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Abstract

Nanofluids as a new generation of cooling fluid has been found in recent years to improve the
heat-transfer coefficient and enhance the system performance. This study presents investigation
conducted on the performances of TiO, and MWCNT nanofluids-based PVT systems. The
preparation of nanofluids using two step method and dispersing of surfactant for a stable
nanofluid. The experimental investigation with the effect of different concentration, mass flow
rate (0.012 kg/s to 0.0255 kg/s) and solar radiation (500 W/m? to 900 W/m?) on the performance
of nanofluids-based PVT system is presented. The lowest temperature of the PV module and
highest fluid’s change of temperature were recorded when the collector uses TiO> fluid 1.0 wt%
which is 2.01°C and 1.80°C.
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1. Introduction

The efficiency of PV cell conversion from solar energy to electricity decreases as operating temperatures
increase. Combining solar thermal collectors and PV cells in a system known as photovoltaic thermal
(PVT) system can reduce the operating temperature and improve the system efficiency. PVT also
produces thermal energy and thermal energy simultaneously. A PVT system consists of a PV panel,
insulation and frame. Also, a PVT system is by using heat transfer area through the absorber with finned
absorber, corrugated surfaces and porous media for improvement of collector’s efficiency [1]-[2]. PVT
systems using in various applications, such as air heating, solar cooling, solar drying, water heating and
desalination. Exergy analysis is an essential tool in the system design, analysis and optimisation of
thermal systems [3]-[11].

The PVT system can be classified into four types based on heat transfer medium, that are air based,
water-based, the combination of air/water-based and nanofluid-based [12]. Different types of
nanoparticles has been used to enhance the PVT’s performances such as magnetic and carbon based
nanoparticles [13-14]. Khanjari et al. [15] reported PVT, thermal and PV energy efficiencies of 90%,
55% and 10%-13.7%, respectively, and PVT exergy efficiency of 15%. Lari and Sahin [16] reported
that 13.2% PV energy efficiency was achieved for a nanofluid-based PVT system.

In this present study, it focused on effects of mass flow rates and solar radiation in nanofluid-based
PVT systems which discussed the effects of different volume concentration of nanofluids to the change
in fluid temperature and the temperature of panel. The elaboration of results were focused on the
radiation of 500 and 900 W/m, for each fluid test.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1



International Conference on Sustainable Energy and Green Technology 2018 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 268 (2019) 012076  doi:10.1088/1755-1315/268/1/012076

2. Material and Methods

The setup of the PV/T system during the indoor experiment under solar simulator is shown in Figure 1.
A 0.5x1.2 m of a standard polycrystalline 80 W photovoltaic module with a spiral absorber underneath
the panel has been set up. K-type thermocouple with data logger was used to collect the change in
temperature for inlet, outlet and the module’s temperature, which data has been recorded in each 1
minute. The total incident radiation on the system was measured by a pyranometer. A flow meter (1-4
G/M) was mounted at the opening of fluid inlet to control the mass-flow rate. The experiment was
conducted under an indoor testing facility by using a solar simulator controlled by a variable voltage
controller. The PV/T system has been exposed to the solar-radiation 40 min before collecting the data
to ensure the equilibrium state of radiation. The change of voltage was recorded using electric load under
different mass flow rates and volume concentrations of the nanofluid.

The system temperature was measured from the thermocouple stored in the data logger for every 1
min and was later used to calculate the electrical and thermal efficiency for the collector. The fluid was
circulated around the system by using the pump and heat exchanger utilised for cooling the fluid in the
closed loop system.

(b)
Figure 1. Setup of the nanofluids-based PV/T system under solar simulator: (a) top view of
system, (b) top view of spiral absorber

3. Results and Discussion

The PVT system has been tested in the laboratory at various fluid flow rates of 0.012 kg/s to 0.0255 kg/s
at different concentrations for nanofluids as has been mentioned previously. The influence of fluid flow
rate coupled with the intensity of the modified radiation to compare the performance of the PVT system
at different nanofluid concentrations.

The influence of fluid flow rate coupled with the intensity of the modified radiation which to compare
the performance of the PVT system at different nanofluid concentrations.

