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Abstract: The temperature of silicon Poly-Crystal photovoltaic (PV) solar panels has a significant impact on their efficiency

emphasizing the necessity of cooling approach to be used. The current study looked at the impact of adopting a unique forced
convictive air-to-air heat exchanger as a cooling approach to boost the efficiency of PV solar panels, as efficiency of silicon
Poly-Crystal PV solar panels would decrease as its temperature increased. The research was carried out experimentally with
both an uncooled and cooled PV system. A unique cooling system for PV panels was designed and experimentally investigated
in Amman, Jordan included a heat exchanger connected to a blower that drove ambient air over the back-panel surface and a
chimney to draw the cooled air outside. This cooling system would improve the PV panel's efficiency. It was found that by
directing cooled air over the bottom surface of the PV module at an ideal rate of 0.01020 m3/s, the temperature of the PV

module could be reduced from an average of 40 °C (without cooling) to 34 °C. As a result, the efficiency and output power of
PV modules increased by roughly 2 % and 12.8 %, respectively.
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for high power demanding is the high cost and the
1. Introduction solar radiation received by PV thermal systems but
not converted into electrical energy causes a thermal
issue that has a major impact on the PV cells'
durability and performance [3-4]. As a result,
researchers are focusing on finding ways to reduce
cost and increase the power produced.
Despite the fact that the PV cell generates energy, it
was observed that the efficiency decreases as the
temperature of the PV cell rise . Temperature is a key
element that stops PV solar panels from producing
energy and causes them to lose efficiency [5, 6].
When a PV module is exposed to sunlight, the amount
of heat energy converted to usable energy is around
31% with a higher proportion conversion to heat
energy that causes the temperature of the module to
increase, resulting in a reduction in the generated
electricity [7]. According to research on the effects of
increasing PV cells' temperatures on its efficiency it
was reported that output voltage of a solar cell
declined by 4%-5% for every 1°C increase in
temperature. Higher cell temperatures not only reduce

Electrical power via photovoltaic (PV) solar panels
over the last decade was generated in more than 100
countries. Unfortunately, it didn’t reach the 5-
terawatt level in the whole world. Therefore,
electricity produced via PV panels is a tiny fraction of
the total global electricity generation. Global solar
power capacity rose from 25 GW in early 2010 to
approximately 618 GW in 2019 which was reflected
on the increase in total investments in the solar energy
sector especially in the Middle East and North Africa
countries [1].The first conventional PV panel was
produced around 1950 [2] and its purpose was to
provide power to satellites orbiting around the earth.
Later, improvements on the PV panels kept rolling the
costs down and the performance was enhanced where
the usage was mainly limited to low power needs
(charging batteries, signal telecommunication
equipment’s, remote terrestrial applications, etc.).
The main problem associated with using PV panels
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power output, but they also increase cell
deterioration, resulting in early failure [8-9]. As a
result, cooling the PV cells was required to improve
their efficiency[10] . To improve PV systems overall
efficiency more emphasis should be given on
operational issues and PV cooling system design
which could be a heat exchanger attached to the
bottom surface of the PV module and could collect
heat from air or water [11].

Because of their low construction costs (material
usage) and operating costs, PV-air systems have been
nominated for use in a variety of intriguing
applications [12]. Even though air-based systems
have limited effectiveness due to low air density and
heat capacity, such technology is appealing in hot
climates with limited water supplies [13]. Active
cooling methods which use fans to push and
accelerate the flow rate of air to the PV module are
one of the many air cooling technologies that strive to
increase the efficiency of PV systems and extend their
lifespan. [14, 15]. The efficiency of an active air-
based cooling system can be enhanced (5 % -10%)
[16]. This means that active cooling approaches
provided greater power as well as more available
energy [17]. Furthermore, a study on an air-based
cooled PV system using a blower fan and a
specifically constructed duct system was suggested
for cooling a PV panel by induced airflow on the PV
panel's backside surface. The duct system increased
convective heat transport, and it was designed to
maximize the PV panels' power output. With a 30°C
drop in PV panel operating temperature the efficiency
gained ranged from 12% to 14% on average [18].

