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Öz 

Son zamanlarda küresel ısınmanın etkileri, fosil yakıtlara alternatif olarak yenilenebilir enerji kaynaklarına olan 

ilgiyi artırmaktadır. Bu kaynaklar içerisinde güneş enerjisi, potansiyeli sebebiyle ayrı bir öneme sahiptir. 

Fotovoltaik (PV) paneller güneş enerjisini elektrik enerjisine dönüştürür. Fotovoltaik panellerle elektrik üretmenin 

en büyük sorunlarından biri, panel yüzeyine gelen enerjinin yaklaşık %80'inin ısıya dönüşmesidir. Bu dönüşüm 

sırasında PV panel yüzeyinde meydana gelen sıcaklık artışı panel verimliliğini olumsuz etkilemektedir. 

Dolayısıyla, panellerin verimli çalışabilmesi için soğutulması, çözülmesi gereken bir problem haline gelmektedir. 

Bu çalışmada; Kahramanmaraş iklim koşullarında monokristal PV panelin pasif soğutma üzerindeki etkilerini 

incelemek için sayısal analiz yöntemleri geliştirilmiştir. Öncelikle incelenecek olan fotovoltaik güneş panelinin 

performansı deneysel olarak araştırılmıştır. Yapılan deneylerde ortalama panel yüzey sıcaklığı 43.54°C , güneş 

ışınımı ve panel güçü sırasıyla 785 W/m2, 36.32 W bulunmuştur. Daha sonra sayısal analiz için ANSYS-Fluent 

yazılımı kullanılmıştır. Yapılan hesaplamalı akışkanlar dinamiği (HAD) analizleri için en uygun çözüm ağı 

yapısını belirlemek üzere deneysel veriler kullanılmış ve Ansys programında yüzey sıcaklığı için yapılan PV 

panelin HAD modeli 2.44% hatayla model oluşturulmuştur. HAD modeline deneysel çalışma senaryolarında 

çeşitli kanat boyutları ve kanatlar arasında ki mesafenin PV panel yüzeyinde ki soğutma ya olan etkili 

incelenmiştir. HAD analizleri sonucunda kanat geometrisine nazaran, kanatlar arasında ki mesafede ki yaklaşık 

%40 lik (5mm) artışta kanat uç sıcaklığında yaklaşık 4°C bir azalma elde edilmiştir. 

 
Anahtar kelimeler: Monokristal güneş paneli, Kanatçık, HAD, PV panel, Isı transferi 
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Abstract 

Recently, the impact of global warming has intensified interest in renewable energy sources as alternatives to fossil fuels. 

Among these resources, solar energy stands out due to its potential. Photovoltaic (PV) panels play a crucial role in 

converting solar energy into electrical energy. However, one of the biggest challenges in generating electricity with PV 

panels is that approximately 80% of the energy from the panel surface is transformed into heat. This temperature increase 

on the PV panel surface negatively affects its efficiency, making it essential to find effective cooling solutions. In this 

study, we developed numerical analysis methods to investigate the effects of monocrystalline PV panels on passive 

cooling under the climatic conditions of Kahramanmaraş. First, we performed experimental investigations to assess the 

performance of the photovoltaic solar panels. The experiments revealed an average panel surface temperature of 

43.54°C, with solar radiation and panel power measuring 785 W/m² and 36.32 W, respectively. We then employed 

ANSYS Fluent software for numerical analysis. The experimental data were utilized to determine the most suitable 

solution network structure for computational fluid dynamics (CFD) analyses, resulting in a CFD model of the PV panel 

with a surface temperature error of just 2.44%. The CFD model was used to examine how different fin sizes and distances 

between fins affected cooling on the PV panel surface. The CFD analysis indicated that increasing the distance between 

the fins by approximately 40% (5 mm) led to a reduction of about 4°C in fin tip temperature compared to the original 

fin geometry. 
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1. Introduction  
 

Today, the increase in energy demand obtained from fossil fuels increases the interest in renewable energy 

sources as an alternative to fossil fuels. Among these sources, Solar energy, which stands out with its 

unlimited energy potential, has a significant place [1]. Solar energy is collected with the help of thermal 

panels or solar collectors and is used for many purposes. One of the common uses of solar energy is its direct 

conversion into electrical energy. Photovoltaic (PV) panels are used for this conversion. To use PV panels 

efficiently, it is necessary to determine their operating conditions well. The efficiency of PV panels depends 

on factors such as surface contamination, shining, the panel's position relative to the sun, cell type, and 

temperature [2]. PV panels absorb a significant portion of the energy from the sun. However, Only 15-20% 

of this energy, given out as heat, can be converted into electrical energy [3]. As the PV panel collects energy 

