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The development of air-based thermal photovoltaic systems is still 

challenged in optimizing heat transfer efficiency. One important aspect in 

this endeavor is to find and improve the cooling channel geometry design. 

To address this, this study aims to evaluate the effect of several variations 

of upper and lower cavities on the performance of dual-pass PV/T systems 

using a computational fluid dynamics (CFD) simulation approach. Four 

geometry ratio configurations (1:1, 1:4, 2:3, and 3:2) were analyzed based 

on turbulence intensity, effective thermal conductivity, and air 

temperature output. The investigation results show that the 3:2 

configuration excels in several parameters. The findings highlighted that 

the 3:2 geometry showed improved turbulence generation and heat 

exchanger efficiency compared to the other shapes. Specifically, the 3:2 

geometry generated turbulence intensity reaching 78% compared to the 

other geometries, which did not even reach 60%. In addition, the 3:2 

geometry produces superior effective thermal conductivity and the most 

uniform heat transfer. Meanwhile, the 1:4 configuration achieved the 

highest outlet temperature of 29.54°C, making this geometry potentially 

suitable for solar energy-based drying applications. The investigation 

results provide practical insights and geometry-based PV/T system 

design alloys to improve energy efficiency in sustainable thermal 

applications. 
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1. Introduction 

The emergence of renewable energy, particularly solar energy, offers a solution to global challenges such as 

climate change, dependence on fossil fuels, and increasing energy demand driven by global population growth [1]. 

Energy plays a critical role in economic development and improving people's well-being, as evidenced by historical 

data linking energy availability to sustainable economic activity [2]. However, the continued use of fossil fuels has 

significant environmental impacts, including increased greenhouse gas emissions and global warming, which are 
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major contributors to climate change [3]. In this context, solar energy, as a primary source of heat and light, serves 

as a sustainable alternative. Its environmentally friendly utilization significantly reduces reliance on harmful fossil 

fuels while supporting the transition to sustainable energy systems [4]. 

Over the past few decades, the solar-based power generation market, utilizing thermal and photovoltaic (PV) 

technologies, has grown rapidly [5, 6]. One approach to improving the effectiveness of these systems involves 

reducing heat in the collector to enhance PV performance [7]. To address heat-related issues, incorporating air 

collectors in hybrid photovoltaic-thermal (PV/T) systems is a potential solution [8]. Hybrid PV/T collector 

technology is a viable option under certain conditions, as it can reduce costs by producing both electrical and 

thermal energy simultaneously [9]. This system uses fluid—either air or water—to absorb heat while generating 

electrical and thermal energy. Modifications to airflow, through either free or forced convection, and cooling system 

designs with fluids directly connected to PV modules can enhance overall efficiency [10]. By utilizing the heat 

generated by PV modules as a thermal energy source, PV/T systems not only prevent excessive temperature rises 

in the modules, which can reduce electrical efficiency, but also offer ease of implementation and maintenance, 

particularly in air-based systems [11]. 

Various studies have examined the efficiency and characteristics of PV/T systems through laboratory-scale 

simulations and real-world testing. Patil et al. presented a CFD analysis of PV/T systems with active bottom air 

cooling to enhance performance [12]. Yang et al. compared PV/T-PCM systems with conventional PV/T systems, 

finding that phase change materials (PCM) improve efficiency by managing PV module temperatures and 

extending energy service time for targeted buildings [13]. Prasetyo et al. compared various PV/T system designs, 

including collector configurations, the use of fins in collectors, and flow modeling in finned collectors [14]. Rajani 

et al. analyzed the efficiency of turn-shape geometry at the rear of PV/T systems, noting that the triangular bend 

geometry exhibited the highest turbulence intensity of approximately 70%, compared to other shapes at around 

60%, along with more effective heat exchange [15]. 

The development of photovoltaic-thermal (PV/T) systems continues to focus on achieving optimal energy 

efficiency through experiments with collector designs that maximize electrical and thermal energy conversion. Air-

based PV/T collectors have been repeatedly tested and proven effective in increasing both thermal and electrical 

efficiency [16]. The most commonly used configurations are single-pass and double-pass systems. In a single-pass 

system, the coolant flows through the collector once, resulting in shorter contact time between the fluid and the 

collector, which may reduce heat transfer efficiency. In contrast, a double-pass system allows the fluid to flow 

through two channels, increasing contact time with the collector surface and potentially improving thermal 

efficiency, especially in areas with high solar radiation intensity. Research by Amrizal et al. showed that air-based 

PV/T collectors with dual-pass paths can achieve a thermal efficiency of 73.23% and an electrical efficiency of 10.16% 

at a fluid mass flow rate of 0.048 kg/s [17]. Additionally, air-cooled collectors are cost-effective due to their simpler 

design. 

