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Abstract: This research aims to improve thermal
performance and compare the performance of two
common crystalline PV panel types (Mono and poly).
Modules with a back-cooling system were designed and
numerically analyzed with SolidWorks and ANSYS-Fluent-
2021-R2 for the simulation under Baghdad weather at
noon. The cooling system used consists of a phase-
change material, paraffin wax (RT55), with a thickness of
5 cm and a heatsink with 33 fins with heights of 10, 20,
and 30 mm and thicknesses of 2, 4, and 6 mm. to select
the best height of the wax 1, 3, 5, 10, 20 cm examined.
The result showed that for polycrystals, the panel
temperature was reduced by 8.4°C using PCM and 11.9°C
using PCM-fins. Also, output power was enhanced to
200.6 W by 10.2 W, and efficiency improved by 5%.
Similarly, using PCM and PCM-fins lowered the
temperature of the monocrystalline by 8.3 and 12.5°C,
respectively. Therefore, the output power is enhanced to
202.4 W by 10.7 W and improves the electrical efficiency
by 5.2%. The results of the study showed that mono had
better performance than poly. This result is acceptable
and is in good agreement with previous studies.
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1. Introduction

The utilization of alternative energy sources to
fulfill the growing electricity and heating
requirements is rising globally, especially in
nations blessed with abundant renewable
resources [1-4]. The increasing urgency for
clean energy solutions has been driven by the
detrimental impact of greenhouse gases on the
environment, primarily caused by the ongoing
reliance on fossil fuels to fulfill global energy
needs [4-13]. Solar photovoltaic (PV) power is
a highly prevalent globally widely adopted clean
energy technology globally. It is one of the most
commonly utilized and recognized clean energy
solutions [14-16]. PV panel consists of solar
cells that efficiently convert solar irradiance into
a steady flow of electrical charges. The ongoing
advancements in solar technologies, particularly
in efficiency and cost-effectiveness, have
resulted in a significant rise in its adoption
[17,18]. While solar technology has gained
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significant global adoption, it faces challenges.
These include a reduction in efficiency as
operating temperatures rise, relatively low
energy conversion rates, and the accumulation
of dust on module surfaces, which can hinder
the technology from reaching its full operational
potential [19,20]. An increase in the temperature
of a PV panel can impact its operational
parameters, leading to a decrease in the overall
efficiency of the power plant [21]. According to
research findings, it has been observed that for
every 1°C rise in the surrounding temperature,
there is a decrease in the performance efficiency
of PV systems by approximately 0.4-0.5% [19].
Another factor highlighting the significance of
effectively cooling PV panels is its positive
impact on panel longevity. By mitigating the
degradation rate, proper cooling measures
contribute to extending the operational lifespan
of the panels. Based on the findings by Royo et
al. [22], it has been observed that the operational
lifespan of PV systems can be extended
significantly, from the typical 25-30 years to
approximately 48 years, by implementing
targeted cooling techniques.

Over the past decade, the utilization of solar
energy has witnessed a significant surge in
numerous countries, primarily driven by
escalating fuel costs and the finite nature of
traditional resources. Photovoltaics, as a solar
energy technology, excels in efficiently
converting solar radiation directly into electrical
energy. The perpetual rise in energy demand has
sparked a surge in enthusiasm towards energy
efficiency and renewable energy technologies
[23]. Building owners encounter a substantial
predicament in reducing the expenditure
associated with electricity bills, particularly in
the case of hospital buildings that operate
incessantly for 24 hours [24]. Simultaneously,
this alternative energy source is perceived as a
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viable resolution to the utility costs in medical
facilities due to its provision of reduced
electricity tariffs alongside environmentally
friendly power generation [24]. Moreover, the
utilization of clean energy aligns with the
worldwide dedication to mitigate carbon
emissions and attain carbon neutrality. PV
systems, in their essence, are meticulously
engineered to harness the potential of solar
energy as a viable substitute for the
conventional power supply derived from the
grid system. Nevertheless, PV panels exhibit the
undesirable  phenomenon  of  generating
superfluous thermal energy while undergoing
the power generation procedure. This surplus
heat energy subsequently elevates the
temperature of the PV cells, thereby causing a
decrement in the overall efficiency of the
installed system. Continuous exposure of PV
panels to prolonged heating can potentially lead
to structural damage [25].

