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Abstract

This study examines how the performance of photovoltaic (PV) panels can be improved by means of
passive cooling techniques through fin configurations. Computational Fluid Dynamics (CFD)
simulation, validated with experimental data, was used to analyse the thermal behaviour of PV modules
integrated with different fin shapes, namely rectangular, trapezoidal, and triangular geometries. It was
found that trapezoidal fins yield better thermal performance, lowering the panel temperature by more
than that of rectangular and triangular designs. Parametric investigations into the number, thickness,
and length of the fins confirm that more fin numbers and larger dimensions enhance cooling
performance. In particular, the trapezoidal shape attained a 7.59% enhancement in the cooling
effectiveness at 20 fins. The results bring forth an opportunity for application-specific designs of fins,
thus enhancing the efficiency with minimal degradation due to elevated temperatures. Although
photovoltaic (PV) systems are essential for producing sustainable energy, rising temperatures have a
major impact on their effectiveness. PV modules' electrical conversion efficiency is decreased by
excessive heat. One practical way to lessen the effects of heat is to use fin-enhanced cooling systems.
Fin-enhanced cooling systems for PV modules are analysed and optimised in this work
using Computational Fluid Dynamics (CFD). In order to optimise heat dissipation, the research
focusses on assessing fins' thermal performance, energy efficiency, and design changes. The findings
show that improved fin geometries and configurations significantly increase cooling efficiency, which
boosts PV performance.

Keywords: Photovoltaic cooling, passive cooling, fin optimization, CFD analysis, thermal management,
renewable energy

INTRODUCTION

Global environmental concerns and rising energy demand have driven the development and adoption
of alternative energy resources, with solar energy emerging as the most affordable and abundant
renewable resource. Solar photovoltaic (PV) technology efficiently converts sunlight into electricity
and has become one of the fastest-growing energy
segments worldwide. Advances over the past two
decades have significantly reduced the cost of PV
modules, improved efficiency, and enhanced
system reliability, resulting in lower electricity costs
and rapid growth in PV power plant installations.
systems  typically use electronic
semiconductors, including crystalline silicon (c-Si)
and thin-film materials. C-Si systems, which
dominate the market, are based on monocrystalline
and multi-crystalline materials. A p-n junction PV
cell is shown in Figure 1. Monocrystalline solar

*Author for Correspondence
Jahangir Alam
E-mail: nishant. mgi@gmail.com

IM.Tech. Scholar, Department of Mathematics, Mittal Institute
of Technology, Bhopal, Madhya Pradesh, India

’Assistant  Professor, Department of Electronics &
Communication Engineering, Mittal Institute of Technology, | PV
Bhopal, Madhya Pradesh, India

Received Date: December 26, 2024
Accepted Date: January 02, 2025
Published Date: January 08, 2025

Citation: Jahangir Alam, H.S. Sahu. CFD Analysis and

Optimization of Fin-Enhanced Cooling Systems for Enhanced
PV Performance. Recent Trends in Fluid Mechanics. 2025;
12(1): 1-15p.

modules offer higher efficiency (around 20%) but
are costlier due to expensive wafer-based
technology. PV cells, the core unit of solar energy
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systems, utilize p-n junction devices to directly convert sunlight into electrical energy by leveraging the
properties of n-type and p-type semiconductor materials [1-3].

A solar cell operates by absorbing sunlight through its semiconducting material, usually silicon. This
absorption excites the electrons, allowing them to break free and travel toward an electrode, generating
electricity as they flow through the material. An arrangement of several solar cells results in usable
amounts of DC electricity. Solar energy technology, including photovoltaic and solar thermal systems,
offers significant advantages: no noise, no harmful by-products, and high durability lasting 20-30 years.
However, it faces challenges like non-uniform cooling, lower efficiency compared to conventional
energy sources, high initial costs, and space requirements. Innovative designs aim to address these
issues. To achieve practical power outputs, solar cells are arranged in series to increase voltage while
maintaining constant current, or in parallel arrays to boost current capacity. For instance, six cells in
series produce 3V, while parallel configurations enhance current. A complete solar power system
includes solar panels, super capacitors for energy backup, and inverters to convert DC to alternating
current (AC) for household use, ensuring efficient energy conversion and reliable operation [4-8].

