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Abstract 

 

The work presents the cooling techniques to increase power output of PV panel with the use of a phase change material (PCM) 

and Wick materials. The work has been focused on the experimental setup and simulation heat extraction from the PV panel with 

the use of ANSYS software. A modification of CIS PV module was made with a eutectic mixture (70:30) of Calcium chloride 

hexa hydrate (70%) and Iron (III) chloride hexa hydrate PCM. The experimental results show that the maximum temperature 

difference on the surface of PV panel without PCM was 9oC higher than on a panel with PCM in a period of one day. Final results 

show that the electricity production of PV-PCM panel was higher for 96.55 Whr in a particular day of experimentation. As 

validation of the passive cooling technique of PV-PCM, the PV module are packed with cotton and jute wick materials separately 

in the back surface and tested. And the result shows that the maximum temperature difference on the PV panel without wick 

material is 2oC higher than jute wick material and 11oC higher than cotton wick material in a period of one day. Referring to 

experimental results the calculation of the maximum and average increase in power gain of 141.77 Whr for cotton wick-PV module 

and 33.28 Whr for jute wick-PV module. 

 

Keywords: phase change material (PCM), PV module, Wick materials 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Fossil fuels were a promising energy source for providing human energy needs, but the energy crisis in 1973 showed dependence 

on this energy source to be a threat to national security and economic stability. Furthermore, fossil fuel resources are going to be 

depleted, as human energy consumption has increased during the last century. Carbon emissions related to improper use of fossil 

fuels led to global warming, which is ruining the Earth on which we are living. However, renewable energy sources (RES) such as 

solar and wind will not diminish over time and are independent of fluctuations in price and availability. In recent years PV 

technology has emerged as a mainstream technology for generating clean and secure electricity in a decentralized fashion. 

Photovoltaic system converts sunlight directly into electricity. Photovoltaic power generation system consists of multiple 

components like cells, mechanical and electrical connections and mountings and means of regulating and/or modifying the 

electrical output. These systems are rated in peak kilowatts (kWp) which is an amount of electrical power that a system is expected 

to deliver when the sun is directly overhead on a clear day. A grid connected system is connected to a large independent grid which 

in most cases is the public electricity grid and feeds power into the grid. Thin film, or amorphous, silicon cells are made up of 

silicon atoms in a thin layer rather than a crystal structure, they are potentially cheaper than traditional panels but less efficient, in 

the realm of 20% to 30% of light-to-voltage conversion.Typical thin-film solar cells are one of four types depending on the material 

used: amorphous silicon (a-Si) and thin-film silicon (TF-Si); cadmium telluride (CdTe); copper indium gallium deselenide (CIS or 

CIGS); and dye-sensitized solar cell (DSC) plus other organic materials. A grid-connected photovoltaic power system, or grid-

connected PV power system is an electricity generating solar PV power system that is connected to the utility grid. A grid-

connected PV system consists of solar panels, one or several inverters, a power conditioning unit and grid connection equipment. 

They range from small residential and commercial rooftop systems to large utility-scale solar power stations. Unlike stand-alone 

power systems, a grid-connected system rarely includes an integrated battery solution, as they are still very expensive. When 

conditions are right, the grid-connected PV system supplies the excess power, beyond consumption by the connected load, to the 

utility grid. 
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II. LITERATURE REVIEW 

Rahmanet al (2015) validated the performance characteristics of the PV plant affected by various factors and reported that the 

experiment showed that all the parameters affect PV module performance. The output of the solar cell increased with irradiation. 

For every 100 W/m2 increase in irradiation, solar cell output power increases to 2.94W and 4.35W without and with cooling system, 

respectively. The efficiency of the solar cell decreases when cell temperature increases. The temperature of the solar cell increases 

with irradiation. At the 1000 W/m2 irradiation, the temperature of the solar cell increased to 56 °C, and the efficiency decreased to 

3.13%. For every 100 W/m2 increase in irradiation, the solar cell temperature increased to 4.93 °C and 2.64 °C, respectively, 

without and with a cooling system. At the 1000 W/m2 irradiation, the electrical efficiency decreased by 0.06% for every 1 °C 

increase in solar cell temperature. At 80 L/h cooling water flow rate and 1000 W/m2 irradiation, the solar cell temperature decreased 

to 22.4 °C, and the output power and efficiency increased to 8.04 W and 1.23%, respectively. The output power decreased to 3.16 