However, water-based PV/T collectors also offer superior heat absorption capacity, as water has a higher heat 

capacity than air. These collectors are effective in managing PV module temperatures and maintaining overall 

system efficiency, particularly in applications requiring stable temperature control, such as water heating and 

industrial processes [18, 19]. Kazem reported that water-based PV/T systems produce more consistent and stable 

thermal energy, although challenges include the complexity of fluid circulation systems and higher installation costs 

[18]. This aligns with research by Barone et al., which found that more efficient fluid circulation systems in water-

based PV/T collectors can significantly improve heat transfer, potentially increasing overall system efficiency [20]. 

Additionally, the development of bifacial solar panel technology has emerged as an effective innovation for 

improving PV/T efficiency [21]. Bifacial panels capture sunlight from both the front and back sides of the module, 

increasing electricity generation by utilizing reflected sunlight from the ground or other surfaces [22, 23]. In 

combination with air-based PV/T systems, bifacial panels can provide additional benefits, enhancing both electrical 

and thermal energy production. Research by Kurz et al. demonstrated that bifacial panels can increase electricity 

production by more than 56% compared to monofacial panels, offering significant advantages for photovoltaic 

installation design [24]. Furthermore, Tina and Gagliano confirmed that integrating bifacial panels into PV/T 

systems can significantly improve both thermal and electrical efficiency, potentially reducing long-term operational 

costs [25]. 

Overall, the combination of bifacial panel technology, air-based PV/T collectors, and double-pass systems offers 

a more efficient and sustainable solution for harnessing solar energy [26]. The selection of the upper-to-lower cavity 

ratio as a primary variable is based on its significant influence on airflow distribution and heat transfer within air-

based PV/T systems. Variations in cavity geometry can lead to different thermal efficiencies by optimizing the 

contact area between the working fluid and the heat-absorbing surface. Rajani et al. reported that asymmetry in the 

upper cavity channel and lower cavity can increase thermal efficiency by up to 8% [27]. However, studies examining 
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the influence of this cavity ratio using CFD approaches remain limited. With optimized collector designs, more 

efficient materials, and a deeper understanding of the interactions between these elements, PV/T systems are 

expected to evolve into a more energy-efficient and environmentally friendly renewable energy solution [28]. 

Although several studies have explored PV/T systems, specific research on the effect of upper-to-lower cavity 

ratio variations using CFD simulations in air-based systems remains scarce. Therefore, this study aims to fill this 

gap by exploring the thermal performance and efficiency of photovoltaic-thermal (PV/T) systems with various 

geometric design variations, particularly focusing on the upper and lower cavity ratios. Using a computational fluid 

dynamics (CFD)-based simulation approach, this study seeks to identify the optimal configuration to enhance fluid 

flow and heat transfer in PV/T collectors. The primary goal is to provide deeper insights into the effects of design 

modifications on temperature distribution and thermal performance, thereby improving the overall efficiency of 

PV/T systems. The results of this study are expected to contribute to the development of more efficient and practical 

PV/T systems and support innovations in sustainable renewable energy technologies. 

2. Material and method 

2.1. Description of CFD model 

The CFD model used in this study is 2D, as its main focus is on the effect of double-pass geometry design on 

heat transfer. The upper and lower flow paths are compared to analyze the geometric differences. The PV panel is 

modeled as a thin cavity with a fixed temperature, given that this research focuses solely on the impact of variations 

in the upper and lower flow path geometries on heat transfer phenomena. The geometries studied are selected based 

on the upper-to-lower width size of 50 cm. Additionally, the distance between the outermost points of the geometric 

shape and the PV panel is kept constant to prevent continuity differences due to bends. Therefore, the analysis 

results will only be influenced by geometric characteristics. The shapes are shown in Fig. 1. 

