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 A solar panel will be exposed to sunlight when in use, which causes its 

temperature to increase. The performance of power production will be 

impacted if the solar panel's temperature conditions are too hot. High-

temperature solar panels can reduce the amount of electrical energy generated. 

To prevent the temperature of the solar panels from rising too much, a cooling 

system is required. The proposed solution of this research is a cooling system 

for solar panels that makes use of heat transfer through water. The solar panels 

tested in this study have a tilt angle of 20 degrees. The cooling device has 

dimensions of 400 mm length, 278 mm width, and 20 mm height, with a 

wavy-type vortex generator positioned in the cooling device mounted on the 

underside of the solar panel. As a result of the heat flux applied to the top 

surface of the solar panel, it causes an increase in temperature. The resulting 

voltage and electric current are reduced. Computational simulations were 

carried out to determine the performance of the type of vortex generator used. 

At a cooling water flow rate of 200–600 ml/min, heat transfer with a vortex 

generator type B works optimally. 

Keywords: 

Cooling 

Energy 

Photovoltaic 

Vortex 

Wavy 

 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Gaguk Marausna 

Department of Aerospace Engineering, Sekolah Tinggi Teknologi Kedirgantaraan 

Yogyakarta, Indonesia 

Email: gaguk.marausna@sttkd.ac.id 

 

 

1. INTRODUCTION 

The need for electrical energy is a basic need at this time. Various electronic devices, industries, and 

public service sectors use electricity in their operations. The dependence on electricity from fossil energy is 

slowly reduced by switching to renewable energy to achieve a 29% emission reduction by 2030 [1]. 

Examples of renewable energy are energy that comes from the use of wind energy, water, and sunlight. 

Utilization of the sun as a source of electrical energy is increasingly in demand; on a global scale, it is 

predicted to increase by 30% by 2022 [2]. This can be seen from the support of the Indonesian government 

by setting policies on new and renewable energy for 2030 [3]. The public service sector such as airports has 

begun to adopt renewable energy source because it is considered more environmentally friendly [4]–[6]. 

Devices to convert energy sources from sunlight into electrical energy are referred to as solar panels. 

This device works by utilizing the photovoltaic (PV) effect to convert energy [7]. During operation, solar 

panels will be exposed to sunlight, which has an impact on increasing the temperature of the solar panels. 

Changes in temperature on the solar panel will affect the performance of the solar panel [8]–[13]. Solar 

panels work optimally at a certain temperature range. A cooling system is needed that keeps the photovoltaic 

operating at normal temperatures. If the temperature conditions on the solar panel are too hot, it will have an 

impact on decreasing the performance of electricity production. This is because an increase in temperature 
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can reduce the amount of electrical energy produced and also have an impact on the efficiency of the device 

[14]–[16]. This condition will be a problem that must be resolved [17]–[20]. 

Solar panel cooling systems can be in the form of cooling using air, water, or phase change 

materials [21]–[23]. Each type of cooling has its own advantages and disadvantages. Especially in 

photovoltaic cooling devices that use a fluid flow system in the channel, there are types of cooling devices 

with large channel sizes and small channel sizes [24], [25]. There are devices that use the addition of a vortex 

generator and ones that do without the addition of a vortex generator. All the methods used have something 

in common, namely to prevent the photovoltaic from overheating when operating. In this paper proposes a 

solar panel cooling system by utilizing heat transfer through water. The purpose of the first research is to find 

out the effect of solar panel temperature on the voltage and current generated. The second is to find out the 

effect of volume flow rate and coolant temperature on solar panels. 

 

 

2. METHOD 

The solar panel being tested has an inclination angle of 20 degrees. The solar panel cooling system 

is shown in Figure 1 with no vertex generator. The water pump circulates water from the first tank to the PV 

cooler and then the second tank. In the PV cooling, the water increases in temperature because it absorbs heat 

from the PV cooling, whose temperature increases due to a light source from two 500 W halogen lamps. The 

coolant flows at a rate of 800 ml/min at a maximum speed of pump 12 VDC at a temperature of 19.4 °C. 

During the 10-minute observation, data was collected on the photovoltaic top surface temperature, voltage, 

and electric current generated. The schematic for measuring voltage and current is shown in Figure 2. A 

resistance of 1 kOhm is installed on the electrical system as an electrical load during the operation of PV. 
 

