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Received: 22?? The electrical efficiency of the solar cell is effectively increased by the cooling process.

Accepted: 2227 In order to create a hybrid collector, the current work addresses how to cool the PV panel
using three different nanofluids, including CuO, ZnO, and TiO2. known as a photovoltaic

Keywords: thermal sun collector in numbers (PVT). The volume fraction of the nanoparticles was

0.1, 0.2, and 0.3 vol%. The PV panel was cooled using a copper tube that was attached to
the rear of the PV and positioned to cover as much of the back as feasible. To compare
them, three distinct flow cross sections (rectangular, square, and circular) were chosen.
This numerical analysis was conducted with nanofluid flow rates of 0.5, 1, 1.5, and 2
L/min under solar radiation levels ranging from 450 W/m2 to 750 W/m2. The outcomes
demonstrate the PVT system's electrical and thermal efficiency under various
circumstances. When nanofluid was added instead of just plain water, the electrical
efficiency rose. The cell with CuO/nanofluids had the maximum electrical efficiency at
450 W/m2, which was equal to 11.8%, while ZnO/nanofluids, TiO2/nanofluids, and water
had 11.6%, 11.5%, and 10.8%, respectively. The CuO/nanofluids and rectangular sections
provided the best value for the highest electrical efficiency of 11.5% and electrical power

Nano-Technology, Photovoltaic collector,
PVT; Electrical efficiency,; Thermal efficiency

of 83.17 W.
NOMENCLATURE S Absorbed solar energy (W)
Tp Photovoltaic collector temperature (C o)

Ac Function of the collector area (m2) Ta Ambient temperature (C o)
Cb Conductance of the bond between the fin

and tube Tfi Inlet fluid temperature (C o)
Cp Specific heat of the collector cooling

medium (J/kg K) Tfo Outlet fluid temperature (C o)
Dh Hydraulic diameter UL Overall collector heat loss coefficient
EAC AC energy output at time t (min), h (hour), (W/m2 K)

d (day), m (month) w Tube spacing (m)
EDC,d Daily net DC energy output (kWh/d) YA The array yield (kWh/kWp)
F Fin efficiency factor YF The final yield (kWh/kWp)

F— Corrected fin efficiency B dimensionless heat source length

FR Heat removal efficiency factor Cp specific heat, J. kg™, K
I(t) Solar irradiance (w/m2) g gravitational acceleration, m.s
hfi Heat transfer coefficient of fluid (W/m2 K) k thermal conductivity, W.m™. K!
Ht Plane-of-Array (POA), solar irradiation Nu local Nusselt number along the heat source

(kwh/m2) o thermal diffusivity, m?. s-!
Kabs Absorber thermal conductivity B thermal expansion coefficient, K!
Kpv Photovoltaic module conductivity ) solid volume fraction
Labc Absorber thickness S] dimensionless temperature
LPV Photovoltaic module thickness n dynamic viscosity, kg. m.s™!
me Mass flow rate (kg/s)
PPV, rated PV array rated power (kw)
Qu Actual useful heat gain (W)
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1. INTRODUCTION

Energy is crucial to the economy and economic
development of every country [1-3]. Fossil fuels account for
a significant amount of the world's energy, which produces
greenhouse gases and contributes to global warming. For the
survival and development of humanity, several nations intend
to reduce their non-renewable energy generation portfolio.
Because they optimize the use of netted heat inside the
photovoltaic cell while also improving PV performance,
photovoltaic-thermal collectors, a cogeneration technology
that combines the elements of a photovoltaic cell and solar
thermal absorber, are an effective option.

The numerical model was created by Rajaee et al. [4] in
the ANSYS CFX environment while taking into
consideration the unit's energetic and exergetic performance.
The major factors in this simulation are the Reynolds number
and the volume fractions of the nanoparticles. The results of
this study demonstrate that, particularly at lower Reynolds
numbers, utilizing hybrid nanofluids reduces the cell
temperature more effectively than using pure water.
Furthermore, their findings revealed that the electrical
efficiency depended on the type of nanofluid. By utilizing the
hybrid nanofluids, the Concentrating Photovoltaic- Thermal
panel's energy efficiency is also noticeably improved. The
use of hybrid nanofluids in solar systems might theoretically
result in a desirable performance, it can be determined.

