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INTRODUCTION

Solar energy can be directly converted into electrical
energy by semiconductor solid-state photovoltaic (PV)
cells. Most commonly used silicon-based PV cells have
an efficiency of around 18+2%, but the remaining energy
is turned into heat, which raises the temperature of the
PV cell [1]. One of the key issues that lower the electrical
energy production by 0.4-0.5% is the high temperature
of PV panels every 1 C compared to that at 25 °C. Hence,
the idea of “PV cooling” emerged as one of the key study
areas. Hajibeigy et al. [2] analyzed the thermal response
data of a thermal photovoltaic system operating under
normal conditions. They used still water as a coolant and
examined the heat transfer in each layer of the system.
Their research showed that faster heat transfer improves
the efficiency of the system.Various methods can be used
in the thermal collectors to exchange heat between their
layers. These methods may include using rough surfaces
like inclined ribs, protrusions, or obstacles. , etc [3, 4].
It’s interesting that by reducing the temperature of the
surface of a solar cell, it’s possible to lower the rate of
thermal degradation and increase the efficiency of the
cell [5]. An important factor affecting the solar system’s
electrical efficiency is the usage of a cooling system [6].
Reduced operating temperature increases the solar cell’s
electrical output and it will be possible to increase overall
efficiency [7, 8]. Ahmad et al. [9] reduced the monocrys-
talline photovoltaic panels’ operating temperature. where
the exhaust air from the air conditioning units was used
to cool the solar panel’s backside, the findings revealed
an average drop of 18.05 in photovoltaic cells’ operating
temperature and an 8.65% gain in electrical energy. The
electrical efficiency increased by 0.97% as a result. Li et
al. [10] researched a technique that uses compressed air
to cool and clean solar panels to improve efficiency, and
increase the amount of power produced. When adjust-
ing the pumping time at 10, 15, and 20 seconds, the
results were an increase in generated energy of 7.30%,
6.33%, and 1.36 %, respectively. Soliman and Hassan
[11] presented a study that used experimental data to
examine how well photovoltaic cells performed when
they were cooled by a heat tube. The heat pipe’s con-
denser was cooled using rectangular fins. The outcomes
demonstrated that as the condenser was raised, the cell
performance and output power increase as well, where
the efficiency grew by 9.1% while the rate of increase in
output power was 24.3%. The use of a finned heat sink
attached to the back surface of the PV panel increases
the heat transfer surface area [12]. Johnston et al. [13]
studied the effectiveness of the heat sink in lowering the
operating temperature of the solar cells, increasing the
output power, and improving efficiency. When the heat
sink’s fins’ height increases, the temperature of the pho-
tovoltaic module’s back surface drops more quickly. The
efficiency was found to have increased by approximately

11.34% and 15.27% at heights of 20 mm and 100 mm,
respectively. Some studies have used porous materials
and perforated fins to improve heat transfer. For exam-
ple, Mesgarpour et al. [14] investigated a novel porous
heat sink technology that was mounted to the photo-
voltaic panel, to enhance heat transport and cooling of
the solar module. The usage of two horizontal layers,
attached to the solar panel’s back surface, demonstrated
a 15% improvement in heat transfer. Grubisi¢-Cabo et al.
[15] used L-shaped perforated aluminum fins randomly
placed on the photovoltaic cell’s rear surface. Perforated
fins were discovered to provide better cooling and boost
efficiency by roughly 2%. The temperature of photovol-
taic panels can also be reduced by cooling the front sur-
face of the photovoltaic panel. Bhat et al. [16] Used the
front-water cooling technique to enhance 100W solar
panel efficiency. The front-cooled water-cooled solar
cells achieved an efficiency improvement of 9% with an
increase in energy production of 17%.

In this research, the use of porous media heat sinks
on the performance of a photovoltaic (PV) module was
investigated through a combination of computational fluid
dynamics (CFD) and experimental testing. A hybrid system
was created using porous metal as a heat sink, it is installed
in the form of slanted ribs at a 45-degree angle connected
to the back surface of the photovoltaic panel. The main goal
is to increase the rate of heat transfer and improve the per-
formance of a photovoltaic unit, and compare it with a ref-
erence photovoltaic unit.

