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ABSTRACT. One of the key challenges of concentrating photovoltaic (CPV) systems is the need
for effective thermal management, as the increased solar irradiance significantly raises the operating
temperature of solar cells, thereby reducing their efficiency. This study proposes a passive cooling
solution for a II-shaped low-concentration photovoltaic (LCPV) system, designed without a mechanical
pump and uses gravity-fed water circulation. The thermal performance of the system was analysed
using COMSOL Multiphysics. The simulation results demonstrate that the developed cooling system
achieves high temperature uniformity, with a maximum surface temperature difference of only 0.07 °C
for a radiator comprising five tubes. The system is capable of reducing the solar cell temperature from
40°C to 22°C in 10 seconds. Various radiator configurations were investigated for a module consisting
of nine solar cells, confirming that the proposed system enables rapid cooling and maintains the cell
temperature within optimal operating conditions. The presented design offers a simple, energy-efficient,

© 2025 The Author(s). Licensed under a|CC-BY 4.0 licence
Published by the [Czech Technical University in Prague

and cost-effective solution for thermal regulation in LCPV modules.
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1. INTRODUCTION

Traditional sources of electricity have a significant
negative impact on the environment and to tackle the
issue, renewable energy sources, such as solar energy,
are an environmentally friendly solution [I]. However,
the overall costs of generating solar power remain
high, despite a rapid decline in solar technology costs
in recent years [2]. The efficiency of PV panels is
also considered to be lower, and their performance is
influenced by a number of factors.

Over the past decade, the global photovoltaic (PV)
sector has grown rapidly in response to the urgent
need to reduce carbon emissions and mitigate global
warming. By 2023, the total installed PV capacity
worldwide reached an estimated 1.6 TW, with China
and the United States being the largest contributors,
accounting for approximately 760 GW and 265 GW
of the capacity, respectively. At the same time, in-
stalling PV systems in Africa has shown significant
progress, reaching nearly 221 GW. This substantial
growth reflects the increasing demand for sustainable
energy solutions and highlights the importance of de-
veloping more efficient and affordable PV technologies
to support further growth of the global solar energy
market [3].

The development of PV solar energy fields plays
a crucial role in expanding the share of clean en-
ergy worldwide. Large-scale PV installations are es-
pecially important as they can effectively complement
both renewable and conventional energy sources in hy-

brid energy systems. Such hybrid systems, including
combinations such as PV /grid, PV /wind, PV /diesel,
and PV /concentrated solar power, as well as more
complex configurations such as PV /wind/diesel and
PV /wind/battery, are widely implemented around the
world. These integrated solutions provide greater reli-
ability and flexibility in power generation by utilising
diverse energy resources, which enhances the overall
stability of the system and helps to meet the growing
electricity demands in a sustainable way [4H9].
Recent practical projects demonstrate the various
ways in which photovoltaic solar energy is being used
to meet modern energy demands. One notable ex-
ample is the implementation of stand-alone solar PV
systems for urban street lighting, as shown by the
case study of a roundabout in Kuwaiti in the Gaza
Strip, where various off-grid configurations were de-
signed to power advanced LED street lights with au-
tomatic controls, improving sustainability and energy
efficiency of urban infrastructure [I0]. Another sig-
nificant project is the development of a 14 MW grid-
connected PV power plant in Hoon City, Libya, which,
using polycrystalline silicon technology, delivers over
24964 MWh of clean electricity annually with a high
average performance ratio of 76.9 % [I1]. In addition,
innovative concepts such as modular open-source solar
DC nanogrids are being introduced to enable flexible,
stand-alone power supply for different voltage levels,
supported by efficient energy management systems
that adapt to varying generation and load conditions
— making solar power more accessible, especially for
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isolated communities [I2]. Together, these examples
demonstrate the wide-ranging potential of PV tech-
nology to address energy needs at different scales and
in different contexts.