Figure 2 to Figure 4 shows the effects of fluid flow rate changes and nanofluid concentration on
surface temperature at radiation 500 W/m?2, 700 W/m?2 and 900 W/m?. PV surface temperature is lowered
in every intensity of radiation when fluid flow rate increases. For the same fluid flow rate, the surface
temperature of the PV module is higher at high intensity radiation. Based on Figures 2 to Figure 4, the
fluid flow rate changed from 0.012 kg/s to 0.0255 kg/s, PV surface temperature for water decreased
from 52.14 <T t0 51.66 <T in intensity 500 W/m?. When the intensity of the radiation is increased to 900
W/m? and the same range of fluid changes, the PV module surface temperature decreases from 71.60
T1t070.72 <.
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While surface temperature PV module for TiO, nanofluid is 0.5 wt% where the temperature drops
from 51.83 T to 51.21 <T in the same fluid flow rate range below the 500 W/m? intensity. The surface
temperature of the PV module then decreases from 69.55 <T to 67.54 T when the intensity of radiation
increases to 900 W/m?. The surface temperature of the PV modules of the TiO, nanofluid flow 1.0 wt%
recorded a reduction in surface temperature of the PV module recorded from 51.41 <C to 50.59 <C at
500 W/m? intensity and subsequently decreased from 68.40 <C to 66.90 < when the intensity of the
radiation was charged to 900 W/m?2.

The surface temperature reduction for MWCNT nanofluid is 0.02 wt% in the same fluid flow rate
change from 52.07 <C to 51.43 =C at 400 W/m? and 70.24 <C to 68.76 <T at an intensity of 500 W/m?
and 900 W/m?2. Finally, the decreased surface temperature of MWCNT nanofluid collector 0.1 wt% is
recorded from 51.92 <C to 51.35 <C at 500 W/m? and when the intensity of the radiation changes to 900
W/m?, the surface temperature decreases from 70.02 <C to 67.80 <C.

The lowest temperature of the PV module is recorded when the collector uses TiO- fluid 1.0 wt%
followed by TiO; 0.5 wt%, CNT 0.1 wt%, CNT 0.02 wt% and water. Low fluid flow rates result in
higher rising temperature of PV modules when radiation intensities are increased. The surface
temperature of the PV module also increases when the intensity of radiation increases from 500 W/m?
to 900 W/m?. The decrement of PV surface temperature is higher with the deployment of nanofluid
compared to the normal fluid and greater temperature dropped when higher concentrations had been
used, showing that better efficiency gained by using nanofluid than water.
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Figure 2. The effect of fluid flow rate and nanofluid concentration on surface temperature of PV
module at intensity of 500 W/m?
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Figure 3. The effect of fluid flow rate and nanofluid concentration on surface temperature of PV
module at intensity of 700 W/m?
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Figure 4. The effect of fluid flow rate and nanofluid concentration on surface temperature of PV
module at intensity of 900 W/m?

The second objective which to study the effects of using nanofluids on the change of fluid’s
temperature has been verified. The changes of fluid’s temperature were obtained from the inlet, T; and
the outlet fluid, T,. It has been shown that the change in fluid temperature is decreasing with the increase
of fluid flow rate with increased concentration of nanofluid for all radiation intensities. PVT water
collector recorded decrement from 3.39<C to 1.82% <C Employment of 0.5 wt% of TiO nanofluid had
shown fluid temperature drop from 3.93wt% to 2.17wt% and 4.03wt% to 2.23wt% for 1.0 wt% of TiO-
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Meanwhile, 0.02 wt% and 0.1 wt% nano fluid MWCNT recorded a temperature reduction from 3.52 C
t0 1.96 T and 3.77 T t0 2.09 <.

The increase in fluid temperature change is a parameter that directly affects the thermal efficiency of
the PVT system. PVT systems operating with nanofluids provide greater temperature changes. This can
be explained by the specific properties of specific heat capacity of nanofluid and water. The specific
heat capacity of the nanofluid is lower than the specific heat capacity of the water. Consequently, when
lower heat capacity is applied to the same intensity of solar radiation, a higher rise in temperature had
been recorded. The highest fluid temperature change were recorded by TiO, 1.0 wt% followed by fluid
TiO, 0.5 wt%, CNT 0.02 wt%, CNT 0.1 wt% and water.

4. Conclusions

This experimental investigation has been conducted in order to study the effect of utilizing different
concentration of different coolants with varied mass flow rate (0.012 kg/s to 0.0255 kg/s) and solar
radiation. The temperature of surface temperature correlated directly proportionally to the solar radiation
upon the PV panel. All in all, it can be concluded that as the mass flow rate of the fluids regulated
increase, the surface temperature of the PV module decrease for all type of utilized fluids which are
water, TiO2 and MWCNT. Based on great decrement of surface PV’s module temperature, nanofluids
has been efficiently cooling down the PVT system than water.
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