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ABSTRACT 

In this study, single-pass and double-pass photovoltaic thermal collectors were designed and analyzed numerically. 
Energy efficiency and heat transfer coefficients of the PV module were calculated in the study. For case studies two 
different  meteorological conditions (winter and summer) choosed. Case studies were performed with three different 
Reynolds number (15059, 17805, 22061). Avarage thermal efficiencies obtained for single and double-pass PV-T 
calculated in winter 65.15% and 67.88% ; summer 56.09%, and 58.46% conditions,  respectively. For double- as PV-T, 
these values are It has been determined that the temperature of the PV module decreases with the increase in flow rate. 
Avarage electrical efficiency for single pass PVT in winter condition determined as 13.68% where for summer it was 
calculated as 13.24%. For double pass PVT these values obtained as 14.40% and 13.94%, respectively. 
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1. INTRODUCTION 

Photovoltaic-thermal systems can produce thermal and electrical efficiency simultaneously. For 

more efficient PV-T systems, the PV module is cooled. These cooling processes have advantages 

and disadvantages compared to each other.For the optimization of PV cooling performance, the 

most appropriate parameter (flow rate, solar radiation, etc.) should be determined. . Companies 

(SolVar Systems and Meyer Burger company) reported that they produce PVT systems with 

electrical and thermal efficiencies of 15-17.4% and 50-60%, respectively. [1]. Tonui et al. (2007), 

in their experimental and numerical study, chose air as the working fluid to cool the glassed and 

non-glass PV-T system. Experimental results are given in comparison with numerical results. The 

results of the PV-T collector designed as natural circulation have matched each other 

experimentally and numerically. It was concluded that adding fins to the system provides an 

improvement in PV efficiency [2]. Cuce et al. (2013) used statistical data in his comprehensive 

study to determine how the voltage-current characteristics in the PV cell affect the system 

performance. Experiments using two types of PV models (polycrystalline and monocrystalline 

silicon PV module) were carried out in an environment with 200-500 W/m2 solar radiation and a 

temperature of 15-60°C. Experimental results showed that solar radiation intensity affects current 

and PV cell temperature affects voltage parameters [3]. Huang, et al. (2001) determined by their 

experimental study that 20% of the incoming solar radiation of PV cells was given to electricity 

and the remaining 80% to the environment as waste heat [4]. Amori et al. (2014) carried out the 

cooling process by placing a fan motor under the panel in their study to numerically examine the 

cooling of the PV panel with MATLAB simulation. They designed and compared four different 

PV-Ts using air as the working fluid. Model 1: control panel, model 2: single-channel double-pass, 

model 3: double-channel single-pass and model 4: single-channel single-pass PV-T's designed as 

model 3 with the highest average efficiency, followed by model 2 and model 4 determined. It has 

been determined that the single channel single-pass has the highest electrical efficiency. In 

addition, it has been stated that the power consumed for cooling the PV module increases in 

proportion to the flow rate and the model with the least power consumption is model 3. It is said 

that there is an optimum mass flow rate for each model, and it is concluded that the electrical 

efficiency increases with the increase of the flow rate [1]. Ceylan and Gürel (2015) experimentally 

examined the cooling of the PV module in their study. The PV efficiency of the system was 17% 

at 45°C and the exergy efficiency was 21% at 55°C [5]. Saloux and Teyssedou (2013), in their 

study, tested the efficiency of PV module and PV-T module with exergy method in 500 W/m2 and 

18°C ambient conditions, and exergy losses were calculated for each system. As a result of the 



Int J Energy Studies                                                                                                2023; 8(3): 423-451  

 

425 
 

experiments, it was emphasized that the PV efficiency is strongly dependent on the outdoor 

temperature and it was observed that the module in PV-T has higher energy and exergy efficiency 

than normal PV. In addition, it has been determined that the best yield among PV yields in 

monocrystalline, polycrystalline and amorphous silicon material structure belongs to monocrystal 

[6]. Infield et al. (2000) examined the effect of flow on efficiency in a study in which they 

evaluated the performance of double-glazed PVs cooled with air by mounting them on the facade. 

They found that the efficiency was 25.8% when the flow rate was 0.3 m/s [7]. H.P. Garg and R.S. 

