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ABSTRACT

This study analyzes a dual-purpose solar collector using multi-walled carbon nanotube-water and
copper oxide-water mono-nanofluids at a 0.5% volume concentration via computational fluid dynamics
in ANSYS Fluent. In the first phase, varying air flow rates showed a 25% temperature increase for
nanofluids versus 13% for water, with heat gains of 970.168W for copper oxide-water and 965.939W
for multi-walled carbon nanotube-water, yielding efficiencies of 62.77 and 56.56%. In the second phase,
with constant air flow and varying liquid flow rates, both nanofluids exhibited temperature rises of
4–10 8C, exceeding water’s by 2–5 8C. Copper oxide-water provided a heat gain of 1591.93W and 97%
efficiency, while multi-walled carbon nanotube-water reached 1563.19W and 95%. Conventional water
gained 1152.06W with 70% efficiency. Nanofluids, particularly copper oxide–water, can enhance solar
system performance.
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1. INTRODUCTION

The harmful impact of traditional energy sources on the environment and their depletion has
accelerated the investment in renewable energy resources, specifically solar energy [1, 2].
Flat Plate Solar Collectors (FPSCs) effectively convert incident solar radiation into heat
energy and are commonly used for heating air and liquids. Recently, Dual-Purpose Solar
Collectors (DPSCs) have garnered attention for their ability to simultaneously heat both air
and liquid in a single device, thereby reducing installation areas and costs by 50% [3].

Numerous techniques have been conducted to enhance the heat transfer rate of collectors,
including passive, active, and compound techniques [4]. Passive techniques, which do not
require external power, aim to enhance the absorber tubes’ heat transfer ability [5]. Methods
including twisted tape [6], wire coil inserts [7], and vortex generators [8], are used to create
turbulence and improve heat transfer. Additionally, researchers have investigated nano-
fluids - comprising solid metals, metal oxides, and carbon nanostructures - as a promising
alternative for enhancing the efficiency of flat panel solar collectors (FPSCs) and other
thermal applications [9, 10].

Nanofluids, as Heat Transfer Liquids (HTLs), significantly affect the performance of
FPSCs due to their high thermal conductivity, low density, and excellent optical properties
(absorption, transmittance, and scattering) [11, 12]. Numerous studies on nanofluids have
been conducted, however, none have definitively identified the best option due to the varying
design parameters, nanoparticle sizes, and conditions [13]. To identify the ideal nanofluid for
heat transfer in FPSCs, a focus should be placed on experimental, numerical, and theoretical
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studies that test multiple nanofluids under the same condi-
tions. In this context, Verma et al. [14] investigated the
impact of various nanofluids on the energy and exergy ef-
ficiencies of a FPSC, using concentrations from 0.25 to 2.0%.
The results showed that Multi-Walled Carbon NanoTube
(MWCNT)/water nanofluid (0.75 vol%) provided the
highest energy efficiency increase of 23.47%, followed by
graphene/water (16.97%), CuO/water (12.64%), Al2O3/water
(8.28%), TiO2/water (5.09%), and SiO2/water (4.08%) at a
flow rate of 1.5 kg min�1. Ekramian et al. [15] found that
MWCNT-water nanofluid provided the highest efficiency at
1 wt% and 3 kg min�1, while CuO-water nanofluid was
optimal at 3 wt%. Conversely, SiO2-water nanofluid showed
the lowest efficiency. The solid metal and metal oxide
nanoparticles have relatively low density, which may reduce
sedimentation issues in FPSCs [16]. Devarajan and
Munuswamy [17] investigated the performance of FPSC
utilizing CuO, Al2O3, and ZrO2 nanofluids as HTL. They
found that at a low rate of 2.8 kg min�1, efficiencies were
55% for CuO, 51.3% for Al2O3, 47% for ZrO2, and 38% for
water. Alim et al. [18] examined the impact of various metal
oxide nanofluids, including CuO, Al2O3, SiO2, and TiO2, in
a numerical study. In their research, they varied the con-
centrations of nanoparticles between 1 and 4%, and the flow
rates ranged from 1 to 4 kg min�1. The results revealed that
CuO/water nanofluid was the most effective, enhancing
exergy efficiency and the convective heat transfer coefficient
by 4.35 and 22%, respectively. However, pumping power
increased by 1.6% at 3 wt% nanoparticle concentration and
3 kg min�1

