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ARTICLE INFO ABSTRACT

Article history: Nanofluid is a solid particle that does not have a larger size than the 100 nm diffusion in
Received 3 June 2023 the liquid. Its use can improve the nanofluids properties versus base fluid. More recently,
Received in revised form 13 August 2023 many researchers are keen to know more about the combination of nanoparticles either
Accepted 20 August 2023 two or more because of its effect to increase heat transfer in liquid heat. Thus,
Available online 31 August 2023 preparations between Silica (SiO3) and Titania (TiO3) in water (W) and ethylene glycol (EG)
were carried out experimentally in volume concentrations between 0.3 and 1% and
temperatures between 30-70 °C and 60:40 (Water: EG); 70:30 (TiO2-SiO2) with one step
method. Thermal conductivity is measured by heat and viscosity method with viscometer
equipment. Thermal conductivity results show that the increase with different

Keywords: temperatures. However, dynamic viscosity decreases with different temperatures.
Dynamics viscosity; hybrid nanofluids;  Studies show that hybrid nanofluids between SiO, and TiO, have an excellent thermal
stability; temperature; thermal conductivity at a volume of 1.0% and a temperature of 70 °C indicating a right
conductivity combination of nanofluid TiO,-SiO,.

1. Introduction

Nowadays, thermal energy is crucial to preserve the world's environment for green technology.
Most researchers study nanofluid related to increased thermal energy demand which involves the
heating and cooling process. This investigation proves that it is an application for the equipment
industry such as cooling device, lubrication, solar collector, heat exchanger and vehicle cooling
system [1-12].

According to Sundar et al., [13], the combination of two or more different nanoparticles in the
liquid 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 [14-24]. Their
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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 nanofluids due to various advantages [25-32].
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 [33-41]. 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 [42-48]. Baghbanzadeh et al., [49] have presented its working papers on thermal
conductivity and dynamic viscosity of SiO2 / MWCNT nanofluids. The results show that nanofluids
concentration increases are essential and it affects the nanofluid hybrid. However, improvements
are found to be lowest in high concentrations. Thus, the combination of nanofluids increases with
increasing nanofluids 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,-SiOz nanofluids. Therefore, the volume concentration of 0.3 to 1.0% has provided
for TiO,-SiO; nanofluids with water/EG mixture to obtain the thermal conductivity and dynamic
viscosity below 30-70° C with 10° C intervals. The measurement on TiO; and SiO; nanoparticles
dispersed in a mixture of water/EG are very limited. Investigator such as Hamid et al., [50] and Nabil
et al., [51] 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. Furthermore, some
researchers use TiO»-SiO, nanofluid with a ratio of 50:50.

The present study is carried out by preparation and thermo-physical properties of TiO,-SiO;
nanofluids ratio 70:30 in water/EG (60:40) mixture with volume concentrations 0.3, 0.5, 0.7 and 1.0%
and the temperatures range from 30-70°C. The measurement of thermal conductivity and dynamic
viscosity were measured by using KD2 Pro Thermal Properties Analyser and Brookfield LVDV Il Ultra
Rheometer.

2. Methodology
2.1 Preparation of Nanofluids

The nanoparticles used in the study were Titanium Oxide (TiO;) and Silicone Oxide (SiO2). Those
procured from US Research Nanomaterials, Inc. (USA) in a water suspension with 40 wt. %
concentration and 30-50 nm in size for TiO2 and 25 wt. % concentration and 30 nm in size for SiO; as
shown in Figure 1(a) and Figure 1(b). Eqg. (1) is used to convert weight concentration to volume
concentration while Eq. (2) Is utilized to prepare the hybrid nanofluid in a volume concentration
range of 0.3 to 1.0% using dilutions by adding the base fluid [52]. A mixture of water and ethylene
glycol at a volume ratio 60:40 used as base fluid in the present study and the nanofluids prepared
was subjected to a mixing process using a mechanical stirrer for 30 minutes and underwent a
sonication process using a Fisherband ultrasonic bath for 2 hours for each concentration prepared to
enhance the stability of the nanofluid [53,54]. Table 1 presented the characteristics of TiO2- SiO;
nanoparticles and water/ EG.
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Fig. 1. Commercial nanoparticles for (a)
Titanium Oxide (TiOz) and (b) Silicone
Oxide (Si0,)
Table 1
Characteristics of TiO,-SiO, nanoparticles and Water/EG [19]
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 -

The diffusion of nanoparticles in the base liquid is used to be observed via a transmission electron
microscope (TEM) [55,56]. Other researchers also use this technique extensively [55,56]. Figure 2(a)
and Figure 2(b) show TEM images for both TiO2 nanoparticles (enlargement X 140,000) and SiO;
(enlargement X 35,000). TiO; nanoparticles are observed almost round with an average size of 100
nm as shown in Figure 2(a). Additionally, SiO, nanoparticles found in the sphere with an average size
of 22 nm as shown in Figure 2(b) and 2(c) illustrated TEM images with X 39,000 magnification for the
distribution of particles of both SiO; and TiO; nanoparticles suspended in W: EG-based nanofluids.
From Figure 2(c), larger particle sizes represent TiO, while smaller sizes represent SiO2 nanoparticles.
SiO2 nanoparticles fill the gap between TiO; nanoparticles. This condition will contribute to the
reduction of space between particles. In general, the mixed ratio representing the percentages of
each nanoparticle in the final solution depends on the coordination of two nanoparticles. Thermal
conductivity and thermal properties can provide thermal properties, and these conditions may
contribute to the reduction of space between more massive particles. Additionally, changes in
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physical properties such as viscosity and density are expected to change according to these
conditions. Hence, the work is now investigating the ratio of nanoparticle with 70:30 mixtures to the
effective thermal conductivity and dynamic viscosity of TiO2-SiO; nanofluid.

