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Abstract. The preparation and definition of thermal characteristics of novel-type nanofluids are critical
for understanding the fluidity mechanism of nanofluids and selecting appropriate nanofluids for
application. This study seeks to give an alternative fluid for various applications and to fill a new type of
nanofluid requirement in the literature that has been identified by many research groups. In this study, a
water-based ZnO-SiO2 nanofluid is synthesized in two steps, and the thermal conductivity values are
experimentally determined. It is found that thermal conductivity increases with the increase in the
concentration of particles. The maximum deviation of thermal conductivity of SiO2 nanofluid is found to
be 1.30% whereas in the case of ZnO nanofluid it is found to be 2.65%.

1. INTRODUCTION

Nanofluids have lately emerged as a key topic of promising technologies because nanofluids can have
significantly superior properties than pure base fluids [1]. A nanofluid is a fluid containing nanoparticles
inside a base fluid. Choi and Eastman [2] proposed the initial idea in 1995: to improve various
thermophysical qualities by adding Nano-sized particles. Nanoparticles are typically less than 100 nm in
size. Nanoparticles may easily move in the base fluid. Mixing nanoparticles into a base fluid can enhance
several significant fluid characteristics. Furthermore, nanofluids offer various advantages such as improved
thermal characteristics, the ability to be made from non-polluting materials, unique alternatives, ease of
production, and so on. As a result of their distinct benefits, nanofluids have been exposed to a variety of
applications [3]. Furthermore, nanofluids have recently emerged as a significant component of heat transfer
fluids as a passive heat transfer improvement approach.

Nanofluids can also include one or more nanoparticles. A hybrid nanofluid is a nanofluid that contains
two or more particles. Hybrid nanofluids should be regarded as a subset of nanofluids. Considering the
results of open-source tests, hybrid nanofluids can outperform non-hybrid nanofluids in terms of discoveries
[4]. They do, however, have several drawbacks, such as a tendency for sedimentation, unexpected
behaviour, and high viscosity. Despite these drawbacks, they are quite popular due to their desirable
features. Nanofluids have been used in a variety of applications in the literature. Lee et al. [5] discovered
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that the thermal conductivity and viscosity of water-based alumina (Al203) nanofluids increase linearly as
the nanoparticle concentration increases. They changed the pH value of the nanofluids and the surfactant
concentration and discovered that optimizing the pH value and using a suitable surfactant increased the
thermal conductivity of water-based copper nanofluids. Masuda et al. [6] were the first to determine the
viscosity of nanofluids using water as the base fluid and temperatures ranging from room temperature to
60°C. Later, Pak and Cho [7] demonstrated that the thermal conductivity and viscosity of Alumina water
nanofluids are higher than those of base fluids and that both rise with an increase in particle volume
concentration and decrease with an increase in temperature. He et al. [8] calculated the viscosity and thermal
conductivity of water-based Titania (TiO2) nanofluids and found that as the volume percentage and particle
size of the nanoparticles increased, so did the thermal conductivity and viscosity. The results also showed
that the measured viscosity is substantially higher than the theoretical value calculated using Einstein's
equation. Numerous research has been done to use nanofluids in various sectors (systems for heating and
cooling, solar water heating, thermal storage, etc.) by increasing the thermal conductivity of traditional heat
transfer fluids. Nanofluids are often created using metals and metal oxide nanoparticles. Nguyen et al.

[9] emphasized the use of water-based AI203 nanofluids to cool electronic devices. They employed two
distinct sizes of AlI203 nanoparticles (36 nm and 47 nm). They also discovered that 36 nm nanoparticleshad
greater heat transfer coefficients than 47 nm nanoparticles. Wu et al. [6] used an Al203/water nanofluid to
store thermal energy. They found that AI203 dispersed well in water and had a maximum thermal
conductivity of 10.5%. Jiang et al. [7] investigated the thermal conductivity of CNT Nano refrigerant. As a
host refrigerant, R113 was utilized. They also observed that CNT/Nano refrigerant with spherical
nanoparticles had greater thermal conductivity than CNT/water. Tzeng et al. [8] used engine oil to distribute
CuO and AI203 nanoparticles for rotary blade coupling. They improved the fluid by including CuO
nanoparticles. Srikant et al. [10] investigated the performance of nanofluid as a cutting fluid in machinery.
Their findings indicated that nanofluids, with their cooling and lubricating capabilities, may be an excellent
answer. Kulkarni et al. [11] employed varying amounts of water-based AI203 nanofluid to cool diesel-
electric generators. They discovered that employing nanofluid enhanced the waste heat recovery efficiency
of heat exchangers. Khanjari et al. [12] hypothetically investigated the performance of photovoltaic
thermal systems and compared water-based Al203 nanofluids with water. They improved efficiency by
employing AI203 nanofluids instead of pure water. Pantzali et al.