Fig. 1 illustrates the geometry variations, where four shapes are discussed in this study. Fig. 1(a) shows the 

comparison of the upper and lower paths in a 1:1 ratio; Fig. 1(b) shows the 1:4 upper and lower paths; Fig. 1(c) 

shows the 2:3 upper and lower paths; and finally, Fig. 1(d) shows the 3:2 upper and lower paths. These shapes are 

depicted below. In the CFD model, gravity is considered, air is treated as viscous and incompressible, and the walls 

are modeled as slip resistant. Thus, turbulent flow and heat convection occur between the walls and the flow. 

The selection of the upper and lower channel geometry ratios was made to represent the general variation in 

channel shapes used in air-based PV/T systems. The 1:1 ratio in Fig. 1(a) represents the standard and symmetrical 

shape commonly used in previous studies, while Fig. 1(b) with a 1:4 ratio and Fig. 1(c) with a 2:3 ratio depict a 

narrower inlet flow distribution compared to the outlet cavity. Meanwhile, Fig. 1(d) with a 3:2 ratio represents a 

semi-compressed shape, where the flow in the upper cavity is wider than the outlet channel. Previous studies, such 

as those by [14] and [15], have shown that geometric shapes influence heat transfer performance in PV/T systems. 

This is further supported by Rajani et al., who demonstrated that variations in the channel depth ratio (D1/D2) can 

enhance the thermal efficiency of B-PVT systems by up to 8% through their influence on flow distribution and heat 

transfer [27]. Additionally, these shapes were selected because they can be practically applied to existing PV/T 

prototypes and as design considerations prior to the manufacturing process. 

In the double-pass PV/T system, the fluid flow direction starts from the top, passing through a bend towards 

the bottom. By circulating the fluid through two paths, the double-pass system allows heat to be absorbed more 

efficiently by the solar panel, thereby improving the overall performance of the PV/T system. The flow direction 

scheme to be tested in the study, by examining each type of variation in the upper and lower flow paths, is shown 

in Fig. 2. 

 

 

`  
(a) (b) 

  
(c) (d) 

Fig. 1. Illustration of cavity geometry variations (a) 1:1, (b) 1:4, (c) 2:3, and (d) 3:2. 
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Fig. 2. Flow direction scheme of the PV/T system. 

 

 
Table 1 

Parameter B-PV/T 

Parameter Value 

Length of B-PV 2.270 m 

Box Length 2.500 m 

PV and furthest return distance 0.23 m 

Box width 0.52 m 

PV width 0.02 m 

 

 

 

Fig. 3. Computational domain and grid. 

 

  
(a) (b) 

  
(c) (d) 

Fig. 4. Illustration of computational domain variations (a) 1:1, (b) 1:4, (c) 2:3, (d) 3:2. 

 

 

The design size is based on the type of bifacial photovoltaic thermal (BPV) available in Indonesia. From the size 

of the BPV, it will be scaled down to the overall size of the B-PV/T system. The detailed domain specifications are 

shown in Table 1. 

2.2. Computational domain and boundary conditions 

The computational domain is discretized using the structured grid method. This will improve computational 

efficiency for the simulation. It will ensure lower residual results, implying more accurate computational outcomes. 

The structured grid is shown in Fig. 3. Fig. 3 shows the overall computational domain. These images were also 

created for each type of shape. Furthermore, Fig. 4 illustrates the case-by-case details that will be studied in this 

research. The figure explains the illustration of the computational domain variations: 1:1, 1:4, 2:3, and 3:2. 

The boundary conditions used in this study are presented in Table 2. These conditions are designed to focus on 

the heat transfer process from the PV wall to the fluid flow. To achieve this, all walls except the PV wall are set to 

the same temperature as the inlet temperature. The PV wall temperature, set at 333.15 K (60°C) as a boundary 

condition, is based on experimental literature by Rajani et al. [29], which indicates that panel temperatures reach 

60–70°C depending on radiation intensity, with bifacial PV (B-PV) recording values up to 75°C in tropical climates 

[27].  
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Table 2 

Boundary conditions 

Name Momentum Heat 

Inlet 0.4 m/s < x>1.2 m/s 300 k 

PV Wall - 333.15 k 

Casing Wall - 300 k 

Outlet  Calculated Calculated 

 

Thus, a temperature of 333.15 K is considered relevant and representative. The wall temperature of 300 K, equal 

to the inlet temperature, is set to focus the heat transfer analysis on the PV surface. This boundary condition aligns 

with Rajani et al. [15], who used a similar approach in research on u-turn shape geometry. Variations are applied 

only to the inlet velocity to analyze heat transfer behavior across different Reynolds numbers. The flow is assumed 

to be fully developed turbulent flow with a turbulence intensity of 10% at the inlet, a representative value for 

internal channel flow [30]. 