Fig. 2. Transmission electron microscope (TEM) Images [50]; (a) Single TiO,, (b) Single SiO,, (c) Hybrid
TiO2/SiO;

2.2 Stability of Hybrid Nanofluid

One of the factors that can affect the performance of nanofluids is stability [57]. Decreasing the
thermal conductivity of nanofluid is the solution and blockage of microchannels produced through
the accumulation of nanoparticles. Hence, the properties that affect nanofluid are also of stability. It
is one of the significant issues that can change the nature of the nanofluid either to analyze factors
affecting the spread of nanofluid stability or nanofluid stability directly related to its electro-kinetic
properties. The balance of the Al,0s-Cu nanofluids hybrid investigated at different volumes of
volume, and it occurred when the delay in freezing caused their potential loss of heat transfer [58].
Therefore, stability in the evaluation and investigation should not ignore. In the heat transfer
application, the thermal properties of the hybrid nanofluid thermal if it can be reduced then good
stability can change and produce an efficient performance.

Based on this research, each sample provided with a minimum of 200 ml. Each sample exposed
to sonication for 2 hours. For each particle, this process improves stability and reduces the size of
agglomeration [59,60]. Visually, in the method of nanofluid measurement is stable and each sample
will be observed after preparation and after 60 days of preparation through visual deposition. When
the particle size of the supernatant particles is kept constant, nanofluid is considered stable [50].
Figure 3 below shows a sedimentation observation for hybrid nanofluid. According to Yu and Xie [59],
nanofluid considered stable when the concentration or particle size of the supernatant particles is
kept constant. Sedimentation observations for hybrid nanofluids shown in Figure 3. The value of
nanofluid stability determined by Ultra Violet-Visible (UV-Vis) spectrophotometer. The absorption
and diffusion of light were measured by comparing TiO;-SiO2 nanofluid light intensity with the
primary fluid 60:40 (water: EG) [50]. In this study, the ratio of different concentration absorption to
the sedimentation time is observed accordingly at a constant 850 nm wavelength.
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(a) (b)
Fig. 3. Sedimentation observation of TiO,-SiO, nanofluids samples; (a)
first day, (b) after 60 days

2.3 Thermal Properties Measurement

The thermal conductivity and dynamic viscosity of nanofluid measured with a KD2 Pro Thermal
Analyzer and a Brokefield LVDV-IIl Rheometer as shown in Figure 4(a) and (b) respectively. For the
setup of KD2 Pro Property Analyzer (Decagon Devices) according to the ASTM D5334 and IEEE 442-
1981 standards can measure thermal conductivity. The heat source is used to measure the thermal
properties at different temperatures. Maintain a constant sample temperature; measurements can
perform in a bath. Decagon Devices are supplying standardized instrumentation achieved through
the liquid conductance thermal conductivity sensor of the glycerin.

1 <+—TRheometer

Nanofluid
Sample

*— Circulating
Bath

(a) Brokefield LVDV-IIl Rheometer

Hybrid
Waterbath Nanofluids

KD2 Pro
(b) KD2 Pro Thermal Analyzer
Fig. 4. Measurement devices
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However, for viscosity measurement, the tool used is Brookfield LVDV Il Ultra Rheometer
(Brookfield). The rheometer with a sample of 16 mL is inserted into a screwed cylinder and sealed it.
For viscosity measurements, the Rheocal program connected to the laptop used. The speed of the
spindle rotation is changed to obtain the viscosity of the sample assessed. Circulating water baths
can control through sample temperature, the average value reported by repeating the measurement
three times.

In this research, the measurement conducted at a temperature range of 30-70 °C. The sample
temperature was controlled by immersing in a water bath during the analysis. A minimum of three
readings for each temperature set and concentration took, and average values considered. The
previous researchers that used the same apparatus for thermal conductivity and viscosity
measurement were such as Hamid et al., [61], Abareshi et al., [62], Usri et al., [63] and Igbal et al,,
[64]. The accuracy of the instrument and experimental procedure is validated using data from
ASHRAE [65] at the same mixture ratio of water (60): EG (40).

3. Results
3.1 Stability of Hybrid Nanofluids

Ultra-sonicator is used to ensure nanofluid is stable and reduces agglomerate size through
sonication process. A total of 200 mL of nanofluid provided and exposed to the sonicator for 2 hours,
and then the results throughout the nanofluid measurement process are in a very stable state. As in
Figure 3(a), nanofluids prepared through a one-step method do not show deposition, and this proves
that the nanofluid is in a good state. Based on this visual examination, many researchers are doing
the same thing and their stability assessments studied at different temperatures [66,67].

To evaluate the stability of the TiO-SiO2 nanofluid hybrid volume concentration, spread in W: EG
with a 60:40 mixing ratio, easy deposition testing performed inside. Parameters taken into account
during the sedimentation process occur at the percentage of velocity progress in time. The faster
process occurs if the setting is higher as shown in Figure 5. The initial height of the homogenous
nanofluid space represents ho in millimeters and the elevation of sedimentation hs in time (days).
Ti02-SiO2 nanofluid stability is determined by the absorption as shown in Figure 3(b). The sample left
for 60 days at the return temperature. The ideal absorption ratio will be one (100%) representing
excellent stability during the deposition period. A closer rate is one with an increase in deposition
time to determine the balance of the sample.

The same investigation of nanofluid stability using UV-Vis spectrophotometer was previously
recommended and studied by Hwang et al., [57] and Lin et al., [68]. Nanofluid TiO,-SiO, absorption
and sedimentation time are observed frequently for 240 hours for a different wavelength of 850 nm
as shown in Figure 6. Thus, it can conclude here that nanofluid has more potential for agglomeration
and rapid deposition at lower concentrations. In terms of absorption, it also shows a high
concentration of more suspended nanoparticles.
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Fig. 5. Illustration of the
nanofluid sample on the
sedimentation process
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3.2 Thermo-physical Properties Validation

Comparison of data between ASHRAE [65] and water/EG mixtures confirm the thermal
conductivity and viscosity measurements. The verification result with a 0.9% error for thermal
conductivity measurements using KD2 Pro can show in Figure 7(a). A total of 0.7% water/ EG data
mixed at maximum deviation. Reddy and Rao [69] find that their primary liquid difference over
ASHRAE [65] is up to 2.5% during the verification test. Therefore, this study can be adopted as there
is only a small deviation. The same method also used for viscosity data. Figure 7(b) shows that there
is good agreement with ASHRAE [65] when the viscosity data compared. Based on the input on the
plot it is found that the primary liquid data of the water / EG mixture obtained according to the same
trend as ASHRAE [65]. Thus, the nanofluid TiO,-SiO; hybrid for various volume concentrations
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conducted and investigated for further measurement purposes for thermal conductivity and dynamic
viscosity.
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Fig. 7. Validating of Water-EG with ASHRAE [65]; (a) thermal Conductivity for validating, (b) viscosity for
validating

