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Abstract: PV solar panel has been widely used as a source of electricity generation. Heat irradiance from sunlight will
increase the temperature of the PV solar panel which leads to the increase in its resistance to electricity being
generated. Different types of nanofluids including CuO-H,0, TiO,-H,0, Al,03-H,0 have been simulated and show
positive effect on reducing the maximum temperature of the surface of PV solar panel. However the results show no
significant differences on temperature reduction among different nanofluids even though we can notice a slightly more
drops on PV solar panel using CuO-H,0 nanofluids. However, by varying different parameters such as the
nanoparticles concentration in the nanofluids, the results may vary. The present study has been performed by setting the
coordinates of UCTS in ANSYS Fluent with the time being set at 12.00pm to simulate the solar heat irradiance at that
particular time and location.

Keywords: Nanofluids; convection cooling; Solar Panels.

l. INTRODUCTION

PV solar system produces heat energy during the electric generation process. The heat produced will reduce the
efficiency of the power output from the PV solar system. Moh and Ting [1] and some other research group [2-3]
demonstrated the idea of immersing the PV solar panel in the cooling media to keep the temperature to less than 45°Cin
order to maximise or enhance the energy conversion [1]. However, it is not practical when the PV solar panel is
installed at the rooftop. Therefore, in this project, we explore the possibility of having fluidic channel filled with
nanofluids to further cool the PV by exploiting the enhanced thermo-physical properties of nanomaterials. We also
explore if the cooling efficiency is higher than the immerse technique.

Our Contributions: This paper provides understandings towards the properties of nanofluids. The simulation of heat
transfer on a flat solar panel using nanofluids as cooling media is expected to increase in solar panel efficiency.

Paper Organisation: We provide a brief review of the existing work, which can be related to different phases of our
systematic approach. In Section 11, we illustrate the design of our set-up modules. Section IV shows the results and
discussion from the simulations.

Nanofluids are fluids with the mixture of nanoparticles and base fluids with nanometer-sized (1-100 nm in one
dimension) [4,5]. These nanoparticles can be produced naturally or man-made. An example of natural occurring
nanoparticles is volcanic ash. Nanofluids is chosen because of its larger surface area to volume ratio as more surface
area of nanoparticles are exposed to the surrounding due to its smaller size. The concept of larger surface area to
volume ratio could be explained as figure below.
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Fig 1: Comparisons between similar volume with different surface areas exposed particles. (a) Surface area exposed of
larger particles; (b) Surface area exposed of smaller particles [6,7]
From figure 1(a) shown above, the total surface area exposed is 5cm x 5¢cm x 6 faces =150 cm? However, from figure
1(b), the surface area exposed increases to 2.5cm x 2.5cm x 6 faces x 6particles = 225 cm?which is much larger than
figure 1(a). This increases the total surface area to volume ratio.
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1. LITERATURE REVIEW

There are three modes of heat transfer, namely the conduction, the convection and the radiation [4,6,8]. Conduction
heat transfer is due to the vibration of molecules which transfer energy from the faster moving molecules, with higher
thermal energy, to the slower molecules. Hence, the cooler molecules with slower movement will gain thermal energy
[8]. Another type of heat transfer is convection and it happens in liquid and gases [8]. When heated, the particles of
gases and liquids vibrate more rigorously and hence the density decreases. On the other hand, it becomes denser when
it is being cooled. Heat is therefore transferred due to the convection current created. It is a kind of energy transfer
through fluid motion. There are two types of convection which are the forced convection and the natural convection.
Radiation heat transfer is due to the emission of energy by an object which is at temperature above absolute zero.
Radiation is energy transfer in the form of electromagnetic waves and no medium is needed for radiation heat transfer

[9].

Nanofluids can be prepared from two methods , namely the one-step method and the two-step method [10-17]. Since
the technique of nanopowder synthesise is already up to scale of production in industries, two-step method is therefore
more economical compared to one-step method [17]. Therefore, two step method is employed in the present study.

However, there is an issue on the stability of nanofluid due to the strong Van der Waals forces of attraction among the
nanoparticles which causes the nanopowders to aggregate [18]. Two step preparation of nanofluids can be shown in

Figure 2 below:
+
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Fig 2: Two-step method in nanofluids preparation [13]

One-step method is developed by continuously producing and dispersing nanoparticles in basefluids [13, 17]. In one-
step method nanofluid can be prepared through direct evaporation method or laser ablation method. Direct evaporation
is a process of solidification of the nanoparticles from gaseous state. This method is developed by Akoh et al. [19] to
produce nanoparticles but it is difficult to separate nanoparticles from the fluids in order to produce dry nanoparticles
[19,20]. The stability of nanofluids are important in order for the applications to operate in optimal condition for a
longer period of time. In order to achieve the stability, one of the methods used is by using the pH value adjustment
which gives good dispersion of nanofluids [15, 21]. Bose et al. [22] reported that the stability of nanofluids is also
determined by zeta potential. As the name implied, zeta potential is a potential difference which is produced between
the surfaces of a solid particle when being immersed in nanofluids which is conductive. Zeta potential affects the
stability of nanofluids as illustrated in Table 1 [15, 21-24].
Table 1: Zeta potential

