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Abstract

In this study, hybrid nanofluids have been used to enhance the performance of a
photovoltaic-thermal (PVT) panel. Hybrid nanofluids consist of a combination of
nanoparticles and a base fluid, offering superior thermal and conductive properties
compared to conventional base fluids. In this research, different nanoparticles, such as
titanium oxide and aluminum oxide, were dispersed in water as the base fluid at varying
weight fractions of 0%, 3%, and 6%, and their effects on heat transfer and panel
efficiency were investigated. The simulation results indicate that adding titanium oxide
and aluminum oxide nanoparticles at a weight fraction of 3% each resulted in thermal
and electrical efficiencies of 32.92% and 14.68%, respectively. When the weight
fraction was adjusted to 6% for aluminum oxide and 0% for titanium oxide, the
thermal and electrical efficiencies were 32.95% and 14.68%, respectively, showing
negligible variation compared to the base fluid without nanoparticles. Additionally,
increasing the volume fraction of one of the nanoparticles did not lead to significant
changes in the results, only slightly improving system efficiency. This study can assist
designers and engineers in developing and optimizing photovoltaic-thermal panel
systems, contributing to the efficient utilization of solar energy resources.
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1- Introduction

Solar energy is considered the largest available
energy source. The limitations of fossil fuels and
environmental concerns have led researchers to
explore solar energy as a suitable alternative. The
clean and unlimited nature of solar energy has
attracted the attention of many countries for energy
supply. Using solar collectors, sunlight can be
absorbed and converted into the required form of
energy. However, a crucial challenge in this
technology is improving the efficiency and thermal
performance of devices to generate more energy.
Nanotechnology can help enhance efficiency to

some extent. Nanofluids are advanced liquids
containing a small amount of nanoparticles
(typically less than 100 nanometers) that are
uniformly and stably suspended in the liquid. The
dispersion of a small quantity of solid nanoparticles
in conventional fluids, such as water, significantly
alters their heat transfer characteristics. Nanofluids
have been utilized to enhance the thermal
performance of various engineering systems and
have been employed as working fluids for heat
transfer in solar collectors. [1] A study conducted
by Kazem et al. [2] examined the efficiency of a

©2025 the authors. Published by National University of Skills, Tehran, Iran. This

"'9 article is an open-access article distributed under the terms and conditions of the
o BY NG Creative Commons Attribution-Noncommercial 4.0 International (CC BY-NC License)

E-ISSN: 2981-2232

(https://creativecommons.org/licenses/by-nc/4.0/)



https://stmechanics.bmtc.ac.ir/?lang=en
https://doi.org/10.22034/stme.2025.487116.1088
https://portal.issn.org/resource/ISSN/2981-2232
mailto:mohammad_477@yahoo.com

Journal of Science and Technology in Mechanical Engineering

Vol. 3, No. 2, 2025 48

PVT cooling system, where nanofluids composed of
water and ethylene glycol in a 75:25 volumetric
ratio, along with SWCNTs at different weight
fractions of 0.1%, 0.5%, 1%, and 2%, were utilized.
The researchers performed multiple experiments to
evaluate the thermophysical properties of a
nanofluid formed by adding 0.5% SWCNTSs to the
PVT system. The results from thermal imaging and
{ potential tests revealed that the nanoemulsion
exhibited a high thermal conductivity increase of
103% and significant stability for over 109 days. As
a result of this addition, the generated power
increased by 11.7%, and the electrical efficiency
improved by 25.2% compared to a standalone PV
system. A photovoltaic-thermal system was tested
by Alghandi [3] using a trapezoidal flow channel
that integrated copper, polycrystalline silicon, and a
mixture of titanium oxide and silver nanoparticles
in water. Various parameters, including volume
fraction, Reynolds number, and aspect ratio, were
analyzed. The results indicated that increasing the
Reynolds number from 100 to 1000 reduced the cell
temperature by 50% and enhanced efficiency.
Additionally, it was suggested that a higher inlet
height could improve system performance by
allowing more fluid into the system. These findings
promise an improvement in the efficiency of
photovoltaic-thermal systems. Another significant
study was conducted by Eglave et al. [4], focusing
on the design and simulation of a microchannel heat
sink integrated with a heat-generating device. This
research involved a parametric evaluation
considering heat flux, mass flow rate, inlet
temperature, and nanofluid concentration. It was
determined that the heat sink effectively reduced the
device's temperature. When a 0.3% volume fraction
and a mass flow rate of 8 kg/s were used, the
maximum heat transfer rate reached 13,693 W/m2K
at an inlet temperature of 35°C. In this study, the
efficiency of a photovoltaic-thermal panel was
quantitatively and numerically investigated using a
hybrid nanofluid of titanium oxide/aluminum oxide
with water as the base fluid, while analyzing the
effects of various process parameters on the thermal
and electrical performance of the PVT panel. The
primary objective is to enhance electrical and
thermal efficiency. The use of hybrid nanofluids can

facilitate this improvement. High temperatures in
photovoltaic cells reduce efficiency; however,
hybrid nanofluids, with superior heat transfer
properties, lower cell temperatures and enhance
overall performance.

2- Research Methods

2-1 Geometric Modeling

The arrangement of the modeled tubes in the
software is shown in Figure 1. It illustrates the
collector tubes for the case where the number of
tubes is eight

Figure 1: Schematic of the 8-Tube Geometry

2-2 Nanofluid equations and properties

In this study, the properties of aluminum oxidized
and titanium oxidized nanoparticles are utilized.
The properties of the nanofluid, including density,
specific heat, thermal conductivity, viscosity, and
volume fraction of nanoparticles, are calculated
using equations provided in reference.
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In the given study, the volume fraction of

nanoparticles is represented by ¢. The subscripts b,
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np, and nf correspond to the base fluid,
nanoparticles, and nanofluid, respectively.