3.3 Thermal Conductivity and Dynamic Viscosity of TiO;-SiO2> Nanofluids

All nanofluids thermal conductivity at this concentration is higher than its primary liquid. Figure
8 shows the thermal conductivity of the TiO,-SiO2 nanofluids at a concentration of 0.3, 0.5, 0.7 and
1.0% and a temperature between 30-70 °C with a difference of 10 °C, improved at concentrations
and temperatures can cause thermal conductivity as well as increased TiO2-SiO; nanofluids. Figure 8
shows the thermal conductivity of TiO2-SiO2 nanofluids. At a concentration of 1.0% and a
temperature of 70 °C, there was a maximum increase higher than the base fluid. The observation of
this trend seems to be related to the Brownian movement. At high temperatures, particle collisions
occur at higher rates, thereby bringing more kinetic energy. Therefore, thermal conductivity
increased [70,71]. The same trend was investigated in nanofluid thermal conductivity faced by Vajjha
and Das [72] with primary water fluids and EG mixes but with different nanoparticles.
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Fig. 8. The thermal conductivity of nanofluids at
different temperatures and volume concentrations
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Viscosity is essential in determining the properties of nanofluids. Figure 9 shows different
viscosity data for different concentration and temperature. Based on the graph, the nanofluid TiO»-
SiOy viscosity is higher than the base liquid and increases according to the concentration of the liquid.
For high volume concentration, it is clearly showing that the increase of viscosity concerning
concentration and base fluid. As compared to a single type of nanofluid, the interaction between
hybrid nanofluids and base fluid contributes better enhancement. It found by Bahrami et al., [44],
Soltani and Akbari [47] Hamid et al., [50], and Nabil et al., [51]. The base fluid trend decreases with
temperature rise following the nanofluid viscosity. When the bonding of nanoparticle is weak, and
temperatures increase, the viscosity will decrease [48,73,74]. The finding is consistent with the
results of past studies by Duangthongsuk and Wongwises [75], Hamisa et al., [76] and Fikri et al., [77].
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Fig. 9. Dynamic viscosity of nanofluids with different

temperatures
3.4 Comparison with Literatures

Figure 10 and 11 demonstrate comparisons of the thermal conductivity and viscosity of the
present study with the data from Nabil et al., [51]. In the present study, the thermal conductivities
of the nanofluids were enhanced by 1.05-1.1 times compared to the base fluids. Nabil et al., [51]
TiO,-SiO2 nanoparticles in EG / Water mixture used in their studies are lower than the present study.
Comparison dynamics viscosity from literature in demonstrated Figure 11 showed 0.98% and 1.05%,
1.14% higher at 30-50 °C respectively, compared to the present study. According to Sundar et al.,
[34], the magnitude of enhancement in thermal conductivity or relative viscosity depends on the
types of nanoparticles and base fluid, hence it was observed and illustrated in Figure 10 and Figure
11.
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4. Conclusions

The purpose of this study was to investigate and study the thermal conductivity and dynamic
viscosity of TiO2-SiO; nanofluid based on Water/Ethylene Glycol. This study is concerned with the
analysis of the experiments of TiO;-SiO; nanofluids of 70:30 ratio mixed with W/EG in a 60:40 ratio
mixes at various temperatures at 30-70 °C. Based on the results obtained, summarized the main
findings for this investigation: (i) the ultrasonication process which is prolonged and without the use
of any surfactant, nanofluid hybrid in a stable condition of volume concentration of 0.3-1.0%. Visual
checks and stability of sample deployment checked. (ii) the increase in thermal conductivity observed
at a concentration of 1.0% and a temperature of 70 °C. (iii) the thermal conductivity of TiO>-SiO,
nanofluids shows increasing with an increase in temperature, while viscosity shows the decreasing
with the rise of temperature.

209



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 108, Issue 2 (2023) 200-214

Acknowledgement

The facilities of a laboratory to the authors by the Advanced Automotive Liquid Laboratory, Faculty
of Mechanical and Automotive Engineering Technology, Universiti Malaysia Pahang Al-Sultan
Abdullah is gratefully acknowledged.

References

(1]

(2]

3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

[14]

(15]

(16]

Azmi, W. H., K. V. Sharma, P. K. Sarma, Rizalman Mamat, and G. Najafi. "Heat transfer and friction factor of water
based TiO2 and SiO2 nanofluids under turbulent flow in a tube." International Communications in Heat and Mass
Transfer 59 (2014): 30-38. https://doi.org/10.1016/].icheatmasstransfer.2014.10.007

Sharif, M. Z., W. H. Azmi, A. A. M. Redhwan, and R. Mamat. "Investigation of thermal conductivity and viscosity of
Al203/PAG nanolubricant for application in automotive air conditioning system." International Journal of
Refrigeration 70 (2016): 93-102. https://doi.org/10.1016/.ijrefrig.2016.06.025

Redhwan, A. A. M., W. H. Azmi, M. Z. Sharif, and R. Mamat. "Development of nanorefrigerants for various types of
refrigerant based: A comprehensive review on performance." International Communications in Heat and Mass
Transfer 76 (2016): 285-293. https://doi.org/10.1016/j.icheatmasstransfer.2016.06.007

Peyghambarzadeh, S. M., S. H. Hashemabadi, S. M. Hoseini, and M. Seifi Jamnani. "Experimental study of heat
transfer enhancement using water/ethylene glycol based nanofluids as a new coolant for car radiators."
International Communications in Heat and Mass Transfer 38, no. 9 (2011): 1283-1290.
https://doi.org/10.1016/].icheatmasstransfer.2011.07.001

Said, Z.,, M. A. Sabiha, Rahman Saidur, A. Hepbasli, Nasrudin Abd Rahim, Saad Mekhilef, and T. A. Ward.
"Performance enhancement of a flat plate solar collector using titanium dioxide nanofluid and polyethylene glycol
dispersant." Journal of Cleaner Production 92 (2015): 343-353. https://doi.org/10.1016/].iclepro.2015.01.007
Agarwal, S. K., and M. Raja Rao. "Heat transfer augmentation for the flow of a viscous liquid in circular tubes using
twisted tape inserts." International Journal of Heat and Mass Transfer 39, no. 17 (1996): 3547-3557.
https://doi.org/10.1016/0017-9310(96)00039-7

