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ARTICLE INFO ABSTRACT

Article history: Solar energy is a sustainable energy supply technology due to the renewable nature of
Received 3 November 2020 solar radiation and the ability of solar energy conversion systems to generate
Received in revised form 5 February 2021 greenhouse gas-free heat and electricity during their lifetime. In this study, an
Accepted 10 February 2021 experimental investigation was conducted to explore the effect of hybrid nanofluids
Available online 21 March 2021 on heat transfer for solar application. An experiment was conducted for hybrid
nanofluid concentrations starting from 0.3, 0.5, 0.7 and 1.0%. Each setup was exposed
to short wavelength radiation under a solar simulator with 300, 500 and 700 W/m2 for
30 minutes, of which 15 minutes is the heating period and the next 15 minutes is for
cooling. For solar radiation of 300 W/m2 within 15 minutes of charging process are
51.9 °C, 52.8 °C, 53.4 °C and 54.2 °C for concentration of nanofluids 0.3, 0.5, 0.7 and
1.0% respectively. The results for solar radiation of 500 and 700 W/m2 within 15
minutes almost the same pattern which is increasing during the charging process. It

Keywords: can be concluded that the higher concentrations of nanofluid give ample time to the
composite nanofluids; water-ethylene test tube to transfer the heat and thus increased its temperature during the charging
glycol; heat transfer; solar radiation process.

1. Introduction

Renewable energy sources are those resources which can be used to produce energy again and
again. Renewable energy is the use of renewable sources which includes solar, wind, hydro, biomass,
tidal, geothermal, etc. Nowadays renewable energy has been used widely as strong contenders to
improve the plight of two billion people, mostly in rural areas, without access to modern forms of
energy [1]. It plays an important role in providing energy with sustainability to the vast populations
in any developing countries which have no access to clean energy. Development and
implementations of renewable energy project in rural areas can create job opportunities and thus
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minimizing migration towards urban areas [2]. Currently, renewable energy sources supply
somewhere between 15% and 20% of total world energy demand [3]. The development of a variety
of renewable energy technologies available at different stages [4]. Renewable energy technologies
are clean sources of energy that have a much lower environmental impact than conventional energy
technologies [5]. There are many studies and reviews on the important of renewable energy for
future demand [6-16]. Energy services with zero or almost zero emissions of both air pollutants and
greenhouse gases can be provided by renewable energy sources that meet domestic energy
requirements [17]. The important of renewable energy is not only for the environment in reducing
gas emission but also gaining global importance. The development of a renewable energy system will
make it possible to resolve the presently most crucial tasks like improving energy supply reliability
and organic fuel economy; solving problems of local energy and water supply; increasing the standard
of living and level of employment of the local population; ensuring sustainable development of the
remote regions in the desert and mountain zones; implementation of the obligations of the countries
with regard to fulfilling the international agreements relating to environmental protection [18]. It
could be the best option by harvesting the renewable energy in a decentralized manner to meet the
rural and small scale energy needs in a reliable, affordable and environmentally sustainable way [19,
20].

Solar energy has the greatest potential of all the sources of renewable energy especially when
other sources in the country have depleted and even plays a vital role in providing clean, safe and
reliable power. Therefore, many breakthrough researches are currently continuing on solar energy
due to the great interest on this potential energy [21-29]. Solar energy is a sustainable energy supply
technology due to the renewable nature of solar radiation and the ability of solar energy conversion
systems to generate greenhouse gas-free heat and electricity during their life time. Nowadays the
government started solar power adoption with subsidies. The solar energy falling on Earths
continents is more than 200 times the total annual commercial energy currently being used by
humans [30]. The sun emits energy at a rate of 3.8x10%3kW, of which, approximately 1.8x10'*kW is
intercepted by the earth [31]. There are various applications and devices nowadays which used solar
energy, and it serves a lot of another benefit to the consumer. One of the benefits is the consumer
who installs a solar panel array on the house can sell surplus energy to the local utilities. It is possible
to make solar Powered Electricity cost comparable with other types of fuel within the next decade
since the solar panel cost reduced to 50% [5]. The utilization of “zero emission” technologies plays a
significant role in the reduction of hydrocarbons use and the reduction of CO2 emissions.