2-3 Boundary conditions

This problem has been solved for the number of
different pipes as well as the different temperature
of the inlet fluid. In the modeled photovoltaic
thermal system, we have heat transfer resulting from
convection, radiation and heat transfer from the cell
surface to the the deep sky. The intial fluid inlet
temperature of the pannel is assumed the same as
the ambient temperature. Also, the no-slip boundary
condition is established for the modeling of the
walls. A no-slip wall is a wall where the fluid
velocity is zero compared to the wall velocity.
thermal and Velocity boundary conditions are
tabulated in Table 1 and Table 2, respectively.

Table 1: thermal boundary conditions

Boundary layer Equ Geometric location
ations
Insulation —n.q=0 pipe edges
-n.q = pAHu.n
Constant T ine inlet
temperature AH =f CpdT PP
Tin
Convection heat -n.q = q, All over except fluid inlet
flux qo = hs(T, —T,) and outlet and glass surface
_n(? i T) 1
u~ ‘d
- RS + 2 dSQS
ds
. R, =—
Thin layer ST K Panel frame
d
K=—— d;
5 dsi
kj
= stj

Surface to —n.q = q,
ambient radiation qo = £,0(Taxy—Ts)
Radiative heat —n.q = q,
transfer qo = &G

PVT top surface to the sky

PVT top surface

Table 2: velocity boundary conditions

Geometric location
All pipe walls

Boundary layer Equations
wall u=0
Q

Constant flow rate _ _f wnds=05 (L) pipe inlet
A0 min

Avearge pressure p=0 pipe outlet

3- Discussion and Results

3-1 Basic 8-tube geometry
3-1-1 Two-dimensional temperature contour on the
surface of the glass panel
This section presents the two-dimensional
temperature contour. Based on the temperature
contour presented for the photovoltaic thermal cell
in Figure 2, it is noticeable that the surface
temperature of the cell at the water inlet is cooler
compared to the surface temperature at the water
outlet. Subsequently, as the cell collects sun
radiation through its absorbent surface, the
temperature of the cell surface gradually increases.
Eventually, the heat received through radiation is
transferred to the tubes beneath the cell surface,
leading to an increase in the temperature of the fluid
flowing between the tubes. Consequently, due to
this heat transfer, the temperature of the cell surface
gradually decreases in comparison to the
temperature of the heated fluid. It is important to
note that the ambient temperature is considered to
be 20°C.

Tall)=20 cegC Tin[1)=29215 K PV Cat, Gass Surtace: Tomperature {deg

VYiie

1000 1500

Figure 2: two-dimensional temperature contour on the glass
surface of the 8-tube panel at the inlet water temperature of 20°C

3-1-2 Two-dimensional temperature contour in the
middle of the tubes

In the Figure 3, it is evident that the side parts of the
panel surface where the operating fluid enters have
a lower temperature compared to other parts. This
can be attributed to the fact that the inlet water
temperature is kept as low as possible.
Subsequently, as the cell surface receives radiation
from the sun, the temperature of the cell surface
gradually increases. This heat is then transferred to
the tubes beneath the surface of the panel, causing
the fluid flowing through the collector tubes to heat
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up. This process continues in a cyclical manner. As
observed, the temperature of the inlet water starts at
20°C. After receiving heat and circulating through
the pipes, its temperature increases to above 40°C.
This increase in temperature is due to the absorption
of heat from the panel surface.

Ta(l}=20 degC Tin{l)=293.15 K Surface: Tempersture (degl)
Py . ¢ -
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400
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200
100}
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100}

0 00 1000 1500  mm

Figure 3: two-dimensional temperature contour in the middle of
the tubes (8-tube panel) at the inlet water temperature of 20°C.

3-1-3 Two-dimensional velocity contour in the
middle of the tubes

In the Figure 4, it is evident that the velocity in the
side parts of the panel surface, where the working
fluid enters, is lower compared to other parts. As the
fluid circulates and its temperature increases, the
velocity gradually increases. As observed, the
velocity is lower in the main inlet part on the left
side. The velocity is higher in the middle pipes due
to the smaller diameter of the pipe. During heating,
it is possible that the velocity slightly increases
through the heating path in the middle tube due to
the growing of the velocity boundary layer.

Tol11= 20 degC Thil1=291.1% K PV Gall Surface: Vikocity magrkuge immbsi
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Figure 4: Two-dimensional velocity contour in the middle of the
tubes (8-tube panel) at the inlet water temperature of 20°C.

4- Conclusion

In this study, the thermal performance of a
photovoltaic-thermal (PVT) panel was investigated
using a combination of titanium oxide and
aluminum oxide nanoparticles with different weight
percentages of 0%, 3%, and 6% in water as the base
fluid. The results indicate that the addition of the
hybrid nanofluid achieves the highest efficiency
compared to the single nanofluid and even with an
increase in the volumetric percentage of the selected
nanofluid. Numerical results show that at ambient
temperatures of 20°C and 30°C, the thermal and
electrical efficiencies are (32.641 and 32.437) and
(14.674 and 14.119), respectively. As the ambient
temperature increases, leading to a higher absorber
surface temperature, the system's thermal efficiency
decreases. This trend also affects the inlet pressure
of the fluid, as at ambient temperatures of 20°C and
30°C, the inlet pressure values are (26.83 and
22.33), respectively. Furthermore, analyzing the
effect of nanoparticle volume fraction in the system
under ideal conditions reveals that at an ambient
temperature of 20°C, with a 3% weight fraction of
titanium oxide and aluminum oxide nanoparticles,
the thermal and electrical efficiencies reach (32.926
and 14.688), and the inlet fluid pressure is 29.809.
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