flow rate. In a separate study, Tong et al. [19]
evaluated six nanofluids, discovering that MWCNT at 0.005
vol% achieved the highest efficiency of 87%, followed by
Al2O3 and Fe3O4 nanofluids at 1.0 vol%, along with CuO
nanofluid at both 0.5 vol% and 0.015 vol%. Additionally,
MWCNT nanofluid demonstrated greater sensitivity to
changes in operating parameters due to its superior thermal
conductivity. Ziyadanogullari et al. [20] prepared three
different types of nanofluids - Al2O3, CuO, and TiO2 - to
assess the thermal performance of FPSC. The results
revealed the highest improvements in energy performance
for the Al2O3/water nanofluid, which were 71, 63, and 61.1%
at concentrations of 0.2, 0.4, and 0.8%, respectively,
compared to pure water. For the CuO/water nanofluid,
the recorded increases were 87.8, 84.6, and 73.1%, while the
TiO2/water nanofluid achieved increases of 52.5, 47.6, and
35.7% for the same concentrations. These performance dif-
ferences were mainly due to the varying thermal conduc-
tivities of the nanoparticles. In the same context,
Hajabdollahi et al. [21] investigated the effects of different
nanoparticles (Al2O3, SiO2, CuO) on the design and per-
formance of a solar flat plate collector at various volumetric
concentrations. They reported that CuO/water nanofluid
demonstrates superior thermal efficiency at a lower volume
percentage than other nanofluids tested. Moreover, utilizing
CuO/water nanofluid results in a 27.88% reduction in
annual costs. Additionally, Al2O3/water nanofluid is regar-
ded as a superior circulating fluid due to its lower mainte-
nance requirements and reduced weight. Tong et al. [22]

evaluated absorber performance using water, Al2O3/H2O,
and CuO/H2O nanofluids at a flow rate of 0.047 kg s�1.
Al2O3/H2O at a volume fraction of 0.01% exhibited the
highest efficiency at 77.5%, representing a 21.9% improve-
ment over pure H2O. In contrast, the CuO/H2O nanofluid
achieved a peak efficiency of 73.9%, representing a 16.2%
improvement over water. In a different context, Munusw-
amy et al. [23] conducted tests using CuO–H2O and Al2O3/
H2O nanofluids in two different absorbers: one equipped
with fins and the other without. The findings indicated that
the thermal efficiency of the unfinned absorber increased by
2.1 and 4.05% when using 0.2 wt% and 0.4 wt% of CuO
nanoparticles, respectively. For the finned absorber, the
improvements were 3.02 and 5.5% for the same concentra-
tions. In a separate scenario with Al2O3 nanoparticles at
different weight percentages, the performance of the unfin-
ned tube collector improved by approximately 3.7 and
6.54%, respectively. The finned tube experienced increases of
4.8 and 7.8% compared to water. Overall, the finned
absorber demonstrated significantly better efficiency than
the unfinned collector, especially when utilizing nanofluids
instead of just water. Hawwash et al. [24] evaluated alumina
oxide-water and copper oxide-water nanofluids in FPSC.
They theoretically examined the impact of nanoparticle
volume fraction and type using a Computational Fluid
Dynamics (CFD) model, which was validated against
experimental data. The study identified an optimal
nanoparticle volume fraction of 0.5% for copper oxide
nanoparticles, which achieved the highest thermal efficiency
in the collector. Furthermore, copper oxide-water nanofluid
was more effective than alumina oxide-water nanofluid
under identical conditions. Bazdidi-Tehrani et al. [25] con-
ducted a 3-D numerical model of a ribbed absorber using
TiO2–H2O and CuO–H2O nanofluids. They found that
increasing the volume concentration of nanoparticles
moderately improved the solar collector’s efficiency, with
CuO–H2O outperforming TiO2–H2O. The best performance
at 89% was achieved with a 2.04% concentration of
CuO–H2O.

