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Abstract 

Physic variables of photovoltaic (PV) module performance 

decreased is excess of solar radiation and operating 

temperature. The PV module operating temperature increased 

lead to the  PV module electrical efficiency decreased. The 

PV module operating temperature increased with solar 

irradiance is increased to exceed a certain limit. In order to 

maintain the performance of PV module in better condition, a 

cooling system is necessary to be applied on the PV module 

system. In the present work, DC brushless fans act as a 

cooling system integrated with thin metal sheet attached at the 

back part of the PV module. Two types of thin metal sheet 

that is aluminum sheet and zinc sheet have been used and 

compared in this investigation. The result of the cooling 

system can immensely increase the output power generated by 

the PV module. The effect of DC fans cooling system attached 

with thin aluminum sheet (DCFTAS) can be provided better 

performance than the DC fan cooling system with thin zinc 

sheet (DCFTZS). The PV module with DCFTAS can be 

produced additional 17.63 % than PV module with DCFTZS. 

Keywords: Photovoltaic panel, aluminum sheet, zinc sheet, 

operating temperature, output power 

 

INTRODUCTION 

As we know that majority of the solar irradiance absorbed by 

the PV module is not converted into the electricity, but take 

part in raise the PV module operating temperature, as a result 

of the decreasing of electrical efficiency conversion. One of 

the main barriers faced by the PV module is overheating that 

impacted by excessive solar irradiance and higher operating 

temperature during the operation [1]. The performance of the 

PV module is significantly affected by slightly rise in 

operating temperature. Accumulated sunlight is caused the 

operating temperature in PV module results in being increased, 

which directly impact the conversion efficiency and lifespan 

as well. The electrical efficiency of  the PV module is needed 

to maintain by using the cooling system at a competitive stage 

along with other renewable and non-renewable electrical 

energy generation techniques [2].  

The different researches and studies have been conducted to 

provide the most efficient method for cooling the PV panels 

include passive and active cooling techniques. Different types 

of cooling technique have been applied in the previous studies 

for the cooling purpose such as natural or convection of 

forced air, the water flowing on back side or either front of the 

PV module, heat sink and so on. However, many researches 

have been suggested that using air cooling technique to 

improve the heat transfer on the PV module. In the work of 

Y.M, Irwan et al. [3], an air cooling system was constructed in 

the indoor testing. The DC brushless fans were attached at the 

backside of PV module for blowing air in the air channel. This 

method was used to reduce the operating temperature of the 

PV module in order to increase the output power of the PV 

module. The results of this investigation stated that the PV 

module operating temperature is decrease around 2 - 3 °C 

with increase in 6 -14 % of PV module output power. 

In the investigation studied by M. Arif Hasan and K. Sumathy 

[4], they suggested that a rectangular profile finned on the 

wall side to the PV module back surface or a thin flat 

aluminum metal sheet suspended in the middle of the air 

channel in order to improve  the performance of the PV 

system. V. N. Palaskar and S. P. Deshmukh [5] studied that 

suspended thin metallic at the middle of air channel and fins at 

the back of an air duct have been used to cool the PV module 

for keeping constant output voltage generated by the PV 

module. On the other hand, M. Imroz Sohel et al. [6] 

constructed an air-based photovoltaic thermal system, and 

tested under real outdoor condition. It was analyzed that 

increasing in air flow rate all the efficiencies increased.  

In the present paper, the output the PV module performance is 

enhanced by using an air cooling system. In this air cooling 

system, the DC brushless fans mounted within a thin metal 

sheet that installed at the back side of the PV module.  

Therefore, the focus of this investigation is to analyze the 

characteristics of the various types of thin metal sheet in the 

air cooling system for increasing the heat extraction from the 

PV module.  Hence, these analyses will be carried out in the 

next sections. 
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EXPERIMENTAL 

Thin Metal Sheet 

Many researchers suggested several methods to enhance the 

heat transfer to air stream in the air cooling system. One of the 

suggestions is to use the thin metal sheet act as absorber plate 

attached to the PV module.  By using the thin metal sheet, it 

can enhance the heat extraction of the PV module. Therefore, 

the material of thin metal sheet is an essential element in the 

construction of an air cooling system. Table 1 shows the 

properties of various metals. It is shows that the aluminum has 

low density compared to other metals in lighter heat 

exchanger. In the same dimension, a zinc material will weigh 

2.5 times more than aluminum. Other than that, the other 

materials will weigh 3 to 4 times more than aluminum. In 

addition, the efficiency of heat transfer has directly the impact 

by thermal conductivity. Silver and copper are the first and 

second highest thermal conductivity while the aluminum is 

third highest thermal conductivity among of various metals. 