Mustafa et al. [5] developed a numerical and mathematical
model to assess the performance of a photovoltaic thermal
nanofluid system. The goal of this work is to theoretically
investigate a new PVT system configuration that uses a
nanofluid as the working fluid to extract heat from a solar
panel and a rectangular stainless-steel tube. The impacts of
mass flow rate and solar irradiation on three distinct volume
concentrations from (Ti02) 0.5 to 1.5V% were investigated.
The best results were obtained with lower volume
concentration, according to the data, which showed that the
electrical and thermal efficiency are proportional to mass
flow rate. Additionally, it was discovered that volume
concentrations of 0.5V% under Malaysia's average solar
irradiation of 650W/m2 and average climate demonstrated
greater electrical and thermal efficiency, respectively.
Khanjari et al. [6] examined how using nanofluid affected the
effectiveness of the PV/T system. A water riser tube and an
absorber plate are included in the suggested model to account
for conduction and convection heat transfer methods.
Conjugate heat transfer was used CFD to produce the
numerical results. The findings demonstrate that growing the
volume percentage of nanoparticles increases the efficiency
and heat transfer coefficient.

A nanofluid-cooled photovoltaic/thermal system was
created by Lari & Sahin [7] to satisfy the electricity
requirements of a residential building for the climate. The
best collector design is chosen using CFD, and then the
system's daily and yearly performance is analytically
assessed using Engineering Equation Solver. A feasibility
study on the economy is also conducted to show the system's
financial advantages. According to the results, a water-
cooled PVT system has a growth in electrical output of 8.5%
over a PV system, and a nanofluid-cooled PVT system has
an increase in thermal output of 13% over a water-cooled
PVT system. The yearly thermal and electrical increase of a
hybrid PV using nanofluids was estimated by Bellos &
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Tzivanidis [8]. Cu/water, the investigated nanofluid, is
compared to water as the working fluid under various
operating circumstances. The final findings show that the
annual improvement in thermal performance is roughly
4.35%, while improvements in electrical and energetic
performance are 1.49% and 3.19%, respectively.

In terms of thermal efficiency, Sultan & Tso [9]
investigated the PVT performance for the enhanced parallel
flow and contrasted it with the traditional absorber. In the
investigation, several mass flow rates were employed. In
another study, the energy and exergy analysis of the
photovoltaic thermal (PVT) water collector with a glass
cover was done by Rawat & Sudhakar [10]. On a daily basis,
the various metrics, including thermal efficiency, electrical
efficiency, and exergy efficiency, were calculated for the
May meteorological conditions in Bhopal, India. The
maximum temperature of the hot water produced by the PVT
system on that specific day was determined to be 47.5 °C
with a mass flow rate of 0.0025 kg/sec. The system's thermal,
electrical, and energy-saving efficiencies were determined to
be greater than 67%, 9%, and 67%, respectively. PVT
systems provide both electrical and thermal energy from a
single system, hence reducing the electrical load from
conventional energy sources.

A PV/T numerical model was created by El Fouas et al.
[11] to study the impacts of heat flux. The three-layer PV
model and the NOCT model are compared to validate the
numerical model, which is then put to the test in continental
temperate climate operating conditions. Additionally, a
numerical investigation is done to determine how crucial
flow factors like velocity and water film thickness affect heat
exchange and PV/T production. Outcomes uncovered that the
PV model and the NOCT model have a good degree of
agreement. Numerically, photovoltaic/thermal sheet and tube
collector was conducted and studied by Rejeb et al. [12].
Based on their findings, the PVT collector's performance in
the semi-arid climate has been optimized using this model.

The current work covers how to cool the PV panel utilizing
three distinct nanofluids, including CuO, ZnO, and TiO2, in
order to construct a hybrid collector. In this investigation, a
copper tube that was linked to the PV panel's back and placed
to cover as much of the back as possible was used to cool the
PV panel. Additionally, three different flow cross sections—
rectangular, square, and circular—were selected.

2. NUMERICAL ANALYSIS

The electrical and thermal performances of the system are
presented numerically by using COMSOL software, and a
comparison of different parameter conditions has been
provided in order to investigate the combined efficiency of
the PVT system.

2.1 Physical model

Schematics of PVT collectors were used for the geometrical
model. The different absorber configurations represent the
different water and nano fluids circulating through the
absorber tube. For the analyses, some assumptions were
made, such as that the system is operating in a quasi-steady
state as well as that there is very little heat loss from the side
of the system. Besides, the working fluids were
incompressible and the flow was steady. Finally, the thermal-
physical characteristics of absorber tubes, water, nanofluids,
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and PV panels are not temperature-dependent. Table 1 and
Figure 1 show the configurations design of PVT absorber
collectors under consideration. Figure 2 display cross section
of photovoltaic absorber employed in current investigation.

