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 Photovoltaic (PV) systems can be made more efficient by forcing the PV 

panel to operate at its maximum point power due to the electrical properties 

of photovoltaic generators, which are substantially non-linear (MPP). This 

study examines the effectiveness of using a combination of parabolic 

concentrator Bi-reflector and heat exchanger as a cooling system on the 

performance of photovoltaic generators to get a photovoltaic/thermal (PV/T) 

system, and their effect on the direct current (DCDC) converter using matrix 

laboratory (MATLAB) simulink. The experimental tests were carried out 

under various temperature values and sun irradiation. The results 

demonstrated that the use of parabolic Bi-reflectors, to further illumine te the 

panels, and the use of the cooling system to absorb excess heat to get heat 

water, could increase and enhances performances of the photovoltaic 

generator.  
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1. INTRODUCTION 

Utilization of fossil fuels in excess during this period and renewable energy sources will take their 

place because of its enviromentally and renewable qualities [1]. As a kind of clean energy, solar energy plays a 

critical role in a country's or the world's energy needs [2], and the use of solar energy (photovoltaic (PV) 

system) is rapidly expanding in the sustainable renewable energy market and it is very expected to take a very 

important role in the mix of renewable energies in the future [1], [3]. The use of energy solar has a great 

promise and wide range of applications that may be used to meet the rise in demand for energy [4], this is one of 

the most essential kind of sustainable sources energy that have attracted the interest of a big number of scientists 

around the world to work on it. Indeed, in one hour, the amount of solar energy intercepted by earth throughout 

the year, is much greater than the world's energy consumption [5], to make this energy competitive, it is very 

important to recover as much energy use as possible from the solar energy system. But solar energy remains 

more expensive than traditional electrical fossil-fueled [6], the solar radiation lost that is not used to generate 

electricity is almost entirely transformed into heat [7], to produce more electric power with the same PV 

module, various methods are still being used in order to achieve the maximum output power [8], as the quantity 

of electricity generated by PV systems is proportional to the radiation, so concentrator system may be a viable 

option for increasing efficiency. This would lower the cost of electricity generation by PV system [9], we are 

studied the effect of employing a bi-reflector on the temperature of a solar PV. 

On the other hand, the increase in temperature of solar cells results in a decrease of both efficiency 

and power when the PV panel is irradiated with the layers of the solar cell and lead to a shorter life of the 
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system [10], where the average reduction in efficiency of solar panel is about 0.45 % for each degree over the 

25 °C [11]. Both solar cell uniformity and their temperature should be regulated by using the appropriate of 

cooling system, the both technologies used may provide the opportunity to rise or increase the exploit of solar 

energy and enhance efficiency [12]. Photovoltaic thermel regulation techniques can be divided into passive 

or active cooling technique, or a combination of both, where passive heat sink cooling is suitable for cooling 

photovoltaic cells without or with capacitors [13], [14]. Passive system technique does not require any input 

power while active thechnique demand input power [15]. It has been discovered that efficiency of Panels 

decreases by 0.5 percent when the panel temperature rises 1 °C degree [16], The use of a combination of 

active and passive cooling technologies to improve the cooling and regulation of high-power concentrated 

PV systems has recently been proposed [17], for that we are going to use two cooling systems in ower 

research to improve performances of the PV panel, previous Several studies have reported that solar 

irradiation intensity may be increased by using planar reflector [18], according to researchs, the cells 

amorphous silicon performance decreases by 0.05% with every 1 °C increase and in the case of silicon cells 

of crystalline, the range decrease between 0.4% and 0.5% [19]. To correct this rise in temperature must be 

add a cooling system to decrease it. 