MATERIALS AND METHODS

Numerical Configuration

Figure 1 illustrates the design and geometry of a PV
module with a heat sink. The heat sink which is made of
a porous metal was placed at the back of a solar panel in
a zigzag pattern at a 45-degree angle within an air duct.
This unique positioning of the heat sink allows for better
air circulation around it, thereby enabling it to absorb more
heat from the PV panel. The characteristics of PV units are
shown in Table 1.

The air duct length is 1984 mm, width is 1007 mm,
height is 115 mm, and thickness is 0.7 mm. The air duct
was constructed from heavy aluminum, and an insulat-
ing material was used to cover the exterior surfaces to
shield them from the effects of the environment. The
inner surface of the solar panel is covered with a black
thermochromic coating to absorb heat to prevent reflec-
tion onto the back cell surface. The hole in the porous
material has squared dimensions of 1 mm by 1 mm as
shown in Figure 2.

The following equations can be used to determine the
maximum power generated (P,,,,) and electrical efficiency

(M) [17]:
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Figure 1. Schematic component PV module.
Table 1. PV Unite characteristics
Details Characteristics
Type of Solar cell Mono-crystalline silicon
Maximum Power (Pmax) 375 Wp
The voltage at maximum power (V,,,,) 40.14V
Current at maximum power (Impp) 9.35 A
Open circuit voltage (V,.) 48.67V
Short circuit current (ISC) 9.94 A
Panel efficiency 19.75%
Standard test conditions Air mass 1.5, radiation 1000 W/m?, at 25°C
Number of cells 72
Panel Dimensions (H/W/D) 1984x1007x40 mm
Weight 22.5kg
Range of operating temperatures -40-85°C
Porous metal Pmp = Vmp' Imp (1)
Ne = (-22) + 100 @)
€ G.Apy

Figure 2. Air duct with porous media.

Where (V,,,,) and I, are the maximum voltage and maxi-
mum current respectively, (G) is the intensity of solar radiation
(W/m?), and (Apy) is the active area of the PV panel (m?). The
electrical efficiency of solar cells is also calculated as a function
of temperature through the following equation [18]:

Ne =10 [1=B(Tc—Ta)] 3)

Where (n,) is nominal efficiency, B is the temperature
coefficient (0.0045°C™"), Tc is the cell temperature (°C), and
Ta is the ambient temperature (°C).
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The purpose of the simulations was to investigate how
actual weather affects a two-dimensional model. COMSOL
Numerical was utilized to generate the monocrystalline
model that was employed in the simulations. The solar
panel collector is divided into four isothermal zones for the
simulation model: the front region contains the PV glass
cover, the photovoltaic cells, the Ethyl Vinyl Acetate (EVA)
which is a layer that covers solar cells, and the back PV
cover, followed by the screen heat absorber, and the air duct
which is the final section, as can be seen in Figure 3. The
geometry and grid (mesh) were generated by COMSOL.
Various mesh types were studied using three different sizes
- normal, coarse, and fine to accommodate the different
sizes of the model parts, as can be seen in Figure 4.

Experimental Work

The electrical performance of the PV/T system used in
this study was investigated. The module is set on the roof-
top of Al-Rumaitha Technical Institute in Al-Muthana, Iraq
(31°42' - 45°12") / Al-Furat Al-Awsat Technical University.
The study was conducted to determine how the operat-
ing temperature of the PV module impacted its efficiency.

. Glass

S EVA

Cells ————————

+—TPT

=

—==— Air channel

Cold air
—

Hot air

Porous media :

Figure 3. 2-D COMSOL model displays the main structure
of PV/T.

