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Article Info. Abstract

This work is a simulation study of cooling feasibility for a 570 x 670 mm solar cell rated at 50 W, evaluated using
COMSOL Multiphysics 6.1. Specifically, the effect of the number of flat fins on the cell temperature is examined. To
determine the optimal number of fins, the impact of three fin cross-sections—flat, triangular, and T-shaped—is
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1. Introduction

The exploitation and use of non-renewable resources have consistently marred human existence and progress. To achieve sustainable resource
exploitation and foster harmonious coexistence between human beings and nature, the world is actively promoting new energy [1] by
introducing sustainable energy as a clean, renewable alternative, such as solar, which is the most promising. Solar Photovoltaic (PV) is the
conversion of solar irradiance into electrical power. PV has several advantages, including minimal maintenance, no moving parts in operation,
a non-polluting operating process, and a long service life. However, the main obstacle has been their low conversion efficiency, typically 5-
20% of incident solar irradiance [2, 3]. Currently, a solar technology that integrates solar thermal collectors with PV modules into a single unit,
known as a photovoltaic/thermal (PV/T) system, is being developed [4, 5].

A study by Jiang et al. [5] found that fractal fins can reduce the cell temperature of a photovoltaic panel by 2 °C relative to regular fins. The
optimal configuration was a 120 x 50 mm cavity with a PCM thickness of 40 mm. With a second fin, the temperature was reduced by an
additional 2.3 °C. This indicates that the combination of PCM and fin design is crucial for thermal management in PV systems. Khelifa et al.
[6] investigated a SPVT system with skin-tube-like fins. They reported an effective daily yield of 2.02 kWh, which is 55.1% higher than that
of conventional systems. Hong et al. [7] studied T-shaped fin arrays in a PCM heat sink. These fins enhanced temperature uniformity by
predominantly disrupting natural convection during melting. The melting time was reduced by 25.5% for T-shaped fins, compared to the un-
fined system, and by 14.5% compared to rectangular fins. The two pilot plants also reduced wall temperature by 18.9 °C and 4.9 °C, respectively.
The results ascertained that T-shaped fins effectively enhance the heat-sink performance of PCM. Khelifa et al. [8] investigated finned
photovoltaic solar collectors across three cases: no fins, 20 fins, and 40 fins. They discovered that thermal efficiency increased with the number
of fins and with solar radiation but declined slightly with increasing water flow rate. At a flow rate of 0.01 kg/s, the thermal efficiencies were
50.54%, 52.33%, and 54.25%, respectively. The third cooling-and-energy-gain configuration yielded the best results.

Alqatamin et al. [9] designed a heatsink with perforated wave-shaped fins to maximize photovoltaic cell performance. Their simulations showed
that the PV-PWSF system reduced panel temperature to 57.8 °C under 1000 W/m? irradiance. Efficiency increased to 12.79%. Power output
also rose to 15.6%. The temperature dropped further to 47.7 °C at an airflow velocity of 2.5 m/s. This is much lower than the ambient air
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Nomenclature & Symbols

Cp Specific Heat Capacity (J/kg K) U Velocity in X-Direction (m/s)

d Diameter (cm) A% Velocity in Y-Direction (m/s)

g Gravity (m/s?) w Velocity in Z-Direction (m/s)

G Solar Radiation (W/m?) 0x Elements in the X-Direction (m)
h Heat Transfer Coefficient (W/m?-K) dy Elements in the Y-Direction (m)
k Thermal Conductivity of Material (W/m K) 0z Elements in the Z-Direction (m)
L Length (cm) n Dynamic Viscosity Pa - s

Lt Latent Heat (kJ/kg) p Density kg/m?

