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The focus of this research is to investigate the heat transfer performance of a solar
flat plate collector by utilizing CFD simulation. To accomplish this, a 3-D model of
the collector with an air inlet was created using ANSYS Workbench, and the grid
was generated through ANSYS ICEM, ANSYS FLUENT, and ANSYS CFX were
then used to obtain comprehensive results. The primary objective of this study is to
enhance the efficiency of the solar collector by introducing two fluid-flow paths
and comparing the results with those reported in existing literature. These findings
will aid in the development of advanced solar collector designs and promote sus-
tainable use of solar energy. Furthermore, the insights gained from this study may
inspire further research in the renewable energy technology field. Overall, this re-
search explores the potential of improving the performance of solar flat plate col-
lectors and sheds light on how the use of CFD simulation can facilitate the devel-
opment of innovative and sustainable energy solutions.
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Introduction

Solar flat plate collectors are devices designed to collect and convert solar radiation
into thermal energy [1]. They consist of a dark-colored flat plate that is covered by a transpar-
ent cover, typically made of glass or plastic [2]. The plate absorbs the incoming solar radia-
tion, and the absorbed energy is transferred to a fluid circulating through tubes or ducts in the
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collector [3]. After being heated, the fluid has the potential to serve various purposes such as
providing space heating, domestic hot water, or driving an absorption cooling system [4].

Solar flat plate collectors are commonly used in both residential and commercial ap-
plications, and they are an effective means of reducing energy costs and GHG emissions.
They are particularly well-suited for applications that require low temperature heat, such as
domestic hot water or space heating [2].

Extensive studies have been conducted by researchers to explore the utilization of
various impediments in solar flat plate collectors, with the aim of altering fluid-flow patterns
and ultimately enhancing their performance. These impediments encompass an array of con-
figurations, including fins [5-8], baffles [9], and other structural elements [10]. By introducing
these elements, the natural flow of the fluid is disrupted [11], thereby augmenting the availa-
ble surface area for efficient heat transfer [12]. Through the strategic incorporation of such
obstructions, it becomes possible to regulate and optimize the fluid-flow, leading to a notable
increase in thermal efficiency [13] and a substantial reduction in heat loss [14].
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Figure 1. Solar collectors (SC) utilizing fin technology; (a) the SC featuring transverse baffles [15],
(b) the SC featuring both transverse and longitudinal baffles [16], (c) baffled SC incorporating dual
pathways [17], (d) the SC incorporating square-shaped baffles [18], (e) the SC with circular barriers
[19], and (f) the SC featuring wing-shaped baffles [20]

Extensive research findings have demonstrated the substantial performance enhance-
ments achieved by incorporating obstacles in solar flat plate collectors [15-20], particularly in
scenarios where these collectors are exposed to fluctuating weather conditions, as depicted in fig.
1. The ongoing exploration of collector design optimization and the careful selection of suitable
obstacles represent active areas of research. Continued progress in this field holds great promise
for significantly expanding the utilization of solar energy in heating and cooling applications
[21]. These advancements have the potential to revolutionize the energy landscape by harnessing
the abundant and sustainable power of the sun to meet our heating and cooling needs.

Furthermore, independent studies have also focused on investigating fluid properties
for various other applications [22-24]. These studies delve into understanding the unique
characteristics of fluids and their behavior in diverse contexts.
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This study aims to enhance the performance of a SC by evaluating its thermal effi-
ciency through a qualitative analysis utilizing numerical and quantitative visualization meth-
ods. The main objective is to introduce two fluid-flow paths to the collector in order to im-
prove its heat transfer capabilities. The results of this research provide insights into the opti-
mal design of SC, which can lead to the development of more sustainable and efficient solar
energy technologies. These outcomes have significant implications for the transition towards
renewable energy sources and can contribute to the reduction of GHG emissions.

Utilizing mathematical modeling and numerical
simulation to investigate phenomena

In the current study, the optimization of a SC was achieved through the introduction
of obstacles and the creation of a two-passage model for air. The arrangement of baffles posi-
tioned perpendicular to the insulation in 80% of the SC width is illustrated in fig. 2. These
baffles, which have the same height as the passage, are arranged in a labyrinthine pattern and
are five in number. The SC itself is rectangular in shape.
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Figure 2. The SC geometry investigated in the Figure 3. Mesh system utilized for numerical
current study analysis

The SC under investigation in this study has a length of 900 mm and a width of
500 mm, with a flow path height of 25 mm. The baffles, which are rectangular in shape, have
two different sizes, with the smaller ones measuring 50 X 25 mm. These smaller baffles are
placed in the compartments between the larger baffles, forming a labyrinth pattern with a
spacing of 150 mm between the larger baffles. There is a distance of 30 mm between the
smaller baffles, and their height measures 25 mm. Previous studies, such as those conducted
by Moummi [25], have informed the adoption of these particular dimensions.