These are two photovoltaic panels with a power of 375 W.
One of the panels was mounted on the module that cooled
the PV panel to compare the performance with the other
panel without cooling. The air duct allows air to pass under
the PV panel using an AC air fan placed above the air duct.
The porous metal (metal grid) is fitted within the air duct
in the shape of a zigzag at an angle of 45° as shown in Figure
5. To improve the heat transfer from the solar cells to the
air passing through the porous media, it is connected to the
back surface of the solar panel at a distance of 20 mm. The
porous media is made of iron metal with an opening area
of Imm x Imm.

The necessary data in this testing process were recorded
using several devices, including the Solar Power Meter
device to measure the intensity of solar radiation. The
Arduino device was used to record the temperatures of the
front and back surfaces of the photovoltaic panels, the tem-
perature of the incoming and outgoing air through a K-type
sensor and thermocouple connected to the Arduino, the
ambient temperature, and the air speed through the air-
speed sensor. Figure 6 shows the parts of the devices used
for measurement. The characteristics of the measuring
devices and sensors are presented in Table 2. The final
appearance of the photovoltaic thermal system can be seen
in Figure 7.

Air fan

Porous metallic

Figure 5. Air duct with fan.

Figure 4. 2-D Front view of meshed PV/T system with porous media.
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Figure 6. Measuring devices: a) Component Arduino b) Solar power meter ¢) Arduino device.

Table 2. The characteristics of measuring devices and sensors

Device Model Accuracy Resolution

Solar power meter SM206-Solar +10W/M? 0.1W/M?, 0.1 BTU/(FT2-H)
Ambient temperature and DHT22 humidity +2% RH humidity 0.1%RH; temperature
Humidity sensor (Max +5%RH); temperature <+ 0.5°C 0.1°C

Temperature sensor MAXG6675 +3°C 0.25°C

Wind speed sensor IP65 grade +3% 0.1m/s

Thermocouple K-type + 1.5°C

PV unit

Figure 7. Experimental setup of the PV unit and PV/T system.
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Economic Analyses

The cost analysis of the solar system is very necessary
to judge the performance of the system and know the eco-
nomic feasibility, as shown in Table 3. The following are the
calculation procedures [19]:

Average yield per year/m* = Average daily yield /m* *
365.

The Capital Recovery Factor (CRF) is calculated by:

r(a+r)" )
(1+r)"—1

CRF = ( @

where r is the annual rate of interest which is 10% and
n is the number of the useful years where the still can work
and it is proposed 10 years the first annual cost (FAC) is
given by:

FAC = CRF = P (5)

where P is the initial cost. The sinking fund factor (SFF)
for a system is governed by:

T
SFF = ( (1+r)”—1) (6)

The salvage value (S) is assumed as 50% of the first

annual cost and the annual salvage value (ASV) is com-
puted by:

ASV = SFF %S ™)

PV panel

Table 3. Cost analysis of the solar system

Material Cost Power Cost
$/W

PV Panel 250 $

Air duct 100 $

Porous metal 15 $

Air fan 30% 705

Metal structure 75$

Total cost 470 $

That the Annual Maintenance Cost (AMC) will be 15%
of the first year’s cost.

Annual cost (AC) = Initial annual cost + Annual main-
tenance cost - annual salvage value.

RESULTS AND DISCUSSION

COMSOL Simulation Results

The air channel has been analyzed to obtain the best
heat exchange between the base of the photovoltaic panel
and the air, by changing the number of porous metal ribs
inside the air duct, where the simulation process is done
depending on the number of different ribs 10, 12, and 14,
ribs as shown in Figure 8. The results show that the best
design is using 14 ribs at an angle of 45°.

Figure 9 shows the change in the surface temperature of
the photovoltaic panel during the cooling time. From the
figure, it can be seen that the temperature increases over

Inlet === L/‘?/\/‘/»\//\/‘\I_ Outlet

air duct porous metallic ribs

PV panel

° /

Inlet ==p V\M/\M m==p Outlet
7 7

air duct

PV panel

porous metallic ribs

Inlet mmp

m==p Outlet

/o

air duct

porous metallic ribs

Figure 8. Number of porous metallic ribs a)10 ribs b)12 ribs ¢) 14 ribs.
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Figure 9. Varies surface temperature of PV panels with dif-
ferent number of ribs porous media.

time. It can be also noticed that the temperature of the pho-
tovoltaic panel varies according to the number of porous
metal ribs. By increasing the number of ribs, the operating
temperature of photovoltaic panels decreases so the aver-
age temperatures of the surface PV panels for the cases of
10 ribs, 12 ribs, and 14 ribs are 56.2°C, 53.9°C, and 49.7°C,
respectively.