2.3. Governing equations 

The numerical simulation of viscous flow with heat transfer in a two-dimensional (2D) airflow system is 

governed by the steady-state Navier-Stokes equations, comprising the continuity equation, momentum equation, 

and energy equation. These equations model turbulent fluid flow and heat transfer, considering only the 𝑥 and 𝑦 

coordinate axes due to the 2D domain. Under steady-state conditions, temporal variations are neglected, and all 

variables are assumed constant over time, eliminating the need for transient terms in the governing equations. 

The continuity equation ensures mass conservation and is expressed as: 

 
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
=  0 

(1) 

 

where 𝑢 and 𝑣 represent the velocity components in the 𝑥 and 𝑦 directions, respectively. 

The momentum equation in the 𝑥-direction, accounting for viscous effects, pressure gradients, and buoyancy 

forces, is given by: 

 

𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
= −

1

𝜌

𝜕𝑝

𝜕𝑥
+ 𝜇

𝜕

𝜕𝑥
(𝜈

𝜕𝑢

𝜕𝑥
) +

𝜕

𝜕𝑦
(𝜈

𝜕𝑢

𝜕𝑦
) − 𝑔𝛽𝑓𝑐𝑜𝑠𝛼 

(2) 

 

where 𝜌 is the fluid density, 𝑝 is the pressure, 𝜈 is the kinematic viscosity, 𝑔 is the gravitational acceleration, 𝛽 is the 

thermal expansion coefficient, and 𝛼 is the angle of inclination. 

The energy equation, describing heat transfer within the fluid, is formulated as: 

 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
=  

𝜆𝑓

𝜌𝑓𝐶𝑝𝑓
[
𝜕2𝑇

𝜕𝑥2
+

𝜕2𝑇

𝜕𝑦2
] 

(3) 

 

where  𝑇 is the temperature, 𝜆𝑓 is the thermal conductivity, 𝜌𝑓 is the fluid density, and 𝐶𝑝𝑓 is the specific heat capacity 

at constant pressure. 

The simulation’s accuracy and convergence depend on several factors, including flow velocity, radiative heat 

transfer, and mesh size. Flow velocity influences the convective terms in the momentum and energy equations, 

affecting numerical stability. Radiative heat transfer, though not explicitly included in the energy equation, may be 

modeled through boundary conditions or additional source terms, impacting the temperature distribution. Mesh 

size determines the spatial resolution of the computational domain, with finer meshes enhancing accuracy but 

increasing computational cost. In this study, these factors are systematically analyzed to optimize the simulation’s 

performance and ensure reliable results. 

2.4. Validation 

To validate the simulation in this study, a grid independence test was conducted to determine the ideal mesh 

[31]. This independence test is commonly performed in computational fluid dynamics (CFD) simulations to obtain 

optimal designs and achieve convergence [28]. 
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Fig. 5. Independence test result. 

 

 

 

Fig. 6. Skewness and orthogonal quality [36]. 

 

 

This method was chosen and applied because no direct experimental data was available in this study and it is 

an important and proven aspect of performing CFD simulations without experimental validation, as was done in 

other studies [32], [33]. The grid independence test was performed by varying the grid size for the same geometry 

and comparing the results to ensure that the results were not affected by the grid size. The test was conducted using 

five different grid sizes, ranging from the coarsest at 10 mm to the finest at 3 mm [15], [34].  The flow velocity used 

in this test was 1.2 m/s, chosen because it is a commonly used value in the literature for air-based PV/T systems and 

provides stable simulation results. Although Fterich et al. [35] used a velocity of 2 m/s in their experiments, this 

study selected 1.2 m/s as it is more representative and numerically challenging for testing the influence of the grid 

on the outlet temperature. The results are shown in Table 3. 

For a more intuitive illustration, the results and total number of grid nodes are shown graphically in Fig. 5. 

