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Abstract: In this study, a numerical and experimental analysis of a solar collector with roughness
elements in the form of stainless-steel scourers on the absorber surface is presented. According
to the location type and number of the stainless steel scourers, the absorber surfaces are referred
to as the complex surface (C1), less complex surface (C2), and flat surface (C3). A Computational
Fluid Dynamics (CFD) analysis was carried out using ANSYS-CFX-R18.2 commercial software. The
results were verified with the experimental study. After the numerical study was confirmation with
the experimental study, then the detailed investigation was performed by numerical simulations.
The extracted results of the numerical and experimental analysis concerned the air temperature
and velocity, and thermal efficiency, which varied with respect to the type of collector. As a result,
the C1 type yielded the highest air velocity and air temperature, while the lowest values of air
velocity and temperature were recorded for the C3 type, according to both the numerical analysis
and experimental tests. This trend was similar for the efficiencies. The efficiency was nearly 80%
for collectors with stainless-steel scourers, whilst it was 55% for the flat plate collector. The results
showed that the experimental and numerical results agreed well.

Keywords: solar collectors; absorber surface; numerical analysis

1. Introduction

When compared to other energy sources, solar energy has drawn a lot of attention as
a reliable and efficient way to address the growing global energy demand [1]. Photovoltaic
panels can be used to convert solar energy directly into electricity or heat at different
temperatures. In addition, it is a clean, free energy source that contributes to reducing
global warming. But in order to transform solar radiation into usable energy, certain highly
efficient equipment is required.

There are various arrangements for solar air collectors. Their inexpensive cost, straight-
forward structure, and design define them. However, because of their low heat transfer
coefficient, air solar collectors have low thermal efficiency. Numerous studies have bee n
carried out to improve this crucial component in order to improve the thermal performance
of air solar collectors. The absorber plate of the air solar collector has undergone a number
of changes in an effort to improve heat transfer [2].

A good method of raising the radiative heat transfer is to add artificial roughness,
namely surface-enhancing elements that break the laminar sub-layer and cause turbulence
to occur over the absorber plate. Nonetheless, there are several drawbacks to manufactured
roughness that are associated with friction losses. Therefore, research on various forms of
artificial roughness is required, along with optimization of the crucial elements of pressure
loss and heat transfer. Fins that are inclined, triangular, circular, elliptical, or rectangular
in shape are among the several geometric shapes and artificial roughness forms that have
been suggested and studied [1,2].
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Kishk et al. [2] presented a novel concept that addresses environmental concerns by
utilizing recyclable aluminum cans as the absorber plate for an air solar collector. The results
showed that by adding the cans to the absorber surface, the thermal efficiency increased
from 25% to 63%. Yadav et al. [3] numerically investigated the effect of adding circular
and semi-circular ribs to the surface of a solar air heater. The results showed that the semi-
circular rib gives the highest performance. Njomo [4] studied unsteady-state heat exchange
mechanisms that governed the functioning of a bare single-pass solar collector, using non-
porous selective absorbers. The derived mathematical model was subsequently utilized to
forecast the thermal efficiency of this kind of collector. The installation of surface-enhancing
elements in the form of ribs on the absorber plate under turbulent flow conditions was
investigated numerically by Chaube et al. [5]. It was shown that the heat transfer was
much improved as compared to a smooth surface. Pashchenko et al. [6] investigated how
technological and design factors affected the thermal and aerodynamic processes occurring
in a solar air heater with light-absorbing L-shaped fins. They discovered that the solar air
heater with fins, had high thermo-aerodynamic characteristics. Karim and Hawlader [7]
conducted both theoretical and experimental analysis using finned and V-corrugated air
heaters to enhance the effectiveness of traditional air heaters. Ammar et al. [8] created
a 3D steady-state CFD model of a flat-plate solar air collector with a selective absorber
under steady-state conditions. They discovered an 81% enhancement in thermal efficiency.
Badiei et al. [9] developed a 3D CFD transient model of a solar collector with fins that were
incorporated into the phase change materials. The thermal efficiency increased from 33% to
46% when using the fins with phase change materials. Panchal et al. [10] presented a report
related to a performance evaluation of using a tube solar collector with perforated fins. They
showed that surface-enhancing fins increased the efficiency and hence decreased the cost
of energy. Saxena et al. [11] presented an experimental study including the modification
of a solar cooker. It was determined that the modification provided 53 percent efficiency
compared to the traditional type solar cooker. It was determined that the modification
provided 53.81% efficiency compared to the conventional solar cooker.