Photovoltaic (PV) technology is a prominent solar energy conversion method that directly converts
sunlight into electricity with minimal maintenance and silent operation. A PV cell functions as a p-n
junction diode, generating electricity when photons excite electrons, breaking thermal equilibrium, and
creating electron-hole pairs. However, a single silicon solar cell produces a low voltage (0.5-0.6 V),
requiring cells to be combined in modules to generate significant energy. The efficiency of PV cells is
affected by temperature. Heat from unconverted solar radiation increases the cell's surface temperature,
raising circuit resistance, reducing electron velocity, and decreasing open-circuit voltage. This heat
reduces efficiency since PV systems usually convert only 10-20% of sunlight into electricity. The rest
of the radiation, especially outside the visible spectrum (380—700 nm), contributes to temperature rise,
which affects performance further. Proper cooling methods would mitigate these effects, making
efficiency and lifespan longer in PV panels. New materials and designs with optimal band gaps could
further improve performance. Cooling innovations are critical because PV systems are a cornerstone in
the shift away from fossil fuels, providing a sustainable energy solution in an increasingly renewable
energy-dependent world [9-17].

The surface temperature of PV panels is determined by external environmental factors such as
sunlight, wind, and dust. Reducing operating temperature is very important for efficiency since it is not
possible to control external variables. There are two types of cooling methods: active systems that make
use of mechanical devices such as fans or pumps to enhance cooling but result in reduced net power
output, and passive systems that make use of natural convection but are not very efficient and cost-
effective. Phase Change Materials (PCMs) hold great promise for cooling by absorbing heat when
undergoing phase changes, maintaining the temperature at a stable point during the day, and releasing
heat at night. PCMs increase PV efficiency, are cost-effective, and have versatile applications, making
them sustainable for thermal regulation [18-23].
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Figure 1. A p-n junction PV cell.
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LITERATURE REVIEW

Madhi et al. fins in the serpentine channel at four distinct angles: 30, 45, 60, and 90° [24]. In their
study, water served as the cooling fluid. Five distinct Reynolds number values were varied, ranging
from 250 to 1250 with a 250 increment, while it was operating in the laminar flow mode. There are 108
fins in each system. Each fin has an area of 600 mm2. The resulting flow fields for each fin arrangement
in the serpentine channel were predicted using numerical simulations. The PV/T collector's electrical
and thermal efficiency was calculated using the optimal fin design for thermal performance. According
to the results, fins oriented at a 90° angle provided the highest heat transfer coefficient, while fins
oriented at a 30° angle provided the best thermal performance. When compared to a traditional PV/T
system, the electrical efficiency of the suggested system can be raised by 0.8 to 1.5%. Additionally, at
90° fin orientation, the PV/T system demonstrated outstanding thermal efficiency of up to 59%.

Wang et al. investigated air passages and aluminium fins at the conventional solar cell back sheets,
and uses fans to cool them via forced circulation [25]. Fin height, panel temperature, power generation,
electrical efficiency, fin spacing, and air channel inlet wind speed were all investigated. The current
study shows that the effect of fin spacing on PV panel temperature for a finned-spatial arrangement first
shows a decreasing trend, then a rising trend with natural convection, and finally a progressive reduction
as fin height increased. As a result, forced circulation cooling technology may be able to lower the PV
panel's temperature and boost its net power output. The fin spacing was set at 6 mm, the ambient
temperature was 35°C, and the solar radiation intensity was 1000 W/m?2. The intake wind speed was set
at 1 m/s, and the height of the rectangular fins was set at 80 mm. In this case, the net producing power
reached its peak. Electric efficiency was also increased to 2.25 and 14.6%.