Firstly, an increase in solar irradiance leads to an
increase in the electrical power output of a PV panel,
as the solar irradiance and the current of a PV panel
have a linear relationship [I3]. To increase the incident
solar irradiance, concentrating optics, such as mirrors,
lens, and other concentrating elements are used for
the surface of the solar cells [I4]. Using concentrating
optics increases the solar radiation by collecting the
sunlight into a small surface. Increased solar radiation
improves the electrical efficiency of the CPV system.
Moreover, concentrated PV panels use less area com-
pared to photovoltaic panels [15]. CPV systems can be
divided into three categories according to their level of
concentration: low, medium, and high concentrating
photovoltaics [16]. Low concentrating photovoltaics
are the cheapest CPV systems and can have various
designs [I7]. In the paper [I8], the authors achieved
an electrical and thermal efficiencies of 28 % and 54 %,
respectively, demonstrating that the overall efficiency
of the system can be more than 80 % for a point-focus
Fresnel-lens high-concentrating photovoltaic system.
The work done by us [19] proved that a polycrystalline-
silicon Fresnel-based low-concentrating photovoltaic
system can increase the generated electrical energy
by 27 %.

Secondly, although concentrating optics can in-
crease the intensity of incident sunlight, high solar
radiation leads to an increase in the temperature of
a solar cell [20]. A solar cell converts approximately
less than 20 % of the irradiance into electrical energy,
while the rest is converted into heat. The temper-
ature of the solar cell has a great influence on the
behaviour of a PV system, as it greatly affects the
system efficiency and energy output. An increase in
cell temperature leads to the decrease in the open
circuit voltage, with the two having a linear rela-
tionship [2I]. Moreover, the temperature increase of
a solar cell might affect its lifespan and reduce its
performance [22]. CPV cells exhibit degradation at
long duration high temperatures [23]. Therefore, to
overcome the effects of cell temperature and keep the
solar cell at normal temperature, a cooling system
has to be developed [24]. In CPV systems, the tem-
perature of a solar cell can exceed 100 °C, depending
on the concentration ratio of the system. However,
depending on the types and the structure of the solar
cells, their normal working temperature may differ.
Some highly efficient multi-junction solar cells can
withstand high temperatures and do not show degra-
dation, but the multi-junction solar cells are much
more expensive than crystalline silicon solar cells [25].
One of the cheapest solar cells is a single-junction crys-
talline silicon solar cell. In the paper [26], the authors
showed that the maximum output power decreased
by 0.66 % with an increase of 1K in the operating
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temperature of the crystalline silicon solar cell, there-
fore, it is necessary to improve the cooling methods
for concentrated silicon solar cells.

There are several types of cooling methods and gen-
erally, they are classified as passive and active cooling
techniques [27]. Currently, the most common cooling
techniques for CPV systems include heat pipe cooling,
water cooling, liquid immersion cooling, microchannel
heat sink cooling, and phase-change material systems.
However, there is no single best cooling method, as
each of them has its advantages and disadvantages [23].
With an active cooling system, we can get a more uni-
form distribution of solar cell temperature than with
passive cooling [28]. The most frequently used passive
cooling systems are PCM-based (Phase-change mate-
rials) techniques, followed by air-based, liquid-based
(e.g. water and nanofluids), and finally, radiative based
techniques [29]. A major drawback of passive cooling
systems is that the cooling area is proportional to the
degree of concentration. Therefore, for a CPV system,
a large area for heat dissipation is necessary [30]. It is
proved that the Convective Heat Transfer Coefficient
(CHTC) of active cooling systems is much higher than
that of passive cooling systems. The CHTC of water
is between 200 and 1000, whereas the CHTC of air is
between 1 and 10 under natural convection, which is
much lower than that of water. Therefore, the cooling
rate is higher with water than with air [31].