Overall, the use of surface enhancing elements on the absorber surface of solar collec-
tors plays a crucial role in maximizing their efficiency and effectiveness in harnessing solar
energy for heating purposes. Therefore, in this study, we sought to improve the efficiency
of solar collectors by adding stainless steel scourers on the absorber surface. Since the cost
of stainless-steel scourers is low, it is very easy to find them around the world, and their
porous structure is unique. The usability of them in the context of solar collectors as surface
enhancing elements was investigated in the present study. For this purpose, the effects of
stainless-steel scourers placed on the absorber surface on air velocity, temperature, and
collector efficiency have been investigated numerically and experimentally.

2. Materials and Methods
2.1. Experimental Study

The experimental setup was previously used by a co-author of present study [12,13].
The general setup included a solar air heater, namely a solar collector that was 120 cm
in length, 80 cm in width, and 40 cm in height. It should be noted that, in order to
make the values realistic, the dimensions of a frequently sold collector produced by a
collector company were taken as basis. Its transparent cover, casing material, and insulation
material consisted of 4 mm-thick window glass, 3 cm-thick Styrofoam, and chipboard wood,
correspondingly. The collector faced south and was tilted at a 38° horizontal inclination.
Figure 1 depicts a picture of the experimental arrangement.

As mentioned above, this study aimed to analyze a solar collector system with stainless-
steel scourers on the absorber surface. Stainless-steel scourers are mostly used in homes
for cleaning and scrubbing tasks. Three “handfuls” in a packet cost only around USD 1,
indicating that the inclusion of scourers has no financial impact on the overall collector
system cost. This substance is structured like metal “swarf”, which is metal cuttings
from metal turning operations. It has a very regular rectangular cross section, typically
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400-500 pm by 20-30 pum, and is fashioned into “disks” that fit in the palm of a human
hand. Since this is a “random structure” material, one must carefully press the material to
the proper bulk density (or porosity) while accounting for the “rectangular wire’s” actual
average cross section in order to manage the hydraulic radius [14,15].
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Figure 1. Experimental setup.

The most important part of the solar air collector is the absorber surface. Three differ-
ent absorbing surfaces were used in the experimental study. The construction of absorber
surfaces guarantees the availability of airflow on both sides of the surface to increase effi-
ciency. The absorber surfaces were created using 180 porous steel wool, which was attached
to the top and bottom of a 1.5 mm-thick galvanized sheet with a type of silicone glue. This
sheet was coated with black matte paint to form a surface that absorbs radiation, consistent
with the bonding procedure. The first of the absorber surfaces contained 102 scourers in a
complex arrangement (C1), as displayed in Figure 2a, and the second contained 78 scourers
in a regular row (C2), as presented in Figure 2b. No scourer was used on the third absorber
surface (C3), as shown in Figure 2c.

The experiments were carried out in the city of Elazig, located in the Middle East
region of Turkey, in a one-month period between the 1st and 30th of July in 2020. The
measurements were conducted with two air flow rates (0.05 and 0.025 kg/s) and three
distinct absorber surface geometries (C1, C2, and C3). The inlet and outlet air temperature
and 4-point surface temperatures were the obtained parameters that were thought to affect
efficiency. Hence, a comprehensive numerical analysis was performed to obtain more
information. The following section introduces the numerical analysis.
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Figure 2. Absorber surfaces [12,13]; (a) C1, (b) C2, (c) C3, (d) collector with scourers, (e) flat
plate collector.
2.2. Data Reduction

In general, the efficiency of a solar air heater is described by the ratio of usable collected
energy in the collector to the solar energy that normally reaches the collector surface [12].

