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Abstract In the present work, we focused on the thermal
conductivity and viscosity of the synthesis as well as
characterize metal oxide a-Al,O5; nanoparticles suspended
in distilled water:ethylene glycol (60:40) ratio based
stable colloidal nanofluid. The band gap of the a-Al,O3
with and without surfactant is 4.42 and 4.59 eV, respec-
tively. The results show that nanoparticle with polyvinyl
alcohol surfactant has smaller crystalline size (~23 nm)
than without surfactant (~36 nm). The synthesized
nanofluids have good stability after 15 days of synthesis
which is characterized by zeta potential analyzer. Thermal
conductivity and viscosity are measured for 0.1 and 0.5
wt% concentration of alumina for with and without sur-
factant. The concentration of particles and added surfactant
are responsible for stable fluid, thermal conductivity
enhancement, and viscosity of nanofluid with respect to
temperature. Therefore, the novel combinations of char-
acterized properties of a-Al,O3 nanofluid has proved to be
the best thermally stable heat transfer fluid compared to
conventional cooling fluids.
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Introduction

Ultrahigh cooling performance of a system is very
important in many cases, for example nuclear reactors,
power plants, refineries, process equipment, and petro-
chemical (Han 2008). Furthermore, in the industrial
arrangements, heat should be transferred as an input energy
to the system or should be degenerated from the system
(Jang and Choi 2006). Operational and safety criteria are
mainly depend on thermal performance of any system
(Maiga et al. 2006). A nanofluid is a promising material,
which is a stable suspension of nanoparticles diluted in
base fluid with particle size generally less than 100 nm.
Nanofluids have unique properties of higher thermal con-
ductivity, better stability in comparison with micro-fluids
and also cause less damage due to the increase in pressure
drop and erosion of pipes.

The progress in research on nanofluid logically
increased since the thermal conductivity enhancement was
reported some years back (Xie et al. 2002a, b). Lacking
perception of the detailing and the mechanism, stability of
nanofluids further constrains their applications (Wong and
De Leon 2010; Manikandan et al. 2014; Yi et al. 2009).
Especially, Al,O5; nanoparticles have excellent dispersion
properties in water as well as in ethylene glycol and make
stable suspensions (Eastman et al. 1996). In addition, alu-
mina is very well known because of its useful properties
such as high stability, high hardness, high insulation as
well as transparency (Akbar and Butt 2015). Alumina has
different metastable phases depending on annealing
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temperature such as 1, v, 9, 0, B, k, %, and a-alumina. As
stated by Gitzen (Karaman et al. 1997), phase transfor-
mation y-Al,O3 to 8-Al,O3 accrues when annealing tem-
perature is above 800 °C. As well as 5-Al,O3 phase to 0-
Al,O5 phase changes during calcination above 900 °C, and
0-Al,0O; transforms to a-Al,O3 at most stable phase of
alumina, when calcined above 1100 °C mostly 1200 °C
(Amirshaghaghi and Kokabi 2010).

Kole and Dey (2010a, b) synthesized various suspen-
sions of Al,O5 nanoparticles in the range of 50 nm which
are applied in car engine as coolant fluid. This depends on
concentration of nanoparticles and temperature increment
10-80 °C. Zamzamian et al. (2011) has measured heat
transfer increment in Al,O; diluted in ethylene glycol (EG)
nanofluids. Patel et al. (2010) has also proposed model for
enhancing thermal conductivity by experiment. They
measured the thermal conductivity of a nanoparticle
enhancing with decreasing volume concentration, which is
showing a non-linear relation with particle volume fraction
(Mintsa et al. 2009). Sundar et al. (2013a, b) assessed
thermal conductivity of water and in addition ethyleneg-
lycol-based Al,O3 nanofluids for particle volume concen-
tration up to 0.8% relate to temperature from 15 to 50 °C.
They likewise clarify connection in view of the experi-
mental data for the estimate enhancement of thermal con-
ductivity of nanofluids.