In paper [20], the authors designed an LCPV system
with 8.5 Suns and an active water-cooling system. As
a result, the output power was increased by a factor of
4.7 to0 5.2, depending on the water flow rate, compared
to a PV system without cooling. In the work done by
us [32], we showed one of the ways to improve the per-
formance of water-cooled LCPV systems using NN. In
the paper [33], the authors concluded that the output
from a CPV with a cooling system is 4.7 to 5.2 times
higher than that from a fixed PV module. In the pa-
per [34], the authors studied the influence of flow rate
on the water-cooling process. The cooling system with
a buried water heat exchanger successfully reduced
the temperature of a solar panel with a V-trough con-
centrator from 72.5°C (without cooling) to 47.2°C,
45.5°C, 41.8°C and 39.3 °C, at water cooling flow rates
of 0.01kgs™!, 0.02kgs™*, 0.03kgs~! and 0.04kgs™?!,
respectively. In addition, the peak generated elec-
trical power increased by 18.6 %, 20.9 %, 23.5 % and
28.3 % compared with that of the uncooled panel at
water cooling flow rates of 0.01kgs™', 0.02kgs™!,
0.03kgs™! and 0.04kgs™ !, respectively. The electri-
cal and thermal efficiencies increased with increasing
cooling water flow rates.

Also, the water cooling performance depends on the
design of the cooling system. Authors of the work [35]
introduced different designs of cooling pipes on the
backside of a PV module to find the effect of pipe
geometries on the performance of PV modules and
proved that using a cooling pipe for each string signifi-
cantly improves the electrical efficiency of the PV cells.
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Fi1cURE 1. The II-shaped optical system based on Fresnel lens and reflective surface with nine solar cells.

In paper [36], the authors developed a water-cooling
system for LCPV based on reflectors in, which the
pipes are located under each string. Compared to CPV
without cooling. the maximum electrical increased
efficiency from 15.88 % to 17.55 %. In the paper [37],
when the number of water pipes increased from 2 to 6,
the electrical and thermal efficiencies increased, and
their variation became in the range of 8.05 to 8.96 %
and 46.8 to 63.2 %, respectively. Thereby, the location
and quantity of pipes can improve the performance of
a water-cooling system.

In this work, we proposed and analysed an active
water-cooling system design for a Il-shaped LCPV
module, which integrates a Fresnel lens and four mir-
rors to ensure uniform solar irradiance. The main
objective is to investigate the performance of a water-
cooling system with copper tubes, examining how vary-
ing the number of tubes affects heat removal when each
solar cell is cooled individually. The system is mod-
elled and simulated using COMSOL Multiphysics to
evaluate its thermal behaviour. In one of our previous
studies, we developed a detailed optical model of the
same LCPV configuration in COMSOL Multiphysics,
calculated its electrical output, and analysed thermal
management strategies [38]. A key advantage of the
proposed design is its passive circulation: water flows
by gravity from a certain height without the need for
a pump, which reduces system complexity and energy
consumption. The novelty of this work lies in achiev-
ing a uniform temperature distribution by optimising
the number of tubes and ensuring that each solar cell
is cooled separately. The results demonstrate that
increasing the number of tubes significantly improves
temperature uniformity and reduces the cooling time.
For example, a radiator with five tubes exhibits a min-
imal temperature difference between its hottest and
coolest points, confirming stable thermal performance.
Overall, the proposed cooling concept can maintain
favourable operating temperatures, contributing to
consistent energy generation and extending the lifes-
pan of the solar cells.

Parameter Value
Size of the Fresnel lens [mm?] 150 x 150
Size of the solar cell [mm?] 52 x 52
Reflective coefficient of mirror 1

The material of Fresnel lens Silica glass
Thickness of Fresnel lens [mm] 2

TABLE 1. Parameters of the Il-shaped optical system.

