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Abstract: 

 In this work, the photovoltaic panel performance has been investigated theoretically and experimentally where using 

an array of pin fins as a cooling system. Trying to satisfy the ideal operation conditions of the solar panel, heat sink 

was fixated on the back of the PV panel to use as a passive technique. An Analytical thermal model based on the steady 

state and one dimension analysis condition was built to transfer the excess heat from PV panel with the heat sink 

existing  to predict the operation temperature of PV panel. Theoretical results were compared with experimental results 

of solar panels cooled by heat sink, in order to validate the suggested thermal model.  Also, the effect of   the solar 

cells temperature on the panel performance has been studied experimentally. The results displays that using pin fins 

array as a cooling technique led  to  drop in the average panel's temperature nearly 5.9°C and an enhancement of the 

average  output power nearly 13.5%. 

Keywords:  heat sink, passive cooling technique, pin fins, solar panel  

Symbol Meaning  Unit Symbol Meaning  Unit 

AB The base area of heat sink m2 Acf Fin cross section area 

(𝜋𝐷𝑓
2/4 ) 

m2 

Achs channel area of heat sink m2 AFb Free surface area of heat 

sink base 

m2 

Afin area of outer surfaces of the 

fin  = π Df Lfin 

m2 𝐴𝑡𝑜𝑡𝑎𝑙 Outer surface area of heat 

sink 

m2 

bc Backing factor  Cp heat capacity  J/kg. °C 

ds The distance between center 

to center of fins  

 m   Ep The output electrical 

energy 

W 

𝐸𝑓𝑓𝑒𝑐𝑡𝐻𝑆 The overall finned surface 

effectiveness of heat sink 

 F g The shape factor of glass 

layer with ground 

 

 

 

Symbol Meaning  Unit Symbol Meaning  Unit 

F sky The shape factor of glass 

layer with sky 

 h Convection coefficient  W/m2.K 

ℎ𝑐𝑜−𝐻𝑆 Heat transfer Convection 

coefficient of  heat sink 

W/K∙m
2 

�̇�loss The heat losses W 

�̇�fro 

 

Heat losses from front 

surface of panel 

W �̇�re 

 

The heat losses at rear 

surface of panel 

W 
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𝑸𝒉−𝒔 

 

Total heat dissipation from 

heat sink 

W 𝒒𝒂𝒄𝒍 The actual dissipated heat 

from fin 

W 

𝒒𝒎𝒂𝒙 

 

The maximum dissipated 

heat from fin 

W 

 
�̇� 

 

 Incident beam of solar ray  W/m2 

�̇�𝐬  

 

 Available solar energy for 

solar panel 

W �̇�𝒓𝒆𝒇𝒍𝒆𝒄𝒕𝒆𝒅 

 

The reflected solar 

radiation from glass covers 

and solar cell layer 

W 

𝐼�̇�3 Solar panel absorbs energy 

from solar irradiance at 

cover glass layer 

W �̇�S1 

 

 Absorbed solar energy at 

solar cells layer 

W 

�̇�𝐬𝟐 Absorbed solar energy at 

back insulation layer 

W İs3−a The absorbed energy part 

from incident beam at 

cover glass 

W 

𝐼�̇�3−𝑏  The absorbed energy by the 

cover glass of a beam 

reflects from cells layer 

W 𝒌𝒇𝒊𝒏  

 

Thermal conductivity of 

fin material 

W/m · K 

𝑲𝒃−𝒇 

 

Heat sink base thermal 

conductivity 

W/m · 

K 
𝐾𝑇𝑒𝑑 Tedelar layer thermal 

conductivity 

W/m · K 

𝑲𝒈𝒍𝒂𝒔𝒔 

 

Glass thermal conductivity W/m · 

K 
𝐾𝐸𝑉𝐴 EVA thermal conductivity W/m · K 

𝐾𝑐𝑒𝑙𝑙  cell thermal conductivity W/m · 

K 
�̇� 

 

Mass flow rate, equal to 

VAchs 

kg/s 

𝑹𝒕𝒉 

 

The thermal resistance K /W 𝑹𝑯𝑺 

 

heat sink thermal 

resistance 

K /W 

𝑹𝑪 

 