The objective of the current study was to establish the
effect of surfactant, temperature and concentration on the
stability, thermal conductivity and viscosity of Al,O;
nanofluids. The effect of variation in temperature on
nanofluid thermal conductivity and viscosity are very less
reported and these properties are mainly useful directly to
design elements or equipment. In general, thermal con-
ductivity of fluid is measured by transient hot wire (THW)
method. Here, we report alternative method for measuring
thermal conductivity from the sound velocity by nanofluid
interferometer method. Up to now, there is no reported
work performed along with the combination of PVA cap-
ped alumina nanoparticles, which show the smaller size
distribution and more stability in base fluid, which are
crucial parameters for a nanofliud to be optimized. In
recent work, we have used two-step nanofluid synthesis
process. Therefore, we synthesized and characterized
nanoparticles with PVA surfactant capped and without
surfactant [particles are suspended in base fluid DW:EG
(60:40) ratio]. Aluminum oxide nanoparticles are synthe-
sized by sol-gel method. The characterization is done by
scanning electron microscope (SEM), X-ray powder
diffraction (XRD), UV-Visible spectroscopy and Fourier
transform infrared spectroscopy (FTIR). The particle size is
controlled by employing polyvinyl alcohol (PVA) surfac-
tant which is synthetic polymer [CH,CH (OH)],, and sol-
uble in water (Agarwal et al. 2017). The work also
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investigates the effect of PVA additions on morphology of
the alumina nanoparticles. The surface chemical treatment
can change the suspension stability through surface charge
states and resultant surface potential. The impacts of the
surfactant (PVA) on particle size and the weight fraction of
the dispersed alumina particles improved thermal conduc-
tivity proportion, which have been explored in our work.
The contents of the paperare as below: the synthesis of
alumina nanoparticles is reported in “Synthesis” then
understanding of characterization parameters of synthe-
sized particles is mentioned in “Characterization”. The
“Preparation of nanofluids” mentioned preparation of
nanofluid, stability of nanofluid; thermal conductivity
measurement technique then measured enhanced thermal
conductivity with comparisons of previously reported
works and effective viscosity with respect to temperature.
While these transport properties are important for heat
transfer applications. The viscosity is also important in
designing nanofluids for flow and heat transfer applications
because the pressure drop and the resulting pumping power
depend on the viscosity. At last we conclude our reported
results with key terms.

Synthesis and characterizations of nanoparticles
Synthesis

To synthesize a-Al,O3 nanoparticles, we have used sol-gel
method which is very advantageous for high purity and
uniform nanostructure achievable at high temperatures.
The inorganic aluminum chloride (AICl5) is utilized as a
precursor, which is diluted in hot distilled water (DW)
for all two synthesis process.

1. The AICI; is used as a precursor and the sol-gel
synthesis consisted in the preparation of a 0.1 M AICl;
diluted in DW by stirring process. By adding a 28%
NHj; dropwise in the solution a gel was formed while
no surfactant is added in this process.

2. In the second synthesis process PVA surfactant is
added to the suspension. In this synthesis process
0.1 M AICl; is diluted in DW by magnetic stirrer. The
same solution is also made with 0.5 M PVA and added
to the AICI; solutions while stirring. After that 28%
NH; was added dropwise in the solution and the gel
started to form.

The gel was allowed to maturate with mother liquor for
24 h at room temperature and then dried at 100 °C for
24 h. The resulting gels were calcined in a furnace for 2 h
(heating rate 20 °C/min), at temperature values of 800 °C
and 1200 °C.
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Characterization
Scanning electron microscopy

Morphological characterization of synthesised powder
samples were observed by scanning electron microscopy
analysis (SEM). SEM images taken after calcined at
1200 °C/2 h show different geometries shapes with
agglomeration. The images of alumina powder obtained with
and without surfactants are displayed in the Fig. 1. SEM
images are shown in two different magnifications. Figure 1a,
¢ shows morphology at low magnification. Figure 1a shows
bigger size particle formation while Fig. 1c,clearly shows
agglomerated particles. In the high-resolution images of
Fig. 1b, though particles are not clearly resolved due to
charging effect in SEM, still bigger size agglomerated par-
ticles seem to be appear, while Fig. 1d shows agglomeration
of smaller particles. Figure Ic, d also indicates that surfac-
tant shows less agglomeration.

X-ray diffraction

X-ray diffraction pattern is a basic method to explain the
crystal structure of the synthesized nanoparticles, which

Sample-1

has monochromatic CuK, radiations (A = 0.15418 nm),
which is utilized as a source of energy 40 kV/35 mA.
And the graph is recorded in the range of 20°-80° 20. The
crystallite size of nanoparticles is shown in Table 1, which
is calculated from the full width at half maximum [FWHM
(p)] of the diffraction peaks using Debye—Scherer’s method
(Cullity 1956) using the following equation:

0.894

:ﬁcose (1)

where ‘D’ is the average crystalline dimension perpendic-
ular to the surface of the specimen, ‘A’ is the wavelength of
used X-ray, ‘k” is Scherer’s constant (0.89), ‘f’ is the full
width at half maximum (FWHM) intensity of a Bragg
reflection excluding instrumental broadening, and ‘0’ is the
Bragg’s angle. This Scherer’s equation is derived based on
the assumption of Gaussian lines. The calculated average
crystallite size of the product is shown in Table 1.

