 

is renewable sources of energy that has greatest potential 

that if only a small portion of this energy is used, it would 

be more than the entire world would require. A well-

established method of the direct conversion of solar energy 

into electrical energy is by means of Photovoltaic effect. 

Photovoltaic cells are made of semiconductors that generate 

electricity when they absorb light. Solar radiation has 

photons of various ranges of wavelength and energies that 

are converted to electro motive force in a PV cell. However, 

most of the solar radiation incident on a PV cell is not 

converted to electricity, but is converted to heat, increasing 

the temperature of the PV panel, thereby reducing the 

efficiency of the panel. It is well known that a decrease in 

the panel temperature will lead to an increase in electrical 

efficiency, so in recent years different cooling techniques 

have been proposed and tested experimentally. Several 

cooling techniques have been tried, mostly based on active 

water and air cooling, as these are the simplest techniques. 

Other cooling techniques include conductive cooling, phase-

change material cooling, etc. Increase in electrical efficiency 

depends on cooling techniques, type and size of the module, 

geographical position and the season of the year, and usually 

corresponds with a rise of 3-5%in overall efficiency. 

 
Fig. 1: Dependence of the Photovoltaic power output on 

panel operating temperature. [2] 

II. LITERATURE REVIEW 

R.Hosseini et al. [1] experimentally studies the combination 

of PV system cooled by thin film of water with an extra 

system to use the heat transfer to the water has been 

considered. The experimental setup consist of 2 separate 

solar panel each area of 0.44m
2
.One of the PV panel is 

employed in a combined system with a film of water 

running over its front surface and an extra fabricated system 

to use the heat generated by the panel. The other panel is 
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used as reference panel. Water pumped to the feeding tubes, 

leaves the opening and run over the panel as a thin film. The 

flow rate is 1liter per minute. The result shows that the 

power output and electrical efficiency of combined PV 

system is much better than the reference panel system. Also 

the heat remove by the water from the PV panel is utilised 

for heating purpose, thus the overall efficiency of combined 

system more than the reference panel. 

K.A.Moharram et al. [2] studied experimentally the 

enhancement of performance of photovoltaic panel by water 

cooling. Their work shows the impact of cooling with water 

on the performance of PV panel of a PV power plant in the 

German University in Cario (GUC),Egypt. A cooling rate 

module and heating rate module has been developed. A 

numerical model has been developed to decide when to 

begin cooling of panel as the temperature of it achieves the 

maximum allowable temperature (MAT). A cooling model 

has been used to decide to what extend it brings to cool 

down the PV panel to its ordinary working temperature i.e. 

35°C. Based on this model, they concluded that panels 

provides the higher energy output if the cooling is provided 

when the PV panel temperature reaches the MAT of 45°C. 

MAT is the temperature between the power output from the 

PV panel and the power needed for cooling. 

D.Baskar et al. [3] have experimentally discussed 

about the improvement of photovoltaic water pumping 

system. The test setup comprises of 26 PV panels and one 

positive surface displacement pump with DC magnet motor. 

The water spraying is atomized by means of control system 

and spraying unit. The control system consist temperature 

sensor and micro controller circuit. The water spraying unit 

includes solenoid valve and water flow pipe. The water is 

fed by the pump over the surface of panel. It is found that 

water sprayed over the panel powerfully improves the PV 

cell efficiency and subsystem efficiency by 3.26% and 

1.40% respectively. 

H.M.Bahaidarah et al. [4] have given their 

experimental results on the performance of a PV panel with 

water cooling. The experimental setup is combination of PV 

module (mono-crystalline material, 230W rated power) with 

a solar thermal collector. The cooling panel was connected 

to the back side of the panel and equipped with inlet and 

outlet ports for the water go with the flow. The water 

flowing through the collector received the waste heat from 

the panel and produces hot water.The energy produced by 

the panel was stored in batteries. From the experimentation 

it is found that due to active water cooling the cell 

temperature is dropped near about 20%, this cause to 

increase in electrical efficiency up to 9%. 