W when relative humidity increased by 20%. With 0.012 g of dust for every cm2 of PV module surface, output power decreases 

to 7.70 W, and efficiency decreases to 1.47%. Temperature, humidity, and dust affect PV module energy efficiency, whereas water 

cooling minimizes the temperature effect and increases efficiency. T.G.Teo et al(2012); designed an Active cooling system by 

using the forced air  allowed in PV/T air duct , An array of air ducts that allowed air to pass through was attached  

 Underneath the PV modules. Fins were fitted in the duct to increase the heat transfer rate from the PV panel to the moving fluid. 

The D.C blower which is connected to the batteries extract the air from environment and cools the Module, to make the blower to 

run at different speed  

 A.C blower is also used and the air flow is controlled by a control valve. D.J.Yang et al (2012), made an experiment on PV 

module by applying water tubes under the back surface of the PV module, The PV module is fabricated with a FGM layer of Al 

and High Density Poly Ethylene (HDPE). The water tube made up of copper with a diameter of 6mm is made to cast on FGM 

layer with a separation of 2.5cm. Eight T type thermal couples (±1̊ C) are attached on the panels to detect the temperature 

distribution of the PV cells and water. The solar panels are tested in a solar room equipped with a metal halide lamp, which can 

provide irradiation up to 4 KW/m2. The panel is fixed on a wood frame with 45 ̊ tilt angle so that the panel surface is normal to the 

irradiation. Cataline George Popovici et al(2016); made a heat sink for cooling the PV panel by which they used a heat sink with 

ribs, for different heights and angles of the ribs. The heat sink that is attached at the back of PV panel is realized from a metal with 

high thermal conductivity, like copper or aluminum. The heat sink is composed from a ribbed wall Once the height is growing 

another row of holes is added on the rib. The inclination of the ribs toward the vertical is also variable. The angles studied in these 

are of 45°, 90° and 135°.The cooling of the photovoltaic panel is directly proportional with the height of the ribs and inversely 

proportional with their inclination angle. Lower values for operating temperature of the cell are registered for the angle of 45 °. 

The average temperature of the PV cell decreases when the 45° angle is used with about 1°C comparing to the 135°;from the 

studied configuration, the raise of maximum power produced by photovoltaic panel is from 6.97% to 7.55% comparing to the base 

case, for angles of the ribs from 90° to 45° respectively. 

III. PROBLEM DESCRIPTION  

From the above papers, it is evident that more research has been done for Active Cooling Process mainly concerned only with 

Liquid Cooling. But it is obvious that less number of work has been reported in the Passive Cooling by the use of Heat Sinks.  

Considerable PV system Parameters were obtained from the papers; And a detailed view about the FEM modeling were obtained 

from it. Studies to reduce the PV module back surface temperature and in turn enhance the performance of the system has been 

reported rarely for Indian conditions. An Ansys Model and simulation to be created by which Simulation result can be obtained 

which can be the validating factor for the experimental results. Some Papers gave a detailed study about the properties of materials 

which would help to select the appropriate material with high thermal conductivity and less density.  

IV. EXPERIMENTAL WORK 

The CIGS PV panel was modeled using Solid works 14 software. Model was done by using the design readings of the panel which 

taken from the CIGS panel from Centre of Energy Studies and the thermal parameters were obtained from the literature survey. 

The PV panel contains of 4 layers. This each layers are individually designed and assembled. PV cell is sanwitched between the 

EVA layers, where the top layer consist of glass and tedler sheet is the bottom layer. The overall panel weight is 13 kg.The 3D 

view of the models is shown below. 



Simulation for Enhancing the Performance of Solar PV Module Using Passive Cooling  
(IJSTE/ Volume 7 / Issue 9 / 003) 

 

 All rights reserved by www.ijste.org 
 

13 

 
Fig. 3.1: Hollow annular fin with plate                       Fig. 3.2: Circular hollow fin 

 The different types of heat sink has been designed for the maximum heat transfer with the minimum weight. As increase in the 

surface area can improve the heat transfer rate by the convection law of cooling. 

Q = h*A*dT 

 For the design aspect the tubular and annular fin can transfer more heat with the less weight; Because of large surface area. After 

modelling the fin, it can assembled with the PV panel in the modelling software. Here the hollow circular heat sink and the hollow 

annular heat sink with plate was simulated in software.  