During the last two decades, the utilization of solar energy has developed considerably in various
applications. Solar water heating systems can be classified as the simplest and most widely used solar
energy collection and utilization devices. The solar water heater is one of the solar thermal systems
which is the most cost-effective renewable energy technologies and has enormous market globally.
They are intended to supply hot water for domestic use and are based on natural circulation. The life
span of the solar water heater is taken to be 20 years, and the thermal performance degradation of
the system is assumed to be 1% per year [32]. There are various studies has done by the researchers
to increase the efficiency of the solar water heater [33-35]. Solar water heating systems have
increased wide applications in the building sector globally over the past four decades [36]. Most solar
water heaters for buildings are flat-plate types or conventional heat pipes array installed on roofs for
layout convenience. They consist of a collector, storage tank and connecting pipes which used to
supply hot water at a temperature of about 60-degree Celsius [32]. The household sector represents
about 70% of total energy use in the building sector, and the biggest part is used for water heating
ad space heating. It has been the best solution by employing solar energy to reduce this amount of
energy coming from conventional energy sources.
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Solar collector plays a significant role in the absorption of solar energy since solar energy is one
of the best renewable energy sources with minimal environmental impact. Variety applications have
been proposed for the utilization of solar collectors by direct absorption. However, there are many
methods to improve the efficiency of these collectors [37]. Several types of solar collector have been
used in collecting solar energy. The most common type of solar thermal collector utilizes a black
surface as the absorber, which can transfer heat to a fluid running in tubes embedded within or fused
onto the surface [38].

The term “nanofluid” was coined by Choi [39]. It refers to a liquid containing a suspension of
submicronic solid particles (nanoparticles). The characteristic feature of nanofluids has been
observed by Matsuda et al., which is thermal conductivity enhancement than those of conventional
pure fluids [40]. Some experimental investigations also have shown that nanofluids have great
potential for heat transfer enhancement [41, 42]. Today nanofluid has become an important medium
since the applications of this so-called “smart fluids” has become widespread in various
improvement.

Hybrid nanofluid can be defined as the composition of two variant types of dispersed
nanoparticles in a base fluid. During the increasing research of using nanofluid, recently the
researchers have also tried to use hybrid nanofluids, which is engineered by suspending different
nanoparticles either in mixture or composite form [43]. The way of the hybridization process
contributes to the various properties of hybrid nanofluid. There are many experimental studies
conducted on hybrid nanofluid due to various advantages [44-55]. It is showed that to make the
hybrid nanofluids to be more promising for heat transfer enhancement, it is important to ensure the
hybridization process has appropriately done.

According to Sundar et al., [56], the combination of two or more different nanoparticles in the
liguid base is intended for hybrid nanofluids. Higher heat conductivity and lower viscosity than
microfluidics are the advantages of using nanofluid in heat transfer applications. There are many
studies and reviews have published on the hybrid nanofluids for future investigation [57-59]. Their
papers relate to hybrid nanofluid preparation, performance and application methods. Hence, to
understand hybrid nanofluid behavior, investigation of thermal conductivity and viscosity is essential
in the application of heat transfers.

Thereby, the investigation of thermal conductivity and dynamic viscosity of TiO;- SiO; nanofluids
is essential for understanding the heat and performance and physical behavior of nanofluids. There
are many experimental studies conducted on hybrid nanofluid due to various advantages [60-62].
Some researchers have been conducting studies on thermal conductivity and dynamic viscosity of
the necessary water mixture: ethylene glycol (EG). The results show that several factors have
influenced the increase in thermal conductivity; including focus, working temperature, particle size,
surface-to-volume ratio of nanoparticles and stability nanofluid [56, 63-65]. The results show that
thermal conductivity is mostly increased with the addition of nanoparticles into the base fluid.