Presently, many technologies are being
suggested to enhance the efficiency of PV
panels by extracting undesired heat utilizing
suitable cooling methodologies and proficient
thermal control techniques. The integration of
both applications on PV modules yields a
photovoltaic thermal system (PVT) that
concurrently produces electrical power and
captures excess thermal energy [26]. An
adequate cooling methodology is imperative to
uphold the surface temperature of the PV panel,
thereby augmenting the overall efficiency of the
PV system. In essence, PV cooling technology
can be classified into three distinct categories:
passive cooling, active cooling, and a hybrid
approach that combines elements of both [27].
The utilization of commercially available
cooling technologies in this context necessitates
the provision of external power sources or the
implementation of appropriate materials to
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enhance the efficiency of PV cells. The
optimization of solar energy harnessing from the
PV system relies heavily on the utilization of
efficient PV panels. A rapid decrease in solar
panel efficiency may accelerate its disposal and
create  more landfills and  associated
environmental issues related to the fabrication
of photovoltaic modules [28].

Phase change materials (PCMs) are chemical
compounds with a substantial latent heat value,
typically falling within the 100 - 280 kJ/kg
range, contingent upon the material's inherent
characteristics [29]. PCMs exhibit distinctive
properties that enable them to store and regulate
thermal energy, facilitating temperature
stabilization effectively. These substances are
commonly employed to extract surplus heat
from PV installations owing to their inherent
capacity to assimilate and retain substantial
energy. PCMs exhibit distinctive properties that
enable them to store thermal energy and
facilitate temperature regulation effectively. The
phase transformation process can alter the
physical state of fluids and gases using
condensation and evaporation, subsequently
transitioning them into solid and liquid states
through melting or freezing. As the temperature
in the vicinity of the PCM increases to reach its
melting point, the intermolecular bonds initiate
an endothermic reaction, enabling the PCM to
undergo energy absorption. The material
undergoes a phase transition, transitioning from
a solid state to a liquid state. As the temperature
decreases to the freezing point of the PCM, the
intermolecular bonds undergo regeneration,
releasing heat to the surrounding environment
[30,31].

The utilization of PCM strategically positioned
at the rear of photovoltaic panels is elucidated,
among other sources, in the scholarly article
authored by Hamdan et al. [32]. A PCM was
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selected as the cooling substance due to its
melting point proximity to the panels' standard
test condition (STC) temperature. A PV system
comprising two identical PV panels was
analyzed. The PCM was strategically integrated
onto the posterior surface of one panel. In
contrast, the other panel remained in its
conventional state, serving as a reference for
comparative  analysis. The  experimental
observations over 28 days exhibited a notable
enhancement in power output by 2.6% when
contrasted with panels not subjected to cooling
measures.

Arici et al. [33] introduced a method for cooling
PV systems using paraffin wax, an organic PCM
characterized by its substantial latent heat
capacity. The utilization of PCM is technically
justified due to its ability to decrease the
operational temperature of the PV panel by a
maximum of 10.26°C, increasing electrical
efficiency by up to 3.73%.

The current project aims to enhance the
performance and output electrical power of two
types of photovoltaic panels, monocrystalline
and polycrystalline, by reducing the temperature
of the solar cells, which are made of
semiconductor materials such as silicon.
Temperatures above 25°C negatively impact the
efficiency of cells, reducing the panels'
temperature importance [34]. It has been
established that there is a decrease in efficiency
of 0.4% for every degree above 25°C. The study
will involve a comparative analysis of the
performances of the two types of panels under
challenging weather conditions, specifically in
Baghdad City during the noon period, where
temperatures are known to be high. The research
will employ a cooling system that integrates
PCM and a heatsink and uses simulation
software, Ansys Fluent, to predict the thermal
behavior and performance of the panels.
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2. Theoretical Analysis

The ability of solar panels to produce energy is
influenced by several factors, two of the most
crucial elements in this simulation study: solar
radiation and panel temperature. Variations in
panel radiation and temperature variations
accompany a solar panel's voltage, power, and
electrical efficiency. To display the generation
current, use the following formula:

V+IRg
Rsy

)

[ =1 —Iysexp (ﬁ (v + IRf)> - 1] -

Where:

The charge of an electron is a well-known
value, designated as g, and it is equal to
1.602*10-19. Several factors can have an impact
on the performance of a PV panel, including the
air temperature (TP), the resistance within the
panel's electrical circuit (Rs and R-SH), the
energy of the silicon band gap (EGO), and the
size of the panel (A). Coulomb's constant (n) is
a factor that determines the efficiency of the
diode within the panel, and it can range from 1
(for an ideal diode) to 2 (for practical diodes)
[35].