_Q

where Q is the usable collected energy, I is the radiation, and the A, is the surface area of
the collector (A = 0.8 x 1.2 = 0.96 m?). The usable collected energy is defined as follows:

Q = mC,AT ()
where AT refers the difference between the inlet and outlet temperature of air.

2.3. Uncertainty Analysis

Uncertainty analysis is important in experimental studies, especially in detecting
errors and uncertainties caused by measurement devices. The Kline and McClintock [16]
methodology is used to estimate the uncertainties of the measured values. According to
this method, in a measurement with n independent variables, R is the dimension to be
measured; x1, X, X3, . .., X, are the variables affecting the measurement; and wq, wy, w3, .. .,
wy, are the uncertainties related to the independent variables.

Wr = a_R ? + a_R ? + a_R ? + + a_R ? (3)
R= oxy “1 Xy @2 ox3 ws o,
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The independent parameters measured in the experiments were the inlet and outlet
temperature of air, ambient temperature, air velocity, and solar radiation. To perform the
experiments, T-type thermocouples with £0.018 °C accuracy, a vane-type anemometer
(AM-4206M, air velocity + air flow) with £2% accuracy, and a Kipp and Zonen CM
11 Pyranometer with 1% accuracy were used. The total uncertainties in estimating the
dependent parameters was 4.5% for the mass flow rate of air and 1.8% for the efficiency.

3. Numerical Analysis

Numerical analysis provides a powerful tool for understanding the performance of
solar air heaters and optimizing their design for increased efficiency. Therefore, a numerical
analysis of a solar air collector was carried out to simulate the performance of the system.
The goal was to predict the temperature and velocity distribution of the passing air and the
wall temperature on the absorber surface with stainless-steel scourers.

All of the simulations in this study were run using the commercial CFD code software
ANSYS-CFX-R18.2. The geometric modeling of the experimental setup served as the first
step in the solution process. The collector in the experimental setup was modeled one-to-
one in 3D. Mesh independence was also carried out in order to attain the proper level of
precision and to utilize the available computer resources as efficiently as possible. The
equations of continuity, momentum (Navier-Stokes) and energy were solved for fully
developed, turbulent, steady-state, incompressible flow. As the discretization method, the
finite element method with pressure velocity coupling was used to tackle the current issue.
Every plan was second-order upwind.

3.1. Physical Problem

As mentioned earlier, the experimental study examined three distinct types of a
solar collector absorber surface. The surface-enhancing elements created with the help
of stainless-steel scourers in the experimental study were drawn as porous obligations
in the numerical study. The solution domain included the collector surface with surface-
enhancing elements.

3.2. Governing Equations

The study employed the k-¢ turbulence model to address turbulence in a simplified
manner. The k-¢ model is extensively used in the literature for modelling fluid flow in
various channels. The variable ‘k” signifies the variance of velocity fluctuations, which
is commonly known as turbulence kinetic energy, whilst the term ‘e’ denotes the rate of
velocity fluctuation dissipation, which is known as turbulence eddy dissipation. Technical
term abbreviations are clarified upon their initial usage. The equations in the k-¢ model
include two additional variables [17]:

Continuity equation:

do O B
‘§+55@%)—0 (4)
Momentum equation:
E)pui d ITANE ap’ d aul' au]
T a—xj(pu,u]) =5 T o, |1t aTjJ“ ox; | | T 5M (5)

where p’ is the modified pressure, Sy is the sum of body forces, and j is the effective
viscosity that accounts for turbulence [17]. Similar to the zero-equation model, the «-¢
model is predicated on the idea of eddy viscosity, meaning that:

Heff = W+ Ut (6)
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where y; denotes the turbulence viscosity, and the k-¢ model postulates that it is associated
with the turbulence kinetic energy and dissipation through the relation.