Lately, many researchers carry out studies on hybrid nanofluids for thermal conductivity and
dynamic viscosity [61, 63, 66]. Baghbanzadeh et al., [67] have presented its working papers on
thermal conductivity and dynamic viscosity of SiO, / MWCNT nanofluids. The results show that
nanofluid concentration increases are essential and it affects the nanofluid hybrid. However,
improvements are found to be lowest in high concentrations. Thus, the combination of nanofluid
increases with increasing nanofluid concentration is a sufficient thermal conductivity. Performance
of heat transfer is important in giving an understanding of its behavior by investigating dynamic
viscosity and thermal conductivity of TiO,- SiO; nanofluids. Therefore, the volume concentration of
0.3 to 1.0% has provided for TiO,- SiO2 nanofluids with water/EG mixture to obtain the thermal
conductivity and dynamic viscosity below 30-70 °C with 10 °C intervals.
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The characteristic of TiO; and SiO; nanoparticles dispersed in a mixture of water/EG are very
limited for solar application. Researcher such as Hamid et al., [68] and Nabil et al., [59] were
measured TiO,-SiO2 nanofluids in water/EG mixture (60:40) with volume concentrations up to 3.0%,
and the temperatures range from 30 to 80° C for fundamental heat transfer experiment. Therefore,
due to this issue, the present study is carried out by preparation and thermo-physical properties of
Ti02-SiO2 nanofluids ratio 70:30 in water/EG (60:40) with volume concentrations 0.3, 0.5, 0.7 and
1.0% and the temperatures range from 30-70° C will be tested by varies the value of intensity light
starting from 300, 500 and 700 W/m?2 respectively.

2. Methodology
2.1 Preparation of Nanofluids

Nanoparticles used in this experiment are Titanium Oxide (TiO;) and Silicone Oxide (SiO2). This
information is obtained from US Research Nanomaterials, Inc. (USA). For 40 wt. % concentration and
size of 30-50 nm for TiO; and 25 wt. % concentration and size of 30 nm for SiO; in their respective
water suspensions. Eg. (1) below is used to change the weight concentration to the volume
concentrations while Eq. (2) is used for the preparation of hybrid nanofluids in the range of 0.3, 0.5
and 1.0% concentrations using mixed solvents with a basic liquid [69]. This basic liquid mixture is
between water and ethylene glycol at a ratio of 60:40. Mixing process using a mechanical mixer for
30 minutes and undergo a 2-hour sonication process for each concentration provided to improve
nanofluid stability [70]. Table 1 shows the properties of TiO, SiO2 nanoparticles, and water / EG.

WPpf
0=— _ €
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Table 1
Characteristics of TiO,- SiO, nanoparticles and water/EG
Characteristics TiO2 SiO2 Water/EG
Purity (%) 99 99.99 99.5
Color White Colorless Colorless
Size (nm) 30-50 22 -
Concentration (wt %) 40 25 -
Density (kg/m?) 4230 2220 -

2.2 Thermo-physical Properties

The thermal conductivity of the samples was measured using KD2 Pro thermal property analyzer
of Decagon Devices, Inc., USA as shown in Figure 1. The data were collected for a temperature range
of 30 to 70 °C after two hours of the sonication process. Various investigators used KD2 pro thermal
property analyzer in their measurements of thermal conductivity [71-76]. This instrument applied
the transient hot-wire method. The present measurement method allowed the thermal conductivity
measurement of nanofluids with minimum free convection effects. The experiment was performed
three times for each sample and condition, and a data point reported in this study thus represents
an average of three measurements with an estimated error of +1.7%.



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences Penerbit

Volume 81, Issue 2 (2021) 1-13 Akademia Baru

(a) WNB7 Memmert Water Bath (b) Nanofluid Sample (c) Thermal Properties Analyzer

Fig. 1. Apparatus and Instrument used in thermal conductivity measurement

The viscosity of the nanofluids was measured using Brookfield LVDV-IIl Ultra Rheometer (Figure
2). Several investigators were used Brookfield Rheometer in their measurement of viscosity [77-79].
The viscosity was measured in temperatures between 30 °C and 70 °C and the values were recorded
at steady state conditions, and 30 min was allowed to stabilize the temperature.

Fig. 2. LVDV IIl Ultra Rheometer

2.3 Experimental Setup

To conduct the experimental of solar radiation, the system is designed as in Figure 3. The
experimental set up consists of a test tube that is controlled with spotlight dimmer. The intensity
light of test tube via spotlight. One thermocouple is entered to the inside of the test tube.