Fig. 1 shows the equivalent electrical circuit of a
PV cell, where the current is represented at the
output terminals. This current equals the light-
generated current. The internal resistance of the
PV cell consists of the series resistance, Rs, and
the shunt resistance, Rsh. For an ideal PV cell,
Rs = 0 means there is no series loss, and Rsh =
ocomeans no leakage to the ground. The short
circuit current, I1SC, is the highest current a PV
cell can produce when the cell is shorted.
Meanwhile, the open circuit voltage, VOC, is
the highest voltage at zero current flow when
the two terminals of the PV cell are
disconnected [36].
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Figure 1. Electrical equivalent circuit of a photovoltaic
module [37].

In Fig. 2, point A, also known as the max-out
PowerPoint, is the functional point (P-max) at
which the power is maximized [38]:

Brax = ImaxYmax (2)
Brax = IscVocFF A3)
Whereas:
Brax
FF = —— 4
LsVoc

This formula can be employed to calculate the

electrical efficiency of the module at (p max)
Pmp Immep

= — - F 5

n=— x 100 oA x 100 (5)

Where A is an area of the photovoltaic panel

[39].
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Figure 2. A typical current-voltage curve for solar cells.

The following equation can be used in the
Ansys program to compute the electrical
efficiency of solar cells [40].

Neell = Nref [1 - .B(Tcell - Tref)] (6)

Where reference panel efficiency is given by 1
ref=15% and S, and the temperature
coefficient is equal to 25°C, 0.3%, and 0.4 %,
respectively. G indicates the standard solar
irradiation: G = 1000 W/m2. For most PV cells,
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such values are supplied by the manufacturer's
product page [41].

A PV module’s electrical power production can
be evaluated as [42].

Pour = Nref [1 - ﬁref (TPV %)
— lref )]AGmodule

3. System Geometry

The solar panels, the phase-changing material
container, and the heat sink fins were designed
in the Ansys Design Modular. It was considered
that the design process was conducted in 2
steps. The 1st step represents the design of the
heat sink in a flat and is linked with the solar
panel. The complete design geometry of the
present system is indicated in Fig. 3 and Table
1. Certainly, the change includes the height of
the phase-changing material to see the effect of
height on the results, where five dimensions
were taken from the height of the phase-
changing material: 1mm, 3mm, 5mm, 10mm,
20mm, represented by the dimension (H). The
thickness of the aluminum is considered
constant as 3mm, represented as (9).
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Figure 3. a) Overall design) (h=10, t=2) mm, ¢) (h=10,
t=4) mm, d) (h=10, t=6) mm, ¢) (h=20, t=6) mm, f)
(h=30, t=6) mm.

Table 1. Cases dimensions description

Case Fins description

ID Height (h) mm  Thickness (t) mm
Casel 10 2

Case2 10 4

Case3 10 6

Case4 20 6

Case5 30 6

3.1. Mesh Generation

About seven tries have been conducted to
choose the optimum mesh, shown in Figs. 4 and
5. After changing the cell count from 240,000 to
270,000, the temperature and power have not
significantly changed, hence the 2. Hence, cell
mesh count was chosen for all the cases.

Figure 4. Structured mesh for the PV-PCM only and the
Fin Case 5.
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Figure 5. GIT for the PV-PCM-only case.

3.2.Boundary Conditions of the System

The maximum heat flux falling on the solar
panel from 11 to 12 PM on a particular day in
August is 955 W/m2, according to the
meteorological data for that day. For the city of
Al-Jadiriyah, Baghdad, Irag, with a latitude and
longitude line of (44.38, 33.28). The system
consists of a solid PCM maintained at a temp,
Tin, below the melting point, Tm, of the utilized
PCMs at time t 0. No-slip boundary
constraints are also taken into consideration at
the solid-fluid interfaces. Furthermore, all
existing solid-solid interactions have a boundary
condition that is thermally related.

