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1-Introduction

Solar energy is very necessary to overcome the energy
crisis due to the importance of using applied renewable
energy, such as solar energy, in the household sector,
agriculture, and the development of solar power plants.
Concentrating solar power plants equipped with parabolic
trough solar collectors are considered the most proven and
common types of solar power plants in the world. One of
the ways to improve the performance of this type of
collector is to use fins inside the absorber tube to increase
the heat transfer area and generate turbulences in the fluid
flow. Studies show that placing fins inside the absorber
tube augments heat transfer. Reddy and Satyanarayana
numerically studied the performance of a parabolic trough
solar collector by placing a porous fin inside the absorber
tube. Four types of rectangular, triangular, trapezoidal, and
circular fins are applied. Their study showed that a
collector with a trapezoidal finned absorber tube has better
performance than other structures. Using a turbulator
inside the absorber tube of solar collectors, in addition to
increasing flow disturbances and heat transfer rate, also
leads to a rise in pressure drop and pumping power. Bellos
and Tzivanidis used three types of absorber tubes, finned,
equipped with twisting strips, and equipped with
perforated plates to evaluate the thermal and
hydrodynamic performance of a parabolic trough solar
collector. They concluded that the highest enhancement
for thermal efficiency is obtained when the collector is
equipped with the finned absorber tube.

The simultaneous use of a rectangular internal
longitudinal fin for increasing the heat transfer surface and
a star-shaped turbulator for improving the disturbances
inside the absorber tube is a new method. For this purpose,
in this paper, the performance of the parabolic trough solar
collector equipped with finned and turbulator absorber
tube was numerically studied based on the energy,
hydrodynamic, and exergy approaches. Moreover, the
effect of augmenting and reducing the length of internal
fins and star-shaped turbulators on the performance of the
collector was also investigated. Considering that the star-

shaped turbulator is composed of rectangular fins, the
absorber tube containing the internal fin and the star-
shaped turbulator is named a combined fin absorber tube.
Consequently, three types of combined fin absorber tubes
are discussed here.
2-Solar  Collector and Numerical
Solution Method

The parabolic trough solar collector module in this study
is LS-2. In this study, for this collector, a new absorber
tube equipped with an internal fin and a star-shaped
turbulator named a combined fin absorber tube is
introduced. The effect of this structural change on the
collector performance has been studied. The schematic
view of this new absorber tube is shown in Fig. 1. L¢
indicates the length of the inner fins and L represents the
length of the star-shaped turbulator fins. The inner
diameter of the absorber tube is 66 mm and its outer
diameter is 70 mm. Moreover, the inner diameter of the
glass cover is 109 mm. The length of internal fins and star-
shaped turbulator fins is assumed in the range of 0-20 mm
and their thickness is 2 mm. The space between the
absorber tube and the glass cover is vacuum. Fluid flow is
steady state and the flow regime is turbulent. In this study,
realizable k-g was used to model the turbulent flow.

The working fluid used in this study is Dowtherm A. In
order to solve the governing equations, Ansys-Fluent
software, which solves the continuity, momentum, and
energy equations based on the finite volume method, is
used. The SIMPLE algorithm is applied for coupling
pressure and velocity. Due to the turbulence of the fluid
flow, to consider the effects near the wall, the value of y+
must be lower than 1. Furthermore, the results obtained
from Ansys-Fluent software were validated with the
experimental results of Dudley et al. The highest relative
difference was 5.66% and the average relative difference
was 1.96%, showing the high accuracy of the simulation
code used in this study.

Specifications

3- Results and Discussion

The analysis and evaluation of the results for the
comparative study of collector combined with fin absorber
tube has been discussed in six different types of absorber
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tubes for T=600 K and Reynolds number in the range of
2x10* to 10°. Fig. 2 shows the energy efficiency of the
collector for the smooth, finned, turbulator, and combined
fin absorber tubes in terms of Reynolds number. As shown
in Fig. 2, the highest values of energy efficiency are related
to the combined fin absorber tube with large internal fin
length and short turbulator fin length (i.e., L=20 mm, Ls=5
mm). Following, the internal fin absorber tube (i.e., Ls+=0
mm, L+=20 mm) and the lowest energy efficiency values are
related to the smooth absorber tube. The highest
enhancement of energy efficiency is related to the combined
fin absorber tube with large internal fins and is 5.96%, which
occurs at the lowest Reynolds number, followed by the
internal fin absorber tube with an improvement of 5.12%.
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Fig 1. Schematic view of a receiver equipped with the
combined fin absorber tube
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Fig. 2. Energy efficiency of the collector in terms of

Reynolds number for different absorber tubes

Exergy efficiency is one of the important parameters for
evaluating solar collectors. Fig. 3 shows the exergy
efficiency of the collector for different absorber tubes.
According to Fig. 3, the exergy efficiency of the collector
with the combined fin absorber tube with large internal fins
has the highest values, followed by the internal fin absorber
tube and the combined fin absorber tube with the large
turbulator.