Figure 2 shows X-ray diffraction for the nanoparticles
which are synthesized by AICl; precursors for different
calcination temperatures at 800 °C/2 h (red color) and
1200 °C/2 h (blue color) and shows a diffuse peak between
20° and 80° (20). Both the samples with and without sur-
factants are calcinated till 800 °C, indicating amorphous

Fig. 1 Observed SEM images of synthesised alumina by sol-gel method calcined at 1200 °C/2 h. Sample 1 is for without surfactant and sample

2 for with PVA surfactant with different magnification
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Table 1 The average crystalline sizes of a-Al,O5 (with and without surfactant) and calculated bandgap

No. Salt + solvent Surfactant Sample Crystalline size (nm) Bandgap (eV)
AlCl; + Hot DW - 0-Al,O3 36 4.42
2 AICl; + Hot DW PVA o-ALO; 23 4.59
— 800°C — 1200°C intense peak with full width half maxima (FWHM). For
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Fig. 2 The XRD pattern of alumina powder obtained by sol-gel
method from aluminum chloride (AlCl3) without surfactant (sample 1)
and with surfactant PVA (sample 2) where red color indicates
calcination at 800 °C/2 h which is y-Al,O3 and blue color shows
calcination at 1200 °C/2 h which is a-Al,O3

phase of alumina. These diffraction peaks in XRD pattern
show index regarding y-Al,O3, which matches with JCPDS
Card no. 29-0063 (Wallin et al. 2008) and still some
amorphous phase is present in this sample during trans-
formation. Thereafter, heating at 800 °C for 2 h leads to
decomposition with the formation of y-Al,O5; phase (Card
no. 29-0063) (Wallin et al. 2008). While increasing tem-
perature up to 1200 °C for 2 h, the phase transformation
started to take place, o-Al,O3 phase (JCPDS no. 46-1212).
The peaks that appeared at 26 values of 25.71°, 35.18°,
38.90°, 43.44°, 52.67°, 57.58°, 60.41°, 66.57°, 68.24°, and
77.01° correspond to the (012), (104), (110), (113), (024),
(116), (018), (214), (300), and (119) lattice planes of
Al,Os, respectively (Pathania et al. 2016). The calcined
temperature is rising till 1200 °C, then 7y-Al,O3 phase
mostly transformed into o-Al,O5 crystalline stable phase.
This crystalline phase is obtained because of interface
migration from o-Al,O3 nuclei or by the coalescence
among the o-Al,O3 nuclei. Therefore, at high transforma-
tion temperature, particles are coarsening and formation of
hard agglomerates in the powder.

While giving more annealing temperature, phase trans-
formation y-Al,0;3 — a-Al,Oj takes place with highly
reactive ultra-fine o alumina powder, which shows highly
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sample 1, the calculated average crystalline diameter is 36
nm for without surfactant. But when surfactant is added
during synthesis process, the surface energy of the particles
is modulated by surfactant. So that decreases the surface
tension thus allowing more particles to ignore aggregation
process and generally lowering the mean particle size.
Hence, with PVA surfactant (sample 2) average crystalline
size is 23 nm which is the best result compared to previous
results with different additives also (Sathyaseelan et al.
2013).

UV-Visible analysis

The variation of absorption process in o-Al,O3 nanoparti-
cles with and without surfactant as a function of wave-
length is shown in Fig. 3. The strong adsorption peaks were
obtained between 200 to 400 nm which confirms the
presence of a-Al,O3 nanoparticles. It is also clear that
without surfactant absorbance is occurring at 280 nm and
with PVA surfactant 270 nm which shows agreement with
the result of previous work (Neethumol et al. 2014). The

0.25
—— Al 03 (36 nm)
—— AlHO=+ PVA(23 nm)
—~ 0.20 2M3
=
<
N’
3 0.15
=
<
=
s 0.10
n
<
0.05
0.00 L
200 250 300 350 400
Wavelength(nm)

Fig. 3 UV-Visible spectra of a-Al,O3 with and without surfactant
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bandgap is also calculated from UV-Visible spectra using
Eq. (2):

% )

In above equation, E denotes band gap energy, c is for
velocity of light, & valued for Planck’s constant, and A
noted as wavelength of absorption edge in reflectance
spectra. The bandgap energy of alumina nanoparticles
without surfactant shows bandgap 4.42 eV and PVA
capped alumina nanoparticles have 4.59 eV, respectively,
as shown in Table 1. Here, we can conclude that surfactant
capped alumina nanoparticles have more bandgap
compared to without surfactant alumina. The bandgap
increases in band gap energy revealed the decrease in
particle size with addition of PVA. Our reported results
show good agreement with previous reported work
(Malviya et al.2013).