m° Mass Flow Rate (kg/s) PV Photovoltaic

p Pressure (Pa) PCM Phase Change Material

Qin Heat Source (W/m?) Nano-PCM  Nanoparticles- Phase Change Material
T Temperature (°C) CFD Computational Fluid Dynamics
t Time (s) FEM Finite Element Method

temperature. Thus, wind isolation could effectively cool the PV system and alleviate hotspots. The design used frequent waves of 10 cm
wavelength and about 1.5 cm height. Bashir and Ali [10] analyzed passive cooling of PV modules using extended-fin heat sinks. They identified
design factors to maximize efficiency. For a 50 W solar panel, they found that heat loss increased linearly with fin length. It also rose sharply
with fin diameter between 8 and 12 mm. Heat loss was higher at high temperatures and with many fins. With rectangular pin fins, heat losses
increased by 33.77% compared to circular fins. Losses rose by 41.4% compared to long rectangular fins. Du et al. [11] studied Cantor fractal
fin arrays in a photovoltaic-phase change material (PV-PCM) system. These fins improved temperature uniformity and heat transfer. Wall
temperature decreased by at least 9.1 °C. Cantor fins performed better than rectangular fins. PCM uniformity and efficiency improved with
transverse flow. However, wall-temperature uniformity decreased. These results showed that Cantor fins could be ideal for thermal management
in solar collectors. Unnikrishnan et al. [12] tested and simulated a PV-PCM system with wavy fins at 0°, 15°, and 30° inclinations under 750
W/m?. They demonstrated that inclination improved thermal performance. Temperature reductions were greater with up to 5 fins: 30.1 °C for
PV-PCM and 38.6 °C for finned PV-PCM, compared to regular PV systems. H increased from 28.15% to 22.27% at 0° and 30°, respectively.

Pu et al. [13] investigated the thermal behavior of PV panels with PCM heat sinks equipped with T-shaped fins. A 180° T-shaped fin reduced
the PV cell temperature by 15.1 K and improved electrical efficiency by 1.36%. Efficient heat transfer increased by 1.40%. Temperature
uniformity was enhanced by 71.0%. Another fin arrangement was found unacceptable for effective cooling. These results demonstrated the
benefits of the T-shaped fins for solar panel performance. Abdel Salam et al. [14] examined fin design in photovoltaic thermal systems. They
found that electrical and thermal performance efficiencies for a 9 mm fin are 15.982% and 0.82, respectively. The peak merit function was
2.829 with a fin, compared to 2.473 for a finless design. This signified that a fin on the sensing element offered substantial gains.

Al-Omari et al. [15] studied heat sinks that use PCM, which absorbs and releases heat at certain temperatures by changing between solid and
liquid. They tested different fin shapes to improve heat transfer from the source. Fins attached directly to the heat sink held less PCM, while
detached fins allowed for more PCM storage. Even when both types had the same surface area, attached fins still contained less PCM. Making
the heat sink wider and taller helped the PCM lower peak temperatures more effectively because the larger surface area allowed for better heat
dissipation. These results provide useful advice for designing more efficient heat sinks. Madhi et al. [16] looked at how fin angle affects cooling
in PV/T systems, which generate both electricity and heat from solar energy. They found that a 30° fin angle gave the best heat transfer, while
a 90° fin had the highest total heat transfer. The system’s electrical efficiency improved by 0.8% to 1.5%, and thermal efficiency increased to
59%.

Ambreen and Kim [17] found that circular fins filled with nanofluid provided the best cooling performance. Nanofluid, a liquid containing tiny
particles suspended in it, helps transfer heat more efficiently. Hexagonal and square fins did not work as well, and water-cooled square fins
performed the worst. Circular fins helped airflow more evenly, improving cooling. Placing fins near the leading edge also made a big difference,
showing that both the shape and position of fins matter. Bayrak et al. [18] studied how fin design affects the temperature and output of air-
cooled solar panels. They found that a 7 by 20 cm interlaced fin setup worked best, yielding 11.55% power output and an exergy factor of
10.91%, indicating how well energy is converted into useful work. Ghanim and Farhan [19] found that zigzag surfaces performed best at low
airflow rates (below 0.06 kg/s), while regular fins performed better at higher airflow rates. Using both methods together increased thermal
efficiency by 3% and electrical efficiency by 26%. Kim and Nam [20] used computer models to study solar panel cooling. Without additional
cooling, the panel reached 62.78 °C and had an efficiency of 14%. Adding fins lowered the temperature by 15.13 °C and raised efficiency to
14.39%. Adding slits between fins further improved airflow, dropping the temperature by another 8.62 °C at lower airflow rates while keeping
the panel temperature steady. This stability helped improve efficiency and made the panel work more reliably. The study highlighted several
good ways to cool solar panels. Mustafa et al. [21] used 3D computer models and found that circular pin fins kept solar panels coolest. Triangular
pin fins made the panels hottest. They also caused the largest melting in the PCM. D. Kameswara Rao et al. [22] studied both experimentally
and theoretically the use of CPCM combined with fins for cooling solar PV panels. The results showed that adding CPCM with a heat sink
reduced the panel temperature by up to 13.9 °C compared with the reference panel.