Natural convection along the PV panels' bottom
surface have been studied by Moshfegh and
Sandberg. They used a 7 m module length with an air
gap of 0.23 m in their studies to investigate heat
exchange through radiation. The emissivity of the
boundary surfaces and various input heat fluxes were
factored in. They also reported that the surface
beneath of the PV panel had absorbed around 30% of
the heat produced by the solar panel while the residue
being lost by convection [15]. Another investigation
was done by Salaudeen, 2019 to assess the
performance of a thermal energy storage system using
paraffin wax as the storage medium and air as the heat
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transmission fluid. Because of its availability and
durability, Salaudeen discovered that air was the
optimum heat transfer fluid [19]. Teo et al., conducted
a rew study to improve the electrical efficiency of air-
cooled PV modules. The work investigated the
impacts of active and passive cooling using both
analytical and simulation analyses. One of the results
of their study was a newly constructed manifold,
which enhanced airflow uniformity, therefore
enhanced temperature distribution  uniformity.
Because of the minimal temperature gradient, thermal
stress was reduced, extending the system's lifetime
[20].

In this paper, an experimental assessment of a PV
system with a cooling design that would enhance the
system efficiency was performed by employing a heat
exchanger based on forced convection. The main goal
was to develop and test a cooling strategy that could
achieve a uniform temperature profile while
maintaining the cell temperature to a minimal level.
The ambient data needed for the analysis was
collected on a specific April day. Based on radiation,
thermal, and electrical factors, a detailed analysis of
the PV system was conducted. The entire
performance of the cooled and uncooled PV was then
evaluated using the PV system model. For the thermal
and electrical characteristics, the experimental results
were compared to the model.

2. Experimental Procedure

2.1. Solar Radiations in Jordan

Solar radian measurements were taken during the
spring season in Jordan that includes the month
of April. Jordan is well known for its high-quality
solar radiation and clear sky around the year. In
Jordan, the amount of solar radiation is high
compared with other countries because the angle
of fall is close to the vertical angle as shown in
Figure 1. Figure 2 showed the hourly solar
radiation for measurement day 1. The maximum
solar radiation occurred at 11:00 am with around
820 W/m? of solar radiation. This value was
considered an excellent value for such a day in
April since the weather was partially hot with
clear sky. Therefore, the maximum value of the
solar radiation was taken as an input for the
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design of the adopted heat exchanger which then
was used to estimate the available heat power to
be dissipated from the PV solar panel.

Direct Normal Irradiation Jordan
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Figure 1. Solar Radiation Distribution in Jordan
[21].
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Figure 2. Solar Radiation during April Day 1
Measurement.
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3. Heat Exchanger Design
Figure 3 showed the suggested air-to-air heat
exchanger with simple design.
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Figure 3. A Sketch for Designed Air-to-air Forced
Heat Exchanger.

The PV cooling system and its main designed air-
to-air forced heat exchangers are shown in Figure
4.

1,PHOTO VOLTAIC PANEL.
2.SMALL PV PANEL .
3.CHIMNEY.

4.HEAT EXCHANGER. & e =

Figure 4. The Proposed PV Cooling System.

3.1. Heat Exchanger Design
Equation 1 was used to calculate the amount of heat
that may be rejected during cooling of the system.
From measurement day 1 the maximum radiation of
820 W/m? was found.
Qabsorbed = Qradiation *

emissivity low iron glass 1
Used Glass emissivity was 0.9, the energy absorbed
by the panel was around 1.9 W and energy absorbed

Volume 16, 2021



WSEAS TRANSACTIONS on POWER SYSTEMS
DOI: 10.37394/232016.2021.16.16

by panel that will be converted to electrical and
thermal energy Qinermar Was calculated to be 92 W.
Convection heat transfer coefficient was given in
Equation 2.
Q:H*A*(Tpv_Tair) 2
The required area of the heat exchanger with
estimated efficiency of around 94% was estimated to
be equal to (A = 0.155m?).
The heat rejected area by forced convection via the
proposed heat exchanger was calculated based on
Equation 3.
Vb = (3.14/4) *(D? — d?) 3
Where D was the outer diameter in meter for the
blower fan (9 cm) and d was the inner diameter in
meter for blower fan (3cm), which resulted in a value
of (Vp=5.6548*10" m?). Assuming the fan speed was
110 RPM, the resulted volume flow rate of air was
equal to Q (= 0.01020 m®/s) based on Equation 4.
Q =Vp *speed
4
Therefore, the generated power from solar panels
could be calculated based on Equation 5.

