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Abstract.The solar irradiation is one of the major factors must be taken into consideration in the design and 
employment of photovoltaic system. On other side, another major factor is surface temperature of photovoltaic 
panels which effect their conversion effectiveness. The produced power of PV system is reducing in the same 
situation of solar irradiation, while the operating temperature is high. Photovoltaic thermal collector (PVT) is a new 
hybrid technology for PV system that output heat and electricity together, so employment of this technology must be 
taken into consideration to improve the performance of PV system. The present study purpose is to estimate the 
impact of using water and air collector on the performance of PV/T system. Employment a water riser tube and 
absorber plate in the suggest of models to consider the conduction and convection heat transfer mechanisms. By 
employment of computational fluid dynamics (CFD), the numerical results were obtained by employing conjugate 
heat transfer. This paper presents thermal performance analysis of different designed configurations as spiral flow, 
oscillatory, direct and web flow air collector heat exchanger employed in hybrid solar PV/T system. A numerical 
way of the decreasing of temperature of photovoltaic panel is offered in this research. By utilizing ANSYS-
FLUENT software for laminar and turbulent flow, the numerical model was recognized, and the outcome is offered 
for the average temperature of photovoltaic panel.
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1. INTRODUCTION 

Solar irradiation or solar energy is the term of 
electromagnetic energy which is emitted from the 
sun. sun emits massive amount of energy but just a 
little amount of this energy reaches earth. This 
hold over the conventional temperature of each 
forever. By the measure of sun directed energy 
arriving to the surface of earth, the energy 
demanded of the world could be achieved 

ot economical or practical 
because low concentration of solar energy. The 
expense of systems that capture solar energy and 
present useful energies is high compared to 
traditional energy sources such as coal, oil, and 
natural gas. In another hand solar energy is to be 
more expensive than renewable energies such as 
geothermal, wind, hydro and biomass[1].A solar  

 

cell is consisting essentially of p-n intersection 
fabricate in a thin wafer of semiconductor. 
Photovoltaic effect could upright change the 
electromagnetic irradiation which powered by sun 
energy over to electrical power as long as photons 
with energy more than band gap energy of 
semiconductor is directed to the sunlight, it 
produces some electron gap sets identical to the 
incident solar radiation. At the spotwherethe 
photon gets in a photovoltaic material, it tends to 
be absorbed, reflected or transmitted. The amount 
of energy of the photon when this photon 
consumed by a valence electron of the automotive 
the energy of the electron will jump in the 
conduction band when the energy of photons is 
more eminent than the band gap of the 
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semiconductor, where it can move freely. The free 
electrons are output in the n-layer of 
semiconductor by the bounce of photon at the 
point where photons of sunlight shot the surface of 
sun-based cell and are absorbed by semiconductor. 
Some of them make groups of electronics and 
gaps. If these pairs are sufficiently near the p-n 
junction, its electric field makes the charges to 
separate, electrons move to the n-type layer and 
holes to the p-type layer. If the two layers of the 
sun-oriented cell are presently associated through a 
load, an electric current will stream if daylight 
strikes the cell. 

 

Fig.1  A diagram showing the photovoltaic effect [2] 

The transformation of efficiency is the most 
considerable normal for a photovoltaic board, 
which contacts the portions of sun-based 
irradiation that is changed into electric power, in 
specific conditions. The ideal maximum values 
of the efficiency arrive to somewhere in the 
range of 14% and 17%, in the event of mono-
crystalline silicon sun-oriented cells. The 
sunlight-based radiation that isn't changed over 
into electrical power is for the most part 
changed into heat. The reliance between the 
change efficiency and the temperature of 
photovoltaic cell speaks to a vital investigation 
area for scientists. The estimation of the current 
created by PV cell has an irrelevant ascent when 
the temperature of the cell is more noteworthy, 
yet the voltage has in essential decrease, causing 
a drop of the most extreme electrical power 
produced. 