This study used COMSOL Multiphysics 6.1 to identify cooling strategies for a 570 x 670 mm PV cell and to improve the combined PV/T
system efficiency. It tested various flat-fin configurations to find the best options. The study also looked at how different amounts of nano-
PCM and cooling the nano-PCM with water affected PV cell performance.
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2. Numerical Method

2.1. Physical model

Numerical simulations of cooling PV modules by different methods were carried out using COMSOL Multiphysics 6.1. The study simulated a
PV/nano-PCM system to improve heat control and electrical efficiency. The system contained a typical polycrystalline silicon PV module, a
nano-PCM box with a water pipe, and an aluminum heat sink. The main equations were solved with the finite element method (FEM).

Several important factors influence the thermal and electrical performance of the PV/nano-PCM cooling system. These include geometric
conditions, the number and arrangement of fins, fin shape, the height of the nano PCM container, the type of PCM (with or without
nanoparticles), and whether an inserted water pipe is present. The four primary variables analyzed were: (i) number of fins, (ii) fin configuration,
(iii) Nano PCM container height, and (iv) water pipe insertion. The ranges and selected levels for these variables are summarized as follows:

= Number of fins: 8, 10, and 12 fins
=  Fin configuration: flat, T-shaped, and triangular-shaped geometries attached to the bottom surface of the PV panel
= The height of the nano PCM container was 2, 3, and 4 cm (with increments of 1 cm).

Fig. 1 shows the physical dimensions of the PV/nano PCM system. Fig. 2 illustrates the ship-of-fins study, the design methods, and the geometric
parameters of the fins. Tables 1 to 3 provide details on the thermo-physical properties of the PV layer, the nano-PCM, and the fins.

o

Solar panel

T- ship

Triané)ular ship
Fig. 2. Ship of fins study
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Table 1. Thermophysical properties of PV panel and PMD layers [23]

No Material Thermal conductivity (W/m K) Density(kg/m?) Specific heat (J/kg K)
1 Water 0.625 991 4172
3 Silicon 148 2330 677
4 EVA 0.35 960 2090
5 Glass 1.8 3000 500
6 Tedlar 0.2 1200 1250
7 Aluminum 238 2700 900

Table 2. Characteristics of A1203 nanoparticles [24]
Property Nano PCM
Density (kg/m?) 3600
Specific heat (J/kg K) 765
Thermal conductivity (W/m K) 36
Viscosity (N.s/m?) o= 0_0013—4-25+%
Heat of latent (kJ/kg) Ly =160
Temperature of Melting (°C) 56
Table 3. Dimensions of the main parts of the PV/nano PCM model
Dimension Value (cm)
Solar cell 67*54*0.5
Container of PV/nano PCM 67%54*%(2, 3,4)
Height of fins 5
Number fins 6,8, and 10
Length and diameter of the pipe L=54, d=0.7
Flow rate 0.002775 [kg/s]
Temperature of inlet water 25°C

2.2. Governing equations

The conservation equations for mass, momentum, and energy form the foundation of the governing equations used to determine the distributions
of velocity, pressure, and temperature within the computational domain of the PV/nano PCM simulation model. These equations can be

expressed as follows [25-27]:

=  Continuity equation:

p , (ou  dpv  dpw) _
at+(ax+6y+az)_0 M
=  Momentum equation:
ou ou v ow 9%u 2%u 2%u oP
PortPlug tug+u) =uGz + 55+ 52)+pg -5 @
dv ou v ow o%v | 9%v | %v oP
pE‘FP(Ua‘}'U@‘}'UE)—H ﬁ+a—}/2+azz)+pg—a (3)
ow ou v ow %w 2w 2w oP
pE-Fp(W$+W5+wE)—u(ax2 +ay2 + azz)+pg—; 4
=  Energy equation [28, 29]:
For fluid flow and solar PV panels.
aT oT aT aT\ _ 62_T 62_T 92(T)
pCp E+pcp(ua+v@+wa)_k(ax2+ay2+az2)+Q”V %)
a%r ot . 9%T pCp 8T
or — pCpT (6)

ax2 | ay? ' 922 k ot
2.3. Assumptions

The following basic assumptions were adopted by developing the simulation model:

= Incompressible, laminar flow of fluid through the pipe channels; switching was steady and predictable.
= The thermal resistance across the different layers of the stack was not considered to simplify its calculation.

=  Unsteady-state problem and 3D heat transfer in the computational domain.

= The fluid’s thermophysical properties were dynamically temperature-dependent, introducing a realistic element to the simulations.
=  Environmental temperatures and solar energy levels are considered time-varying to be more realistic.
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2.4. Initial and boundary conditions

These considered assumptions formed the backbone of the simulation, setting the stage for insightful and impactful results. Based on the
computational domain shown in Fig. 3, the initial and boundary conditions for fluid and solid walls were as follows:

2.4.1. Fluid Flow

Inlet Conditions: The analysis began by setting the inlet parameters. Vin, Tin, pin, and Cp for water were used as the starting point, forming
the basis for the fluid dynamics study.

Outlet Condition: The outlet pressure was measured at the water’s exit point to clearly show the flow’s final state.

2.4.2. Solid Surface (Walls)

No-Slip Condition: The fluid touching the solid walls was set to have zero velocity (u= 0, v= 0, w = 0). This keeps the interaction between
the fluid and the surfaces stable.

Thermal Continuity: The temperature at the wall did not change suddenly, so heat could transfer smoothly.

Adiabatic Surfaces: For insulated surfaces, an adiabatic condition was used. This means no heat transfer happens (q = 0 or dq = 0), so
energy remains in the system.

2.4.3. Solar PV Panel:

The top surface of the PV panel is exposed to outdoor conditions, where it receives solar radiation (G, measured in W/m?) and converts it
into useful power.

Heat leaves the top surface of the panel through both convection and radiation.

An Aluminum sheet attached to the back of the solar PV panel acts as a heat sink. It helps manage heat by staying in direct contact with
the panel’s rear surface.

This description shows how fluid flow and heat transfer work in solar PV panels, highlighting their role in making solar energy use more
efficient.

o

Solar panel =
A

Adiabatic peo

walls

Y\L,x 0

Fig. 3. Boundary conditions of the PV/PCM model computational domain

2.5. Mesh and time step independent study

Fig. 4 shows how the surface temperature changes for different grid elements over several time intervals, which helps assess the impact of grid
number and time step. To balance accuracy and computational cost, we used 752030 grid points and an adaptive time step, starting at 0.001.
Also checked that the solution converged by setting the relative tolerance to 107°.

Time Required
38mn

W Couse
o W Normal 12k
35 B Fine 48hr

Cell Temperature (°C)

3
] £
332
o
0 £
% :
‘6 3
E3)
31
30

400000 800000 1200000 1600000 2000000 2400000 2800000
‘Number of Elements

Fig. 4. Mesh independent of PV/nano PCM system
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3. Results and Discussion

The theoretical simulations used the typical climate conditions of Baghdad, Iraq (33.3152° N, 44.3661° E). Fig. 5 shows that the meteorological
data came from METEONORM 8 (Global Weather Data, Version 8), a reliable and comprehensive source for this analysis.

—— Ambient temperature Data:2025/7/15
50 - — Global radiation

40

30

Temperature (°C)

20
900 | J—
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Solar radiation (W/m?)
[ RS I T B W |
[ T s T o T o T e N e
S SS53S3S S

T
.
.