J.A.Gotmare et al. [5] have experimentally studies 

about the effect of fin cooling on the performance of the 

photovoltaic module. The experimental setup includes 2 

separate PV panel of 37W having area of 0.315 m
2
.  For the 

passive cooling, total 9 fins made up of aluminium sheet 

having 0.8mm thickness with different cross-section are 

connected alternately at the back side of panel with thermal 

grease in order to improve the heat transfer rate from the PV 

panel. The result shows that the variation in average cell 

temperature for with fin and without fin were 59.5°C and 

60°C.Passive cooling of the PV module causes the reduction 

in cell temperature by 4.2% and the power output was 

improved by 5.5% under natural convection. 

 
Fig. 2: Backside of the PV panel with Fins [5] 

H.G.Teo et al. [6] have experimentally discussed 

about an active cooling system for photovoltaic modules. A 

hybrid photovoltaic solar system was designed. To 

effectively cool the PV cells, an array of air ducts with inlet 

and outlet ports was carefully designed for uniform airflow 

distribution which is attached at the rear side of PV panel. 

Fins were fitted inside the duct to increases the heat transfer 

rate from the PV panel to the moving air. The 

experimentation were performed with and without active 

cooling. From this it is found that module with active 

cooling has low temperature which results to increase in 

solar cell efficiency up to 12% to 14%. 

 
Fig. 3: Schematic diagram of the experimental set up [6] 

S.Krauter [7] considered the impacts of cooling 

photovoltaic array with film of water on the power 

generated by array. He utilized a strategy for lessening the 

reflection by flowing water over the front surface of PV 

array. The end results confirmed that cell temperature 

dropped to 22°C and enhanced electrical power 10.3% 

throughout day. 

M.Ali et al. [8] have studied the experimental 

investigations of PV cells through micro-channel cooling. 

An experimental set up is advanced for performance 

investigation of PV panels for real condition. Two separate 

PV panels are used, one is used as reference panel and other 

is fabricated 4mm thick aluminium sheet having micro-

channel of cross segment of 1mm×1mm. The experiment 

result show that the surface temperature of PV panel drop of 

around 15°C, which increases the power output up to 12% at 

maximum applied water flow rate of 3 LPM. 
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S.Iqbal et al. [9] have performed an experiment in 

order to observe the impact of cooling on the energy 

conversion efficiency of PV cell. The experimentation was 

conducted with the polycrystalline solar panel of 12 W 

having 36×4 cm
2
 of area. Following are the component of 

cooling system; Water cane (5liter), hose with a knob to 

control the flow, a sponge which absorbs the water and a 

pipe utilized for water collection. It was observed that there 

is a direct connection between temperature and efficiency of 

PV module. From the result it was found that the 

temperature of water cooling of PV panel reduces by 4-5°C 

which shows an increment in the efficiency from 7to12%. 

S.M.Salih et al. [10] experimentally shows water 

spraying technique to enhance PV panel efficiency and 

improve the net power saving. Forced water spraying and 

cooling technique with constant flow rate of water on PV 

array surface is planned and executed. The experimental 

results show that reduction in surface temperature of PV 

array significantly increases system sufficiency. The average 

value of efficiency for spraying system along one day was 

17.8%. 

Alok kumar et al[11] experimentally compares the 

most commonly used insert geometries. Different 

geometries taken in this study include twisted tape, twisted 

tape with ring, circular band, multiple twisted tape, twisted 

tape with conical rings, and so on and used air under 

turbulent flow regime as working fluid. On the basis of 

comparison and graph obtain, it is found that the thermal 

performance factor in case of single twisted tape insert is 

higher and the overall heat transfer rate in case of twisted 

tape with circular ring is maximum. 

III. CONCLUSION 

Solar cells generates more electricity when receive more 

solar radiation but the efficiency drops when temperature of 

solar cell increases. Loss of efficiency due to raised 

temperature of PV panel can be reduced by the heat removal 

from the back surface of the panel with the help of water 

circulation .This work will shows that decreasing the panel 

operating temperature, when subjected to cooling apparatus, 

is the factor responsible for the increase of the voltage and 

consequently the increase of the amount of energy produced. 

Increasing the efficiency and the power output depends 

largely on reducing the PV surface temperature, which 

allows the greatest benefit from the whole system. 
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