Mahdavi et al. investigated three different fin shapes, namely, pin fin, Y-shaped fin, and spring fin,
as a response to the demand for effective passive cooling strategies within compact photovoltaic
modules, both through numerical simulations and experiments [26]. The goal was to use phase-change
material (PCM) and expanded surfaces to increase the heat transfer rates in PV devices. Moving away
from conventional methods such as metal foams and plate fins, which are associated with weight
increase and system complexity, their study investigated the various scenarios in numerical simulation
utilizing the finite volume method of computational fluid dynamics and experimental validation. The
pin fin configuration is found to perform noticeably better than the others when fins with the same
volume and cross-sectional area are examined. Fully saturated pin fins provide an amazing 9°C
temperature drop, which translates into a 4% efficiency gain and a noteworthy 0.8 V increase in open-
circuit voltage, according to an experimental study of pin fin lengths and numbers. The feasibility of
this proposed PV-PCM passive cooling technique for performance improvement at a lower cost with
simpler construction is demonstrated by the quantitative findings, which clearly show temperature
reduction, efficiency enhancement, and improved voltage.

Al-Muhsen et al. aimed at the innovative development of a new generation of PTs' fixed ventilation
fans through the application of the technique of CFD-based simulation and practical experiments [27].
For the proposed CFD model, ANSYS FLUENT 19.2 was adopted. By making a comparison between
numerical results and experimental results for the temperature and velocity of cooling air, the validity
of the proposed CFD model can be verified. The k-¢ model of a standard k-type was applied for the
numeric simulation of airflow of an examined cooling system. Thermo-technical analysis of the four-
sided power transformer took place; analysis of a proper position for locating cooling fan on the radiator
along with a proper number of used fans is presented at the same time. The primary results showed that
two fans performed at the highest level relative to the other candidate alternatives. The sizes, materials,
and shapes of covers of two cooling fans were further investigated and integrated into the proposed
model. In this study, a thermoelectric generator was considered as part of the objective of recovering
part of the lost heat to be produced as output power. An experimental prototype that replicated the power
transformer's real cooling mechanism was created. According to the results, the selected material has
achieved a high Calculated Factor of Safety of 237, demonstrating the high safety of using specified parts.
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Pu et al. presented a comparative investigation of two T-shaped fin designs in a PCM-based heat sink
to the PV panel's cooling performance [28]. Results have demonstrated that for a 180° T-shaped fin
design, considerable effects are experienced when the average temperature of a PV cell is decreased by
15.1 K as compared to the cavity without fin design, and increases electrical efficiency by 1.36%. With
optimum distance spacing and secondary length, a further improvement of the distal fin on the aspect
of temperature uniformity as well as photovoltaic efficiency is noted at 1.40% increment in electrical
efficiency with improved temperature uniformity up to 71.0%. Elaborate examination clearly supports
the fact that control and convection by distal fin distance Scheme 1 will be the determining criteria in
the designing procedure of this system. On the contrary, numerical results of alternative fin layout
Scheme 2 demonstrate that it cannot be used in PV cooling applications.

Belhadad et al. carried out an investigation on four different configurations, Case-1, Case-2, Case-3,
and Case-4, with a focus on parametric analysis [29]. A cylindrical cage containing pure gallium, a
phase-changing material (PCM), makes up each arrangement. A 2D CFD methodology was used to
study the enclosed material's solid-to-liquid phase transition. Along the enclosure's generator, the study
also tried to observe the application of three temperatures: T1=32, T2=39, and T3=42°C, both with and
without fins. The Enthalpy-Porosity Method was used to accurately describe the melting of the PCM,
and a thorough explanation of the underlying assumptions was provided in order to provide a more
accurate representation. The results of the physical solidification/melting model were validated by
contrasting them with the reference data from a cutting-edge investigation. The narrow finless cylinder
in Case 1; the thin finned cylinder in Case 2 (I=10 mm, t=0.6 mm); the larger fins in Case 3 (I=20 mm,
t=0.6 mm); and the largest fins in Case 4 (I=30 mm, t=0.6 mm) were the particular cases. Gallium may
be melted up to 89% faster with thin fins. Summary of research on photovoltaic cooling techniques and
innovations is shown in Table 1.

Table 1. Summary of research on photovoltaic cooling techniques and innovations.

