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In present work, five different nanoparticles of three different shapes are used to study the enhancement
in thermal conductivity, viscosity and stability of nanofluids. The main objective of present work is to
analyze the effect of shape on thermo-physical properties of nanofluids. For this study, spherical, cubic
and rod shaped nanoparticles are used. CuO, MgO, TiO,, ZrO, and Al,05; water based nanofluids are pre-
pared by two step method using probe sonication technique. The effect of shape on thermal conductivity
of nanofluids is analyzed experimentally by using hot-wire method set up. Results of this study reveal

?ﬁg W:rds" that the cubic shaped Al,03 nanofluid (concentration 2.5 wt%) shows highest thermal conductivity over
Thefmal conductivity base fluid by 3.13 times. Effect of nanoparticle shape on the viscocity is also studied in the presnt work.
Nanofluids Al,03 nanofluid also has good stability amongst all nanofluids. Also, it is observed that in all five cases of

nanofluid cubic shape nanoparticles enhance thermal conductivity at the highest rate than spherical and
rod shape. Pumping power study shows that cubic shaped nanoparticles require higher pumping power
than spherical and rod shaped nanoparticles.

© 2019 Elsevier Ltd. All rights reserved.
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Probe sonication

1. Introduction

Research work done in the past suggests that nanofluids have
the ability to be used for efficient heat transfer in thermal engi-
neering applications [1]. For many industrial processes, heat trans-
fer takes place through fluids as a medium. In many modern
applications such as indoor ventilation with radiators, cooling of
electrical components, and heat exchangers, quick heat transfer
results in low energy consumption [2]. Due to this energy saving
ability of nanofluids, variation in thermal conductivity of nanoflu-
ids because of change in shapof nanomaterial is investigated. Sev-
eral research reports suggest that thermal conductivity of
nanofluids is greatly influenced by shape of nanoparticle impurity
used for the preparation of nanofluids. The outcome of this work
indicates that spherical shaped solid nanoparticles enhance ther-
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mal conductivity of base fluid by a small magnitude, whereas non-
spherical nanoparticles have higher ability to enhance thermal
conductivity of nanofluid [3]. The heat transfer performance of
an oscillating heat pipe is also investigated experimentally and it
is concluded that alumina nanoparticle shape plays a very crucial
role in enhancement of the heat transfer performance. In this work,
it is also demonstrated that alumina nanofluid is not beneficial in
laminar or turbulent flow mode [4]. The aggregation has positive
effects on the thermal conductivity enhancement. It may be due
to the fact that aggregated size offers fast heat transfer path for
neighboring particles and it shows appreciable increase in the
shape factor of the aggregate [5]. The comprehensive review made
by Goharshadi et al considers several parameters, which influence
thermal conductivity of nanofluids. Among these parameters,
nanoparticle shape has considerable influence on enhancement
of thermal conductivity [6,19].

To investigate the effect of shape on thermal conductivity, vis-
cocity, stability and pumping power of nanofluid, five different
nano-impurities (CuO, MgO, TiO,, ZrO, and Al,03) have been
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Fig. 1. Schematic sketch of two wire method based setup to determine thermal
conductivity of nanofluid.

chosen for the preparation of nanofluids. Two step method is used
for forceful dispersion of nanoparticles in base fluid (water) to pre-
pare stable nanofluid.

2. Experimentation

A set up of hot-wire method is built to measure the thermal
conductivity. The wire, which is immersed in the investigated sam-
ple is heated by passing a constant electrical current through it,
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and its temperature change AT, is measured as a function of time
t, for several values of the current. The set up consists of
chemically-inert cylindrical hallow tube of Teflon with special
arrangement of wire and thermocouple. The schematic representa-
tion of set up is as shown in Fig. 1. The silver wire of 200 mm
length and 2 mm diameter is used as the metal wire. Thermal con-
ductivity of nanofluids was estimated by using relation

K = (q/47K) (1)

Where, K is Slope between AT and Time, k is thermal conductiv-
ity (W/mPK)

q- Power generated by heating wire per unit length (W/m)

As the present work deals with the effect of nanoparticle shape
on thermal conductivity of nanofluids, CuO, MgO, TiO,, ZrO, and
Al,03 nanoparticles were procured in three different shapes i.e.
spherical, cubic and rod from Sigma-Aldrich (AR-grade). Two step
method is used to prepare nanofluids of CuO, MgO, TiO,, ZrO,
and Al,O5; nanoparticles. The water of electrical resistivity of the
order of 18.2 MQ.cm is used as base fluid. While preparing
nanofluids concentration of nanofluids was kept constant (2.5 wt
%) for three different shapes. In this way, three samples for every
nanofluid were prepared for thermal conductivity investigation.
For forceful dispersion, probe sonication technique was used to
achieve stable nanofluids.
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Fig. 2. XRD pattern of (a) CuO (b) MgO (c) TiO, (d) ZrO, and (e) Al,05 nanoparticles.



