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ABSTRACT

Experimental research on the impact of fin cooling on silicon solar cell performance metrics was
performed, and it was compared to two other cells, one cooled with water and the other without
cooling. Photovoltaic (PV) cell waste heat is dispersed, using aluminum fins. The tests were
conducted out at a variety of ambient temperatures and with varying levels of illumination. Three
test panel were used, the first one used a freestanding photovoltaic system module as a model. The
second has a water-cooling system as well, where the water passes through a serpentine heat
exchanger, and the third has a fin cooling system, in which water passes through a rectangular helical
heat exchanger and fins put on It is equipped with a water-cooling system. as well, although the
water passes through a serpentine heat exchanger. Figures (1) and (2) (Serpentine and rectangular
helical with fins). The suggested cooling technique significantly increases the produced power and
the photovoltaic cell's electric efficiency (helical form) via fins, according to experimental data. At
6 LPM, power climbed to 76.85W and efficiency increased to 9.97%, a performance gain of 38.7%
above the uncooled panel.
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1. INTRODUCTION

The usage of renewable sources of energy is becoming more popular as the number of humans
grows, and ecological concerns grow. One of the most significant sorts of sources of renewables is
solar energy, and it has piqued the interest of many academics throughout the world. Solar energy
may be divided into two different types of energy: electrical and heat energy. photovoltaic board
can be used into generate electrical energy. The incoming irradiance is immediately transformed
into electrical energy by the PV cell. PV systems are the most efficient, converting a tiny amount
of solar irradiation to electricity, sustainable, and environmentally beneficial solutions. The leftover
sun irradiation is transformed into heat, raising cell temperatures and lowering PV module
performance. so photovoltaic (PV) solar panels must be kept cool in order to maintain competitive
efficiencies with other traditional and nonconventional electricity generation methods. In the
previous literature, a variety of cooling techniques have been tried and published. A PV module's
adequate cooling eliminates output loss and extends the PV module's lifetime [1]. A heat sink is a
cooling method that includes removing heat from a solar cell using a metal with a high thermal
conductivity. Popovici et al. Using various combinations of ribbed wall air heat sinks and passive
cooling, on a clear summer day, the temperature decrease of PV panels was numerically examined.
The panel's maximum temperature was found to be lower at 45-degree angle than it was at 135
degrees. According to the study, using a heat sink boosted the maximum power generated by a PV
panel by 6.97 percent and 7.55 percent, respectively [2]. Odeh and Behnia conducted an experiment
to see if cooling PV modules with water may improve their efficiency. The photovoltaic panel was
cooled by installing a water trickling structure above the panel's topmost surface. At peak radiation
conditions, the experimental findings revealed that a 15% increase in system output was achieved
[3]. abdolzadeh and Ameri experimented with splashing water on the front of PV cells. In that
investigation, a 225 W PV-powered water pump was deployed. The effectiveness of PV cells is
increased by spraying water over them by 3.26 percent, subsystem efficiency by 1.40 percent, and
overall efficiency by 1.35 percent, respectively [4]. Farhana et al. to achieve the electrical
performance of the PV module, Researchers looked at the operational temperature variation for the
PV module with and without an active cooling system. Two multi-crystal silicon solar modules
were tested. One of the modules served as a standard, and the other had an aluminium heat sink and
DC brushless fan installed at the bottom of the PV panel. The temperature of the PV module with
the cooling system was 30% and 70% higher than the surrounding air, respectively. The PV module
with the cooling system consequently had a somewhat greater open circuit voltage (Voc) than the
PV module without the cooling system. [5]. Zhu et al. Researchers developed a cooling method
based on liquid immersion for effective removing heat from closely packed solar cells in a densely
concentrated system. At varied Concentration ratios, liquid temps, and flow velocities, the
effectiveness of direct contact heat transfer was examined. The submerged module's electrical
performance was also assessed. According to data from experiments, the temperature of the module
may be lowered to below 45°C, and Convective heat transfer coefficients of greater than 3000 W/m2
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°C are possible [6]. Irwan et al. The PV panel's performance was investigated experimentally