On the other hand, the exergy efficiency of the collector
with finned and turbulator absorber tube is always higher
than the smooth absorber tube. The highest enhancement in
exergy efficiency is related to the combined absorber tube
with large internal fins and is in the range of 2.52%-6.76%.

Fig. 4 shows performance evaluation criteria for finned
and turbulator absorbent tubes compared to smooth absorber
tubes. The highest PEC values are obtained by Ls=5 mm and
L+=20 mm in the range of 1.45-1.62, and the lowest values

correspond to Ls=20 mm and Lf=0 mm in the range of 0.79-
0.84. On the other hand, PEC values for Ls=20 mm and L=5
mm are less than 1. According to these results, it can be seen
that using the turbulator with large fins is not suitable based
on these criteria and a turbulator with short fins should be
used.

0.41

2 04
=
L
2
.=}
o
23 0.39
;%0 Smooth
&5 —@— L~20mm,L =5mm
—A—— L=5mm,L=5mm
0.38 —v— L=5mm,L =20 mm
¢ L=0,L;~20 mm
—— (] 20 mm, L= 0
0.37 . L L
2x10* 4x10* 6x10* 8x10" 1010
Re

Fig. 3. Exergy efficiency of the collector in terms of
Reynolds number for different absorber tubes
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Fig. 4. Performance evaluation criteria for internal fin,
turbulator, and combined fin absorber tubes compared to
the smooth absorber tube

4- Conclusions

In this article, the energy and exergy performance of a
parabolic trough solar collector in six different types of
absorber tubes were numerically studied. After evaluating
the results, it was observed that the energy and exergy
efficiencies of the collector increased with a rise in the
Reynolds number, and the highest enhancement in energy
and exergy efficiencies obtained when using finned and
turbulator absorber tubes instead of smooth absorber tubes
were 5.96% and 6.76%, respectively. This enhancement is
related to the combined fin absorber tube with large internal
fins. The highest value of the performance evaluation
criterion was 1.62, which was related to the combined fin
absorber tube with large internal fins. Moreover, PEC values
for absorber tubes equipped with turbulators with large fins
are less than 1. This issue shows the inappropriateness of
using the turbulator with large fins in the parabolic trough
solar collectors. On the other hand, the Reynolds number of
4x10* is an optimal operating point for the parabolic trough
solar collector equipped with the combined fin absorber tube
with large internal fins.
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Evaluation of Energy and Exergy of a Parabolic Trough Solar Collector Equipped with Internal Fin
and Star Turbulator Absorber Tube

Farhad Vahidinia

Abstract In this paper, the energy and exergy performance of a parabolic trough solar collector containing thermal oil
with a receiver equipped with an internal fin and a star shaped turbulator is numerically studied. The fluid flow inside
the absorber tube of the collector is turbulent and the Reynolds number is considered in the range of 2 x10* to 10°.
Ansys-Fluent software was used to simulate the fluid flow. In this study, a new absorber tube equipped with an internal
fin and a star shaped turbulator with rectangular longitudinal fins is used and is called the combined fin absorber tube.
accordingly, the energy and exergy performance of the collector with or without fin and turbulator inside the absorber
tube has been compared and analyzed for 6 different states. The analysis of the results showed that the collector with
the combined fin absorber tube with the large internally fin has the highest energy and exergy efficiency. Also, the
highest enhancement in the energy and exergy efficiencies of the collector when using this type of absorber tube instead
of the smooth absorber are 5.96% and 6.76%, respectively. On the other hand, the results showed that the values of the
performance evaluation criteria for the combined fin absorber tube with large internally fins and internally fin
absorber tube were greater than 1, and the highest value was 1.62.

Key Words Parabolic trough solar collector, Combined fin absorber tube. Turbulator, Exergy, Energy, Performance
evaluation criteria.
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