Convection thermal 

resistance 

K /W Res 

 

Reynolds number depend 

on fin spacing  = Vs/v 

 

𝑅𝑒𝑞𝑢 Equivalent thermal 

resistances of convection 

and radiation at cover glass 

of panel 

K /W 𝑅𝑟−𝑒𝑞𝑢 The equivalent resistance 

of thermal radiation at the 

front surface panel 

K/W 

 

Symbol Meaning  Unit Symbol Meaning  Unit 

𝑅𝑟𝑓𝑔 The thermal radiation 

resistances between glass 

and ground 

K/W 𝑃𝑟𝑓𝑖𝑙𝑚 

 

Prantle number at film 

temperature 

 

𝑅𝑟𝑓𝑠𝑘𝑦 The thermal radiation 

resistances between glass 

and sky 

K/W ∑ 𝑅𝑇ℎ−𝑟𝑒𝑎𝑟  
The sum of the resistances 

of the upper half panel’s 

layers 

K/W 

∑ 𝑅𝑇ℎ−𝑡𝑜𝑝 
The sum of the resistances 

of the upper half panel’s 

layers 

 K/W S Channel width between 

fins rows or columns = ds- 

Df  

 

m 

Tam 

 

Ambient temperature K TB 

 

Heat sink base temperature K 

Tcell Solar cell temperature K Tsky The sky temperature K 

Tref 

 

The reference temperature 

(25°c) 

°C 𝒕𝒉𝒃−𝒇 

 

Heat sink base thickness m 

𝒕𝒉𝒄𝒆𝒍𝒍  Cells layer thickness m 𝒕𝒉𝑬𝑽𝑨 EVR layer thickness m 

𝒕𝒉𝒈𝒍𝒂𝒔𝒔 

 

Glass cover layer thickness m 𝑡ℎ𝑇𝑒𝑑 

 

Tedelar layer thickness m 

Nf 

 

The total number of fins  𝑼𝒕  

 

The overall thermal 

resistance at front surface 

of panel 

W/K 
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Urea The overall heat transfer 

coefficient at rear side 

W/K V 

 

Voltage of the panel V 

v 

 

Wind speed  m/s Λcell 

 

The reflection coefficient  

Շ gl 

 

Transmissivity coefficient of 

glass 

 αcell  

 

Absorptivity coefficient of 

solar cell 

 

ƞ
𝑓𝑖𝑛

 

 

Fin efficiency  αb-in 

 

Absorptivity coefficient of 

back insulation layer 

 

Ƞsc Cell efficiency 

 

 ƞref 

 

Solar cell efficiency at 

reference temperature 

 

ƞ
𝐻𝑆

 

 

Heat sink efficiency  ∈𝑔𝑙𝑎𝑠𝑠 

 

Glass cover emissivity  

   

1-Introduction:  

   Photovoltaic cells can be directly produced an 

electrical energy from an incident solar radiation upon 

it. The most functional, sustainable, and 

environmentally friendly systems are the PV modules. 

But the problem lies in its ability to convert part of the 

solar energy received into an electric energy and the 

significant part converts to heat which accumulate 

inside the solar module causing an increasing in 

temperature of the module [1]. Several parameters 

have an effect on PV system performance including 

temperature. The high temperature will lead to 

decrease module efficiency. This undesirable effect in 

conversion efficiency of PV module may be partly 

avoided by using a suitable method for extracting the 

unwanted heat [2]. Many researchers have proposed 

various procedures for achieving an enhancement in 

the performance of solar panels along with reducing in 

the installation costs. One of these methods is to use 

properties of extended surfaces in heat dissipation, [3]. 

Fins are the extensions of surfaces in an object to 

enhance the heat transfer rate by convection from or to 

the surroundings areas. Thus to achieve a high rate of 

heat transfer, the exchange surface area can be 

increased or enhanced the convection coefficient of 

heat transfer, or both at a time, [4]. But the natural 

convection in the heat sink can be achieved in good 

manner only with the optimization arrangement of its 

geometry, like fin dimensions and their spacing, [5]. 