,_.
o
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™
yd

|
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0 4 8 12 16 20 24
Daily Time (hr)

Fig. 5. Weather data for Baghdad, Iraq (33.3152° N, 44.3661° E) in July 2025

The cooling performance of the solar panel PV system was tested in four scenarios. These included changes in the number of fins, how the fins
were arranged, the height of the PCM container, and whether a water pipe was used.

The heat sink helped the PV module perform better by removing excess heat, reducing the problems caused by high temperatures. The best
cooling happened when stored heat travelled through the fin base and was released by convection. Good thermal conductivity made heat transfer
more efficient, and adding fins increased the surface area, which improved heat rejection. As shown in Fig. 6, increasing the number of fins
further lowered the peak temperature. Fig. 6 shows that the cell's highest temperature occurred around 13 hr due to PV panel heat storage.
Specifically, the highest temperature was approximately 57.5 °C for the PV without fins. After adding six fins, the temperature decreased to
53.7 °C (a 6.6% reduction). With eight fins, the temperature further decreased to 52.6 °C (an 8.5% reduction). The largest reduction was with
10 fins, lowering the temperature to 51.7 °C (a 10% reduction).

Fig. 7 shows the temperature contours for the heat sinks. As illustrated, the distribution of heat depends on the number of fins, with heat
concentrating in the center of the sink. This occurs because heat is easily transferred from the edges by convection. Accordingly, increasing the
number of fins improved heat dissipation efficiency in the sink's center. However, despite this improvement, the center remained the hottest
area.

60

Number of fins (Flat fin)
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Fig. 6. Influence of the number of fins on cell surface temperature
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Surface: Temperature (degC)

Time=13h

55
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A) 6 fins B) 8 fins >3

52

Y\I/'x

C) 10 fins

Fig. 7. Illustrates the distribution of temperature contours for varying numbers of fins

Three fin configurations were considered: flat, T-shaped, and triangular, each used separately to cool the PV panel. Fig. 8 shows how different
fin shapes affect the thermal performance of the PV cell. For a fair comparison, each setup used eight fins. According to Fig. 8, triangular fins
kept the cell coolest, dropping the maximum temperature from 57.6 °C (bare panel) to 50.8 °C at 2:00 PM, which is an 11.11% improvement.
The T-shaped fin lowered the temperature to 51.75 + 8 °C at 2:00 PM, a 10.25% reduction. The flat fin reached 52 °C at 2:00 PM, giving an
8.4% improvement.

Fig. 9 displays temperature contours for the PV cell employing various fin cross-sections. The flat fin exhibited Fig. 9 shows temperature
contours for the PV cell with different fin shapes. The flat fin had the highest temperature, followed by the T-shaped fin, while the triangular
fin worked best for cooling. The plate edges were the coolest because of heat loss from the fin surfaces. The triangular fin performed best
because its thick base improved heat transfer, its tapered shape helped spread heat and lower resistance, and the upper part offered a large
convective area for its weight. Additionally, it was lightweight, cost-effective, and required less material. After selecting the optimal fin
geometry and number, a 20 mm nano-PCM container was placed between the heat sink and the PV cell's back.

Fig. 10 compares three scenarios: (1) a cell without fins, (2) a cell with 8 fins, and (3) a cell with 8 fins and nano-PCM placed between the cell
and the heat sink. A significant decrease in cell temperature was observed upon adding nano-PCM. The shift in maximum temperature occurred
toward the afternoon by about 3 hours relative to the uncooled cell and by about 1 hr relative to the finned cell. The maximum cell temperature
dropped to about 44.675 °C with nano-PCM, compared to 57.66 °C without cooling. Cooling the cell using fins reduced the temperature by
approximately 11.8%, while adding nano-PCM to the fins raised this reduction to 22.5%. After 18 o’clock, Fig. 10 shows that the cell
temperature with nano-PCM becomes higher than that without cooling, due to latent heat storage within the nano-PCM.
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Fig. 8. Configuration of fins in the bottom panel affects the solar panel surface temperature
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Fig. 10. Effect of nano-PCM integration on PV cell temperature

To select the best nano-PCM container thickness, three options—20, 30, and 40 mm—were evaluated to increase mass and improve cell
temperature stability. As shown in Fig. 11, greater container thickness led to lower cell temperatures due to greater mass and increased heat
absorption during the day. After sunset, the thickest container showed the highest cell temperature because it stored more latent heat of fusion.
The lowest cell temperature, 44.67 °C, occurred in the 40 mm container. Compared to an uncooled cell, the temperature was reduced by 19.3%
for 20 mm, 21.7% for 30 mm, and 22.5% for 40 mm.