Adhikari numerically analyzed the performance of the air-cooled PV-Tcollector with the help of 

simulation. In their study, they investigated how the use of single and double glass in PV-Taffects 

the performance. As a result, they found that the use of single and double glass affects thermal 

efficiency depending on the ambient temperature conditions [8, 9]. Bosonac et al. (2003) examined 

the analysis of air-cooled PV-T that can be integrated into the building. In the study, which was 

carried out considering the Danish climatic conditions, firstly, studies were made for the optimum 

flow rate and the design was made to pass 40-50 m3 air per square meter. In this case, the total 

efficiency of the system was determined to be 45-47%. PV cells worked at maximum efficiency 

due to the low outdoor temperature [10]. Tiwari and Sodha (2006) examined the performance 

analysis of 4 different types of experimental air-cooled PV-T collectors. Glazed and unglazed glass 

PV-T's are designed with and without tedlar. The use of tedlar in unglazed models showed a 

decrease in PV cell temperatures. However, there was a slight decrease in the temperature of the 

outlet air in PV-T, which is not used in glazed models. In addition, it was stated that the increase 

in the length of the panel reduced the total efficiency, and they found that this was due to the 

proportional increase in losses as the length increased. PV cell efficiency increased with decreasing 

cell temperatures [11].  

 

Table 1 shows the some study in literatüre. According to Table 1, as mass flow rate increasing the 

electrical efficiency of the PV-T is increasing. Also, PV-T systems with channel more efficienct 

than without channel. 
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Table 1. Numerical and experimental studies available in the literature 

Study PV type / working 

fluid / PV-T shape 

Electri

cal Eff. 

Therm

al Eff. 

Total 

Eff. 

Place / 

Time 

Study remarks 

[12] Monocrystalline 

PV, air type 

cooling, 

aluminium-square-

rectangle shape 

cahannel 

 

%11 %51 %62 Hong 

Kong, 

08:00-

18:00 

Experimental study were done 

in different weather condition 

[13] Monocrystalline 

PV, water type 

cooling-BIPV-T 

system. 

%14.2 

%14.6 

%13.8 

%14.5 

%40.2 

%65 

%78 

%40 

%54 

%80 

%91 

%55 

New 

Zealand 

08:00-

18:00 

Aspect ratio is 1.5; 

 

 

 

 

[1] Polycrystalline PV, 

air type cooling, 

PV-T module 

%9.4 %46 %55 Iraq 

06:00-

17:00 

Double-pass, one channel PV-T 

with 0.0991 kg/s mass flow rate 

and environmental condition is 

44.3°C 

[14] Polycrystalline PV, 

water type cooling,  

BIPV-T,system 

%10.8 %48 %59 Malaysia

10:00-

17:00 

The condition determined as 

0.027 kg/s, 690 W/m2 ’solar 

radiation. 

[15] 

 

Monocrystalline 

PV, air type coolig 

BIPV-T system 

%13.11 %30 %43 Delhi Channel system produced 9.8% 

more electrical energy than 

without channel. 

[16] 

 

Monocrystalline 

PV, air type cooling 

%10.5 %50 %61 Italy Air is used as the working fluid 

in numerical study. 

[17] Monocrystalline 

PV, air type cooling 

%12 %71.5 %84 Norway A simulation study of PV / T 

systems was conducted for a 

Norwegian residential building 

trying to achieve a net zero 

energy balance. 

 

However, PV-T systems, where air is used as the working fluid, are more preferred for cooling the 

PV module, as the water may freeze in winter conditions [18]. In addition, the research on air PV-

T systems with easy manufacture, low cost and low operating expense has been studied 

extensively. The resulting hot air for space heating, product drying, etc. can be installed [19]. 
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It is possible to come across studies in which the energy analysis of PV-T is performed frequently, 

when the literature studies are examined. However, studies examining the heat transfer coefficient 

from the PV-T surface are limited and, it is very rare to encounter studies for double-pass PV-T. 

In this study, in addition to examining the heat transfer coefficient from the PV-T surface, a 

double-pass PV-T was designed and analyzed numerically. The validaiton of  study were examined 

by an experimental study [20] in literature and boundary conditions were the same with 

experimental value. The heat transfer was tried to be increased by integrating the absorber plate 

into the PV-T collector. In addition, fins were attached to the absorber plate and its effect on 

efficiency was examined. It is aimed to cool the PV module in numerical study in which air is used 

as the working fluid. The effect of cooling on electrical efficiency has been examined, the electrical 

and thermal efficiencies of single-pass and double-pass PV-Ts have been calculated, and their 

superiority over each other has been discussed. 