2. DESIGN OF THE WATER-COOLING
SYSTEM

The performance of a cooling system is primarily deter-
mined by the number of pipes and its design. In this
study, the cooling system is designed for a II-shaped
LCPV system with nine polycrystalline silicon solar
cells. The optical configuration, as shown in Fig-
ure [I} consists of a Fresnel lens and four reflective
surfaces. The concentration ratio of the optical sys-
tem can range between 2 and 8 depending on the
length of the reflective surfaces. The system includes
nine solar cells that allow for inclined incident rays. In
this case, a non-uniform temperature distribution can
occur; therefore, it is necessary to apply a cooling sys-
tem that can uniformly cool the entire system within
a short period of time. The main optical parameters
of the II-shaped LCPV system are summarised in
Table Il

The cooling system operates according to the follow-
ing principle: the water tank is installed at a certain
height, allowing water to be delivered by gravity to
the water distributor, which then distributes it to the
cooling radiators installed in each II-shaped optical
system. The distributor controls the water supply
to each solar cell individually, based on temperature
monitoring. Next, the water flows from one optical
system to the next, repeating the described process.
The used water at the outlet of the entire system is
then pumped back to the tank.

The cooling system, shown in Figure 2| consists of
a water storage tank, water distributor, and a system
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FI1GURE 2. The cooling system.

(A). 2 tubes.

(B). 3 tubes.

(c). 4 tubes.

(D). 5 tubes.

F1GURE 3. Heatsinks with 2, 3, 4, and 5 tubes.

consisting of 9 cooling radiators and a water pump.

Cooling systems with 2-tube, 3-tube, 4-tube, 5-tube
radiators were proposed for cooling the concentrated
solar cell (Figure [3)).

Figure [4] shows a system consisting of 9 cooling
radiators with a height of 15 mm. A water dispenser
is installed in the inlet part of the system. The device
does not have a special water pump or active devices,
which force the water to move forwards. Figure
shows an aluminium radiator for one solar cell, mea-
suring 50 x 50 mm. The cooling system consists of
9 electro-valves, 9 temperature sensors, and a micro-
controller.

With the help of temperature sensors installed on
each radiator, the microcontroller makes decisions
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about opening and closing the valves according to the
algorithm shown in Figure [4]

It is important to determine the most optimal ar-
rangement of water pipes in radiators for cooling,
therefore, according to the order of arrangement: 1 in-
put — 1 output, 3 input — 3 output, 9 input — 9 output
options were proposed.

Copper tubes with a diameter of 9 mm were installed
in the radiator for water distribution. Based on many
experiments and articles, it was found that the most
common metals used in cooling are aluminium and
copper. It was also found that their thermal conduc-
tivity is high. In general, it should be noted that such
a cooling unit is easy to make and its components are
easy to find.
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FIGURE 4. Water-cooling system design for concentrated solar cells.

Figure [f] shows the flow diagram of the water dis-
penser in the cooling system. When the temperature
of one solar cell is higher than the threshold tempera-
ture, the valve corresponding to that solar cell opens
and water flows through it.

The proposed active water-cooling system was anal-
ysed using a three-dimensional Multiphysics model
in COMSOL to assess the thermal performance and
cooling efficiency under varying solar radiation levels.
The simulation approach integrates multiple physical
phenomena, specifically fluid dynamics, heat transfer,
and radiative heat exchange, to realistically represent
the heat removal process within a cooling radiator.

Geometrical modelling and domain assumptions:
The cooling radiator and flow channels were modelled
as solid copper tubes, embedded within an aluminium
heat sink geometry. The solar cell surface was defined
as the heat source exposed to incident solar radia-
tion, assumed to be perpendicular to the surface for
maximum absorption. The model assumes a steady
inlet flow with fully developed laminar flow conditions
inside the tubes. The working fluid (water) is treated
as incompressible and Newtonian.