2
K
pe = Cup + - ()

The value of the k-¢ turbulence model constant C, is 0.09. The differential transport
equations for turbulence kinetic energy and turbulence dissipation rate yield the values of

k and ¢
d(pk) 0 y_ 9 U\ oK
oF +a_x]-("uf'<)_a_le<”+a Fr

]
00 | D 0 ([ o
T g(pll]s) 0x; [(y—l— (n;) ox;

For incompressible flow, dU} / 0xy is small, and the second term on the right-hand side
of the equation is negligible in terms of its contribution to the production. For compressible
flow, oU} / dxy is only large in regions with high velocity divergence, such as at shocks.

+ P — pe + Py (8)

S
+ E(CﬂPK - Cszpf + Cs3Psb) (9)

3.3. Boundary Conditions

Based on the real sizes of the collectors that were tested in the experiments, the
numerical simulation was created. Figure 3 depicts the intended model for absorber surface
C1. The collector entry is shown as the inlet and the exit is shown as the outlet. The
surface-area-increasing elements on the absorber surface are evaluated as walls. The inlet
air temperature is considered to be 36 °C, and the flow rate is 0.05 kg/s. Those two values
were obtained from the experimental work. The upper surface, with a constant heat flux
of 800 W/m?, is thought to be made of glass. Table 1 lists the characteristics of the glass
and air.

Figure 3. Collector dimensions and boundary conditions with C1 case.

Table 1. Properties of the glass surface and air.

p (kg/m?3) Cp (J/kgK) k (W/mK) v (m?/s)
Glass surface 3000 500 1.8 -
Air 1.136 1007 0.026 1.655 x 107°

In order to achieve high efficiency, the scourers were placed above and below the
absorbing surfaces of the collectors. In this case, double air flow was provided.



Appl. Sci. 2024, 14, 2629

7 of 15

3.4. Mesh Structure

The mesh accuracy was achieved by resolving the problem utilizing the three distinct
grid densities outlined in Figure 4. Great care was taken to create a mesh which enables
the attainment of solutions of high accuracy. To this end, a mesh independence study was
performed. Meshes consisting of 56,868, 76,438, and 84,700 nodes were employed. From
the corresponding solutions, the outlet temperatures were extracted, and the values for the
three meshes were used to extrapolate to the case of an infinite number of nodes. From this
procedure, it was estimated that the results for the mesh with 76,438 nodes were accurate
to 0.009%. Accuracy was ensured by requiring that all residuals (RMS) reduced to 10~ at
the end of the computer run. The maximum iteration number was determined to be 1000
and turbulence numeric option was considered to be first order. The meshed domain for
the C1 surfaces with 56,868 node numbers and C2 case with 76,438 node numbers are given
in Figure 5a and 5b, respectively.

313.00

312.50

311.89

311.86

w w
= =
= N
(O3] o
o o

accuracy 0.009%

Temperature, K

311.00

310.50 310.68

310.00
56,868 76,438 84,700

Node number

Figure 4. Mesh accuracy analysis.

(a) (b)
Figure 5. Mesh structure of the (a) C1 and (b) C2 cases.

4. Results and Discussions

The efficacy of solar air collectors is influenced by various factors such as solar radia-
tion value, material, shape, and the dimensions of the collector, etc. One suitable solution
for reducing airflow and maximizing heat absorption from the surface of the absorber is
to utilize porous materials or obstacles. This approach is highly effective in achieving the
desired result. Elements with various geometric shapes and porosity properties can be
used as surface enhancing elements. Turbulent flow within the collector may increase,
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resulting in higher efficiency with minimal losses. From this point of view, to achieve a
high efficiency, the collector with complex absorber surface (C1) and the collector with
less complex absorber surface (C2) were designed. As the surface-enhancing elements, the
stainless-steel scourers were placed above and below the absorber surface. Creating such a
double-pass airflow instead of a single-pass airflow increases the heat transfer area and
turbulent flow, which further improves the collector efficiency. Unfortunately, obtaining
detailed results through experimental work requires high-tech measuring devices and
long-term measurements. At this point, numerical study is of great importance.