[13] investigated the experimental cooling of plate heat exchangers using 4% CuO nanofluid. Accordingto
their experimental results, they observed some undesirable effects while employing nanofluid. Zhang et al.
[14] employed ZnO nanofluids as an antibacterial agent against Ecoli bacteria, and they produced
satisfactory results. Hadad et al. [15] statistically examined nuclear reactor cooling with Al203/W
nanofluids. They calculated the pressure drop, temperature change, and heat transfer coefficient of AI203/W
nanofluids using single- and two-phase mixture models. As demonstrated by these researchers, nanofluids
may be applied in a variety of fields, ranging from medicine to industry.

ZnO nanoparticles have been used alone in previous studies. Pastoriza-Gallego et al. [16]
investigated the thermal conductivity, density, and dynamic viscosity of ZnO nanofluid based on ethylene
glycol. They determined that particle size, temperature, and volume fraction might all have a 6.2% effect on
thermophysical characteristics. Suganthi et al. [17] combined ethylene glycol and an ethylene glycol-water
combination with ZnO particles. At 27 °C, their analysis found that the thermal conductivity of nanofluid
increased by 33.4% and viscosity decreased by 39.2%. The dynamic viscosity of water-based SiO,-graphite
hybrid nanofluids was investigated by Dalklc et al. [18]. They measured dynamic viscosity at temperatures
ranging from 15 to 60 °C and volume concentrations up to 2%. The maximum dynamic viscosity rise was
36.12% at 15 °C a for 2% vol. concentration. Akilu et al. [19] investigated the thermal properties of a
hybrid SiO,-CuO/C nanofluid. They determined their hybrid
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nanofluid thermal conductivity, viscosity, and specific heat. Using a hybrid nanofluid, they were able to
boost heat conductivity by 26%. Finally, they provided three equations for obtaining experimental data. In
terms of oilfield applications, Kumar and Sharma [20] investigated the stability, electrical conductivity, and
rheology of SiO,, TiO2, SiO,.-TiO2, mono, and hybrid nanofluid samples. According to their findings,
hybrid nanofluid samples were more stable than mono nanofluids. Esfe et al. [21] useda DWCNTs-
ZnO/water-ethylene glycol (60:40) nanofluid to evaluate the effects of solid volume fraction on thermal
conductivity. They picked a solid concentration of up to 1% and a temperature range of 25 to 50 °C. In the
study, they presented a nonlinear regression. The dynamic viscosity of aMWCNTs/ZnO-engine oil hybrid
nanofluid was measured by Asadi and Asadi [22]. They investigated the issue between 5°C and 55°C, with
doses ranging from 0.125 to 1%. Giwa et al. [23] evaluated the pH, thermal conductivity, electrical
conductivity, and viscosity values of a water-based MgO-ZnO hybrid nanofluid with different
nanoparticle mixing ratios (20%-80%, 40%-60%, 60%-40%, and 80%- 20%). They found that 40% MgO—
60% ZnO has the best heat transmission capacity. Wole-Osho et al.

[24] investigated the specific heat and viscosity of an Al203-ZnO hybrid nanofluid based on water. They
created hybrid nanofluid samples using 1:1, 1:2, and 2:1 nanoparticle mixtures. Among their samples, they
discovered that 1:1 nanofluid had the highest specific heat capacity and the lowest viscosity. Finally, they
presented new correlations with R2 values of 99.2% and 93.34% for determining specific heat capacity and
viscosity, respectively. Ruhani et al. [25] investigated the rheological properties of a hybrid ZnO-Ag (50%-
50%)/water nanofluid. They discovered that raising the concentration and reducing the temperature
increased the viscosity of a ZnO-Ag (50%-50%) hybrid nanofluid. They provided an equation with a 1.8%
margin of error.