Many researchers had been discussed in previous years 

that the fins arranged in the form of strip or an array of 

fins [5, 6, 7, and 8] (as a heat sink) caused an increasing 

in the surface area of heat transfer. In Some researches, 

the heat sinks were utilized to dissipate the excess 

thermal energy associated with the PV panel during the 

operating time and especially in hot climate areas to be 

as a passive cooling system. In ref [5, 7] the heat sink 

was fabricated as ribbed walls, made of materials with 

high thermal conductivity, while ref [9 and 10],  

presented studies in improving  PV panel  performance 

using passive fin cooling with natural ventilation. An 

optimized plate fin as a heat sink was used to cool a 

concentrating solar panel [11It can be concluded from 

the previous experimental and theoretical studies that   

the use of fins achieved an enhancement in PV panel 

performance within 2-10% in its output power 

according to the ways of used heat sink's  geometries . 

   In the subject area, previous studies have found 

insufficient, which were published about densely 

cylindrical pin fin as heat sinks at the back of a solar 

panel to cool it naturally. It is therefore necessary to 

investigate this configuration to provide natural 

cooling. The use of Standalone configurations of solar 
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module is the least methods to achieve enough cooling 

for it. 

In present work, theoretical simulations and 

experimental results will be provided for improving 

the performance of solar module with the use of pin 

fins array (as a heat sink) for cooling in natural 

ventilation. Dimensions of the proposed pin fin heat 

sink have been optimized according to the steady-state 

and one dimensional heat transfer analysis results. 

Simulated and experiential performance results of the 

PV module with pin fins heat sink have been compared 

with the experiential performance results of the 

standalone PV panel. 

2- Mathematical Formulation: 

I. Optimized of Heat Sink Dimensions:  

   Cooling by a cylindrical pin fin as a heat sink might 

be a potential solution to overcome the problem of high 

temperature PV panel. Heat sink effect can provide a 

much greater potential convection heat transfer. It 

provides an increasing area of heat transfer. So It must 

be ensured that the overall effectiveness of heat sink is 

at least greater than 2, while its efficiency must be 

close to ideal conditions (of η = 1). These 

considerations will ensure that the heat transmitted by 

the heat sink to the surrounding is maximized. Ideal 

conditions have been applied to be a comparative tool 

for the heat sink performance. Thermal analysis of heat 

sink has been built on an assumption that heat transfer 

is in one dimension and in steady state in determining 

thermal resistance (or thermal performance). Because 

it deals with one heat source (solar cells) and changes 

in environmental conditions are going smoothly 

throughout the day. Heat sink with cylindrical pin-fins 

will be used in the present analysis. It is characterized 

by high heat transfer coefficient due to weak 

recirculation flow which will contribute to providing a 

fresh air continuously, [12]. Pin fins array is also not 

affected by the direction of airflow such as a ribbed 

wall as a heat sink, [13]. Fins spacing are determined 

of z/d = x/d = 2.5 for best performance, [14], see figure 

1. In order to optimize heat sink dimensions, a thermal 

model is built to analyze its characteristics depending 

on all assumptions that has been mentioned above.  

Total heat dissipation (𝑄ℎ−𝑠) from the heat sink is , [15]: 𝑄ℎ−𝑠 =

(ℎ𝑐𝑜−𝐻𝑆). (𝐴𝑓𝐵 + ƞ
𝑓𝑖𝑛

𝑁𝑓𝐴𝑓𝑖𝑛) (𝑇𝐵−𝑇𝑎𝑚).                   .......(1) 

Where the thermal resistance is: 

 𝑅𝑡ℎ =
𝑄ℎ−𝑠

𝑇𝐵−𝑇𝑎𝑚
=

1

(ℎ𝑐𝑜−𝐻𝑆).(𝐴𝑓𝐵+ƞ𝑓𝑖𝑛𝐴𝑓𝑖𝑛)
       ... (2)                  

Fluid resistance is added to the heat sink thermal   resistance to be 

as follows, [16]: 

 

Figure1.Pin fins array as a heat sink geometry 
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𝑅𝐻𝑆 =
𝑄ℎ−𝑠

𝑇𝐵−𝑇𝑎𝑚
=

1

(ℎ𝑐𝑜−𝐻𝑆).(𝐴𝑓𝐵+ƞ𝑓𝑖𝑛𝐴𝑓𝑖𝑛)
+   

1

2 �̇�𝑐𝑝
                                                       

…(3) 

Thermal radiation resistance can be ignored 

according to Ref [17]. Equation 3 contains fin 

efficiency to cover the fin temperature different along 

the fin surface [15].   