A side view of the PV/T system simulation is shown
in Figure 10, where the temperature distribution can be
observed in the proposed module. It is noted that the oper-
ating temperature of the photovoltaic module increases
with the intensity of solar radiation until it reaches up to
82°C after 6.8 hours of cooling during the simulation pro-
cess. Due to the heat exchange between the photovoltaic
panel, the metal grid, and the air, it can be seen that the
temperature inside the air duct increases in the direction
of the airflow.

The COMSOL Multiphysics model was simulated to
compute the streamline air velocity, temperature distribu-
tion, and pressure drop in the 2D of the PV/T system. Figure
11a presents the streamline velocity of air flowing throw the
triangular screen. The air temperature distribution inside
the air duct for the PVT air collector has been illustrated in
Figure 11b. The simulation result clarifies an increase in air
temperature near the cell. The leaving air temperature has
been increased from 319 K to 329 K by using porous metal.
Figure 11c illustrates the pressure distribution inside the air
duct, it was the highest value in perforations.

From Figure 12 it can be seen that there is a substan-
tial effect depending on how many ribs of the porous
material are in contact with the PV panel’s rear surface. By
increasing the number of ribs, the surface area of the heat
sink increases, and efficiency also increases. The more ribs
there are the better the heat transfer. Based on the findings,
in this study, it can be observed the efficiency rate varies

s R ||

30

Figure 10. Side view of the PV/T system simulation after
6.8 hours of cooling.

depending on the number of ribs used. Specifically, have
been found that using 10 ribs resulted in an efficiency rate
of 16.6%, while using 12 ribs increased the rate to 17%, and
using 14 ribs further improved the efficiency rate to 17.7%.
This represents an overall rate of improvement of 4.2%.

Experimental Results

Figure 13 shows climate changes for several days, solar
radiation, and ambient temperature during the hours of the
day. At the beginning of the experimental work, the lowest
solar radiation was at a rate of 267.42 W/m? at 8:00 am, and
the ambient temperature was 36.78°C. As it kept rising the
greatest readings were noted at 1:10 pm. The rate of ambi-
ent temperature was 46.2 °C, and the rate of irradiance was
1189.2 W/m?,

According to Figure 14, there is a correlation between
the temperature of the photovoltaic panel and the inten-
sity of solar radiation. As the solar radiation increases, the
temperature of the panel also rises. This information can be
useful in understanding the behavior of photovoltaic pan-
els under different weather conditions and can aid in opti-
mizing their efficiency. According to the recorded data, it
was observed that at the lowest intensity of solar radiation,
which was 250.5 W/m?, the temperature of the photovoltaic
cell reached 46°C. However, as the solar radiation increased
and reached the maximum level of 1214.7 W/m?, the tem-
perature of the solar cell also increased and reached 69°C. It
is important to monitor and regulate the temperature of the
solar cell to ensure its optimal performance and longevity.

The effect of cooling on the temperature of photovoltaic
(PV) panels is very important. It is necessary to understand
how cooling can impact the performance and efficiency of
these panels to ensure they function at their best. During
working days on the experiment, three different air mass
flow rates to cool down thermal PV/T system were tested.
These air mass flow rates were 0.057kg/s, 0.096/s, and
0.111kg/s. Figure 15 represent the average temperatures of
photovoltaic cells with and without a cooling system. The
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Figure 13. Variations of ambient temperature and solar ra-
diation for several days.

results clearly show that the panel with cooling experienced
significantly lower temperatures. On June 27, 2023, at an
air mass flow rate of 0.111kg/s, the average temperature of
the cooled panel was 49.5°C with a maximum temperature
of 56.25°C, while the panel without cooling had an aver-
age temperature of 56.9°C with a maximum temperature of
62.37°C. This represents a temperature decrease of approx-
imately 15.7%.
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Figure 14. PV module temperature and solar radiation 5
June 2023.
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Figure 15. PV panels temperature with and without cooling
27" June 2023.

