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ARTICLE INFO ABSTRACT

In this paper, various geometries are employed in the design of photovoltaic-thermal
(PVT) systems to enhance their performance. The main objective is to investigate the
impact of different flow configurations on heat transfer, thermal efficiency, and
electrical efficiency of the system. This study examines four types of flow
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14.735%, while the thermal efficiency attains 34.164%. These values show a slight
improvement compared to other configurations, including the 6-pipe system
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1.Introduction

Renewable energies are crucial not only for achieving long-term international and European climate
and energy goals, which include transitioning from fossil fuel-based energy supply to zero-carbon
energy production, but also for protecting the environment and human health. With growing concerns
about global warming and the increasing environmental issues associated with fossil fuel
consumption, renewable energy policies and energy efficiency measures are essential to addressing
these challenges. A country's energy demand serves as an indicator of its economic development. It is

projected that energy consumption will increase by 33...,> by the year 2030 [1]. Globally, 67 1.5, of
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electricity production relies on fossil fuel-based power plants, which emit pollutants that contribute to
global warming [2]. Therefore, renewable energy sources (RES) have become a vital alternative to
meet the significantly rising energy demand in power systems [3]. These sources not only offer
environmentally friendly solutions and help meet additional energy demands but also provide
exceptional solutions for supplying energy to remote areas, either independently or in combination
with other energy sources [4]. This study was conducted during the summer at the Research Institute
of Petroleum Industry in Tehran, aiming to investigate the effects of solar radiation, inlet water
temperature, and ambient temperature on the performance of a photovoltaic-thermal (PVT) system
using various water-based geometries. The research, along with all numerical analyses and data
validation, was carried out using COMSOL software. The results indicate that an increase in solar
radiation intensity and inlet water temperature leads to a decrease in both the electrical and thermal
efficiency of the system. The primary objective of this study is to enhance the electrical and thermal
efficiency of PVT panels. The findings suggest that employing different geometric designs can
improve the overall performance of these systems. By focusing on a detailed analysis of influencing
parameters, this study provides optimization strategies for photovoltaic-thermal systems.

2. Methodology

Boundary Conditions

This problem has been solved for different numbers of pipes as well as varying inlet fluid
temperatures. In the modeled system, heat transfer occurs through convection, radiation, and heat
transfer from the cell surface to the deep sky. The initial inlet fluid temperature of the panel is
assumed to be equal to the ambient temperature. Additionally, a no-slip boundary condition is applied
to model the walls. A no-slip wall is a surface where the fluid velocity relative to the wall is zero.

Geometric Modeling

The arrangement of the pipes modeled in the software is shown in Figures (2) and (3). These figures
illustrate the collector pipes for the configurations with 8 pipes and the spiral flow design. The
dimensions were selected based on common values found in the relevant photovoltaic-thermal (PVT)
system catalogs. The aluminum cover layer (Aluminum, box) was modeled separately but is not
depicted in the figures. Its thickness, which is 0.7 mm, was only considered in the equations and not
illustrated in the diagrams. In the design of this system, the solar cells are compressed between the
encapsulating material layers to prevent breakage and contamination. Transparent glass is used on the
front surface to allow sunlight to pass through. The EVA layer (Ethylene Vinyl Acetate) is a key
component of the solar panel and consists of a highly transparent polymer (plastic) material. Ethylene
vinyl acetate is used to encapsulate the cells and hold them in position during manufacturing. EVA
materials are highly durable and resistant to extreme temperatures and humidity, playing a crucial role
in preventing moisture and dust infiltration, which is essential for the long-term performance of the
system. Figure (4) illustrates the structural arrangement of the PVT layers.

3. Results

Mesh Independence

This section examines the mesh independence of the results. Mesh independence is an essential
characteristic of any numerical method. As shown in Table (7), simulations were first performed with
2.4 million elements, then with 3.6 million elements, and finally with 5.5 million elements. These
three element configurations correspond to the electrical efficiency, thermal efficiency, and overall
efficiency. It is observed that the percentage change in each of the efficiencies for all the element
configurations is very similar to each other. For example, the overall efficiency values for the three
element configurations are 53.15%, 53.12%, and 53.02%, respectively, indicating that the differences
are negligible. Therefore, mesh independence is achieved.