In this paper, different nanofluid effects have been investigated in the scope of solar-heat-
absorbing applications - materials for nanofluid properties for solar heat used in experiments. Figure
3 shows the experimental setup with the solar simulator. Experiments were conducted for nanofluid
concentrations ranging from 0.3, 0.5, 0.7 and 1.0%. The parameters and properties involved in the
experiment are given in Table 2.
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Fig. 3. The solar radiation test rig
Table 2
Detail description of solar radiation test rig
No. Description Specification
1 Data logger ADAM View Advantech Data Acquisition
2 SSO Switch Socket Outlet (Data Logger & Spotlight Dimmer)
3 Dimmer Setting up with pyranometer (300, 500 and 700 W/m?)
4 Spotlight Halogen 500 W
5 Thermocouple K-type
6 Test Tube 100 ml

For each concentration, the data in the test tube is collected. The measurement of heat rates on
solar simulators was taken using a pyranometer. Each preparation is exposed to short wavelength
radiation under the solar simulator with 300, 500 and 700 W/m? for 30 minutes, of which 15 minutes
is the heating period and the next 15 minutes for cooling. The readings for each parameter were
recorded in a two-minute sequence. The experimental procedure is divided into two stages, for the
heating and cooling of the test tubes. This is done to determine the rate of radiation absorption for
each solar thermal absorber at the heating stage, as well as the heat storage effect is shown during
the cooling period.

3. Results
3.1 Thermal Conductivity and Viscosity for TiO»-SiO> Nanofluid Ratio (70:30)

Thermal conductivity and viscosity measurements can be verified through comparison of data
between ASHRAE [80] and EG-water (Figure 4). For thermal conductivity measurements, the use of
KD2 Pro can be used with 0.9% error verification results while 0.7% of EG-water data mixed with
maximum deviation. Researchers such as Reddy and Rao [81] found that the main liquid difference
was up to 2.5% compared to ASHRAE [80] during the verification test. Hence, this study can be
applied as there is only a small deviation based on previous researcher finding. There is a good
similarity with ASHRAE [80] when the viscosity data is compared.

Therefore, for the measurement requirements of thermal conductivity and dynamic viscosity,
nanofluid hybrid TiO2-SiO2 with various volume concentrations can be conducted and investigated.
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Fig. 4. Validating of Water-EG with ASHRAE [80]

3.2 The Temperature of Absorber Concerning Different Solar Radiation with TiOz-SiO2 Nanofluid
Ratio (70:30)

The results presented in Figure 5 shows the behavior of the output temperature of the absorber
concerning their different solar radiation. The highest point on each graph indicates the end of the
charging process and the beginning of the discharging process. Based on the result, the maximum
concentrations of 1.0% is observed to consistently provide higher temperature output as compared
to the other three concentrations of nanofluids.

Figure 5(a) shows the maximum temperature achieved within 15 minutes of charging process is
51.9 °C, 52.8 °C, 53.4 °C and 54.2 °C for the concentration of nanofluids 0.3, 0.5, 0.7 and 1.0%
respectively for solar radiation of 300 W/m?2. Meanwhile, for solar radiation of 500 W/m?, the
temperature during the heating process increasing until the maximum value within the 15 minutes
plotted in Figure 5(b). Besides that, the result shows increasing rapidly for solar radiation 700 W/m?
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and the maximum temperature achieved 56.9, 58.6, 61.8 and 65.8 °C for the concentration of
nanofluids 0.3, 0.5, 0.7 and 1.0% respectively within 15 minutes charging as shown in Figure 5(c).
Therefore, it can be concluded that the higher concentrations give ample time to the test tube to
transfer the heat and thus increased its temperature during the charging process.
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(c) Solar radiation at 700 W/m?
Fig. 5. Temperature output of the absorber based on base fluid and nanofluids

4. Conclusions

Investigation on the effect of mass flow rate to the output temperature of the absorber was
performed using the solar simulator to produce three different radiations of 300 W/m?, 500 W/m?,
and 700 W/m?. It is observed that higher concentration of nanofluids of 1.0% provided an ample time
to receive the heat from test tube led to the increase of output temperature Thermal absorber during
cooling down/discharging period shows that higher concentrations of nanofluids prolonged the
cooling down/ discharging period. The intensity of solar radiation provides a major contribution to
the total heat gain by the thermal absorber.
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