from the sun, the temperature on its surface increases. This negatively affects the panel's electricity 

production and reduces its efficiency. Therefore, for PV panels to become more efficient in electricity 

production, dissipating the heat on their surfaces becomes a problem that needs to be solved [4-5]. Various 

methods exist to solve the cooling problem of reducing the surface temperature of PV panels [6]. These are 

active cooling and passive cooling strategies. Active cooling converts a coolant into intermediate fluid using 

mechanical heat pipes or pumps [7]. In passive cooling, another cooling technique, heat is removed from the 

hot surface only by natural heat transfer without an active component [8-9]. Air-cooled fins are often 

preferred in the passive cooling method. The heat on the fins is evacuated from the system by passing to the 

air filtering through them. Thanks to these fins placed on the bottom surface of the PV panel, the heat transfer 

surfaces are increased, and the cooling capacity is increased [10]. It is essential to determine an effective 

cooling method for PV panels and to design them according to this method. In this context, experiments must 

be conducted after going through various experimental setups' design and manufacturing processes for the 

specified cooling systems. This requirement is a challenging process to overcome in terms of time and cost. 

These processes can be more efficient thanks to programs that perform computational fluid mechanics (CFD) 

analysis. Thanks to CFD programs, the behavior of systems is observed by analyzing them under various 

scenarios at the design stage before reaching the manufacturing stage [11]. 

 

The main goal of this research is to increase the efficiency of a monocrystalline PV panel under passive 

cooling by using a heatsink with specific parameters under Kahramanmaraş's climatic conditions. For this 

purpose, experimental studies were conducted in the ambient temperature range of 25-55 °C. Based on the 

data obtained from experimental studies, the panel's CFD model was created using the Ansys program. Fins 

of various sizes were applied to the CFD model, and temperature distributions were observed on the panel 

surface. With the help of CFD analyses supported by experimental parameters, the effects of the change 

between blade spacing, blade thickness, and blade height on PV panel surface cooling were examined. 

 

2. Passive Cooling and Heatsink 
 

Passive cooling methods, which operate without additional energy input, are simple yet effective in 

enhancing heat transfer through natural convection to cool PV panels. In passive cooling, the heat is 

effectively transferred from the heat source, such as a PV panel, to the outside air and then distributed to the 

environment. The three main categories of passive cooling techniques, namely passive air cooling, passive 

water cooling, and passive conductive cooling, are all simple to implement [12]. This study specifically 

focuses on the simplicity of passive air cooling and using a heatsink. Thermal fins, a simple and cost-effective 

solution for cooling PV panels, require minimal maintenance and consume no electricity. A heatsink, 

typically made of metal, is designed to significantly increase heat transfer from its source to the surroundings 

through natural or forced convection [13-15]. It is engineered to enhance heat dissipation and contact area 

with ambient air for efficient heat transfer. Natural convection, which occurs when cooling air moves across 

the fin array due to pressure or temperature differences, further enhances the simplicity of these techniques. 

Optimal heat transfer is achieved within a limited spacing range for high fins, whereas shallow fins benefit 

from a more extensive range [16-17]. To identify the most effective fin design, it is essential to conduct a 

heat transfer analysis for the simplest case. Figure 1 beautifully illustrates a surface adorned with a single fin, 

radiating heat into the surrounding air through unforced convection. Here, T∞-air signifies the air temperature, 

complemented by the air convective heat transfer coefficient [18]. 
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Figure 1. Surface with one fin [18] 

 

Using the equations below, the total amount of heat to be transferred through the fins and its parameters can 

be calculated [18]. Equation 1 is expressed as the most general form of the total heat transfer relationship 

from the fin surface [19]. 

 

𝑄𝑇 = 𝑁𝑞𝑓 + ℎ̅𝐴𝑏𝛥𝑇 (1) 

 

where Ab is non-finned surface (the base of the heat sink where there are no fins),  Fourier's law is applied to 

the base of the fin to obtain  qf , and N is the total number of fins. Here, h is the total convection heat transfer 

coefficient transferred from the fin surface and is calculated by Eq.2. 

 

ℎ̅ =
𝑁𝑢𝐻
̅̅ ̅̅ ̅𝑘𝑎

𝐻
 (2) 

 

where NuH is the Nusselt number and represents the dimensionless temperature gradient on the fin surface. 

The thermal conductivity of air at a given temperature is represented by ka. H is the definitive characteristic 

length of the system. 𝑁𝑢𝐻
̅̅ ̅̅ ̅ is explicitly defined in terms of other Rayleigh and Prandtl numbers, as 

demonstrated in Eq. 3. 