Table 1. Dimensions design of PVT absorber collectors

Round Square Rectangular
Case 1 d Case 2 a Case 3 w
Optimum | 10 Optimum 10 Optimum 15
Round 12.5 d 2.5 d 17.5
15 15 20
17.5 17.5 22.5
20 20 25
1390 133 30 1350
:“,:_-_i — ot | Bl ) B A} Bl 1
Square tube [d=20mm]
505 |
T ——n_ |

&5 —] }-—T—-—ﬂ— 15 1= 25
Rectangular tube [w=25mm, d=15mm] Round tube

[d=20mm]
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Figure 1. Configurations design of PVT absorber collectors
under consideration

Round O U U O U
absorber
design 10mm 12.5mm 15mm 17.5mm 2ommm
s 4 (20x10) mm (20x10) mm (20x15) mm (20x10) mm (20x20) mm
Square an
R 1
absorber
design | | | |
.55x15
(15x15) mm (171““):1 ) (20x15) mm (22.5x15) mm (25x15) mm

Figure 2. Cross section of photovoltaic absorber under
consideration

2.2 PVT model

In a solar thermal collector, complex fluid flow and heat
transfer issues are examined using CFD. Fluid flow, heat
transfer, and other physical processes are all simulated by the
computer programme COMSOL. It resolves fluid flow
equations over an area of interest using predetermined
boundary conditions. Due to its ability to simultaneously
solve several system configurations at a cheaper cost than
experimental research, COMSOL is utilized in a wide range
of sectors. The goal of the current study is to increase the
thermal and electrical efficiencies of a PVT collector by
investigating the impact of absorber designs employing Nano
fluids as working fluids. The computational domain of the
problems is the area of interest in this situation. The
algorithm for the Semi- Implicit Method for Pressure-Linked
Equations had an impact on the coupling of velocity and
pressure [13]. For the solutions, second-order upwind
schemes were chosen in the current study.

2.3 Governing equations and boundary conditions

The governing equations are adopted as shown below:
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Continuity equation [14]:
a
pam (u)=0 (1)
Momentum equation [15]:
pou) _ op 0 [ (w0
6xi - 6xi + ax]- I:# (6x] + axi)] +
o 5 —
o, (—pw) (2)

Energy equation [15]:

pae )| +T) 3L &)

In the current study, the k—¢ turbulence model is chosen as
well as a common method that employs the Boussinesq
hypothesis to relate the Reynolds stresses ( —pu;u; ) to the
mean velocity gradients [16].

ou; %
~p; = e (52 + 32) )
Then, Turbulent viscosity is expressed as:
k2
He=pPCu (&)

Also, the modeled equation of the TKE, k is written as:

9 -9 _
p (o) = (1 + ) 35| + G = (6)
And, the dissipation rate of TKE (¢):

2wy =2 He) 02 EGe —Crps
P )= |(n+2) 35|+ €l - Cups ()
Besides:
ou;
Gg = —puiuja—x’i

®)

Gk is the rate of generation of the TKE while pe is its
destruction rate.

On the COMSOL domain, proper boundary conditions are
stressed as the physics of the issue. While the outflow
boundary condition is applied to the outlet, the intake
boundary condition is given as the velocity inlet condition.
In accordance with the no-slip and impermeability conditions
contained in the viscous flow models, the velocity
components at the wall were adjusted to zero. The wall has a
coupled condition to conjugate heat exchange from the
absorber tube to water, which is how the interface between
the water and absorber tube is described. At the top surface
of the PV panel, a fluctuating high temperature flux that is
comparable to solar insolation is connected. The exterior of
the absorber tube is described as having a wall with zero heat
flux, which has an impact on the insulation conditions.