Author Key Contributions Technology Used Limitations
Madhi et al. | Examined fin angles (30, 45, 60 and 90 A°) in | Numerical simulations | Focused on specific fin
(2024) [24] | serpentine channels for PV/T cooling; 30 A° | with  varied Reynolds | arrangements without

showed best thermal performance; 90 A° had | numbers (250 to 1250) and | exploring other
maximum heat transfer coefficient; Electrical | water as cooling fluid. cooling methods.
efficiency increased by 0.8 to 1.5%; Thermal
efficiency reached up to 59%.
Wang et al. | Investigated aluminium fins and air channels | Forced-circulation cooling | Limited to forced air
[25] with forced circulation cooling; Net power | using fans; experiments on | cooling; excludes
and electrical efficiency increased with | fin spacing, height, and | passive methods or
optimal fin spacing and height; Maximum | wind speed. alternative materials.
electric efficiency increased by 14.6%.
Mahdavi et | Studied pin, Y-shaped, and spring fins with | Finite volume method | Focused only on PCM-
al. [26] PCM for passive cooling; Pin fins reduced | (CFD simulations) and | based passive cooling;
temperature by 9 A°C, improving efficiency | experimental  validation; | excludes active
by 4%; Enhanced voltage by 0.8 V. passive cooling with PCM. | cooling approaches.
Al-Muhsen | Developed CFD-based models for ventilation | CFD  simulations with | Application limited to
et al. [27] fans in power transformers; Experimental | ANSYS FLUENT 19.2; k- | power transformers;
validation showed high safety factors and | Tu  turbulence  model; | not directly for PV
effective cooling. thermoelectric ~ generator | systems.
integration.
Pu et al. | Compared two T-shaped fin designs with | PCM-based heat sink; CFD | Scheme 2 unsuitable
[28] PCM for PV cooling; Achieved 15.1K | analysis for distal fin | for PV cooling; limited
temperature  reduction and increased | spacing and length | exploration of other fin
efficiency by 1.36-1.40%. optimization. designs.
Belhadad et | Analysed four PCM configurations with fins; | 2D CFD with Enthalpy- | Focus on cylindrical
al. [29] Thin fins improved melting rates by 89%; | Porosity Method for PCM | PCM enclosures;
Achieved 96% increase in heat transfer | melting analysis. applicability to PV
coefficient. systems not explored.
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The heat transfer coefficient, h, has been improved by 96%.ﬂ Additionally, fin augmentation raises the
Nusselt number by almost 91%. As a result, this analysis indicates improvement in both the melting
rate and natural convection. Melting rates, particularly for Case-3, improved by almost 30%. By taking
into account 2D CFD contours with stratified behaviour in Case-3 during t=240 s and Case-4 between
t=240 s and t=300 s, temperature T1 influences the dominant mode of convective heat transfer
switching onto conduction mode. A localized cold spot that appears at t=300 s reveals localized heat
transfer characteristics at Case-4.

RESEARCH METHODOLOGY

Policy efforts to reduce carbon dioxide emissions have driven interest in zero energy buildings
(ZEBs) to achieve energy independence in the building sector. Renewable energy production,
particularly through photovoltaic (PV) systems, plays a critical role in this transition. PV systems are
widely adopted in buildings due to their abundant energy potential and versatility. Their performance
depends on factors like cell efficiency, shading, and solar radiation. Research aims to enhance PV
performance, though challenges remain in balancing efficiency and robustness, especially in flexible
thin-film silicon-based solar cells.

Physical Model

The schematic model of the present study is shown in Figure 2 which investigates the passive cooling
technology using fins attached to the back of the PV module. Further, three sizes of fins were considered
in this study.

In order to analyse the impact of the wind surrounding the PV module, a simulation model was built
using the indoor test that employed a solar simulator. A 2 mx3 mx5 m domain (air) was used to install
the PV module. The configuration of fins and slits is shown in Figure 3. Additionally, the spatial grid
utilized was the polyhedral mesher with multi-region conformal meshing, and the physical conditions
were based on the three-dimensional steady state.
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Figure 2. Schematic diagram of the simulation model (Kim and Nam [30]).
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Figure 3. The configuration of fins and slits (Kim and Nam, [30]).
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Computational Fluid Dynamics Analysis