Real-time experiments and comparison analysis were carried out in this work between three PV 

panels carried conducted at various solar radiation levels and temperature values, and its impact on power in 

the output of PV system were check out, the first PV panel without reflectors and without a cooling system, 

the second panel with two parabolic-reflectors, and the third panel with two parabolic-reflectors and two 

cooling methods. In addition, the aim of this research was to assess an optimal way to operate the solar 

panels with the proposed parabolic bi-reflectors and cooling technique, aluminum foil is economical and 

inexpensive reflective material that was addressed for economical and high output power solar panel, which 

is a sheet of aluminum very thin, range from 0.006 mm to defined limit of upper International Organization 

for Standardization (ISO) witch is 0.2 mm [20]. 
 
 

2. PROPOSED COOLING TECHNIQUES 

Solar panels are thermally sensitive, when temperature increases will reduce the semi-conductor 

bandgap [21], increasing in PV panel temperature make the intrinsic semiconductor band gap shrink, as a 

result of this, panel Vopen-circuit voltage decreases. As the temperature is raised, the panel Icurrent output 

increase for a level surface panel temperature rise, is proportionally lower than the voltage decrease, for this 

reason the panel cells efficiency is reduced [21]. To reduce the temperature and boost efficiency of solar PV, 

cooling systems are required, the following two cooling techniques were added to the solar panel to create a 

functional cooling technique for a solar PV panel. 
 
 

3. EXPERIMENTAL SETUP  

Various cooling strategies have been used to enhance the performances of PV panel [22]. The tube 

heat exchanger with optimal design is the most commonly used form of heat exchanger for heat  

transmission [23], [24], In this experiment; heat sinks were integrated on the solar panel rear side to transfer 

exces heat energy from the higher temperature the lower temperature. In addition to this, and because the 

energy efficiency of the solar panel can be boosted if an incompressible fluid (oil, water.. for example) is 

used in this PV-T system [25], we integrate a copper pipe that contains cooled water in a closed circuit. The 

copper pipe was attached with heat sinks, and a pump circulate cooled water in this circuit from a storage 

tank to the pipe. Cooled water in the copper pipe captures thermal energy from the solar panel and from heat 

sinks to produce hot water. This gives us a PV/T system as shown in Figure 1.  
 

 

 
 

Figure 1. Solar panel with copper pipe and heat sinks on rear side 
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The experiment was carried out in March 2020 at the Tahiri Mohammed University of Technology's 

smart grid laboratory in Bechar, Algeria, at latitude 31.38° and longitude -2.15°. A photovoltaic module of 150 w 

was used to observe the effect of the parabolic bi-reflectors and the cooling systems on the panel performances. 

The PV module specifications are given in Table 1 (at Standard Test Conditions 1.5 25 °C , 1000 W/m² ). 
 

 

Table 1. PV module specification 
Short Circuit current Ish 8.98 A 

VoltageOpenCircuit Voc 22.54 V 

MaximumVoltage 18 V 
MaximumCurrent  8.34 A 

MaximumPower 150 W 

Test Conditions AM 1.5 25°C 1000 W/m² 

 

 

The output voltage and current were measured with a millimeter under various irradiance and 

temperature conditions. According to the solar panel specifications that we use, by the equation, the Fill 

factor can be calculated [26],  
 

I

18 8.34

22.54 8.98

0.74

MPP MPP

OC SC

V
FF

V I

FF

FF


=




=



=   
 

with the equation we can calculate the output power of solar panel that is,  
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we can calculate the solar panel's maximum efficiency output, is defined by the percentage of optimum 

output power [27],  
 

100%OUT

IN

P

P
 = 

  
 

the dimensions of the solar panel are 1480 * 680 mm². The solar panel was mounted on metal support consists 

of a lower part fixed, and moving upper part to permit the inclination of reflectors in terms of the horizontal 

plane, and a parabolic Bi-reflectors aluminized foil that reflects diffuse solar light, whose length and width are 

1480 mm and 600 mm, respectively, were installed in a moving position. The working principle of solar panel 

with optical reflectors is to obtain the maximum amount of sun radiation as shown in Figure 2.  