 Fin efficiency can be determined by as following 

equation [18]: 

 ƞ
𝑓𝑖𝑛

=  
𝑞𝑎𝑐𝑙

𝑞𝑚𝑎𝑥
                               …..(4) 

Where q_max  and q_acl  for the case of an isolated 

tip of pin fin which has been considered in the current 

analysis, are to be  as mention in Ref [18]. 

While ℎ𝑐𝑜−𝐻𝑆 of pin fins heat sink is, [ 14] : 

ℎ𝑐𝑜−𝐻𝑆 =  0.068𝑅𝑒𝑠
0.733𝑃𝑟𝑓𝑖𝑙𝑚

0.4 ×
𝑘𝑓𝑖𝑛

𝑠
           ......(5) 

Properties of fluid (air) have been defined at film 

temperature. 

The total number of fins in heat sink is calculated by 

eq 6.          𝑁𝑓𝑖𝑛 =  
 AB

𝑑𝑠2        ..(6) 

The base free area (𝐴𝑓𝐵) can be defined as follows:  

  𝐴𝑓𝐵 =  AB −  𝑁𝑓𝑖𝑛 Acf    ......(7) 

Heat sink thermal efficiency (ƞ
𝐻𝑆

) of heat sink is 

calculated as following, [19]: 

 ƞ
𝐻𝑆

= 1 −
𝐴𝑓𝑖𝑛

𝐴𝑡𝑜𝑡𝑎𝑙
(1 − ƞ

𝑓𝑖𝑛
)                                                                              

....(8) 

Where,   𝐴𝑡𝑜𝑡𝑎𝑙 = 𝐴𝑓𝐵 + 𝐴𝑓𝑖𝑛                                                                            

.....(9) 

Heat sink thermal effectiveness is defined as 

follow:   

𝐸𝑓𝑓𝑒𝑐𝑡𝐻𝑆 =
𝑄ℎ−𝑠

ℎ AB △𝑇
                                                                                           

....(10) 

Where h, [20] is:  ℎ = 2.56𝑉 + 8.55           ......11 

II. PV- COOL model Thermal analysis  

   One configuration that leads to natural convection 

enhancement is the linking of extended surfaces (fins) 

on the back side of the solar module [4]. Heat sink 

and layers of PV panel used have been described in 

the physical system shown in figure 2. The 

boundaries conditions for the studied case were 

included heat dissipation and output electrical power 

(Ep) as output power and the received solar radiation 

(I) as input power to the module, see figure 3. heat 

dissipation encompasses the heat looses (�̇�loss) at the 

front of PV panel, by  radiation (qrad) and convection 

(qconv) heat transfer modes  as well as the heat loss  

through a heat sink (qheat sink) at rear of PV panel, as 

illustrated in figure 2. 

 

 

Figure 2. Physical description of PV- COOL model 
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Figure 3. Thermal network simulation for PV cooling 

model 

 

The construction of PVCOOL module is solar panel 

layers and heat sink as shown in Figure 2. And their 

dimensions and physical characteristic are as indicated 

in Table 1.  

Table 1. Dimensions and physical characteristic of the 

suggested PVT module components 

 

The solution of proposed thermal model is based on 

energy balance for one-dimensional analysis and 

steady state conditions along with data of climate 

conditions, dimensions and physical characteristic of 

module components. The associated climate 

conditions are; ambient temperature, solar radiation 

and wind velocity.  

So the energy balance is:     İs= Ep  + �̇�loss                                                                  

…(12) 

Where   İs = İ  *Ap - İ𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑒𝑑                                                                                              

…(13) 

İ𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑒𝑑 : The reflected solar radiation from glass 

covers and solar cell layer, see figure 2. 