Bahiraei, Mehdi, Nima Mazaheri, and Ali Rizehvandi. "Application of a hybrid nanofluid containing graphene
nanoplatelet-platinum composite powder in a triple-tube heat exchanger equipped with inserted ribs." Applied
Thermal Engineering 149 (2019): 588-601. https://doi.org/10.1016/j.applthermaleng.2018.12.072

Bellos, Evangelos, and Christos Tzivanidis. "Thermal analysis of parabolic trough collector operating with mono and
hybrid  nanofluids."  Sustainable  Energy Technologies and Assessments 26 (2018): 105-115.
https://doi.org/10.1016/j.seta.2017.10.005

Esfe, Mohammad Hemmat, Saeed Esfandeh, Masoud Afrand, Mousa Rejvani, and Seyed Hadi Rostamian.
"Experimental evaluation, new correlation proposing and ANN modeling of thermal properties of EG based hybrid
nanofluid containing ZnO-DWCNT nanoparticles for internal combustion engines applications." Applied Thermal
Engineering 133 (2018): 452-463. https://doi.org/10.1016/j.applthermaleng.2017.11.131

Han, Xinyue, Xiaobin Chen, Qian Wang, Sami M. Alelyani, and Jian Qu. "Investigation of CoSO4-based Ag nanofluids
as spectral beam splitters for hybrid PV/T applications." Solar Energy 177 (2019): 387-394.
https://doi.org/10.1016/j.solener.2018.11.037

Ramadhan, A. I.,, W. H. Azmi, and R. Mamat. "Heat transfer characteristics of car radiator using tri-hybrid
nanocoolant." In IOP Conference Series: Materials Science and Engineering, vol. 863, no. 1, p. 012054. |0P
Publishing, 2020. https://doi.org/10.1088/1757-899X/863/1/012054

Diniardi, Ery, and Erwin Dermawan. "Numerical study of effect parameter fluid flow nanofluid Al,O3-water on heat
transfer in corrugated tube." In AIP Conference Proceedings, vol. 1737, no. 1. 2016.

Sundar, L. Syam, G. O. Irurueta, E. Venkata Ramana, Manoj K. Singh, and A. C. M. Sousa. "Thermal conductivity and
viscosity of hybrid nanfluids prepared with magnetic nanodiamond-cobalt oxide (ND-Co304) nanocomposite." Case
Studies in Thermal Engineering 7 (2016): 66-77. https://doi.org/10.1016/j.csite.2016.03.001

Hamzah, Muhammad Hafiz, Nor Azwadi Che Sidik, Tan Lit Ken, Rizalman Mamat, and Gholamhassan Najafi. "Factors
affecting the performance of hybrid nanofluids: a comprehensive review." International Journal of Heat and Mass
Transfer 115 (2017): 630-646. https://doi.org/10.1016/].ijheatmasstransfer.2017.07.021

Sidik, Nor Azwadi Che, Muhammad Mahmud Jamil, Wan Mohd Arif Aziz Japar, and Isa Muhammad Adamu. "A
review on preparation methods, stability and applications of hybrid nanofluids." Renewable and Sustainable Energy
Reviews 80 (2017): 1112-1122. https://doi.org/10.1016/j.rser.2017.05.221

Sarkar, Jahar, Pradyumna Ghosh, and Arjumand Adil. "A review on hybrid nanofluids: recent research, development
and applications." Renewable and  Sustainable Energy  Reviews 43 (2015): 164-177.
https://doi.org/10.1016/].rser.2014.11.023

210


https://doi.org/10.1016/j.icheatmasstransfer.2014.10.007
https://doi.org/10.1016/j.ijrefrig.2016.06.025
https://doi.org/10.1016/j.icheatmasstransfer.2016.06.007
https://doi.org/10.1016/j.icheatmasstransfer.2011.07.001
https://doi.org/10.1016/j.jclepro.2015.01.007
https://doi.org/10.1016/0017-9310(96)00039-7
https://doi.org/10.1016/j.applthermaleng.2018.12.072
https://doi.org/10.1016/j.seta.2017.10.005
https://doi.org/10.1016/j.applthermaleng.2017.11.131
https://doi.org/10.1016/j.solener.2018.11.037
https://doi.org/10.1088/1757-899X/863/1/012054
https://doi.org/10.1016/j.csite.2016.03.001
https://doi.org/10.1016/j.ijheatmasstransfer.2017.07.021
https://doi.org/10.1016/j.rser.2017.05.221
https://doi.org/10.1016/j.rser.2014.11.023

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 108, Issue 2 (2023) 200-214

(17]

(18]

(19]

[20]

[21]

(22]

(23]

(24]

[25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

Sundar, L. Syam, Korada Viswanatha Sharma, Manoj K. Singh, and A. C. M. Sousa. "Hybrid nanofluids preparation,
thermal properties, heat transfer and friction factor-a review." Renewable and Sustainable Energy Reviews 68
(2017): 185-198. https://doi.org/10.1016/j.rser.2016.09.108

Babu, J. A. Ranga, K. Kiran Kumar, and S. Srinivasa Rao. "State-of-art review on hybrid nanofluids." Renewable and
Sustainable Energy Reviews 77 (2017): 551-565. https://doi.org/10.1016/].rser.2017.04.040

Hamid, K. Abdul, W. H. Azmi, Rizalman Mamat, and K. V. Sharma. "Heat transfer performance of TiO2-SiO>
nanofluids in a tube with wire coil inserts." Applied Thermal Engineering 152 (2019): 275-286.
https://doi.org/10.1016/j.applthermaleng.2019.02.083

Mamat, Hussin, and Mohamad Ramadan. "Nanofluids: Thermal Conductivity and Applications." Reference Module
in Materials Science and Materials Engineering (2022): 288-296. https://doi.org/10.1016/B978-0-12-815732-
9.00141-8

Mashali, Farzin, Ethan Mohseni Languri, Jim Davidson, David Kerns, Wayne Johnson, Kashif Nawaz, and Glenn
Cunningham. "Thermo-physical properties of diamond nanofluids: A review." International Journal of Heat and
Mass Transfer 129 (2019): 1123-1135. https://doi.org/10.1016/j.ijheatmasstransfer.2018.10.033