 

𝑁𝑢𝐻
̅̅ ̅̅ ̅ = (𝑅𝑎, 𝑃𝑟) (3) 

 

In Eq.3, Ra is Rayleigh and Pr is Prandtl number. Prandtl number as the ratio of momentum and thermal 

dissipations is defined. Rayleigh number is a dimensionless number that characterizes heat transfer in natural 

convection events. When the necessary simplifications are made, the heat transfer that will occur through a 

fin is obtained with the Ra number relation given in Eq. 4. 

 

𝑅𝑎 =
𝑔𝛽(𝑇𝑏 − 𝑇∞)𝐻3

𝑣2
.
𝑣

𝛼
 (4) 

 

At the junction between the heat sink and the PV panel, there is a resistance to heat transfer due to small air 

pockets between the surfaces. This resistance is reduced by using thermal interface materials (TIMs) to 

improve interface contact and reduce thermal resistance [18]. To provide effective passive cooling through 

the heatsink, materials with high thermal capacity and conductivity transfer thermal energy from the heat 

source and distribute heat efficiently to the environment. Aluminum alloys are commonly used for heatsinks 
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due to their favorable properties. Still, copper offers superior properties but requires unique manufacturing 

processes, such as milling, due to less forming properties or difficulty in machining operations. Typically, 

copper is also used by integrating it into the heatsink base, onto which aluminum fins are attached [20-21]. 

Heatsinks have emerged as a cornerstone in thermal management, celebrated for their versatile geometric 

designs. Among these, plate and pin shapes stand out as the most effective choices, balancing exceptional 

performance with cost efficiency and ease of production. The literature frequently highlights several fin types 

that excel in these applications, including the elegant Plate Fin, the robust Square Pin Fin, the efficient Round 

Pin Fin, and the innovative Stepped Round Pin Fin, all of which are beautifully illustrated in Figure 2. 

 

 
 

 Figure 2. Various types of Heatsink; (a) Plate Fin (b) Square Pin Fin (c) Round Pin Fin (d) Stepped 

Round Pin Fin [22] 

 

In a medium with limited thermal conductivity, as well as when heat is transferred to a large area, the 

distribution resistance must be taken into account, as it can lead to significant temperature gradients and 

uneven heat distribution [18]. 

It's important to note that uneven heat distribution, where some fins have lower temperatures than others, is 

a situation that needs to be avoided. Achieving even heat distribution is a key goal in the design and 

maintenance of PV panel systems, and this can be facilitated by strategies such as thickening the fin base.  

Additionally, the effectiveness of a heat fin is important to note, which is greatly affected by the configuration 

of the PV panel system, including factors such as local climatic conditions, wind speed, and direction, solar 

panel height, orientation, fin geometry, etc. [21]. To achieve the cooling effect, increase the heat transfer 

from the back side of the PV panel [23]. Although increasing the thermal conductivity of the back sheet is 

one approach to achieve a cooling effect of up to 0.07°C, alternative methods need to be investigated [24]. 

Fourier's law of heat transfer is clear. Accordingly, assuming that the temperatures of the surroundings and 

the heat-radiating body are constant, the cooling effect can be increased by using a pump or fan to increase 

convection or by expanding the heat-radiation area to the surroundings [25]. This situation can be achieved 

using fins with additional rectangular or pin-shaped surfaces. It was carried out with the assumption that for 

every 1 °C increase in temperature on the PV panel, the electrical efficiency of the PV panel module decreases 

by 0.5% [26-27]. The effect of temperature on PV panel performance can also be explained as follows: PV 

panels start producing electricity when they receive radiation from the sun. While some of the radiation 

coming from the sun turns into electrical energy, some of it emerges as heat energy. This event causes the 

PV cells to heat up. As the PV cells heat up, the short circuit current (I) of the PV modules increases, while 

the open circuit voltage (V) decreases and thus the electrical efficiency decreases (Figure 3). Therefore, the 

cooling effect is significant for the PV panel. 
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 Figure 3. Effect of operating temperatures on PV panel performance [28-29] 

 

3. Material and Methodology 
 

To design an effective heatsink, modern approaches to design must be applied. These contemporary 

approaches require determining the temperature distribution characteristics of the designs and making 

designs considering these features. It is essential to conduct experimental studies to observe or evaluate the 

effectiveness of design results. However, experimental studies are methods that require both time and cost. 