Governing physical processes: The fluid flow inside
the tubes is governed by the Navier-Stokes equations
under laminar flow assumptions due to the moderate
Reynolds number corresponding to the given flow ve-
locity. The heat transfer between the solid radiator
and the flowing water is modelled using the standard
energy conservation equation, accounting for conduc-
tion in solids and combined conduction-convection
in fluids. Surface-to-surface radiation is included to
simulate the thermal exchange between exposed sur-
faces within the cooling module and to represent the
absorption of incident solar irradiance.

Multiphysics coupling: The Non-isothermal Flow
interface couples the velocity and pressure fields of
the liquid with the temperature distribution, ensuring
that the convective heat transfer is correctly resolved.

‘ START '

Temperature, T

If (T >Threshold){
PWM=255:}

Else {

PWNM=0;}

True False

Open Close

-

FIGURE 5. The flow diagram of the water dispenser
in the cooling system.

The Heat Transfer with Surface-to-Surface Radiation
interface couples radiative heat exchange with conduc-
tion and convection, which is critical for accurately
representing the heating effect of concentrated so-
lar radiation and its dissipation through the cooling
medium.

Boundary conditions and assumptions: The inlet
boundary condition specifies a constant flow rate cor-

responding to an average velocity of 78.63cms™!.
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The outlet assumes zero gauge pressure with a fully
developed outflow. Ambient air is modelled with
fixed temperature (20 °C) and standard atmospheric
pressure (Latm). The intensity of solar radiation
varies in the simulation scenarios from 1 to 10 suns
(1sun = 1000 Wm~—2) with the sunlight incident per-
pendicular to the solar cell surface to represent re-
alistic concentrated solar conditions. The primary
objective of the simulation is to quantify the transient
heating and cooling rates of the solar cell under these
standard external conditions. No wind or forced con-
vection is considered externally; only radiation and
natural convection within the system geometry affect
the heat transfer balance. The walls of the radiator
are assumed to have constant thermal properties, and
the material emissivity and reflectivity are defined ac-
cording to standard values for copper and aluminium.

Numerical solution: The computational mesh is
generated with a refined resolution near the fluid-
solid interfaces to capture thermal gradients and flow
development accurately. The transient solution is
computed using a time-dependent solver, capturing
the dynamic cooling process from the initial heating
to steady temperature stabilisation.

This modelling approach assumes an ideal thermal
contact between the copper tubes and the aluminium
radiator and neglects possible thermal losses due to
imperfect thermal interfaces. It also does not include
micro-scale effects such as turbulent eddies, because
laminar flow is assumed due to the relatively low flow
velocity and small channel dimensions.

Figure [0] illustrates the overall simulation work-
flow, highlighting the main stages, from geometry
creation to multiphysics coupling and numerical post-
processing. This comprehensive modelling approach
provides a consistent framework for analysing the ther-
mal performance of the proposed active water-cooling
system under various solar irradiance levels and design
configurations. The numerical results and a discussion
of the system’s cooling effectiveness and temperature
uniformity are presented in the following section.

2.1. THERMAL-ELECTRICAL RELATIONSHIP

In the context of low-concentration photovoltaic
(LCPV) systems, controlling the cell surface tempera-
ture is critical for maintaining optimal power output
and preventing efficiency losses. Although this study
focuses primarily on the thermal performance of the
proposed active water-cooling system, it is essential
to understand the theoretical link between the cell
temperature and the electrical power output. The
actual electrical power output of a PV module under
real operating conditions can be expressed as [39H41]:

H,
Hgre'

Ppy = Psrc [1+ By (Teen — Tsrc)]

where, Pstc is the nominal power output under Stan-
dard Test Conditions (STC), H; is the actual solar
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Visualization

FIGURE 6. COMSOL Multiphysics simulation algo-
rithm.

irradiance on the PV panel surface, Hgrc is the stan-
dard irradiance under STC (typically 1000 W m~2),
Teen is the PV cell surface temperature, Tstc is the
cell temperature under STC (25°C), and S, is the
temperature coefficient of power (typically negative
for crystalline silicon cells).