Numerous studies have recently been conducted to investigate the thermal characteristics of
nanofluids; nevertheless, open sources lack substantial experimental research for hybrid nanofluids. Many
research studies strongly advised that novel types of nanofluids, particularly those created experimentally,
be prepared and measured. Taking these guidelines into account, water-based ZnO and SiO; nanofluid are
created with 0.1%, 0.2%, and 0.3% volume fractions.

2. EXPERIMENTAL SETUP AND METHODOLOGY

2.1 Apparatus
Ultrasonicator, surfactant, and magnetic stirrer are some physical and chemical methods for improving the
stability of nanofluids by making them more homogeneous and stable than before. To prepare the nanofluid
samples in this study, an ultrasonicator probe (Labman) is used to prepare and homogenize nanofluids. A
magnetic stirrer is used to stir nanoparticles in a base fluid.

Thermal conductivity is an important feature of nanofluids. Using nanofluid interferometer tools, it is
possible to experimentally determine the thermal conductivity of nanofluids from sound velocity. The
fundamental idea behind a nanofluid interferometer is to accurately determine wave length (1) in themedium
at hand to calculate the fluid's sound velocity (m/s). A quartz plate placed at the bottom of the
interferometer's cell produces ultrasonic waves with known frequencies (f) [26]. To keep nanofluids at the
correct temperature between 25 and 90 C, a temperature control unit is helpful. The sound velocityin
nanofluids is v=Af.

2.2 Preparation of nanofluids
There are two popular approaches for creating nanofluid in the literature: one-step and two-step procedures.
The two-step strategy is more widely used than the one-step method [27], and it was chosen for this
investigation. This is because the one-step procedure is more involved and costly than the two-
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step method. Samples made in one stage, on the other hand, are more stable than those prepared in two steps
[28]. Nanoparticles are immediately introduced to the base fluid in the two-step approach. The nanoparticles
and base fluid are then conditioned using technologies such as ultrasonic agitation and intense magnetic
force to homogenize the nanofluid. The two-step procedure is an excellent strategy for creating a hybrid.

In the current examination, ZnO and SiO- nanoparticles have been chosen to create nanofluids. Two
nanoparticles, SiO, and ZnO, with particle sizes of approximately 15 and 240 nm, respectively, were
employed in this study. Since the two-step approach works better for creating nanofluids containing oxide
nanoparticles, nanofluids containing SiO, and ZnO, respectively, were created using the two-step method.
Equation (1) determines how many nanoparticles should disperse into the base fluid about their
concentration. Nanofluid samples are prepared as 25 ml. 0.1%, 0.2%, and 0.3% are chosen as volume
concentrations for both ZnO and SiO; in 25 ml base fluid respectively. Fig 1 Shows the sample of SiO;
nanofluid with 3 different volume concentrations. We added surfactant (Sodium Lauryl Sulphate) to the
Zn0 nanofluid to preserve stability because it lacked much of it. Fig. 2 showsthe sample images of ZnO
nanofluid before and after surfactant at different volume concentrations respectively. SiO, and ZnO were
chosen as the materials for the nanoparticles because they are easier to get, more affordable, and chemically
more stable than their metallic counterparts. The SEARL lab of ZHCET Aligarh Muslim University

purchased the SiO, and ZnO nanoparticles from Sisco Research Laboratory for this
experiment.
Vp
0a—
Vp v

FIGURE 1. SiO2 Nanofluid after 2 days of preparation with 0.1, 0.2, and 0.3 wt.% concentration

suspended in water

a) (b)
FIGURE 2. ZnO Nanofluid after 2 days of preparation with 0.1, 0.2 , and 0.3 wt.% concentration
suspended in water. Sample (a) is without surfactant and sample (b) is with surfactant
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2.3 Characterization
SEM analysis was used to determine the morphological characteristics of samples of ZnO and SiO; Nano
powder. The SEM has a wide depth of field, allowing for more of a specimen to be in focus at once. The
SEM also offers a significantly greater resolution, allowing for much higher magnification of closely spaced
specimens. The images of ZnO Nano powder with different magnifications are displayed in fig. 3 and the
same for SiO; are displayed in fig.4.