Herein, the system's total performance was assessed using
the combined photovoltaic thermal (PVT) efficiency

(Ncombinea) [11-12].
Ncombined = Nth t Nete ©

Also, the thermal efficiency (1:):
~ (10)

GApyT

Nen =

4

Then, the collected heat (Qy) and the energy balance
equation for the collector shown below:

Qu = mocp(Tf,out - Tf,in) (11)
Qu = FrbL[(av)efsG — UL(Ty i — T (12)
Solar irradiance (S):
S = (a)py G, (13)
The heat removal efficiency factor (Fr):
_m'ep _ ULACF'
Fp = Ui [1 exp (—m(,cp )] (14)The
corrected fin efﬁmency (F") is:
F' = I l (15)
W[UL(D+(W DF cb nDh]
The efficiency factor (F) [13]:
tanh[M(W-D)/2
F = Lanhlnv-D)/2) (16)
2
Where:
- UL
M= J(KabsLabs)+(KPVLPV) a7

Also, the temperature -dependent electrical efficiency [14]:
UL(Tf in—Ta)

on = 5 = Fy [ (an)egy (18)
Finally, the electrical efficiency ng:
Net = Nr(1-B(Tpm—Tr) (19)

2.4 Grid independent study

A grid-independent study was carried out to validate the
mesh used in the current study. The table (1) shows the
number of elements that were tested, where six different grids
were used for each type of solar collector (rectangle, square,
and circular), and the mean PV/T temperature was chosen as
a factor through which the appropriate grid was determined.
As shown in Figure 3, boost in the number of elements leads
to boost in the mean PV/T temperature until it appears stable.
The required mesh is selected by calculating the error
percentage through the following relationship.

T(Gn+1)—T(Gn)

Error = (6w

(20)

Where T (G,,) it’s the mean PV/T temperature at old grid,
and T(G,4,) it’s the PV/T temperature at new grid.

As shown in Table 2, the number of elements equal to
2292977 for the collector with a rectangular cross section
gave an error rate equal to 1.7%, so the G5 will be selected
for the rectangular section. In the same way, for square and
circular sections, the appropriate number of elements is
2413514 and 2602947, respectively.



Table 2. Grid independent test employed in the current study

Rectangular section Square section Circular section
Grid | Domain | Mean PV/T | Error Domain | Mean PV/T | Error Domain | Mean PV/T | Error
elements | collector clements f:;i;?r(;ure elements | collector
temperature temperature
Gl 1867644 52.233 1965822 53.247 2120116 54.303
G2 | 1965941 53.458 | 0.023453 | 2069286 54.536 | 0.024208 | 2231701 55.502 | 0023737178
G| 2069411 55.200 | 0.032586 | 2178196 56.278 | 0.031942 | 2349159 57.367 | 0031929055
G4 | 2178328 58.630 | 0.062138 | 2292838 59.686 | 0.060557 | 2472799 60.731 | 0038639985
G5 | 2292977 59.667 | 0.017687 | 2413514 60.681 | 0.016676 | 2602947 60.741 | 2000164759
G6 | 2430555 59.689 | 0.000369 | 2558324 60.689 | 0.000126 | 2759123 60.8 | 0:000971238
62
3 RESULTS AND DISCUSSION 61 .
3.1 Mean temperature photovoltaic panel 60 .
Q59
Fig. (4, a) shows the impact of mass flow rate on the mean % o
TPM module temperature for a rectangular tube at constant é A
solar irradiance (750 W/m2). From this figure, it can be noted ;& ¥ .
that the mean TPM module temperature reduces with e
augmenting mass flow rate. & 55 R slected grid (2413514)
So, when the mass flow rate is equal to 2 L/min, the lower 54
value of TPM is reached. On the other hand, it can be noted 53 .
that at any mass flow rate, the effect of the addition of nano 5
fluid is noticeable. A minimum value of TPM is noted for 1800000 2000000 2200000 2400000 26000
nanofluid CuO. Then nanofluid ZnO and finally TiO2. This No.Element
returns to the higher thermal conductivity of the nano fluid (b)
CuO. -
Fig. 4 (b) and (c) show the effect of mass flow rate on the
mean TPM module temperature for square tube and circular % » ®
tube at constant solar irradiance (750 W/m2). But the 60
difference from the previous figure for the rectangular shape g 59
of the tube is the TPM value, where the rectangular tube is £ s
better with the reduction in the TPM. This is due to the larger E o
surface area of the rectangular tube. 557
™
o & zj . slected grid (2602947)
60 .
" N 54
~ & 53
(é, 8 1800000 2000000 2200000 2400000 2600000 2800000 30000
é 57 No.Element
§. 56 (c)
E 55 o
£ s4 slected grid (2292977) Figure 3. Grid independent study for various types of

v
w
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photovoltaic absorber under consideration: a) Rectangular
tube, (b) Square tube, and (c) Circular tube
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Figure 4. Impact of mass flow rate on Tm at different
nanofluid and constant solar Irradiance (750 W/m?): (a)
Rectangular tube, (b) Square tube, and (c) Circular tube

Fig. 5 (a) shows the effect of solar irradiance on the mean
TPM module temperature for a rectangular tube at constant
solar irradiance (750 W/m2). From this figure, it can be noted
that the mean TPM module temperature increases with solar
irradiance. On the other hand, it can be noted that at any solar
irradiance, the effect of the addition of Nano fluid is
noticeable. A minimum value of TPM is noted for nanofluid
CuO. Then nanofluid ZnO and finally TiO2. This is a return
to the higher TPM of the collector.

