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Photovoltaic power generation can directly convert solar energy into electricity, but most of the solar energy absorbed by the
photovoltaic panel is converted into heat, which significantly increases the operating temperature leading to a reduction in the
power generation efficiency of the panels. To reduce the working temperature of photovoltaic panels and improve the
photoelectric conversion efficiency, this paper installs aluminum fins and air channels at the traditional photovoltaic cell back
sheets and cools them with forced-circulation cooling through fans. The relationships between fin spacing, fin height, air
channel inlet wind speed and panel temperature, power generation, and electrical efficiency were investigated. The results show
that the temperature of the photovoltaic panel decreases and then increases with the decrease of the fin spacing during natural
convection and gradually decreases with the increase of the fin height. The use of forced-circulation cooling technology can
effectively reduce the PV panel temperature and increase the net power generation. When the solar radiation intensity is
1000 W/m?, the ambient temperature is 35°C, the fin spacing is 6 mm, the height is 80 mm, the inlet wind speed is 1 m/s, the
net generating power reaches the maximum value, and the net generating power and the electrical efficiency are increased by

14.6% and 2.25%, respectively.

1. Introduction

Renewable energy sources are becoming increasingly impor-
tant as overexploitation of traditional energy sources leads to
increasing energy consumption and climate degradation.
Solar energy, as a renewable energy source with abundant
reserves, wide distribution range, nonpolluting, and simple
technology, has been widely used for photovoltaic (PV)
power generation in recent years [1]. Solar cell technology
can directly convert photons radiated by the sun into electri-
cal energy [2], and the most popular application in the mar-
ket is crystalline silicon PV panels, which already have a
market share of more than 95% by 2020 [3]. Although crys-
talline silicon PV panels can absorb 80%-90% of the light
energy from solar radiation, they can only convert about
8%-20% of the solar energy into electricity [4], and more
solar energy is converted into heat energy. This significantly
raises the temperature of the PV panels, reducing their pho-

toelectric conversion efliciency and shortening their service
life [5]. In general, the photoelectric conversion efficiency
of a crystalline silicon PV panel decreases by 0.4% to 0.5%
for every 1°C increase in temperature [6, 7].

Although the use of photovoltaic power generation technol-
ogy is an important way to cope with the global energy crisis
and improve the environment, the photoelectric conversion
efficiency of PV panels is greatly affected by the temperature,
so the search for an effective way to dissipate heat is the future
of the technology that can be widely used in the top priority
[8]. Specific cooling technologies can eftectively reduce the PV
panel’s own heat, thus lowering the PV panel temperature
and improving power generation efficiency [9, 10]. Cooling
technologies are categorized as active or passive depending on
whether they require additional energy consumption. Active
cooling is typically through equipment such as fans or pumps
and requires an external power input [11]. Passive cooling does
not require additional power, but it does require the addition of
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TaBLE 1: Physical parameters of PV panel layers.
Layer Thickness (mm) Density (kg/m3) Thermal conductivity (W/m K) Specific heat capacity (J/kg K)
GLASS 32 2450 0.7 790
EVA 0.5 960 0.311 2090
PV cell 0.21 2330 130 677
EVA 0.5 960 0.311 2090
PVF 0.3 1200 0.15 1250
Outlet

fins with better thermal conductivity to absorb the heat and
quickly exchange it with the surroundings, which in turn lowers
the temperature of the panels [12]. Installing fins on a PV
cell back plate significantly increases heat dissipation and
improves efficiency under intense irradiation [13]. The heat
dissipation of photovoltaic panels is achieved by increasing
the number and height of fins to dissipate heat through heat
conduction. On the other hand, it enhances heat transfer by
increasing the heat exchange area between the heat sink and
the surrounding environment and dissipates heat through
convection and radiation between the heat sink and the sur-
rounding environment. Under forced convection conditions,
radiant heat transfer is negligible due to the high convective
heat transfer coefficient [14]. Rectangular fins show better
cooling than triangular and parabolic fins, and aluminum
fins cool more significantly than brass and nickel fins [15].
Air channels can also be added to the fins, and the air speed
at the channel inlet can be controlled through a fan [16],
which effectively reduces the PV panel temperature [17].
Under different wind speeds, the power generation and elec-
trical efficiency of finned PV panels have been increased by
11.8% and 1.8% [18, 19].

