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Abstract 
 

The photovoltaic (PV) panels‟ chief precedence and abundant concern is the 
electricity‟s production. Moreover, the conversion of solar energy into 
electricity relies upon the operation of solar cell temperature in an upsurge in 
performance with temperature reductions. This paper describes the 
development of a new type of cooling of hybrid photovoltaic (PVT) cells, 
The experimental study presents a method to the decrease in photovoltaic 
panels‟ temperature with the usage of air cooled heat sinks, our search results 
were the electrical efficiency values increased from 2.5% to 7%, while the 
temperature values the PV panel decreased from 5.2% to 15%, at air mass 
flow rates of 0.116and 0.466kg/s, respectively. For this purpose, the trial 
installations were manufactured in Iraq at the Technical University of Al-
Furat Al-Awsat. The goal of this research was to distinguish the solar panel‟s 
electrical behavior to progress the advancement in the photovoltaic 
installations‟ design retained in conforming the less operating temperatures 
that will accurate and converse the manufactured impacts on the 
effectiveness through low operating temperatures while using the fossil fuel 
usage as well as the consumption of electricity in several applications. 
 
 

Journal of Green Engineering, Vol. 9_4, 608–625. Alpha Publishers 

                     This is an Open Access publication. © 2019  the Author(s). All rights reserved 

 

 

mailto:ayad.uthm.edu@gmail.com


                                                                                                                  
 

 
 
 
609    Ayad Jasim Jaber et al 

 
Keywords: Experimental facilities, Efficiency improvement, Solar panels, 
Temperature decrease, Temperature influence. 
 
Nomenclature 
 

G        The incident irradiation (W/ )       
Qu      The useful thermal energy (W) 

Ac      The collecting area of the module ( ) 

    The cell efficiency temperature coefficient (  ) 

V         Free stream velocity 
η         The thermal efficiency  
H         Height the channel 

        Width the channel 
Effective the mass densities of air (kg/  

ηₑ         The electrical efficiency 
ᶿ          Manometer‟s inclination angle (deg) 
L         Length the channel 

The current of the PV maximum power 
       The voltage of the PV maximum power 

The initial electrical efficiency at reference temperature 
      The temperatures of the inlet ( ) 

    The temperatures of the outlet ( ) 

      The PV cell temperature ( ) 

    The reference temperature ( ) 

 
 

1 Introduction 
 

Iraq has long faced many challenges, most notably a lack of electricity. 
Therefore, the exploitation of renewable energy resources represents a 
significant means to reduce this problem. Iraq is a country in western Asia, 
located in the northeast of the Arabian Peninsula. It is bounded by 
Saudi Arabia, Kuwait, Iran, Turkey, Syria and Jordan. The total area of Iraq 
is 437.367km2, of which 950km2 are water areas. The south of Iraq mostly 
has pleasant weather conditions, except for the possibility of sandstorms, 
which can sometimes occur due to the presence of desert in the area. 
Southern Iraq is one of the regions with the highest amount of solar radiation 
in the world [1]. 

Photovoltaic cells permits the direct transformation of solar energy into 
the electrical energy having a maximum efficiency of about 9-12% while 
relying on the solar cell category. About >80% of the solar radiation reaching 
the photovoltaic cell is not converted into electricity; it is redirected or 
converted to the heat energy. The produced heat encourages an upsurge in  
 



                                                                                                                  
 

 
 

 
Experimental Study of Improving the Efficiency of Photovoltaic Cells by Using 

Various Angles of Pneumatic Routers    610  

 
the cell temperature and as a result, reduction in the competent electricity 
conversion. The PV panel‟s electrical output parameters are negatively 
affected by high temperature. Thus, the output power of PV panels and 
electrical efficiency relies on the operating temperature and it also reduces 
with temperature. Therefore, the effectiveness of transformation reduces for 
0.4%-0.5% per ℃increase in temperature [2]. Thus, the operating 
temperature works as a key factor in the procedure of photovoltaic 
transformation [3-5]. Hence, this reverse association of conversion 
efficiency‟s output power with temperature is primarily because of the open 

circuit voltage oc dependency on temperature. Consequently, several 
researchers have investigated the PV panels‟ various cooling techniques [6, 
7].  