In the context of the literature survey, it was observed
that among all the investigated nanofluids, MWCNT-water
and CuO-water are the most commonly utilized fluids in
solar collectors. These nanofluids possess beneficial prop-
erties that can enhance the overall thermal performance of
solar systems. Consequently, this study examines these two
nanofluids at a volume concentration of 0.5% compared to
water. A CFD simulation using ANSYS Fluent has been
developed to numerically assess the impact of these nano-
fluids on the thermal performance of a DPSC when used as a
heat transfer liquid. While nanofluids have been employed
in various solar thermal collectors, there appears to be no
prior research specifically investigating their use in DPSCs,
making the focus of this study novel. The DPSC modeled in
the current study is based on [24] the design fabricated by
Assari et al. [26], which features seven tightly spaced
triangular air ducts and seven water risers. This work aims to
investigate the effects of the two nanofluids on the outlet air
and liquid temperatures from the DPSC. Additionally, it
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assesses the impact of varying air flow rates on exit tem-
peratures, heat gains, and overall thermal efficiency. The
CFD simulation results are validated by comparing them
with experimental data from Assari et al. [26].

2. NUMERICAL MODELING

2.1. Geometric modeling and meshing

The DPSC modeled in the current ANSYS simulation is
identical to that designed by Assari et al. [26]. It consists of
seven identical circular tubes and seven triangular air ducts;
all units are assumed to perform identically; the schematic of
the collector is depicted in Fig. 1.

The specific dimensions and characteristics of the col-
lector, as modeled in ANSYS, are thoroughly outlined in
Table 1. This table provides detailed measurements,
including length, width, height, and any relevant geometric
features of the collector, enabling a comprehensive under-
standing of its design parameters within the simulation
environment.

Since the units of the collector are identical and sym-
metrical, only half of one unit has been geometrically
modeled in the ANSYS Design Modeler as it is shown in
Fig. 2a. This model ensures that the mesh elements and
nodes are reduced, ultimately lowering the computa-
tional cost.

The completed geometry has been transferred to the
mesh field of ANSYS, where the appropriate meshing was
performed. The sectional view of the meshed model is
shown in Fig. 2b.

The generated mesh was meticulously scrutinized
through a traditional grid independence test. This critical
evaluation aims to determine whether increasing the

number of mesh elements results in significant fluctuations
in the simulation results. It is essential to confirm that the
grid size does not affect the accuracy of the solution [27].
The number of mesh elements was methodically increased
from 595,182 to a staggering 1,334,844, yet no notable
change in temperature was observed beyond 1,308,692 ele-
ments. The quality of the mesh remained comfortably within
an acceptable range, ensuring the reliability of the results.
Before finalizing the meshing process, every face of the ge-
ometry was thoughtfully named, encompassing both the
input and output sections. This careful labeling was intended
to streamline the setting of boundary conditions during the
ANSYS Fluent setup stage.

2.2. Boundary conditions and solution setup

For the current numerical analysis, the following assump-
tions have been listed below:

1. Steady-state condition;
2. No heat loss through sides and edges;
3. Normal distribution among the risers;
4. The working fluid is incompressible, and its flow is

continuous;
5. The absorber and riser materials have constant thermal

and physical properties.

In the setup phase, the flow model was defined as
laminar, as the Reynolds number fell within the laminar
range, with the energy model activated for the entire simu-
lation duration. All materials associated with the collector -
comprising both solid and fluid components - were expertly
defined and integrated into the simulation framework. Each
material was thoughtfully assigned to specific zones within
the cell zone conditions. Boundary conditions were applied

Fig. 1. Schematic of the DPSC used in the current study
(Source: Authors)

Table 1. Detailed specifications of the DPSC

Absorber material Aluminum sheet, 1.0 mm thickness Absorber length 1.94 m
Air duct material Galvanized steel, 0.5 mm thickness Absorber width 0.95 cm
Cover material Glazing, 6.0 mm thickness No. of glazing 1.00
Pipe material Zinc, 1.0 mm thickness Pipe diameter 7.00 mm
Air duct shape Triangle with a 608 angle Air channel height 6.00 cm

Source: On the basis of [26].