And     𝐼�̇� = 𝐼�̇�1 + 𝐼2̇𝑠 + 𝐼�̇�3                                                                                                   

…(14) 

 Where            𝐼̇ s1 = Շ gl 𝐼̇  Ap ( bc αcell )                                                                               

…(15) 

   𝐼�̇�2  = Շgl İ Ap (1 − bc)𝛼b−in                                                                                          

…(16) 

            𝐼�̇�3 =𝐼�̇�3−𝑎 + 𝐼�̇�3−𝑏 = αgl  𝐼  ̇Ap +( Շ gl 𝐼  ̇Ap bc ) 

Λcell* αgl                                                             ...(17)                          

𝐼�̇�3  is the absorbed solar energy at cover glass 

layer (�̇�𝒔𝟑−𝒂) from the solar rays when  penetrates the 

glass in its way to the solar cell and when it reflects 

(�̇�𝒔𝟑−𝒃)from solar cells, as shown in figure 2.   

Therefore, the available solar power is as follows: 

𝐼�̇�  = Շ gl 𝐼  ̇Ap ( bc αcell )  + Շ g 𝐼  ̇Ap (1-bc) αb-in + αgl  𝐼  ̇

Ap+Շ gl 𝐼  ̇Ap (bc Λcell* αgl)               ...(18)                                                                                   

    where      Λcell=1-αcell      

While the electrical energy (Ep) is:   Ƞsc= ƞref (1-

0.0041(Tcell- Tref))                                 ...(19) 

Ep =ƞsc Շ gl Ap bc 𝐼 ̇                                                                                                               

...(20) 
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  The heat losses ( �̇� loss ) is expressed  as follows:  

�̇�loss=�̇�fro +�̇�re                                    ....(21)                                

Where              �̇�fro = Ut (Tcell -Tam )                                                                                   

... (22) 

And             𝑈𝑡 = (   ∑ 𝑅𝑇ℎ−𝑡𝑜𝑝 + 𝑅𝑒𝑞𝑢)
−1

                                                                         

...(23)  ∑ 𝑅𝑇ℎ−𝑡𝑜𝑝 =  (
𝑡ℎ𝑐𝑒𝑙𝑙/2

𝐴𝑃𝐾𝑐𝑒𝑙𝑙
+

𝑡ℎ𝐸𝑉𝐴

𝐴𝑃𝐾𝐸𝑉𝐴
+

𝑡ℎ𝑔𝑙𝑎𝑠𝑠

𝐴𝑃𝐾𝑔𝑙𝑎𝑠𝑠
)                                                                        

...(24) 𝑅𝑒𝑞𝑢 =  [
𝑅𝑟−𝑒𝑞𝑣+𝑅𝑐

𝑅𝑟−𝑒𝑞𝑢 ∗𝑅𝑐
]

−1

                                                                                                          

...(25)         

Convection resistance ( 𝑅𝑐 ) [21] is:-  𝑅𝐶 =
1

𝐴𝑝ℎ𝑝
=

 
1

𝐴𝑝(2.56𝑉+8.55)
                                      ....(26) 

     Thermal resistances of heat transfer by radiation 

between glass with the ground and the sky are [21 

&22]:  𝑅𝑟𝑓𝑠𝑘𝑦 =  
1

4𝐹𝑠𝑘𝑦∈𝑔𝑙𝑎𝑠𝑠𝜎 𝐴𝑝𝑇𝑠𝑘𝑦
3                                                                        

... (27)  

and    𝑅𝑟𝑓𝑔 =  
1

4𝐹𝑔∈𝑔𝑙𝑎𝑠𝑠𝜎 𝐴𝑝𝑇𝑎𝑚
3                                                                                            

. ..(28)                             

Where [23],    Fsky=1- 
1

2
 (1+ cos (180- φ))                                                                          

...(29)   

 and  Fg =  (1- Ff - sky)                                                                                                            

...(30)                                              

     So   𝑅𝑟−𝑒𝑞𝑣 =  [1/𝑅𝑟𝑓𝑠𝑘𝑦 + 1/𝑅𝑟𝑓𝑔]
−1

                                                                         

...(31) 

Sky temperature (Tsky) can be calculated by [24]: 

Tsky= 0.0552 (𝑇𝑎𝑚)1.5                        ...(33)                             

The heat loss at rear surface of panel (�̇�re) is:  �̇�re = 

Urea (Tcell -Tam )                                ...(34)                                 