Fig. 12 shows the contour plot of the phase transition between the solid and liquid phases for a 40 mm-thick nano-PCM container. The
solidification percentage of the nano-PCM was approximately 84% at 13 o’clock. As nano-PCM heat absorption increases, the solidification
percentage drops to 69%. This explains the decrease in cell temperature at 15 o’clock, as shown in Fig. 12. After this time, some nano-PCM
remained liquid at 19 o’clock, resulting in a higher temperature in the nano-PCM-supported cell than in the cell without cooling.

To assist in removing heat generated in the cell and transferred to the nano-PCM, and prevent any additional increase in its operating
temperature, the possibility of cooling the nano-PCM with water was investigated by immersing copper tubes within the nano-PCM container.
Water circulated through these tubes to remove heat at a fixed flow rate of 28 kg/m? h. A network of 7 mm copper tubes, 54 cm long, was used
to circulate cooling water from 8 to 20 o’clock, as shown in Fig. 13. Fig. 13 shows a significant decrease in cell temperature when the nano-
PCM was cooled with water. The highest daytime cell temperature was recorded at 2:00 PM, reaching 35.5 °C. When the water flow stopped
at 20 o’clock, the cell temperature increased to 38 °C due to the continuously molten PCM. The following morning, the nano-PCM cell’s
temperature without cooling was similar to that of the cooled cell. Fig. 14 compares results with the cell without cooling. All cases had eight

114



Hussian A. A. et al., Journal of Techniques, Vol. 8, No. 1, 2026

fins of triangular cross-section. One case used only the heat sink with 8 fins; another used nano-PCM with the fins; and the last combined 8
fins, nano-PCM, and water cooling from 8:00 AM to 18:00. The best-case scenario was the use of 8 triangular-section fins with nano-PCM and
water cooling, showing a maximum daytime temperature of approximately 35.7 °C, which is lower than the ambient temperature of 43.7 °C
and reflects a 34.1% improvement over the bare cell. This was followed by the heat sink with 8 fins and nano-PCM, reaching 44.7 °C and a
22.5% improvement, whereas using only the heat sink with fins resulted in a cell temperature of 50.8 °C and an improvement of 11.9%.

The results are compared against those of D. Kameswara Rao [22], as shown in Fig. 15. The comparison shows an 18% deviation in cell
temperature and a 24% deviation in the temperature difference between the cell and ambient temperatures.
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Fig. 11. Effect of nano-container height on the cell temperature
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Fig. 13. The effect of cooling water on the PV cell performance
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4. Conclusions

In this work, several methods were used to reduce the temperature of a 570 x 670 mm PV solar cell. The effect of the number of flat fins was
investigated to determine the optimal quantity. Once this was established, the study examined how different fin cross-sections affect cell
temperature, eventually identifying the best design. Subsequently, the impact of the nano-PCM mass on cell performance was analyzed. The
research concluded with an investigation into how cooling the nano-PCM with water influences results. The results indicated that although the
lowest cell temperature was achieved with 10 flat fins, 8 flat fins yielded a temperature similar to that of 10 flat fins. Therefore, the number of
fins was fixed at 8, which reduced the cell temperature to 52.6 °C, a 10% improvement. Using triangular-section fins instead of flat ones reduced
the maximum temperature to 50.8 °C, which represents an improvement of 11.8%. Furthermore, supporting the heatsink with a 40 mm-thick
container filled with nano-PCM reduced the cell temperature to 44.67 °C (a reduction of 22.5%). In this regard, the lowest maximum cell
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temperature was 37.9 °C when the nano-PCM of the above type was cooled with water, resulting in a 34.1% improvement.
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