 
2. MATERIALS AND METHOD 

2.1. Defining Case Studies 

In the table below, the names of the case studies in the numeric studies and the boundary conditions 

are given. These boundary conditions taken an experimental study [20]. Accordingly, Case.a1, 

Case.d1, Case.a2 and Case.d2 at a flow rate of 0.11 kg/s; Case.b1, Case.e1, Case.b2 and Case.e2 

0.013 kg/s flow rate and Case.c1, Case.f1, Case.c2 and Case.f2 0.015 kg/s flow rate. In case studies 

prepared in accordance with the experimental study, studies were prepared in different boundary 

conditions as the application of winter and summer conditions. Accordingly, solar radiation values 

of 900 W/m2 and 1100 W/m2 are defined as the boundary condition, respectively. The temperatures 

included in the experimental study as the inlet air to the collector are defined as boundary 

conditions. Accordingly, in case studies prepared for winter conditions, the inlet air temperature 

was defined as 15°C and 24°C degrees for winter and summer applications, respectively (Table 

2).  
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Table 2. Description of the case studies 

  Winter  Summer 

Collector 

type 

Reynolds 

number 

Inlet 

temperature (°C) 

Solar 

Radiation 

W/m2 

Name of 

the case 

studies 

Reynolds 

number 

Inlet 

temperature 

(°C) 

Solar 

Radiation 

W/m2 

Name of 

the case 

studies 

Single-pass 15059 14,20  

 

 

900 

Case. a1 14662 

 

24,20  

 

 

1100 

Case. a2 

17805 13,84 Case. b1 17351 

 

23,54 Case. b2 

22061 15,30 Case. c1 20069 23,09 Case. c2 

Double-

pass 

15059 14,20 Case. d1  24,20 Case. d2 

17805 13,84 Case. e1  23,54 Case. e2 

22061 15,30 Case. f1  23,09 Case. f2 

 

2.1. Energy Analysis 

In photovoltaic systems, heat and electrical energy is obtained when solar radiation reaches the 

absorber surface. In a PV-Tmodule, the electrical efficiency is much lower than its thermal 

efficiency and hence the overall efficiency will depend largely on the thermal energy of the 

protection. Overall energy efficiency ignores the difference between heat and electrical energy in 

terms of energy class and is therefore insufficient to fully verify energy performance in PV-T 

systems [21] Table 3 contains the components of the PV-T collector designed for this study and 

the thermophysical properties of these materials. 

  
Table 3. Measurements and thermophysical properties of the system components 

Systme component Parameter Symbol Value unit 
     

PV-T Collector Area A୮୴୲ 0.65 m2 
 Lenght L 1.1 m 
 Width W 0.5 m 
 Depth 𝛿 0.09 m 

PV Module Thickness δ୮୴ 0.0003 m 
 Specific heat c୮୮୴

 677 J/kgK 

 Density ρ୮୴ 2330 kg/m3 
 Emissivity ε୮୴ 0.88 - 
 Absorptivity α୮୴ 0.95 - 
 Thermal conductivity k୮୴ 148 W/mK 
 Transmisivite τ୮୴ 0.88 - 
 Reference cell efficiency 𝜂௥௘௙ 0.12 - 

Fin Structure Thickness δ୮୪ୟ୲ୣ 0.001 m 
 Spesific heat c୮୮୪ୟ୲ୣ

 381 J/kgK 

 Density ρ୮୪ୟ୲ୣ 8978 kg/m3 
 Emissivity ε୮୪ୟ୲ୣ  - 
 Absorbsivity α୮୪ୟ୲ୣ  - 
 Thermal conductivity k୮୪ୟ୲ୣ 388 W/mK 

Insulation Material Thickness δ୧୬ୱ 0.02 m 
 Spesific heat c୮୧୬ୱ

 880 J/kgK 

 Density ρ୧୬ୱ 15 kg/m3 
 Emissivity ε୧୬ୱ 0.05 - 
 Absorbsivity α୧୬ୱ  - 
 Thermal conductivity k୧୬ୱ 0.041 W/mK 

 



Int J Energy Studies                                                                                                2023; 8(3): 423-451  

 

429 
 

The efficiency of the solar cell as a function of temperature or the efficiency of the solar cell 

depending on the temperature are calculated with the help of Eq. (1). The expression of the 

electricity produced by the solar radiation coming to the PV panel in terms of efficiency is given 

in Eq. (1) [22]. 