FIGURE 4. Observed SEM images of SiO2 nanoparticles with different magnification
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XRD analysis was used to examine the ZnO and SiO, powder sample's crystallinity and phase. The X- ray
diffraction pattern is a basic way of explaining the crystal structure of the produced nanoparticles, which
have monochromatic CuKa radiations (k = 0.15418 nm) and are used as a 40 kV/35 mA energy source and
the graph is captured between the range of 5°-80° 26.
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FIGURE 5. XRD pattern of ZnO and SiO2 nanopatrticles.

3. RESULTS AND DISCUSSION
3.1 Measurement of thermal conductivity
Bridgman derived a formula in 1923 that predicts the direct relationship between thermal conductivity and
sound velocity in pure liquid based on the heat transfer mechanism [29].

Bridgeman's thermal conductivity formula yields more accurate findings when compared to
traditional values derived from the transient hot wire method, parallel plate heat transfer method, and other
methods. Bridgman hypothesized that liquid molecules were organized in a cubic lattice and that energy was
transported from one lattice plane to the next at the speed of sound. Bridgman's equation isas follows:

2

k = ?(N )2 Kv 2)
1%
V = M 3)
pnf
pnr = @pp + (L= @)ps 4)

Where Kk is the thermal conductivity obtained by the modified Bridgman equation, v is the ultrasound
velocity, N is Avogadro’s number = 6.023x10%, V is the molar volume, K is the Boltzmann’s constant =
1.3807x10% J/K. pnr defines the density of nanofluid, and M is the molar mass of nanofluid. We produce
sound velocity by pouring nanofluid with 0.1, 0.2, and 0.3 wt% concentrations of ZnO and SiO,
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into the base fluid of water. Using the equations above, we determine the thermal conductivity of a
nanofluid at three distinct concentrations.

Fig. 6 shows thermal conductivity with respect to nanoparticle volume fractions (¢%) by using
curve fitting for SiO, and ZnO water-based nanofluids. Fig. 7 shows the thermal conductivity of both SiO;
and ZnO with respect to water at 0.1, 0.2, and 0.3 wt% concentrations.

SiO, Zn0O
= 0622 E 0.617 o
S <
~
S 0619 /' 2 0613
— >
> £
2 >
2= 0616 © 0.609
[§) =}
3 2
S 0613 § 0605
© =
g € 0.601
g 06l 2 0.1 0.2 0.3
= 0.1 0.2 0.3 =

Concentraion of nano particles Concentration of nanoparticles

—8— Si02 —8— Zn0O

(@) (b)

FIGURE 6. Measured Thermal conductivity w.r.t. three different concentrations (a) SiO2 at 0.1, 0.2
and 0.3 concentrations
(b)ZnO at 0.1, 0.2, and 0.3 concentrations

In figure. 6 (a) it is found that the thermal conductivity of SiO. increases with the increase of the
concentration of the particles, the thermal conductivity increases about 0.81% when we increase
concentration from 0.1% to 0.2% and about 0.48% when we increase from 0.2% to 0.3%. The maximum
deviation of SiO. is about 1.30%.

In figure. 6 (b) the graph shows the increase in thermal conductivity of ZnO with respect to the
concentration of the particles, in the experiment we have found that when we increase the concentration of
Zn0 from 0.1% to 0.2% the thermal conductivity increases about 1.32% and it increases about 1.31% when
we increase from 0.2% to 0.3%. The maximum deviation of ZnO is about 2.65%.
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FIGURE 7. Thermal conductivity of both SiO2 and ZnO with respect to water at 0.1, 0.2, and 0.3 wt%
concentrations.

4. CONCLUSION
This research synthesized water-based nanofluids based on ZnO and SiO. Thermal conductivity has been
experimentally examined. Thermal conductivity increases as particle surface area increase with particle
volume concentration. Thermodynamical factors are achieved using an ultrasonic interferometer. For all of
the samples at various concentrations, ultrasonic velocity and other acoustical characteristics were
computed. The findings indicated that the behaviours and consequences of nanofluid samples are
outstanding and may surprise.

e The thermal conductivity increases about 0.81% when we increase concentration from 0.1% to
0.2% and about 0.48% when we increase from 0.2% to 0.3%. The maximum deviation of SiO- is
about 1.30%.

e When we increase the concentration of ZnO from 0.1% to 0.2% the thermal conductivity increases

by about 1.32% and 1.31% when we increase from 0.2% to 0.3%. The maximum deviation of ZnO
is about 2.65%.