In addition, situations such as lack of equipment and limited opportunities occur in experimental studies. For 

all these negative reasons, CFD simulation programs are used. By performing virtual modeling using 

experimental conditions in CFD simulations, high-quality solutions are obtained for the behavior of designs 

under flexible physical conditions [30]. Thus, it saves time and experimental expenses [31-32]. In this study, 

experimental studies were carried out under passive cooling conditions using monocrystalline panels to test 

the accuracy of CFD analyses and determine the PV panel's characteristic properties. Experimental study 

results: CFD simulations were used to numerically simulate the heat distribution on the panel and the cooling 

effect of the fins on the panel. Fin analysis in 9 different sizes was performed in the CFD environment. As a 

result of CFD studies, fin dimensions, adequate fin spacing, fin thickness, and distance between fins on the 

fin surface temperature distribution were determined. 

 

3.1 Material 
 

3.1.1. Solar panel module 
 

The solar panel examined in this study is a monocrystalline module produced by Uretech company that can 

produce 50 W (watt peak) power. Table 1 shows the features of the solar panel module used in the study. 

 

Table 1. Solar module features 

 

Features Values 

Photovoltaic Panel Mono-crystalline 159x39 mm 

Number of Cells 36 

Open-Circuit Voltage (VOC) 24.62 V 

Short-Circuit Current (ISC) 2.57A 

Maximum Power (PMPP) 50W 

Operating Temperature 

Range 

-20°C / 80°C 

Dimensions 662x159x25mm 

 

In Figure 4, the solar panel is designed in layers. Each layer used serves a different purpose. At the top, the 

panel used Ethylene Tetrafluoroethylene (ETFE) instead of tempered glass. ETFE was chosen due to its low 
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weight, higher transparency, and ability to make the laminated panel flexible. ETFE cells are free of dirt, etc. 

It serves the purpose of protection from external factors. Underneath the ETFE layer, it was used as a 

protective base on which a thin layer of Ethylene-Vinyl Acetate (EVA) was spread. EVA is a specially 

manufactured material used to bond the panel layers together. This bonding process is done using the 

lamination technique. The cells were placed between two EVA sheets, with dimensions of 159x39 mm and 

36 cells. Under the EVA layer under the cells is a Polyethylene Terephthalate (PET) layer made of insulated 

plastic material. On the bottom layer of the panel, other layer series are fixed with a frame on a Carbon Fiber 

Composite Polymer (CFRP) plate. An aluminum frame was placed around the layers to hold all the layers 

together. 

 

  

 

Figure 4. View of the layers of the monocrystalline PV Solar Panel used in the study 

 

3.2. Method 
 

The study covers two methods. The first of these is experimental studies to determine the characteristic 

features of the PV panel and to determine the accuracy of CFD analyses.  

 

The second method is CFD analysis. ANSYS was used as the CFD program in numerical methods. Ansys 

models the system using fluid mechanics equations as well as heat and mass flow with finite element analysis. 

 

3.2.1 Experimental procedure 
 

This study presents a thoughtfully designed experimental setup aimed at gathering insightful data and 

evaluating the performance of a solar panel. At the heart of the experiment is a high-quality monocrystalline 

photovoltaic (PV) panel. The panel's positive and negative terminals were expertly connected to a data 

acquisition socket via a robust cable, allowing for precise measurement of current and voltage. For this 

purpose, an ammeter was utilized to capture the DC current, while a voltmeter ensured accurate voltage 

readings.  

 

In addition to the monocrystalline panel, the experimental design featured a 50 W polycrystalline PV panel, 

complemented by a multimeter to facilitate current and voltage measurements. To enrich the study even 

further, instruments were employed to monitor essential meteorological parameters, including temperature, 

air velocity, and solar radiation. This comprehensive approach not only underscores the rigor of the 

investigation but also enhances our understanding of solar panel performance under varying conditions.The 

panel in the experimental set is placed on the ground in such a way that it receives the sun's rays in the best 

way during the day. A dummy load of 2.5 ohms was included in the panel to obtain the current draw generated 

from the PV panel. The measurements required for the study were determined by manual readings every 

hour. To measure the power generated by the PV panel system, current-voltage values were obtained by 
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observing the multimeter display connected to the dummy load. Figure 5 shows the schematic of the 

experimental setup. 

 

 

 

 
 

Figure 5. Schematic view of the experimental system. 

 

This research used a monocrystalline PV solar panel measuring 622 × 393 × 20 mm. A precision Testo 875-

2 irradiance meter was used to measure incident solar radiation. To measure the temperature and average 

temperature of the PV panel, it was monitored for a certain period using an infrared laser thermometer with 

a sensitivity of ±2°C, model Uni-T UT306. The wind speed under the PV panel was measured using an 

anemometer with a Testo 405-V1 model sensitivity of ±0.1 m/sec and a measurement range of 0 … 10 m/sec 

(0 … +50 °C).  

 

Furthermore, the comprehensive performance of the PV panel was measured by recording the instantaneous 

power, current and voltage values . This was done using a Wattmeter, Ammeter and Voltmeter, which are 

standard devices for such measurements. The devices used and the experimental process are shown in Figure 

6. 