 

𝜂௣௩ = 𝜂௥௘௙ൣ(1 − 𝛽൫T௣௩ − T௥௘௙൯ ൧                          (1) 

 

Current-voltage values produced by the PV panel are among the values measured in the thesis 

study. Electrical efficiency expression as function of current-voltage It is given in Eq. (2) [23]: 

𝜂௘௟ =
௉೘ೌೣ

஺௫ீ
, 𝑃௠௔௫ = 𝐼𝑥𝑉                (2) 

 

Here 𝜂௥௘௙ is the standart test condition electrical efficiency 1000 
ௐ

௠మ
 and is taken as 0.12. 𝛽଴ =

ଵ

்೑೔೗೘
 and  𝑇௙௜௟௠ =

୘೛ೡା୘ೝ೐೑

ଶ
 (K), T௥௘௙  means the reference cell temperature and was taken as 25°C. 

Thermal efficiency and total efficiency of the PV-T collector are given Eq. (3) and Eq. (4): 

 

𝜂௧௛ =
ொೠ

஺௫ீ
, 𝑄௨ = 𝑚̇𝑐௣ (𝑇௢௨௧ − 𝑇௜௡)                                                            (3)  

 

𝜂௉௏/் = 𝜂௧௛ + 𝜂௘௟                 (4) 

 

The Reynolds number for air flow inside solar air heater could be calculated as Eq. (5): 

 

𝑅𝑒 =
ఘ௏ ೓

ఓ
                  (5) 

where the Nusselt number could be expressed by Eq. (6)  

 

𝑁𝑢 =
௛஽೓

௞
                  (6) 

 

Wall heat transfer coefficiecnt given by Eq. (7) 

 

ℎ௪௔௟௟ =
௤

೛்ೡି்೑೗ೠ೔೏
                 (7) 
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2.2. Computational Fluid Dynamics Analysis  

Computational Fluid Dynamics (CFD) and Numerical analysis are explained mathematically with 

the help of equations related to momentum, conservation of mass and energy. Partial differential 

equations (PDDs) define fluid as a continuous medium. These techniques are used to solve the 

problem by replacing the SEDs with algebraic equations when the physical field is divided into 

several separate control volumes. Each of the control volumes are called cells or elements. These 

cells show algebraic relationships on how flow variables such as temperature, velocity, and 

pressure change in local settings with space coordinates, which is the main idea behind 

Computational Fluid Dynamics. On the other hand, CFD simulates fluid engineering systems with 

the help of solvers, analysis methods, networking and numerical parameters as well as 

mathematical modeling [24]. Since CFD analysis is performed before experimental tests, it allows 

different experiments to be carried out during the design process. 

 

• Complete numerical solution (spectrum analysis, etc.) is of course difficult to make in systems 

such as photovoltaic thermal solar collectors with extreme thermo flow conditions and complex 

geometries. CFD studies are suitable for such situations. 

 

• As a fundamental and important component of quality, the measurement of CFD quality can be 

measured by finding a detailed solution for complex systems and time-dependent flows using the 

latest techniques and technologies. 

 

• The application of numerical models solves physical problems with high accuracy and greater 

reliability and helps to make mathematical improvements in solution diagrams and turbulence 

models. 

 

• After the latest developments, solving and predicting a fluid dynamics problem is no longer a 

difficult thing as it does not require very powerful computers. Only a personal computer is 

sufficient for this purpose. 

 

Navier-Stokes Equations are equations based on the law of conservation of physical properties of 

fluids. This principle explains how the properties of the fluid change. These properties depend on 

the incoming and outgoing energy, mass, and momentum. When the law of conservation of mass 
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(Eq. 8), Momentum (Eq. 9 and Eq. 10) and Energy (Eq. 11) is applied, a continuity equation can 

be obtained in addition to the energy equation and momentum equation: 

 

The equations developed for a fluid particle flow represent a mathematical expression of the 

conservation laws of physics. The most general expression of the conservation of mass (Eq. 6) is 

as follows [25]. The conservation equation of momentum and energy is Eq. (6) - Eq. (7) and Eq.  

(8). 