Aluminum has a great heat transfer efficient as compared to 

the zinc. On the other hand, higher thermal conductivity of 

aluminum will also lead to more quickly and effective defrosts. 

Aluminum can simply defrost quickly and give good 

performance as compared to zinc. When the metal density is 

multiplied by the thermal conductivity presents the amount of 

energy necessary to either heat or cool a heat exchanger of a 

particular amount by one degree. According to this evaluation, 

zinc will be needing additional energy as compared to the 

similar dimension aluminum to heat up as well as cool don 

throughout every defrost cycle. Due to the economy and 

average performance of their properties, the aluminum and 

zinc material are chosen used as the thin metal sheet in this 

experiment. 

Table 1: Properties of various metals [7]. 

Material Density 

(kg/m3) 

Specific heat 

(kJ/KgºC) 

Thermal 

Conductivity 

(W/mºC) 

Aluminum 2707 0.996 204 

Iron 7897 0.452 73 

Steel 7833 0.465 54 

Copper 8954 0.383 386 

Silver 10524 0.234 419 

Tin 7304 0.226 64 

Zinc, pure 7144 0.384 112 

 

Experimental Setup  

This investigation was conducted at the outdoor of the Centre 

of Excellence Renewable Energy (CERE), University 

Malaysia Perlis (UniMAP) on 1st June 2015 from 9:00 a.m. 

until 5:00 p.m. Three units same characteristics of the 

monocrystalline PV panels, which is 100 W of the peak power 

utilized in this experiment. In which, one of the PV module is 

installed with two units of DC brushless fans mounted 

between thin aluminum sheets (DCFTAS). Another one of the 

PV module is installed with two units of DC brushless fans 

mounted between thin zinc sheets (DCFTZS). The other one 

of PV module acts as reference, as shown in Figure. 1. The 

arrangement of the DC brushless fans was mounted in the 

same location of the both DCFTAS and DCFTZ. The 

characteristics of the DC brushless fans is 12 VDC of the 

voltage  and 0.07 A of the current. The main fuction of this 

DC brushless fans is utilized to blow cold air into the air 

channel for cooling the surface of the PV module.  

 

Figure 1: The arrangement of experimental setup. 

 

In the measurement setup, the operating temperature of the 

PV panels was measured by using LM 35 temperature sensors. 

Where, these four units of temperature sensors (LM 35) were 

assembled at the back part of the PV module.  The ambient 

temperature was measured by using Davis Vantage Pro2. 

Furthermore, the solar power density meter was used to 

measure the solar irradiance which hits the surface of the PV 

module.  Digital multimeter and Midi Logger GL220 were 

applied to measure the output current  and output voltage that 

generated by the PV modules. Thermal Imaging camera Flir 

i7 was used to detect the heat energy emitted from the PV 

module that can produce images of invisible infrared or heat 

energy. All these measurement data was measured and 

collected in every ten minutes during the test day. 

 

RESULT AND DISCUSSION 

The output performances of the PV panels are varying 

according to various climate conditions, including solar 

irradiance and ambient temperature. For this experimental, the 

results of different types of PV modules are compared in 

terms of the PV module operating temperature, output current , 

output voltage, output power and thermal image. 
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Figure. 2: Solar irradiance and ambient temperature 

throughout the testing day. 

