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EXTENDED ABSTRACT

Introduction

The global climate situation, the global warming phenomenon, and the limitation of
fossil resources have caused the use of clean energy to become more important than the
consumption of fossil fuels. These cases have led to a significant increase in the use of
renewable energy and as a replacement for fossil fuels in recent years because it is both
inexhaustible and much cleaner than energy from fossil fuels. Among all renewable energies
in the world, solar energy has the greatest potential. This abundantly available energy
source can be converted into electrical energy or thermal energy. To convert solar energy
into thermal energy in the medium to high-temperature range, concentrating collectors are
used. Currently, the most common and commercial type of concentrator collectors in
thermal solar power plants is linear parallel collectors. Today, one of the most promising
ways to improve the efficiency of these collectors is the use of nanofluids instead of the base
fluid. The high energy content of nanofluids can increase the energy efficiency of these
collectors and hybrid nanofluids are also a new generation of nanofluids, which was used in
the present study to evaluate the effect of using graphene and combining it with three metal
nanoparticles such as silver, zinc, and copper. Production of hybrid nanofluids containing
graphene on the hydrothermal performance of a linear parabolic collector was investigated.

Methodologhy

In the present research, theoretically and using MATLAB software, the hydrothermal
performance of a linear parabolic collector model LS-2 was investigated. The effect of using
hybrid nanofluids containing graphene and its comparison with mono nanofluids and base
fluid was discussed. The scheme of this collector, which was designed in SolidWorks
software, can be seen in Figure 1. In addition, the dimensional specifications and optical
properties of this collector are presented in Table 1, and the environmental conditions and
solar radiation are also presented in Table 2.
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Figure 1. Schematic of the LS-2 model linear collector case studied.

Table 1. Dimensional specifications and optical properties of the studied collector [16].

Parameter Value
Absorber inner diameter, Dri 0.066
Absorber outer diameter, Dro 0.07

Glass inner diameter, Dci 0.109
Glass outer diameter, Dco 0.115
Length of the PTC, L 7.8
Absorber absorbance, a 0.96
Glass cover transmittance, T 0.95
Emittance of glass cover, ec 0.9
Concentrator reflectance, pm 0.83
Max optical efficiency, nopt %74.5
Incident angle, 6 0
Aperture width of the PTC, W 5
Aperture area, Aa 39
Focallength, F 1.71
Intercept factor, y 0.99
22.74

Concentration ratio, C
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Table 2. Environmental conditions and solar radiation in the present study.

Parameter Value
Surrounding convection, hout K(w/mzk ) 10
Radiation beam intensity, Ga (w/m?) 1000
Wind Speed, Vwind (m/s) 1
Nanoparticle volume fraction, ¢ 2%
Ambient temperature, Tamb (k) 300
Sun temperature, Tsun (k) 5770
Inlet temperature, Tin (k) 300-500
Volume fow rate, \/ 4, (L/min) 150

Results and discussion

In this study, the effect of using graphene and combining it with three metal
nanoparticles of silver, zinc, and copper to produce hybrid nanofluids containing graphene
on the hydrothermal performance of a linear parabolic collector was investigated
theoretically using MATLAB software. In this study, Syltherm 800 oil with a volume fraction
of 2% and a ratio of 50:50 was used as the base fluid and to obtain more accurate results,
the thermophysical properties of this base fluid were considered dependent on
temperature. The obtained results showed that the energy efficiency will decrease with the
increase of inlet temperature and the energy efficiency will increase with the increase of the
Reynolds number. Furthermore, with the increase in inlet temperature, the Nusselt number
and heattransfer coefficient will increase. The most efficient collector fluid among the mono
nanofluids copper Syltherm 800 and the hybrid nanofluids containing graphene was
graphene-copper- Syltherm 800. The result of using graphene in this study demonstrated
that graphene has a lower performance compared to metal nanoparticles, but the
combination of graphene with metal nanoparticles improves energy efficiency, Nusselt
number, and heat transfer coefficient. Hydrothermal performance was used compared to
mononanofluids.

Table 3. Effect of mono nanofluids and hybrid nanofluids containing graphene in improving energy
efficiency, Nusselt number and heat transfer coefficient at 300k temperature.

Nanofuids Energy Efficiency Nusselt Number Heat Transfer
Enhancement (%) Enhancement (%) CoefficientEnhancement (%)
Graphen-
Syltherm 800 011 40.39 48.99
Ag- Syltherm 800 1 41.22 49.85
Zn- Syltherm 800 1.32 41.51 50.15
Cu- Syltherm 800 1.98 4211 50.81
Graphen- Ag-
Syltherm 800 2.55 10835 121.09
Graphen-Zn -
Syltherm 800 283 108.94 121.66
Graphen- Cu-
Syltherm 800 3.38 110.01 122.94
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Table 4. Effect of mono nanofluids and hybrid nanofluids containing graphene on hydrothermal
performance and friction Factor at 300 K.

Nanofuids PEC Friction Factor

Graphen- Syltherm 800 1.242 0.035
Ag- Syltherm 800 1.244 0.035

Zn- Syltherm 800 1.252 0.035

Cu- Syltherm 800 1.254 0.035
Graphen- Ag- Syltherm 800 1.748 0.034
Graphen- Zn - Syltherm 800 1.750 0.034
Graphen- Cu- Syltherm 800 1.760 0.034

Conclusion

In this article, the hydrothermal performance of a linear parabolic collector due to the
addition of hybrid nanofluids containing graphene to the base fluid, as theory and assuming
that the fluid flow is turbulent, steady and incompressible and also dependent on the
thermophysical properties of the fluid The basis of the temperature was investigated and it
was observed that the temperature at the inlet increases the Nusselt number and the heat
transfer coefficient and decreases the energy efficiency. will be It was also observed that
although graphene has a lower performance than metal nanoparticles of copper, silver and
zinc, but the composition graphene with metal nanoparticles improves energy efficiency,
Nusselt number and heat transfer coefficient and hydrothermal performance. compared to
mono nanofluids will be used.
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