Ramadhan, Anwar limar, Wan Hamzah Azmi, and Rizalman Mamat. "Experimental investigation of thermo-physical
properties of tri-hybrid nanoparticles in water-ethylene glycol mixture." Walailak Journal of Science and Technology
(WJST) 18, no. 8 (2021): 9335-15. https://doi.org/10.48048/wjst.2021.9335

Fikri, Mohd Amiruddin, Fatin Fatihah Asri, Wan Mohd Faizal, Hasyiya Karimah Adli, Rizalman Mamat, W. H. Azmi,
A. I. Ramadhan, and Talal Yusaf. "Effects of heat transfer based water for three square multilayer absorber solar
collector." In IOP Conference Series: Materials Science and Engineering, vol. 788, no. 1, p. 012078. IOP Publishing,
2020. https://doi.org/10.1088/1757-899X/788/1/012078

Ramadhan, A. I., W. H. Azmi, R. Mamat, and K. A. Hamid. "Experimental and numerical study of heat transfer and
friction factor of plain tube with hybrid nanofluids." Case Studies in Thermal Engineering 22 (2020): 100782.
https://doi.org/10.1016/].csite.2020.100782

Akhgar, Alireza, and Davood Toghraie. "An experimental study on the stability and thermal conductivity of water-
ethylene glycol/TiO2-MWCNTSs hybrid nanofluid: developing a new correlation." Powder Technology 338 (2018):
806-818. https://doi.org/10.1016/j.powtec.2018.07.086

Dalkilig, Ahmet Selim, Ozgen Acikgdz, Bedri Onur Kigiikyildinm, Aysegiil Akdogan Eker, Berk Liileci, Chaiwat
Jumpholkul, and Somchai Wongwises. "Experimental investigation on the viscosity characteristics of water based
SiO2-graphite hybrid nanofluids." International Communications in Heat and Mass Transfer 97 (2018): 30-38.
https://doi.org/10.1016/].icheatmasstransfer.2018.07.007

Dalkilig, Ahmet Selim, Gékberk Yal¢in, Bedri Onur Kiigiikyildirim, Semiha Oztuna, Aysegiil Akdogan Eker, Chaiwat
Jumpholkul, Santiphap Nakkaew, and Somchai Wongwises. "Experimental study on the thermal conductivity of
water-based CNT-SiOz hybrid nanofluids." International Communications in Heat and Mass Transfer 99 (2018): 18-
25. https://doi.org/10.1016/j.icheatmasstransfer.2018.10.002

Kumar, Vivek, and Jahar Sarkar. "Numerical and experimental investigations on heat transfer and pressure drop
characteristics of Al203-TiO2 hybrid nanofluid in minichannel heat sink with different mixture ratio." Powder
Technology 345 (2019): 717-727. https://doi.org/10.1016/j.powtec.2019.01.061

Moldoveanu, Georgiana Madalina, Gabriela Huminic, Alina Adriana Minea, and Angel Huminic. "Experimental study
on thermal conductivity of stabilized Al20s and SiO2 nanofluids and their hybrid." International Journal of Heat and
Mass Transfer 127 (2018): 450-457. https://doi.org/10.1016/j.ijheatmasstransfer.2018.07.024

Moldoveanu, Georgiana Madalina, Constanta Ibanescu, Maricel Danu, and Alina Adriana Minea. "Viscosity
estimation of Al2Os, SiO2 nanofluids and their hybrid: an experimental study." Journal of Molecular Liquids 253
(2018): 188-196. https://doi.org/10.1016/j.mollig.2018.01.061

Moldoveanu, Georgiana Madalina, Alina Adriana Minea, Mihai lacob, Constanta lbanescu, and Maricel Danu.
"Experimental study on viscosity of stabilized Al.Os, TiO2 nanofluids and their hybrid." Thermochimica Acta 659
(2018): 203-212. https://doi.org/10.1016/j.tca.2017.12.008

Van Trinh, Pham, Nguyen Ngoc Anh, Nguyen Tuan Hong, Phan Ngoc Hong, Phan Ngoc Minh, and Bui Hung Thang.
"Experimental study on the thermal conductivity of ethylene glycol-based nanofluid containing Gr-CNT hybrid
material." Journal of Molecular Liquids 269 (2018): 344-353. https://doi.org/10.1016/j.molliq.2018.08.071

Yoo, Dae-Hwang, K. S. Hong, and Ho-Soon Yang. "Study of thermal conductivity of nanofluids for the application of
heat transfer fluids." Thermochimica Acta 455, no. 1-2 (2007): 66-69. https://doi.org/10.1016/j.tca.2006.12.006
Sundar, L. Syam, Manoj K. Singh, and Antonio C. M. Sousa. "Thermal conductivity of ethylene glycol and water
mixture based FesOs nanofluid." International Communications in Heat and Mass Transfer 49 (2013): 17-24.
https://doi.org/10.1016/].icheatmasstransfer.2013.08.026

Javadi, F. Sarrafzadeh, S. Sadeghipour, R. Saidur, G. BoroumandJazi, B. Rahmati, M. M. Elias, and M. R. Sohel. "The
effects of nanofluid on thermophysical properties and heat transfer characteristics of a plate heat exchanger."

211


https://doi.org/10.1016/j.rser.2016.09.108
https://doi.org/10.1016/j.rser.2017.04.040
https://doi.org/10.1016/j.applthermaleng.2019.02.083
https://doi.org/10.1016/B978-0-12-815732-9.00141-8
https://doi.org/10.1016/B978-0-12-815732-9.00141-8
https://doi.org/10.1016/j.ijheatmasstransfer.2018.10.033
https://doi.org/10.48048/wjst.2021.9335
https://doi.org/10.1088/1757-899X/788/1/012078
https://doi.org/10.1016/j.csite.2020.100782
https://doi.org/10.1016/j.powtec.2018.07.086
https://doi.org/10.1016/j.icheatmasstransfer.2018.07.007
https://doi.org/10.1016/j.icheatmasstransfer.2018.10.002
https://doi.org/10.1016/j.powtec.2019.01.061
https://doi.org/10.1016/j.ijheatmasstransfer.2018.07.024
https://doi.org/10.1016/j.molliq.2018.01.061
https://doi.org/10.1016/j.tca.2017.12.008
https://doi.org/10.1016/j.molliq.2018.08.071
https://doi.org/10.1016/j.tca.2006.12.006
https://doi.org/10.1016/j.icheatmasstransfer.2013.08.026