Advances in computational hardware and numerical methods have made Computational Fluid
Dynamics (CFD) a very important tool for analysing fluid motion, heat transfer, and mass transfer. This
helps to achieve accurate design and prediction in various applications. CFD is a computer-based
simulation to evaluate fluid flow systems in industrial and non-industrial domains. The configuration
of triangular fins is shown in Figure 4. In this work, ANSYS Fluent is used for CFD analysis of solar
stills by using mathematical models such as the conservation of momentum and energy equations. The
process involves pre-processing for simulation setup, solving for computational calculations, and post-
processing for result analysis and visualization, all through user-friendly interfaces for smooth
execution. The configuration of trapezoidal fins is shown in Figure 5. Pre-processing in CFD prepares
a flow problem to be simulated using a friendly user interface and transforms the input into a format
that can be interpreted by the solver. The stage involves defining the computational region, creating a
grid or mesh to partition the domain into control volumes, specifying physical and chemical processes,
and determining fluid properties as well as boundary conditions. The accuracy of CFD results depends
on the number of cells in the grid. Finer grids generally yield more accurate results, but in regions with
rapid changes in the physical quantities of interest, automatic grid refinement techniques are used. These
methods still require much development before their integration into commercial CFD software.
Algorithm used for CFD analysis is shown in Figure 6.

The solver phase uses mathematical approaches such as finite differences, finite elements, or spectral
methods. Tools such as ANSY'S Fluent or STAR-CD are commonly used. In this stage, fluid governing
equations are integrated over the control volumes. The integral equations are discretized into algebraic
form, and iterative techniques are used to solve them. The finite volume method ensures that the control
volumes conserve the laws for applying changes in variables like velocity or enthalpy according to
contributing processes. It includes post-processing through results analysis and visualization. Such
displays include domain geometry, grid structures, contour plots, 2D and 3D surface plots, vector plots,
and animation for dynamic outcomes. Advanced software provides alphanumeric outputs and data
export options for further analysis, offering comprehensive insights into the simulated flow phenomena.

Choosing the Physical Properties
Model setup requires knowledge of the physical characteristics of solids and fluids, including density,

viscosity, specific heat, and thermal conductivity. The simulated PV module was made up of glass,
EVA (ethylene vinyl acetate), fins, a back sheet, and cells. Simulation conditions are shown on Table 2.

= e

Figure 4. The configuration of triangular fins.  Figure 5. The configuration of trapezoidal fins.

Apply material
Start » CAD modelling » gé?ﬁerzzsrr;;ﬂg property and
boundary condition
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Figure 6. Algorithm used for CFD analysis.
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Table 2. Simulation conditions.
Heat flux | Velocity inlet | Ambient temperature | Initial temperature | Contact resistance

(W/m2) (m/s) (°C) (°C) (m?K/W)
600 0.5 26.84 26.84 0
Table 3. Thermophysical properties.
Components Density Thickness Specific heat Thermal conductivity
(kg/m?3) (mm) (J/kg°C) (W/mK)
Cell (Si) 2330 10 677 148
EVA 960 10 2090 0.35
Frame (Al) 2702 60 903 237
Back sheet 1200 1 1250 0.2
Fin (Cu) 8900 3 385 400

Stated differently, the impact of transmission materials like glass and EVA on the solar irradiance's
transmissivity was disregarded. The airflow's velocity entrance and pressure departure were located on
either side of the domain. Thermophysical properties of the components are shown in Table 3. The heat
flux served as the upper surface's boundary condition. Within the effective range of the NOCT condition,
the velocity and heat flux were set at 0.5 m/s and 600 W/m?, respectively. Additionally, it was assumed
that the interface of each layer was in full contact, and the contact resistance was set to 0 m?K/W. The
contact resistance shows the thermal properties of each component utilized in the PV module simulation.

Algorithm

The following analysis techniques are carried out in order to simulate:

1. Launch the 3D solver in Fluent.

2. Use FLUENT to read an existing grid file.

3. Examine the grid, paying particular attention to the area of each cell, the number of nodes, the

cell volume, and the dimension of the computation domain.