4.1. Numerical Results

The results of numerical study are given in this section. In Figures 6 and 7, a YZ
plane is created 2 cm above the obstacles. Velocities of different absorber surfaces are given
in Figure 6. The velocity streamlines are given in Figure 7. The velocity contours of the
complex absorber surface (C1), the less complex absorber surface (C2), and the smooth
absorber surface (C3) are respectively presented in the subfigures of Figure 6a—c.

()

Figure 7. Velocity streamlines on each absorber surface; (a) C1, (b) C2, (c) C3.

When the C1 type collector was used, the maximum speed was obtained as 0.19 m/s,
while when the C2 type collector was used, the air speed was determined as 0.186 m/s.
This shows that the air velocity is slightly higher on the more complex surface compared
to the less complex surface. This is because elements that add more complexity increase
the turbulence value. Obstacles to the flow increase the velocity by causing the formation
of vortices in the flow. The collector type without any elements on it, namely C3, has
the lowest velocity distribution on the surface, which is already an expected situation. It
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can be concluded that adding surface-enhancing elements causes a nearly 35% increase in
air velocity.

The temperature values of the three absorber surfaces, C1, C2, and C3, are respectively
shown in Figure 8a—c. As can be clearly seen in the figure, the maximum temperature is the
same in all three cases. However, the collector area where the maximum temperature is
effective is largest in C1 and smallest in C3. In other words, the temperature effects appear
towards the exit of the channel for C3 type collector, but appear at the center parts of the
channel for C1 and C2 types. This is an indication that the stainless steel scourers not only
create turbulence, but also affects temperature distribution. It is also worthy to note that,
especially on the complex surface (C1), the temperature in the center region takes the shape
of a zigzag and shows a change that is almost proportional to the shape of the array.

(a) (b) (0)

Figure 8. Temperature contours on each absorber surface; (a) C1, (b) C2, (c) C3.

The efficiency of the collectors depends on the structure of the solar air heater and
the solar irradiance value. The material, shape, and dimensions of the collector affect the
performance improvement. Surface-enhancing elements such as fins, obstacles, curved
surfaces, and the different shapes given in the literature when placed on the absorber
surface increase the temperature and thus increase the efficiency, because they increase the
heat transfer area [2,3].

The number and arrangement style of the stainless-steel scourers placed above and
below the absorbing surface creates turbulent flow. This provides the highest heat transfer
coefficient, the highest absorber temperature, and reduced thermal heat loss. Therefore, the
highest efficiency is achieved when C1 is used. On the other hand, C3 has less efficiency
than the other collectors. This is because this collector has a flat absorbing surface, and the
heat transfer area is smaller than the others.

The temperature contours of the glass surface of the tested surfaces C1, C2, and C3 are
respectively presented in Figure 9a—c. Note that the glass surface started to cool earlier on
complex surfaces. It cannot be said that the turbulence-enhancing elements on the surface
have much effect on the glass surface temperature. However, when you look at the figures
carefully, it can be seen that the cooling occurs more uniformly on the C1 surface compared
to the other C2 and C3 surfaces.

The velocity and temperature data were collected while considering that a path (line)
passes through the center of the channel at a height of 30.4 cm from the bottom and 10.4 cm
from the absorber surfaces. The average velocities on that path are given in Figure 10a and
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the average temperatures are given in Figure 10b. It is observed that the velocity changes
almost linearly for the flat absorber surface (C3). In the other cases, (C1 and C2), it follows
a fluctuating course along the channel. The average velocity obtained for the Clcase is
highest of all. Similarly, the highest temperature is obtained for C1.