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 108, Issue 2 (2023) 200-214

(36]

(37]

(38]

(39]

(40]

(41]

[42]

(43]

[44]

(45]

[46]

[47]

(48]

[49]

(50]

[51]

International Communications in Heat and Mass Transfer 44 (2013): 58-63.
https://doi.org/10.1016/].icheatmasstransfer.2013.03.017

Paul, Gayatri, John Philip, Baldev Raj, Prasanta Kumar Das, and Indranil Manna. "Synthesis, characterization, and
thermal property measurement of nano-Al95Zn05 dispersed nanofluid prepared by a two-step process."
International  Journal of Heat and Mass Transfer 54, no. 15-16 (2011): 3783-3788.
https://doi.org/10.1016/j.ijheatmasstransfer.2011.02.044

Ranjbarzadeh, Ramin, Alireza Moradikazerouni, Reza Bakhtiari, Amin Asadi, and Masoud Afrand. "An experimental
study on stability and thermal conductivity of water/silica nanofluid: Eco-friendly production of nanoparticles."
Journal of Cleaner Production 206 (2019): 1089-1100. https://doi.org/10.1016/.jclepro.2018.09.205

Sezer, Nurettin, Muataz A. Atieh, and Muammer Kog¢. "A comprehensive review on synthesis, stability,
thermophysical properties, and characterization of nanofluids." Powder Technology 344 (2019): 404-431.
https://doi.org/10.1016/j.powtec.2018.12.016

Siddiqui, Farooq Riaz, C. Y. Tso, Ka Chung Chan, Sau Chung Fu, and Christopher Y. H. Chao. "On trade-off for
dispersion stability and thermal transport of Cu-Al.03 hybrid nanofluid for various mixing ratios." International
Journal of Heat and Mass Transfer 132 (2019): 1200-1216.
https://doi.org/10.1016/].ijheatmasstransfer.2018.12.094

Zhai, Yuling, Long Li, Jiang Wang, and Zhouhang Li. "Evaluation of surfactant on stability and thermal performance
of  AlOs-ethylene  glycol (EG) nanofluids." Powder  Technology 343 (2019): 215-224.
https://doi.org/10.1016/j.powtec.2018.11.051

Ramadhan, A. I., W. H. Azmi, R. Mamat, and M. Mazlan. "A new correlation of thermal-properties of tri-hybrid
nanoparticles in water-ethylene glycol mixture." Technology Reports of Kansai University 62, no. 2 (2020): 1151-
1160.

Minea, Alina Adriana. "Hybrid nanofluids based on Al20s3, TiO2 and SiO2: numerical evaluation of different
approaches."  International  Journal of Heat and Mass Transfer 104  (2017): 852-860.
https://doi.org/10.1016/].ijheatmasstransfer.2016.09.012

Esfe, Mohammad Hemmat, Ali Akbar Abbasian Arani, Mohammad Rezaie, Wei-Mon Yan, and Arash Karimipour.
"Experimental determination of thermal conductivity and dynamic viscosity of Ag-MgO/water hybrid nanofluid."
International Communications in Heat and Mass Transfer 66 (2015): 189-195.
https://doi.org/10.1016/].icheatmasstransfer.2015.06.003

Bahrami, Mehrdad, Mohammad Akbari, Arash Karimipour, and Masoud Afrand. "An experimental study on
rheological behavior of hybrid nanofluids made of iron and copper oxide in a binary mixture of water and ethylene
glycol: non-Newtonian behavior." Experimental Thermal and Fluid Science 79 (2016): 231-237.
https://doi.org/10.1016/j.expthermflusci.2016.07.015

Harandi, Saeed Sarbolookzadeh, Arash Karimipour, Masoud Afrand, Mohammad Akbari, and Annunziata D'Orazio.
"An experimental study on thermal conductivity of F-MWCNTs-Fe304/EG hybrid nanofluid: effects of temperature
and concentration." International Communications in Heat and Mass Transfer 76 (2016): 171-177.
https://doi.org/10.1016/j.icheatmasstransfer.2016.05.029

Asadi, Meisam, and Amin Asadi. "Dynamic viscosity of MWCNT/ZnO-engine oil hybrid nanofluid: an experimental
investigation and new correlation in different temperatures and solid concentrations." International
Communications in Heat and Mass Transfer 76 (2016): 41-45.
https://doi.org/10.1016/].icheatmasstransfer.2016.05.019

Soltani, Omid, and Mohammad Akbari. "Effects of temperature and particles concentration on the dynamic
viscosity of MgO-MWCNT/ethylene glycol hybrid nanofluid: experimental study." Physica E: Low-dimensional
Systems and Nanostructures 84 (2016): 564-570. https://doi.org/10.1016/j.physe.2016.06.015

Afrand, Masoud, Davood Toghraie, and Behrooz Ruhani. "Effects of temperature and nanoparticles concentration
on rheological behavior of Fe3s04-Ag/EG hybrid nanofluid: an experimental study." Experimental Thermal and Fluid
Science 77 (2016): 38-44. https://doi.org/10.1016/j.expthermflusci.2016.04.007

Baghbanzadeh, Mohammadali, Alimorad Rashidi, Davood Rashtchian, Roghayeh Lotfi, and Azadeh Amrollahi.
"Synthesis of spherical silica/multiwall carbon nanotubes hybrid nanostructures and investigation of thermal
conductivity of related nanofluids." Thermochimica Acta 549 (2012): 87-94.
https://doi.org/10.1016/j.tca.2012.09.006

Hamid, K. Abdul, W. H. Azmi, M. F. Nabil, Rizalman Mamat, and K. V. Sharma. "Experimental investigation of thermal
conductivity and dynamic viscosity on nanoparticle mixture ratios of TiO>-SiO> nanofluids." International Journal of
Heat and Mass Transfer 116 (2018): 1143-1152. https://doi.org/10.1016/j.ijheatmasstransfer.2017.09.087