 

Continuity Equation 

 

డఘ

డ௧
+ ∇(𝜌𝜈) = 0                            (8) 

 

Eq. (8) represents the conservation of mass or the continuity equation in three dimensions at a 

point in a time-dependent compressible flow. The first expression (∂ρ/∂t) in this equation expresses 

the change in density with time. This expression is zero because the models made in this study are 

solved independently of time. The second expression (∇ (ρν)) is the net mass flow occurring along 

the boundaries of the fluid element, also known as the convective term [26]. 

 

Momentum Equation 

 

డ(ఘ௨)

డ௧
+ ∇(𝜌𝑢𝑉) = −

డ௣

డ௫
+ 𝜇∇(∇u) + 𝜌𝑔௫              (9) 

 

డ(ఘఔ)

డ௧
+ ∇(𝜌𝜈𝑉) = −

డ௣

డ௫
+ 𝜇∇(∇𝜈) + 𝜌𝑔௬                       (10) 

 

Conservation of Energy Equation 

 

𝜌𝑐௣ ቀ
ௗ்

ௗ௧
+ ∇TVቁ = ∇(∇kT)                                    (11) 

 

The following assumptions have been applied in the solution of continuity, momentum and energy 

equations in the heat transfer and air flow model for numerical analysis in the photovoltaic-thermal 

solar collector: [24]. 

1. Unpressurized turbulent flow and single phase through the channel. 
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2. Continuous three-dimensional (3D) fluid flow and heat transfer. 

3.Steady state condition (fully developed flow) 

4. Thermo-physical properties are constant for both solid absorber plate (copper) and fluid (air). 

5. Gravity has been neglected 

 

2.2.1. Standard k-epsilon model 

In this study, the standard k-ε turbulence model is used to solve the turbulence model. The standard 

k- ε turbulence model is the most widely used model. There are many terms in the k-ε equations 

that are unknown and cannot be measured. For a much more practical approach, it can be applied 

to a large number of turbulent applications in terms of our best understanding of the processes 

involved, thus minimizing the unknowns. Standard k- ε is a common and widely used two-equation 

model. The two transport variables that are solved in this model are k, turbulent kinetic energy 

and, turbulent propagation. This model has been applied to suggest turbulent length scales in 

complex flows. 

 

It is assumed that the turbulent viscosity (µt) is proportional to the turbulence velocity and the 

length scale. These scales are derived from turbulent kinetic energy (k) and propagation rate (ε). 

Turbulent viscosity expression is as follows (Eq. 12) [27]. 

𝐶𝜇, is an experimental constant. In the k-ε turbulence model, k and ε values are needed to calculate 

the turbulent viscosity (
௧
). These values are obtained from the equations given below [28, 29]. 

The transport equations used to solve k and ε transport transport variables are as follows (Eq. 13-

14): Turbulent kinetic energy k, 

 

 
 

2k
Ct 

                      (12) 

 
































ijijt

jk

t

ji

i EE
x

k

xx

ku
2

)(

t

ρk)(

                          (13) 

 

డ(஡௞)

డ௧
+

డ

డ௫ೕ
൫ρ𝑈௝𝑘൯ =

డ

డ௫ೕ
 ൤ቀμ +

ஜഓ

ఙೖ
ቁ

డ௞

డ௫ೕ
൨ +P- ρε+P௞௕                                            (14) 

 

Turbulent dissipation rate 𝜀 in Eq. (15), 
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k
CEE

k
C

xxx

u
ijijt

j

t

ji

i
2

21 2
)(

t

)ρ( 


































                               (15) 

 

Turbulence kinetic energy generation due to mean velocity gradient and viscous forces, 

experimental constants 𝐶கଵ and 𝐶கଶ, and 𝜎க, 𝜎୩ are Prandtl numbers. The values of the constants 

required for the solution of my equation are given in Table. 4 [28]: 

 

Table 4. Constants used in the k-ε model [30]. 

𝐶கଵ 𝐶கଶ 𝐶ஜ 𝜎க 𝜎୩ 

1.44 1.92 0.09 1.3 1.0 

 

As in many approaches, there are negligence assumptions in this model as well. Consequently, the 

modeled ε transport model can be used in a form and in a very similar form to the k transport 

equation. 