A key aspect of this formulation is the accurate
estimation of the cell surface temperature Ty, which
significantly affects the real power output and the
efficiency losses due to thermal effects. An empirical
approach for estimating T¢ep is commonly used, such
as the relation proposed in [42]:

Teen = Too + 7.8 x 1072 H,, (2)

where, T, is the ambient air temperature. This em-
phasises that higher solar irradiance, in the absence of
effective cooling, directly results in higher cell temper-
atures, leading to a measurable decrease in electrical
efficiency.

3. SIMULATION RESULTS OF THE
COOLING SYSTEM

This section shows the results which were obtained
using methods described in the previous section. The
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Ficure 7. Cooling process at solar radiation of 2 suns and number of tubes: 2, 3, 4, and 5 tubes.

cooling process model and cooling time were obtained,
and the temperature drop at different concentration
ratios was compared. During the computer simula-
tion, solar radiation values of 2 sun and 5sun, which
are included in the low concentration degree, were
selected. During the simulation, radiators exposed
to concentrated light are cooled from about 40 °C to
about 22°C. The reason for choosing 40°C as the
upper limit is that in real conditions, in the technical
documentation of polycrystalline solar cells, the 40 °C
limit is indicated as the maximum temperature, and it
is known that the degradation of solar cells increases
at higher limits.

3.1. NON-UNIFORM TEMPERATURE OF THE
SURFACE OF THE SOLAR CELL

To fully cool down the solar cell, it is necessary that
the water goes through the whole surface of the solar
cell. The cooling process was carried out with solar
radiation of 2 suns, as a result, we were able to monitor
the temperature uniformity on the radiator surface
during the cooling process (Figure (7). The radiator
cooled from around 40 °C to around 22 °C.

Figure [7] shows the temperature differences on the
surface of the radiator at the point when the tem-
perature change stabilises in radiators with different
numbers of tubes with solar radiation of 2 suns.

Figure [8] shows that the radiator temperature de-

creased from about 40 °C to about 22 °C for 5 sun solar
radiations. The temperature differences on the surface
of the radiators are shown for when the temperature
inside the radiators is stabilised.

As can be seen from the results shown in the pic-
tures above, the temperature difference on the surface
of the radiator is within 1°C. We also noticed that
the temperature difference varies depending on the
number of tubes in the radiator and the amount of
solar radiation.

3.2. COOLING TIME OF THE SOLAR CELLS

The next important step in the experiment is to study
the cooling rate of the radiators, because the surface
temperature of the solar cell increases rapidly when
it is exposed to concentrated light. Therefore, a quick
response from the cooling system is important.
Results shown in Figure [0] and Figure [I0] illustrate
the time required to cool down a single solar cell at
concentration levels of 2 suns and 5 suns using different
numbers of tubes. The number of tubes directly affects
the cooling rate. When five tubes are used, the tem-
perature decreases almost twice as fast compared to
the system with only two tubes. As mentioned above,
depending on the width of the reflective surfaces, the
concentration ratio (CR) of the concentrating optics
may vary, therefore, it is important to investigate how
the temperature changes at different CR values. The
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FicURrE 8. Cooling process at solar radiation
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FIGURE 9. Solar cell temperature dependence on time and number of tubes for solar radiation of 2 suns: 2, 3, 4, and

5 tubes.
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F1GURE 10. Solar cell temperature dependence on time and number of tubes for solar radiation of 5 suns: 2, 3, 4,

and 5 tubes.

temperature increases with the increase in solar radi-
ation [43]. The cooling system cools in approximately
the same time in both cases, despite the higher solar
radiation at 5 suns. During the cooling process, the
temperature drops to 22-23 °C within 10 seconds, and
thermal equilibrium is established after 15 seconds.
These results confirm that the cooling system can
provide rapid cooling and maintain the temperature
at a level that ensures optimal operating conditions
for the solar cell. Figure [T] shows the dependence
of the cooling time from 40°C to 22°C at different
percentages of the maximum water flow rate.