From the graph, it can be concluded that after 60,000 iterations of nodes, the output temperature does not show 

significant changes, indicating that it has reached a saturation point, as there are no significant differences in the 

results beyond that point. Therefore, in this study, all geometries use fine discretization with a grid size of 4 mm. 

This will ensure grid-independent values, thereby preventing excessive computational time costs. 

Mesh quality is assessed based on the values of skewness and orthogonality. With a 4 mm grid, the skewness 

value is 0.0032311, indicating "excellent" quality, as shown in Fig. 6. The orthogonality value is 0.99988, also falling 

within the "excellent" range. An independence test is additionally performed to ensure the stability of the mesh 

quality control [36]. 

 

307

308

309

310

311

312

0 30000 60000 90000 120000 150000

O
u
tl

et
 T

em
p

er
at

u
re

 (
K

)

Node Total

Table 3 

The grid independence test 

Grid type Grid size (mm) Outlet temperature average (K) Nodes Skewness average Orthogonal quality average 

Very Coarse 10 310.214 13076 1.3779e-004 1 

Coarse 7.5 310.145 45612 6.8638e-003 0.99971 

Standard 5 309.845 51243 5.072e-004 1 

Good 4 309.487 79734 3.2311e-003 0.99988 

Very Good 3 309.406 141058 3.1076e-003 0.99989 
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(a) (b) 

 

  
(c) (d) 

 

 
(e) 

Fig. 7. Turbulence intensity contours (a) 1:1, (b) 1:4, (c) 2:3, (d) 3:2, and (e) Color legend for turbulence intensity. 

2.5. CFD model selection 

CFD model selection is an important step in numerical simulation to obtain accurate results and match the 

analyzed physical phenomena. In this research, the type of simulation carried out is steady state, because this 

approach considers conditions such as fluid flow velocity, temperature, and others in steady state to be compared 

with other variations.  The turbulent model used is RANS (Reynolds-Averaged Navier-Stokes), which is commonly 

used in turbulent flow simulations due to its capabilities in various engineering applications. This model is effective 

in predicting turbulent flow characteristics in regions with high velocity gradients, such as those found in heat 

transfer applications. According to Wilcox [37], the k-ω SST (Shear Stress Transport) model excels in predicting 

turbulent flow near walls and turbulent transitions, especially in applications with high velocity gradients and fluid-

structure interactions. The steady-state simulation is based on a study conducted by Patankar [38], explaining that 

steady simulation is more suitable for conditions where transient changes do not affect the results significantly. In 

addition, this simulation is more efficient in computational resources than a transient simulation. This approach is 

to evaluate the thermal and flow parameters in each configuration analyzed. 

3. Results and discussion 

This section presents the CFD simulation results for various cavity ratio configurations in the air-based PV/T 

system. The discussion focuses on three main parameters: turbulence intensity, effective thermal conductivity, and 

outlet air temperature. The impact of geometric modifications on thermal performance is critically analyzed and 

compared with relevant previous studies.  

3.1. Turbulence intensity 

To investigate the effects of the geometries studied in this research, the turbulence intensity distribution is 

analyzed. Turbulence intensity is closely related to heat transfer, where higher turbulence flow tends to enhance 

heat transfer efficiency. In the steady-state simulation, turbulence intensity is displayed for each geometry after 

reaching a steady condition. Fig. 7 shows the turbulence intensity distribution after the bend for each geometric 

shape tested. The data points used in the illustration were obtained with an inlet velocity of 1.2 m/s and a heat 

exposure of 1000 W/m². The selection of this high velocity helps highlight the differences in turbulence intensity 

distribution between the geometries, allowing for a clearer analysis of the impact of the shape. 

Among these cases, the 3:2 configuration shows the largest area of high turbulence regions, as evidenced by the 

dominant red color near the bend of the cavity. Quantitatively, as shown in Figure 8, the maximum turbulence 

intensity reaches approximately 78% for the 3:2 configuration, significantly outperforming the 1:1 (57%), 2:3 (42.5%), 

and 1:4 (24.3%) ratios. The increased turbulence in the 3:2 configuration improves the convective heat transfer rate, 

as turbulent eddies promote better thermal mixing between the air and the PV panel surface. This observation is 

consistent with the research by Rajani et al. [15], which reported that configurations promoting higher turbulence 

can substantially enhance the thermal performance of PV/T systems. Parametric tests were also conducted to 

compare the performance of the shapes at different flow velocities. The comparison parameter is the maximum 

turbulence intensity.  
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Fig. 8. Parametric analysis of turbulence intensity with turbulence intensity on the radius axis and flow velocity on the perimeter axis. 