 

2.3. Creating the Model, Mesh Structure and Boundary Conditions 

ANSYS 18.2 has used Fluent software for thermal simulation and estimation of temperature 

development at different focal points of the PV-Tcollector. "Design Modeler", a sub-program of 

ANSYS, has been used to draw the 3-D flow field [31]. "Mesh" structure is of great importance in 

modeling the flow. First, a rough mesh structure was used to show flow. For the solution of 

momentum, continuity and energy equations, a finite volume method "second order upwind 

scheme" was used. "SIMPLE" algorithm was chosen for discretization of basic equations. While 

an average heat flux condition is applied to the surface of the PV module, an adiabatic boundary 

condition has been applied to all other surfaces of the PV-T. All other surfaces are considered 

completely insulated with zero heat flux. "No slip condition" condition has been applied to all 

surfaces. The inlet air velocity is considered homogeneous and the pressure condition is applied at 

the outlet. 10E-6 for the "residual" of the continuity equation, 10E-6 for the "residual" of the 

velocity components and 10E-8 for the "residual" of the energy. After getting the first results, the 

mesh structure was made thinner in certain places to achieve better results. 

 

Standard k-ε turbulence model has been chosen as the turbulence model. Geometry and mesh 

structure are shown in Fig. 1 and Fig. 2. Continuity, momentum and energy equations are solved 

by 10E-6 convergence criteria. A high resolution recommendation scheme has been chosen for 



Int J Energy Studies                                                                                                2023; 8(3): 423-451  

 

434 
 

discretization of the terms pressure, velocity and temperature. Spherical dynamic model controls 

are adapted to solve continuity, momentum and energy equations. 

 

 

 

Figure 1. Mesh structure of the geometry up: side view down: front view 
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Mesh Number

3,0e+4 4,0e+4 5,0e+4 6,0e+4 7,0e+4 8,0e+4 9,0e+4 1,0e+5 1,1e+5

T
e
m

p
e
ra

tu
re

 [°
C

]

27,0

27,2

27,4

27,6

27,8

28,0

28,2

28,4

28,6

28,8

29,0

29,2

Mesh number vs CFD Cases Temperature 
Mesh number vs Exp value [20] 

 

Figure 2. Variation of outlet temperature of solar heaters via mesh element number * 

ṁ = 0.11
kg

s
and SPPVT winter condition situtaiton has been considered ∗ 

 

2.4. Geometry Structure 

Double-pass PV-T collector were designed for obtaining more electrical power. Cooling by air in 

double-pass collector, is would be more effective. For having more thermal efficiency, the fins 

attached to the collector. In Fig. 3 and Fig. 4 has shown the new type designed PV-T collector. 

Fig.3 and Fig. 4 shows the geometries of SP and DP, respectively. Fins are attached to the absorber 

plate to increase the heat transfer surface. In the numerical study, it consists of two domanines: air 

(fluid), absorber plat and fins (solid). 
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Figure 4. Geometry of the double-pass PV-T collector with system components 

 

3. RESULTS 

The results obtained as a result of the analysis are shown below. Accordingly, it was observed that 

the PV surface temperature decreased with the increase of the flow rate. Electrical efficiency 

increases as the PV surface temperature decreases. Fig. 5 (a) and Fig. 5(b)  show the location of 

three lines, which are the measurement points of the SP and DP collectors, respectively. In order 

to calculate the temperature and heat convection coefficient, measurements were taken from 

different sections (Line 1, line 2 and line 3). Thus, it was aimed to examine how the temperature 

distribution on the PV surface is affected by the flow and the effects on heat convection. 

inlet 

outlet 

inlet 

outlet 
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Figure 5. Representation of the measured points in geometry on the line 1, line 2, line 3 (a) 

SinglepassPV-T (SPPVT) b) Double-pass PV-T (DPPVT) 

 

Fig. 6 shows the variation of heat transfer coefficient by chart count under winter condition (inlet 

Temperature: 15°C, and solar radiation: 900 W/m2K) for SPPVT. Accordingly, the average heat 

transfer coefficient values for Line1, Line2 and Line 3 for Case.a1 were measured as 0.58 W/m2K, 

3.44 W/m2K and 3.68 W/m2K. For Case.b1, these values were obtained as 0.70 W/m2K, 3.99 

W/m2K and 4.23 W/m2K, respectively. For Case.c1, it was determined as 0.84 W/m2K, 4.56 