(b) (c)

Figure 9. Contours of glass temperatures on each absorber surface; (a) C1, (b) C2, (c) C3.

C1 C2 Cc3 C1 c2 C3
0.2 50
0.19 48
0.18 46
0.17 44
E 0.16 S 42
E o015 < 40
= 0.14 38
0.13 36
0.12 34
0.11 32
0.1 30

0 20 40 60 80 100 0 20 40 60 80 100
selected path (mm) selected path (mm)
(@) (b)

Figure 10. Variation of (a) Velocity and (b) Temperature along a selected path.

The comparison graphs are respectively given in Figure 10a,b by means of air velocity
and collector exit temperature variations along the selected path, which is already defined
in the previous paragraph. The effect of the scourers can be evaluated by means of the
augmentation of the velocity and temperature by comparing the C1 and C2 cases with C3.
In the C1-type collector, there is an increase of around 7.2% in air velocity compared to the
C3 type. When the air velocity obtained from the C2-type collector is compared to the air
velocity obtained from the C3-type collector, an increase of approximately 6.6% is achieved.
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In terms of temperature, it can be seen that the temperature obtained with the Cl-type
collector increases by 7.4% compared to the C3-type collector, and the increase is 5% with
the C2-type collector.

The efficiency is the last extracted result from the numerical analysis. By using
Equations (1) and (2), the efficiency was calculated. It should be noted that, for the
numerical analysis, the heat flux and radiation values were kept constant, as mentioned
in the previous section. The efficiency values for the collector types C1, C2, and C3 were
respectively found to be 74%, 67% and 55%. It can be seen that the C1 case has the highest
efficiency, meaning the arrangement style of the stainless-steel scourers affects the efficiency
directly. Another point that is obvious when looking at the efficiency values is that the
efficiency of the flat-plate collector type has the lowest value. When the C1-type collector
is used, the efficiency increases 1.34 times compared to the flat-plate collector. Similarly,
when the C2-type collector is used, the efficiency increases 1.21 times.

4.2. Comparisons of Numerical and Experimental Results

The comparisons of the numerical results and the experimental results are presented in
this section. Figures 11 and 12 are plotted to show the numerical and experimental results
by means of air velocity and exit temperature. The quantitate values are also listed in
Table 2 to better show the comparison. Figure 13 shows the comparison of experimentally
found efficiencies and the numerically found ones.

Table 2. Air velocities and temperatures along the selected path.

Path Cl_num C2_num C3_num Cl_exp C2_exp C3_exp
Air Velocities, (m/s)

0 0.159 0.154 0.148 0.145 0.149 0.138
10 0.161 0.155 0.147 0.146 0.15 0.137
20 0.161 0.156 0.146 0.146 0.15 0.135
30 0.159 0.156 0.145 0.147 0.149 0.134
40 0.159 0.156 0.144 0.147 0.148 0.133
50 0.157 0.155 0.143 0.145 0.147 0.131
60 0.154 0.156 0.142 0.146 0.143 0.13
70 0.150 0.154 0.141 0.144 0.14 0.13
80 0.147 0.152 0.140 0.142 0.138 0.128
90 0.142 0.146 0.139 0.136 0.131 0.127

100 0.138 0.138 0.138 0.135 0.128 0.126
Temperatures (°C)

0 36.13 36.14 36.14 35.59 35.00 35
10 36.15 36.16 36.15 35.67 35.5 35
20 36.51 36.48 36.18 36 36 35.7
30 36.94 36.93 36.26 36.5 36.2 35.8
40 38.11 37.8 36.54 37 37 36
50 39.47 38.81 36.81 38 38 36
60 40.88 39.66 37.59 39 40 37
70 43.65 40.93 38.02 40 42 37.5
80 44.03 42.81 38.93 41 43 38
90 45.86 43.82 39.89 42 44 39

100 47.14 45.12 40.86 44 45 40
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Figure 11. Comparison of experimental and numerical air velocities; (a) C1, (b) C2, (c) C3.
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Figure 12. Comparison of experimental and numerical temperatures; (a) C1, (b) C2, (c) C3.