P.B. Maheshwary et al./ Materials Today: Proceedings 28 (2020) 873-878 875

X-Ray diffraction (XRD) analysis is used to ensure the structural
purity of nanoparticles. For XRD analysis, related data was col-
lected on Rigaku, Miniflex-II (Japan) X-ray diffractometer in the
20 range 20-70° with step height of 0.02°. The present study deals
with the effect of shape on thermal conductivity of nanofluids,
morphology analysis plays a very important role. Therefore, mor-
phology of all samples was confirmed using scanning electron
microscopy (SEM) technique. SEM images of nanoparticles of dif-
ferent shapes were captured using JEOL JSM-7500F SEM.

The viscosity of nanofluids loaded with different shapes was
analyzed by using AR-1000 Rheometer, TA Instrument. Thermal
conductivity of nanofluids under investigation was measured using
hot-wire method with the help of home built set up. All data
related to viscosity and thermal conductivity was measured thrice
to verify deviation in results. However no considerable deviation
was observed in results. Stability of nanofluids is a crucial param-
eter which indicates quality of nanosuspension. This information
of nanofluids was collected using dynamic light scattering tech-
nique (NanoZs, Malvern).

The experiments are repeated three times for each case and the
average value is reported. No significant deviation is observed in
the study.

3. Results and discussion

Fig. 2 (a) exhibits the pattern of XRD for CuO nanoparticles used
for the preparation of nanofluids. Fig. 2 (a) shows the structural
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Fig. 3. SEM images of (a) spherical CuO, (b) cubic CuO, (c) rod CuO, (d) spherical
MgO, (e) cubic MgO, (f) rod MgO, (g) spherical TiO,, (h) cubic TiO,, (i) rod TiO5, (j)
spherical ZrO,, (k) cubic ZrO,, (1) rod ZrO,, (m) spherical Al,0s, (n) cubic Al,05 and
(0) rod Al,O5,

purity of CuO nanocrystals and it is in good agreement with JCPDS
card No. 01-080-1268. The signature peaks mentioned in this card
exactly match with XRD data of CuO nanocrystals. Fig. 1 (b) depicts
XRD pattern of MgO nanoparticles, which represents that MgO has
cubic phase with a lattice parameter of a=b=c=4.213 A and
space group (Fm-3 m (2 2 5)). The XRD data of cubic MgO is in good
agreement with JCPDS card No. 04-829. Fig. 2(c) shows the XRD
pattern of TiO, nanocrystals, which exhibits anatase phase. All
characteristic peaks of TiO, exactly with JCPDS card No. 21-1272
and no other impurity peak observed in XRD pattern. Fig. 2(d)
shows the XRD patterns of ZrO, nanocrystals which exhibits
tetragonal phase and is indexed to JCPDS card No. 79-1771. Fig. 1
(e) shows the XRD pattern of Al,03 nanocrystals, which exhibits
o-phase with no other impurity peak. The XRD data of Al,03
nanocrystals shows good matching with JCPDS card No. 46-1212.
All signature peaks and their marginal intensity are in good agree-
ment with JCPDS card.

Present study deals with the effect of shape on thermal conduc-
tivity of nanofluids, three shapes i.e. spherical, cubic and rod shape
have been chosen. To confirm the shape of nanoparticles, SEM
analysis for all samples under investigation was performed. The
SEM images of all samples were captured at same magnification
(100 nm). Fig. 3(a-c) shows the SEM images of CuO nanoparticles
of spherical, cubic and rod shape, respectively. Fig. 3(d-f) repre-
sents the SEM images of spherical, cubic and rod shape of MgO
nanoparticle respectively. Fig. 3(g-i) depicts the SEM images of
spherical, cubic and rod shape of TiO, nanoparticle respectively.
Fig. 3 (j-1) shows the SEM images of spherical, cubic and rod shape
of ZrO, nanoparticles respectively. Fig. 3 (m-o0) shows the SEM
images of spherical, cubic and rod shape of a-Al,03 nanoparticles
respectively. All SEM images of nanoparticles show that no
agglomeration is presents between nanoparticles.

Fig. 4 (a—e) shows the variation of viscosity with temperature as
a function of nanoparticle shape. All figures show that viscosity
decreases with temperature due to lack of immobile fluid mole-
cules [7]. It is also observed that cubic shaped nanoparticles of
CuO (Fig. 3-a), MgO (Fig. 3-b), TiO, (Fig. 3-c), ZrO, (Fig. 3-d) and
Al,03 (Fig. 3-e) have higher magnitude of viscosity than spherical
and rod shaped nanoparticle. This might happen due to the fact
that cubic shaped nanoparticles are difficult to rotate given that
they possess a higher surface area than rod and spherical shaped
nanoparticles [8]. This result is in agreement with the investigation
made by Gaganpreet et al which says that eccentricity of the par-
ticle increases relative viscosity [9,18]. According to the model pro-
posed by Kreiger Dougherty, shape factor of nanoimpurity
dispersed in base fluid has great influence on the viscosity [10,17].