Many researchers use passive cooling technology to
add fins to the PV cell back plate to reduce panel temper-
ature to achieve higher photoelectric efficiency [20-23].
Fin material is one of the most important factors affecting
the heat transfer of PV panels, and it was found that com-
pared to copper and iron, aluminum fins are undoubtedly
the most suitable choice due to their cheapness and light-
weight, although their heat dissipation effect is not as good
as that of copper fins [24, 25]. However, the fins are not
effective in dissipating heat from the PV panels under nat-
ural convection conditions. If the PV panels are actively
cooled, the additional energy consumption may reduce
the net output power [26-28]. To achieve the best PV
panel efficiency, this paper studies the influence of fins
during natural convection, and the influence of fin spacing
and fin height on the cooling effect of PV panels. Active
cooling technology is simulated and optimized on this
basis. The simulation results are used to determine the
optimal fin spacing, fin height, and channel inlet wind
speed, taking the net power generation and electrical effi-
ciency as the optimization criteria.

2. Theoretical Analyses

2.1. Modeling. The object of study in this paper is based on a
PV panel with dimensions of 796 x 660 mm, with a maxi-
mum power generation capacity of 60 W and a maximum

PV cell

Air channel

Inlet

FIGURE 1: Optimized PV panel structure.

power generation efficiency of 14% under standard operat-
ing conditions [29]. The PV module is mainly divided into
5 layers, and the physical parameters of the materials of each
layer are shown in Table 1.

Figure 1 shows a diagram of the optimized structure. The
air channel width is 100 mm, the fan is connected to the air
channel inlet, and the outlet is directly connected to the exter-
nal environment. The raw material for the fins is selected from
higher thermal conductivity and cheaper, low-density alumi-
num fins with a thickness of 2 mm. Under natural convection
conditions, the surface of such PV panels can only convert a
small portion of the incoming solar energy into electricity,
and more solar energy is converted into heat resulting in a
gradual increase in panel temperature. And in the case of
forced-circulation ventilation cooling, turn on the fan when
the panel temperature is too high, and air with a certain flow
rate is forcibly confectioned with the battery back plate and
fin wall in the air channel to discharge the heat to the sur-
rounding environment, thereby reducing the temperature of
the PV panel.

Gomaa et al. [30] passively cooled the PV panels by
mounting the fins on the backside of the panels using a sim-
ilar structural design and found that the fin-cooled modules
resulted in a 7% increase in daily harvested energy compared
to noncooled modules. By randomly installing aluminum
fins with epoxy conductive adhesive on the back surface of
the PV panels, Filip et al. [10] found that the modified struc-
tured panels showed better performance response through-
out the insolation spectrum, averaging about 2% in
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efficiency improvement relative to the total power output for
the specific obtained measurement period. The structure of
the PV panel is simple, is easy to install the use of inexpen-
sive aluminum fins, is low cost, does not require additional
maintenance costs, and can be widely used in a variety of
environments of the photovoltaic power generation system.

2.2. Photoelectric Conversion Performance. The relationship
between the photovoltaic conversion efficiency of crystalline
silicon PV panels and temperature is

Wyp=Wq [1-04%(T, - Ty)], (1)

where T is the working temperature of the PV panel, T is
the working temperature in the standard state (25°C), and
W is the output power of the PV panel under temperature
T (W).

The electrical efficiency of a PV panel is

nr =1, [1-0.45%(T, - T,)], (2)

where 7, is the power generation efficiency of the PV panel
under temperature T, and 77 is the electrical efficiency

under temperature T .