Before discussing the results presented in Figures 11-13 and Table 2, it should be de-
clared that the numerical analysis and the experimental tests have the similar trends for all
cases. Hence, a good agreement is achieved between numerical and experimental analyses.

According to Figures 11 and 12, the average difference between the experimental and
numerical velocities for the C1-, C2-, and C3-type collectors are, respectively, 7.26%, 6.25%,
and 8.57%. The average differences between the experimental and numerical temperatures
for the C1-, C2- and C3-type collectors are, respectively, 2.99%, 2.27%, and 2.07%.

As a final result, the efficiencies were calculated using both the measured values and
the predicted numerical values. The efficiencies are shown in a bar graph in Figure 13. It is
evident from the graph that the most efficient case is the C1 case, and the least efficient case
is the C3 case. The agreement between the numerical and experimental efficiency values is
within the acceptable range. The difference can be explained by the uncertainties.
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Figure 13. Comparison of experimental and numerical efficiencies.

4.3. Comparison to the Literature

Finally, attention is here turned to the comparison of the numerical results to the
literature. The performance characteristics for the surface-enhancing elements organized in
the shape of an arc in a duct with an aspect ratio of 11 were experimentally investigated by
Sethi and Thakur [18], and it was shown that the size and geometry of the elements have
great effect on the heat transfer. The effectiveness of flat and dimpled SAHs in turbulent
flow conditions was found by Bhushan et al. [19].

In the case of flat and dimpled SAHs, it was determined that the greatest difference
in temperature is 10 °C for the air mass flowrate of 0.05 kg/s. Lin et al. [20] have exper-
imentally and numerically studied the thermal performance of a solar air collector with
a corrugated absorber. Numerical simulations have shown that the air temperature can
be improved effectively by using the surface-enhancing elements. Maximal temperature
differences between the inlet air and outlet air of 14.24 °C, 23.27 °C, and 26.11 °C were
observed, respectively, for three absorber cases that were tested.

5. Conclusions

In this study, a numerical analysis of a solar air collector system whose absorber
surface included porous stainless-steel scourers was analyzed. Toward this aim, a 3D CFD
analysis and an experimental test for verification are presented. The measured values of air
flow rate and inlet temperatures from the experimental work were used as the boundary
conditions in the numerical study. The air flow section from the inlet to the outlet of the
designed collector, namely the solution domain, was created in 3D with a one-to-one scale.
Stainless-steel scorers were placed on two absorber surfaces, called C1 and C2. A surface
without any element was also modeled for comparison (C3).

The numerical analysis was performed using ANSYS-CFX-R18.2 The air velocity
and temperature were compared to the values measured in the experimental work. The
efficiency was also calculated using experimental measurements and numerical results. It
has been shown that there is a good agreement between each method.

The addition of stainless-steel scourers to the absorber surface has an impact on
temperatures, velocities, and efficiency. While an efficiency of around 80% was achieved on
surfaces with stainless-steel scourers, the efficiency remained around 55% in the flat-plate
collector. Furthermore, the highest air temperature and air velocity were obtained in the
collector with the most complex surface. This is because the stainless-steel scourers placed
on and below the absorbing surface create turbulent flow by enhancing the surface area.
This results in a high heat transfer coefficient, a high sink temperature, and reduced thermal
heat loss. On the other hand, compared to the case where stainless-steel scourers were used
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on the absorber surface, lower temperature and velocity values were found in the flat-plate
collector case where no elements were used.

The porosity values of the scourers used in this study could not be determined exactly
and their dimensions were fixed. The effect of parameters such as size and porosity should
be investigated in future studies. Moreover, even if it is known to be economically cheap,
its use in the solar industry should be encouraged by a good economic analysis.
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