 

 

Figure 6. Experimental setup schematic configuration of PV panel 
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As shown in Figure 6, an infrared laser temperature meter was used to measure the surface temperature of 

the PV panel. An Anemometer was used to measure the speed of the air passing around the panel and a Solar 

Irradiance Meter was used to measure the radiation reaching the surface. In addition, a wattmeter was used 

to measure the amount of power that was generated by the panel during the experiment. 

 

3.2.2 Numerical analysis procedure 
 

In this section, numerical studies have been carried out to analyze the convective heat transfer of the PV panel 

and the heatsink to be placed on the bottom surface of the panel. Numerical studies were carried out in Ansys 

Fluent as steady-state CFD analysis. Since this analysis was performed to investigate thermal changes for 

conditions over a certain period of time, steady-state thermal analysis was chosen. 

 

PV panel 

 

In this study, geometry models were created in 6 layers, each 662x393 mm, using Ansys's Design Modeler 

Module. The cells in the PV panel are rectangular, with dimensions of 159x39 mm, and are modeled as 36 

pieces. The appropriate material type and thickness of the layers used in the numerical study are given in 

Tables 2 and 3. In the analysis, the connected contacts that allow complete transfer of heat between layers 

were modeled by taking into account. 

 

Table 2. Properties of the layers of the PV panel [33] 

 

Layer Material Layer thickness(mm) 

1 ETFE 0.28 

2 EVA1 0.20 

3 Silicon 0.15 

4 EVA2 0.20 

5 PET 0.20 

6 Tape 0.13 

7 CFRP 2.00 

 

Table 3. Physical and thermal properties of the materials selected for the layers of the PV panel [33] 

 

Material Density (kg/m3) Thermal conductivity 

(W/(m⋅K)) 

Specific heat (J/(kg⋅K)) 

ETFE 1730 0.24 1172 

EVA 945 0.35 2090 

Silicon 2330 148 700 

PET 1350 0.275 1275 

Tape 1012 0.19 2000 

CFRP 2770 177 875 

 

The intricate 3D models essential for performing CFD analyses of the PV panel utilized in the experiments 

are elegantly showcased in Figures 7 and 8. The thermal fin model is shown in Figure 7a. Figure 7b shows 

the geometry consisting of PV panels without thermal fins. Figure 8 shows the dimensions of the PVC panel 

used and the cells on the panel. 
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Figure 7. (a) PV panel with fin  and (b) without thermal fins 

 

 

 
 

 

Figure 8. PV panel geometry 

 

Heatsink 

 

In order to examine the effect of fin height, fin width and distance between fins on heat transfer, three different 

levels were determined for each parameter during design and other parameters were kept constant. In the 

finite element analyses, three different blade heights (30 mm - 40 mm - 50 mm), two different blade widths 

(4 mm - 7 mm) and two different distances between blades (7 mm -12 mm) were determined as variable 

parameters. Table 4 shows the experimental design set and dimensional values. 

 

Table 4. Dimensions of fins 

 

Model name (mm) b (mm) w(mm) 

HS3047 30.00 4.00 7.00 

HS3077 30.00 7.00 7.00 

HS30712 30.00 7.00 12.00 

HS4047 40.00 4.00 7.00 

HS4077 40.00 7.00 7.00 

HS40712 40.00 7.00 12.00 

HS5047 50.00 4.00 7.00 

HS5077 50.00 7.00 7.00 

HS50712 50.00 7.00 12.00 

 

(a) 

(b) 
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As seen in Table 4, the fin height is indicated by h, the finspan is indicated by b and the distance between 

fins is indicated by w. The geometries of the finlets are given in Figure 9. CFD analyzes of the fins were 

carried out only for the regions where the maximum temperature of the PV panel was achieved [18]. 

 

 
 

Figure 9. Fin geometry 

 

Mesh structure 

 

For the numerical solution, the network model was created as a multizone. Network models were created in 

three different sizes: Model-1, Model-2, and Model-3, respectively, with the dimensions used in the network 

sensitivity study being 2.5 mm, 3.5 mm, and 4.5 mm. Network sizes are not uniform across the solution 

domain. In CFD simulations, the solutions' accuracy, rapid convergence, and stability largely depend on the 

network quality. Mesh quality is defined by many methods, the most common of which is the skewness 

value. Generally, skewness is a function of the angle between any two sides forming the cell. In CFD studies, 

the skewness value should be below a maximum of 0.95 and the orthogonal quality value should be greater 

than 0.15 [34]. Detailed information about the dimensions of the solution network structure is given in Table 

5. Table 5 gives skewness and orthogonal quality values for 3 different models. It is clearly seen that the 

quality values for all three models are within acceptable limits. The image obtained after the mesh process is 

given in Figure 10. 

