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ABSTRACT

This paper presents an experimental investigation on properties and stability of hybrid
nanofluids (TiO2 and ZnO) in water-ethylene glycol mixture. The nanofluids are
important in heat enhanced due to its inherent operative performance. The performance
of hybrid nanofluids in mixture based fluids is not explored vigorously yet. The properties
of TiO2 and ZnO nanoparticle dispersed in mixture of water and ethyelene glycol (EG)
were considered in this study. The outcome of base fluid proportion (water: EG) to hybrid
nanofluids was investigated. Hybrid nanofluids with different volume concentration up
to 0.1-1.5% were prepared with 21nm particle size of TiO2 and 10-30nm ZnO
nanoparticle. The nanoparticle were suspended in various ratio of TiO2 : ZnO including
70:30, 80:20 and 90:10 by volume percent. The measurements of viscosity were
performed using Brookfield LVDV III Ultra Rheometer for hybrid nanofluid temperature
of 50 to 70 oC, while the measurements of thermal conductivity were performed using
KD2 PRO thermal conductivity. Viscosity and thermal conductivity of hybrid nanofluids
were perceived to impact by hybrid nanofluids concentration, temperature and waterethelene glycol as base fluid strongly.
Keywords: Hybrid nanofluids; thermal conductivity; temperature; ethylene glycol;
titanium oxide; zinc oxide.
INTRODUCTION
An enhancement of the heat transfer surfaces, increasing the heat transfer of fluid flow,
with high heat transfer coefficient and the use of hybrid fluids are of ways that the
scientists proposed to increase heat transfer. Heat transfer process plays an vital role in
different industries such as cooling and heating, machining, automotive, chemical
reactions and solar collector applications, electrical power generation [1, 2]. The
nanofluids are mainly utilized for the purposes of heat transfer enhancement, reducing in
heat exchanger surface, the reduction of consumed fluids, the industries cost reduction
and miniaturization of systems. According to the research, the nanofluids have unusual
thermo-physical properties compared to the conventional fluids [3]. Two important
properties of nanofluids are viscosity and thermal conductivity have been studied. It was
suggested that lowering the temperature, increasing the grain size and the amount of
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nanoparticles dispersed in the base fluid can increase the viscosity of nanofluids [4].
Nowadays, demand need in various applications for fluids with more efficient heat
transfer has been led to enhance heat transfer to meet the cooling challenge necessary [5].
The viscosity of hybrid nanofluids meaningfully affect the overall heat transfer
performance which have been studied previously [6-10]. For further study on effect of
base fluid and temperature to heat transfer characteristics found that the efficiency of
nanofluids improve with increasing in the temperature [11]. The effectiveness is advanced
for nanofluid suspension mixture base compare to water based. The authors used SiC
nanoparticles dispersed in ethylene glycol-water mixture in volume ratio of 50:50 with
Fe3O4 nanoparticles dispersed in three mixture of ethylene glycol/water ratio (60:40,
40:60 and 20:80) [8]. The authors observed that 1.0 % volume concentration nanofluid in
60:40 EG/W is enhanced by 2.94 % compared to other based fluids. Another mixture base
fluid used in investigation is 55:45 (W:EG) [12]. The authors found that the temperature
and volume concentration are deliberately affect the nanofluid viscosity. Then, the
nanofluid exhibit Newtonian behaviours below 45°C [13]. Nanofluid studies that used
TiO2 as the material in the dispersion are covered in both the thermo-physical property
field and application in areas. TiO2 is widely used as the nanoparticles are safe and
environmentally friendly materials and easily produced in very large industries. Thermal
property of TiO2 nanofluids covered a wide concentration and temperature range by many
researchers [14-16]. Most of the findings from those studies showed significant
enhancement of thermal conductivity. Investigating the sensitivity of relative thermal
conductivity of the nanofluids to concentration variations is more than its sensitivity to
temperature changes. The objective of this study is to investigate the effect of hybrid
nanofluid with different volume concentration towards viscosity and thermal conductivity
in various ratio of mixture for temperature range of 50 to 70 °C. Investigation on
rheological properties is very important to expand the application of hyrid nanofluids with
addition of EG in the coolant of machining purpose. The selection of ZnO and TiO2
nanoparticle in 21nm particle size and 10-30nm ZnO are due to its more stability period.
METHODS AND MATERIALS
Hybrid Nanofluids Preparation
Hybrid nanofluids were used in the sample preparation are 21nm particle size and 1030nm ZnO in powder form respectively. The nanoparticle were suspended in three
different ratio of TiO2: ZnO nanosize which are 70:30, 80:20 and 90:10 by volume
percent. The ratio base fluid were used 60:30 (EG:W). Two step method was used in the
preparation of hybrid nanofluids. Sonication process was employed to help improve the
dispersion of nanoparticles in the base fluid. The nanoparticles are dispersed in the base
fluid using magnetic stirrer and sonicated in ultrasonic bath for two hours [16-18].
Samples prepared for ratio 90:10 of TiO2 and ZnO are found to be stable for three months.
Equation (1) used to determine the mass of ZnO and TiO2 to disperse in the base fluid
[19]. Figure 1 shows the process flow preparation of sample hybrid nanofluids with three
different ratio of volume concentration.
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Viscosity Measurement
The viscosity was measured with Brookfield LVDV III Ultra Rheometer. The range of
measurement is 1 to 6 ×106 mPa.s. Figure 2 shows the setup of the experiment for
measures the viscosity. Rheometer to make accurate and reproducible measurements on
low viscosity materials. Hybrid nanofluids with 16 ml volume sample was inserted into
cylinder jacket and attached to the rheometer. A RheoCal program was installed for the
data measurement at the designated torque and temperature. The sample was heated from
50 to 70 °C for viscosity measurement. To validate the data, the reading of the torque
from the measurement must range in 10-100%.
Thermal Conductivity
The thermal conductivity of nanofluids is one of the reasons for the enhancement of heat
transfer. She thermal conductivity of TiO2 and ZnO nanofluids experimentally. The large
(100 mm long, 2.4 mm diameter) single needle TR-1 sensor from KD2Pro measures
thermal conductivity and thermal resistivity was used. For the dual-needle sensor, the
needles must remain parallel to each other during insertion to make an accurate reading.
Because the sensors give off a heat pulse need allow a minimum of 1.5 cm of material
parallel to the sensor in all directions. When the temperature of the sample is different
from the temperature of the needle, the needle must equilibrate to the surrounding
temperature before beginning a reading. Therefore, the calibration process was used with
standard fluid (Glycerin) which was already brought with devices. To validate the data
error of the reading from the measurement must less than 0.01.