Using Eqg. (8), the heat from the solar radiation
absorbed by each layer in the photovoltaic cells
is computed and added to the heat transfer
equation as an internal heat generation.

_ (=1 G ayT; A
ql Vl

(8)

Where qi is the layer 1 internal heat production
as a percentage of its volume; n stands for the
silicon layer's electrical efficiency in solar cells;
all other layers have a value of 0. G stands for
solar radiation, whereas a, V, and A represent
the absorptivity, volume, and area of layer 1,
respectively. The layer above has a
Transmissivity of . I [43].

In addition, as shown in Fig. 6, adiabatic
boundary conditions are applied on the upper
and lower ends of the PV-PCM system. The
thermal boundary situation of the PV cell's top
surface is a combination of convection and
radiation dissipation. Accurate specifications
should be made for the external radiation heat,
surface external emissivity, air temperature, and
heat transfer convection heat transfer coefficient
PCM system and the PV system without the
PCM; the external back boundary is prone to
convective heat loss as well as convection and
radiation losses. (h-conv) For the front side, it
was 10, and half of this value was utilized for
the rear side when simulating the worst-case
scenario. The wind speed was 1 m/s. Table 2
provides a detailed expression of the applicable
boundary conditions for the front and exterior
back surfaces.

Table 2. Boundary conditions of the present study

Surface

Boundary condition

To the front of the Pv panel [43]:
On the PV-PCM system's back's outer surface:
On the PV cell's outer rear surface without the

PCM:
h from glass to environment [44]:

-k

aT

= hconv,g—amb (Tamb - Tg) + hrad,g—sky (Tsky -

T,

o)

== = heony ,al—amb (Tamp — Tar)

Y hconv, T—amb (Tamb - TT) + hrad,T—sky (Tsky - TT)

hconv, g-amb = 5.7 + 3. 8VW

Radiative ¢ from glass to the sky [45]:
And from Tedlar to sky:

hiaag-sky = 0&g (T, -
g

(s -t

sky
Tsky)
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The Sky Temperature [45] Tsy = 0.

1.5
amb

0522T

Table 3. Electrical characteristics of solar panels
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9 conv.g-amb

&=3mm

Figure 6. PV-PCM-Fin system schematic.

3.3. Solar models

The polycrystalline and monocrystalline
solar panels were carefully selected from the

Chinese business Ningbo Rarlon
Photovoltaic Technology Co. and the Max
Power Company to assist in the comparison
procedure. The dimensions of the chosen
panel are 1640 x 990 x 40 mm, and the cell
size is 156 x 156 mm. The NO of cells is 60
as s60 cells, Fig. 7, Table 3 listed the solar
panel electrical properties.

L 066

1640 mm

Figure 7. Poly solar panels.

Type Polycrystallin -~ monocrystallin
e e
Pmax 250 W 250 W
Vmpp 30.45V 30.72V
Impp 8.21A 8.138A
(Voc) 36.54V 36.91V
(Isc) 9.44A 9.031A
efficiency % 15.3 % 15.39%
dimension(L* 1640*992 1640*992 mm
W) mm
B -0.45 %/°C -0.35 %/°C
3.3.1. Properties of the PV module layers

(poly)

Commercial solar panels are made up of
several layers, including a transparent top
layer of glass and a transparent EVE layer to
protect the cells from weather conditions
and high temperatures, as well as a lower
packing layer of EVE and an aluminum
back metal plate to protect the plate from the
wind and the cell's edge [46]. Tables 4 and 5
listed the poly and monocrystalline layer
specifications, respectively.

