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The One of the best renewable energy sources that can be used
instead of fossil fuels is solar energy. Only a few solar power plants
have been built in a limited number of cities, producing a small
portion of the country's energy. The current investigation focuses
on increasing heat transfer in solar air heaters. This study
examines solar air heaters with flat and sinusoidal absorber plates
for Reynolds numbers of 2500, 3500, and 4500, considering
structure periods of 20.0125 mm, 40.025 mm, 80.05 mm, and
160.1 mm, both with and without an impinging jet. Additionally,
the geometries without an impinging jet are analyzed within the
range of 2.5 mm to 5 mm. The finite volume method, using the
SIMPLE algorithm and second-order discretization for the
separation of governing equations, has been employed. The
friction coefficient, thermal performance evaluation criterion, and
thermal efficiency are investigated as influential parameters.
According to the results, heat transfer improves with a decrease
in cycle period and an increase in range. Based on the conducted
investigations, the solar air heater without an impinging jet and
with a wavy absorber plate featuring a period of 20.0125 mm and
a range of 5 mm achieves the highest performance evaluation
criterion of 1.86. Furthermore, upon examining the solar air
heater equipped with an impinging jet nozzle on wavy absorber
plates, the geometry with a period of 20.125 mm attains the
highest performance evaluation criterion of 1.91, making it the
best-performing geometry compared to all configurations studied
in this research
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EXTENDED ABSTRACT

Introduction

Today, one of the common methods for heating homes and industrial applications is
the use of solar air heaters, which convert solar energy into heat. One disadvantage of
these solar air heaters is their low thermal efficiency. The efficiency of flat plate solar air
heaters is limited due to the low convective heat transfer coefficient between the absorber
plate and the air flow, which increases the temperature of the absorber plate and leads to
greater heat losses into the environment. A solar air heater consists of an absorber plate,
typically made of a material with high thermal conductivity, such as aluminum. Solar air
heaters are generally categorized into two main types: active and passive, based on their
technical characteristics, due to the variety of their performance and heat transfer
methods. In passive systems, air flows as a natural convection current based on the
density difference between hot and cold air. In contrast, active systems create airflow
using mechanical devices such as fans or motors within the air heater. One proposed
method to increase the thermal efficiency of solar air heaters is to utilize impinging jet
technology, which is the primary focus of this research. Currently, impinging jets are
employed to reduce the boundary layer resistance against heat, mass, and momentum
transfer. Heat transfer in impinging jets is enhanced due to the turbulence generated by
the jet on the surface, typically resulting in convective heat transfer. Because of this
advantageous characteristic, impinging jets are more widely used in industry compared
to other traditional methods.

Methodology

In general, the geometry defined for this research was a complex mechanical system
consisting of a cube-shaped channel affected by impinging jet streams. These jets were
strategically positioned beneath an absorber plate to optimize fluid flow and provide
uniform heat distribution across a specific material. This research presents results for five
different periods of 0, 20.0125, 40.025, 80.05, and 160.1, along with two different
amplitudes of 2.5 and 5. Geometry modeling and meshing, as well as fluid-thermal
simulation, were conducted in the ANSYS-CFX commercial software environment. The
meshing was organized in a regular hexagonal pattern, and after performing a mesh study
to assess mesh independence, the optimal mesh was selected. The validation of the
modeling was based on the experimental results of Ranchan et al. [18] for different
Reynolds numbers. Additionally, flow and heat modeling were carried out for three input
Reynolds numbers: 2500, 3500, and 4500. Figure 1 shows a representation of the studied
model.
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Figure 1: Schematic view of the studied model.

Results and Discussion

In the current investigation, the solar air heater was studied and analyzed as an
important technology in the field of renewable energy. This research examined the
performance and factors affecting the efficiency of the solar air heater, assuming a
constant solar flux. The solar air heater included two geometric configurations: one with
anozzle and one without, where the nozzle acts as a connector between the inlet channel
and the absorber plate channel. Absorber plates were compared in two forms- flat and
wavy- at periods of 20.0125, 40.025, 80.050, and 160.1 mm, and ranges of 2.5 and 5 mm,
to assess their impact on improving heat transfer at the three Reynolds numbers of 2500,
3500, and 4500. Numerical simulations for the absorber plates of the solar heater with
different geometries were conducted, as detailed in Table 1.

Table 1: Different amplitudes and periods in simulation.

Geometry Period (mm) Amplitude (mm) With/without Nozzle
1 0 (Smooth Plate) 0 (Smooth Plate)
2 20.0125 2.5
3 20.0125 5
4 40.025 2.5
5 40.025 5 With out Nozzle
6 80.05 2.5
7 80.05 5
8 160.1 2.5
9 160.1 5

10 0 (Smooth Plate) 0 (Smooth Plate) With Nozzle
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11 20.0125 5

12 40.025 5

13 80.05 55

14 160.1 5
Conclusions

The results of the simulation are as follows:

By increasing the range and decreasing the periodicity of heat transfer, thermal
efficiency improves. As the Reynolds number increases, turbulence also increases, leading
to enhanced heat transfer and a higher Nusselt number. In geometries without impinging
jets, the highest Nusselt number, corresponding to geometry #3 at a Reynolds number of
4500, was 56.889, while the lowest Nusselt number occurred in geometry #8 at a
Reynolds number of 2500, which was 22.474. In geometries with impinging jets, the
highest Nusselt number, corresponding to geometry #11 at a Reynolds number of 4500,
was 74.374, whereas the lowest Nusselt number was observed for geometry #10 at a
Reynolds number of 2500, equal to 24.33.

In geometries without impinging jets, the highest friction coefficient was found in
geometry #3 at a Reynolds number of 2500, measuring 0.0652, and the lowest friction
coefficient was observed for geometry #8 at a Reynolds number of 4500. In geometries
with impinging jets, the highest and lowest friction factors occurred in geometry #11 ata
Reynolds number of 2500 and in geometry #10 at a Reynolds number of 4500,
respectively. Hydraulic-thermal performance was one of the important characteristics
investigated in heat transfer problems. Accordingly, geometry #3 and geometry #11 ata
Reynolds number of 2500 exhibited the highest and lowest hydraulic-thermal
performances, respectively.
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