 

 
 

 
 

Figure 1. Schematic diagram and structure of 

cooling system 

Figure 2. Schematic diagram of voltage and current 

measurement 
 
 

The geometry of the cooling device is made with a length of 400 mm, a width of 278 mm, and a 

height of 20 mm with the vortex generator positioning in Figure 3(a). One of the models does not use a 

vortex generator, while the other two use a vortex generator, which is placed at the bottom (vortex generator 

type–A) and at the top (vortex generator type–B), as shown in Figure 3(b). The shape of the vortex generator 

in Figure 3(c) refers to research on wavy vortex generators [26]. 

The simulation model has a number of elements of 33826, with the flow model in the simulation 

using a laminar flow model. On the top surface of the PV materials used, refer to Table 1 [27]. The results of 

the mesh independence study are in Table 2. The flow rate of the cooling system was varied from  

100-800 ml/min in increments of 100 ml/min. To increase the system temperature, heat flux was applied to 

the top surface of the PV by 1000 W/m2. Observations were made by varying the inlet temperature by 20 °C, 

25 °C, and 30 °C according to the available water temperature in the tropics, which can be used for cooling 

systems. The variables taken into account in the simulation are the temperature of the cooling fluid, the 

temperature of the top surface of the PV and the velocity distribution in the cooling channel. 
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Table 1. Thermophysical properties of layers of photovoltaic top surface 
Name Thickness (mm) Thermal conductivity (W/m °C) Heat capacity (J/kg °C) Density (kg/m3) 

Aluminum 1.00 160 900 2700 
Tedlar 0.35 0.23 1465 1162 

PV 0.20 150 712 2330 

Eva 0.45 0.31 2090 960 
Glass 3.20 0.98 820 2515 

 

 

Table 2. Mesh independence test 
Mesh elements Photovoltaic top surface temperature Deviations (hi+1 - h)/h 

6789 36.18 - 

8087 36.22 0.12% 

10234 35.30 2.55% 
15376 32.53 7.83% 

20564 32.47 0.18% 

33832 32.38 0.28% 
43364 31.28 3.40% 

99260 30.60 2.16% 

 

 

 
(a) 

 
(b) 

 

 
(c) 

 

Figure 3. Vortex generator of cooling system with (a) domain of computational, (b) vortex generator type, 

and (c) dimensions of vortex generator 
 

 

3. RESULTS AND DISCUSSION 

The temperature of the solar panel increases when the solar panel is given a light source from two 

lamps, each having a power of 500 W. Figure 4 shows experimental results the (a) top surface temperature of 

photovoltaic and (b) voltage and current of photovoltaic. As shown in Figure 4(a), the temperature increase 

occurs non-linearly during the observation time of 0–10 minutes. During the first two minutes, there was a 

significant increase in temperature. After 2 minutes of increasing observation time, the temperature slowly 

rises. As shown in Figure 4(b), the increase in temperature further affects the voltage and electric current 

generated by the solar panel. Both voltage and current decrease in value if the temperature increases. At a 

temperature of 29 °C, the voltage generated is 20.16 V and the electric current is 0.513 A. At a temperature 

of 60 °C, the voltage generated is 19.95 V and the electric current is 0.508 A. This indicates a 1% decrease in 

the temperature increase of 31 °C. This shows that the temperature will affect the performance of the solar 

panel. A cooling system is needed to prevent an excessive temperature rise. 

There is no significant difference in heat transfer in the solar panel cooling system as shown in 

Figure 5. At a volume flow rate of 200–600 ml/min, vortex generator type–A has good heat transfer 

performance compared to other models at a volume flow rate of 200–600 ml/min. Vortex generator type–B 

has good heat transfer performance at a volume flow rate of 300–600 ml/min, but is still lower than vortex 

generator type–A. Cooling performance without a vortex generator shows better results than other models at 
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a volume flow rate of 600–800 ml/min. This shows that the tested vortex generator has good performance at 

medium flow rates based on the test variable flow rate of 100−800 ml/min. The height of the vortex generator 

needs to be tested further to determine its correlation with the volume flow rate of the cooling fluid. 