Table 4. Specification of Poly layers [47]

Components p kg/m3 t(m) Cp J/kg K k W/m.K € a T
Glass 3000 0.003 500 2 0.9 0.04 0.92
Si solar cell 2330 0.0002 677 148 - 0.9 -
EVA layer 960 0.0005 2090 0.35 - 0.08 0.90
Tedlar TPT 1200 0.0003 1250 0.2 0.9 - -
. Sicell layer 2330 0.35 0.757 168
3.3.2. Properfues gf the PV module I'ayers (mono) EVA layer 960 0.50 209 0.35
Table 5. Specification of monocrystalline layers [48]. Tedlar TPT 1500 0.20 1.20 0.20

Component pkg/m3 t(mm) Cp k

S Jkg K W/m.
K

Glass 2300 3 0.50 1

Furthermore, the transitivity of the glass cover
for monocrystalline is tg = 0.95, the solar cell
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absorptivity is ac 0.85, and finally, the

absorptivity of TPT is aT = 0.5 [49].

3.4. Materials
3.4.1.

A heatsink dissipates the heat solar radiation
generates into the environment. The heat sink's
thermal conductivity plays a role in its ability to
dissipate heat, and the amount of heat that needs
to be dissipated is influenced by the contact area
between the heatsink and the environment.
Increasing the number of fins on the heatsink
can increase the contact area and improve heat
dissipation [50]. The material used for the fins is
aluminum due to its frequent use in such works
and the ease of its formation. Note its properties
as in Table 6 [47].

Fins of the heat sink

Table 6. Thermophysical Properties of Aluminum [47].

Thermophysical properties Aluminum
p kg/m? 2675
K w/k.m? 211
CP kJ/kg.k 0.093
3.4.2. PCM

One of the most popular PCMs is paraffin wax,
which has several beneficial characteristics. The
melting temperature of the paraffin wax utilized
in this project is around 5°C. It was provided by
RUBITHERM and is known by the trade name
RT55, as demonstrated in Fig. 6 and Table 7
shows the paraffin wax RT55 thermophysical
properties.

Table 7. Thermophysical properties of paraffin wax RT55
[51].

Thermophysical properties RT55
Melting point °C 51-57
Cp (kJ/kg) 170
K (w/k.m?) 0.2
Specific heat capacity (kJ/kg.k) 2

p - Solid kg /m™3 880
p - Liquid kg /m 770
Volume expansion % 14
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4. Result And Discussion

4.1 Validation

To validate the achieved were compared to
experimental data or analytical solutions, which
proved to validate a simulation in ANSYS
Fluent ensures the simulation's correctness and
dependability, which is carried out to ensure that
the simulation results appropriately reflect the

system's behavior under simulation. The
validation process may be carried out with
simulation findings to experimental data

through charting or statistical analysis, the
validated simulation setup, and the numerical
techniques utilized; the simulation results may
also be contrasted with analytical answers; the
validation procedure enhances the reliability and
accuracy of the simulation findings.

4.1.1 Model Validation

The ANSYS Fluent software was utilized to
model the performance of a solar model with
and without a cooling method. The cooling
system consisted of a phase-changing material
and an aluminum frame behind the panel. The
simulation was run using the same boundary
conditions,  temperatures, and  material
properties as in a reference article (Mohamed
Emam et al.,[47]) to test the accuracy and
predict the melting of the phase-changing
material and the surface temperature of the
model.

4.1.2 Validation of the uncooled PV concentrator
model

The expected results were compared with the
experimental results of the reference article, and
through simulation, a solar concentration of CR
=5, 10, and 20 was used, which is equivalent to
50,000, 10,000, and 20,000 w/m2 of incident
solar irradiation, and the temperature was
compared with the time. As the concentration
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intensity increases, the heat of the plate's front
surface rises over time, and the simulation's
boundary conditions are 20°C atmospheric
temperature and 1 m/s wind velocity with a
period length of 50 minutes. As shown in Fig. 8,
the predicted findings were substantially equal
to the experimental results of the study
publication [47], and the most significant error
rate was exceptionally low.

75

350

PV Temperature (C)

—e—N. Emam et al. CR10

—e— M. Emam et al. CR=20

o 5 10 15 0 Fid 30 35 0 5 50
Time (min)

Figure 8. Validation for PV only without PCM with a
reference article.