Fig. 2. a) The 3D model of the DPSC, b) Sectional view of the
meshed geometry
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to each of the previously identified named selections in the
mesh. At the inlet, a precise mass flow rate and temperature
were specified, while the outlet conditions featured atmo-
spheric pressure and temperature. The solar irradiation
striking the absorber was represented as heat flux on the
upper surface of the absorber. For computational efficiency,
a symmetric condition was implemented, as only half of the
unit needed to be modeled. This strategic reduction in
domain size resulted in a significant decrease in the
computational resources required, including memory usage
and processing time.

The computational 3D domain is solved using the Semi-
Implicit Method for Pressure-Linked Equations (SIMPLE)
method and a second-order upwind scheme. The residuals of
the simulation are set to be 10�6 for energy and 10�5 for
continuity and momentum. During the solution, a set of
critical input parameters was utilized: the solar irradiance was
set at 900W m�2, with the inlet air temperature maintained
at 45 8C and the inlet liquid temperature at 40 8C. The air flow
rate varied between 0.02 and 0.1 kg s�1, while the liquid flow
rate remained consistently fixed at 0.02 kg s�1, ensuring a
robust and thorough simulation process.

2.3. Model validation

To rigorously assess the current model and establish its
precision and dependability in forecasting outcomes, a
thorough validation process has been conducted. Compre-
hensive data on solar insolation, as well as air and inlet
temperatures have been meticulously gathered from the
experiments conducted by Assari et al. [26]. Following this,
simulations were executed under equivalent conditions to
those of the original experiments. The results from the
simulations strikingly align with the experimental data, as it
is illustrated in Fig. 3. Notably, the absolute average devia-
tion of the outlet temperature from the experimental find-
ings is a mere 0.56%. This striking concordance confirms
that the current CFD model of the solar collector has been
validated successfully.

2.4. Thermophysical properties of nanofluid

Various researchers [24] have proposed methods for calcu-
lating the thermophysical properties of nanofluids. These

properties depend on the thermophysical characteristics of
the base fluid, the nanoparticles, and their concentration.
The equations below present the most widely used correla-
tions for density, specific heat, viscosity, and thermal con-
ductivity of nanofluid:

ρnf ¼ ð1� φÞρbf þ φρnp; (1)

�
Cp

�
nf ¼

ð1�∅Þ�ρCp
�
bf þ∅

�
ρCp

�
p

ρnf
; (2)

μnf ¼ ð1þ 2:5∅þ 6:5Þμf ; (3)

Knf ¼
�
Kp þ 2Kbf � 2∅

�
Kbf � Kp

�
Kp þ 2Kbf þ∅

�
Kbf � Kp

�
�
Kbf ; (4)

where ρ, Cp, μ, and K represent the density, specific heat
capacity, dynamic viscosity, and thermal conductivity,
respectively. The subscripts nf , bf , and p denote the nano-
fluid, base fluid, nanoparticle, respectively. The particle
volume fraction refer to by φ.

In the present study, two different types of nanoparticles
- CuO and MWCNT - were used to create two distinct
nanofluids with water as the base fluid. The volume
concentrations of these nanoparticles were set at 0.5%. The
thermophysical properties of the base fluid and nano-
particles are summarized in Table 2.

A MATLAB program has been thoughtfully developed to
facilitate the calculation of various properties of the nano-
fluid created. In this code, users can input a range of pa-
rameters, including all the properties outlined in Table 2, as
well as the volume concentration of the selected nano-
particles. These inputs are then seamlessly substituted into
Eqs (1) to (4) to compute the properties of the nanofluid.
The calculated properties are carefully stored in a dedicated
MATLAB workspace, ensuring they are readily available to
serve as inputs for the ANSYS simulation during the defi-
nition of materials in the cell zone conditions.