 

Table 5. Mesh statistics 

 

Model 

number 

Number 

of 

elements 

Maximum 

mesh 

size (mm) 

Average 

skewness value 

Maximum 

skewness value 

Average orthogonal 

quality value 

Model-1 581964 2.5 5.76e-002 0.63 0.96 

Model-2 316271 3.5 8.74e-002 0.85 0.94 

Model-3 141904 4.5 3.28e-002 0.58 0.98 

 

 

 

Figure 10. 3D MESH Model domain 

 

Boundary conditions 

 

In this study, the boundary conditions used for the numerical CFD analysis of the PV Panel can be 

summarized as follows: The airflow is 3D, and analyses were performed at constant temperature. Air 
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temperature was obtained from experimental data for a specific day and time. Air distribution on the PV 

panel is the same everywhere. Side surfaces are entirely insulated. The radiation boundary condition for the 

upper surface is defined. k-e was chosen as the turbulence model, and the turbulent viscosity ratio is 5% and 

10%, respectively. The flow is assumed to be incompressible. The analyses were solved by considering 

steady-state conditions for specific hours during the day. The boundary condition in the outlet region is 

defined as the pressure outlet. The boundary conditions in the study were handled in accordance with the 

experimental conditions. The experimental studies were carried out in accordance with the PV panels used 

in the industry.  

 

For the CFD analysis, we employed the powerful mesh-based ANSYS. This tool facilitated a comprehensive 

analysis of the numerical data by dividing the model into simpler regions [35]. The study involved solving 

the Navier-Stokes (N-S), energy, continuity, and turbulence equations numerically, under the specified 

boundary conditions, to simulate the heat transfer process between the air and the fin [36]. CFD solution 

equations used in numerical analysis are Equations. It is given in Equations 5-12. 

 

N-S equations in x, y and z directions can be expressed in Eq.5-7. 

 

𝛻(𝜌. �⃗⃗� . 𝑢) = −
𝜕𝑝

𝜕𝑥
+

𝜕𝜏𝑥𝑥

𝜕𝑥
+

𝜕𝜏𝑦𝑥

𝜕𝑦
+

𝜕𝜏𝑧𝑥

𝜕𝑧
 (5) 

𝛻(𝜌. �⃗⃗� . 𝑣) = −
𝜕𝑝

𝜕𝑦
+

𝜕𝜏𝑥𝑦

𝜕𝑥
+

𝜕𝜏𝑦𝑦

𝜕𝑦
+

𝜕𝜏𝑧𝑦

𝜕𝑧
 (6) 

∇(ρ. �⃗⃗� . 𝑤) = −
∂p

∂z
+

∂τ𝑥𝑧

∂x
+

∂τ𝑦𝑧

∂y
+

∂τ𝑧𝑧

∂z
 (7) 

 

Here ρ is the density of the fluid, (u, v and w) are the velocity components in three directions, U is the air 

velocity, τ is the viscous stress tensor and p is the pressure. 

 

The energy equation in Eq.8 is; 

 

𝛻(𝜌. ℎ. �⃗⃗� ) = −𝑝𝛻�⃗⃗� + 𝛻(𝑘𝛻𝑇) + 𝛿 + 𝑆ℎ (8) 

 

In Eq.8, h represents the total enthalpy, δ denotes the dissipation term, k signifies the thermal 

conductivity, T stands for the temperature, and Sh indicates the thermal source term. 

The continuity equation in Eq.9 is; 

 

𝛻(𝜌. �⃗⃗� ) = 0 (9) 

 

The turbulence solver realizable k-ɛ equations used in this study are given below in their general form 

[35-37]. 

 

Turbulence Kinetic Energy (k) equation in Eq.10; 
 
𝜕

𝜕𝑥𝑗

(𝜌𝑘𝑢𝑖) =
𝜕

𝜕𝑥İ

[(𝜇 +
𝜇𝑡

𝜎𝑘

)
𝜕𝑘

𝜕𝑥𝑖

] + 𝐺𝑘 + 𝐺𝑏 − 𝜌𝜀 

 

 

(10) 

 

Loss Rate (ε) equation in Eq.11; 
 

𝜕

𝜕𝑥𝑖

(𝜌𝜀𝑢𝑖) =
𝜕

𝜕𝑥𝑗

[(𝜇 +
𝜇𝑡

𝜎𝜀

)
𝜕𝜀

𝜕𝑥𝑖

] + 𝜌𝐶1  − 𝜌𝐶2

𝜀2

𝑘 + √𝑣𝜀
+ 𝐶1𝜀

𝜀

𝑘
𝐶3𝜀

𝐺𝑏 

 