 

 

  

(a) 
(b) 

 

  

(c) 
(d) 

 

 
(e) 

Fig. 9. Contours of effective thermal conductivity (a) 1:1, (b) 1:4, (c) 2:3, (d) 3:2, and (e) Color legend for effective thermal conductivity [W/m·K]. 

 

From Fig. 8, an increase in flow velocity results in an increase in turbulence intensity for all geometry shapes 

tested. As the flow velocity increases, each geometry shape shows a significant increase in turbulence values. In 

addition, the graph also shows that the 3:2 geometry excels in generating turbulence. The turbulence intensity at a 

flow velocity of 1.2 m/s reaches almost 78%, while for the other geometries the intensity is about 57% for 1:1, 42.55% 

for 2:3, and 24.29% for 1:4. This indicates that the 3:2 geometry can generate significantly more turbulence at higher 

flow velocities compared to the other geometries, causing greater flow disturbance. Meanwhile, the 1:4 geometry 

showed the lowest increase in turbulence of all the flow velocities tested. At a flow velocity of 1.2 m/s, its turbulence 

value remained at 24.29%, which is much lower compared to the 3:2 geometry or other geometries. This shows that 

the 1:4 geometry is more efficient in maintaining a steady flow with minimal turbulence, making it suitable for 

applications that require less flow disturbance. 

3.2. Effective thermal conductivity 

The next analysis focuses on effective thermal conductivity. The goal of this analysis is to understand how 

turbulence intensity affects heat transfer in the PV system. Theoretically, flows with higher turbulence levels can 

enhance the efficiency of heat transfer within the system. Fig. 9 presents the contours of effective thermal 

conductivity as a comparison for each bend shape variation. The data points used in this illustration are the same 

as those applied in the previous analysis. 
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Fig. 10. Effective thermal conductivity versus flow velocity. 

 

 

 

Fig. 11. Outlet temperature versus irradiation. 

 

 

From the four images presented in Fig. 9, which show the contours of effective thermal conductivity, the 

distribution of thermal conductivity in various flow geometries can be observed. In Fig. 9(a), depicting the 1:1 

geometry, the thermal conductivity distribution is relatively low, with most areas colored blue and green, indicating 

limited heat transfer efficiency. Fig. 9(b), showing the 1:4 geometry, shows a slight increase in thermal conductivity, 

with yellow and red areas indicating improved heat transfer efficiency in the central region, although overall it 

remains lower than the other geometries. In Fig. 9(c), depicting the 2:3 geometry, the thermal conductivity 

distribution is higher, with more areas colored yellow and red, indicating that this geometry is more efficient in 

facilitating heat transfer, thanks to increased turbulence and fluid mixing. Finally, Fig. 9(d) depicting the 3:2 

geometry shows the highest thermal conductivity, especially in the red areas, indicating very good heat transfer 

efficiency, most likely due to increased turbulence that enhances fluid mixing. 

Similar results can be observed in Fig. 10, which shows the relationship between flow velocity and effective 

thermal conductivity for each geometry. The 1:1 geometry (blue line) shows the slowest increase in thermal 

conductivity as flow velocity increases. The 1:4 geometry (orange line) has a sharper increase but remains at a lower 

level compared to the 2:3 (green line) and 3:2 (yellow) geometries. The 3:2 geometry shows the most significant 

0

2

4

6

8

10

12

14

0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2

Ef
fe

ct
iv

e 
Th

er
m

al
 C

o
n

d
u

ct
iv

it
y 

(w
/m

-k
)

Flow Velocity (m/s)

Effective Thermal Conductivity vs Flow Velocity

1:1 1:4 2:3 3:2

300

301

302

303

304

305

306

307

308

309

310

200 400 600 800 1000

O
u

tl
et

 (
K

)

solar irrediation (w/m2)

Outlet temperature vs solar radiation intensity

1:1 1:4 2:3 3:2



 

111 

 

Yanuariska et at. Teknika, vol. 21, no. 1, pp. 102-115 

increase in thermal conductivity, further highlighting the effectiveness of this geometry in enhancing heat transfer 

as flow velocity increases. These findings are consistent with the study by Prasetyo et al. [14], which emphasizes 

that more intense turbulence plays a crucial role in maximizing thermal energy extraction. 