Notably, the design adopted is different from that used in previous studies, which
represents a new approach for optimizing SC.

It is possible to formulate the conservation of mass principle, also known as the con-
tinuity equation, in the following manner [16]:

V(pv) =0 (1)

The principle of momentum conservation can be defined:

V(piv) =—vp+v(z) +pa @)
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Additionally, the equation governing energy conservation is:
VIV(pE + p)] = V{keffVT - Zhj ﬁ + (;effV)j| 3)
j

where the gravitational body force is represented by the vector pg, the stress tensor is repre-
sented by 7, p — the fluid density, E — the total energy, p — the pressure, and Ker — the effective
conductivity.

Due to the turbulent nature of the flow, the k-¢ model [26] has been chosen. Fur-
thermore, the no-slip situation has been enforced on all walls. The transport equations below
can be used to derive the kinetic energy of turbulence, k, as well as the associated rate of dis-
sipation of turbulence, ¢:

0 0 M, | ok

= (pku)=—|| p+ | = |+ 6, - 4

6Xi (p I) GXJ KU oy ]axj J k ~ Peg ( )
0 0 M | O¢ £ &
Z(peu)=—| | p+t | £ l4c, 26, -Cyp 5
8Xi (pgl) axl l:(l"l G€]6XJ:| ]ék k Zapk ()

The turbulent viscosity is denoted by u, while the model constants are represented
by Cis, Cas, Cu, ok, and o, The following boundary conditions have been defined for the pre-
sent simulation [16]:

— inlet: Uy, = 0.02216 m/s (which corresponds to a rate of flow of 79.79 m’/hm?); and
Tin =300 K;

—  absorber: Taps = 380 K (which is equivalent to 800 W/m? of solar flux);

— insulation: Tis, = 340 K; and

—  exit: Pexi = Pam.

A mesh for the domain was generated using the ANSYS software. Generally, a fine
mesh is utilized in regions where a more detailed analysis is required, such as baffles, while a
coarse mesh is used in regions with minor changes in the domain geometry, fig. 3.

Table 1 displays the comparison between the results of our earlier study [16] and the
experimental findings of Moummi [25]. The objective of this assessment was to gauge the
precision of the numerical model [16] in predicting the output temperature for different flow
rates. The analysis demonstrated that the simulated [16] and experimental [25] output temper-
atures differ by about 4 °C. However, the comparison revealed that the numerical [16] and
experimental [25] models have a satisfactory level of agreement. This indicates that the previ-
ous numerical model [16], which is also employed in this study, can be deemed reliable.

Table 1. Model validation through comparison with experimental data

Flow [m*h'm~2] 79.79 74.01 64.76 42.79 23.71
CFD output temperature [16] [°C] 53 54 59 65 69
Exp. output temperature [25] [°C] 50 51 56 63 68
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Findings and discussions

In fig. 4, the temperature distribution within the SC is depicted. It is noteworthy that
the heat transfer within the collector exhibits significant values from the initial baffle all the
way to the outlet. As a result, the temperature of the air in the vicinity of the surface is noted
to be greater than the temperature of the air located farther away from the surface, up to a
height equivalent to one third of the duct. This finding indicates that the SC is highly efficient
at transferring heat, especially in the region adjacent to the surface. However, as we move
away from the surface, the temperature decreases gradually, highlighting the importance of
proper air circulation within the collector to ensure optimal heat transfer.
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Figure 4. Temperature distribution within the Figure 5. Velocity distribution within the collector

collector

In fig. 5, the speed distribution within the SC is presented. In order to enhance the
velocity of the air-flow inside the collector, the air-flow was partitioned into two separate
paths. Longitudinal baffles were installed to lengthen the path of the air-flow, resulting in an
increase in dead zones. To address this issue, transverse baffles were added to the design,
which not only eliminated dead zones but also increased turbulence. In addition, small spaces
were created between the longitudinal baffles and the lateral sensor walls, as well as between
the transverse baffles and the longitudinal baffle, to ensure the elimination of dead zones. The
efficiency of the SC has been enhanced as a result of these changes, which have resulted in an
increase in the speed and uniformity of air-flow while simultaneously reducing the negative
impact of inactive regions.

Figures 6(a)-6(f) displays the configuration of the current lines surrounding different
small transverse obstacles. The illustrations demonstrate that the current lines tend to cluster
over these obstacles, thereby expediting the air-flow. However, it is also observed that the
presence of transverse baffles can promote the emergence of unwanted recirculation zones,
which can have adverse effects on the overall behavior of the SC. Therefore, while the small
transverse baffles have a positive impact on the flow velocity, it is crucial to carefully design
the placement and size of the baffles to prevent the formation of recirculation zones that could
hinder the efficiency of the SC.

