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1.introduction

One of the advanced technologies for increasing solar power generation is the utilization of parabolic troughs with a
twisted tape in the absorber tube. This technology enhances efficiency by improving heat transfer and reducing the
cost of generated energy. Key achievements of optimizing heat transfer include reducing the weight and dimensions
of the absorber tube, lowering equipment temperature, and minimizing the temperature difference between fluids.
Several researchers have suggested adding nanoparticles to the working fluid as a means to enhance heat transfer in
thermal systems. Furthermore, the thermal performance analysis of a parabolic solar collector using a combination
of nanofluids and twisted tape inserts has shown that this approach can significantly improve the collector’s heat
transfer performance.

The novelty of this research lies in the simultaneous examination of the nanoparticle type, the presence of a twisted
tape insert, and non-uniform heat flux boundary conditions, all integrated within a unified numerical model
specifically tailored for application to a thermal solar collector — an approach that has been scarcely addressed in
the existing literature in such a comprehensive manner.

Accordingly, the present study focuses on examining the influence of nanoparticle addition on the Nusselt number,
thermal enhancement factor, and friction factor to evaluate system performance. Subsequently, the comparative
analysis of the performance parameters corresponding to each nanofluid is conducted to determine the optimal
configuration.

2. Methodology

In this research, the heat transfer performance of a parabolic trough with twisted tapes inside the absorber tube,
using five nanoparticles (Aluminum Oxide (Al:Os) , Graphene, Silicon Carbide (SiC), Zinc Oxide (ZnO), and
Titanium Dioxide (TiOz2)) at volume fractions of 0.1%, 0.3%, and 0.5%, is investigated.

For the simulation, the ANSYS Fluent software package was employed, utilizing the finite volume method and the
realizable k-¢ turbulence model. The flow within the absorber tube was considered turbulent and fully developed,
with Reynolds numbers in the range of 9200 < Re < 115000 at a temperature of 400 K. The inlet boundary
condition was set as constant temperature and velocity, while the wall boundary condition is constant heat flux. The
internal walls of the absorber tube are treated as no-slip and impermeable. In this study, nanofluids comprising
Aluminum Oxide (Al20s) , Graphene, Silicon Carbide (SiC), Zinc Oxide (ZnO), and Titanium Dioxide (TiO2) were
utilizedas heat transfer fluids at volume concentrations of 0.1%, 0.3%, and 0.5%. Due to the negligible volume
fraction and to save computational time and cost, their simulations were also performed using a single-phase
approach.

3.Results
3.1. Validation

Initially, the numerical results are examined in the absence of nanoparticles and are compared with the data from
the research by Mwesigye et al. [25] for validation. Subsequently, the impact of the presence of different
nanoparticles at varying percentages on the performance of the solar receiver is analyzed. A comparison of the
friction factor distribution, Nusselt number distribution, and thermal enhancement factor, serving as an initial tool
to assess heat transfer enhancement techniques across different Reynolds numbers against the data from Mwesigye
et al., indicates that the differences between the results are less than 5%, 3%, and 10%, respectively.

3.2. Effects of different nanoparticles with various volume fraction

The addition of Aluminum Oxide nanoparticles to the base fluid has led to an increase in the Nusselt number at all
concentrations compared to the nano particle-free state. At a volume fraction of 0.3%, this improvement is at its
maximum (7.33%) relative to the other two percentages, reaching up to 33.98% at medium Reynolds numbers and
exhibiting the highest peak Nusselt number in the mid-Reynolds number range. Across all combinations (0.1% to
0.5% Aluminum Oxide nanoparticles), the friction factor decreases with an increase in the Reynolds number,
indicating the transition of the flow from laminar to turbulent regimes. The curve for the 0.5% concentration is
slightly lower than the other curves at all Reynolds numbers, meaning this concentration has the most significant
effect on friction reduction, decreasing the friction factor by approximately 3.8% compared to the nanoparticle-free
state. The distinction between the curves is more evident at lower Reynolds numbers. As the Reynolds number
increases, the thermal enhancement factor rises for all nanoparticle concentrations, signifying better performance of
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nanoparticles in higher-speed flows. Increasing the concentration of Aluminum Oxide nanoparticles from 0.1% to
0.3% results in thermal enhancement factor improvements of 3.64% and 8.83%, respectively, demonstrating the
positive impact of increased nanoparticle concentration on heat transfer. This improvement reaches its peak at a
0.3% concentration.

The addition of Graphene nanoparticles to the base fluid results in a significant increase in the Nusselt number
compared to the nanoparticle-free state. Graphene achieves the highest Nusselt number increase at a 0.5%
concentration (5.99%) , indicating the optimal effect of this concentration in improving thermal performance. With
an increase in the percentage of Graphene nanoparticles from 0.1% to 0.5%, the decreasing trend of the friction
factor is slightly intensified across all Reynolds number ranges. Graphene nanoparticles even increase the thermal
enhancement factor at a low concentration of 0.1% (4.23%). This improvement peaks at a 0.5% concentration
(7.44%).

The addition of Silicon Carbide nanoparticles to the base fluid leads to a noticeable increase in the Nusselt number
compared to the nanoparticle-free state. A 0.3% concentration of Silicon Carbide causes a very significant increase
in the Nusselt number across the entire range of Reynolds numbers (9.23%). As the percentage of Silicon Carbide
nanoparticles increases from 0.1% to 0.5%, the friction factor value decreases further across all Reynolds number
ranges. Compared to the base state (without nanoparticles), adding 0.1% nanoparticles causes a 4.26% increase in
thermal performance. At a 0.3% concentration, the maximum improvement compared to the base state is observed
(10.19%) , especially around a Reynolds number of 60,000 where the greatest improvement in thermal
enhancement factor is seen (17.50%).

The addition of Titanium Dioxide nanoparticles leads to a moderate improvement in heat transfer. This increase in
heat transfer reaches its minimum at 0.5% Titanium Dioxide (1.05%). The addition of Titanium Dioxide
nanoparticles causes a reduction in the friction factor compared to the base fluid (without nanoparticles).

At a 0.3% concentration, similar to Aluminum Oxide and Silicon Carbide nanoparticles, the largest increase in the
thermal enhancement factor is observed (6.39%).

The addition of Zinc Oxide nanoparticles improves heat transfer and reduces the friction factor compared to the
base fluid. However, due to its moderate thermal conductivity, its performance is weaker than nanoparticles like
Graphene. 0.5% creates the highest friction factor, particularly in turbulent flows. Zinc Oxide exhibits better
performance than Titanium Dioxide across all concentrations.

4.Conclusion

The results indicated that the addition of nanoparticles generally improves heat transfer, but the extent of this
improvement is dependent on the type of nanoparticle, volumetric concentration, and flow regime. Among the
investigated nanoparticles, Aluminum Oxide and Silicon Carbide at a 0.3% concentration exhibited a balanced
performance in terms of increasing the Nusselt number and thermal enhancement factor. Notably, Silicon Carbide
at this concentration achieved the highest average increase in the Nusselt number and reached peak thermal
performance at intermediate Reynolds numbers. Graphene, owing to its layeredstructure, low weight, and high
stability, demonstrated the greatest increase in the Nusselt number and thermal enhancement factor even at a 0.5%
concentration without particle aggregation, showing a significant advantage over other nanoparticles in this regard.
Conversely, titanium dioxide showed favorable performance only at low to intermediate concentrations and was not
a desirable option at a 0.5% concentration due to increased viscosity and a decline in thermal performance.
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