   Urea= (∑ 𝑅𝑇ℎ−𝑟𝑒𝑎 + 𝑅𝐻𝑠)−1                                                                                              

...(35) 

∑ 𝑅𝑇ℎ−𝑟𝑒𝑎 =  (
𝑡ℎ𝑐𝑒𝑙𝑙/2

𝐴𝑃𝐾𝑐𝑒𝑙𝑙
+

𝑡ℎ𝐸𝑉𝐴

𝐴𝑃𝐾𝐸𝑉𝐴
+ +

𝑡ℎ𝑇𝑒𝑑

𝐴𝑝.𝐾𝑇𝑒𝑑
+

𝑡ℎ𝑏−𝑓

𝐴𝑝.𝐾𝑏−𝑓
)                                                   ....(36) 

The resistance of heat sink ( 𝑅𝐻𝑆 ) is calculated by 

equation 3. 

At substituting all terms in equation 12 by equivalent, 

and rearranging it, Tcell  can be calculated by equation 

37. 

𝑇𝑐𝑒𝑙𝑙 =  
𝐼�̇�−0.165 Շg 𝑏𝑐 Ap𝐼̇ +TamUtop+Tam𝑈𝑟𝑒𝑎

−0.000615+Utop+𝑈𝑟𝑒𝑎
                                                            

....(37) 

3.Experimental Setup: 

   Figure (4Aand 4B) presents the experimental setup. 

it consists of two 10 W monocrystalline panel, with an 

effective area (Ap) of 0.09975m2 and maximum 

product of the voltage and current  22V and 0.59A 

respectively in standard conditions (  1000W/m2 

irradiance at 25°C). A passive cooling manner for solar 

panel is used by heat sink consisted of aluminum alloy 

fins (cylindrical pin fins) with thermal conductivity of 

123.84 W/m.K and it was manually manufactured.  

Heat sink dimensions   have been specified according 

to the one dimension and steady-state analysis results 

of heat transfer to be 2.5cm, 1cm, 5cm for fin spacing, 

fin diameter and fin length respectively.  The 

validation of this heat sink arrangement has been 

inspected by intensive discussion which will be 

posterior presented. The heat sink consisted from 130 

cylindrical fins; its dimensions are explained in figures 

1. The heat sink has been fabricated from  an aluminum 

alloy sheet  and 130 rods  of 1 cm  diameter and 5 cm 

length see Figure 1.  Heat sink was formed by 

digging130 penetrative holes in the sheet (base of heat 

sink) to place the fins. The distribution of fins was 

based on simulation results. The rods were inserted as 

fins into the holes tightly to be in touch with the surface 

of the hole and the rear panel surface. And then,   the 

back side of the heat sink has been polished very well 

as shown in Figure 4.  
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Figure 4. Manufactured heat sink (a) Front side (b) 

Back side 

   The heat sink was linked on the panel's rear side 

using thermal gel. A standalone PV panel was used to 

compare its performance with the panel which was 

integrated with the heat sink. The panels have been 

fitted with a 32.1 deg tilt angle and facing the south 

[24], see figure 5.  

 

[1-PV panels Rear sides with cooling system , 2-PV 

panels Rear sides without cooling system] 

 

 

 

 

Figure 5. (a)  PV panels Rear sides with and without 

cooling system 

 

[1-PV panels  cooling system , 2- Battery type ( SLA 

12V *9AH ) ,3- Digital multi meter (as Volt meter) , 

4- Load , 5- Digital multi-meter (as Ammeter) , 6- 

Voltage regulator , 7- thermocouple , 8- PV panels 

Rear sides without cooling system] 

 

                

                 Figure 5. (b)  Experimental setup 

The current work has been done in Baghdad city, 

located at 33° 19' North, 44° 25' East, [18]) . The 

experiments were conducted in July 2017 from 9:00 

am to 4:00 pm.  Panel’s temperatures were measured 

by a temperature recorder (LUTRON BTM-4208SD 

type) with accuracy about ±0.3 °C. Thermocouples 

were placed at front and rear sides for two panels (with 

and without heat sink), to measure their temperatures. 