 

 

 
 

Figure 2. PV-T panel and parabolic Bi-reflectors diagram 
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The large input  in current which goes through the inductor is the problem for this converter, that 

make this a disadvantage topology that we should find another, that can increase current in output of PV 

panel. for that We've proposed a completely self-contained optimal dimensioning solution [28], [29]. In order 

to provide a stable inclination and is estimated to reflect the sun's rays radiation onto the solar pv panel. 

Table 2 illustrate the results measurement of voltage, currant and power of the pv panel with bi-reflectors and 

the cooling system,the measurement was taken between 11:00 AM to 04:00 PM. Our experience is 

represented in Figure 3.  

 

 

 
 

Figure 3. Experimental setup of PV module with parabolic reflectors 

 

 

Table 2. Measurement results of the solar panel output with reflectors and cooling system (10/03/2020) 
Time Voltage (V) Curent (A) Power (W) Cyclical Repert 

11:00 11 1.4 140 0.5 

12:00 12.5 2.2 147 0.49 

13:00 13.6 3.4 148 0.47 
14:00 14.5 4.4 148.5 0.45 

14:30 15.7 5.4 150 0.41 

15:00 16.8 6.4 151 0.39 
15:30 17.4 7.4 151 0.37 

16:00 18 8.3 150 0.34 

 

 

4. RESULTS AND DISCUSSION 

We compared the experimental results for: Ishc short circuit current, Voc open-circuit voltage, 

output power and surface temperature of the PV module with, and without reflectors and cooling systems, 

and the test results are shown in the figures. In this case of tempreture mesearement, we take the results of 

mesearement between 08:00 AM to 04:00 PM, to observe the effect of tempreture on pv panel all day long.  

By using the bi-reflectors without cooling systems, the temperature on the surface of the PV module 

was steadily rising, up from 30 °C at 9:00 am to 52 °C at 13:00 pm. However, the PV module's surface 

temperature was reduced to 38 °C at 13:00pm in the case of using cooling systems. By adding cooling 

systems, The PV module's surface temperature was stabilized between 25 and 39 °C. even though solar 

irradiation was high because of reflectors as shown in Figure 4.  

Figure 5 showed the graph of PV module current measurement compared between panel without 

reflectors, the PV panel with reflectors and PV panel with the mounted reflectors and cooling system. From 

the result of the study, showed that the current PV panel without reflectors kept in the range of 0.5A to 5.5A, 

while the current panel kept in the range of 1.5A to 8A. In the case of using PV panel with reflectors and this 

is due to the increase in irradiation due to reflectors. Figure 6 shows that The PV module's open-circuit 

voltage is kept between 10 and 13 volts. By using reflectors and this is because the rise in PV module's 

temperature, while the open-circuit voltage is kept in the range of 11 v to 18 v by using cooling systems with 

reflectors and this is due to the decrease in temperature by using cooling systems. The study's findings 

revealed that solar panels with cooling systems had a more stable surface temperature than solar panels 

without cooling systems. Owing to the cooling system attached to the rear side of the solar panel absorbing 

exces heat and channeling it through the copper pipe, and the cold water assisting in heat dissipation. A 

higher Voc voltage is generated by a photovoltaic panel because this was a demonstration of the solar panel's 

technical characteristics. 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

An experimental study of PV/T system using parabolic reflectors and heat exchanger (Benlaria Ismail) 

1301 

 
 

Figure 4. Solar panels temperature 

 

 

 
 

Figure 5. Panel output current 

 

 

 
 

Figure 6. Panel Voc open circuit voltage 

 

 

Figure 7 depicted a graph of PV panel output power measurement compared between panels without 

reflectors, PV panel with mounted reflectors and PV panel with reflectors and cooling system. From the 

results, the study findings revealed that the output power of PV panel without reflectors kept in the range of 