3. RESULTS AND DISCUSSION

The current work utilized ANSYS Fluent software to
investigate the DPSC numerically. The simulation involved
two different mono-nanofluids, in addition to water, as heat
transfer liquids. The mono-nanofluids used in this study are
CuO-water and MWCNT-water, each tested under a volume
concentration of 0.5%. As a result, three distinct cases have
been created and analyzed using ANSYS simulation. Each

Fig. 3. Validation of the numerical simulation results (S) against
experimental data (E)

Table 2. The thermo-physical properties of the base fluid and
nanoparticles

Physical properties Water [28] MWCNT [29] CuO [24]

ρ (kg m�3) 998.2 2100.0 6,000
K (W (m�1. K)) 0.613 3,000 33
Cp (J (kg

�1. K)) 4,182 519 551
μ (mPa∙s) 0.001 – –
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case employs unique liquids and the operating parameters
specified in subsection 2.2 during the simulation procedure.
In this research, two comprehensive case studies of CFD
simulations are presented. The first case focused on the
impact of varying air flow rates while maintaining all other
parameters constant. The second case investigated the effects
of changing liquid mass flow rates, while all other parame-
ters remained constant. Both scenarios encompassed a fluid
range from 0.02 to 0.1 kg s�1 during the simulation period.
This approach enabled a thorough analysis of the complex
interplay between the air and liquid flows, contributing to a
deeper understanding of their dynamic behavior under
different operational conditions. It also allowed assessing the
impact on outlet air and liquid temperatures as well as ef-
ficiency. In total, thirty simulation processes are conducted
throughout this study, and the results are discussed in this
section.

3.1. The impact of air mass flow rate

The effect of increasing airflow on the outlet air temperature
when using different liquids is illustrated in Fig. 4. For all
cases, the outlet air temperature exceeds the inlet air tem-
perature. Increasing the air flow rate has a minimal effect on
the outlet air temperature when utilizing 0.5% CuO–H2O
and 0.5% MWCNT-H2O. In contrast, with water, increasing
the airflow rate lowers the outlet air temperature from
47.4 to 46.6 8C. For both nanofluids, the increase in outlet air
temperature is about 1 8C. However, when using water, the
temperature increase is approximately 2.5 8C at an airflow
rate of 0.02 kg s�1 and 1.6 8C at an airflow rate of 0.1 kg s�1.
This difference can be attributed to water’s higher specific
heat capacity than the tested nanofluids.

In the liquid section of the DPSC, Fig. 5 illustrates the
relationship between the outlet liquid temperature and the
increasing airflow rate. With an inlet liquid temperature of
40 8C, a significant rise in outlet liquid temperature is
observed across all cases. The 0.5% CuO–H2O and
0.5% MWCNT-H2O nanofluids achieve the highest outlet
temperature, approximately 10 8C higher than the inlet
temperature, representing a 25% enhancement. In contrast,
water shows only a 13% increase in outlet liquid

temperature. This difference may be attributed to the
enhanced thermal conductivity of the nanofluids, along with
the laminar flow, which increases the time available for the
liquids to be heated.

The increase in air mass flow rate results in a tempera-
ture drop of approximately 0.5 8C at the liquid outlet when
water is used. Furthermore, it is essential to highlight that
CuO nanoparticles exhibit superior performance compared
to MWCNT in terms of outlet air and liquid temperatures,
owing to their greater heat capacity.

The temperature contours across all domains - liquid
tube, air duct, and absorber plate - of the DPSC are
presented in Fig. 6 corresponding to an air flow rate of
0.06 kg s�1. It shows the temperature contour at a plane
located at the DPSC’s exit. While the temperature distribu-
tions in the liquid sections of both cases presented in Fig. 6a
and b are similar, the CuO-water nanofluid demonstrates
superior performance on average compared to the
MWCNT-water. The lower flow rate, which results in
laminar flow, leads to less mixing and weaker heat diffusion
throughout the liquid pipe, particularly when using water. In
the air section, as depicted in Fig. 6c, the air inside the duct
exhibits a uniform temperature distribution compared to
Figs. 6a and b, indicating better heat penetration.