Based on the data presented in Figure 16 it was found
that the current difference between PV panels with and
without cooling is very small, with a recorded average dif-
ference of 0.07 A. The two panels’ units with and without
cooling recorded a maximum current of 8.1A, and 8.78A,
respectively. It was also noted that during the final hours of
the experiment, both units recorded nearly identical cur-
rent levels as a result of the decrease in solar radiation. and
temperature.

From Figure 17 it can be seen that there is a clear cor-
relation between temperature and the voltage of the PV
panel. At the start of the experiment, the photovoltaic pan-
el’s voltage was higher due to lower temperatures and higher
relative humidity. However, as the temperature increased

9 —{|—— PV with cooling
[—— PV without cooling

Current (A)
[e>]

T T T T T T T T T T T T T T T 1
08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
time

Figure 16. Current PV with and without cooling 24" June
2023.
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Figure 17. Voltage PV with and without cooling 7" July
2023.

and humidity decreased, the voltage gradually declined.
With the implementation of cooling, the average voltage
increased by 2.47, as the PV panel with cooling yielded an
average voltage of 37.93V, compared to the reference panel
which recorded an average voltage of 35.46V. Thus, the level
of improvement in voltage is 6.9%.

Figure 18 shows a comparison of the output power of
two PV panels, with and without cooling. The findings
indicate that at 1:00 PM, panels had the highest output
power, the PV unit with cooling producing 330.7W and the
unit without cooling producing 314W. This confirms the
effectiveness of the cooling technique, as the unit with cool-
ing consistently produced higher output power throughout
the experiment. It is worth noting that the output power
showed an improvement rate of approximately 5%, which

340 4 —PV with cooling
— PV without cooling
320

Power (W)

T T T T T T T 1
08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00

time

Figure 18. Power PV with and without cooling 27" June
2023.
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Figure 19. P-V curve for PV with and without cooling 5"
June 2023.

was expected as it depends on factors such as airspeed and
surrounding temperature.

Looking at the performance curves for current and
output power versus voltage, I-V curve, and P-V curve, in
Figures 19 and 20, it is interesting to note the differences
in output power and current versus voltage between a
solar PV/T system with cooling and a PV module without
cooling. At the highest solar radiation value considered
(G = 1214.7 W/m?), the output power of the PV/T system
with cooling is 323 W, while the output of the PV module
without cooling is only 313 W. In the case of current, the
improvement or difference is usually very small between
the panels with and without cooling. Through the results, it
can be seen that the proposed cooling technology enhances

12 H

PV without cooling

PV with cooling

10 H

Current (A)

0 T T T T 1
0 10 20 30 40 50

Voltage (V)

Figure 20. I-V curve for PV with and without cooling 5
June 2023.
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Figure 21. Electrical efficiency with and without cooling
27% June 2023.

the output power and current when compared with the ref-
erence panel.

In this study, it has been compared the efficiency of a
photovoltaic panel with and without cooling over a period,
which was calculated by Equation 3 as shown in Figure 21.
The results showed that as temperatures increased due to
higher solar radiation intensity, the performance of the
panel decreased. Specifically, for every 10 °C increase in
temperature, the electrical efficiency decreased by 0.8%.
However, based on the research conducted in this study, it
was found that by applying a cooling technique, the effi-
ciency of the panel increased by 5.1% compared to the ref-
erence panel. The average electrical efficiency for panels
with and without cooling was 17.61% and 16.9%, respec-
tively. These findings suggest that cooling can be an effec-
tive way to improve the efficiency of photovoltaic panels.