© 2024, 1JSREM | www.ijsrem.com DOI: 10.55041/1JSREM39535 | Page 8


http://www.ijsrem.com/

e

JS|
?7& !nternational Journal of Scientific Research in Engineering and Management (IJSREM)

Volume: 08 Issue: 12 | Dec - 2024 SJIF Rating: 8.448 ISSN: 2582-3930

REFERENCES

10.

11

12.

13.

14.

15.

16.

17.

Ahmad Khan, S., & Altamush Siddiqui, M. (2020). Numerical studies on heat and fluid flow of a
nanofluid in a partially heatedvertical annulus. Heat Transfer, 49(3), 1458-1490.

Choi SEastmantmen JA. Enhancing thermal conductivity fluids ids with nanoparticles. American
Society ofMechaniEngineerseers, Fluids Engineering Division (Publication) FED. 1995;231:99-105.

Husain, S., Khan, S. A., & Siddiqui, M. A. (2021). Wall boiling of Al203-water nanofluid: Effect
of nanoparticle concentration. Progress in Nuclear Energy, 133, 103614.

Khan, S. A., Siddiqui, M. A., Khan, Z. A., Asjad, M., & Husain, S. (2022). Numerical investigation
and implementation of Taguchi-based based entropy-ROV method for optimization of the operating
and geometrical parameters during natural convection of hybrid nanofluid in annuli. International
Journal of Thermal Sciences, 172, 107317.

Lee, S.; Choi, S.U.-S,; Li, S.; Eastman, J.A. Measuring Thermal Conductivity of Fluids Containing
Oxide Nanoparticles. J. Heat Transf. 1999, 121, 280-2809.

H. Masuda, A. Ebata, K. Teramae, N. Hishinuma, Alteration of thermal conductivity and viscosity of
liquid by dispersing ultra-fine particles (dispersion of c-Al2 03, SiO; and TiO2 ultra-fine particles),
Netsu Bussei 4 (1993) 227— 233

Bock Choon Pak & Young I. Cho (1998): HYDRODYNAMIC AND HEAT TRANSFER STUDY OF
DISPERSED FLUIDS WITH SUBMICRON METALLIC OXIDE PARTICLES, Experimental Heat
Transfer: A Journal of Thermal Energy Generation, Transport, Storage, and Conversion, 11:2, 151-170
He, Y, Jin, Y, Chen, H, Ding, Y, Cang, D & Lu, H 2007, ‘Heat transfer and flow behavior of aqueous
suspensions of TiO2 nanoparticles (Nanofluids) flowing upward through a vertical pipe’, International
Journal of Heat and Mass Transfer, vol. 50, pp. 2272-2281.

Nguyen CT, Roy G, Gauthier C, Galanis N. Heat transenhancementment using AI203-water nanofluid
for an electronic liquid coolingsystem. Appl Therm Eng. 2007. https://doi.org/10.1016/j.applt
hermaleng.2006.09.028.

Srikant RR, Rao DN, Subrahmanyam MS, Krishna PV. Appliabilitylity of cutting fluids with
nanoparticle inclusion as coolants in machining. Proc Instit Mech Eng Part J J Eng Tribol. 20HTTP
doi.org/10.1243/13506501JET463

Kulkarni DP, Vajjha RS, Das DK, Oliva D. Application of alu- minum oxide nanofluids in a diesel-
electric generator as jacket water coolant. Appl Therm Eng. 2008. https://doi.org/10.1016/j.applt
hermaleng.2007.11.017.

Khanjari Y, Kasaeian AB, Pourfayaz F. Evaluating the environmental parameters affecting the
performance of the photovoltaic thermal system using nanofluid. Appl Therm Eng. 2017. https://doi.
0rg/10.1016/j.applthermaleng.2016.12.104.

Pantzali MN, Mouza AA, Paras SV. Investigating the efficacy of nanofluids as coolants in plate heat
exchangers (PHE). Chem EngSci. 2009. https://doi.org/10.1016/j.ces.2009.04.004.

