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Abgract: The sun is a renewable resource that helps reduce
carbon dioxide emissions and reduces the impact of
industries on nature pollution. In the present study, the
effects of using the vortex generator in different geometrical
states in the absorber tube of the parabolic solar collector
were investigated using the numerical method and with the
help of the finite volume method. Vortex generators were
modeled with four geometric states, Case A, Case B, Case C,
and Case D, and their effect on different parameters in the
output of parabolic solar collector was investigated.
According to the results, using the vortex generator increased
the heat transfer coefficient and the thermal efficiency of the
parabolic solar collector. The maximum increase in thermal
performance increased by 65.03% compared to when the
parabolic solar czollector was a simple.
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Introduction

Solar energy affects the continuation of human life,
and its decrease and increase both lead to the
destruction and extinction of creatures on the planet.
Of course, today, the advancement of technology
encourages people to use this free energy. Solar

energy generated by solar panels and collectors has a
significant impact on reducing costs. The energy
consumption for heating, water, or lighting will be
minimized by installing solar panels and collectors.
Even compared to nuclear energy, it is a simpler and
less risky solution for generating energy. It should be



123 M. Sepehrirad et al./ Energy Engineering and Management, Vol. 14, No. 1, PP. 122-141, Spring 2024

noted that the efficiency of solar panels and collectors
is low, but not zero on cloudy and rainy days. The
efficient performance of these panels depends on the
amount of sunlight. Of course, it should be noted that
these solar panels and collectors cannot store solar
energy during the night. This study uses a new design
for the geometric modeling of a parabolic solar
collector equipped with a vortex generator. In
addition, the effect of the twist ratio of vortex
generator geometry on hydraulic-thermal
performance, energy efficiency, and exergy efficiency
has been investigated to make the output results more
practical.

Material and Methods

In this study, a two-phase method models the flow
behavior of water/Fe;O4-CNT hybrid nanofluid. In the
two-phase method, unlike a single-phase method, the
sliding speed between nanoparticles and base fluid is
practical and not insignificant. According to the
numerical tests performed and the review of previous
studies, the Realizable k-¢ Model is the most
appropriate  in  terms of convergence and
computational cost in the studied geometry with
vortex generators. Therefore, this model is used in
this study. The effect of solar radiation is considered
as a constant heat flux of 1000 W/m”. The current
study investigated hybrid nanofluid flow in the
Reynolds number range of 24000 to 96000,
corresponding to the turbulent flow regime. Also,
Fluent version 2021 software was used for numerical
simulation.

Results

The results showed that using a vortex generator
increased the heat transfer coefficient and, thus,
increased the thermal efficiency in the parabolic solar
collector. Increasing the twist ratio of the vortex
generator increased the efficiency and energy
efficiency of the parabolic solar collector. The most
favorable amount of energy efficiency occurred at a
Reynolds number of 96000 and at the time when the

vortex generator with Case D was used. The most
favorable rate of exergy efficiency was at Reynolds
number 48000 and at the time when the vortex
generator with Case D geometry was used. The
maximum increase in thermal performance increased
by 65.03% compared to the time when the solar
collector was a simple parabola.

Conclusion and Discussion
The obtained numerical simulation results show:

e The use of vortex generators in the solar
collector's absorber tube causes the hybrid
nanofluid flow to change shape and to be mixed
while passing through it.

e The formation of the vortex and its fluctuating
nature help increase the heat transfer coefficient
and, thus, the thermal efficiency of the parabolic
solar collector.

e The higher the generators' vortex twist ratio is,
the greater the density of the flow lines become.
This results in higher speed and flow rate.

e In Case D geometry, the thermal performance
increases by 65.03% compared to the time when
the solar collector is simple (without generator
vortex).

e The presence of vortex generators and their
geometrical change are suitable for hydraulic-
thermal performance because vortex generators
have a higher thermal efficiency than the
pressure drop or friction coefficient in the
parabolic solar collector.

e The most favorable amount of energy efficiency
occurs at the Reynolds number of 96000 and the
time when the vortex generator with the
geometry of Case D is used.

o The most favorable exergy efficiency is at
Reynolds number 48000 and at the time when
the vortex generator with Case D geometry is
used. In other words, these conditions realize the
highest capability available in the studied
parabolic solar collector.
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