4. Choose the suitable type of solver:

Fluent offers three different kinds of discrete equation solvers. In essence, the "segregated solver"
handles the particulars of the study (incompressible and mildly compressible flows). When
applied to high-speed compressible flow, this solution solves the continuity, momentum, energy,
and species equations sequentially (i.e., segregated from one another), whereas the other two
solvers solve these equations concurrently (i.e., coupled together).

5. Select the model: Choose the k- (RNG) model to compute the flow field, and set standard wall
functions for the near fin treatment. Turn on the energy equation for convection and conduction
heat transfer coupling.

Describe the material's characteristics.
Specify the conditions for the boundaries.
Establish the parameters for control.

9. Flow field initialization.

10. Calculate the solution.

11. Save the result.

N

RESULTS AND DISCUSSION

To investigate a passive cooling method that employs fins attached to the back of the PV module, a
computational fluid dynamics (CFD) simulation model was developed for the current study. CFD
validation results are shown in Table 4. The results of this study on heat transmission were first
validated by Kim and Nam [30], as shown in Figure 7. As can be seen from the chart that the average
temperature falls within a tolerable range of £5%.

Analysis of Average Temperature
One of the unsettled issues in the PV sector is the efficiency degradation with the increase in
temperatures. Although a number of active and passive techniques have been proposed, few quantitative
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Table 4. CFD validation results.

No. of fins Average temperature from Average temperature from
Kim and Nam (2019) (°C) present study (°C)
10 48.71 47.65
20 48.11 47.23

Results validation
49

O Average temperature from Kim and Nam [30] (°C)

48.5 L B Average temperature from present study (°C)

48 e [

475

47

46.5

46

10
Figure 7. CFD validation results and comparison.

researches have been conducted to evaluate the cooling effect. A simulation model was created for this
study in order to investigate a passive cooling technique that utilizes fins which are affixed to the rear
of the PV module. Three simulation models were developed by changing the attachment of fins to the
PV. Three types of fins: trapezoidal, rectangular and triangular, were considered in this study.
Additionally, in a parametric study, each fin's length, thickness, and count were changed.

Analysis of Average Temperature in Fins

Simulation was conducted and average temperature was reported, as shown in Table 5. The results
showed that trapezoidal fins perform better as compared to rectangular and triangular fin. This
comparison suggests that the rectangular fins performed similarly in cooling in the two examinations,
despite the present study's somewhat higher average temperature. Comparison of average temperature
is shown in Figure 8. The mismatch could have been brought about by changes in experimental factors,
such as airflow velocity, ambient temperature, or fin dimensions, which could have impacted the heat
transfer characteristics. The percentage of rectangular fins improved somewhat from 2.16 to 2.36% in
the current study compared to Kim and Nam's.

Parametric Study
A parametric study was performed for each fin by varying the number of fins, fins’ thickness and
fins’ length. Variation of number of fins (rectangular) is shown in Table 6.

Variation of fins

For the case with 10 fins, there was a marginal percentage improvement of approximately 0.51% in
the present study compared to Kim and Nam's study. For the case with 20 fins, there was a more
substantial percentage improvement in the present study compared to Kim and Nam's study. These
percentage improvements indicate that as the number of fins increased from 10 to 20, the cooling
effectiveness improved more significantly in the present study. Variation of number of fins (trapezoidal)
has been shown in Table 7. Variation of average temperature with number of fins (rectangular) has been
shown in Figure 9. This suggests that increasing the number of fins can lead to better heat dissipation
and lower average temperatures in the PV panel.
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Table 5. Average temperature in fins.

Type of Avg. temp. from Kim Avg. temp. from Percentage
fins and Nam (2019) (°C) present study (°C) improvement (%0)
Rectangular 48.71 47.56 2.36
Trapezoidal 46.34 2.16
Triangular 45.18 2.35

1 Present study ==& Kim and Nam (2019) === Percentage improvement

60
48.96
50 — 47.56 45.39 46.21
40
30
20
10 ] 216
236 nny e 235
Rectangular Trapezoidal Triangular
Figure 8. Comparison of average temperature.
Table 6. Variation of number of fins (rectangular).
No. of Avg. temp. from Kim and Nam Avg. temp. from present
fins (2019) (°C) study (°C)
10 48.71 47.56
20 48.11 47.29
Table 7. Variation of number of fins (trapezoidal).
No. of Avg. temp. from Kim and Avg. temp. from Percentage
fins Nam (2019) (°C) for present study (°C) | improvement (%)
rectangular fin
10 48.71 45.39 6.82
20 48.11 44.46 7.59

