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Abstract

One of the most important disadvantages of solar air heaters is
their low thermal performance. The use of porous plates, double-
glazed glass, and geometric changes to the absorber plate is
methods for improving the heat transfer and thermal performance
of solar air heaters. In this numerical study, an attempt is made to
investigate the geometric changes made to the solar air heater
using the computational fluid dynamics method, and the results
are compared with previous research and the optimal state is
selected. The maximum thermal efficiency of 82% is related to
the presence of three baffles in the solar air heater. The most
optimal thickness for the flat plate solar air heater is about 15 to
18 cm thick. The thermal efficiency of double-glazed glass is 20%
higher than that of single-glazed glass. Increasing the number of
baffles by more than 3 leads to an increase in pressure drop.
Keywords: Solar energy, flat plate solar air heater, thermal
efficiency, optimal absorber plate, double glazing, air gap,
computational fluid dynamics.

1. Introduction

Flat plate solar air heaters have gained considerable
popularity and are being widely used in an increasing
number of installations for energy conservation and
management purposes. These systems are increasingly
recognized for their effectiveness in harnessing solar
energy to reduce energy consumption and improve overall
efficiency in various settings. They have significant appeal
for various low-temperature energy applications that
require air temperatures below 100°C [1]. This temperature
range is handy for several practical purposes. For example,
these applications can efficiently heat indoor spaces,
ensuring optimal comfort levels in residential and
commercial environments. Furthermore, they are useful in
the dehydration processes of industrial products, which is
essential for increasing shelf life and maintaining quality
[2]. Furthermore, drying agricultural products and
medicinal plants is another vital application that helps to
preserve their properties and increase their usability. All
these applications demonstrate the versatility and

importance of these energy applications in various fields.
One of the primary disadvantages associated with solar air
heater systems is their relatively low thermal efficiency,
which can limit their overall performance in converting
solar energy into usable heat. In addition, these systems
often suffer from low thermal storage capacity, meaning
they are not always able to retain heat effectively for later
use. Various methods have been widely researched and
implemented in an attempt to increase the thermal
efficiency of solar air heating systems. These methods
include combining absorber plates with various geometric
designs, introducing holes and obstacles in the airflow path,
and using porous plates, which can facilitate better
interaction between the air and the absorber surface,
thereby increasing the heat transfer rate [3-4].

2. Numerical Modeling

A solar air heater consists of several parts, such as a glass
cover, an air passage channel, and an absorber plate. In the
solar air heater discussed in this section, baffles are used in
the air channel. Fig. 1 shows a flat-plate solar air heater
with absorber plates.

In this study, the K-epsilon Realizable turbulence
model has been used. The K-epsilon Realizable turbulence
model performs very well compared to other models in the
K-epsilon family when the flow has a reverse gradient or
separation. In all experiments, the calculated Reynolds
number is in the range of 3700 to 11000, which indicates a
turbulent flow pattern.

The boundary conditions used for the flat plate solar air
heater are shown in Fig. 3.
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Fig. 1. Solar air heater considered in this research
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Fig. 3. Boundary conditions selected in this study

3. Analysis of results

Fig. 4 shows the thermal efficiency at different numbers of
baffles. As is clear, the highest efficiency is related to the
3-baffle case because the average glass surface
temperature, the average temperature in the middle plate,
and flow turbulence, in this case, performed better than the
other cases. This graph shows that the efficiency in the 3-
baffle mode is 82.48% and in the 4-baffle mode, it is
82.05%. The efficiency of the air heater decreases with
increasing the number of baffles. The reason for this can
be explained by the increase in temperature on the glass

surface, the increase in flow turbulence, and the pressure
drop.

By examining the contours in Figure 5, it can be seen
that in the 9-baffle state, or state (d), the temperature
uniformity is greater or the so-called flow is uniform, but
in the last baffle, the temperature of the fluid behind the
baffle has increased. This is because the flow is heated
after passing through the baffle and some of this heated
flow is trapped behind the last baffle and starts to rotate,
and its temperature gradually increases.




93 Journal of Applied and Computational Sciences in Mechanics

0 T 1 T T 1
0 2 4 6 8 10

Number of baffles

Fig. 4. Variations in efficiency versus number of baffles
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Fig. 5. Temperature contours, (a) two baffles, (b) three baffles,
(c) six baffles, (d) eight baffles and (e) nine baffles

4. Conclusion

In this study, a flat plate solar air heater was investigated

using computational fluid dynamics with the aim of

optimizing the energy harvested from the air heater using
different geometric arrangements and finding the most
optimal state. Geometry modeling was done using

SolidWorks software and then this model was imported

into ANSYS software to continue the modeling and

analysis process. The most important results of this
research were summarized as follows:

e As the inlet flow velocity increased, the outlet
temperature and ultimately the efficiency of the air
heater increased.

o Inthe case of an air heater with the presence of baffles,
the highest flow velocity occurs at the inlet and outlet,
and the lowest flow velocity occurs behind the plates
due to the presence of circulating flow.

e Temperature uniformity was higher for the 9-baffle
mode and the flow was uniform in this mode. The
highest overall efficiency was related to the presence
of three baffles in the air heater, which achieved an
efficiency of about 82%.
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