The use of forced-circulation cooling requires additional
electricity consumption. This technology is not useful if the
increased power generation of a PV panel under active cool-
ing is not enough to provide the energy consumed by the
fan, so the fan power needs to be considered:

AP

an:Qx >
¢ Ny X1,

(3)

where W, is the fan power (W), Q is the air supply volume
(m>/s), AP is the difference between air passage inlet and
outlet pressures (Pa), #, is the electrical efficiency of the
wind turbine (0.8), and #, is the mechanical transmission
efficiency of the fan (0.95).

The net output power of the PV panel under forced con-
vection is

Wn = WT - Wfan’ (4)
where W, is the net power generation (W).

2.3. Boundary Conditions and Governing Equations. The dif-
ferent boundary conditions are as follows.

(a) At the inlet: Air enters with a constant ambient tem-
perature of 35°C. Velocity is considered uniform

(b) At the outlet: Static pressure is fixed at the ambient
pressure

(c) At the top plate, which is the transparent glass cover.
The heat transfer between the glass cover plate and
the surrounding environment is mainly convective
and radiative. In the simulation process, the transmit-
tance of the glass cover plate is set to 7= 0.9, and the
relationship between the convective heat transfer coef-

ficient of the transparent glass cover plate and the sur-
rounding environment can be expressed as

h,=5.7+3.8v, (5)

where h, is the convective heat transfer coefficient (W/
(m%K)). v is ambient wind speed (m/s).

At the bottom and lateral plates that are opaque alumi-
num panels, the heat transfer with the surrounding environ-
ment is mainly convective heat transfer, and the relationship
between its convective heat transfer coefficient and the sur-
rounding environment wind speed can be expressed as

hy, =2.8+3.0v, (6)

where h, is the convective heat transfer coeflicient (W/
(m*K)).

Considering changes in the air velocity at the inlet air
passage, the gas turbulence intensity changes according to

I=0.16 Re "),
. PVD (7)
W
where I is the turbulence intensity, Re is the Reynolds num-
ber, p is the fluid density (kg/m’), u is the fluid viscosity
(Pas), D is the hydraulic diameter (m) set to 0.174m for
the model, and V is the fluid flow rate (m/s).

Air is set as an incompressible ideal gas model during
Fluent simulations, which indicates that air density does
not change with pressure, only with temperature. Heat
transfer methods include heat conduction and convection
heat transfer in fluid and solid regions. Based on the above
analysis, the physical model is governed by the continuity,
momentum, and energy equations as follows.

The continuity equation for steady-state flow in the fluid
channel is

%w-(,ﬁ) =0. (8)

The momentum conservation equations for an incom-
pressible fluid are
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FI1GURE 2: Cross-sectional view of finned PV panel griding.

where p is the pressure on the fluid microbody (Pa) and F,,
F,,and F, are the volumetric forces of the microbody in the
x, ¥, and z directions, respectively. If the volumetric force is
only gravity and the axis is vertically upward, then F,, F,,
and F, are equal to 0.

The energy conservation equation is

o(pT)  9(puT)  0(pvT)  0(pwT) _ 0 [k OT

ot ox oy 0z ox \ C, 0x
. o0 ( koT . o ( koT +s
»\Go) alge)

where C, is the specific heat capacity of the fluid (J/(kgeK)),

T is the fluid temperature (K), k is the heat transfer coefhi-
cient of the fluid, and Sy is the heat source in the fluid.

(10)

2.4. Simulation Procedures. In this study, the finite volume
method was used in the simulation software Fluent to solve
the control equations for continuity, momentum, and
energy in a steady state, and the energy equations remained
available as heat transfer models. The turbulence model was
a realizable k — & model that is closer to real-world condi-
tions and is more accurate, and it is a semiempirical model
using the Boussinesq concept that links Reynolds’ con-
straints to the average rate of deformation. The fluid was
air, and the density changed with temperature, so gravity
needed to be considered in the calculation, and the Boussi-
nesq hypothesis was used to improve computational speed
and stability.