Many of these techniques are centered upon the usage of energy carrier, 
normally air [8, 9] or water [10-12]. The disapproving impact of temperature 
intensifies on the panel‟s performance is also a crucial parameter. 

In this research, the PV panels‟ behavior is examined at high temperature, 
although, utilizing various cooling configurations. The utmost prevalent PV 
panel‟s applications are in fields to produce electricity; nowadays, panels are 
also placed on the roofs of houses, industrial buildings & lately, constructing 
the greenhouses to grow ornamental plants and mushrooms that do not need 
considerable sunlight. In such former cases, the issues regarding increased 
temperatures and reduced power is worse, due to the fact that space between 
both plastic roof & PV panels‟ surfaces is lesser and resultantly there is fewer 
cooling impact through natural convection [13]. The influence of 
temperature‟ performance has been investigated by checking various cooling 
configurations at ribbed wall that comprise of pneumatic routers and also the 
usage of fan for forced convection along with nozzles‟ set. Mutually, these 
both alter the open air channel space given below the panel. This research 
offers the experimental installations established to examine the already 
present several air duct‟s geometries. 

If we summarize the recent experimental research, the novel information 
comprising the impacts of ribbed wall which contains pneumatic routers and 
the angles the pneumatic routers, also the effect forced air velocity is 
considered. Therefore, the present paper suggests an experimental 
investigation to evaluate the performance, this is attained through forced air 
circulation using a fan, which was fabricated using locally available materials 
and tested under climatic conditions in the Najaf city of Iraq. 

 

2 PV Module Efficiency 
 

The module‟s temperature and ambient temperature impacts the 
competence of PV module which is due to the dependence of module current 
and voltage on temperature.  For the maximum PV module, all potential  
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combinations have considered the peak power &   efficacy (at the maximum 
point of power) of each panel have been calculated by using the following 
equations: 

 
 = .                                                                 (1)  

 
 is represents the maximum power of PV module, is signifies the 

maximum voltage, is indicates the maximum current. 

 
Thus, the PV cell proficiency as an output‟s energy ratio acquired from 

the PV cell while being divided by the input energy delivered by the sun is 
presented in equation 2 [14]. 

 

=                                                                 (2) 

 

is designates the solar irradiance below STC ( ). 

is described the module‟s surface area in m , therefore, the solar cell‟s 
efficacy can be presented utilizing the association as given below [14]: 

 

                                           (3) 

 

                                                                                (4) 

 

 = (5) 

 

 is denotes the PV cell competence, is symbolizes the 

effectiveness of PV module at  25˚C reference temperature, 
 is signifies the PV module cell temperature,  is  characterizes 

power‟s temperature coefficient,  is represents the PC module/ cell‟s 

reference temperature. 
 

3  Effect of Heat on the PV Module 
 

As the temperature of the PV module increases due to exposure to 
sunlight, heat generation instigates in the procedure. The spreading of heat to 
a point at which the PV module‟s output fells, overheating becomes obvious. 
Thus, the overheating is one of the prime challenges that meets the smooth 
operation of photovoltaic module.  

This is due to the more than necessary revelation of solar radiation and 
ambient temperatures of greater level.  Thus, overheating reduces the 
module‟s competence and power output as well. The output power and  
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proficiency lessens significantly with the increase in temperature, moreover, 
the reduction amount is a function of the used material for the solar cell 
fabrication [15]. Just to discover a solution to the overheating problem, the 
PV cooling modules and loss of valued energy as heat is necessary. Further, 
their installation for the measurement of temperature of PV laminate rear and 
panel‟s air layer temperatures at various point were calculated to observe the 
behavior of panels beneath the PV module‟s specifications as described in 
Table 1 and dimensions of solar cell as shown Fig. 1. 
 

Table 1. Usage of standard test conditions provides the specifications: 25 cell 

temperature, 1.5 air mass, and solar irradiance of 1000W/m. 

 

 

 

 

Fig. 1. Dimensions of solar cell 
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4 The Test Section 
 

The test section, it is a channel from aluminum the length of 1650mm, 
the width 992mm and the high 16mm. A set of 16 thermocouples type k is 
distributed along the channel to measure the temperature distribution, the air 
flows in inside the channel, in it, a ribbed wall includes pneumatic routers 
directed at different angles, its dimensions as shown in Fig. 2. To study their 
effect on improving the performance and heat transfer. The heat sinks ribs 
contains the pneumatic routers composed of aluminum sheet that works as a 
heat sink‟s base which is linked to the fourteen ribs and are also positioned at 
a 200mm distance from one another. 