Zhang L, Ding Y, Povey M, York D. ZnO nanofluids-A potential antibacterial agent. Prog Nat Sci.
2008. https://doi.org/10.1016/j.pnsc.2008.01.026

Hadad K, Rahimian A, Nematollahi MR. Numerical study of single and two-phase models of
water/Al 203 nanofluid turbulent forced convection flow in VVER-1000 nuclear reactor. Ann Nucl
Energy. 2013. https://doi.org/10.1016/j.anucene.2013.05.017.

Pastoriza-Gallego MJ, Lugo L, Cabaleiro D, Legido JL, Pifieiro MM. Thermophysical profile of
ethylene glycol-based ZnO nano-fluids. J Chem Thermodyn. 2014. https://doi.org/10.1016/j.jct.
2013.07.002

Suganthi KS, Vinodhan VL, Rajan KS. Heat transfer performance and transport properties of ZnO-
ethylene glycol and ZnO-ethyleneglycol-water nanofluid coolants. Appl Energy. 2014. https://doi.

© 2024, 1JSREM | www.ijsrem.com DOI: 10.55041/1JSREM39535 | Page 9


http://www.ijsrem.com/
https://doi.org/10.1016/j.applthermaleng.2006.09.028
https://doi.org/10.1016/j.applthermaleng.2006.09.028
https://doi.org/10.1016/j.applthermaleng.2006.09.028
https://doi.org/10.1243/13506501JET463
https://doi.org/10.1016/j.applthermaleng.2007.11.017
https://doi.org/10.1016/j.applthermaleng.2007.11.017
https://doi.org/10.1016/j.applthermaleng.2007.11.017
https://doi.org/10.1016/j.applthermaleng.2016.12.104
https://doi.org/10.1016/j.applthermaleng.2016.12.104
https://doi.org/10.1016/j.ces.2009.04.004
https://doi.org/10.1016/j.pnsc.2008.01.026
https://doi.org/10.1016/j.pnsc.2008.01.026
https://doi.org/10.1016/j.anucene.2013.05.017
https://doi.org/10.1016/j.jct.2013.07.002
https://doi.org/10.1016/j.jct.2013.07.002
https://doi.org/10.1016/j.jct.2013.07.002
https://doi.org/10.1016/j.apenergy.2014.09.023

&&; ‘3%

7 1JSRE
%x !nternational Journal of Scientific Research in Engineering and Management (IJSREM)

Volume: 08 Issue: 12 | Dec - 2024 SJIF Rating: 8.448 ISSN: 2582-3930

18.

19.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

0rg/10.1016/j.apenergy.2014.09.023.

Dalkilic AS, Acikgdz O, Kiiciikyilldinm BO, Eker AA, Lileci B, Jumpholkul C, Wongwises S.
Experimental Investigation on the Viscosity characteristics of water-based SiO.-Graphite hybrid
nanofluids. Int J Heat Mass Transf. 2018. https://doi.org/ 10.1016/j.icheatmasstransfer.2018.07.007.
Akilu S, Baheta AT, Said MAM, Minea AA, Sharma KV. Proper- ties of glycerol and ethylene glycol
mixture-based SiO,-CuO/C hybrid nanofluid for enhanced solar energy transport. Sol Energy Mater
Sol Cells. 2018. https://doi.org/10.1016/j.solmat.2017.10. 027.

.Kumar RS, Sharma T. Stability and rheological properties of nanofluids stabilized by SiO;

nanoparticles and SiO2- TiO2 nanocomposites for oilfield applications. Colloids Surf A. 2018.
https://doi.org/10.1016/j.colsurfa.2017.12.028.

Esfe MH, Yan WM, Akbari M, Karimipour A, Hassani M. Experimental study on thermal conductivity
of DWCNT- ZnO/water- EG nanofluids. Heat Transfer Research. 2015.
https://doi.org/10.1016/j.icheatmasstransfer.2015.09.001.

Asadi M, Asadi A. Dynamic viscosity of MWCNT/ZnO-engine oil hybrid nanofluid: An experimental
investigation and new cor- relation in different temperatures and solid concentrations. Int Commun
Heat Mass Transfer. 2016. https://doi.org/10.1016/j. icheatmasstransfer.2016.05.019.