E =

Fourier transform infrared spectra

A Fourier transform infrared spectra (FTIR) are performed
here to analyse alumina nanoparticles in the absence or
presence of surfactant in the region of wave numbers
500—4000 cm ™" (Fig. 4).

An intense, strong, and broad peak of alumina
nanoparticles without surfactant and with PVA surfac-
tant observed around 3300 cm™' and the other peak is
around 950 cm™' which denotes O-H stretching and
showing bending modes for water or alcohol group,
respectively (Neethumol et al. 2014). Here, the notice-
able difference between the alumina nanoparticles
without surfactant and with PVA surfactant was due to

the Al-O bond appearing between 500 to 950 cm ™.

—ALO, with PVA surfactant

—AI203 without surfactant

% Transmittance

1
500 1000

1500 2000 2500 3000 3500 4000
-1
Wavenumbers (cm )

Fig. 4 The FTIR spectra of a-Al,O3 nanoparticles without surfactant
(red color) and with PVA surfactant (green color), respectively potted

The main peak is observed around 750 cm™' and

another peak 950 cm™' is much sharper than without
surfactant graph, which confirms that PVA surfactant is
presented in some matrix (Darban et al. 2013; Juneja
and Gangacharyulu 2013).

Preparation of nanofluids

Nanofluid is prepared by two types of process like single-
step and two-step methods. In single-step method
nanoparticles are synthesized and dispersed simultaneously
with same time in base fluid whereas, two-step method
nanoparticles and nanofluid dispersion process is separated.
Wang et al. (2007) and Zhu et al. (2004) concluded that a
single-step method is usually used for metal nanofluid
preparation and for combining process for nanoparticles
and nanofluid synthesis are done with the help of physical
vapor deposition (PVD) method or a liquid chemical
method. While two-step synthesis process is mainly used
for oxide nanoparticles contains nanofluid to prevent
agglomeration. In this method, dry nanoparticles are syn-
thesized first by any chemical or physical method and then
dispersed in base fluid with certain concentration. When,
nanoparticles have higher surface energy because of larger
surface area, where agglomeration and clustering are
unavoidable. The particles agglomerate due to the large
surface area and higher concentration of particles and settle
down at the bottom of the fluid. Thus, preparing a homo-
geneous stable suspension by two-step method is slightly
difficult (Shah et al. 2017).

Here, in our work we prepare Al,O; nanofluid by two-
step method, having Al,03 nanoparticles of 36 nm without
additives and 23 nm with PVA surfactant by sol-gel
method and then dispersed in base fluid. This base fluid is
mixture of DW and EG with the ratio of 60:40 by ultra-
sonication.

¢ = (‘Z(E’fzpv) x 100% (3)

Equation (3) calculates the amount of nanoparticles to
disperse into base fluid as a function of concentration
(Senthilraja et al. 2015), where ¢ is the percentage of
concentration, W, is weight of Al,O3 particles, p, is the
density of Al,O3 = 3970 kg/m3 , Wy is the weight of base
fluid and py is the density of base fluid mixture. Here we
prepare 0.1 and 0.5 wt% concentrations of synthesized
alumina nanoparticles with and without additives in
mixture of water + ethylene glycol base fluid. To
maintain stability of nanoparticles in base fluid, the
solution is mixed with magnetic stirring for 2 h. For
better suspension ultra-sonication is also done for 2 h. The
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ultrasonic vibration helps to break down agglomerations in
the suspension. This nanofluid has been observed for
15 days to check stability.

Figure 5 shows well dispersed suspended particles with
0.1 wt% as well as 0.5 wt% for with and without PVA
surfactant. The addition of surfactants is an important key
to enhance the stability of nanofluids. The suspension with
PVP surfactant which is non-ionic shows better dispersion
and better stability than without surfactant fluid.

Stability of nanofluid

Addition of surfactants in mother liquor reduces the surface
tension and increases particle immersion. The previous
works concluded that adding surfactant to nanofluids
avoids fast sedimentation (Mishra et al. 2013). The stability
of nanofluid can be enhanced by adding suitable surfactant
or by ultra-sonication or by pH controlling. The zeta
potential range for stability of fluid is distributed as below
430 mV shows limited stability, £30 mV to £40 mV is
physically stable and above +45 mV show excellent sta-
bility (Sundar et al. 2014). While below =15 mV under-
goes marked aggregation (Timofeeva et al. 2007).