The cooling times of the radiators, from about 40 °C
to about 22 °C, varied with solar radiation levels of 2
and 5 suns. The main factors causing these differences
are the number of tubes in the radiator and the in-
tensity of solar radiation. The greater the number of
tubes, the larger the contact area between the coolant
and the heated surface, resulting in more active and
efficient heat transfer. Based on the analysis of the
results, it can be concluded that the most effective
number of tubes for the radiator in this cooling system
is five. As the number of tubes increases, cooling be-
comes faster and the temperature is distributed more
evenly across the radiator surface.

3.3. CONNECTING RADIATORS TO EACH OTHER

In addition, cooling radiators for nine solar cells within
the II-shaped optical system can be interconnected in
several configurations: 1 input — 1 output, 3 inputs
— 3 outputs, and 9 inputs — 9 outputs. The way the
radiators are connected affects the overall cooling
time of the system, making it important to organise
the interconnections efficiently to maintain effective
cooling of the active solar cells.

Figure shows the temperature differences on
the surface of the radiators for the different connec-
tion configurations. In Figure [I2a] the radiators are
connected in series, so a temperature difference is
observed between the radiators: the water entering
the first radiator is progressively heated as it passes
through each subsequent radiator, resulting in a tem-
perature difference of about 1°C across the surfaces.
In Figure the water is supplied through three
radiators in parallel and then fed onward, showing
a similar temperature difference of about 1°C. Fig-
ure demonstrates that when the water is supplied
individually to each radiator (9 inputs — 9 outputs),
the cooling process is more uniform and the tempera-
ture difference across the radiator surfaces decreases
to approximately 0.3 °C. This means that among the
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Ficure 13. Time dependence of temperature for different connections of radiator tubes.

three configurations, the 9-input — 9-output version
achieves the highest temperature uniformity.
Additionally, the time dependence of the tempera-
ture during the cooling process was analysed to deter-
mine which configuration provides the fastest cooling
(Figure [13)).
Figur shows that for the series connection (1 in-
put — 1 output), the temperature drops from 40°C
to about 23°C in 323 seconds and does not reach
22°C at all. Figure shows that with the 3-input —
3-output configuration, the temperature reaches 23 °C
in 28 seconds, which is a significant improvement.
Figure demonstrates that the 9-input — 9-output
version decreases the temperature to 22°C in just
10 seconds — about three times faster than the previ-
ous version — and achieves the target condition. In
summary, the 9-input — 9-output configuration pro-
vides the most efficient and high-performance cooling
among the options analysed.

4. CONCLUSION

A cooling system for a II-shaped LCPV module was
designed and its performance was simulated using
the COMSOL Multiphysics platform. The cooling
strategy and simulation procedure were described in
detail. One of the key advantages of the proposed
system is that it does not require a water pump, as
water flows by gravity from a certain height, reducing

the energy consumption and system complexity. The
temperature uniformity and cooling time of radiators
with different numbers of tubes were analysed. The
results show that for a radiator with five tubes, the
temperature difference between the hottest and coolest
points was only 0.07°C, with the cell temperature
dropping from 40 °C to 22 °C within 10 seconds. These
characteristics have a positive effect on the thermal
stability and operational reliability of the solar cell.

In addition, different radiator connection schemes
for the II-shaped optical system with nine solar cells
were investigated. The 9-input — 9-output configu-
ration achieved a surface temperature difference of
only 0.3°C and a total cooling time of approximately
10 seconds. This configuration allows for the individ-
ual control of cooling for each solar cell, which helps
reduce unnecessary energy use caused by variations in
solar irradiance and optimises the overall operation of
the cooling system. In summary, the proposed cooling
system demonstrates rapid cooling capability and can
maintain cell temperatures within optimal limits, en-
suring stable performance and extending the lifetime
of the solar cells.
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