By incorporating small transverse baffles, it is possible to augment the speed of flow.
As illustrated in fig. 7(a), the u component, which flows along the primary direction, experi-
ences a decrease in speed in regions distant from the baffles. Passing the air through



Amraoui, M. A., et al.: CFD Study of a Dual-Passage Solar Collector with ...
3138 THERMAL SCIENCE: Year 2023, Vol. 27, No. 4B, pp. 3133-3142

Velocity — volume rendering 3
3.659e-001

Velocity — volume rendering 3

3.659e-001
2.744e-001 2.744e-001
1.803e-001 1.803e-001
9.148e-002 9.148e-002

0.000e+000
[ms]

0.000e+000
[ms~"]

0.200  0.400
0.100 0.300 [m]
(a) (b)

0.200 0.400
0.100 0.300 [m]

Velocity — volume rendering 3
3.659e-001

Velocity — volume rendering 3

3.659e-001
2.744e-001 2.744e-001
1.803e-001 1.803e-001
9.148e-002 9.148e-002

0.000e+000

[ms~1]

0.000e+000
[ms™1]

0.400
0.300

0.200
0.100

0 0.200  0.400

/ .
1 =700 0.300 [m] 4
(c) (d)
Velocity — volume rendering 3
3.659e-001

Velocity — volume rendering 3
3.659e-001

2.744e-001 2.744e-001

1.803e-001 1.803e-001

9.148e-002 9.148e-002

0.000e+000

0.000e+000
[ms™1] '

[ms~]

0.200  0.400
0.100 0300 [m]

© M

0.200  0.400
0.100  0.300 [m]

Figure 6. Velocity distribution in various stations; (a) station A, (b) station B, (c) station C,
(d) station D, (e) station E, and (f) station F

these small baffles results in a velocity increase of more than ten times the entry speed. The
direction of the velocity is positive when aligned with the flow, and negative when opposed to
it. Figure 7(b) highlights the significance of the v component around the small transverse baf-
fles. The w component, as shown in fig. 7(c), remains almost negligible, except in the vicinity
of the baffles where it assumes critical values.
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In fig. 8, the assessment of the K energy is displayed, revealing that the fluid-flow
possesses K throughout its trajectory. The figure highlights a significant surge in the k around
the small transverse baffles. This finding indicates that the presence of small baffles leads to
an intensification of the k, which could potentially impact the overall fluid-flow behavior. The
observed distribution of K in the system emphasizes the need for careful consideration of the
impact of turbulence on the system performance.

Figure 9 depicts the distribution rate of turbulence, represented by the symbol &, in
the system under consideration. The figure indicates that the turbulent eddy dissipation exhib-
its a sharp increase, reaching up to 6.12 x 1072, around the small transverse baffles. Addition-
ally, it is noteworthy that the spaces between the longitudinal baffle and the side walls harbor
significant values of turbulent eddy dissipation, as observed in the figure. The finding of high
turbulent eddy dissipation in these regions emphasizes the potential impact of the system ge-
ometry on fluid-flow behavior and highlights the importance of designing the system with
careful consideration of the potential turbulence effects.

Figure 10 illustrates the temperature distribution at the exit of the SC, showcasing
significant improvements in thermal transfer efficiency in our recent model compared to our
previous study [16]. The results reveal that the average temperature has risen impressively to
reach 359 K, indicating a substantial increase in thermal energy output from the collector.
Such improvements in thermal transfer efficiency have far-reaching implications for the over-
all performance of the SC system, enabling higher energy conversion efficiencies and more
sustainable energy practices. The observed enhancements in thermal transfer efficiency high-



Amraoui, M. A., et al.: CFD Study of a Dual-Passage Solar Collector with ...
THERMAL SCIENCE: Year 2023, Vol. 27, No. 4B, pp. 3133-3142

3140

light the effectiveness of our SC model and its potential to contribute to the development of

more efficient and sustainable energy systems.
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Figure 10. Temperature profiles at the collector exit

Conclusions
Improving the heat transfer between the heat transfer fluid and absorber in flat plate

SC can be achieved through various methods. One approach is to incorporate longitudinal and
transverse baffles and create double paths for the flow. In this study, such a SC was developed
and its dynamic and thermal behavior was evaluated. The results indicate that the proposed

model exhibited a significant improvement in the hydrothermal structure of the collector.
Future studies in this domain could explore further modifications to the SC design,

such as the use of alternative materials for the absorber and fins, as well as exploring different
methods of creating multiple flow paths. Additionally, alternative heat transfer fluids could be
considered to optimize SC performance and energy conversion efficiency. The development
of more efficient SC has the potential to contribute significantly to sustainable energy practic-

es, and ongoing research in this field is critical for continued progress.
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