4.1.3 Validation of the PV concentrator model
with PCM

The validity of the research's numerical results

has validated the expected result for the

temperature distribution and solubility of a

phase-change material with time has been

valium material is n-octadecane paraffin, which
has a melting point of 28°C and thermal
conductivity coefficients of 0.358 and 0.148
(W/m°C) for the solid and liquid situations,
respectively. The simulation time was only 40
minutes, the concentrated solar radiation was
10, the ambient temperature was 20°C, and the
wind speed was 1m/s. The results showed the
melting of the (PCM) and the temperature of the
panel in a manner very similar to the numerical
results of the research. The error rates did not
exceed 5%, as shown in Figs. 9 and 10, which
display the predicted validation, solidification,
and melting (PV-PCM).

90
85
80
75
70
65
60
55
50
45
40
35
30
25
20

PV Temperature (C)

1} 5 10 15 20 25 30 35 40 45
Time (min)
——Present Study CR=10 ——DM. Emam et al. CR=10

Figure 9. Validation for PV-PCM with Emam et al., [52].
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Figure 10. The CPV-PCMI1 predicted isotherms and analyses the liquid-solid interaction, where red represented the liquid
and blue represented the solid. CR=5, 10, 15, 20, 25, 30, 35 and 40 min

4.2 Effect of wax thickness on cell performance

To determine the optimal wax thickness,
examine various wax layer heights for 3600
seconds and obtain the following results, as
shown in Fig. 11.

Ansys
202102

g
a

action

SRaN8EENBBRIIBBER

=
oo RE e RaRaNREeR

&

Rez3seeeay
3

Ansys

Figure 11. Liquid fraction wax layers of 1, 3, 5, 10, and
20 cm thickness for 3600 seconds.

Fig. 12, which depicts the liquid fraction
interfaces between PCM solid-liquid phases,
demonstrates how different locations in the
PCM layer behave similarly when phases
change. A tiny piece of the PCM layer begins to
melt after 10 minutes, whereas locations further
from the interior surface take around 20 minutes
to reach the liquid state. The quantity of the
molten layer increases after 30 minutes. For
thicknesses of 1 and 3 cm, the melting process is
completed in 60 minutes; however, for
thicknesses of 5 and 20, a greater portion of the
material is still solid. The tiny thicknesses of 1
and 3 cm are the cause of this. The heated liquid
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may be transported to the final location using
only a convection current. Due to the hot
currents' inability to reach certain solid regions
due to inadequate buoyancy force, an unmolten
portion of the wax may persist as the wax
thickness grows. As a result, these layers take
longer to melt. Most of the PMC layer is already
in the molten phase after 60 minutes, and no
heat discharge occurs. Red denotes a liquid
zone, followed by blue, a solid region, and
ultimately green, which denotes the start of a
phase shift.

I©

305

Ansys

Figure 12. Temperature contour to wax layers of 1, 3, 5,
10, and 20 cm thickness for 3600 seconds.

The temperature contours of a PV-PCM cell
during the phase change process are indicated in
Fig. 13. The contours are divided into two
regions: a maximum hot region (represented by
red) and a color cool region (represented by
blue). At  10colourtes, the maximum
temperature of the wax for thicknesses of 1, 3,
5, 10, and 20 cm was recorded as 52.8, 52.9,
52.82, 52.83, and 52.85°C, respectively. The
melting process did not commence as the
temperatures were below the melting point of
the wax. The temperatures gradually increased
due to the wax's increased convection heat
transfer and thermal conductivity. At 30
minutes, the maximum temperatures recorded
were 55.04, 55.39, 55.1, 55.14, and 55.2°C,
respectively. As the convection continued, the
temperature continued to rise. By 60 minutes,
the melting of the wax was complete, and a
thermal equilibrium stage began for thicknesses
between 1 and 3 cm. The temperatures recorded
at this stage were 57.01, 57.7, 57.37, 57.43, and
57.53°C, respectively.

Fig. 13 PV only without using PCM recorded a
maximum value of (65.75), while PV with PCM
in 1 cm recorded a minimum value of (57.08).
After studying the influence of the thickness, we
selected a 5 cm thickness as the optimal
thickness for improving the cooling of the board
and its performance by adding fins of various
sizes and dimensions.
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Fig. 13. PV temperature with PCM layers of 1, 3, 5, 10,
and 20 cm thickness after 3600 seconds.

4.3 Polycrystalline PV module

Multi-crystalline or polycrystalline PV panels
are solar panels composed of several tiny crystal
structures rather than a single, larger crystal
structure. To create the monochrome into a
square mold, chop it into smaller, individual
wafers.

