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Abstract

The absorber tube is the main part of the solar collectors which its appearance and
operational characteristic can play key role in absorbing of solar irradiation amounts.
Researchers have proposed various offers to improve the solar collector performance
such as inserting a turbulator in the absorber tube and using of nanofluid (especially
hybrid nanofluids) instead of simple working fluid. In present study, the various shapes
of turbulators proposed by the researchers have been reviewed. Turbulators can be
classified according to their shapes. In the first category, turbulency in fluid flow is
made by providing ribs or corrugations on the inner wall of absorber tube. But in the
second category, external obstacles can be inserted in the absorber tube to improve its
performance. Most literatures disscused about the second category of turbulators. By
comparing the hydrothermal performance between the smooth absorber tubes with
the improved one, it can be concluded that addition of turbulator enhances the thermal
properties of all collector types up to 82%. The turbulators can increase the pressure
drop and friction factor due to its operation as an obstacle in the fluid flow. Also, the
use of nanofluids (especially hybrid nanofluids) beside the turbulators can improve the
collector’s performance. However, several characteristics such as the concentration of
nano particles, different kinds of hybrid nano fluid and collectors, the various shapes
of the turbulator, etc., are all effective parameters on the collector performance.
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1- Introduction

Iran is one of the high solar potential regions in the
world, which has 290 sunny days and received daily
solar radiation up to 4.5 -5.5 kWh/m”2. Due to
deterioration of fossil fuels, the use of renewable
energy sources has been extensively taken into
account. Solar energy is one kinds of renewable
energies with widely extensive distribution in the
world. The absorber tube is the essential part of
solar collector that must absorbs the solar radiation
and its performance quality can affect on solar
collector operation. To improve the absorber tube
performance, various solutions have been proposed
in the literatures for example replacing numerous
tubes instead of a large diameter tube, using various
working fluid such as mono and hybrid nanofluids
to solve the existing problems (e.g., absorbing the

whole of radiation band and overcoming to fluid
instability at high temperatures). Sloping the solar
collector to receive more solar radiation is another
solution was performed by authors. One of the most
frequent solutions is increasing the heat transfer
surface by using turbulators, which can cause the
turbulency in flow and so can improve the
performance of the absorber tube in solar collectors.
Turbulators have different types and cross section
shapes. In the current study, various shapes of
turbulator have been categories and numerous
studies, which have worked on them, are reviewed.
Next, the effect of nanofluids (especially hybrid
kinds) beside the turbulator in improving the
absorber tube performance has been investigated in
previous studies.
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2- Design and Methodology

Several studies have been focused on using the
turbulators in absorber tubes of solar collectors.
Turbulators are classified into two general types. In
the first category, a type of turbulator is
investigated, which waves, ribs, dimples or making
corrugation in inner wall of tube are made. But in
the second category, by placing an obstacle or
foreign device inside the tube, vortex or disturbance
is created in the fluid flow. Researchers have
studied various parameters including the effect of
using turbulators with different shapes, various
working fluids (simple working fluids, mono and
hybrid nano fluids) in collectors, the range of
different Reynolds numbers and Nusselt number or
etc. In existed review articles on mentioned field,
any of these parameters were discussed lonely. The
research gap in this field is reviewing the
simultaneous using of both turbulator and
nanofluids (especially hybrid) effects on the
absorber tube performance in literatures which
current study pay attention to that. Another
innovation of this study is presenting two overview
tables with two parameters of performance
evaluation criteria (PEC) and the range of
investigated Reynolds number. It can be useful in
the real applications of industries used solar
collectors (e.g., seawater desalination, air heating,
power plants, refrigeration, etc.) provide useful and
accurate information to users.

