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Abstract: This study numerically investigated the thermal
performance of a parabolic trough solar collector (PTSC)
equipped with a vortex generator (VG), which was under an
external magnetic field, using a two-phase hybrid nanofluid
(Cu-DWCNT/Therminol VP-1). Key parameters such as
Reynolds number, nanoparticle concentration, and magnetic
field intensity were analyzed.The paper presents a numerical
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simulation of heat transfer and fluid flow in a PTSC, using a
hybrid nanofluid (Cu-DWCNT/Therminol VP-1) enhanced
by vortex generators and exposed to a transverse magnetic
field. Results showed that with 4% nanoparticle
concentration, with Reynolds number of 33,000, and with
optimized VG geometry (Case F), the exergetic efficiency
increased by 65.83%. Moreover, the highest thermal
enhancement under magnetic influence was observed at
Hartmann number Ha = 125 and Re = 21,000.
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Extended Abstract efficiency losses. Recent  research

Introduction

This paper presents a numerical simulation
of heat transfer and fluid flow in a parabolic
trough solar collector (PTSC) using a hybrid
nanofluid (Cu-DWCNT/Therminol VP-1),
enhanced by vortex generators and exposed
to a transverse magnetic field. Parabolic
trough solar collectors are promising for
high-temperature solar thermal applications
but suffer from insufficient heat transfer and

investigates hybrid nanofluids to improve
thermal conductivity, magnetic fields to
control flow behavior, and vortex generators
to disrupt thermal boundary layers. This
study uniquely combines all three strategies
to maximize thermal and exergetic
performance.

Materials and Methods
The governing equations are based on
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Reynolds-Averaged Navier-Stokes (RANS)
with the k- SST turbulence model. A two-
phase  Mixture Model accounts for
interactions between Therminol VP-1 base
fluid and Cu-DWCNT nanoparticles. The
magnetic field was incorporated via the
Lorentz force term in the momentum
equation. Thermo-physical properties of the
hybrid nanofluid were computed using
empirical correlations (e.g., Hamilton-
Crosser for thermal conductivity).

Results
This study had the following results:

1. The effect of vortex generator (VG):
VGs induced secondary  flows,
disrupted thermal boundary layers, and
enhanced mixing. Case F (optimized
VG geometry) vyielded the highest
Nusselt number and heat transfer rate.

2. The effect of Reynolds number
variations and nanoparticle volume
fraction: the outlet temperature
decreased consistently with increasing
Reynolds number (from ~33 °C at Re
= 15,000 to ~29.6 °C at Re = 33,000),
while higher nanoparticle volume
fractions (0-4%) produced only a
slight temperature rise due to improved
thermal conductivity. These trends
confirmed the physically consistent
thermal behavior of the hybrid

nanofluid under the magnetic field and
vortex-generator effects.

3. The effect of hybrid nanofluid:
increasing nanoparticle concentration
(up to 4%) improved thermal
conductivity and heat transfer. At Re =
33,000 and ¢ = 4%, exergetic
efficiency reaches 65.83%.

4. The effect of magnetic field higher
Hartmann number (Ha = 125)
suppressed velocity near walls but
enhanced fluid mixing via Lorentz
forces. Optimal performance occurred
at Re = 21,000 and Ha = 125,
balancing heat transfer gain and
pumping power.

5. Exergy and PEC analysis: performance
evaluation criterion (PEC) exceededl.6
for all cases, confirming net thermal
benefit. PEC peaked at 1.8 for Ha =
125, ¢ = 4%, and Case F, indicating
superior efficiency.

Discussion and Conclusions

The hybrid nanofluid (4% Cu-DWCNT) in
Case F at Re = 33,000 boosted exergetic
efficiency by 65.83%. Magnetic field at Ha =
125 and Re = 21,000 provided optimal
hydrothermal performance. Vortex
generators effectively promote turbulence
and reduce thermal resistance. All
configurations yielded PEC > 1, which
confirms the practical viability of solar
thermal systems.
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