Fig. 14 shows the temperature distribution
through the PV layers (glass to tedlar) when
exposed to incident irradiation conditions equal
to 955 w/m2, a wind velocity of 1 m/s, and an
environment temperature of 50.1°C for 3600
seconds. Because of the silicon cell's high
transmissivity and high absorption of sunlight,
the cell temperature increased, reaching around
65.85°C inside the silicon layer; thus, the heat
inside the cell increased over time, leading to an
increase in heat but a lower level in Eva and
Tedlar due to heat transfer to the environment.
The red color shows the high temperature of the
silicone layer, and the light blue color indicates
the temperature of both the glass and the Tadler.
The rate of rise in the panel's temperature
fluctuated between 64 and 65.8°C. Therefore, it
became necessary to cool the panels.
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Figure 14. Temperature distribution of the PV cell only.

Fig. 15 illustrates the thermal transfer process in
a layer of PCM used in a back-cooling device
for a solar cell. The heat is transferred from the
surface of the silicon cell to the PCM container
through a convective heat transfer process. As
the temperature of the PCM increases, it
undergoes a phase change, transitioning from a
solid to a liquid state.
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Figure 15. Liquid fraction distribution PV-PCM.

Fig. 16 shows temperature dispersion contours
for PV-PCMF. It was found that the addition of
aluminum fins with varying thicknesses of 2, 4,
6, and heights of 10, 20, and 30 mm in
combination with a layer of PCM led to a
significant decrease in the surface temperature
of the panel. Specifically, the cell temperature
dropped from 65.8°C in the PV-only to 53.9°C
in the PCM-F, optimum case 5, with a thickness
of 6 mm and a height of 30 mm. This reduction
is due to the high thermal conductivity of
aluminum and the increased heat transfer
surface area provided by the fins [53]. The
aluminum fins allow for a more efficient
transfer of heat from the cell to the PCM,
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absorbing heat faster and delivering it to the
PCM more effectively.
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Figure 16. Temperature contour PV PCM- fins for all
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Figure 17. Liquid fraction PV PCM - fins cases 1, 2, 3, 4,
and 5.

4.4 Monocrystalline PV module

Monocrystalline solar cells, made from thin
silicon wafers, are the oldest and most popular
type of solar cell technology. They have the
highest efficiency, reaching up to 26%, which
means that they produce more electricity per
panel unit area than other solar photovoltaic PV
technologies [54].

Fig. 18 depicts the temperature distribution
contours for a monocrystalline PV-PCMF
(Photovoltaic-Phase Change Material Fin).

can be observed that by incorporating fins into
the PCM, the temperature within the PCM
increases due to an enhancement in convection
heat transfer, which leads to an increase in the
overall thermal activity of the system over time
due to the rise in surface area available for heat
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transfer. The green layer, which represents the
regions of high temperature within the PCM, is
initially observed to be relatively thin. However,
as the size of the fin changes, as depicted in
Cases 4 and 5, the thickness of this high-
temperature layer increases accordingly.
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Figure 18. Temperature contour of the PV —PCM fins
case 1,2, 3,4, and 5.
The liquid fraction Mono in Fig. 19, the liquid
fraction PV-PCMF, and the phase change for
various cases are depicted. In Case 1, it can be
observed that the red color in Fig. 19 represents
the thickness of the molten layer that forms at
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the contact points between the wall of the
container and the fins. The molten layer begins
to form due to the withdrawal of heat from the
silicon cell to the wax through conduction,
leading to hot currents and an increase in the
thickness of the molten layer over time.
Additionally, the yellow layer at the container's
left edge indicates the beginning of the phase
change due to the heating of the container wall
through thermal conductivity.

In Cases 2 and 3, as the thickness of the fins
changed, the amount of heat withdrawn
enhanced, leading to a growth in the thickness
of the molten layer due to the increase in hot
currents flowing toward the solid phase. The
increase in the yellow layer in these cases is due
to the weak resistance of the solid layer to hot
currents. In Case 4, an increase in the length of
the fins results in enhanced heat transfer to the
farthest solid area, leading to the fading of the
solid area and its appearance as a thin layer.
Over time, the wax will ultimately transition to
the liquid phase.
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Figure 19. Liquid fraction PV-PCM fins cases (1, 2, 3, 4
and 5).