There are five radiation models available in the Fluent
solver for the simulation of heat transfer processes between
media, only two of which are suitable for the simulation of
radiation in confined cavities: The S2S (surface to surface)
model and the DO (discrete ordinates). Due to the presence
of obstacles in the model volume of this study and the need
for a very high RAM capacity during the computation pro-
cess, a DO model with higher accuracy and shorter compu-
tation time was selected.

The first-order upwind scheme was chosen for energy
and momentum equations. Air in the flow process density
change is not very large and can be approximated as an
incompressible fluid, Fluent software in the low-speed
incompressible flow heat transfer problem solving, and the
default is to pressure correction SIMPLE algorithm. This
method uses a relationship between velocity and pressure
corrections to enforce mass conservation and to obtain the

pressure field. The SIMPLE algorithm was chosen as the
coupling scheme for pressure and velocity; it is more eco-
nomical, more stable, and has more accurate results than
other algorithms. The gradient space discretization is per-
formed using least square-based cells, second-order upwind
equations are used for pressure, momentum, and energy,
and first-order upwind equations are used for both turbulent
kinetic energy and turbulent dissipation rate. The sub relax-
ation factors are set as follows: pressure is 0.3; density, volu-
metric force, energy, and discrete coordinates are all 1; and
momentum is 0.7. The residuals for the different directional
velocities, k and ¢, are set to 0.001, and for the energy equa-
tions, 10-6 is used to achieve convergence.

2.5. Grid-Dependence Analysis and Model Validation. ICEM
CFD (computation fluid dynamics) is a pre- and postproces-
sing software for geometry creation, griding, preprocessing
condition setting, postprocessing, and other functions. Its
advantages are even more prominent in CFD grid genera-
tion. The number of grids is a major factor in the accuracy
of the results during the calculation process. A smaller num-
ber of grids will lead to inaccurate results, and a larger num-
ber will take more computation time, so the right number of
grids is extremely important for the results. In this study,
ICEM CFD was used to grid the model, and the temperature
change of the PV panel under different grid numbers was
analyzed by changing the global size and local area encryp-
tion. The model griding is shown in Figure 2.

Due to the regular shape of the physical model estab-
lished in this study, the structured grid delineated by ICEM
CFD is characterized by fast grid generation and high quality
of the generated grid, which also leads to higher accuracy of
the calculation results. In this study, the ratio of the largest
Jacobi matrix determinant to the smallest Jacobi matrix
determinant is used as an evaluation criterion for the quality
of the model grid. Normal grids take values between 0 and 1.
A value of 1 indicates a perfect grid, and a smaller ratio indi-
cates a poorer quality grid. Negative values indicate the pres-
ence of a negative volume grid, which will report an error
when solving. The grid quality of the model is shown in
Figure 3, which shows that the grid quality is high and meets
the computational accuracy requirements.

For more accurate calculation of the numerical model,
the independence of the number of grids was first checked.
Figure 4 shows that the temperature change of the PV panel
gradually tends to stabilize as the number of grids increases.
After considering the accuracy of the calculation results and
the complexity of the calculation, 1.3 million was finally
selected as the number of grids for subsequent calculation.
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FIGURE 3: Finned PV panel grid quality.
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FIGURE 4: Panel temperature varies with number of grids.

Arifin et al. [1] studied the temperature variation of a
50w PV panel with dimensions 655 x 670 x 25 mm under
different solar radiation intensities. Incident solar irradiance
was measured using a LI-COR LI-250A pyranometer, and
the temperature of the PV panels was measured using the
K-type thermocouple, which was placed at the top of the
PV panels to measure the average temperature. An ane-
mometer was used to measure the wind speed at the bottom
surface of the PV panels, and a uniform wind speed of about
1.5m/s was obtained by adjusting the position and distance
between the 35w fan and the PV panels.