utilizing the water-cooling method. Based on the findings of the tests, The operating temperature
of a photovoltaic panel with the system for water cooling was decreased by temperature ranges from
5 to 23 degrees Celsius, and the power generation was growing by 9% to 22%. Cooling of the water
is one method for increasing the PV panel's electrical efficiency [7]. Hussien et al. In an experiment,
water-cooling technology was employed to boost the photovoltaic/thermal system's electricity
efficiency. The cooling system consisted of a heat exchanger and seven water pipes linked to the
back of the PV panel. the PV panel's electrical efficiency was enhanced more in the case of 0.3 L/s
water flow rate than in the other water flow rate cases [8]. Bahaidarah. The performance of a
Photovoltaic panel with a rear-mounted rectangular heat exchanger (RHX) was compared to that of
a solar panel with no cooling. For rectangular heat exchanger cooling, the greatest cell efficiency
was 13.07 percent, whereas the maximum cell efficiency for PV cells that have not been cooled was
7.82 percent [9]. Bahaidarah et al. Both in terms of experiment and numbers, the performance of a
water-cooled hybrid power system was investigated. An exchanger of heat was built at the rear of
photovoltaic cells to increase Dhahran's solar panel performance. the temperature of the water-
cooled Photovoltaic panels was decreased by approximately 20%, with a 9% improvement in
electricity efficiency Furthermore, the water-cooled PV system collected approximately four times
the amount of energy as the PV-only system. [10]. Nehari et al. The optimum length of the fins was
numerically analyzed to determine how phase change material may be used to increase the power
of the PV panels when cooling is passive. In comparison to the case not having fins, the PV's
temperature was dramatically lowered. Fins with lengths 25mm, 30mm, and 35mm also enable
greater Cooling of PV cells. [11]. Chandrasekar et al. To maintain a steady temperature on the PV
panel, aluminum fins and cotton wick were utilized as a passive cooling system. the cooling system
comprised three fins made of aluminum (630-100-60 mm) Using a wick made of cotton linked to
the crystalline silicon PV cells' backside. According to the experimental results, Using the cooling
system, The PV panel's maximum temperature was lowered by 12 percent while There was a 14
percent increase in output power. [12]. Gotmare et al Experiments were conducted on the utilization
of fins cooling under natural convection to enhance the performance of photovoltaic cells. In the
test, two 37 W PV panels were employed, with 9 aluminum fins mounted to the back of one of
them. When comparing the PV panel with fins cooling to the panel without fins, the cell
temperature was lowered by 4.2 percent, while the output power on average was raised by 5.5
percent. [13]. El Mays et al. (2017). They measured the efficiency of solar panels with fins made of
aluminum. When the standard PV and PV panels are compared, the efficiency of ordinary PV and
PV panels have been increased by 15.9% and 17.7%, respectively. The surface temperature of the
photovoltaic panel, on the other hand, has dropped by about 6 degrees Celsius [14]. Jobair (2017)
To improve efficiency, the solar cell was tested fins that are triangular and rectangular at the rear of
a photovoltaic panel. The analysis was carried out in this situation, taking into consideration
variations in velocity of the fluid, length of fin, thickness of fin, and spacing of fin. The triangular
fin configuration, when compared to the rectangular fin arrangement, has a stronger ability to reject
heat and is more efficient [15]. Cruey et al. Cell temperature fell as the fins' thickness put towards
the back of solar boards rose, whereas panel effectiveness improved at a same rate. thickness of the
fin should be between 2 and 10 mm, according to research. The temperature of the cell increased
when the distance between the fins was increased. A gap of 20 mm to 50 mm was discovered
between the ideal fins. [16]. Mojumder et al. A fin design and forced air circulation were employed
to examine the photovoltaic thermal system. The heat gain increased as the solar radiation rose with
constant air velocity. It has four fins., at 700 W/m? solar radiation, the collector heat gain was
determined to be 159.8 W. [17]. Elsafi and Gandhidasan. The performance of compound parabolic
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concentrated (CPC) and PV/T systems with and without fins was investigated in terms of thermal
and electrical performance. According to the findings, the yearly thermal gain of PV/T with fin was
1% greater than PV/T without fin. In contrast, PV/T with fins had a 3% greater annual electrical
gain than PV/T without fins. When compared to CPC-PV/T (without fin), the CPC-PV/T (fin) was
projected to have a thermal and electrical gain of more than 3% and 8%, respectively [18].