The overall performance of the DPSC can be assessed by
calculating the total heat gain from the collector’s air and
liquid components. The total useful heat gain consistently
rises for all tested fluids as a higher air flow rate enhances the
convective heat transfer, leading to more effective heat ab-
sorption. Using CuO at a 0.5% concentration, followed by
MWCNT at the same concentration, provides advantages
over other liquids circulating in the collector, particularly in
terms of total heat gain, as illustrated in Fig. 7. An increase
in airflow is correlated with an increase in the total heat gain
of the DPSC. The maximum recorded values of heat gain
rate are 965.939W for 0.5% vol MWCNT and 970.168W for
0.5% vol CuO. In contrast, the minimum recorded values
are 801.994 and 843.816W for the same nanofluids. Both
0.5% vol MWCNT and 0.5% vol CuO showed a maximum
enhancement percentage of 58.18 and 58.87%, respectively,
compared to using water, which resulted in a lower
heat gain.

Fig. 4. The effect of airflow rate on the exit air temperature for
various HTLs

Fig. 5. The effect of airflow rate on the exit liquid temperature for
various HTLs
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The overall efficiency of the DPSC is significantly
affected by the increase in air flow rate, especially when
using 0.5% CuO and 0.5% MWCNT nanofluids (see Fig. 8).
The average efficiency enhancement is 62.77% for the
0.5% CuO nanofluid and 56.56% for the 0.5% MWCNT
nanofluid, compared to water.

3.2. The impact of liquid mass flow rate

After completing the fifteen intricate simulation processes,
which focused on varying air flow rates, it became clear that
optimal performance was observed at the highest flow rate
utilized in the study, specifically 0.1 kg s�1. As vividly
depicted in the earlier figures, this optimal flow rate not only
fostered maximum efficiency but also elevated the outlet

liquid temperature to its peak and harnessed the greatest
useful energy. This elevated performance uniquely distin-
guished it from all other tested rates. Building upon these
exciting findings, a series of an additional fifteen simulations
explored the fascinating dynamics of the same liquids: water,
CuO-water, and MWCNT-water. The liquid flow rate was
varied systematically from 0.02 to 0.1 kg s�1 while keeping
other parameters constant and maintaining the air flow rate
at a constant 0.1 kg s�1. Throughout this phase, a thorough
analysis was conducted on the effects on both the outlet air
and liquid temperatures, the useful heat gain, and overall
efficiency, employing the same methodical approach out-
lined in subsection 2.2 to ensure comprehensive results.

Figure 9 illustrates the relationship between outlet air
temperature and various liquid flow rates. As the liquid flow
rate increases, the outlet air temperature decreases. Specif-
ically, the temperature reduction is approximately 0.5 8C
when water is used, whereas it reaches around 1.5 8C with
nanofluids. This reduction can be attributed to the fact that
higher flow rate values lead to a shorter heating duration for
the liquid as it traverses through the risers. Consequently,
this negatively impacts the outlet air temperature, particu-
larly given the already high airflow. This prevents adequate
heating of the air due to the high fluid velocity.

The relationship between outlet liquid temperature and
liquid mass flow is shown in Fig. 10. As anticipated, the
outlet liquid temperature decreases as the liquid mass flow
increases. Specifically, when the flow rate of liquid mass
increases from 0.02 to 0.1 kg s�1, the outlet water

Fig. 6. Temperature contour of the DPSC under steady-state conditions using different working fluids, a) CuO-Water, b) MWCNT-Water,
and c) Water

Fig. 7. Variation of useful heat gain with airflow rate for various
HTLs

Fig. 8. Variation of energy efficiency (%) with airflow rate for
various HTLs

Fig. 9. Variation of exit air temperature with liquid flow rate for
various HTLs
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temperature decreases by approximately 2.5 8C. In compar-
ison, the temperature drop for nanofluids over the same flow
range is around 6 8C. The increased flow rate shortens the
duration of heat exchange between the fluids, resulting in
reduced heat transfer and, consequently, a lower outlet
temperature. Overall, for all tested liquids, the outlet liquid
temperature remains higher than the inlet temperature. For
both CuO-water and MWCNT-water nanofluids at a flow
rate of 0.02 kg s�1, the outlet temperature increases by about
10 8C, representing a 25% rise over the inlet temperature. In
comparison, the temperature increase for water is only 5 8C,
corresponding to a 12.5% increase at the same flow rate.