 

(11) 

 

Turbulence viscosity equation in Eq.12; 
 

𝐶1 = 𝑚𝑎𝑥 [0.43,
𝜂

𝜂 + 5
] ,→ 𝜂 = 𝑆

𝑘

𝜀
,→ 𝑆 = √2𝑆𝑖𝑗𝑆𝑖𝑗  

 

 

(12) 
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The constant values used in the turbulence model of this study are as follows; 
 

(𝐶1𝜀 = 1.44), (𝐶2 = 1.9), (𝜎𝑘 = 1.0)(𝜎𝜀 = 1.2) 

 

 

 

4. Result and Discussion 
 

4.1. Experimental result 
 

Experiments with monocrystalline PV panels were carried out in Kahramanmaraş province, under passive 

cooling, in May, and solar radiation values varying according to hours are shown in Figure 11. Measurements 

were made between 9:00 and 17:00 local time, and the highest radiation values of 1010 W/m2 were recorded 

at noon. In the calculations, the maximum radiation value falling on the PV panel was accepted as 1000 

W/m2. The airspeed passing over the panel surface was recorded as 0.46 m/s during the experiments. 

 

 
 

Figure 11. Kahramanmaraş solar radiation values varying according to hours in May 

 

Figure 12 shows the variation graph of the surface temperatures of the PV panel under passive cooling 

throughout the day. As seen in the graph, the surface temperature of the panel reached a maximum of 

50.856°C under passive cooling at around 13:00, when the temperature reached its highest level. 

 

 
  

Figure 12. Change graph of surface temperatures of the PV panel under passive cooling 

throughout the day 

 

Figure 13 shows the Current-Voltage and Power-Voltage characteristics of the PV Panel in a horizontal 

position under Passive air cooling, where the airspeed is 0.46 m/s. As seen in Figure 12, the current-voltage 

change at different operating temperatures can be seen. It is clearly seen that the voltage changes are inversely 

proportional to the increase in working surface temperature between 25°C and 55°C. For the PV panel used 

in the experimental system, the voltage drops approximately 0.3V for every 1°C temperature increase. As 

seen in Figure 12, it is clear that the PV panel used in the experiment reached maximum power at 25°C 

operating conditions. Power production varies inversely with the increase in temperature. In the experiments, 
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it is clearly seen that temperature is among the critical factors affecting the efficiency of monocrystalline PV 

panels. 

 

 
 

Figure 13. Current-Voltage and Power-Voltage characteristics of the PV Panel in 

horizontal position, under Passive air cooling where the air speed is 0.46 m/s 

 

 

4.2 Numerical analysis result 
 

This section includes the findings of thermal numerical studies to analyze the convective heat transfer of PV 

panels and a heatsink to be placed on the bottom surface of the panel. The study applied the network density 

test to select the optimum node and element sizes to obtain a reliable solution independent of the network 

size. A mesh density test was conducted for the PV panel to see the effect of the change in mesh size on the 

PV panel surface temperature at different times (Figure 14). 

 

 
 

Figure 14. Graph showing the effect of mesh size on PV panel surface temperature at different times 
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In Figure 14, we observe a change in the mesh number from Model-1 fine size to Model-3 coarser size. This 

meticulous alteration affects the convergence of the PV Panel to the surface temperature. Despite this, all 

three models demonstrate a high degree of compatibility with the experimental results at specific time 

intervals. The error rate between the analysis in the mesh model created using Model-1 and the experimental 

data is less than 2.4%, a testament to the thoroughness of our simulation process.  

Figure 15 (a) shows the temperature contours obtained to simulate the panel temperature under passive 

cooling at the desired boundary conditions of the PV panel for an air temperature of 32°C at 13:00. It is seen 

that the panel temperature varies around 49°C on the top and middle surface of the silicon cell layer 

responsible for electricity generation. The maximum cell temperature was obtained as 49.615°C. 

Experimentally, the max. The temperature was obtained as 50.856°C. Figure 15 (b) shows the temperature 

contours in the bottom CFRP layer as a result of simulating the panel temperature under passive cooling at 

the desired boundary conditions for the PV panel at 13:00. It is clearly seen that the temperature changes 

around 48°C on the upper and middle surface of the CFRP layer. Its maximum temperature was obtained as 

48.837°C. Experimentally, the max. The temperature was obtained as 47.4°C. 