 

Figure. 2 displays the variation of solar irradiance and 

ambient temperature during the testing day. As seen in this 

Figure, the solar irradiance was started with 298.2 W/m2 at 

9:00 a.m. and increased to reach at the highest solar irradiance 

with 986.4 W/m2 at 13:10 p.m. In the end of test day, just      

357.4 W/m2 of solar irradiance was hit on the surface of PV 

panels. Other than that, the variation of ambient temperature is 

in fluctuation condition, which affected by solar irradiance 

and wind speed. The maximum ambient temperature is 

44.1 °C occurred at 13:10 p.m. and the minimum ambient 

temperature reached at 9:00 a.m. at 33.5 °C. The average 

ambient temperature is 39.22 °C during the test day. The 

observation result can be stated that the ambient temperature 

is increased with increment in the solar irradiance. 
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Figure 3: The  PV module operating temperature throughout 

the testing day. 

Figure. 3 presents the variation of PV module operating 

temperature for three different types of the PV module.  The 

observation result can be stated that the PV module reference 

produced the highest operating temperature, and PV module 

with DCFTAS generated the lowest operating temperature. 

The maximum operating temperature of the PV module 

reference is 55.9 °C and minimum operating temperature is 

43.6 °C. Meanwhile, the maximum PV module operating 

temperature with DCFTZS is seemed to be 54.8 °C and the 

minimum operating temperature is 36.7 °C. Moreover, the 

maximum operating temperature of the PV module with 

DCFTAS is occurred at 12:00 p.m. with 52.4 °C and the 

35.2 °C is the minimum operating temperature during the test 

day. It can be analytically that DC brushless fans cooling 

system can be decreased the PV module operating 

temperature as compared to the PV module reference. 

Furthermore, the average operating temperature of the PV 

module with DCFTAS is lower than the PV module with 

DCFTZS. This is caused by the thermal conductivity of the 

aluminum sheet is higher than the zinc sheet. Therefore, the 

aluminum sheet can be enhanced heat extraction of the PV 

module than the zinc sheet as well as reduced the  PV module 

operating temperature.  
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Figure 4: Variation output voltage of the PV panels. 

 

The output voltage variation of the PV modules throughout 

the testing day, as demonstrated in     Figure. 4. It could be 

discovered that the PV module with DCFTAS can be 

generated the highest output voltage when compared to other 

PV panels. The PV module reference can be generated 17.45 

V as maximum output voltage and the average output voltage 

is 15.01 V. Meanwhile, the maximum output voltage of the 

PV module with DCFTZS is 17.78 V and 15.39 V is the 
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average output voltage. Besides, the PV module with 

DCFTAS can be produced 17.92 V and its average output 

voltage seem to be 15.81 V. In the comparison between these 

PV panels, the PV module with DCFTAS can be produced 

more 2.66 % and 5.06 % of output voltage than the PV 

module with DCFTZS and PV reference, respectively. It can 

be found out that the DC brushless fans are blowing air in the 

air channel to cool the PV module and as a result of reduce the 

PV module operating temperature. Therefore, the PV module 

reference cannot generate output voltage as well as the PV 

module with cooling system. Furthermore, the thin aluminum 

sheet can be dissipated the heat that generated by the PV 

module compared to thin zinc sheet. H. Bahaidarah et al. [8] 

mentioned that cooling system can be reduced the module 

temperature lead to increase in PV module efficiency. 
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Figure 5:   Variation output current of the PV panels. 

 

Figure. 5 shows the variation output current  of PV panels 

throughout the test day. It can be found out that the PV 

module with cooling system can be produced more output 

current  than the PV module reference. The PV module 

reference produced 3.53 A as its maximum output current  and 

2.06 A is average output current . While the maximum output 

current  of the PV module with DCFTZS is 3.79 A and the 

average output current  is 2.36 A during the test day. Besides 

that, the maximum output current  of the PV module with 

DCFTAS is 4.21 A and the average output current  is 2.79 A. 

It can be explained that the PV module with DCFTAS can be 

generated more 26.16 % than the PV module reference. At the 

same time, the PV module with DCFTAS can be produced 

more 15.41 % than the PV module with DCFTZS. Dong-Jun 

Kim et al. [9] described the PV module output power is 

influenced by higher operating temperature that caused by 

waste heat converted from solar radiation. Therefore, the 

cooling system is proposed to apply to integrate with the PV 

module in order to reduce the operating temperature.  
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Figure 6: Variation output power of the PV panels. 