The main detailed and extensive classification of
turbulators used in the studies, could be represented
as following bullets:

e Longitudinal turbulators with a rectangular,
triangular, trapezoidal cross-section, etc.. As
the results in this category, the fins with a
rectangular cross-section had caused more
improvement on heat transfer.

e Creating dimples or protrusion to make
turbulency in the flow. The results indicated the
turbulator of dimple kind has a better
performance than protrusion kind.

o Ribbed, pin-shaped and circular turbulators. In
general, placing the turbulator in the lower half

of the absorber tube produces more flow
turbulence and improves performance.

e Twist or screw taps or coil-wire inserts, which
occupied a large group of studies. It was proved
that the coil type turbulator was better than the
twist/screw type to improve the performance.
The effectiveness of twist inserts depends on
several characteristics, such as spiral angle,
screw ratio, etc. which can improve the
collector performance by 45.04% and 74.42%.

e Turbulators from the porous disks and porous
medium kinds, with effective parameters such
as the distance and dimensions of the disks, the
number of holes which have also been effective
in the amount of their impact on the collector
performance.

3- Discussion and Results

Recently, hybrid nanofluids have been taken into
account due to their ability to act in wide
temperature range and solving the mono nanofluid's
instability problems. Many studies showed that
replacing the simple working fluid with nanofluids,
both single and hybrid nanofluids, can lead to an
increase in the thermal efficiency of the collector up
to 26.3%. Various parameters such as the nanofluid
kind, concentration and mixing percentage of
nanoparticles have been evaluated on the solar
collector performance. In general, enhancing the
volume fraction of nanoparticles and Reynolds
number caused increases in Nusselt number, friction
coefficient and PEC. According to the researchers'
results, increasing the  concentration of
nanoparticles and its hybridization and increasing
the penetration depth improved the radiation
properties and its absorption efficiency up to 90%.
On the other hand, using of both nanofluid and the
turbulator in absorber tube could improve the
Nusselt number and of course increased the friction
coefficient. Also, they caused the placement of the
vortex generators (horizontal, vertical and cross)
changed in the PEC. The improved performance
rate by using the hybrid nanofluid, the shape of the
turbulator, and the hydrodynamic conditions are
investigated in current study. As the results, not only
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the use of hybrid nanofluid can improve the thermal
and optical properties (improving optical efficiency
by 78.1% and increasing the temperature difference
between the inlet and outlet of the fluid by 56%),
but also it leads to economic savings and reducing
the collector surface by 36% as well as the
emissions carbon dioxide and payback period up to
36.2%.

To evaluate the solar collector performance, a
balance should be established between the thermal
characteristics improvement and the energy
required for pumping fluid. For this purpose, the
Performance Evaluation Criterion Index (PEC) has
been used to examine the solar heat exchanger
performance and to determine the actual heat
transfer development in previous studies using
turbulator and with/without nanofluid. In practice,
this power is related to the work required to pump
the fluid (W,) to the third power of the volumetric
flow rate (W3). In the reference condition, PEC is
equal to one. For other states, it can have values
greater or less than one. When it is higher than one,
the investigated condition is assumed to be
beneficial and the thermal enhancement is higher
than the previous value. When PEC is less than one,
the pressure drop is less than one. In present study,
PEC is listed in a table by changing in the other
parameters namely the shape and type of the
turbulator and the working fluid kind. Also, another
table is presented in which studies, considered the
types of turbulators with nano fluid in the absorber
tube of solar collectors, are listed. In this table, in
addition to the collector and turbulator kinds, used,
the nanofluid kind are also mentioned as well as the
studied Reynolds number range and the results of
the research are also briefly presented.

4- Conclusion

In general, it can be concluded that the improvement
amount of the collector’s performance by using the
turbulator and hybrid nanofluid depends on several
factors such as the collector type, the mass flow rate
range of the fluid flow and the Reynolds number,
the shape of the turbulator, the nanofluid kinds and
its volume fraction. As the results, by increasing the

fin's numbers, a more effective improvement is
achieved in thermal and exergy performance criteria
and PEC, until about 234.7% and 19.7%. Likewise,
the decrease in entropy production had also reached
up to 311.7%.
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3 Fin shape Metal foam

1 Semi-Annular and Fin shape Metal foam
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