Solar irradiance has been measured by solar meter 

(pyranometer, SPM 1116SD type). The output current 

and voltage have been recorded using a digital 

multimeter( type Fluke 179). The instant wind velocity 

at 2 m above the panel location was measured.  Data 

recording was repeated in a 20 minute interval for two 

panels (without and with cooling) concurrently. In 

order to confirm the results, the test was repeated 

several times on different dates. The measurement 

devices have been calibrated previously. 

 

4. Results and Discussion:  

Thermal performance of PV module with cooling 

system was formulated theoretically. The used 

PVCOOL system has been created from cylindrical 

pin fins arranged in-line array as a heat sink. The 
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thermal performance and dimensions of pin fin and 

heat sink that created from them, was depicted 

through a mathematical model built for this purpose. 

The proposed method was then validated 

experimentally. 

I. Best Finned Heat Sink Geometry: 

The purpose of the search in the optimal heat sink 

geometry is to be in perfect form to use as a solution 

for overheating in the solar panel. Reference [14] 

indicated that the best space between pin fins to be 2.5 

D. Therefore, the fins number in heat sink base area is 

determined depending on this result for spacing and 

the fin’s diameter. Figure 6 shows that the relation 

between fin’s diameter and fin's number is linear. The 

effects of fin's diameter along with the fin's length have 

been investigated mathematically, on the heat sink 

efficiency and effectiveness as well the amount of heat 

dissipation, as shown in figures (7,8&9) respectively. 

In these figures, fin's diameter was varied between 0.4 

cm to 1.9 cm with 0.3 cm increment and fin's length 

from 3 to 7 cm with 1cm increment. Figure 9 shows 

that the increasing of fin’s diameter leads to enhance 

the efficiency of heat sink, while the effectiveness as 

well heat dissipation are gradually decreased, see 

Figure 7 and 8. Also these figures present the effects 

of fin’s length on thermal performance of heat sink. 

Usually, the increase of the fin length leads to improve 

heat dissipation and effectiveness of heat sink due to 

the increase of   heat exchange area, see  Figures 8and 

9, while the increasing of fin length  leads to a slight 

decrease of heat sink efficiency due to increase in 

thermal resistance as shown in Figure 10. Within the 

scope of the current adopted fin length, it can be 

concluded that there are a very little effect in thermal 

parameters of heat sink,  as shown in the above Figures 

as well as Figure 10. Figure 10 illustrates the change 

of heat sink's overall thermal resistances with the 

different lengths and diameters of the fin. This figure 

indicates that the fin having a greater diameter gave a 

high thermal resistance with a little effect of increasing 

in fin's length.  Fins with high length are useful for 

increasing the heat dissipation area but, it will be 

caused in increasing the heat sink mass. Therefore, an 

appropriate length should be selected in the practical 

design. This figure indicates that fin having the greater 

diameter gave a high thermal resistance with a little 

effect of increasing fin's length.  Fins having high 

length are useful for increasing the heat dissipation 

area but, it will be caused in increasing the heat sink 

mass. 
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Figure 6. The number of fins vs.                                   Figure7. Heat sink efficiency vs. 

fin diameters and lengths                                               diameters and  lengths of fin 

 

Figure 8. Heat sink effectiveness vs.                           Figure 9. Heat dissipation vs. 

different fin’s lengths and diameters                          different fin’s lengths and diameters 

 

 

       And fins with small diameter will be hardly manufactured due 

to increase in fins number for the specific area of heat sink base 

and it may also be easily broken during the manufacturing process. 

According to the following considerations; lower cost and easily 

fabrication, fins length and diameter and base thickness of heat sink 

have been chosen to be 50 mm, 10 mm, and 3 mm respectively. 

The selected fin dimensions were marked in above Figures in red 

color. This heat sink will be utilized as a PV cooling method in 

current work.  

Figure 10. Overall thermal resistances   Vs. fin length and diameter             

 

II.Theoretical and Experimental Investigation for the 

PVCOOL system performance:  

Figure 11 shows the calculated and measured 

temperatures of PV module with using the suggested 

heat sink as a cooling system. Experimental results 

have been got when heat sink was fabricated 

depending on analytical results and used as a cooling 

method, in order to validate the performance of the 

thermal model. The comparison between calculated 

and measured temperatures shows good accuracy 

with variance not more than 1.2° C. This Figure 

shows that the temperature distribution profiles of 
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solar panel were almost having the same tendency for 

different cases (without and with cooling).This 

detects the reliable performance of the solar panel 

with different operation conditions. Also, it can be 

observed that the highest module temperature 

occurred at a period between 1:00 and 2:00 PM which 

will be called the peak time. 

