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solar energy present study, a new solar air heater collector system with a

artificial roughness as arc-shaped wire synthetic combination of arc-shaped wire roughness and
external recycle

energy and exergy efficiencies external recycle of airflow has been presented, and its

performance has been evaluated in different conditions.
Modeling is performed using energy conservation equations for
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. method. The validation of the present results indicates the

Paper History:

Received: 21/08/2021 accuracy of the method used. The results showed that the new

Accepted: 28/11/2021 hybrid system effectively increased energy and exergy

efficiencies at mass flows less than about 0.04 kg/s. Also, in a
constant roughness condition and at low mass flow rates,
increasing the flow recycle ratio to about 3, increased the
collector performance. However, in high flow rates and recycle
ratios, exergy efficiency was reduced sharply due to high
pressure drop, despite an increase in energy efficiency. Thus, it
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Introduction low. In this paper, the combination of two

One way to utilize thermal energy of sun is methods is applied simultaneously to
through solar air heaters. In this type of enhance the rate of heat transfer. These two
collectors, the amount of solar energy gain is methods include arc-shaped wire, as artificial
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roughness, and the recycling of air flow.
Thermal performance evaluation has been
studied using different parameters such as
outlet air temperature, energy, and exergy
efficiencies.

Materials and Methods

The air heater considered consists of a flat
glass cover and a flat absorber plate with fins
and baffles attached. The combination of
parallel flat absorber plate and glass cover
makes a channel where the flowing air
through the channel is heated by the absorbed
solar radiation on the absorber plate. The
bottom side of the absorber plate is well
insulated. The one-dimensional mathematical
formulation in the flow direction in steady
state condition has been considered. The
energy balance for the considered control
volumes of upper and lower glass covers, the
absorber plate, and air flow are depicted;
then, with a combination of equations, the
semi-analytical solution has been applied to
solve the equations. Also, the general exergy
balance for the solar air heater was deployed.

Results
In the present study, a new solar air heater
collector  system with a  synthetic

combination of arc-shaped wire roughness
and external recycle of airflow was
presented, and its performance was evaluated
in different conditions. The most important
results and findings of this research can be
categorized as follows:

1. Solar air heater collector system with the
proposed new combination, including
external recycle and considering
artificial roughness of arc-shaped wire
type, in mass flows of less than 0.04
kg/s, effectively increased energy and
exergy efficiencies, and, thus, it could be
considered a suitable selection.

2. With increasing solar radiation intensity,
the efficiency of the proposed hybrid
system was improved in all studied mass
flows.

3. Increasing the recycle ratio of more than
about 3 (according to the parameters
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considered in the present study) did not
necessarily improve the performance of
the proposed system, and, even at high
mass flow rates, it could be less than the
performance of the simple solar
collector system. However, despite an
increase in energy efficiency in these
cases, it could lead to negative exergy
efficiencies.

4. In the new hybrid system, the diameter
of the arc-shaped wire attached to the
absorber plate had a great effect on the
performance of the proposed system,
while its angle of curvature hadlittle
effect.

Discussion and Conclusion

In the present study, a new solar air heater
collector system  with a  synthetic
combination of arc-shaped wire roughness
and external recycle of airflow has been
presented, and its performance has been
evaluated in different conditions. Modeling
was performed using energy conservation
equations for different parts of the collector
and was solved by a semi-analytical method.
The validation of the present results indicated
the accuracy of the method used. The present
results showed that the new hybrid system
effectively increased energy and exergy
efficiencies at mass flows less than about
0.04 kg/s. Also, in a constant roughness
condition and at low mass flow rates, an
increase in the flow recycle ratio to about 3
increased the collector performance.
However, exergy efficiency was reduced
sharply in high flow rates and recycle ratios,
due to high pressure drop, despite an increase
in energy efficiency. Thus, it was less than
the simple collector system. Increasing the
intensity of solar radiation increased energy
and exergy efficiencies in the new system.
Examination of the geometric parameters of
artificial roughness showed that increasing
the diameter of the curved wire improved the
performance of the new system, while the
changing of the curvature angle of the wire
had little effect.
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