 

  

(a) (b) 

 
Figure 15. (a) Temperature contours of the PV panel under passive cooling for 32°C air temperature at 13:00; (b) 

Temperature contours on the CFRP layer of the PV panel under passive cooling at 13:00 

 

Numerical analysis studies of the fins were carried out based on the temperature distribution of the CFRP 

layer, which is the bottom layer of the PV panel. To obtain the temperature fields, CFD analyses of nine 

different heatsinks were simulated in the ANSYS FLUENT program (Figure 16). The CFD analysis 

calculates the average heat flux on the bottom region of the heatsink and the bottom surface of the PV panel, 

based on thermal analysis results. In addition to heat flux, the simulation also considers factors such as solar 

radiation and natural convection heat transfer to the fins. As illustrated in Figure 16, HS50712 features the 

longest blade length and the widest gap between the blades. 

 

The fin model for HS50712 elegantly extends over a broader area, a testament to the influence of spreading 

resistance. In an intriguing comparison of temperature values at the tips of the finlets, the HS50712 model 

stands out with the lowest temperature, measured at a remarkable 300.2 K. Furthermore, the most striking 

temperature gradient between the base and tip is observed in the HS50712 fin model, showcasing its 

impressive thermal performance. 
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Figure 16. CFD analyzes nine different heatsinks to obtain temperature fields 

 

In PV panels, 1°C change in surface temperature affects the panel efficiency by 0.5 [27]. As a result of 

the study, a cooling of 4°C is provided by optimizing the size of the fins placed on the bottom surface 

of the panel. In this case, an efficiency increase of 2% is achieved. Compared to similar studies in the 

literature, Amrizal et al. obtained a cooling of 1.25ºC by changing the blade thickness and Reynolds 

number on the Pv panel [38]. Jing et al. obtained a 2°C decrease in surface temperature by changing the 

gaps between the blades [39]. 

 

5. Conclusion 
 

In this study, experiments were carried out under Kahramanmaraş conditions using a monocrystalline PV 

solar panel, and the operating characteristics of the panel were determined. As a result of the experimental 

study, the panel efficiency used in the system examined was 1000 W/m2, while the thermal efficiency was 

obtained as 16.2%. This efficiency is clearly seen in the panel characteristic curves, where it decreases with 

increasing surface temperature of the panel surface. According to the data from the experiments, a 3D model 

of the PV panel was developed using ANSYS simulation software, and various CFD analyses were 

performed. The properties of the actual PV panel material, such as layer density, thermal conductivity, and 

specific heat capacity, created the CFD model of the panel. The PV panel model was simulated under the 

climate condition of Kahramanmaraş, where the ambient temperature at 13:00 was fixed at 32°C.  

 

The experimental and simulation results in this study successfully converged, with a small error value of 

2.4%. This convergence, a testament to the accuracy of the research process, was crucial in understanding 

and addressing the decrease in efficiency due to increasing surface temperature of the panel. To tackle this 

issue, CFD studies were conducted using the ANSYS program, ensuring the reliability of the findings. 

 

In the CFD studies, heatsinks were applied to the PV panel to reduce the surface temperature under passive 

cooling. In the study, nine different heatsink sizes were used, and their thermal behavior was examined. The 

effect of the change in the size of the finlets was determined based on the temperature values at the fin tips.  As 

a result of CFD analysis, it was observed that for the same fin width and distance between the fins, an 
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approximately 40% (10 mm) increase in fin height decreased the fin tip temperature by approximately 2°C. 

An increase of approximately 40% (3mm) in fin thickness showed a decrease of 1.16°C in tip temperature. 

With an increase of approximately 40% (5mm) in the distance between the fins, a decrease of approximately 

4°C in fin tip temperature was achieved. As a result of the analysis, the lowest temperature value was obtained 

at 299.2K using the HS50712 fin type. In the future planning of this study, the most effective fin type for PV 

panel surface cooling will be produced as a result of numerical analysis, and surface temperatures and energy 

production performance will be investigated. The results will be compared with the numerical analysis results 

from this study. 
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8. List of Abbreviations 
 

Ab : Cross section of the fin, m2 

 CFD : Computational fluids Dynamics 
g : Earth’s gravity acceleration, m/s2 
h : Air convective heat transfer coefficient, 

W/m2.K 

 

H : Characteristic length of the system, m 
ka : Thermal conductivity of the air, W/m.K 
N : Total number of fins 
NuH : Nusselt number 
N-S : Navier-Stokes 
Pr : Prandlt number 
PV : Photovoltaic 
qf : energy transferred through the whole fin, 

W QT : Total heat transfer, W 
Ra : Rayleigh’s number 
T∞ : Air temperature, K 
Tb : The temperature of the base of the fin, K 
α : Thermal diffusivity of the fluid, m2/s   
β : Thermal expansion coefficient, K-1 

 ΔT : Temperature difference, K 
ν : Kinetic viscosity, m2/s 
ρ : Air density, kg/m3 
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