W/m2K and 4.78 W/m2K, respectively. 
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Figure 6. Variation of the heat transfer coefficient for SPPVT under winter condition 
 

Fig. 7 shows the change of heat transfer coefficients taken in winter applicacitons for DPPVT 

taken over Line 1, Line 2 and Line 3 in the Case. d1 study is given below. Accordingly, the average 

values of the heat transfer coefficients were obtained as 6.07 W/m2K, 6.89 W/m2K and 1.40 

W/m2K, respectively. For Case. e1, these values were found to be 6.98 W/m2K, 7.84 W/m2K and 

1.74 W/m2K. It was calculated as 7.85 W/m2K, 8.73 W/m2K and 2.13 W/m2K for Case. f1. 
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Figure 7. Variation of the heat transfer coefficient for DPPVT under winter condition 

 

Fig. 8 shows the change temperature by chart count in winter applications for SPPVT. Temperature 

values taken from Line 1, Line 2 and Line 3 for Case.a1 is given below. Accordingly, the average 

values of the temperature values taken over the Lines were obtained as Case. a1 49.10°C, 55.22°C 

and 64.12°C, respectively. For Case.b1, these values were determined as 46.03°C, 51.40°C and 

58.42°C, respectively. For Case.c1, these values were determined as 43.58°C, 48.55°C and 

54.12°C, respectively. 
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Figure 8. Variation of the temperature for SPPVT under winter condition 

 

Fig. 9 shows the  temperature values of taken from Line 1, Line 2 and Line 3 in Summer 

applications for SPPVT. Accordingly, the average temperature values were determined as for 

Case.a2 59.10°C, 65.23°C and 74.12°C, respectively. For Case.b2, these values were determined 

as 55.03°C, 60.41°C and 67.43°C, respectively. Mean temperature values for Case.c2 were 

obtained as 53.58°C, 58.55°C and 64.12°C, respectively. 
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Figure 9. Variation of the temperature for SPPVT under summer condition 

 
The graph of the temperature values taken from Line 1, Line 2 and Line 3 for winter applications 

of the DPPVT given in Fig. 10. Accordingly, the average values of the temperature values taken 

over the Lines were obtained as for Case.d1 46.46°C, 37.94°C and 33.30°C, respectively. For 

Case.e1, these values were determined as 42.76°C, 35.75°C and 31.35°C, respectively. For Case.f1, 

these values were determined as 39.81°C, 33.94°C and 29.77°C, respectively. 
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Figure 10. Variation of the temperature for DPPVT under winter condition 
 

Fig. 11 shows the variation of temperature by chart count. Values taken from Line 1, Line 2 and 

Line 3 for Case.d2 is obtained as 56.46°C, 47.94°C and 43.29°C, respectively. For Case.e2, these 

values were determined as 51.75°C, 44.75°C and 40.37°C; for Case.c2, were determined as 

49.81°C, 43.94°C and 39.77°C, respectively. 

 
 



Int J Energy Studies                                                                                                2023; 8(3): 423-451  

 

443 
 

X Data

0 20 40 60 80 100 120

T
e

m
p

e
ra

tu
re

 (
°C

)

35

40

45

50

55

60

65

70

Chart Count vs Line 1 Case. d2 
Chart Count vs Line 1 Case. e2 
Chart Count vs Line 1 Case. f2 
Chart Count vs Line 2 Case. d2 
Chart Count vs Line 2 Case.e2 
Chart Count vs Line 2 Case. f2 
Chart Count vs Line 3 Case. d2 
Chart Count vs Line 3 Case. e2 
Chart Count vs Line 3 Case. f2 

 

Figure 11. Variation of the temperature for DPPVT under summer condition 
 

The distribution of the PV surface temperature is shown in Fig. 12 and Fig. 13. Accordingly Case. 

a1, Case. b1, Case.c2, Case. a2, Case. b2 and Case. c2 was determined as 56.43°C, 52.25°C, 49.06°C, 

66.43°C, 61.25°C, 59.06°C, respectively (Fig.12). Case. d1, Case. e1, Case. f1, Case. d2, Case. e2, 

Case .f2 was determined as 39.55°C, 36.91°C, 34.80°C, 49.56°C, 45.91°C, 44.80°C (Fig.13). In 

all applications, a decrease was observed in the PV surface temperature due to the increase in flow 

rate. It has been observed that DPPVT’s PV surface temperatures are lower than SPPVT in winter 

applications. Similarly, DPPVT has been observed to have lower PV surface temperature in 

summer applications. 
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Figure 12. Variation of PV surface temperature for SPPVT for all cases 