 

Fig. 2  The influence of PV panel temperature over 
output parameters[3] 

Energy which is not transformed to electricity 
by the PV cells should be removed to prohibit 

too much cell heating as temperature cause 
impairment of performance of PV cells. 
Subsequently, solar cell cooling should be an 
integrated part of PV systems. Practically in a 
concentrated PV designs to lower the impact of 
panels. Various cooling methods for PV 
systems could be categories as Figure 3. 

Fig.3  Classification of PVT modules based on heat 
extraction mechanism. 

Amori and Al-Najjar[4] investigated 
theoretically the performance of a hybrid PVT 
air collector for two different case studies under 
Iraqi climatic conditions. Improved thermo-
electrical mathematical model of the PVT air 
collector considering the effect of radioactive 
heat transfer in the air duct, and the convective 
heat transfer coefficient from both the PV 
module back surface and inner surface of 
insulation to the working fluid were accounted 
for. The effective sky temperature correlation 
for relative humidity was also adopted in the 
model [5]. Modified boundary conditions for 
better convergence and accuracy of the 
electrical model were also considered. The 
model presented was validated against 
previously published experimental results and 
theoretical simulations of similar designs by 
Joshi et al. [6] and Sarhaddi et al. [7], and better 
alternative amongst the existing models was 
observed. The electrical and thermal efficiencies 
for the two cases considered were 12.3% and 
19.4% for the winter day, while that for the 
summer day were 9% and 22.8% respectively. 
Although the output power in the summer was 
observed to be higher than that in the winter 
(1.7 times at solar noon), the efficiency recorded 
in winter was higher due to the negative 
temperature coefficient of efficiency and higher 
fill factor. 
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Fig. 4(a) Direct flow design, (b) serpentine flow 
design, (c) parallel serpentine flow design, 
(d)modified serpentine parallel flow design, (e) 
oscillatory flow design, (f) spiral flow design, 
(g) web flow design [8]. 

1 THERMAL ANALYSIS OF PV MODULE. 
To analyze the performance of PV system, a 
sequential modeling is required, which involves 
the integration of radiation, thermal and 
electrical models. The radiation model used to 
estimate the amount of available radiation is 
Isotropic Model. 

1.1 Absorbance of Photovoltaic cells 

 

 

Where is the incidence 
angle modifier at the beam incidence angle, 

 and are the incidence angle modifiers 

at effective incidence angles for isotropic 
diffuse and ground-reflected radiation, and M is 
an air mass modifier. 

The incidence angle modifier for a PV panel 
differs somewhat from that of a flat-plate solar 
collector in that the glazing is bonded to the cell 
surface, thereby eliminating one air-glazing 
interface and the glazing surface may be treated 

so as to reduce reflection losses.Sjerps-Koomen 
et al. [10] have shown that the transmission of a 
PV cover system is well represented by a simple 
air-

 

 1 

where 1 and 2 are the angles of incidence and 
refraction, the reflection of unpolarized 
radiation on passing from medium 1 with a 
refractive index n1 to medium 2 with refractive 
index n2 as shown inFig. 5. 

The radiation absorbed by a cell with a glass 
cover calculated as 

 

Fig. 5  Angles of incidence and refraction in media 
with refractive indices n1 and n2. 

Where and rare the incidence and refraction 
angles (called 1 and 2 as shown in Fig. 5, K is 
the glazing extinction coefficient, and L is the 
glazing thickness. For most PV systems a 
typical value for K is 4 m 1, the value for 

glazing thickness is 2 ~ 3 mm, and the refractive 
index is set to 1.526, the value for glass. At 
normal incidence the radiation absorbed by a 
cell is; 

 
2 

The refraction angle for glass cover of PV can 
be  

 
3 

The effective incidence angle of isotropic 
diffuse radiation and isotropic ground-reflected 
radiation on sloped surfaces. From Brande 
Muehl and Beckman [11] the incidence angle of 
diffuse radiation is; 

 4 
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And the incidence angle of ground-reflected 
radiation is; 