Average Temperature, °C

49
B Average temperature from Kim and Nam [30] (°C)

B Average temperature from present study (°C)

48.5

48

475

47

10 20

Figure 9. Variation of Average temperature with number of fins (rectangular).
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50 Average temperature, °C

O Average temperature fromKim and Nam [30] (°C)
49

& Average temperature from present study (°C)

48
47
46
45
44
43

42

10 20
Figure 10. Variation of Average temperature with number of fins (trapezoidal).

Table 8. Variation of number of fins (triangular).

No. of Avg. temp. from Kim and Avg. temp. from Percentage
fins Nam (2019) (°C) for present study (°C) | improvement, %
rectangular fin
10 48.71 46.21 5.13
20 48.11 45.35 5.74

Average temperature, °C

49 0O Average temperature from Kim and Nam [30] (°C)

B Average temperature from present study (°C)

48

47

46

45

44

43 .
10 20

Figure 11. Variation of Average temperature with number of fins (triangular).

For the case with 10 fins, there was an improvement of approximately 6.82% in the present study. For
the case with 20 fins, there was a significant improvement of approximately 7.59% in the present study
compared to Kim and Nam's study. Variation of average temperature with number of fins (trapezoidal)
has been shown in Figure 10. These percentages suggest that increasing the number of fins from 10 to 20
led to a more substantial improvement in cooling effectiveness in the present study. This indicates that a
higher number of trapezoidal fins can enhance heat dissipation and reduce the average temperature of the
PV panel more effectively. Variation of number of fins (triangular) has been shown in Table 8 [30].

For the case with 10 fins, there was an improvement of approximately 5.13% in the present study
compared to Kim and Nam's study. Variation of average temperature with number of fins (triangular)
has been shown in Figure 11. For the case with 20 fins, there was a more significant improvement of
approximately 5.74% in the present study compared to Kim and Nam's study. These calculations
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suggest that increasing the number of triangular fins from 10 to 20 led to a more substantial
improvement in cooling effectiveness in the present study compared to Kim and Nam's study. But the
average temperature with triangular fins is smaller than that of trapezoidal fins.

Thickness of Fins

Table 9 showing variation of thickness of fins (Rectangular) provides a comparative analysis of
average temperatures associated with rectangular fins of two thicknesses, based on data from Kim and
Nam (2019) and the present study. For both thicknesses: 5 and 10 mm, the average temperature reported
in Kim and Nam's study is 48.71°C. However, the present study reveals lower average temperatures of
46.58°C for the 5 mm thickness and 45.39°C for the 10 mm thickness. Variation of average temperature
with thickness of fins (rectangular) has been shown in Figure 12. This reduction in temperature signifies
an improvement in thermal performance. The percentage improvement for the 5 mm thickness is
approximately 4.38%, while the 10 mm thickness shows a 6.02% improvement. These findings
highlight that the present study indicates a significant enhancement in thermal efficiency compared to
previous research. Such improvements suggest potential advancements in the design or materials used
for rectangular fins, ultimately leading to better thermal management and performance in applications
utilizing these components.

Length of fins

Length of fins were increased from 30 to 60 mm and simulation was conducted for different fins. For
the case with 30 mm length, there was a slight improvement of approximately 0.51% in the present
study compared to Kim and Nam's study. For the case with 60 mm length, there was an improvement
of approximately 7.12% in the present study compared to Kim and Nam's study. These calculations
suggest that varying the length of the fins from 30 to 60 mm had an impact on cooling effectiveness, as
indicated by the percentage improvements in temperature. Variation of length of fins (rectangular) has
been shown in Table 10. Variation of average temperature with length of fins (rectangular) has been
shown in Figure 13. It is important to note that other factors such as fin geometry, material properties,
and airflow conditions may also influence cooling performance and should be considered in optimizing
fin design for PV panel cooling.