values and its respective Zeta potential range
stability [22,24]Stability (mV)
behaviour of colloid
Coagulate rapidly -5t0o5
Incipient coagulation +10 to £30
Moderate Stability +30 to +40
Good Stability from +£40 to £60
Excellent stability more than +61
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Huang et al. [16] demonstrates the stability changes by measuring the zeta potential values (mV) Al,05-H,0 and CuO-
H,0 nanofluids with different pH valure. The study demonstrates that Al,05-H,0 requires pH values of 8.0 whereas
CuO-H,0 requires pH values of 9.5 in order to obtain a good dispersion of nanoparticles in the basefluids. The study
also states that these optimised pH values of the respective nanofluids causes the increases in surface charge of
nanoparticles due to a more frequent attack of hydroxide ion and hydrogen ion to the surfaces of hydroxyl-groups and
phenyl sulfonic group [16]. This leads to the increase in the stability of colloidal particles.

In the present study, the cooling of flat PV panels with and without pumping are being studied. Jin Huang et al. [16]
states that when Reynolds number increases, the friction factor decreases. There is insignificant effect for nanoparticle
concentration on friction factor which makes nanofluid as a suitable candidate for coolant because it does not lead to
extra pumping power to the system [16]. Jeng et al. [25] demonstrates the Mpemba effect which shows that warmer
fluid tends to cool down faster comparing to cooler fluid. Pumping of fluid brings the warmer fluids to the channel
surface which increases the rate of cooling. Channana et al. [26] states that flowing fluids enhances the convection
which increases the heat transfer rate.

In the existing literature, nanoparticles with different materials such as TiO, [12,21,27-30] , Al,05; [6, 12, 15, 28,
30,31] and CuO [30,31] are being investigated. Hamid et al. [32] investigate the concentration of nanoparticle on the
pressure drop.The experiment is performed for temperature with 50°C and 70°C by using. TiO,-H,0. The study shows
that the increases of pressure drop is not significant in nanofluid. Besides, the increase of temperature from 50°Cto 70°C
causes a reduction of pressure drop and nanofluid viscosity. Therefore, insignificant amount of extra pumping power is
needed for nanofluid. The study also reports that the thermal conductivity is the lowest for water-EG mixture. By
increasing the volume fraction of TiO,, the thermal conductivity increases and therefore, TiO, is a suitable material for
cooling purposes. Hasan et al. [31] investigate numerically the effects of using Cu-H,0 and Al,05-H,0 nanofluids on
the performance of a counter flow micro channel heat exchanger. The study shows an enhancement of counter flow
microchannel heat exchanger by using nanofluids without causing extra rises in the pressure drop. Besides, the heat
transfer rate of Cu-H,0 and Al,05-H,0 enhances with the increasing volume fraction. The study reported that a higher
thermal conductivity characteristic of Cu-H,0 nanofluids leads to a higher heat transfer rate when compared with
Al,03-H,0 nanofluids. Moreover, the ratio of heat transfer rate to pumping power increases with the increasing volume
fraction.

There are two types of flow, namely the laminar flow and the turbulent flow [33], which can be determined by using
Reynolds number as defined in Eq. (1).

Inertial f
Reynold number =~ T o
Viscous forces

VL
=272 where
u

p = density of the fluid, V = velocity of the fluid, u = viscosity of fluid, L = characteristic length of the flow

Figure 3 shows the range of Reynold number corresponding to the respective fluid flow types. When Reynold number
is below 2000, as the flow is a laminar flow. When it is above 4000, as the flow is a turbulent flow. In between, the
flow is known as a transition flow.
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Figure 3: Reynolds number and its respective types of fluid flow (a) Reynold number (b) Turbulent flow; (c) Laminar
flow [33,34]
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11. SIMULATIONS

1) Without pumping

ANSYS simulation is carried out to justify the hypothesis which predict that the nanofluids would enhance the
performance of PV solar panel through reduction of temperature. Figure 4 illustrates the simulation model without
pumping (natural convection) whereas Figure 5 shows the model with pumping (forced convection) featuring one to
three channels which yield different cooling effects as per simulated.

PV solar panel

Fig 4: Simulation model for natural convection in ANSYS

Table 2: Thermo-physical properties of nanofluids

Ti0,-EG- ] AlL0; - )
1,0 CuO-H,0 H,0 H,0 EG-H,0
Thermal 0.432 0.616 0.661 0.428
conductivity - - - 0.643 -
(W/(m.k)) 0.501 0.744 0.739 0.438
0.00111
Viscosity 0.00125 — 0.000612 1 0.000612 0.000595 -
(kg/m.s) 0.00164 0.000672 | 0.000672 0.00157
. 1049.35 1061 1007.4 1033.37
Density
(kg/m3) - - - 981.3 -
1093.12 1378 1112.2 1045.35
o 3463.3 3998 4017.8 3596
Specific heat
/(g K)) - - - 4189 -
g- 3511.7 4150.9 4154.7 3636
[12, 21, 27, [6, 12, 15, [6,12,,14, 15,
References 28-30] 28, 30, 31] [30, 31] [30, 31] 27 28, 35]

2) With pumping
In the case with pumping, different sizes and quantity of channels are simulated to investigate the nanofluid cooling
capability in forced convection as illustrated in Figure 5.
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Fig 5: Simulation models for forced convection in ANSY'S with (a) one channel, (b) two channels and (c) three
channels, respectively (highlighted in the red-colour boxes).

