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In the present study, the performance of nanofluid flow in a Linear
Parabolic Trough Solar Collector was simulated and studied. The
flow is considered three-dimensional, turbulent and incompressible.
Flow modeling is a combination of Monte Carlo Ray Tracing (MCRT)
and numerical simulation which was implemented by Soltrace and
Ansys Fluent software, respectively. The radiative flux reflected from
reflector on the absorber tube was calculated by Soltrace software
and introduced to Ansys Fluent by UDF code. Thermophysical
properties including density, specific heat, thermal conductivity and
viscosity were considered as a function of temperature. It was
observed that in Reynolds 1000 number and in two volume fractions
of 2 and 5 percent, the enhancement of heat transfer coefficients
were respectively 3 and 11 percent for Al203, 7 and 15 percent for
copper powder (Cu), and 7 and 42 percent for silver powder (Ag). In
Reynolds number 15,000, increases of 8 and 33 for Al203, 9 and
29% for copper powder (Cu), and 8 and 25% for silver powder (Ag)
were respectively observed. The results showed that at a constant
Reynolds number, the heat transfer coefficient increased with
increased nanofluid volume. It was also observed that the
performance of silver powder (Ag) nanoparticles at low Reynolds
numbers was better than other nanoparticles, but it decreased with
increasing Reynolds number. Unlike silver powder (Ag), the
performance of Al203 at low Reynolds number was insufficient, but
improved with increasing Reynolds number.
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EXTENDED ABSTRACT

Introduction

Using Linear Parabolic Trough Solar Collector is one method of producing electric
power by solar energy. In this collector; the radiative flux reflected from reflector is
concentrated on the absorber tube, which is placed at the focal point. It causes an increase
in the temperature of the working fluid (usually liquid oil) [1]. In the current research, a
comprehensive and integrated work including the Monte Carlo method, numerical
solution, variable properties and Nanofluid was carried out, which is rarely found in past
research. The combined method includes Monte Carlo statistical method and numerical
method in Ansys Fluent software. In addition, the properties of the base fluid and
nanoparticles are introduced as a function of temperature. The nanoparticles used in this
work are aluminum oxide (Al203), copper powder (Cu), and silver powder (Ag).

Methodology

In this article, the performance of a Linear Parabolic Trough Solar Collector with
Sylitherm 800 base fluid (liquid oil) in the presence of aluminum oxide (Al203), copper
powder (Cu), and silver powder (Ag) nanoparticles in different volume fractions was
investigated. Geometrical specification including the reflector (length, width, focal length
and solar reflection coefficient) and the receiver including the absorber tube and the glass
tube (diameter, absorption coefficient and transmission coefficient) are presented in
Figure 1.

Vaccum Glass Sunlight
Absorber Tube l / [

‘ \ Length 5.0(m)
Rltactis Width 7.8(m)
Focal Length 1.84(m)
Reflection Coefficient 0.93
diameter 0.07(m)
Absorber Tube Absorption Coefficient 0.96
Transmission Coefficient 0.95

w
Figure 1. Geometrical specification of Linear Parabolic Trough Solar Collector

First, the geometry of the linear parabolic collector was introduced to the Soltrace
software, and the amount of radiative flux reflected from the reflector on the absorber tube
calculated via this software. Soltrace software uses the Monte Carlo method (MCRT) to
determine the heat flux distribution. Then, drawing and meshing of the geometry of the
absorber or receiver tube was carried out by Gambit 4.3.2 software. Then, for
hydrodynamic-thermal simulation, the geometry was introduced to Ansys Fluent 15
software. In Ansys Fluent software, two programs in C language (UDF) were written to
introduce the properties of the base fluid (liquid oil) and Nanofluid as a function of
temperature and also to introduce the variable heat flux on the absorber tube. SIMPLE
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velocity-pressure correction algorithm and 3rd degree discretization (QUICK) were used
for analysis. The residual value for equations 10-5 and the time step was 0.05 seconds. RNG
k-epsilon model was used in Ansys Fluent software to model the flow turbulence.

Results and discussion

The validation of simulation results with data reported by Wu et al. [2] is presented in
Table 1. There is good agreement between simulations and data by Wu et al. [2]. It was
observed that the error values are within an acceptable range.

Table 1. Validation of simulation results with Wu et al. [2]
Error (%) Tout (K) [This work] Tout[2] Tin (K) m(kg/s) DNI (W/m2)

0.6 399 397 375 0.63 933
0.56 448.5 446 424 0.67 968
0.35 493.5 492 471 0.64 972

Figure 2 illustrates the contour of temperature and velocity at the outlet of the absorber
tube for radiative flux 933 W/m2. The minimum and maximum temperatures are shown to
be 393 and 525 K, respectively. It was observed that the maximum value of the velocity did
not occur in the center of the pipe, but rather in the lower half of the pipe. The reason for that
was the variability of thermophysical properties as a function of temperature.

393 408 422 437 451 466 481 495 510 525 0.00 0.041 0.081 0.122 0.163 0.203 0.244
o E - m
Temperature [K] Velocity [m/s]

Figure 2. Contour of temperature and velocity at outlet of the absorber tube

In this section, the effect of aluminum oxide (Alz03), copper powder (Cu), and silver
powder (Ag) Nanofluids in the base fluid at volume fractions of 0, 2 and 5% and Reynolds
numbers of 1000, 1500, 3000, 5000, 7500 and 15000 are investigated. Figure 3 shows the
increase of the heat transfer coefficient as a function of the type and volume fraction of the
nanoparticle compared to the base state (without Nanofluid). It was observed that at a
Reynolds number of 1000 and at two volume fractions of 2 and 5%, the increase in heat
transfer coefficient for Al203is 3 and 11%, for Cu is 7 and 15%, and for Ag is 7 and 42%. At
Reynolds number 15000, Alz03 showed an increase of 8 and 33%, Cu showed an increase
of 9 and 29%, and for Ag an increase of 8 and 25% was observed.
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Figure 3. Increase in heat transfer coefficient compared to the base fluid for different nanoparticles

Conclusion

The findings demonstrated that at a constant Reynolds number, the heat transfer
coefficient increased with an increase in the volume fraction of the Nanofluid, and with an
increase in the Reynolds number;, the effect of the volume fraction of the Nanofluid also
increased. The performance of Ag nanoparticle at low Reynolds numbers was better than
other nanoparticles and its performance decreased with the increase of the Reynolds
number. Unlike Ag, the performance of Al.03 was not favorable at a low Reynolds number;
but its performance improved by increasing the Reynolds number. Finally, the best choice
for the value of the heat transfer coefficient in low and high Reynolds numbers were Ag
and Alz0s, respectively.
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