4.5 Comparison of poly-monocrystalline panels'
performance

Fig. 20 compares the thermal performances of
two types of panels, one monocrystalline and
one polycrystalline, with and without cooling.
The thermal performance of the monocrystalline
panel is slightly better than that of the
polycrystalline panel, which is because both the
thermal performance coefficient and the thermal
conductivity of the monocrystalline panel are
better than those of the polycrystalline panel.
The poly temperature was measured at 65.8°C
without cooling and mono at 64.3°C; after
applying PCMFs, the temperature notes were
539 and 51.8°C, respectively. The
monocrystalline panel is more effective at
conducting heat and has a higher capacity for
thermal performance, leading to better overall
thermal performance.
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Figure 20. Thermal performance of mono-polycrystalline
panels.

Fig. 21 compares the electrical performance of
monocrystalline and polycrystalline models.
The monocrystalline panel data performs
electrically better with and without cooling than
the polycrystalline panel because it recorded a
slightly lower temperature, which leads to an
enhancement in output power. After all, high
temperatures can reduce electrical efficiency.
Output power recorded for mono and poly with
no cooling applied was 191.7 and 190.4 W,
respectively, and with PCMF, it was 202.4 and
200.6 W, respectively, as shown in cases 1 and
5.

Fig. 22 compares the electrical efficiency
between poly and monocrystalline photovoltaic
cells, with and without cooling. The initial
efficiency of the poly model was 12.93%, while
the efficiency of the Monocrystalline model was
13.02%. Upon implementing PCMF, the
electrical efficiency improved to 13.62% and
13.74% for the poly and monocrystalline
models, respectively.

Observed that the monocrystalline model
exhibited a slightly better electrical efficiency
than the poly model, which can be attributed to
the lower temperature of the poly model,
leading to a marginal increase in output power
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and efficiency. Thus, the monocrystalline model
performs better in high-temperature conditions.

m Polycrystalline = Monocrystalline
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Figure 21. Electrical performance of monocrystalline and
polycrystalline panels.
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Figure 22. Monocrystalline and polycrystalline panel
electrical efficiency

5. Conclusion

High panel temperatures, decrease its life.
During max solar radiation of 955 w/m2 for an
hour, the monocrystalline panel temperature was
1.5 degrees lower than the polycrystalline panel
before applying wax and fins, which suggests
that the monocrystalline panel is more resistant
to temperature increases when exposed to high
solar radiation levels. Also, applying paraffin
wax without fins decreased the temperature of
PV types by 12.77 and 12.91% for both
polycrystalline and monocrystalline panels,
respectively. Moreover, it increases the
electrical power and PV efficiency by 3.7 and
3.78% for polycrystalline and monocrystalline
panels, respectively. Increasing the fin thickness

from (2-6) mm led to a decrease in the
temperature of PV types by (15.4-17.57) % and
(15.05-15.96) % for both monocrystalline and
polycrystalline panels, respectively. Increasing
the fin height from (10-30) mm led to a decrease
in the temperature of PV types by (17.57-19.44)
% and (15.966-18.09) % for Dboth
monocrystalline and polycrystalline panels,
respectively. The monocrystalline panel is more
effective at retaining a lower temperature when
cooled using these methods. The
monocrystalline model’s output power was
higher than the polycrystalline model by 1.3
watts before cooling and by 1.8 watts under the
optimal cooling scenario. However, before
cooling, the monocrystalline panel's electrical
efficiency was 0.07% higher than that of the
polycrystalline panel. After the best cooling
strategy was applied, the difference in electrical
efficiency between the two panels increased to
0.12%.

Nomenclature

Symbol Description Symbol Description
PV Solar RT55 Paraffins
photovoltaic Wax
PCMs Phase change N Diode Factor
materials.
ISC Short Circuit EGO Band Cap
Current Silicon
VOC Voltage Open FF Performance
Current Factor
Rs Series Resistance T cell Cell
Temperature
R-SH Shunt Resistance ™™ Ambient
Temperature
GIT Grid TPT Back Sheet
Independence Tedlar
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