V. RESULTS & DISCUSSIONS

For the case without pumping, the fluids remain stationary while the solar panel is cooled with different types of
nanofluids which properties are shown in Table 2. For the case with pumping, the velocity at the inlet is set to 0.01m/s
whereby the number of channel is varied to study the effect of the number of channel on the enhancement of cooling
effect.

1) Without pumping

Figure 6 depicts the results of temperature contours of the PV panel. It is apparent that water-based nanofluids with the
suspension of Al,Oz; and CuO induce lower temperature on the surface of the solar panel. This is justified by Table 3
which shows that CuO-H,0 has the highest cooling performance. Ethylene Glycol (EG) has lower cooling performance
comparing to water which when added with water in a ratio of 40(EG):60(H,0). Moh et.al [36] states that a PV solar
panel works best when the temperature is maintained below 45°C (318 K). Therefore, further investigation is needed to
enhance the solar panel efficiency by using nanofluids as coolant. In particular, the effect of nanoparticle concentration
can be further studies as the present study fixes the nanoparticle concentration at 1%.

Fig 6:  Temperature contour on the surface of the solar panel with different fluids of (a) Air, (b) H,0, (c) TiO, —
EG — H,0 nanofluid, (d) CuO — H,0 nanofluid, (e) Al,0; — H,0 nanofluid, and (f) EG — H,0.
Table 3: Tabulation results (without pumping) for nanofluids with 1% concentration.
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TiO,-
. . EG- 2 Al,05- | CuO
Medium | Air | H,0 H,0 EG - H,0 - H,0
H,0
382. 360.
Temp, K | 126 | 32636 | 746 | 360180 | 55p 5705 | 3550
8 72 4 4 586
% based
on Air - 6.74 6.00 6.08 7.51 7.62

2) With pumping
For the case with pumping, the flow is directed towards the positive X-direction as shown in Figure 7. Figure 8 - 12
show the temperature contours of the coolants.

Fig 7:  The pumping direction is in positive X-direction.

i) Hy0

Fig 8: Temperature contours of H,O for forced convection with (a) one channel, (b) two channels and (c) three
channels respectively.
ii) Ti0,-EG-H,0

Fig9: Temperature contours of TiO,-EG-H,0 for forced convection with (a) one channel, (b) two channels and (c)
three channels respectively.

iii) Cu0 -H,0

Fig 10: Temperature contours of CuO-H,O0 for forced convection with (a) one channel, (b) two channels and (c) three
channels respectively.
iv) Al,05-H,0
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Fig 11: Temperature contours of Al,O5-H,0 for forced convection with (a) one channel, (b) two channels and (c) three
channels respectively.

v) EG-H,0

Fig 12: Temperature contours of EG-H, 0 for forced convection with (a) one channel, (b) two channels and (c) three
channels respectively.

The velocity of coolant is fixed at 0.01m/s. As depicted by Table 4, the temperature on the panel surface decreases as
number of channel increases. This is because more heat is absorbed by the coolants when the number of channel
increases as illustrated by Fig. 8 to Fig 12. From Table 4, it is depicted that as the number of channel increases from
one channel to three channels, the temperature on the solar panel drops for approximately 3°C, except for TiO,-EG-
H, 0 which shows a temperature reduction of 1.61°C. On the other hand, with the suspension of nanoparticle, the
temperature of the panel can be further reduced, concurring with the case of natural convection.

Table 4: Temperature on the solar panel surface for the case with pumping for nanofluids with 1% concentration.

1 EG' TIOZ'EG A1203- Cuo-

Medium H,0 H,0 -H,0 H,0 H,0
Temp, K 1 355 4200 | 324825 | 395 9052 | 321.9688 | 321.8196
(1 channel) 7

Temp, K 322.486
(@ ey | 3203584 | 220 | 322.3062 | 310880 | 3197206
Temp, K 321.695
(3 chaely | 3102181 | 240 | 3212050 | 3187371 | 318.5662
A Max, K | 3.20 3.13 161 3.23 325

V. CONCLUSION

In the present study, the cooling capability of several nanofluids on PV solar panel is investigated by using ANSYS.
Both natural convection and forced convection are studied. From the simulation, it can be concluded that the
temperature of PV solar panel could be reduced with the suspension of nanoparticle for both cases. For the case without
pumping, the maximum temperature reduction by using nanofluid as coolant is as much as 7%. Besides, CuO-H,0
nanofluids demonstrates the highest cooling capability. For the case with pumping, the temperature reduces as the
number of channel increases, while the suspension of nanoparticles would further decreases the PV solar panel
temperature. This study demonstrates the potential of applying nanofluids in the cooling of solar panel to enhance the
efficiency of the panel.
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