A recent work published by Timofeeva et al established the rela-
tion between thermal conductivity of nanofluids and shape of
nano-impurity and is given by (Eq. 1) [11,15],

’;{Lif =1+ (Cihape + Ciurfaw) (2)

where, G'%° is thermal conductivity enhancement coefficient
function of shape and C3“# is thermal conductivity enhancement
coefficient function of surface.

From Fig. 5 (a-e), thermal conductivity of nanofluids prepared
by using cubic shaped nanoparticles has higher thermal conductiv-
ity than other shapes. The results obtained are having concurrence
with Timofeeva et al The results obtained for thermal conductivity
are supported by Jeong et al [Jeong] and Murshed et al [12,16] too.

Table 1 summarizes the stability data of CuO, MgO, TiO,, ZrO,
and Al,O3 nanofluids for different shape at room temperature
(303 K). From Table 1, it is observed that settling velocity for cubic
shaped nanoparticles is greater than that of spherical and rod
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Fig. 4. Variation of viscosity with temperature for different shapes of (a) CuO, (b) MgO, (c) TiO,, (d) ZrO, and (e) Al,O3 nanoparticles based nanofluids.

shaped nanoparticles. It also indicates that the base fluid loaded
with cubic shaped nanoparticles has lower stability hence lower
Brownian velocity. Cubic shaped Al,03 nanofluid has more stability
as compared to other cubic shaped nanofluids.

Table 2 shows the pumping power data of CuO, MgO, TiO,, ZrO,
and Al,03 nanofluids for different shapes of nanoparticles at room
temperature (303 K). It is observed that cubic shaped particles
require higher pumping power than spherical and rod shaped
nanoparticles. This higher pumping power for cubic shaped
nanoparticles can be attributed to higher viscosity of nanofluids
[13,14].

The data produced in this study was compared with the results
of other reports available in the literature. It was observed that
many parameters, such as particle concentration, size, shape, vis-
cosity, environmental conditions, base fluid, and methods of nano-
fluid preparation influence to the measured results. As our study
deals with effect of shape on thermal conductivity of nanofluids,
no earlier similar reports are available in literature for comparison
purpose.

4. Conclusion

The behavior of thermal conductivity, viscosity, stability and
pumping power is investigated experimentally for five different
nanofluids (CuO, MgO, TiO,, ZrO,, Al,03) for three different shapes
(spherical, cubic and rod). During this investigation results indi-
cated that nanoparticles having cubic structure based nanofluids
have higher viscosity and thermal conductivity compared to rod
and spherical shape. The enhancement in viscosity and thermal
conductivity is attributed to larger surface area of cubic shaped
nanoparticles. However, stability data of CuO, MgO, TiO,, ZrO,
and Al,05; nanofluids indicates that cubic shape nanoparticles
based nanofluids have poor stability than spherical and rod shape.
Similarly, cubic shape nanoparticle based CuO, MgO, TiO, ZrO, and
Al;03 nanofluids required higher pumping power. In this study
cubic shaped Al,03 nanofluid (concentration 2.5 wt%) has highest
thermal conductivity in the order of 3.13 times that of base fluid.
Practically, cubic shape nanoparticles based nanofluids are not
used in thermal engineering applications due to blocking problem.
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Fig. 5. Variation of thermal conductivity with temperature for different shape of (a) CuO, (b) MgO, (c) TiO,, (d) ZrO, and (e) Al,03 nanoparticles based nanofluids.

Table 1

Stability data of CuO, MgO, TiO,, ZrO, and Al,05; nanofluids for different shapes at

room temperature.

Table

2

Pumping power data of CuO, MgO, TiO,, ZrO, and Al,05 nanofluids for different shape

at room temperature (303 K).

Nanofluid Shape Settling velocity Brownian velocity
(m/s) x 10713 (m/s) x 1073 Nanofluid Shape Pumping power (W)
CuO Spherical 1.784 7.945 CuO Spherical 9.21
Cubic 3.241 4.874 Cubic 10.25
Rod 2.784 6.914 Rod 8.85
MgO Spherical 1.874 8.547 MgO Spherical 8.84
Cubic 5.749 6.749 Cubic 11.89
Rod 4412 8.471 Rod 9.57
TiO, Spherical 1.574 8.874 TiO, Spherical 8.14
Cubic 3.541 5.547 Cubic 11.37
Rod 2914 7.496 Rod 10.70
Zr0, Spherical 1.418 9.412 ZrO, Spherical 9.47
Cubic 2.874 6.324 Cubic 12.14
Rod 2.147 8.412 Rod 11.74
Al,03 Spherical 1.342 9.645 Al,03 Spherical 10.24
Cubic 2.987 7.145 Cubic 13.11
Rod 2.007 8.214 Rod 9.57
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Therefore for practical applications, spherical shape nanoparticle
based nanofluids are suggested. This study shows that spherical
shaped Al,03 nanoparticles also have significant thermal conduc-
tivity for thermal engineering applications.
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