Fig. 5 (b) and (c) show the effect of solar irradiance on the
mean TPM module temperature for square tube and circular
tube at a constant mass flow rate (2 L/min). But the difference
from the previous figure for the rectangular shape of the tube
is the TPM value, where the rectangular tube is better with
the reduction in the TPM. This is due to the larger surface
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area of the rectangular tube

The effect of varying percentages of nanofluid on mean
TPM module temperature for rectangular tube under constant
solar irradiation (750 W/m?2) is shown in Fig. (6). This graph
shows that the mean TPM module temperature decreases as
the percentage of Nanoluid increases.
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Figure 5. Effect of Solar Irradiance on Tm at different
nanofluid and constant flow rate (2L/min): (a) Rectangular
tube, (b) Square tube, and (c) Circular tube
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shown in Fig. 8(a), and square and circular tubes are shown
in Fig. 8 (b) and (c), respectively. According to these figures,
electrical efficiency declines with decreasing solar irradiation
because to lower TPM in the collector.

Compared with others types of nanofluid, it should be
noted that the best electrical efficiency in the rectangular tube
with CuO nanofluid was achieved. Fig. 9 (a) shows the effect
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3.3 Outlet temperature

This section shows the outlet temperature of nanofluids
and water at constant solar irradiance (750 W/m2). Fig. (10)
(a) shows the effect of mass flow rate on outlet temperature
for a rectangular tube at constant solar irradiance (750 W/m2)
and (b), (c) for square and circular tubes, respectively. From
these figures, it can be observed that the outlet temperature
declines with augmenting mass flow rate. Also, it should be
reported that the best outlet temperature in the rectangular
tube is for CuO nanofluid.

Moving to Fig.(11) (a), which shows the Influence of solar
irradiance on outlet temperature for a rectangular tube at a
constant mass flow rate and (b) and (c) for square and circular
tubes, respectively . From these figures, it can be remarked
that the outlet temperature increases with increasing solar
irradiance.

Fig. 12 (a) shows the effect of the percentage of nanofluid
on outlet temperature for a rectangular tube at constant solar
irradiance and (b) and (c) for square and circular tubes,
respectively. Based on these figures, it can be reported that
the outlet temperature goes up as the percentage of nanofluid

goes up.
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Figure 10. Influence of mass flow rate on outlet
temperature for different tube at constant solar irradiance
(750 W/m?): (a) Rectangular tube, (b) Square tube, and (c)
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Figure 11. Impact of solar Irradiance on outlet temperature
for different tube at constant solar irradiance (750 W/m?):
(a) Rectangular tube, (b) Square tube, and (c) Circular tube

3.4 Thermal efficiency

The thermal efficiency of the PVC system depends on
several variables, the most important of which is the flow, the
intensity of solar radiation, and the type of fluid used in the
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cooling process. Therefore and according to figures 13 and
14, it can be observed that the thermal efficiency augments
with a growth in the amount of flow, which is a linear
relationship.

It can be seen that the thermal efficiency of the
CuO/nanofluids is higher than the rest of the fluids used,
reaching 0.675 at a flow of 0.5 L/min and rising to 0.6862
when increasing the flow to 2 L/min. This means that the use
of CuO/nanofluids instead of water increases the thermal
efficiency approximately by 0.1168. From Fig. 13a, it's clear
that the rectangular section has a higher thermal efficiency
than the square section in Fig. 13b and the circular section in
Fig. 13c.

Fig. (14) Illustrations the association between the intensity
of solar radiation and the thermal efficiency of three different
flow cross sections. It can be seen that solar radiation does
not affect in a natural way the value of thermal efficiency,
and this can be explained according to the following
relationship:

=Tt 1 (15)
viewing the influence of the concentration of nanoparticles
on the thermal efficiency, as the increase in the efficiency
value can be observed with the increase in the nanoparticle
percentage. Where the efficiency increased from 0.583 to
0.6863 when increasing the concentration of (CuO) from 0.1
% to 0.50%. This is because the increase in concentration
leads to an improvement in the thermal properties of the
fluid, and thus the heat absorbed by the fluid will increase,
and then the temperature difference will increase due to the
fact that there is less time between entry and exit, thermal
efficiency increases between the two.

