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Abstract

Photovoltaic panels are sensitive to temperature variables. When the ambient
temperature and solar intensity on these panels increase, the operating temperature of
these panels also increases linearly, which causes a loss of conversion efficiency and
damage to these panels. Therefore, to overcome this issue and maintain the working
temperature of photovoltaic panels, it is necessary to dissipate heat from these panels.
In this research, the experimental method of cooling using phase change materials has
been investigated. Therefore, the types of phase change materials, their properties,
and also a review of previous studies have been done. For experimental purposes, two
photovoltaic panels with a nominal power of 90 watts have been used, one of which
has been used as a reference panel and the other as a cooled panel. The aluminum
container is located behind the cooled panel, and to increase heat transfer, the container
is equipped with 50 pin fins. The inside of the container is filled with saltwater with a
mass ratio of 3 to 1. The panels were tested at 45 and 25-degree angles, respectively.
The panels were located on a structure with the ability to change the angle. The effect
of changing this parameter on the output power of these panels and system efficiency
has also been investigated. Comparison of electrical efficiency parameters and output
power of photovoltaic panels shows a significant improvement in the efficiency of
these panels, so that on average in the first case, 11.83% and in the second case, 11.4%
increase in efficiency has been observed.

Keywords: Photovoltaic, Cooling, Phase change materials.

Introduction

The global need for energy is growing. Recent research by the US Energy Information
Administration (EIA) estimates that electricity generation will increase by about 45% by
2040[1]. Renewable energy is expected to have the highest development in the global energy
market, with an average growth of 2.8 percent per year. Initially, renewable energy replaces
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coal-fired power plants, followed by liquid fuels, which lose 15% of the market share. As of
2018, solar photovoltaics have accounted for 36% of the newly added energy capacity and
then wind 18% of this capacity[2]. Photovoltaic panels are sensitive to temperature variables.
When the ambient temperature and light intensity on photovoltaic panels increase, the operating
temperature of these panels also increases linearly. Increasing the operating temperature of
photovoltaic panels reduces the open-circuit voltage. Results lead to loss of efficiency and cause
irreparable damage to photovoltaic panel materials. Therefore, to overcome these effects and
maintain the operating temperature of photovoltaic panels and the output power determined by
the manufacturer, it is necessary to dissipate heat from these panels[3]. An increase in electrical
efficiency up to 5% is observed with PV-PCM integrated systems. The results show that the
phase change material combined with heat sink is significant in improving the performance.
The number of fins, distances, and lengths affect the conductivity and convection of the phase
change material, thus influencing the melting time and temperature regulation performance. Due
to the energy storage capacity per unit mass, a lot of research has been done on the use of phase
change materials in solar energy[4]. This energy can also be used in other applications such as
heat pumps [12], refrigerators [5], .water heating for domestic use[6],[7], space heating[8], and
water purification[9].

Y.

Experimental Study

In this test, two similar photovoltaic panels with a maximum power of 90 watts were used.
One of these panels is selected as the reference and the other as the cooled panel. The cooling
container has dimensions of 5 X 50 x 120 cm and is made of 1050 aluminum with a thickness of
5 mm. Fifty aluminum pin fins with 12 mm thickness and 45 mm height have been used. First,
the aluminum sheet is perforated to connect the pins, and the pins are pressed into the holes and
then connected to the back of the container by aluminum welding. In other connection points,
aluminum welding has been used in the construction of the container. A bolt and nut connection
was used to join the container to the photovoltaic panel, and epoxy resin was used for sealing.
In order to cool, a combination of water and salt with a mass ratio of 3 to 1 has been used.
The experiment is performed in two cases. To examine the cooling method and its advantages,
changing the angle of the panels is also investigated. Based on the angle of the panels, the test
cases are defined in two cases: the first case is 45 degrees to the horizon, and the second is 25
degrees to the horizon.

Figure 1: Aluminum container made for the experimental setup.
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Figure 2: Test location and placement of the plates.

The parameters measured in this experiment are input solar intensity, reference panel voltage
and current, cooled panel voltage and current, reference panel surface temperature and back
temperature, cooled panel surface temperature, Container temperature, and ambient temperature.

Results

In the first case, the maximum temperature of the reference and cooled panels were recorded
as 63.2 and 54.3 ° C, respectively. Cooling reduces the cooling panel temperature by a
minimum of 7.58 °© C and a maximum of 12.2 ° C. According to Fig 3a, due to the increase in
solar radiation intensity until noon, the output power of photovoltaic panels also increases and
then begins to decrease. Also, the lowest increase in efficiency at was 8.54 percent, and
the highest growth inefficiency was 12.1 percent. As Fig 3a shows, the effect of cooling on
increasing electrical power is evident. The lowest and highest increase in power of the cooling
panel compared to the reference plate was recorded equal to 4.8 and 7.2 watts, respectively. In
the second case, the maximum temperature of the reference and cooled panels were recorded
as 67 and 55.7 °© C, respectively. Cooling reduces the cooling panel temperature by a minimum
of 8.2 ° C and a maximum of 13.3 ° C. According to Fig 3b, the lowest increase in efficiency
was 8.8%, and the highest increase in efficiency was 12.9%. The lowest and highest increase
in power of the cooled panel compared to the reference panel was recorded equal to 2.5 and 8
watts, respectively.
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Figure 3: output power and electrical efficiency Graph
of photovoltaic panels in the Experiment study.
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Switching from an angle of 45 degrees to 25 degrees resulted in more solar radiation received
during the experiment. As the solar heat was received, the reference and cooled Panels recorded
higher temperatures. Increasing the operating temperature of photovoltaic panels in the second
case of study has led to more efficient cooling in this method and more temperature regulation,
and increased electrical efficiency and power.

Conclusion

Photovoltaic panels are sensitive to temperature variables. When the ambient temperature
and solar intensity on these panels increase, the operating temperature of these panels also
increases linearly, which causes a loss of conversion efficiency and damage to these panels.
Therefore, to overcome this issue and maintain the working temperature of photovoltaic panels,
it is necessary to dissipate heat from these panels. One of the suitable methods for cooling
photovoltaic panels is by using phase change material. Experimental investigation of cooling by
phase change materials has been performed in two cases in this study. Comparison of electrical
efficiency parameters and output power of photovoltaic panels shows a significant improvement
in the efficiency of these panels, so that on average in the first case, 11.83% and in the second
case, 11.4% increase in efficiency has been observed.
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