Displaying the temperature contour of the two nanofluids
may not provide meaningful insights, as their temperature
distributions are identical. Consequently, readers would be
unable to differentiate between the contours of the two liq-
uids. Instead, it would be more advantageous to illustrate the
useful heat collected from both the air and liquid compo-
nents of the collector, as well as the associated thermal
efficiency. These aspects are depicted in Figs 11 and 12,
respectively.

At elevated mass flow rates, the fluid exhibits an
increased velocity, resulting in a reduced dwell time within
the collector. Consequently, the increment in temperature is
minimized. Nevertheless, the increased mass being heated
per unit of time leads to an increase in the total energy
transferred. Furthermore, this condition also mitigates

thermal losses attributable to a lower average fluid temper-
ature, thereby enhancing the efficiency of the collector
system.

In Fig. 12 the efficiency of the DPSC is improved when
using certain liquids and increasing the liquid flow rates.
Notably, when water is used as the circulating liquid, the ef-
ficiency increases from 37 to 70% as the flow rate rises from
0.02 to 0.1 kg s�1. Additionally, the use of both nanofluids
boosts the overall efficiency of the DPSC. At a flow rate of
0.02 kg s�1, both nanofluids demonstrate an enhancement
of approximately 59%. At a flow rate of 0.1 kg s�1, the
CuO-water nanofluid achieves an efficiency of 97%, while
the MWCNT-water nanofluid reaches an efficiency of 95%.
This indicates the superiority of CuO over MWCNT.

4. CONCLUSION

In the present study, a comprehensive numerical investiga-
tion was conducted using computational fluid dynamics to
analyze the performance of DPSC utilizing nano fluids,
specifically CuO and MWCNT, at a volume concentration of
0.5%. The thermal performance was compared with that of
conventional water.

The investigation was methodically divided into two
distinct phases. The initial phase focused on varying air flow
rates while maintaining all other parameters constant. The
findings indicated that increasing air flow rates significantly
enhanced liquid outlet temperatures, with nanofluids
exhibiting an improvement of up to 25%, in contrast to a
mere 13% for water. The maximum heat gain rates recorded
during this phase were 970.168W for the CuO-water
nanofluid, corresponding to an efficiency of 62.77%, and
965.939W for the MWCNT-water nanofluid, with an effi-
ciency of 56.56%. In comparison, water yielded a heat gain
of merely 610.650W and an efficiency of 37.2%.

In the second phase of the simulation, where the air flow
rate was held constant at 0.1 kg s�1 and the liquid flow rate
was systematically varied from 0.02 to 0.1 kg s�1, notable
increase in outlet liquid temperature ranging from 4 to 10 8C
were observed for both nanofluids, markedly exceeding the
2–5 8C increase seen with water. The recorded maximum

Fig. 11. Impact of liquid flow rate on total useful heat gain for
various HTLs

Fig. 12. Impact of liquid flow rate on total energy efficiency (%) for
various HTLs

Fig. 10. The effect of liquid flow rate on the exit liquid temperature
for various HTLs
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heat gain rates during this phase reached 1591.93W for the
CuO-water nanofluid, 1563.19W for the MWCNT-water
nanofluid, and 1152.06W for water. Correspondingly, the
efficiencies were impressive: 97% for CuO-water, 95% for
MWCNT-water, and 70% for water, showcasing the
enhanced performance when utilizing nanofluids under
optimized conditions.

The research findings underscore the clear advantages of
employing nanofluids, specifically CuO-water at a concen-
tration of 0.5%, in enhancing the thermal performance, heat
gain, and overall system efficiency of DPSC, thereby sug-
gesting a significant advancement over traditional water-
based systems. The superior thermal conductivity and heat
capacity of CuO nanofluid were pivotal in achieving these
improvements. It was conclusively shown that the DPSC,
operating under conditions of an air flow rate of 0.1 kg s�1

and a liquid flow rate of 0.1 kg s�1, achieved optimal per-
formance, especially with the application of nanofluids.

Future research could investigate different nanoparticles
or hybrid nanofluids at varying concentrations for a more
comprehensive analysis. Furthermore, examining the in-
teractions between nanofluids and the collector material is
essential, as it may impact long-term performance.
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