Nabil, M. F., W. H. Azmi, K. Abdul Hamid, Rizalman Mamat, and Ftwi Y. Hagos. "An experimental study on the
thermal conductivity and dynamic viscosity of TiO2-SiO2 nanofluids in water: ethylene glycol mixture." International

212


https://doi.org/10.1016/j.icheatmasstransfer.2013.03.017
https://doi.org/10.1016/j.ijheatmasstransfer.2011.02.044
https://doi.org/10.1016/j.jclepro.2018.09.205
https://doi.org/10.1016/j.powtec.2018.12.016
https://doi.org/10.1016/j.ijheatmasstransfer.2018.12.094
https://doi.org/10.1016/j.powtec.2018.11.051
https://doi.org/10.1016/j.ijheatmasstransfer.2016.09.012
https://doi.org/10.1016/j.icheatmasstransfer.2015.06.003
https://doi.org/10.1016/j.expthermflusci.2016.07.015
https://doi.org/10.1016/j.icheatmasstransfer.2016.05.029
https://doi.org/10.1016/j.icheatmasstransfer.2016.05.019
https://doi.org/10.1016/j.physe.2016.06.015
https://doi.org/10.1016/j.expthermflusci.2016.04.007
https://doi.org/10.1016/j.tca.2012.09.006
https://doi.org/10.1016/j.ijheatmasstransfer.2017.09.087

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 108, Issue 2 (2023) 200-214

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

(65]

(66]

(67]

(68]

[69]

Communications in Heat and Mass Transfer 86 (2017): 181-189.
https://doi.org/10.1016/].icheatmasstransfer.2017.05.024

Azmi, W. H., K. V. Sharma, P. K. Sarma, Rizalman Mamat, and G. Najafi. "Heat transfer and friction factor of water
based TiO2 and SiO2 nanofluids under turbulent flow in a tube." International Communications in Heat and Mass
Transfer 59 (2014): 30-38. https://doi.org/10.1016/].icheatmasstransfer.2014.10.007

Mohamad, Muhammad Nabil Fikri, Wan Azmi Wan Hamzah, Khamisah Abdu Hamid, and Rizalman Mamat. "Heat
transfer performance of TiO2-SiO2 nanofluid in water-ethylene glycol mixture." Journal of Mechanical Engineering
(JMechE) 15, no. 1 (2018): 39-48.

Ramadhan, A. I., W. H. Azmi, R. Mamat, K. A. Hamid, and S. Norsakinah. "Investigation on stability of tri-hybrid
nanofluids in water-ethylene glycol mixture." In IOP Conference Series: Materials Science and Engineering, vol. 469,
p. 012068. IOP Publishing, 2019. https://doi.org/10.1088/1757-899X/469/1/012068

Sundar, L. Syam, E. Venkata Ramana, M. P. F. Graga, Manoj K. Singh, and Antonio CM Sousa. "Nanodiamond-Fe304
nanofluids: preparation and measurement of viscosity, electrical and thermal conductivities." International
Communications in Heat and Mass Transfer 73 (2016): 62-74.
https://doi.org/10.1016/j.icheatmasstransfer.2016.02.013

Yarmand, Hooman, Samira Gharehkhani, Seyed Farid Seyed Shirazi, Marjan Goodarzi, Ahmad Amiri, Wail Sami
Sarsam, Maryam Sadat Alehashem, Mahidzal Dahari, and S. N. Kazi. "Study of synthesis, stability and thermo-
physical properties of graphene nanoplatelet/platinum hybrid nanofluid." International Communications in Heat
and Mass Transfer 77 (2016): 15-21. https://doi.org/10.1016/j.icheatmasstransfer.2016.07.010

Hwang, Yu-jin, J. K. Lee, C. H. Lee, Y. M. Jung, S. |. Cheong, C. G. Lee, B. C. Ku, and S. P. Jang. "Stability and thermal
conductivity characteristics of nanofluids." Thermochimica Acta 455, no. 1-2 (2007): 70-74.
https://doi.org/10.1016/].tca.2006.11.036

Suresh, S., K. P. Venkitaraj, and P. Selvakumar. "Synthesis, characterisation of Al20s-Cu nano composite powder
and  water  based nanofluids."  Advanced  Materials  Research 328  (2011): 1560-1567.
https://doi.org/10.4028/www.scientific.net/AMR.328-330.1560

Yu, Wei, and Huaging Xie. "A review on nanofluids: preparation, stability mechanisms, and applications." Journal
of Nanomaterials 2012 (2012): 1-17. https://doi.org/10.1155/2012/435873

Ghadimi, A., Rahman Saidur, and H. S. C. Metselaar. "A review of nanofluid stability properties and characterization
in stationary conditions." International Journal of Heat and Mass Transfer 54, no. 17-18 (2011): 4051-4068.
https://doi.org/10.1016/].ijheatmasstransfer.2011.04.014

Hamid, K. Abdul, W. H. Azmi, Rizalman Mamat, and K. V. Sharma. "Experimental investigation on heat transfer
performance of TiO2 nanofluids in water-ethylene glycol mixture." International Communications in Heat and Mass
Transfer 73 (2016): 16-24. https://doi.org/10.1016/].icheatmasstransfer.2016.02.009

Abareshi, Maryam, Elaheh K. Goharshadi, Seyed Mojtaba Zebarjad, Hassan Khandan Fadafan, and Abbas Youssefi.
"Fabrication, characterization and measurement of thermal conductivity of FesOs4 nanofluids." Journal of
Magnetism and Magnetic Materials 322, no. 24 (2010): 3895-3901. https://doi.org/10.1016/j.jmmm.2010.08.016
Usri, N. A., W. H. Azmi, Rizalman Mamat, K. Abdul Hamid, and G. Najafi. "Thermal conductivity enhancement of
Al203 nanofluid in ethylene glycol and water mixture." Energy Procedia 79 (2015): 397-402.
https://doi.org/10.1016/].egypro.2015.11.509

Igbal, S. Mohamed, M. Arulprakasajothi, N. Dilip Raja, SM John Bosko, and M. Bhanu Teja. "Investigation on the
thermal behaviour of titanium dioxide nanofluid." Materials Today: Proceedings 5, no. 9 (2018): 20608-20613.
https://doi.org/10.1016/j.matpr.2018.06.441

ASHRAE Handbook. "Fundamentals, Sl ed." American Society of Heating, Refrigerating and Air Conditioning
Engineers: Atlanta, GA, USA (2009).