The purpose of routers is to progress the circulation of air adjacent to the 
heat sink while removing much heat from the panels of PV.   In the air 
channel, at the 4 various velocities such as o.223kg/s, 0.349kg/s, 0.116kg/s 
and 0.466 kg/s which are also the air flow mean velocities in air channel,  the 
forced configuration of convection is being confirmed.Being examined for 
the impact of temperature of panel on the electrical construction devoid of 
pneumatic routers, we also investigated the behavior of panel due to the 
forced convection while utilizing the ribbed wall having pneumatic routers 
under similar situations.The consequence indicated below presented that only 
two contain only 2 tested forced velocities and maximum, minimum values 
(0.116kg/s &0.466kg/s), as well as taking the angle 15˚ and 30˚ to pneumatic 
routers and comparing it with smooth as they are utmost substantial and 
indicate the improved variations attained in outcomes of already present 
ribbed wall‟s impacts including the pneumatic routers as well. 

 
 

 

Fig. 2. Represents the dimensions the channel and a ribbed wall includes pneumatic 

routers of the experience of the system 
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5 Description of the Instrumentation Used 
 

The basic purpose of current research paper is the examination of solar 
air collector‟s electrical and thermal performance estimation. Formerly, a 
great investigation took place and many others are continuing the methods to 
confront the overheating encounter. Because of a convection, radiation and 
conduction, heat energy loses from the photovoltaic module.   A schematic 
diagram of collector construction of PV module (260W) is presented in Fig. 
3 which have a surface area of 1.635m2 along with a channel. Moreover, an 
air type PVT collector was mounted at the south orientation with an altitude 

angle of 31°57ʹ. 

 

Fig. 3. Represents the parts of the practical experience of the system. 

 
The testation and fabrication of solar air collector was carried out at Al-

Najaf technical college, Technical University of Al-Furat Al-Awsat, situated 

in the center of Iraq at 31°57  N and 44°15  E .Fig.4 illustrates the solar 
installations comprising of 3 photovoltaic panels utilized for experimental 
outcomes. The one panel is positioned adjacent to the air channel under a 
panel, devoid of a ribbed wall which consists of pneumatic routers conditions 
or empty channels as a reference usage. The all other panels are positioned 
near the air channel and beneath panel having ribbed wall with pneumatic 
routers. Further, the PV collector was prepared to be a PV mono crystalline 
with the channel from aluminum with same dimensions suitable for the base 
of the solar cell and thickness 2mm, it contains a ribbed wall includes 
pneumatic routers directed at different angles and forced convection using a 
fan, were installed to extracts heated air.The struggle to cool the PV  
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laminate‟s rear from the space, the test of experiments were recurrent on 
forced convection for different rates of mass air flow such as 0.116, 0.466, 
0.223 and 0.349kg/s. Numerous reading of temperature were observed for 
both rear PV modules,  variable parameters which involved Tpv, Tout and 
Tamb. The information  regarding all variables were measured every half an 
hour to get an average of actual values of readings such as 8.30h to 14.00 h 
GMT of all day while having identical sunny day for configuration 
calculation. This is how we studied and examined the calculated outcomes all 
through the sunny days underneath the identical conditions of environment. 

 
 

 
 

Fig. 4. Solar experimental facility constructing an air channel below it by forced 

configuration convection. 

 
These variations in air temperatures are measured in the current 

experimental tests by using K-type thermocouples which were distributed in 
different places of the solar air collector. In addition, all K-
type thermocouples were fitted in a data logger, and all the data was 
registered automatically. The air speed was monitored using a standard 
device AM-4826 anemometer. A standard device TENMARS TM-207 
pyrometer was used to measure the intensity of solar irradiance falling on the 
absorber surface. Furthermore, the weather station device „Vantage Pro2‟   
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used to measure and give realistic readings for all climatic conditions in the 
experimental area, such as solar irradiance, wind speed, humidity rate, 
rainfall rate and barometric pressure. 
 

