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Abstract: This paper presents a numerical study of the thermal behavior of a photovoltaic-thermal (PVT) device using 

COMSOL Multiphysics. The research focuses on analyzing temperature distribution on the photovoltaic 

(PV) surface under varying solar radiation levels and coolant flow rates. A coupled model integrating 

laminar fluid flow and heat transfer in solids and fluids was developed to simulate the interaction between 

thermal and hydrodynamic processes within the system. Simulations were conducted for solar radiation 

intensities of 500, 700, 1000, and 1500 W/m², with corresponding water mass flow rates ranging from 

0.0083 to 0.033 kg/s. The inlet water temperature was fixed at 15°C. The results demonstrate that increasing 

the coolant flow rate significantly reduces the PV surface temperature, thereby improving electrical 

efficiency, while higher solar radiation enhances thermal energy output. The study confirms that the 

integration of a heat collector and reflectors improves both thermal and electrical performance of the PVT 

system. A balance between radiation intensity and cooling conditions is essential to maintain PV operating 

temperatures within optimal limits. The modeling results are consistent with experimental observations, 

validating the effectiveness of the proposed approach for optimizing PVT system design. 

1 INTRODUCTION 

The installed solar power capacity in the world 

energy sector is increasing year by year and will 

exceed 1.4 TW in 2023, with China (609 GW) 

having the best performance. Renewable energy 

capacity is expected to increase to 473 GW 

(+13.9%) in 2023, with solar power accounting for 

346 GW (+32.2%), followed by wind power with 

116 GW (+12.9%) [1] (Figure 1). 

The increasing efficiency of solar cells in 

converting solar energy into electricity is also 

driving the widespread use of this type of energy 

devices [2] (Figure 2). 

Cooling PV (Photovoltaic Panel) panels, which 

convert solar energy directly into electricity, is 

considered effective in preventing the electrical 

efficiency from decreasing under the influence of 

high temperatures [3]-[7]. This cooling can 

consist of active, passive, or hybrid cooling 

systems [8]-[10]. A device equipped with such a 

cooling system is called a PVT (photovoltaic-

thermal). The main purpose of such devices is to 

ensure that the PV electrical efficiency does not 

decrease due to temperature and to obtain additional 

thermal energy [11]-[15].  

The part that extracts the heat is called the heat 

collector (HC). The more heat-conducting material 

that is attached to the PV surface, the more 

thermally and electrically efficient the device will 

be. 

Modeling the physical processes occurring in 

PVT devices is also an important area [16]-[20]. 

Modeling is commonly used to analyze expected 

results without constructing an experimental device 

[21], [22]. In modeling, it is usually necessary to 

make some simplifications and specify initial 

conditions depending on the purpose [23]-[25]. 

Analytical formulations describing the energy 

balance and thermal characteristics of different 

components of PVT systems were reported in [26]. 

Several studies have also addressed the 

hydrodynamic behavior of PVT systems [27]-[28], 

alongside  mathematical  modeling  approaches  that  
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Figure 1: Installed solar energy capacity from 2000 to 2023 

Figure 2: Crystalline silicon module efficiency 

evaluate their electrical and thermal performance 

[29], [30]. Since solar energy represents a more 

sustainable option compared to other renewable 

sources, research in this field remains highly 

significant. This study focuses on analyzing the 

variation of thermal parameters in PVT systems 

through mathematical modeling. 

Since we have already covered the practical part 

of our work in our previous work, let's focus only on 

the part based on the results obtained in the Comsole 

Multiphysics program. 

2 METHODS AND MATERIALS 

An overview of the main PVT device of the 

experiment is shown in Figure 3. The main function 

of reflectors is to increase the solar energy density 

and increase the thermal energy efficiency of the 

device. The water passing through the heat collector 

ensures that the PV panel temperature does not 

exceed the set point. These two aspects were taken 

into account in the modeling, and results were 

obtained for different values of solar radiation 

falling on the surface of the PV panel and water 
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mass flow. A monocrystalline silicon PV module 

with a maximum output power of 60 W was 

employed in the device. The specifications of the PV 

panel, along with the corresponding PVT system 

parameters derived from it, are summarized in 

Table 1. 

Table 1: Geometric dimensions, physical and technical 

characteristics of PVT parts. 