 5 

1.2     Theoretical model of PV/T module 
Thermal modeling based on the basic governing 
equation has been offered to investigate the 
performance of PV arrangement, based on 
factors such as fluid temperature at the outlet, 
thermal gain the temperature of the PV cells and 
thermal efficiency. A schematic diagram and 
cross-sectional view of the PV/T arrangement 
are shown exhibited in 

 

1 Anti-reflective glass. 
2 EVA (Ethyl Vinyl Acetate). 
3 Solar PV cells. 
4 EVA (Ethyl Vinyl Acetate). 
5 Back sheet (Polyvinyl Fluoride (PVF)). 
6 Heat exchanger. 
7 Insulation 

Figure 6Schematic of a hybrid (PVT) solar 
collector 

 

 

Fig. 7  Thermal resistance circuit and thermal network 
diagrams for a PV/T collector. 

For getting accurate thermal analysis of CPV, is 
important to know the structure of the 
photovoltaic panel. A typical example of the 
structure is presented in [12]. Therefore, the 
main layers are: exterior glass, anti-reflexive 
coating (ARC), PV cells, ethylene vinyl acetate 
(EVA), metal rear contact and polyvinyl 
fluoride (PVF) film. The thermo-physical 
properties of these layers are presented in Table 
1. The photovoltaic panels can have different 
layers, depending on the technology of 
conception and producer. 

Table 1Properties of the layers of PV.

1.3Energy conservation 
The equivalent thermal resistant circuit diagram 
for the PV/T collector is illustrated in Fig. 7. 
According to the first law of thermodynamics, 
the energy conservation equations can be 
written as follows: 

1.3. 1The total energy conservation equation. 
 6 

Where  is the radiation loss of the glass 
cover (W),  is the convection loss of the 
glass cover (W),  depicts the system output 
power (W),  represents the heat that the 
cooling removes (W) and  is the total solar 
energy absorbed by the system (W). 

1.3.2The energy conservation equation of the 
glass cover. 

 

 

The convective and radioactive heat transfer 
coefficients from the glass cover to the 
atmosphere depend on the wind speed and sky 
temperature, respectively, and can be written as 
follows; 

 7 

 

                                                                        11 
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By assuming the sky as a black body, sky 
temperature Ts could be estimated using the 
following equation 

                                    12 

The overall heat transfer coefficient between the 
glass cover and PV panel, which can be 
calculated as follows: 

                               13 

1.3.3The energy conservation equation of the PV 
panel. 

 

        

The overall heat transfer coefficient between the 
PV cell and back sheet of panel 

                   15 

The radiant energy absorbed by the PV cell. 

 

                                                                     

1.3.4The energy conservation equation of heat 
exchange. 

 

                                                                   

The convective heat transfer coefficient between the heat 
exchange material and cooling fluid 

 
8 

Where  is Nusselt number,  is the thermal conductivity 
of fluid (W/m K) and  is the equivalent diameter of the 
flow channel (m). 

While the Reynolds numberRe< 2300 

 

While the Reynolds numberRe> 2300. 

 9 

1.3.5Thermal efficiency of the module 
The thermal efficiency of the module can be 
expressed as follows: 

 
10 

Where  is the heat production which is 
removed by the cooling (W),  is the solar 
radiant intensity (W/m2) and The area of the 
PV panel (m2). 

The heat production which is removed by the 
cooling can be written as 

 11 

Also, when using cooling fluid tubes, the heat 
production given by 

 12 

 13 

Where FR heat removal factor 

 
14 

where the collector efficiency factor is given as 

 15 

WhereDiandDoare the inside and outside tube 
diameters, hf is the heat transfer coefficient 
inside the tube, and k is the thermal conductivity 
of the tube. 

2 DESIGN CONFIGURATIONS OF THE 
ABSORBER WATER COLLECTORS 

The water collector conceptual designs, as 
shown in Fig. 8-12 comprised of five 
configurations. Table 2shows the parameters of 
the absorber collectors design. The absorbers in 
the form of round and rectangular hollow tubes 
are attached closely underneath the PV module 
with metallic bonded; this will ensure a zero gap 
or no gap between the tubes and the module, in 
which heat can be transferred. 