6 Results and Discussion 
 

This work presents a series of experiments conducted at the Engineering 
Technical College of Al-Najaf, Al-Furat Al-Awsat Technical University as 
previously stated. The experimental results were obtained under climatic 
conditions in Najaf city in the center of Iraq over a period of four days (27th, 
28th, 29th, and 30th April 2019) for four air mass flow value rates: 0.466, 
0.349, 0.223 and 0.116kg/s. We have only included two of the forced air 
mass flow value rates verified the maximum and minimum values as 
0.116kg/s and 0.466kg/s respectively, while doing a comparison to the 
smooth due to their significance and demonstration of better variations in 
outcomes of existence effects of the ribbed wall which contains pneumatic 
routers. 

As anticipated the channel of panel comprised of ribs that also consists of 
pneumatic routers as well and it turns out to be considerably cooler as 
compared to the reference plane which is isolated in all circumstance. Thus, 
as a result, electrical manufacturing is greater even for the minimum yet 
smaller mass rate of flow due to the point that panels are cooled by forced 
convection.  

The experimental results presented in Fig. 5-7 signified that in the 
presence of pneumatic routers under a panel cools the PV panels more 
effectively with an air mass flow value rate 0.012kg/s. As observed from the 
experiments, the temperature for the PV panel which contains pneumatic 
routers decreases by 5.2% compared with the panel that doesn't contain 
pneumatic routers, and when you changing the angle of the pneumatic 
routers from 15˚ to 30˚ the temperature goes down for PV panel to11%. 

In addition, decreased the temperature ambient for channel contain 
pneumatic routers by 3.3% compared with the panel that doesn't contain 
pneumatic routers, and when you changing the angle of the pneumatic 
routers from 15˚ to 30˚ the temperature ambient goes down to 7%. It was also 
observed that for outlet temperature experimental results that it increases 
4.6% percent for PV panel which contains pneumatic routers compared with 
the panel that doesn't contain pneumatic routers, and when you change the 
angle of the pneumatic routers from 15˚ to 30˚ increases the temperature 
outlet to 10%. 

The difference between output and input temperatures ) 
versus hours of the day at a mass flow rate of 0.116kg/s. are presented in Fig. 
8 The results reveal that the maximum temperature difference of the air it 
increases 7% percent for PV panel which contains pneumatic routers  
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compared with the panel that doesn't contain pneumatic routers, and when 
you change the angle of the pneumatic routers from 15˚ to 30˚ increases the 
temperature outlet to 28%. 

 
Fig. 5. Comparison between behavior the temperatures both PV panels channel 

smooth, channel contain routers it 15˚ and cannel contain routers it 30˚ at mass flow 

rate of 0.116kg/s. 

 

Fig. 6. Comparison between behavior the temperatures outlet channel smooth, 

channel contain routers it 15˚ and channel contain routers it 30˚ at mass flow rate of   

0.116kg/s. 
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Fig. 7. Comparison between behavior the temperatures ambient channel smooth, 

channel contain routers it 15˚ and channel contain routers it 30˚ at mass flow rate of 

0.116kg/s. 

 

Fig. 8. Comparison between behavior the temperature difference both   PV panels   

channel smooth, channel contain routers it 15˚ and channel contain routers it 30˚ at 

mass flow rate of 0.116kg/s. 

 
The transfer of heat among the panels of PV and progressing the air after 

an escalation in air mass flow because the mass flow of air in the air channel 
is greater & is capable enough to cool down the panel well. Moreover, the 
Fig. 9-12 indicate the experimental outcomes of PV panel as being cooled 
much effectively in the presence of pneumatic routers beneath the panel as 
the air mass flow value rate 0.466kg/s where decreases the temperature for 
PV panel contain pneumatic routers by 10% compared with the panel that 
doesn't contain pneumatic routers, and when you changing the angle of the 
pneumatic routers from 15˚ to 30˚ the temperature goes down for PV panel 
to15%.It was also observed that decreases the temperature ambient for 
channel contain pneumatic routers by 9% compared with the panel that 
doesn't contain pneumatic routers, and when you changing the angle of the  
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pneumatic routers from 15˚ to 30˚ the temperature ambient goes down 
to13.5%.As well as the outlet temperature experimental results also note that 
it increases 11.5% percent for PV panel which contains pneumatic routers 
compared with the panel that doesn't contain pneumatic routers, and when 
you change the angle of the pneumatic routers from 15˚ to 30˚ increases the 
temperature outlet to 16.5%. 