Validation
In the nominal case, a power of 800 watts, extracted from the photovoltaic-thermal catalog, is
considered. The inlet water temperature is 20°C, and the wind speed is 1 meter per second. the
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electrical power corresponds to the electrical efficiency of 15.07..5,> in the relevant catalog, while the

electrical efficiency obtained from the software is 15.1%. Therefore, due to the negligible difference
between the catalog's original value and the software's result, it can be concluded that the validation is
acceptable. Similarly, the validation is also confirmed for the efficiency, as the main efficiency value
in the catalog is 56%, while the value obtained in the software is 53.1%. The difference in this overall
efficiency is small and acceptable.

Effect of Water Flow Channel Geometry

The main model consists of 8 pipes, which differs from the nominal model in that the incoming heat
flux in the main model is 1000 watts. All these configurations have been chosen such that the weight
of the copper used in the copper pipes remains constant. In this section, the 10-pipe and spiral models
are examined. For the parametric study, the ambient temperature is considered to be 20°C and 30°C,
while the inlet water temperature, TaT_a, is set at TaT_a, Ta+10T_a + 10, and again Ta+20T_a + 20.
Summary of the Effect of Ambient Temperature and Inlet Water Temperature on Numerical Results.
The numerical results show the thermal efficiency of the system, as well as the inlet fluid temperature
and pressure. From the analysis of the results in the following tables, it can be observed that with an
increase in ambient temperature, and consequently the heating of the absorber surface, the system's
efficiency decreases. This trend also impacts the inlet fluid pressure, as higher ambient temperatures
lead to lower inlet pressure. As the number of pipes increases, the inlet fluid pressure also increases,
with the highest inlet pressure observed in the dual-spiral pipe configuration. The efficiency does not
exhibit significant changes in all four configurations, but in the cases of the 10-pipe and dual-spiral
models, the highest efficiency is observed compared to the two initial models.

4. Conclusion
Table 10 presents the numerical results for the 8-pipe photovoltaic-thermal (PVT) system. According

to this table, the maximum electrical and thermal efficiencies of this system are 14.676..-,> and

32.641%, respectively, while the overall efficiency at an ambient temperature of 20°C is reported as
47.318%. With an increase in ambient temperature to 30°C, the electrical and thermal efficiencies

decreased to 14.119..,> and 32.437%, respectively. These results indicate that an increase in cell

temperature leads to a decrease in both electrical and thermal efficiencies. Table 11 examines the
electrical, thermal, and overall efficiencies, along with the average cell temperature, in the 10-pipe
PVT system. The results show that the maximum electrical and thermal efficiencies in this

configuration are 14.737..- > and 34.128%, respectively. According to Table 12, for the 6-pipe PVT

system, the maximum electrical and thermal efficiencies are 14.567 1.-,> and 30.139%, with the overall

efficiency at an ambient temperature of 20°C reported as 44.715%. This comparison shows that
increasing the number of pipes in the PVT system has a positive effect on both electrical and thermal
efficiencies, as well as a reduction in the average cell temperature. Table 13 presents the results for the
dual-spiral flow configuration. In this case, the maximum electrical, thermal, and overall efficiencies
are 14.735%, 34.164%, and 48.9%, respectively. These results show that the dual-spiral flow
configuration outperforms all the other configurations investigated. Additionally, the maximum cell
surface temperature in the dual-spiral flow at an ambient temperature of 30°C reached 56.329°C, while
in the 6, 8, and 10-pipe configurations, the temperatures were 47.14°C, 45.43°C, and 44.39°C,
respectively. The improved performance of the dual-spiral flow configuration can be attributed to its
larger surface area, which enhances heat transfer and improves heat dissipation in the water flow.
These features make the dual-spiral flow configuration an optimal choice for use in photovoltaic-
thermal systems.
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