Table 9. Variation of thickness of fin (rectangular).

Thickness of fins Avg. temp. from Kim and Nam Avg. temp. from
(mm) (2019) (°C) for rectangular fin present study (°C)
5 48.71 46.58
10 48.71 45.39

Average temperature, °C

& Average temperature from Kim and Nam [30] (°C)

= Average temperature from present study (°C)

49

48 [l

47 e
46
45

44

43

5 10
Figure 12. Variation of average temperature with thickness of fins (rectangular).
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Table 10. Variation of length of fins (rectangular).

Length of Avg. temp. from Kim and Avg. temp. from Deviation,
fins (mm) Nam (2019) (°C) for present study (°C) %
rectangular fin
30 48.71 45.24 7.12
60 47.65 4418 7.28

50 Average temperature, °C

O Average temperature from Kim and Nam [30] (°C)

49 B Average temperature from present study (°C)

48

47
46
45
44
43
42

41

30 60
Figure 13. Variation of average temperature with length of fins (rectangular).

Table 11. Variation of length of fins (trapezoidal).

Length of | Avg. temp. from Kim and Avg. temp. Percentage
fins (mm) Nam [30] (°C) for from present improvement, %
rectangular fin study (°C)
30 48.71 46.04 5.48
60 47.65 44.29 7.05

50 Average temperature, °C

49 B8 Average temperature from Kim and Nam [30] (°C)

@ Average temperature from present study (°C)

48

47

46

45

44

43

42

30 60
Figure 14. Variation of Average temperature with length of fins (trapezoidal).

For the case with 30 mm length, there was a notable improvement of approximately 5.48% in the
present study compared to Kim and Nam's study. For the case with 60 mm length, there was an even
more significant improvement of approximately 7.05% in the present study compared to Kim and Nam's
study [30]. Variation of length of fins (trapezoidal) has been shown in Table 11. Variation of average
temperature with length of fins (trapezoidal) has been shown in Figure 14. These calculations suggest
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Table 12. Variation of length of fins (triangular).

Length of | Avg. temp. from Kim and Avg. temp. Percentage
fins (mm) Nam [30] (°C) for from present improvement, %
rectangular fin study (°C)
30 48.71 46.13 5.30
60 47.65 4534 4.85

Average temperature, °C
49

o = Average temperature from Kim and Nam [30] (°C)
48 N & Average temperature from present study (°C)

47

46

45

44

43

30 60
Figure 15. Variation of Average temperature with length of fins (triangular).

that increasing the length of the fins from 30 to 60 mm led to a substantial improvement in cooling
effectiveness in the present study compared to Kim and Nam's study. It implies that longer fins may
enhance heat dissipation and lower the average temperature of the PV panel more effectively.

For the case with 30 mm length, there was a modest improvement of approximately 5.3% in the
present study compared to Kim and Nam's study. For the case with 60 mm length, there was a more
substantial improvement of approximately 4.85% in the present study. Variation of length of fins
(triangular) has been shown in Table 12. Variation of average temperature with length of fins
(triangular) has been shown in Figure 15. These calculations suggest that increasing the length of the
fins from 30 to 60 mm led to an improvement in cooling effectiveness in the present study compared to
Kim and Nam's study. It implies that longer fins may enhance heat dissipation and lower the average
temperature of the PV panel more effectively.

CONCLUSION

The study successfully illustrates the feasibility of fin-assisted passive cooling systems of
photovoltaic modules. Among the tested configurations, trapezoidal fins proved to be the most effective,
reducing the panel temperature appreciably and leading to enhancement in the corresponding efficiency
of the panel. Parametric analyses underscore the importance of ensuring optimal dimensions and
quantities for fins in maximizing heat removal. The study confirms the validity of CFD for predicting
and enhancing the thermal management of PV panels. These results open an avenue for innovative and
cost-effective solutions to cool thermal challenges found in PV systems, eventually contributing to the
wider incorporation of renewable energy technologies into the energy landscape. Future work should
target hybrid cooling systems that have both passive and active elements to further improve PV system
efficiency and lifespan.
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