To validate the PV panel model, the air channel inlet
wind speed was set to 1.5m/s, the relationship between the
PV panel temperature and the solar radiation intensity was
investigated by varying the light intensity on the panel sur-
face, and the simulated values were compared with the
experimental values given by Arifin et al. The comparison
results are shown in Figure 5, and the maximum difference
between the numerical and experimental results is within
5%. We can so confirm that our numerical model is designed
correctly.

3. Results and Discussion

3.1. Effect of Fin Spacing on Cooling Performance of PV
Panels. The traditional PV cell was simulated under an
ambient temperature of 35°C, light intensity of 1000 W/m?,
natural convection, and a PV panel temperature of 81°C.
The power generation of a PV panel is 46.56 (W). The elec-
trical efficiency of a PV panel is 10.47%.

For a fin installation height of 30 mm, the fin spacing
was changed to simulate the PV panel under natural convec-

70

68 +5%
66 -
64 |
62 |

60

Temperature (°C)

58 -

54 1 1 1 1
600 700 800 900 1000 1100

Ilumination intensity (W/ m?)
—e— Present model

—a— Arifin et al. (Exp)

FIGURE 5: Model temperature verification at different irradiation
intensities.
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FIGURE 6: PV panel temperature varies with fin spacing.

tion conditions. The corresponding change in panel temper-
ature is shown in Figure 6. The size of the fin spacing affects
the finning coeflicient, and when the fin spacing is reduced
for better cooling of the PV panels, the finning coeflicient
becomes larger, and when the fin spacing is too small result-
ing in the overlap of the heat transfer boundary layer and a
reduction in heat dissipation from the PV panels, the finning
coefficient decreases. The PV panel temperature gradually
decreases as the fin spacing decreases, which is explained
as follows. The number of fins increases with decreasing
fin spacing, which increases the contact area between the
fin and the air. This results in an increase in convection heat
transfer between the fin and the air, so the temperature of
the PV panel gradually decreases. When the fin spacing is
less than 6 mm, the panel temperature gradually increases.
This is because, although the convective heat exchange area
with the air increases when the fin spacing is very small, the
surface thermal resistance of the PV panel and the fluid flow
resistance during natural convection also increase, and the
heat transfer boundary layers of adjacent fins coincide. This
results in a low finning coefficient of the fin, which affects
the fin heat dissipation, so the temperature of the PV panel
does not fall but rises. As can be seen from the temperature
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variation curve of the PV panel in Figure 6. The cooling
effect on the PV panel is best when the fin spacing is
6 mm, when the panel temperature is 70°C, which is 11°C
lower than the temperature without fins.

Figure 7 shows the power generation and electrical effi-
ciency of the PV panel for varying fin spacing. When the
fin spacing is 6 mm, the power generation and electrical effi-
ciency of the panel reach their maxima of 49.2W and
11.17%, respectively, which are 5.67% and 0.7% higher than
those of finless PV panels.

3.2. Effect of Fin Height on PV Panel Cooling. Figure 8 shows
the simulated temperature and power generation as func-
tions of fin height for a PV panel with a fin spacing of
6 mm under natural convection.

As the fin height increases, the PV panel temperature
decreases rapidly and then slowly, when the fin height is
between 50 mm and 80 mm, and the temperature change is
no longer obvious when the fin height is greater than
80 mm, while the power generation shows a mirror trend
of increasing quickly and then slowly. This is because, within
a certain range, the fin height increases, the heat dissipation
area with the air increases, and the heat transfer is more
obvious. Although the heat transfer area increases, the ther-
mal resistance between the fin and the battery plate gradu-
ally increases if the fin is too high, and the influence on the
heat dissipation gradually becomes less obvious. When the
height of the fin is 90 mm, the temperature of the panel is
61.4°C. The temperature is reduced by 19.6°C compared
with that without fins, and the power generation and electri-
cal efficiency are increased by 10.09% and 1.24%.