P = Voc * Isc * FF 5
Where Voc was the measured output voltage in volte
and Isc was the measured output current in Amber.

/160

4. Results and Discussion

4.1. Experimental Measurement 1

The weather measurement day was a normal clear-
sky spring day in April

Figure 5 showed the measured air and solar panel
temperature without cooling in Amman-Jordan for
the period from 10:00 a.m. to 15:00 p.m.

It was clear that the solar panel temperature being
higher than the ambient temperature of air during the
whole measured day time with difference around 4°C.
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Figure 5. Measured Air and PV Temperature
without Designed Cooling System.

Figure 6 showed the measured temperature of PV
with and without cooling system. Notable difference
in temperature values could be seen which clarified
the effect of the designed cooling system in reducing
the temperature of the PV panel. As the designed
cooling system was able to reduce the temperature of
the solar panel, the output voltage also was increased
as seen in Figure 7 with voltage difference around 2
Volts.
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Figure 6. Measured PV Temperature with and
without Designed Cooling System.
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Figure 7. Measured Output Voltage for PV Panels
with and without Designed Cooling System.

4.2. Experimental Measurement 2

During this day the weather was hot with a clear sky
and. Figure 8 showed the radiation in the period from
8:00 a.m. to 15:00 p.m. daytime, where maximum
radiation was 860 W/m? around 11:30 a.m.
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Figure 8. Solar Radiation During Experimental
Measurement 2.
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Figure 9. Measured Air and PV Temperature
without Designed Cooling System.

From Figure 9 the PV temperature was around 57 °C,
while ambient air temperature was around 40 °C.
Difference in temperature was seen in the measured
period from 8:00 a.m. to 15:00 p.m. daytime. Adding
the forced air-to-air heat exchanger cooling device
was able to reduce temperature of PV panel even in
hot weather as seen in Figure 10. With more than 10
degrees reduction a resulted measured output voltage
of the cooled solar panel was higher than the uncooled
one with around 2 volts difference as seen in figure
11.
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Figure 10. Measured PV Temperature with and
without the Designed Cooling  System
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Figure 11. Measured Output Voltage for PV
Panels with and without the Designed Cooling
System.

The calculated efficiency of solar panels with and
without cooling system were shown in Figure 12. The
efficiency of panel without cooling at 39°C and
radiation equal 875w/m? was 12.34%, and with the
cooling system at 34.7°C and radiation equal 875
W/m? was around 14.16%. The increase in the
efficiency was 1.82%.
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Figure 12. Measured Output Voltage for PV
panels with and without the Designed Cooling
System.

5. Conclusion

To increase the efficiency of cooling silicon Poly-
Crystal photovoltaic solar panels, an experimental
and theoretical study was conducted to build a unique
forced convicting cooling design of air-to-air heat
exchanger. For local conditions in Amman, Jordan,
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the experiment was conducted to assess ambient air
temperature, photovoltaic temperature, output
voltage, and efficiency for silicon Poly-Crystal
photovoltaic solar panels with and without cooling
system. The cooling system was used to cool the
photovoltaic panel's back surface and improve its
performance at the same time. The results showed
that by channeling cooled air over the bottom surface
of a photovoltaic module at an ideal rate of 0.01020
m/s it was possible to reduce the temperature of a
photovoltaic module from an average of 40 °C
(without cooling) to 34 °C. Photovoltaic module
efficiency and output power was improved by
roughly 2 % and 12.8 %, respectively at this optimal
flow rate and due to the decline in photovoltaic
module temperature.
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