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Abstract— In the present work, heat transfer performance of ZrO2/H2O nanofluids was studied as a function of ultrasonication time. The asprepared nanofluids were characterized by X-ray diffraction, scanning electron microscope and ultraviolet-visible spectroscopy. The X-ray
diffraction, scanning electron microscope and ultraviolet-visible spectroscopy characterizations shows that particles size of dispersed ZrO 2
particles decreases with the increase in ultrasonication time, whereas viscosity decreases. Ultrasonication to ZrO 2/H2O nanofluids showed
thermal conductivity enhancement of nearly 5%. The enhancement in thermal conductivity enhancements reflects the nanofluids could be
appropriate for cooling applications.
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INTRODUCTION

Conventional fluids dispersed with metal oxide
nanoparticles are normally used to enhance the thermal
conductivity. Now a day these fluids are fundamental part of
compactness heat exchangers. Said et al reported the optical
properties of metal oxides based nanofluids. This study shows
that extinction coefficient and refractive index of TiO2
nanofluids are found higher than Al2O3 nanofluids in visible
region of light for all concentrations [1]. Colla et al prepared
the water-based nanofluids containing iron oxide. This study
demonstrated that thermal conductivity of these nanofluids
improved with temperature and particles concentration [2].
Baby et al synthesized the metal oxide decorated graphene
dispersed nanofluids. Thermal conductivity of CuO decorated
graphene dispersed in distilled water based nanofluid shows an
enhancement of ∼28% at 25 C [3]. Bhogare et al critically
studied the applications and challenges of nano-fluids as
coolant in automobile radiator. This study is beneficial to
design more compact cooling system with smaller and lighter
automobile radiators [4]. Anandan et al reported the stable CuO
based nanofluids for efficient cooling. The dispersion of CuO
reflects the high thermal conductivity and maintains excellent
colloidal stability [5]. Sridhara et al critically reviewed the
Al2O3-based nanofluids. This study shows that ultrahigh
cooling performance of the important needs of many industries
[6].
In this study, ZrO2/H2O nanofluids were prepared and
effects of ultrasonication on thermal conductivity were
investigated. The nanofluids are characterized by X-ray
diffraction, scanning electron microscope and ultravioletvisible absorption spectrum. This depiction sheds light on the
effect of ultrasonication on thermal conductivity.
II.

EXPERIMENTAL

In the present work, ZrO2 was directly procured from the
SD fine, India and used without further purification. The
nanofluids were prepared by ultrasonication technique (PCi750F). The ZrO2 dispersed water samples were kept for the
different interval of time under ultrasonication. The viscosity
and thermal conductivity measurements were repeated for four
times to determine the repeatability of measurements.

III.

RESULTS AND DISCUSSION

Figure 1 shows that XRD patterns of ZrO2 nanoparticles
recovered from fluid after dose of ultrasonication at room
temperature (303 K). The diffraction peaks appears in the
pattern exactly indexed to the PDF card no.: 01-089-7710. The
minute observation of XRD pattern shows that width of
diffraction peak increases as a function of ultrasonication time.
The particle size of ZrO2 nanoparticles was estimated using the
Scherrer relation [7]. The average particles size of ZrO2
nanoparticles ranges between 19.2-24.6 nm.
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Figure.1. XRD patterns of ZrO2 nanoparticles.

Fig. 2 shows the SEM images of ZrO2 nanoparticles
recovered from nanofluids kept for different ultrasonication
dose. SEM images shows that some amount of agglomeration
is present in recovered samples. The average particle size
estimated using the XRD analysis is well supported by SEM.
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Figure 4. Variation of viscosity with ultrasonication time of ZrO2/H2O
nanofluids.

90 min

Fig. 5 shows the influence of ultrasonication time on
thermal conductivity. This enhancement in thermal
conductivity of nanofluids attributed to the nanoscale
phenomena occurring in the colloidal solid–liquid dispersions
and Brownian motion of nanoparticles [9].
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Figure 2. SEM images of ZrO2 nanoparticles.

Fig.3. shows the UV-VIS spectrum of ZrO2 nanoparticles
recovered from nanofluids. Absorption tail of ZrO2
nanoparticles found to shift towards the lower wavelength side
that is blue shift. This indicates that particles size decrease with
an increase in ultrasonication time.
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CONCLUSIONS

In summary, we successfully demonstrated the effect of
ultrasonication time on thermal conductivity of ZrO2/H2O
nanofluids. The viscosity of ZrO2/H2O nanofluids decreases
with an ultrasonication time. The enhancement of 5 % thermal
conductivity observed for 90 min ultrasonication time.
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Figure 5. Variation of thermal conductivity of ZrO2/H2O nanofluids
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Figure 3. UV-VIS spectrum of ZrO2 nanoparticles.

Viscosities of ZrO2/H2O nanofluids were found to decrease
with an increase in ultrasonication time. This shows that
Newtonian behavior of ZrO2/H2O nanofluids improved with an
increase in ultrasonication time [8].
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