Figure 22 depicts the change in heat transfer rate due
to variations in solar intensity. It can be seen that as solar
radiation increases, the temperature rises, increasing the
amount of heat gained. At the experiment’s start, 63.9 W
of heat was gained with a solar irradiance of 273.2 W/m™
It rises as the solar intensity rises until it reaches its maxi-
mum of 380.3 W at 1164.8 W/m? of solar radiation. Figure
23 depicts the change in thermal efficiency rate due to vari-
ations in solar intensity. It can be seen that as solar radiation
increases, the temperature rises, increasing the amount of
thermal efficiency. At the experiments start, 11.7 % of ther-
mal efficiency with a solar irradiance of 273.2 W/m? It rises
as the solar intensity rises until it reaches its maximum of
20.6 % at 1164.8 W/m? of solar radiation.

The results that can be seen from Figure 24 show that
the overall efficiency rate of the system is 43% with a maxi-
mum overall efficiency value of 46.8%.

The impact of increasing the flow rate on the electri-
cal efficiency of the PV panels is shown in Figure 25. The
results indicated that increasing the flow rate improves the

Figure 22. Heat gain and solar radiation 24" June 2023.
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Figure 23. Thermal efficiency and solar radiation 24" June 2023.
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Figure 24. Overall efficiency of PV/T module 27th June 2023.
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Figure 25. Electrical efficiency for PV/T unit with various
mass flow rates.

efficiency of the proposed technology for cooling PV pan-
els, whereby the operating temperature of the photovoltaic
cells decreases, which positively affects the performance of
the PV/T module. The results recorded for the average effi-
ciency for the 0.057 kg/s, 0.096 kg/s, and 0.111 kg/s cases,
were 16.17%, 17.06%, and 17.43% with an improvement
rate of 2.3%, 2.9%, and 4.13%, respectively.

Figure 26 shows the effect of the change in the mass
flow rate on the amount of heat gained. Increasing the air
mass flow rate increases the heat gained from the thermal
photovoltaic system. The findings showed that the biggest
quantity of heat gain, in the amount of 701.6 W, could be
obtained at the highest flow rate of 0.111 kg/s, compared
with the other two cases, 0.057 kg/s, and 0.096 kg/s, where
the results were 380.3 W and 600.5 W.

Thermal efficiency increases with an increase in the
air mass flow rate. Figure 27 shows a comparison between
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Figure 26. Heat gain with various mass flow rates.
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Figure 27. Thermal efficiency with various mass flow rates.

the three cases, where it can be seen that the highest rate of
thermal efficiency was obtained 25.4% for a mass flow rate
of 0.111 kg/s. Compared to the other two cases 0.057 kg/s
and 0.096 kg/s, the average thermal efficiency was 17% and
22.2%, respectively. The comparison of electrical and ther-
mal efficiency can be seen in the Figure 28 with a mass flow
rate of 0.111. It was noted that the highest value of ther-
mal efficiency at 1:00 pm was about 28.8%, while the lowest
value of electrical efficiency was about 16.9%.

Figure 29 shows the comparison of the total efficiencies
between three cases of mass flow rates 0.057 kg/s, 0.096 kg/s,
and 0.111 kg/s, for the PV/T system. As a result of increas-
ing the electrical and thermal efficiency of the proposed
system in response to the increase in flow rates, the overall
efficiency of the system increases. The results showed that
the maximum total efficiency for the three cases was 36.8%,
42.4%, and 46.8%, respectively.
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Figure 28. Comparison between electrical and thermal ef-
ficiency.
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In Figure 30, a comparison is shown between the out-
put power and efficiency during the experimental work-
ing days. It is worth noting that the highest values were
achieved on the 26™ and 27™ of June, where the maximum
power reached 326.8 watts and 330.7 watts respectively. The
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Figure 30. Comparison of output power and efficiency for
the experimental working days.

18
| |—=— Previous study
=— Current study

17
—_ = n
§16— RN gy .-7.[.\ -

| g g ) | ) |

3 L5 - = ‘-
S L =1 u -m
g .II“..l.
& 15 e ERag g,
b} ey g . g

14

13

T
300 400 500 600 700 800 900 1000 1100 1200

Solar irradiance (W/m?)