Stirring the hybrid nanofluids

Hybrid nanoparticles

Sample of hybrid nanofluids

Immersed in ultrasonic
bath for 2 hours

Figure 1. Process flow in the preparation of hybrid nanofluids.
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Figure 2. Viscosity measurement with Brookfield Rheometer.
RESULTS AND DISCUSSION
The measurement of viscosity is initially started with the nanohybrid. Previous studies
that use the same procedure [20, 21]. Figure 3 shows the Newtonian behaviour.
Newtonian fluid is a fluid in which the viscous stresses arising from its flow, at every
point, are linearly proportional to the local strain rate. The mixture of water and ethylene
glycol shows Newtonian behavior hence it governs the rheological property and the
nanofluid behaves like Newtonian [9]. In general, the hybrid nanofluids viscosity follows
the base fluid trend where it decreases exponentially with temperature. However, as the
nanoparticle mix with the base fluid increase, the viscosity value also is increased. This
is the fact that increase in nanoparticle concentration in nanofluid increases the fluid
internal shear stress, hence the viscosity [22]. From the graph shows in Figure 4, the
hybrid nanofluids decrease with temperature. The relative viscosities of TiO2 and ZnO
hybrid nanofluids are almost constant for volume concentration 70:30, 80:20, 90:10. All
the hybrid nanofluids are independent of temperature at base fluid (W/EG). It can be
observed for medium concentration in base fluid that contains higher EG, (W/EG) 40:60.
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Figure 3. Newtonian behaviour.
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Figure 4. The viscosity of the hybrid nanofluids
Figure 5 shows, the thermal conductivity increased with the increase of volume
concentrations and temperature, following the behaviour of the base fluid (W/EG)
thermal conductivity. The maximum value was found to be at the condition where
temperature and concentration are at the maximum which was at 70 °C. All thermal
conductivity of the hybrid nanofluids at this concentration range was found increases. The
observation of this results shows to be related to the Brownianmotion. When at high
temperatures, the collision of particles happened at a higher rate, thus it is carried more
kinetic energy. Hence, the thermal conductivity will increased [23, 24]. The same
observation in hybrid nanofluids, thermal conductivity was encountered by researches
with base fluid of water and EG mixture but with different nanoparticles [18, 25, 26].
Hamid et al. also reported the same thermal conductivity behaviour for TiO2 nanofluids
in the mixed base fluid [27].

Figure 5. Thermal conductivity of hybrid nanofluids.
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Stability of Hybrid Nanofluids
Many methods have been developed to evaluate the stability of hybrid nanofluids. The
simplest method is sedimentation method [28]. The investigation on stability is a key
issue that influences the properties of hybrid nanofluids for application. A new method is
used to estimate the suspension concentration with the increasing the sediment time.
Figure 6 shows the peak absorbance of hybrid nanofluids appears at 364 nm. The
absorbance of hybrid nanofluids decreases with increasing sediment time.

Figure 6. UV-spectophotometer spectrum of hybrid nanofluids.
CONCLUSIONS
In this study, the viscosity of hybrid nanofluids in water and EG based for three different
ratios of mixture of hybrid are presented. The result indicates that the viscosity of hybrid
nanofluids based water-EG are increased with increases of shear stress. The hybrid
nanofluids viscosity constant exponentially with increases of temperature. The relative
viscosities are independent with the temperature for all concentrations of TiO2 and ZnO.
The results for the thermal conductivity of hybrid nanofluids shows enhancements with
an increase in concentration and an increase in temperature. The distinction is higher at
90:10 volume concentration where the temperature dependence can be observed. It is
more noticeable for higher concentration in TiO2. As the bulk temperature increases, the
enhancement becomes more noticeable for higher concentrations. Hence the stability of
hybrid nanofluids is strongly affected by the characteristics of the suspended particle and
base fluids.
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