105 to 117 w, while the output power of PV panel in the case of using PV panel with reflectors kept in the 

range of 125 to 139 w and this is due to the increase in the current panel due to reflectors, while in the case of 

using a PV panel with reflectors and cooling system, the output power is kept in the range of 139 to 150 w, 

which is due to the increase in the current panel due to reflectors, and increase in voltage PV panel due to the 

decrease in temperature because of the existence of the cooling system. Table 3 showed the result of 

comparison between the structures of the PV panel, and the using reflectors and cooling system on panel 

performance, the temperature of the surface of the PV panel, voltage and the output power of the PV panel. 
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We used MATLAB Simulink program, to show the effect of parabolic reflectors and cooling system on the 

DCDC boost inverter, as well as the comparison between two chains of conversion with and without 

parabolic reflectors and cooling system using the results of the experiment Table 2. Chains conversion with 

and without parabolic reflectors and cooling system under matlab simulik program as shown in Figure 8.  

 

 

 
 

Figure 7. Panel output power 

 

 

Table 3. Efficiency of PV module with reflectors and cooling systems 

(Panel temperature, Voc and output power) 
 PV panel PV+refl +coolsys  Delta(°) Efficiency % 

Temp 

(C°) 

Voc 

(V) 

Power 

(W) 

Temp 

(C°) 

Voc 

(V) 

Power 

(W) 

Temp 

(C°) 

Voc 

(V) 

Power 

(W) 

Temp 

(C°) 

Voc 

(V) 

Power 

(W) 

Average 38.4 12.8 113.5 33.1 14.5 149 5.3 1.7 35.5 13.8 11.7 23.8 
The highest 46 16.5 117 38 18 150 8 1.5 33 17.4 8.3 22 

 

 

 
 

Figure 8. Chains conversion with and without parabolic reflectors and cooling system under  

matlab simulik program 
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The results of simulation are given in Figures 9-13. These figures show us the output voltage, output 

current, output power, the values of duty cycle and the the PV panel’s efficiency. Figure 9 show that the 

output voltage in the case of using parabolic concentrators with cooling system is greater than the output 

voltage without using concentrators and up to 18v, and the output current at the output of chain conversation 

with the use of concentrators and cooling systeme is greater than the the output current intensity without 

using concentrators and up to 8A Figure 10, and the Boost chopper coil consumes a lot of power or which 

absorbed through the inductor. On the other hand, Figure 12 show that the values of DC duty cycle when 

using concentrators and cooling systeme is less than the DC duty cycle values in the case when concentrators 

absence, and as a result, Figures 12 and 13 show that the use of reflectors and cooling system increase the 

output power and enhance performances and efficiency of the pv panel.  

 

 

 
 

Figure 9. Input and output voltage with and without concentrator system 

 

 

 
 

Figure 10. Output current with and without concentrator system 

 

 

 
 

Figure 11. Input and output power with and without concentrator system 
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Figure 12. Cyclic report of the boost inverter 

 

 

 
 

Figure 13. Panel efficiency with and without Reflectors and cooling system 

 

 

5. CONCLUSION 

The aim of the present study is to demonstrate the impact and the importance of increasing solar 

irradiation by adding parabolic reflectors and the decrease in the surface solar pv panel temperature by 

adding cooling systems, on the pv panel performances and energy efficiency. From the results obtained, we 

were able to conclude that: By adding a parabolic reflector, the output current of the PV panel can be rised by 

increasing solar irradiation, but this technique increases the temperature in the surface of pv panel up to  

60 °C, to adjust the temperature in the surface of solar pv panel, two cooling techniques systems have been 

added, a Heat sinks were integrated on the rear side of the PV panel attached with a copper pipe that contains 

cooled water in a closed circuit. The temperature in the surface of PV panel decreased by 13.4% when the PV 

panel was cooled, it can be concluded to be very effectual in reducing the pv panel surface temperature when 

using the same solar panel without the cooling system as a comparison. By using parabolic reflectors with 

coolig system, the duty cycle decreases from 0.55 to 0.51, which means a great advantage to avoid current 

consumption at the coil. A high enhanced in performances as output power solar system is discussed in this 

research, cost-effective, and can be easily used and adopted as a future green energy system, particularly in 

countries with hot weather. 
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