 

   

  

Figure 13. Variation of PV surface temperature for DPPVT for all cases 

Case.a1 Case.b1 Case. c1 

Case.a2 Case.b2 Case. c2 

Case.d1 Case. e1 Case. f1 

Case.d2 Case.e2 Case. f2 
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In the graphs below, the graph of thermal efficiency versus mass flow is given. Accordingly, for 

Case. a1, Case. b1 and Case. c1, in winter conditions thermal efficiencies obtained as 62.63%, 

65.25% and 67.58%, respectively. For the same case studies, the values obtained in the summer 

application were obtained as 50.84%, 59.03% and 64.91%, respectively (Fig. 14). For Case. d1, 

Case. e1 and Case. f1, thermal efficiencies obtained as 68.24%, 70.96% and 73.44% in winter 

conditions; In summer practice, these values were obtained as 54.15%, 62.56% and 60.09% (Fig. 

15). Comparison of thermal efficiencies with experimental study is also given in the graphs. 

Accordingly, it is seen that the thermal efficiencies obtained from case studies are higher. 
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Figure 14. Variation of thermal efficiencies of SPPVT for winter and summer cases for SP 
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Figure 15. Variation of thermal efficiencies of DPPVT for winter and summer cases 

 

In Fig. 16, comparative electrical efficiencies were determined as 13.50%, 13.69%, 13.84%, 

13.05%, 13.28%, 13.38% for SPPVT, respectively, while for DPPVT it was calculated as 14.29%, 

14.41%, 14.51%, 13.81%, 13.98%, 14.04% (Fig. 17).   It is seen that the results obtained are 

consistent with previous studies in the literatüre [32-34]. 
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Figure 16. Variation of electrical efficiencies of SPPVT for winter and summer cases with 
comparation of PV surface temperature 
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Figure 17. Variation of electrical efficiencies of DPPVT for winter and summer cases with 
comparation of PV surface temperature 
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It was concluded that there was an improvement in thermal and electrical efficiency with the 

increase of efficiency for both collectors. In all experiments, it was determined that the heat 

transfer coefficient increased with the increase of the flow rate, and it was found that there was an 

increase in thermal efficiency (due to the increase in the heat transfer coefficient. As a result of the 

cooling in the PV module, an increase in electrical efficiency was observed. 

 

4. CONCLUSION 

In this study, numerical analysis of PV-T collectors has been made. The numerically obtained 

results were compared with the experimental study and it was found that they were compatible 

with each other. The superiority of single pass and double pass PV-Ts to each other was 

investigated. Surface temperatures, heat transfer coefficients, electrical efficiencies and thermal 

efficiencies at different flow rates (0.011 kg/s, 0.013 kg/s and 0.015 kg/s) were calculated and the 

following results were obtained: 

 

While the lowest PV surface temperature for SPPVT in winter conditions was determined as Case. 

c1 (49.06°C); It was observed in Case. c2 (59.06°C) in summer conditions. The highest electrical 

efficiency was calculated as 13.84% and 13.38% for Case. c1 and Case. c2, respectively. Thanks 

to the cooling of the PV surface, an increase of 3.20% in electrical efficiency compared to the 

average of winter and summer applications has been calculated. 

 

While the lowest PV surface temperature for DPPVT in winter conditions was determined as Case. 

f1 (34.80°C); In summer conditions, it was observed that this situation was in Case. f2 (44.80°C). 

The highest electrical efficiency was calculated as 14.51% and 14.04% for Case. f1 and Case. f2, 

respectively. Thanks to the cooling of the PV surface, an increase of 3.19% in electrical efficiency 

compared to the average of winter and summer applications is calculated. 

 

It was observed that electrical efficiency improved by 5.07% and 5.08%, respectively, thanks to 

the use of double-pass in winter and summer applications. 

 

The highest and lowest thermal efficiencies were found in Case. f1 and Case. a2 studies, 

respectively. Thermal efficiencies were calculated as 74.06% and 50.10%, respectively. There was 

a 4.01% improvement in thermal efficiency thanks to the use of double pass in winter conditions; 

On the other hand, this rate was found to be 4.07% in summer conditions. 
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