Figure 31. Comparison the efficiency with previous.

maximum efficiency for those days was 18.7% and 19%
respectively.

Comparison of Experimental Results with a Previous
Study

The findings were compared to one of the previous
studies [20], as illustrated in Figure 31. The graph demon-
strates a comparison between the electrical efficiency of the
previous study and the current study, as well as its response
to solar radiation. The results were so good, as the percent-
age difference between them was only 5.57%.

studies.

CONCLUSION

The hybrid PV/T system generates both thermal and
electrical energy, and the active cooling mechanism was
found to have a significant impact based on experimental
results. Where the air-cooled PV / T thermal photovoltaic
system using porous metal media is a practical and econom-
ical technique for reducing the operating temperature of
PV panels and increasing their performance and efficiency.
The air was applied to the back surface of the photovoltaic
panel within the air duct, which contains the porous metal
attached to the back surface of the photovoltaic panel. The
effect of increasing the number of porous metal ribs and the
mass flow rate of air on the heat exchange and improving
the performance of the photovoltaic panel was also studied.
By comparing it with the plate without cooling, the follow-
ing conclusions were obtained:

1. The environmental factors that affect the performance
of the thermal photovoltaic system are the intensity
of solar radiation, the ambient temperature, and the
humidity level.

2. Itisnecessary to control the amount of air mass flow rate
because it improves the performance of the photovoltaic
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module and increases its thermal and electrical effi-

ciency. The highest results were obtained at a flow rate

of 0.111 kg/s.

3. The rate of decrease in the base temperature of the
photovoltaic panel reached 17%. Where the average
temperature decreased at the highest air mass flow rate
from 9.56 °C to 49 °C. Thus, the electrical efficiency and
output power are significantly increased.

4. The average electrical efficiency obtained after the
cooling process of the PV/T system is 17.63% with a
maximum electrical efficiency of 19% from the nomi-
nal efficiency of the photovoltaic panel of 19.75%. An
improvement rate for electrical efficiency is 6.9%.

5. The maximum output power of the PV/T system after
cooling was 330.6W compared to 314W for the PV
module without cooling. The net gain at the output
power is 16 W with the rate of improvement in output
power is 5%.

6. The maximum heat gain from the PV / T system is 701.6
W at the highest air mass flow rate.

7. The maximum thermal efficiency of the PV / T system
reached 29.57% by using porous metal media inside the
air duct. This is due to the difference between the tem-
perature of the air entering and leaving the airway of
6.25.

Regarding future studies, we suggest using the hot air
produced by the PV/T system in different applications such
as drying agricultural crops. It is also possible to cool the
front surface of the photovoltaic panel using water spray, in
addition to cooling the back surface to ensure better cool-
ing and clean the front surfaces of dirt and dust.

NOMENCLATURE

Symbol

1% Photovoltaic

PV/T Photovoltaic thermal

DC Constant current, A

A Area of PV panel, m?

AC Alternating current, A
PPFHS Plate pin fin heat sink

PFHS Plate fin heat sink

T™MS Thin metal plates suspended
CFD Computational fluid dynamic
Ty Photovoltaic temperature, °C
PMP Maximum power point, W
G Solar irradiance, W/m?

Vw Wind speed, m/s

Tomb Ambient temperature, °C

P Maximum power, W

m
I, Maximum current, A
Vi Maximum voltage, V

FF Fill factor
Short circuit current, A
Open circuit voltage, V

el PV efficiency, %

Wiref Electrical efficiency at T,.; %

B ref Temperature coefficient (0.0045), k!

S PV cell temperature, °C

Tt PV reference temperature, °C

Q, Heat gained, W

m Mass flow rate, Kg/s

cp Specific heat, kJ/kg K

AT Difference of incoming and outgoing tempera-
tures, °C

Hin Thermal efficiency %

1o Overall efficiency %

p Density of air, Kg/m®

RMSE  Root mean square error

M Total quantity of values for the efficiency
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