 

 

  
(a) (b) 

 

Figure 4. Experimental results the (a) top surface temperature of photovoltaic and (b) voltage and current of 

photovoltaic 

 

 

 
 

Figure 5. Heat transfer of cooling system 

 

 

Figure 6 shows temperature of the (a) working fluid and (b) photovoltaic top surface. The working 

fluid temperature has a correlation with the volume flow rate shown in Figure 6(a), where the higher the fluid 

volume flow rate, the lower the working fluid temperature. This is because the temperature of the working 

fluid in the cooling device approaches the inlet temperature of the cooling device as the mass of the working 

fluid in the cooling system absorbs heat. The increase in volume flow rate also has an impact on the 

temperature of the top of the solar panel, which also decreases as shown in Figure 6(b). The vortex generator 

type–B shows better performance than other models at a flow rate of 300−800 ml/min with an inlet 

temperature of 20–30 °C. Although the vortex generator type–B has a lower heat transfer than the model 

without a vortex generator, it has a better temperature distribution as indicated by the lower surface 

temperature of the top panel. By referring to the correlation between temperature and electrical energy, a 

decrease in the temperature of the solar panel can increase the amount of electrical energy produced by the 

solar panel. 

At a volume flow rate of 800 ml/min, the temperature distribution of the top of the solar panel is 

shown in Figure 7. Figure 7 shows the temperature distribution of top surface (a) no vortex generator, (b) 

vortex generator type–A and (c) vortex generator type–B. Without a vortex generator, the top surface of the 

solar panel has a high temperature on the bottom side. This is due to the accumulation of the increase in the 

temperature of the working fluid in the cooling device because it has absorbed heat while in the cooling 

device. By adding a vortex generator type–A, the upper surface area of the high-temperature solar panel can 
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be reduced. The upper surface area of the solar panel increasingly shows a decrease with the use of vortex 

generator type–B. 

 

 

 
(a) 

 

 
(b) 

 

Figure 6. Temperature of the (a) working fluid and (b) photovoltaic top surface 

 

 

   
(a) 

 
(b) 

 
(c) 

 

Figure 7. Temperature distribution of top surface (a) no vortex generator, (b) vortex generator type–A , and 

(c) vortex generator type–B 

 

 

Figure 8 shows velocity distribution from the bottom of cooling device with no vortex generator 

installed (a) 1 mm, (b) 5 mm, and (c) 18 mm. Figure 9 shows velocity distribution from the bottom of cooling 

device with vortex generator type–A installed (a) 1 mm, (b) 5 mm, and (c) 18 mm. At a position of 1 mm 

from the bottom surface of the cooling device, there is an increase in the velocity of the vortex generator 

type–A, namely in the channel connecting the channels, as an effect of the position of the vortex generating 

device being attached to the bottom surface of the cooling device. Figure 10 shows velocity distribution from 

the bottom of cooling device with vortex generator type–B installed (a) 1 mm, (b) 5 mm, and (c) 18 mm. At a 

position of 5 mm from the bottom surface of the cooling device, the channel connecting the channel without 

a vortex generator and vortex generator B shows higher velocity results. Vortex generator type–B has a more 

even velocity distribution at this position. At a position 18 mm from the bottom surface of the cooling device, 
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the vortex generator type–A actually has a more even velocity distribution at this position. From the 

observations, the even distribution of velocity at a position of 5 mm from the bottom surface of the cooling 

device contributes to a better decrease in the temperature of the top surface of the solar panel. 

 

 

    
(a) 

 
(b) 

 
(c) 

 

Figure 8. Velocity distribution from the bottom of cooling device with no vortex generator installed  

(a) 1 mm, (b) 5 mm, and (c) 18 mm 

 

 

    
(a) 

 
(b) 

 
(c) 

 

Figure 9. Velocity distribution from the bottom of cooling device with vortex generator type–A installed  

(a) 1 mm, (b) 5 mm, and (c) 18 mm 

 

 

                
(a) 

 
(b) 

 
(c) 

 

Figure 10. Velocity distribution from the bottom of cooling device with vortex generator type–B installed 

(a) 1 mm, (b) 5 mm, and (c) 18 mm 

 

 

4. CONCLUSION 

The increase in the temperature of the solar panels by 31 °C reduces the voltage and electric current 

generated by 1%. Experiments in this research show that there is an effect on the performance of solar panels 

when the temperature is above 29 °C. Heat transfer by installing a vortex device on the upper side of the 

cooling device has good performance at a coolant volume flow rate of 200-600 ml/min. The temperature 

distribution of the vortex generator type–B has a lower upper surface temperature of the solar panel than the 

vortex generator type–A and without a vortex generator because the velocity distribution at position 5 mm of 

the bottom surface of the device is more even. Overall, vortex generator type–B has overall better 

performance than other models in this study. 
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