   For the PV panel temperature without cooling, as 

shown  in Figure11 a highest temperature has been     

recorded during the time of experimentation with a  

maximum temperature of 69.5° C at peak time. The 

module temperature was reduced about 61.5° C in the 

same period at cooling with heat sink. This was 

corresponded to the reduction in module temperature 

about 11.5% and 9.98% for the daily average 

temperature  

 

Figure11. Temperatures profile of calculated and 

measured solar module                        

which may be attributed to increase in the surface 

area of heat exchange at the rear face of panel. The 

variation of output voltage, current, power and 

efficiency of solar panels with the time at different 

operation conditions are presented in Figures 12, 13, 

14 and 15.  It may be inferred that the electrical 

characteristics output are improved when the solar 

panel is supplied with cooling arrangement. 

 

Figure 12. Output currents of PV module along         Figure13. Output voltages of PV module  

        with incident radi

ation.                                                along with panel 

temperatures 

The electrical characteristics of the photovoltaic 

module can be summarized in the relationship between 

both of the output voltage and current. Figures 12 and 

13 show the effects of the proposed cooling system on 

both output voltage and current of the modules with 

time. The use of heat sink as a cooling systems 

achieved  an improvement in daily average of output 

currents about 5.55%, and  outputted voltages about 

6.63%, ,  compared with the standalone panel voltage 
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output. The improvements are occurred due to the 

reduction in PV temperature 

The amount of solar irradiance determines the 

amount of output current and the operating 

temperature of solar panel affects in the output voltage 

(V). Figure 14 presents the variation of the output 

power with time for module with heat sink as a cooling 

system along with radiation data. Figure 14 shows that 

the output power for the panel without cooling 

arrangement (standalone) is the least at a value about 

4.37W, while the output power for the PV panel with 

heat sink is 4.96 W. The daily average enhancement is 

about 13.5%, for using heat sink arrangement. The 

variation of solar module efficiency with the time is 

presented in figure (15) along with the module 

operation temperatures of the panel with and without 

cooling. The average efficiency along time operation 

is the smaller at a value 6% without cooling. The 

average panel efficiency has been enhanced about 11.6 

% to be about 6.7% at using the heat sink. The 

experimental results point out that the solar panel 

temperature has a significant 

 

         Figure 14. output power along with                       Figure 15. panel efficiency along with 

                      the solar radiation                                           the solar module temperature  influence on the efficiency 

and output power of PV module or, the rising of PV 

module temperature leads for decreasing the output 

power followed by a  reduction in electrical efficiency 

of PV module as shown in  Figure 15 . 

 

5- conclusion: 

A passive cooling system,( a pin fin as a heat sink) is 

fixated to a flat PV panel to reduce the module's 

operating  temperature  in order to enhance the solar 

module performance. The following remark 

conclusions can be derived: 

1- The solar panel maximum temperature about 

70 °C and an average temperature about 

62°C, without cooling. 

2- The maximum module temperature is 63 °C 

and about 55.7°C for the average value when 

the heat sink is used as a cooling method.  

This corresponds with the reduction in 

temperature of module about 9.1%. 

3- The proposed thermal model gives   good 

accuracy for predicting   module 

temperatures ( panel with finned surface as a 

heat sink) with variance  not exceed than 1.2 

° C.  For the measured temperatures under 
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same operation conditions. that is  indicated  

to use The thermal model  as a tool to 

examine other geometry of heat sink 

4- Cooling the module by pin fins (as a heat 

sink) affects the voltage and current 

production  which leads  ultimately to  

increase  an  average  output power   about 

13.5%   , comparatively to the  average  

output power of standalone panel  , and an 

enhancement about  12% for the average 

efficiency. 

5- Heat sink geometry and dimensions must be 

optimized in order to determine the best 

performance with a low cost and easily 

fabrication at using it as a solution for 

overheating problem in solar panel. 
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