Parameters Dimension 

Geometric dimensions 

PV surface, SPV 0.36m2 

PV frame width, d 2.5sm 

Reflector surface, Sref 0.36m2 

Reflector thickness, dref 0.4sm 

The surface of the back cover, Sq 0.36m2 

The thickness of the back cover, dq 0.4sm 

Physical and technical characteristics 

Maximum power of PV, Pmax 60W 

Electrical efficiency of PV, η 16.5% 

Open circuit voltage of PV, Uoc 24.4V 

Short circuit current of PV, Isc 3.33A 

The fill factor of the PV’s volt-ampere 

characteristic, FF 
0.74 

Reflection coefficient of the reflector, R 0.5 

Water capacity of the heat collector,V 9 litre 

The modeling studied the temperature 

distributions on the back surface of the panel, which 

are observed as a result of the effects of the heat 

collector and reflector of this device. 

Figure 3: General view of the PVT device: 

1 – structure handle, 2 – PV, 3 – reflectors, 4 – wheels of a 

small portable structure, 5, 6 – taps, 7 – hinges, 8 – 

positive and negative terminals of the electrical output of 

the PV, 9 – controller, 10 – battery, 11 – inverter, 12 – 

battery box, 13 – base of a small portable structure, 14 –

heat collector. 

The modeling was performed in the COMSOL 

Multiphysics 6.0 integrated software environment in 

the following sequence.  After entering the program, 

the “Model Wizard” → “3D” sections were selected. 

To describe the heat exchange of water flow and the 

amount of heat absorbed in the PV with moving 

water in the HC, the “Laminar Flow (spf)” and 

“Heat Transfer in Solids and Fluids (ht)” interfaces 

were connected via the “Nonisothermal Flow” 

multiphysics interface. For the process under study, 

a new file with the extension ".mph" was created by 

selecting the "General Studies" → "Stationary" → 

"Done" sections. 

Figure 4: Part of PVT extracted for mathematical 

modelling. 

The dimensions and parameters of the required 

geometric parts are selected through the “Model 

Builder” → “Component” → “Geometry” → 

“Block” sections, and the model geometry to be 

created through the “Build All Objects” section is 

displayed in 3D in the “Graphics” window. “The 

values of the variables and their units were described 

in the "Model Builder" → "Definition" → 

"Variables" sections. Through the “Definition” → 

“Selection” → “Explicit” sections, boundaries such 

as “Inlet”, “Outlet”, “Heat wall”, and “Wall” were 

created and linked to variable values. 

Using the “Model Builder” → “Materials” 

sections, “water” was selected from the material 

library as the cooling fluid. In this case, the values of 

all physical quantities for water are automatically 

loaded into the model. 

Values such as “Inlet”, “Outlet”, “Wall” were 

created from the “Model Builder” → “Laminar Flow 

(spf)” section, and the lower part was selected for 

the “Inlet” section, considering that water moves 

from bottom to top. The water flow for the inlet 

section was expressed in kg/s. The upper boundary 

was selected for the “Outlet” section. The two sides 

and the back were defined as the boundary as 

thermal insulation and the front as the heat source 

passing through the back surface of the PV.  
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The energy density flux value for the heat source 

in W/m2 is entered in the parameter-dependent state 

through the “Model Builder” → “Heat Transfer in 

Fluids” → “Heat Flux” sections. During the 

calculation of the results, the parameter values were 

changed, resulting in different results. 

The “Model Builder” → “Multiphysics” → 

“Mesh” sections were selected, and the “Normal” 

section was selected for the “Element size”. The 

model mesh part was created through the “Build 

All” section (Figure 5). 

Figure 5: General condition of the mesh part 

In the modeling process, the stationary Navier-

Stokes equation was used in the blog through 

nonlocal connections and solved together with the 

continuity equation: 

 ρ(u )u pI K F =  − + +    (1) 

ρ u 0 =    (2) 

Here ρ is the density of water (kg/m3), u is the 

flow velocity (m/s), I is the momentum (kg·m/s), K 

is the kinetic energy (J), and F is the external force 

(N). 

The boundary conditions are set as follows: 

▪ The fluid does not slip on the walls

(boundaries) of the HC, i.e. u=0, the flow

velocity is zero;

▪ The velocity of the liquid entering the HC is

directed along the normal to the entrance

surface;

▪ The pressure difference at the outlet from the

HC is zero.