3.3. Outlet temperature 

Many air-based PV/T systems are used for drying, where the hot air generated by the system flows into the 

drying chamber. For such systems, a high outlet air temperature is required. For this reason, this section will focus 

on outlet air temperature. Turbulence intensity and effective thermal conductivity must contribute to increasing the 

flow temperature. In the context of BPV-T, the higher the outlet temperature, the more effective the drying and 

cooling of the PV module, which prevents the PV from overheating and maintains its efficiency. The process of 

heating the outlet temperature is illustrated by plotting the outlet temperature against solar radiation intensity, as 

shown below. The data points used for this comparison are based on a flow velocity of 1.2 m/s, and each wall and 

PV wall parameter is set at a temperature of 300 K, making it easier to observe the differences between the various 

configurations. 

Fig. 11 shows the relationship between solar heat flux (W/m²) and outlet air temperature (K) for four cavity 

configurations: 1:1, 1:4, 2:3, and 3:2. The 1:4 configuration (orange line) consistently achieves the highest outlet 

temperatures across all tested heat flux levels, indicating superior heat capture performance. In contrast, the 1:1 

(blue line) and 2:3 (green line) configurations show moderate outlet temperatures, suggesting a balance between 

thermal regulation and heat extraction. The 3:2 configuration (yellow), although demonstrating superior turbulence 

and effective thermal conductivity in previous analyses, shows lower outlet temperatures compared to the 1:4 

configuration, indicating that its heat transfer enhancement focuses more on distribution efficiency rather than 

temperature increase. 

Based on the parametric analysis of outlet temperature and perimeter axis flow velocity in Fig. 12, the 3:2 

geometry, which excels in turbulent intensity parameters and effective thermal conductivity, shows the lowest 

temperature increase among others. As for the 1:4 geometry, which previously had the lowest turbulent intensity 

and effective thermal conductivity, it got the highest temperature increase among other geometries. 

This investigation is in line with the findings of previous research conducted by Vlahostegios et al. [39] explaining 

that an increase in turbulent intensity will also increase convective heat transfer with rapid flow mixing. This makes 

the outlet temperature lower due to more uniform heat distribution. In this case, although the 3:2 geometry 

optimizes the overall heat distribution and energy absorption, making it have a low outlet temperature, it is different 

from the 1:4 geometry case, which can produce the highest outlet temperature. Therefore, it is felt that this geometry 

can be utilized for drying applications that require high air temperatures. 

 

 

 

Fig. 12. Temperature increase (°C) versus flow velocity. 
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4. Conclusions 

This study examines how heat transfer performance and thermal properties are affected by various upper-to-

lower cavity ratio adjustments in air-based photovoltaic thermal (PV/T) systems with a double-pass flow path. To 

do this, turbulence intensity, effective thermal conductivity, and outlet temperature in a variety of cavities with 

ratios of 1:1, 1:4, 2:3, and 3:2 were examined using Computational Fluid Dynamics (CFD) simulations. The results 

show that the 3:2 arrangement has the best effective thermal conductivity and regularly produces the maximum 

turbulence intensity, around 78%. This implies that the arrangement maximizes flow, which raises the effectiveness 

of heat transfer. On the other hand, the 1:4 configuration produces the highest output temperature of 29°C of any 

variation, making it a better option for applications like PV/T-based drying systems that place a higher priority on 

outlet temperature. 

These results underscore the necessity of a customized approach to cavity ratio selection in air-based PV/T 

design, contingent on the unique requirements of each application. The 3:2 configuration has been identified as a 

promising solution for various applications, including active cooling systems for PV modules, thermal energy 

storage, and solar-powered room heating. In these contexts, high heat transfer efficiency is a critical factor. 

Conversely, the 1:4 configuration is more suitable for agricultural drying systems, hot air desalination, or industrial 

processes that necessitate high-temperature air due to its capacity to generate higher outlet temperatures. 

Based on this, it can be concluded that the choice of upper and lower cavity variations in bifacial PV/T 

significantly reduces the thermal efficiency of PV/T. In addition, this study highlights the importance of geometry 

adjustment in the PV/T design optimization process to comprehensively improve the site and heat transfer 

performance. 
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