 In Ansys workbench choose the steady state-thermal model. Steady-state thermal analysis calculates the effects of steady thermal 

loads on a transient thermal analysis, to help establish initial conditions. A steady-state analysis also can be the last step of a 

transient thermal analysis, performed after all transient effects have diminished. This sub model used to determine the temperatures, 

thermal gradient and heat flow rate. 

 Fig.3.4 represent the temperature distribution of the PV panel without using heat sink. This situation the temperature of the panel 

up to 710C. This leads to decrease the conversion efficiency of the panel. In Fig 3.5 using the hollow annular fin with the plate. 

Each set of plate having 10 fins. For simulation purpose using the material is Aluminium 1060 alloy. In Fig.3.6 using the hollow 

circular fin as the same material. 
Table - 3.1 

Properties of Aluminum 6061 

Layer Thickness Thermal conductivity(w/m-k) Density (kg/m^3 Specific heat capacity J/KgK 

Glass 0.003 1.8 3000 500 

ARC 100 x 10^-9 32 2400 691 

PV Cells 225 x 10^-6 148 2330 677 

EVA 500 x 10^-6 0.35 960 2090 

Rear contact 10 x 10^-6 237 2700 900 

PVF 0.0001 0.2 1200 1250 

 
Fig. 3.3: Meshing of modelling 
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Fig. 3.4: Temperature distribution without heat sink 

 
Fig. 3.5: Temperature distribution with hollow annular heat sink 

 
Fig. 3.6: Temperature distribution with circular heat sink 

 
Fig. 3.7: Transient-thermal relation for hollow circular heat fin 

 Transient thermal analysis determines temperature and other thermal quantities that vary over time. A transient thermal analysis 

follows basically the same procedure as a steady-state thermal analysis. The main difference is that most applied loads in a transient 
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analysis are function of time. To specify time dependent loads, either use function tool to define an equation or function describing 

the curve and then apply the function as a boundary condition. 

V. RESULT AND DISCUSSION 

The CIGS PV panel was modeled using Solid works 14 software. Model was done by using the design readings of the panel which 

taken from the CIGS panel from Centre of Energy Studies and the thermal parameters were obtained from the literature survey. 

The PV panel contains of 4 layers. This each layers are individually designed and assembled. PV cell is sanwitched between the 

EVA layer, where the top layer consist of glass and  tedler sheet is the bottom layer .The different types of heat sink has been 

designed for the maximum heat transfer with the minimum weight. As increase in the surface area can improve the heat transfer 

rate by the convection law of cooling. The temperature distribution along the PV panel were simulated. This will be a steady-state 

condition. But the CIGS panel work under a transient-state condition.so the following method to convert transient condition. To 

interpret the result for the transient-state analysis in the ansys workbench. 
Table - 4.1 

Analysis result of Temperature distribution with different heat sink of PV module 

MODELS MAX (TEMP)℃ MIN (TEMP)℃ 

Temperature distribution without heat sink 71.71 67.03 

Temperature distribution with hollow annular heat sink 42.26 37.94 

Temperature distribution with circular heat sink 41.69 37.99 

VI. CONCLUSION 

The operating temperature of photovoltaic panel has an important influence on its conversion efficiency, this effect is easiest to be 

explored through the main parameters of the PV panel: intensity of the current and the voltage of the photovoltaic panel, which are 

globally expressed as maximum output power. For the studied case, the operating temperature of PV panel reaches about 56 °C, if 

no ribs are used and the maximum produced power is 86% of the nominal one. In case of using a heat sink, even for small heights 

of the ribs, the average temperature of the PV panel is decreasing. According to simulations, the temperature is reduced with at 

least 10 °C below the value obtained in the basic case, this aspect is favorable for the conversion efficiency, determining a 

maximum power produced above 90% of the nominal one. According to for the studied configuration, the raise of maximum power 

produced by photovoltaic panel is from 6.97% to 7.55% comparing to the base case, for angles of the ribs from 90° to 45° 

respectively. Taking into account the intrinsic necessity of ventilating the double skin facades during summer, the presented method 

could represent a cheap and energy efficient solution for cooling photovoltaic panels.  In order to validate these results, an 

experimental research will be realized in future works. 
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