The “Heat Transfer in Fluids” interface was used 

for HC and PV heat transfer. The following heat 

balance equation for solids and heat transfer 

equations between layers were solved: 

p iρc u T q Q + =     (3) 

q k T= −     (4) 

where, u is the velocity of water (m/s), cp is the heat 

capacity (J/(kg°C)), q is the heat flux density 

(W/m2), k is the heat transfer coefficient (W/(m2°C)) 

3 RESULTS AND DISCUSSION 

In the modeling, several suitable values of water 

consumption entering the cooling system, 

determined in the experiment, were entered and the 

results were obtained (Figure 6). It is estimated that 

0.9 part of the total solar energy falling on the 

surface of the PV is completely absorbed, of which 

0.75 part is spent on thermal energy, 0.15 part on 

electrical energy, and 10% on various heat and 

electrical losses. In this case, the portion of the 1500 

W/m2 solar radiation falling on the PV surface that is 

converted into thermal energy is equal to 1015 

W/m2, and in the calculations, the back surface of 

the PV was considered as a source of thermal 

energy. The initial temperature of the incoming 

water was taken as 15oC (~288.15K). Figure 6 

shows the results for water consumption values of a) 

0.0083 (kg/s), b) 0.0167 (kg/s), c) 0.025 (kg/s), and 

d) 0.033 (kg/s). The HC boundary assumes a value

of 1015 W/m2 for the energy flux density as a heat

source. The ambient temperature is assumed to be

150C (288.15K). From the graphs, the PV back

surface temperature decreases as water consumption

increases.

In the modeling, the water temperature at the 

back surface of the PV and the HC for different 

values of solar radiation incident on the PV surface, 

with the water consumption constant (0.01667 kg/s), 

is given in Figure 7. 
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Figure 6. Temperature of the back surface of the PV at 

different values of water consumption entering the HC 

Figure 7: Surface temperature distribution at different 

values of radiation incident on the PV surface (water 

consumption (0.01667 kg/s)). 

The results were obtained for the cases where the 

solar radiation incident on the PV surface was 

a) 500 W/m2 b) 700 W/m2 c) 1000 W/m2 and
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d) 1500 W/m2. As solar radiation values increased,

the PV back surface and outlet water temperatures

increased steadily

Higher outlet water temperatures will inevitably 

lead to an increase in thermal energy. However, at 

the same time, this situation should not negatively 

affect the electrical parameters of the PV. The 

modeling results show that the maximum difference 

in PV rear surface temperatures was 370C (1500 

W/m2). The fact that the PV temperature is less than 

60 0C is the basis for lower electrical losses due to 

its temperature. 

At a simulated solar radiation value of 500 

W/m2, temperature differences are very small, with a 

value of 80C recorded. At these values, the 

efficiency of thermal energy utilization decreases 

sharply. For this purpose, it should be noted that 

reflectors serve as a key component for increasing 

the solar energy density. Increasing radiation 

increases the thermal efficiency of the system. 

However, increasing radiation values also requires 

consideration of PV temperature limits. 

In the results obtained under natural conditions, 

the difference in water temperatures at the inlet and 

outlet was 5-300C. In this case, the water 

consumption and radiation values at the inlet were 

within the range of values used in the modeling. 

Therefore, the modeling and simulation results are 

consistent with the results obtained in real-world 

experiments. 

4 CONCLUSIONS 

The heat distribution on the PV surface and the 

temperature of the hot water that can be obtained 

from the heat collector are important. Through 

programming work performed in the Comsole 

multiphysics program, the heat distribution on the 

surface was studied at different values of radiation 

and water consumption. The graphs confirm that the 

temperature of the water leaving the HC reaches 

30oC with a maximum radiation of 1500W/m2 and a 

water consumption of 0.0083kg/s. The modeling 

results show that at a water consumption of 0.017 

kg/s, the temperature difference between the 

incoming and outgoing water is up to 20oC, and thus 

the temperatures on the PV surface are also 

maintained within this temperature range. This is the 

basis for improving electrical and thermal 

efficiencies by simultaneously increasing and 

cooling the incident radiation 
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