3.3. Influence of Channel Inlet Wind Speed on PV Panel
Performance. The fin height of the PV panel was simulated
at different inlet wind speeds using forced-circulation cool-
ing with the air channel inlet connected with the fan. The
change in panel temperature is shown in Figure 9.

As the inlet speed of the air channel gradually increases,
the PV panel temperature gradually decreases for different
fin heights. The reduction trend gradually flattens, and the
temperature of the nonfinned panel is significantly higher
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change with fin height when the fin spacing is 6 mm.

than that of PV panels with fins. This is because, when the
air inlet wind speed increases, the internal fluid turbulence
of the air channel becomes more intense, and the convective
heat transfer between the fluid and both the PC cell back
plate and fin gradually increases. The increase in fin height
increases the convective heat transfer area between the fin
and the air, so the PV panel temperature decreases as the
fin height increases. However, when the inlet wind speed
of the air channel is greater than 2m/s, the heat exchange
of PV panels with different fin heights is no longer obvious,
and the decrease in panel temperature gradually becomes
slower. This is due to the fact that when the wind speed is
high, the intensity of turbulence in the air channel is high,
and when the heat absorbed on the surface of the PV panels
is transferred to the fins through heat transfer, the heat on
the fins is taken away by strong convective heat transfer with
the surrounding fast-flowing air, and therefore, the temper-
ature of the PV panels decreases in a flat trend.

When the inlet wind speed of the air passage is constant,
the flow state of air in the channel is affected by fin height.
This leads to a change in pressure difference between the
inlet and outlet of the channel, as shown in Figure 10.

As the fin height and inlet wind speed increase, the pres-
sure difference between the inlet and outlet of the air passage
gradually increases. The increased amplitude also gradually
increases, which means that the growth rate of the fan power
is slow and then fast. PV panel temperature can be effec-
tively reduced, and photoelectric conversion efficiency
improved using active cooling and changing the fin height.
Considering that the fan needs to consume additional elec-
tric energy, the net power generation of the PV panel can
be effectively increased only when the increase in PV power
generation is greater than the additional energy consumed
by the fan. Therefore, improving the net power generation
of PV panels requires selecting the appropriate inlet wind
speed for different fin heights to ensure that the additional
energy consumed by the fan is within a reasonable range.

Figure 11 shows the change in net power generation of
PV panels with fin height under forced-circulation cooling.
The net power generation of PV panels increases slowly
and, after peaking, decreases rapidly with increasing inlet
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wind speed. This is because the additional electric energy
consumed by the fan has a linear relationship with the inlet
and outlet pressure difference of the channel, and the pres-
sure difference between the inlet and outlet of the channel
increases exponentially with the inlet speed while the PV
power generation changes slowly with the inlet wind speed.
When the wind speed is low, the pressure difference between
the inlet and outlet of the air channel is very low, and the
additional energy consumed by the fan is very low. At this
time, the increase in power generation of the PV panel is
greater than the additional power consumed by the fan, so
the net power generation of the panel improves. When the
wind speed increases, the additional power consumed by
the fan increases rapidly, which makes the power generation
increment of the PV panel equal to or even less than the

FiGure 11: The net power generation of PV panels varies with the
inlet wind speed for different fin heights.

additional power consumed by the fan. This results in the
net power generation of the PV panel being lower than
under natural convection, making the active cooling tech-
nology meaningless. At the same inlet wind speed, the pres-
sure difference between the inlet and outlet increases with
increasing fin height. When the fins are higher, the fan con-
sumes more electrical energy. The net PV power generation
can only be increased if the PV power increment due to
increasing fin height is greater than the electrical energy con-
sumed by the fan.