2. EXPERIMENTAL SET-UP

The experimental setup is designed to measure and test three identical and separate PV modules in
identical conditions. On a platform with a 30-degree inclination angle and horizontal support, each
PV cell is oriented south (latitude of Cairo, Egypt).

As areference, the first one used a freestanding photovoltaic system module as a model. The second
has a water-cooling system as well, where the water passes through a serpentine heat exchanger, and
the third has a fin cooling system, in which water passes through a rectangular helical heat exchanger
and fins put on It is equipped with a water-cooling system. as well, although the water passes through
a serpentine heat exchanger. Figures (1) and (2) (Serpentine and rectangular helical with fins).

The test setup was erected on the rooftop of Cairo's high institute of engineering in culture and
science city in On October 6" City. to investigate the effect of cooling on performance of
monocrystalline photovoltaic modules. This was performed in June of 2021, with data being taken
every 15 min from 8:30 a.m. to 3:30 p.m.

During operation, to detect solar radiation, a digital solar power meter was mounted at the same
height as the solar panels. In these tests, Temperature measurements are crucial, hence a calibrated
K type Thermocouple was used to measure the temperature of the lower surfaces. As illustrated in
fig. 3, each PV cell contains sixteen thermocouples connected the cell's backside, sandwiched
Between of steel plate and the cell. The thermocouples' output signal was transferred to DACs,
which stored the information on the laptop. PV current and voltage are both measured during the
functioning of the system, to compute the overall power output of the PV modules. The experimental
test setup's components have all been calibrated.

Fig. 1. A serpentine shape Fig. 2. A rectangular helical shape of copper tube
with fins.
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Fig. 3. The distribution of thermocouples on the PV cell's rear surface.

The experimental setup's installation settings are The experimental setup's installation settings are
29.952654 latitude , 30.921919 longitude , tilt angle 30 , orientation is south at 6 october city ,
Cairo, Egypt. Figure (4) depicts a general view of the entire experimental setup.

Fig. 4. The experimental system is seen in this photograph.

2.1 System description for photovoltaic cooling

This study establishes two similar systems, each having a separate heat exchanger on the solar
power module's backside surface. Figure (5) depicts a schematic design of the setup for the
experiment.
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Fig.5. The PV cooling system in the experimental setup is depicted schematically.

2.2 Calculation techniques

After drawing the characteristic curve at each time and determining the optimal voltage and current
levels, the properties and performance of the three solar panels are analyzed using the equations
below:

e Pn=k*A )
. Ppv = voltage * current (2)
L4 Pmax = Vopt * |0pt (3)
o N¢ = Pmax / Pin 4)
hd Pincrease = [(Pcooled'Pref)/Pref]*loo% (5)
. Performance improvement (%) = [(npv/r-npv)/npv]*100% (6)

3. RESULTS AND DISCUSSIONS

The current data were taken from June 2021 at three distinct volume flow rates 2 LPM, 4 LPM, and
6 LPM. Whenever the flow rate is 2 LPM and total solar radiation is 749.9655 W/m?, the average
power generated of the first PV/T system (serpentine form) is 61.438 W, which is 10.2 percent
greater than the Photovoltaic cell module that isn't cooled, which is 55.6 W, and the average power
output of the second PV/T system (rectangular helical form) by fins is 69.56 W, which is 24.8
percent more than the PV. the estimated value of photovoltaic system' energy generating
efficiencies, the first PV/T AND second PV/T is determined to be 7.68%, 8.44%, and 9.57%,
respectively. At a rate of 2 L/min, the power output of PV/T systems and photovoltaic modules
varies as shown in figure (6), fig (7) shows PV/T systems and Modules for solar power have varying
electrical efficiency, and fig (8) shows Variation in PV system electrical efficiency performance
increase percentage.
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Fig. 6. At 2 LPM, generated power of PV module, serpentine form and helical by fins
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Fig. 7. During the daytime at 2 LPM, photovoltaic efficiencies of PV/T and PV modules were compared.
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Fig. 8. Performance improvement in the electrical efficiency for serpentine shape and helical shape by fins at 2
LPM.

The average power output of first PV/T system (serpentine form) is 63.74 W when the flow rate is
4 LPM and overall solar radiation is 666.26 W/m?, which is 16.16 percent more than the PV system's
(no cooling) output of 54.75 W, the 2nd PV/T system's average output power (rectangular helical
form) by fins is 70.86 W, which is 29.11 percent greater than Energy production efficiency for first
PVIT, 2nd PV/T, and PV systems are 9.76 percent on average, 10.866 percent, and 8.44 percent,
respectively. Figures (9) and (10) depict the variance in power output from PV/T systems and
Photovoltaic panels at 4 LPM, as well as the variation in PV/T system and Photovoltaic modules'
electrical efficiency the variance in performance boost percentage in the electrical efficiency of Solar
systems at 4 LPM and the variance in performance boost percentage in the electrical photo voltaic
systems at 4 LPM.
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Fig. 9. PV module generated power, serpentine form and helical fins at 4 LPM.
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Fig. 10. During the day at 4 LPM, the photovoltaic efficiencies of the PV/T and PV modules were compared.

40

=@==serpentine

w
[55]

e=@==Helical by fins

% Performance improvement
= = N N w
o wv o (6] o

wv

o

S>> 2222222222=2=2222

S dd < I<IIqIIIC<CISI<I<<OoLooocoocoocoacacacaancacao

ONMNOINONMOINOINOINO OO OLOWOIWOLWO WO

NSO ngordnTgodangedndeedndednd QAN

0 WAHDAADANOOS SO ddAd A NNNNAAAANNNN®O®O®
A A A A A A A A o

Fig. 11. Performance improvement in the electrical efficiency for serpentine shape and helical shape by fins at 4
LPM.