 

 
Fig. 9.  Comparison between behavior the temperatures both PV panels channel 

smooth, channel contain routers it 15˚ and   cannel contain routers it 30˚ at mass flow 

rate of 0.466kg/s. 

 

Fig. 10. Comparison between behavior the temperatures outlet channel smooth, 

channel contain routers it 15˚ and channel contain routers it 30˚ at mass flow rate of   

0.466kg/s 
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Fig. 11. Comparison between behavior the temperatures ambient channel smooth, 

channel contain routers it 15˚ and channel contain routers it 30˚ at mass flow rate of 

0.466kg/s. 

 

The difference between output and input temperatures  
) versus hours of the day at a mass flow rate of 0.466kg/s. are presented in 

Fig. 12. The results reveal that the maximum temperature difference of the 
air it increases 16% percent for PV panel which contains pneumatic routers 
compared with the panel that doesn't contain pneumatic routers, and when 
you change the angle of the pneumatic routers from 15˚ to 30˚ increases the 
temperature outlet to 36%. 
 

 
Fig. 12. Comparison between behavior the temperature difference both   PV panels   

channel smooth, channel contain routers it 15˚ and channel contain routers it 30˚ at 

mass flow rate of 0.466kg/s. 

 

The results experimental are revealed as shown in Fig. 13 the value of the 
efficiency for the PV panel at a mass flow rate of 0.116kg/s, which contains  
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pneumatic routers best by 2.5 % compared with the panel that doesn't contain 
pneumatic routers and when you change the angle of the pneumatic routers 
from 15˚ to 30˚ improved performance the PV panel better was by 4.2 %.The 
results also show that efficiency gain increases when increasing the air mass 
flow rate. 
 

Fig. 13. Comparison between behavior the electrical efficiency   both   PV panels   

channel smooth, channel contain routers it 15˚ and channel contain routers it 30˚ at 

mass flow rate of 0.466kg/s. 

 

The Fig. 14 also showing the results experimental reveal the value of the 
electrical efficiency for the PV panel at a mass flow rate of 0.466kg/s which 
contains pneumatic routers best by 3.2 % compared with the panel that 
doesn't contain pneumatic routers and when you change the angle of the 
pneumatic routers from 15˚ to 30˚ the performance the PV panel best was by 
7%. 

 

 
Fig. 14.  Comparison between behavior the electrical efficiency   both   PV panels   

channel smooth, channel contain routers it 15˚ and channel contain routers it 30˚ at 

mass flow rate of 0.116kg/s. 
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7 Conclusions 
 

An experimental research analysis was accompanied for evaluating the 
performance of thermal estimation backflow solar air collector under climatic 
conditions in Najaf city in middle Iraq. The suggested design of the “solar air 
collector" was found to enhance collector performance for several reasons. 
Primarily, investigates the air usage as a cooling procedure to decrease the 
photovoltaic panel‟s temperature as well as to escalate their competence. 
Secondly, excellent thermal conductivity in existence the channel that 
contain the ribbs which contains pneumatic routers to an improvement in the 
transmission of heat amongst the working fluid and PV panel. Such routers 
anticipate the advancement in the air circulation adjacent to heat sink, thus, 
isolating more heat from panels of PV. Third, the backflow of air inside the 
flow channels containing the channel a ribbed wall includes pneumatic 
routers directed at different angles to an obstruction in the air to gain more 
heat, which caused an increase in the outlet air temperature. 

However, the present study recommends using channel containing 
various forms ribbed wall includes pneumatic routers to diminish the PV 
panel‟s temperature while augmenting the thermal conductivity. Therefore, 
this progresses the proficiency and upsurge the air temperature of outlet.  
Moreover, the solar air collector‟s performance is greatly affected due to an 
utmost significant factor which is air mass flow rate. Therefore, the electrical 
efficiency values increased from 2.5% to 7%, while the temperature values 
the PV panel decreased from 5.2% to 15%, at air mass flow rates of 0.116and 
0.466kg/s, respectively. 
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