Different fin heights correspond to different effective
wind speeds, when the wind speed is 0-1.5m/s, the net
power generation of PV panels with different fin heights is
greater than that without fins. When the wind speed is
greater than 1.5m/s, increasing the wind speed will reduce
the net power generation of the PV panels. Choosing the
right fin height and inlet wind speed can maximize the net
electrical efficiency of PV panels. Figure 11 also shows that
when the fin spacing is 6 mm, the fin height is 80 mm, and
the inlet wind speed is 1 m/s, the net power generation of
the PV panel reaches the maximum. The power generation
and electrical efficiency are increased by 14.6% and 2.25%
compared with natural convection without fins.

To the PV panel plus aluminum fins and air channels,
although it will increase the PV system investment in the
early stage, but because the aluminum material is cheap,
fin processing is simple, is easy to install, has no additional
maintenance costs, and has a better cooling effect, it not only
can effectively improve the photoelectric conversion effi-
ciency but also be able to slow down the service life of the
PV module. The increase in the number and height of fins
is beneficial for the heat dissipation of PV panels, but it also
increases the weight of fins, which affects the stability of the
structure and the convenience of installation. The specific
impact of factors such as initial capital investment and
power consumption of fans on the energy output of PV
modules is complex and difficult to evaluate theoretically.



Therefore, experimental research on the heat dissipation and
energy output performance of finned battery panels will be
conducted soon. The purpose of this article is to achieve
the cooling performance of fins on PV panels. Therefore,
the research focus of this article is on the effects of different
fin structure parameters and different wind speeds on the
temperature changes of PV panels. This is conducive to eval-
uating the cooling performance of fins and preparing for
future experimental work to obtain the economic impact of
fin configuration, including material cost and feasibility,
which is necessary for the popularization of PV power gen-
eration system and is very important in the future.

4. Conclusion

In this study, Fluent was used to numerically simulate finned
PV panels under natural convection and forced-circulation
cooling to determine the influence of fin spacing, fin height,
and air channel inlet wind speed on photoelectric conversion
efficiency of PV panels. The results are as follows.

(1) Fins can effectively reduce the average temperature
of PV panels under natural convection and constant
solar irradiation intensity and ambient temperature.
When the fin spacing gradually decreases, the tem-
perature of the battery plate first decreases and then
increases. When the fin height is 30 mm and the fin
spacing is 6 mm, the panel temperature is reduced
to the minimum, the power generation is 5.67%
higher than without a fin, and the electrical efficiency
is increased by 0.7%

(2) The PV panel temperature gradually decreases with
increasing fin height for a fin spacing of 6 mm under
natural convection. When the fin reaches a certain
height, the heat dissipation is no longer obvious

(3) Under forced-circulation cooling, the additional
power consumed by the fan increases rapidly with
increasing fin height and inlet wind speed, but the
power generation growth rate of the PV panel is rela-
tively flat. The net power generation of the PV panel
reaches the maximum when the fin spacing is 6 mm,
the fin height is 80 mm, and the inlet wind speed is
1 m/s. Compared with natural convection without a
fin, the temperature is reduced by 35.38°C, and the
power generation and electrical efficiency are
increased by 14.6% and 2.25%, respectively

In short, PV panels can effectively reduce the working
temperature and improve their photoelectric conversion effi-
ciency by adding fins under the conditions of forced-
circulation cooling technology. This is a good impetus to
improve the utilization rate of solar energy and achieve the
global carbon neutral goal. PV panels that commonly used
cooling methods also include water cooling and PCM cool-
ing, water cooling usually uses water pumps, and other
active equipment will be water on the panel surface to form
a layer of water film or directly submerged panels in the
water; compared with air, the thermal conductivity of the
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water is greater, and this method can have a better cooling
effect. PCM cooling utilizes its latent heat storage property
to absorb the heat from the PV panels, thus obtaining a good
cooling effect. Future research efforts could explore the use
of water cooling or phase change material cooling for
improved cooling efficiency.
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