Palabiyik, Ibrahim, Zenfira Musina, Sanjeeva Witharana, and Yulong Ding. "Dispersion stability and thermal
conductivity of propylene glycol-based nanofluids." Journal of Nanoparticle Research 13 (2011): 5049-5055.
https://doi.org/10.1007/s11051-011-0485-x

Shao, Xuefeng, Ying Chen, Songping Mo, Zhengdong Cheng, and Tao Yin. "Dispersion stability of TiO>-H20
nanofluids containing mixed nanotubes and nanosheets." Energy Procedia 75 (2015): 2049-2054.
https://doi.org/10.1016/j.egypro.2015.07.282

Lin, Lingnan, Hao Peng, and Guoliang Ding. "Dispersion stability of multi-walled carbon nanotubes in refrigerant
with addition of surfactant.” Applied Thermal Engineering 91 (2015): 163-171.
https://doi.org/10.1016/].applthermaleng.2015.08.011

Reddy, M. Chandra Sekhara, and V. Vasudeva Rao. "Experimental studies on thermal conductivity of blends of
ethylene glycol-water-based TiO2 nanofluids." International Communications in Heat and Mass Transfer 46 (2013):
31-36. https://doi.org/10.1016/j.icheatmasstransfer.2013.05.009

213


https://doi.org/10.1016/j.icheatmasstransfer.2017.05.024
https://doi.org/10.1016/j.icheatmasstransfer.2014.10.007
https://doi.org/10.1088/1757-899X/469/1/012068
https://doi.org/10.1016/j.icheatmasstransfer.2016.02.013
https://doi.org/10.1016/j.icheatmasstransfer.2016.07.010
https://doi.org/10.1016/j.tca.2006.11.036
https://doi.org/10.4028/www.scientific.net/AMR.328-330.1560
https://doi.org/10.1155/2012/435873
https://doi.org/10.1016/j.ijheatmasstransfer.2011.04.014
https://doi.org/10.1016/j.icheatmasstransfer.2016.02.009
https://doi.org/10.1016/j.jmmm.2010.08.016
https://doi.org/10.1016/j.egypro.2015.11.509
https://doi.org/10.1016/j.matpr.2018.06.441
https://doi.org/10.1007/s11051-011-0485-x
https://doi.org/10.1016/j.egypro.2015.07.282
https://doi.org/10.1016/j.applthermaleng.2015.08.011
https://doi.org/10.1016/j.icheatmasstransfer.2013.05.009

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 108, Issue 2 (2023) 200-214

[70]

(71]

[72]

(73]

[74]

[75]

[76]

[77]

Keblinski, Phillbot, S. R. Phillpot, S. U. S. Choi, and J. A. Eastman. "Mechanisms of heat flow in suspensions of nano-
sized particles (nanofluids)." International Journal of Heat and Mass Transfer 45, no. 4 (2002): 855-863.
https://doi.org/10.1016/50017-9310(01)00175-2

Teng, Tun-Ping, Yi-Hsuan Hung, Tun-Chien Teng, Huai-En Mo, and How-Gao Hsu. "The effect of alumina/water
nanofluid particle size on thermal conductivity." Applied Thermal Engineering 30, no. 14-15 (2010): 2213-2218.
https://doi.org/10.1016/j.applthermaleng.2010.05.036

Vajjha, Ravikanth S., and Debendra K. Das. "Experimental determination of thermal conductivity of three nanofluids
and development of new correlations." International Journal of Heat and Mass Transfer 52, no. 21-22 (2009): 4675-
4682. https://doi.org/10.1016/j.ijheatmasstransfer.2009.06.027

Nguyen, C. T., F. Desgranges, Gilles Roy, Nicolas Galanis, Thierry Maré, eaS Boucher, and H. Angue Mintsa.
"Temperature and particle-size dependent viscosity data for water-based nanofluids-hysteresis phenomenon."
International  Journal of  Heat and Fluid Flow 28, no. 6 (2007): 1492-1506.
https://doi.org/10.1016/j.ijheatfluidflow.2007.02.004

Fedele, Laura, Laura Colla, and Sergio Bobbo. "Viscosity and thermal conductivity measurements of water-based
nanofluids containing titanium oxide nanoparticles." International Journal of Refrigeration 35, no. 5 (2012): 1359-
1366. https://doi.org/10.1016/].ijrefrig.2012.03.012

Duangthongsuk, Weerapun, and Somchai Wongwises. "Heat transfer enhancement and pressure drop
characteristics of TiO2-water nanofluid in a double-tube counter flow heat exchanger." International Journal of Heat
and Mass Transfer 52, no. 7-8 (2009): 2059-2067. https://doi.org/10.1016/].ijheatmasstransfer.2008.10.023
Hamisa, Abdul Hamid, Wan Hamzah Azmi, Taib Mohd Yusof, Mohd Farid Ismail, and Anwar llmar Ramadhan.
"Rheological Properties of TiO2/POE Nanolubricant for Automotive Air-Conditioning System." Journal of Advanced
Research in Fluid Mechanics and Thermal  Sciences 90, no. 1 (2022): 10-22.
https://doi.org/10.37934/arfmts.90.1.1022

Fikri, Mohd Amiruddin, Wan Mohd Faizal, Hasyiya Karimah Adli, Rizalman Mamat, Wan Hamzah Azmi, Zafri Azran
Abdul Majid, and Anwar Ilmar Ramadhan. "Characteristic of TiO2-SiO2 Nanofluid With Water/Ethylene Glycol
Mixture for Solar Application." Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 81, no. 2
(2021): 1-13. https://doi.org/10.37934/arfmts.81.2.113

214


https://doi.org/10.1016/S0017-9310(01)00175-2
https://doi.org/10.1016/j.applthermaleng.2010.05.036
https://doi.org/10.1016/j.ijheatmasstransfer.2009.06.027
https://doi.org/10.1016/j.ijheatfluidflow.2007.02.004
https://doi.org/10.1016/j.ijrefrig.2012.03.012
https://doi.org/10.1016/j.ijheatmasstransfer.2008.10.023
https://doi.org/10.37934/arfmts.90.1.1022
https://doi.org/10.37934/arfmts.81.2.113