 

Fig. 8  Direct flow design 
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Fig. 9   Spiral flow design square pipe 

 

Fig. 10  Spiral flow design Circular pipe 

 

Fig.11 Oscillatory flow design Circular pipe 

 

Fig. 12  Web flow design Circular pipe 

The PV modules are exposed to the sun, it 
generates electricity and at the same time 
absorbed the heat causing the absorber to 
increase its temperature. During this time, the 
water fluid passing inside the absorber 
serpentines tubes that contact with the lower 
surface of PV module. The water is used as a 
cooling agent, flows at 0.02 kg/s continuously 
inside the hollow tubes. 

 

Table 2 Specification of serpentines water collector 

Fig. 13 Air duct for air cooling 

 

Fig.14 Air duct with horizontal baffles 

 

Fig. 15 Air duct with Vertical baffles 

Table 3Specification of Air Duct 
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4.PARAMETERS FOR FLUENT CFD 
SIMULATION MODEL 

The absorber collector simulations are 
performed using Fluent ANSYS software. The 
system parameters for inputs in the simulation 
model are shown in Table 4. 

Table 4 Fluent solver setup 

 

5.CFD RESULTS 
The CFD analysis of water collector 
conceptual designs, as shown in 
Figures (16-21). Different configurations of 
the absorber collectors design have an 
influence on the heat transfer and water flow 
inside the channel. A more intense heat 
transfer is recorded for the web flow 
serpentine design as the minimum temperature 
of the photovoltaic is recorded for this case. 
Pressure drop in web serpentine small than 
other configuration as P = 281 pa so the cost 
of pump and energy consumption is best from 
other configurations, CFD analysis of pressure 
for different configuration shown in Figures 
(22-25). 

 

Fig. 16 Surface temperature of PV without cooling 
absorber 

 

Fig. 17 Surface temperature of PV with Direct flow 
serpentine design 

 

Fig.18 Surface temperature of PV with spiral 
square pipe serpentine design 

 

Fig. 19 Surface temperature of PV with spiral 
Circular pipe serpentine design 

 

Fig. 20  Surface temperature of PV with 
oscillatory Circular pipe serpentine design 
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Fig. 21  Surface temperature of PV with web 
flow serpentine design 

 

Fig. 22 Pressure in oscillatory Circular pipe 
serpentine design 

 

Fig. 23  Pressure in spiral circular pipe 

 

Fig. 24  Pressure in spiral square pipe 

 

 

Fig. 25   Pressure in web pipe 

CFD analysis of air-cooled collector conceptual 
designs, as shown. The direction of the baffles 
has an influence on the heat transfer and airflow 
inside the ventilated channel 

 

Fig. 26  Surface temperature of PV, air duct without 
FINS 

The Numerical results represent that air 
cooling of PV system provides a simple way 
to thermally regulate the temperature of PV 
cells in order to minimal use of materials and 
low operating costin comparison to other PV 
water cooling. Heat extraction results are well 
enhanced by forced air in further performance 
of PVT systems are improved when compared 
with naturally ventilated ones as air blows 
increase the expense of some power losses. 
The low density and small heat capacity of air 
are the reasons for limiting the improvements 
in the performance of air PVT collectors 
which make air less favorable option. On the 
other hand, water cooling presents a good 
alternative to air cooling using coolant making 
a more efficient utilization of thermal energy 
captured. Water collector of PV system is 
more favorable in temperature distribution on 
the surface of PV modules as it presents less 
temperature fluctuations compared to air-
based PVT, low temperature has been 
practically investigated and presented better 
performance. 
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Fig. 27  Surface temperature of PV, air duct with 
horizontal baffles 

 

Fig. 28 Surface temperature of PV, air duct with 
horizontal baffles 

The performance and efficiency of the PV/T 
collectors are determined by their electrical and 
thermal characteristics. The analyses of the PV/T 
collectors are segregated into three sections, 
namely PV efficiency, thermal efficiency, and 
combination of both. Experimental setup illustrates 
effect of water and air collector in the efficiency of 
PV/T system. 