As the denominator in the above equation, solar radiation,
goes up, the temperature difference will also go up. This
means that the effect of radiation on the value of thermal
efficiency won't be very noticeable.

Fig. (15) viewing the influence of the concentration of
nanoparticles on the thermal efficiency, as the increase in the
efficiency value can be observed with the increase in the
nanoparticle percentage. Where the efficiency increased
from 0.583 to 0.6863 when increasing the concentration of
(CuO) from 0.1 % to 0.50%. This is because the increase in
concentration leads to an improvement in the thermal
properties of the fluid, and thus the heat absorbed by the fluid
will increase, and then the temperature difference will
increase due to the fact that there is less time between entry
and exit, thermal efficiency increases between the two.
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Figure 12. Impact percentage of nanofluid on outlet
temperature for different tube at constant solar irradiance
(750 W/m?): (a) Rectangular tube, (b) Square tube, and (c)
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Figure 13. Impact of mass flow rate on thermal efficiency
for different types tube at constant solar irradiance (750
W/m?): (a) Rectangular tube, (b) Square tube, and (c)
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Figure 14. Impact solar radiation on thermal efficiency for
different types tube at constant solar irradiance (750 W/m?):
(a) Rectangular tube, (b) Square tube, and (c) Circular tube
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Figure 15. Impact of nanofluid Concentration on thermal
efficiency for different types tube at constant solar
irradiance (750 W/m?): (a) Rectangular tube, (b) Square
tube, and (c¢) Circular tube

3.5 Temperature distribution

By using the COMSOL software to find a numerical
solution, it is possible to find out how the temperature is
distributed on the photovoltaic cell and in the cooling fluid.
With this information, it is possible to place the cooling tube
behind the cell in the most efficient way.

Figs. (16) and (17) show the temperature distribution of
PVC for different values of solar intensity. Where it can be
observed that the cell surface temperature increases with an
increase in the value of solar radiation and that the highest
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temperature of the cell surface appears through the spaces
between the tubes and decreases gradually until it reaches the
lowest value at the surface in contact with the tube, so the
process of arranging the tube on the back of the cell must
cover the largest possible area Taking into account the length
of the tube used in this process.

As for Fig. (18), it shows the temperature distribution
through the cooling fluid. The temperature of the fluid is seen
to rise in the second half of the PV cell. Therefore, the half
of the PV cell that is close to the inlet region may be cooler
than the half adjacent to the fluid exit region. The amount of
volume flow is an important factor in the temperature
distribution on the cell surface, as it can be seen from Fig.
(19) that increasing the volumetric flow effectively reduces
the cell temperature to make the cell temperature more

uniform.
450 (W/m>) 550 (W/m?) 650 (W/m?) 750 (W/m?)

Figure 16. Front view of PVC for different value of solar
intensity at 2 L/min
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Figure 17. Temperature distribution of coolant fluid of
PVC for different value of solar intensity at 2 L/min
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Figure 18. Temperature distribution of front view of PVC
for different value of flow rate at 750 W/m? solar intensity
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4 CONCLUSION

To develop a numerical model of the photovoltaic thermal
collectors (PVT) with various absorber configurations and
types of nanofluids, four PVT absorber collectors were
designed and simulated using water and different types of
nanofluids (CuO, ZnO, and TiO2).

Herein, the study investigated the optimal (absorber tube
dimensions, absorber tube design, and type of nanofluid).
Three types of tubes were used in these designs (round tube,
square tube, and rectangular tube). The findings show that it
was found that the rectangular tube [w=20mm, d=15mm]
resulted in the highest efficiency compared to the round
tubes, due to the flat surface being in contact underneath the
PV module. Besides, nanofluids (CuO, ZnO, and TiO2)
enhanced the electrical and thermal PVT efficiency as
opposed to using water as a base fluid. CuO nanofluid
showed the best heat transfer coefficients, followed by ZnO
and TiO2. Furthermore, CuO nanofluid reduced the PV
module temperature from 69.62 °C to 56.65 °C and increased
the PV efficiency to 11.94%. This phenomenon can be
attributed to the fact that the thermo-physical properties of
CuO-water were higher compared to the thermo-physical
properties of the other nanofluids and pure water.
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