The averaged power output from first PV/T system (serpentine form) is 65.6 W when such flow rate
is 6 LPM and overall solar radiation is 776.93 W/m?, which is 18.5 percent greater than the solar
power system's 55.27 W, the 2nd PV/T system (rectangular helical form) by fins produces a mean
power output of 76.85 W, which is 38.7 percent higher than the PV system's 55 During the daytime,
First PV/T, 2nd PV/T, and Photovoltaic systems had average power production efficiencies of 8.52
percent, 9.97 percent, and 7.2 percent, respectively. Fig (12) illustrates the fluctuation of power
output from PV/T systems and Photovoltaics at 6 LPM, while Fig (13) shows the change of electrical
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efficiency of PV/T systems and Photovoltaic modules. and fig (14) shows the variation of the
performance improvement percentage in the electrical efficiency of PV systems.
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Fig. 13. During the day at 6 LPM, the photovoltaic efficiencies of the PV/T and PV modules were compared.
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Fig. 14. Performance improvement in the electrical efficiency for serpentine shape and helical shape by fins at 6
LPM.

The rectangular helical flow PV/T system with fins has greater power than the serpentine flow PV/T
system, as shown in Figures 6,9, and 12. Between 12:00 and 12:30 p.m., the largest values of
electricity produced by solar panels modules and the two PV/T systems can be found, and the
fluctuation of generation of electricity in these statistics follows the same trend as solar radiation.
Furthermore, when the PV module's surface temperature rises, the module's output power drops
drastically.

The electrical efficiency, as seen in Figures 7,10, and 13, represents the day-to-day variation in
PVIT efficiency in terms of electricity systems and solar panels modules at varying flow rates.
PV/thermal systems have a greater efficiency than solar panels modules as a result of cooling.

Figures 8, 11, and 14 illustrate the percentage performance increase in Solar systems' electrical
efficiency throughout the daytime at varied flow rates.

based on these figures, During the peak working hours of the day, from 11 am. to 2 p.m,,
performance improved the most, due to cooling, the PV/T systems are at a low temperature, as
contrast to the solar panel module, which has a high temperature due to strong solar radiation. At a
water flow rate of 2 LPM, at 12:30 p.m., the best performing enhancement by fins in the first PV/T
system (serpentine form) is 16 percent, with the first PV/T system's electric efficiency and PV
module’s electric efficiency being 7.66 percent and 6.6 percent, respectively, at 12:30 p.m., the
greatest performance gain achieved by fins in the second PV/T system (rectangular helical form) is
31.5 percent, where the electric efficiency of the second PV/T system and photovoltaic module are
8.9 percent and 6.6 percent, respectively.

At a water flow rate of 4 LPM, at 12:30 p.m., the greatest performance gain achieved by fins in
first PV/T system (serpentine shaped) is 22.98 percent, with the electric efficiency of its first PV/T
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system and PV system being 8.28 percent and 6.73 percent, respectively. At 12:30 p.m., the greatest
performance improvement by fins in the 2nd PV/T system (rectangular helical form) is 35.7 percent,
with the second PV/T system's electric efficiency and PV module's electric efficiency being 9.14
percent and 6.73 percent, respectively.

At a water flow rate of 6 LPM, at 12:00 p.m., the greatest performance gain achieved by fins in
the first PV/T system (serpentine shaped) is 21.46 percent, with the electric efficiency PV/T system
and PV module being 8.05 percent and 6.63 percent, respectively, At 12:00 pm, the greatest
performance improvement achieved by fins in the 2nd PV/T system (rectangular helical form) is 44
percent, with the electric efficiency of the second PV/T system and PV system being 9.55 percent
and 6.63 percent, respectively.

4. CONCLUSION

On October 6th, research was done in Cairo, Egypt, evaluated the impact of fin cooling on
performance characteristics of silicon solar cells in order to increase their electrical performance
under real-world.

The photovoltaic panel's temperature is greater without cooling, and solar boards can reach
approximately 7.2 percent electrical efficiency. The temperature reduced dramatically when the
Module of solar power was run in an active water-cooling condition. A first PV/T system (serpentine
form). Solar cells' electrical efficiency improved by 8.5 percent, and when the Module of solar power
(rectangular helical shape) was cooled by fins, the temperature plummeted even farther, and the
electrical efficiency increased to 9.97 percent.

It has been discovered that raising the water flow rate increases electrical efficiency, with the largest
improvement happening at a water flow rate of 6 LPM.

Whenever the flow rate is 2 LPM, the electrical efficiency improvements by fins 10.2 percent and
24.8 percent, respectively, in serpentine form and rectangular helical form.

When the rate of flow is 4 LPM, the electrical efficiency improvements by fins 16.2 percent and
29.1 percent, respectively, in serpentine form and rectangular helical form.

When the rate of flow is 6 LPM, the electrical efficiency improvements by fins 18.5 percent and
38.7%, respectively, in serpentine form and rectangular helical form.
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