 

Fig. 29  Effect of cooling in output power of PV 

CONCLUSION 

 

NOMENCLATURE 

C 
The geometric concentrating ratio of 
the CPC. 

Cg The specific heat of the glass (J/kg K). 

Mg 
The surface density of the glass cover 
(kg/m2). 

Tamb Ambient temperature (K). 

Tg The temperature of the glass cover (K). 

Tpv The temperature of the PV panel (K). 

  

 

The radiant energy absorbed by the PV 
cell (W). 

 

 

 

total solar energy absorbed by the 
system, W/m2 

  

 

The overall heat transfer coefficient 
between the heat exchange material 
and back sheet of panel (W/m2 K). 

Ts The effective of sky temperature (K). 

  

 

The radiation heat transfer coefficient 
between the glass cover and ambience 
(W/m2 K). 

 

 

The convective heat transfer coefficient 
between the glass cover and ambience. 
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The overall heat transfer coefficient 
between the glass cover and PV panel 
(W/m2 K). 

 
 

 

The radiant energy absorbed by the glass 
cover (W). 

  

 

The overall heat transfer coefficient 
between the PV cell and back sheet of 
panel (W/m2 K). 

 
 

 

the light average reflection number in 
the CPV. 

 

 

 

The specific heat of the heat exchange 
material (J/kg K). 

Greek Letters 

 
 

 

the reflectivity of the mirror. 
 

the reflectivity of the PV panel. 

  

 

the transmittance of the glass. 
 

The reflectivity of the glass. 
 

The optical absorptive of the PV panel. 

 

  REFERENCES 
 

[1]  Y. A. Cengel and M. A. Boles, Thermodynamics 
an engineering approach, New York: McGraw-
Hill Education, 2015.  

[2]  
Available: 
http://www.ecogreenelectrical.com/solar.htm. 

[3]  
https://en.wikipedia.org/wiki/File:I-
V_Curve_T.png. 

[4]  K. E. Amori and H. M. T. Al-
thermal and electrical performance of a hybrid 

Applied 
Energy, vol. 98, pp. 384-395, 2012.  

[5]  J. A. Duffie and W. A. Beckman, Solar 
engineering of thermal processes, third ed., New 
York: Wily & Sons, 2013.  

[6]  A. Joshi, A. Tiwari, G. Tiwari, I. Dincer and B. 

photovoltaic thermal (PV/T)(glass-to-glass) 
International Journal of Thermal 

Sciences, vol. 48, pp. 154-164, 2009.  

[7]  ional hybrid 
photovoltaic/thermal (PV/T) air heating collectors: 
steady- Renewable Energy, vol. 
11, pp. 363-385, 1997.  

[8]  A. Ibrahim, M. Y. Othman, M. H. Ruslan, M. 
Alghoul, M. Yahya, A. Zaharim and K. Sopian, 

taic thermal collector 
WSEAS 

Transactions on Environment and Development, 
vol. 5, pp. 321-330, 2009.  

[9]  A. Ibrahim, G. Jin, R. Daghigh, M. Salleh, M. 
Othman, M. Ruslan, S. Mat and K. Sopian, 

based solar collectors suitable for building 
American Journal of 

Environmental Sciences, vol. 5, pp. 618-624, 
2009.  

[10] E. Sjerps-Koomen, E. Alsema and W. Turkenburg, 

Solar Energy, vol. 57, pp. 
421-432, 1996.  

[11] 
of diffuse radiation through CPC and flat plate 

Solar Energy, vol. 24, pp. 511-
513, 1980.  

[12] 
for photovoltaic panels under varying atmospheric 

Applied Thermal Engineering, vol. 
30, pp. 1488-1495, 2010.  

 

 