 

The variation output power of the PV panels is displayed in 

Figure. 7. It can be realized that the output power of PV 

module with DCFTAZ is higher than the other PV panels. 

Meanwhile, the output power of the PV module reference is 

the lowest among all the PV panels. The maximum output 

power of the PV module reference is 60.05 W, and minimum 

output power seemed to be 5.15 W. This PV module reference 

generated 32.24W as an average output power. Whereas the 

PV module with DCFTZS produced 67.69 W as its maximum 

output power and 6.95 W is the minimum output power 

throughout test day. The average output power for the PV 

module with DCFTZS is 37.81 W. Meanwhile, the PV 

module with DFTAMS produced 75.15 W as its maximum 

output power and minimum output power is 7.98 W. The 

average output power of the PV module with DCFTAS is    

45.9 W during testing day. In the comparison between these 

PV modules, the PV module with DCFTAS can be produced 

more 29.76 % and 17.63 % than the PV module reference and 

PV module DCTZS, respectively. Bin du et al. [10] supported 

that the PV module with the cooling system can be removed 

heat from the PV module lead to decrease in PV module 

operating temperature. Therefore, the efficiency of PV module 

with the cooling system has increased and generated more 

output power when PV module operating temperature is 

reduced.  

 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 24 (2017) pp. 14130-14135 

© Research India Publications.  http://www.ripublication.com 

14134 

  

(a)                    (b)                    (c) 

Figure 7 (a) Thermal image of PV module with DCFTZS and 

(b) Thermal image of PV module with DCFTAS  

and (c) Thermal image of PV module reference. 

 

The thermal images of the different types of PV module were 

taken to advance support the detail on the discussed, as 

presented in Figure. 7. Figure. 7(a) illustrated the thermal 

image of PV module with DCFTZS was taken in the range on 

temperature between 46.3 °C and 59.7 °C and its average 

temperature is 50.7 °C. Meanwhile, the thermal image of PV 

module with DCFTAS is ranging on temperature between 

43.2 °C and 57.4 °C, as displayed in Figure. 7(b). The average 

temperature of thermal image for this PV module with 

DCFTAS is 47.9 °C. Besides that, the thermal image of PV 

module reference was taken in the range on temperature 

between 52.4 °C to 60.3 °C and its average temperature is 

56.9 °C, as displayed in Figure. 7(c). It can be clearly 

explained that the surface of the PV module with cooling 

system is in less redder than the PV module without cooling 

system. Figure. 7(a) and 7(b) shows two big circle with the 

blue color appeared on the surface of both PV modules, in 

which the DC brushless fans are blowing air for cooling the 

both PV panels. Furthermore, it can be explained that the 

advantage of using aluminum sheet instead of zinc sheet is 

thermal conductivity of aluminum is higher than the zinc sheet. 

Aluminum sheet can be extracted more heat than the zinc 

sheet from PV module.  Matthew K.Smith et al. [11] state that 

the PV module operating temperature is increased result in 

electrical efficiency decreases. It is clear that accelerated 

material and mechanical degradation impacted by higher 

operating temperature, potentially compromising system 

effectiveness over the PV panel’s lifetime. 

 

CONCLUSION 

This paper has been successfully developed and constructed 

DC brushless fan cooling system integrated with both thin 

metal sheets (aluminum and zinc) and applied to the backside 

of PV panels. It can be clearly explained that the operating 

temperature of the PV module is one of the mainly factors 

affected its output power. Therefore, the cooling system 

should be applied to the PV module in order to maintain PV 

module operating temperature at the acceptable level. A 

conclusion can be stated that the PV module with DCFTAS 

can be performed than the PV module with DCFTZS. In 

which, The PV module with DCFTAS can be decreased 

5.15 °C as compared to the PV reference, and improved 

42.37 % of the output power of the PV module reference. This 

is because of aluminum sheet has higher thermal conductivity 

than the zinc sheet, so it can be extracted more heat from PV 

module.  When the more heat is dissipated by the aluminum 

sheet, the PV module operating temperature will be reduced. 

Therefore, the increment in PV module performance will 

contribute significantly towards the wider PV application 

system.  
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