Giwa SO, Momin M, Nwaokocha CN, Sharifpur M, Meyer JP. Influence of nanoparticles size, percent
mass ratio, and temperature on the thermal properties of water-based MgO-ZnO nano- fluid: an
experimental approach. J Therm Anal Calorim. 2021. https://doi.org/10.1007/s10973-020-09870-x.
Wole-Osho I, Okonkwo EC, Kavaz D, Abbasoglu S. An experimental investigation into the effect of
particle mixture ratio on specific heat capacity and dynamic viscosity of AlI203-ZnO hybrid
nanofluids. Powder Technol. 2020. https://doi.org/10. 1016/j.powtec.2020.01.015.

Ruhani B, Toghraie D, Hekmatifar M, Hadian M. Statistical investigation for developing a new model
for rheological behavior of ZnO-Ag (50%-50%)/Water hybrid Newtonian nanofluid using experimental
data. Physica A. 2019.https://doi.org/10.1016/j. physa.2019.03.118.

Indu Saxena, Vijay Kumar. Introduction of the ultrasonic interferometer and experimental techniques
for determination of ultrasonic velocity, density, viscosity, and various thermodynamic parameters.
2013. http://dx.doi.org/10.13140/RG.2.2.35801.83044

Kumar DD, Arasu AV. A comprehensive review of preparation, characterization, properties, and
stability of hybrid nanofluids. Renew Sustain Energy Rev. 2018. https://doi.org/10.1016/j.rser.
2017.05.257.

Munkhbayar B, Tanshen MR, Jeoun J, Chung H, Jeong H. Surfactant-free dispersion of silver
nanoparticles into MWCNT-aque- ous nanofluids prepared by one-step technique and their thermal
characteristics. Ceram Int. 2013. https://doi.org/10.1016/j.ceram int.2013.01.069.

Lin, J. Y., and Pate, M. B., "A Thermal Conductivity Prediction Method for Refrigerant Mixtures in
the Liquid Phase" (1992). International Refrigeration and Air Conditioning Conference. Paper 175.
Husain, S., Siddiqui, M. A., & Khan, S. A. (2019). Effect of geometrical parameters on natural
convection of water in a narrow annulus. Progress in Nuclear Energy, 112, 146-161.

Usmani, R., Hussain, F., Khan, S. A., Khan, N. A., Khan, U., & Husain, S. (2021, May). Numerical
investigation on natural convection of hybrid nanofluid AI203-MWCNT/water inside a vertical
annulus. In IOP Conference Series: Materials Science and Engineering (Vol. 1146, No. 1, p. 012018).
IOP Publishing.

Husain, S., Siddiqui, M. A., & Ahmad Khan, S. (2019). Wall boiling in a vertical annulus: Effect of
inlet subcooling and mass flow rate. Numerical Heat Transfer, Part A: Applications, 75(11), 776-793.

© 2024, 1JSREM | www.ijsrem.com DOI: 10.55041/1JSREM39535 | Page 10


http://www.ijsrem.com/
https://doi.org/10.1016/j.apenergy.2014.09.023
https://doi.org/10.1016/j.icheatmasstransfer.2018.07.007
https://doi.org/10.1016/j.icheatmasstransfer.2018.07.007
https://doi.org/10.1016/j.solmat.2017.10.027
https://doi.org/10.1016/j.solmat.2017.10.027
https://doi.org/10.1016/j.colsurfa.2017.12.028
https://doi.org/10.1016/j.icheatmasstransfer.2015.09.001
https://doi.org/10.1016/j.icheatmasstransfer.2015.09.001
https://doi.org/10.1016/j.icheatmasstransfer.2016.05.019
https://doi.org/10.1016/j.icheatmasstransfer.2016.05.019
https://doi.org/10.1007/s10973-020-09870-x
https://doi.org/10.1016/j.powtec.2020.01.015
https://doi.org/10.1016/j.powtec.2020.01.015
https://doi.org/10.1016/j.physa.2019.03.118
https://doi.org/10.1016/j.physa.2019.03.118
http://dx.doi.org/10.13140/RG.2.2.35801.83044
https://doi.org/10.1016/j.rser.2017.05.257
https://doi.org/10.1016/j.rser.2017.05.257
https://doi.org/10.1016/j.rser.2017.05.257
https://doi.org/10.1016/j.ceramint.2013.01.069
https://doi.org/10.1016/j.ceramint.2013.01.069