Here we analyzed zeta potential of dilute of o-Al,O3
nanoparticles in DW: EG (60:40) suspension as low as 0.1
wt% and 0.5 wt%. These fluids are sonicated for 2 h and
then analyse for with and without PVA surfactant at room
temperature. Figure 6 shows nanofluid suspension with
surfactant nanofluid which is more stable and negative
value indicates negative charge distribution on surface.
Uniform and stable suspension of nanoparticles in base
fluid is the main characteristic for most applications of
nanofluids. So here fluid shows moderate stability for with
surfactant capped particles and very good stability with

Fig. 5 Alumina nanofluid after 15 days of preparation with 0.1 and
0.5 wt% concentration which is suspended in water: ethylene glycol
(60:40). Sample 1 is for without surfactant and sample 2 for with PVA
surfactant
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Fig. 6 Zeta potential analysis for o-Al,O3 nanoparticles suspended in
DW:EG (60:40) mixture base fluid with and without PVA surfactant
with different concentrations

PVA capped suspended particles with respect to concen-
tration (Sundar et al. 2013a, b).

Measurement setup of nanofluid interferometer

Here, the thermal conductivity of Al,Os/water: EG
nanofluids is found out experimentally from sound velocity
with the help of nanofluid interferometer instruments.

The principle of nanofluid interferometer is to measure
the sound velocity (vs) of fluid which is relying on the
accurate determination of presentation length (1) in the
present medium. Ultrasonic waves of known frequency
(f) are created by a quartz plate which is settled at the base
of the cell of interferometer (Saxena et al. 2013). Tem-
perature Controller Unit is helpful to maintain temperature
of nanofluids at desired temperature from 25 to 90 °C. The
sound velocity in nanofluids is v, = Af.

We measure sound velocity of 0.1 and 0.5 wt% con-
centrated alumina in 60:40 ratio of water: ethylene glycol
for with and without PVA surfactant. It can be observed
from the Fig. 7 that DW + EG mixture has low sound
velocity compared to alumina added nanofluid. It is also
shown that non added surfactant sound velocity is less
compared with PVA additives due to that larger molecules
(without surfactant) have more mass and they will transmit
sound slower. Sound waves are comprised from the kinetic
energy. In this manner, sound will travel at a slower rate in
the dense object for a similar medium. The graph shows
that 0.1 wt% concentrated fluid gives low sound velocity
compared with 0.5 wt% concentration with respect to
temperature. Therefore, we can conclude that with surfac-
tant and concentration, the sound velocity increases with
respect to temperature.
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Fig. 7 Measured sound

Without Surfactant Al,O4

With PVA Surfactant AIZO3
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Thermal conductivity of nanofluid

Depending upon heat transfer mechanism, Bridgman
acquired a formula in 1923, which predicts direct propor-
tionality of the thermal conductivity and sound velocity in
pure liquid (Lin and Pate 1992). Here, thermal conductivity
is calculated from sound velocity by following Bridgman’s
modified equation:

2
N\ 3
ky =3 (V) Kgvs (4)
Mnf
V= 5
; (5)
Myt = yoeMot + 2, Mp, (6)

Where ki, is the thermal conductivity obtained by the
modified Bridgman equation, v, is the ultrasound velocity,
N is the Avogadro’s number = 6.02 x 10%, V is the molar
volume, Kp is the Boltzmann’s constant = 1.3807 x 1072
J/K. p,¢defines the density of nanofluid, and M, is the molar
mass of nanofluid. y¢ and y;, are the molar fractions of the
base fluid and nanoparticles, respectively. Here, Mys and M,
are molar masses of the base fluid and nanoparticles,
respectively. Here, we pour nanofluid of 0.1 and 0.5 wt%
concentration of alumina into the base fluid of water and
ethylene glycol and sound velocity is generated. Using above
equations we calculate thermal conductivity of nanofluid
with increasing temperature from 30 to 80 °C.

Figure 8 displays the change in the thermal conductivity
ratio for nanofluid where alumina nanoparticles are

suspended in DW:EG mixture with a ratio of 60:40, where
results vary with concentration correspond to a temperature
range of 30-80 °C. The average crystalline size is main
term to enhance thermal conductivity, as crystalline size
decreases thermal conductivity increases. The concentra-
tion and temperature both increase; then nanoparticles start
to collide in fluid and quasi-convection phenomenon is
taking place. The random collision increases and will help
to enhance thermal conductivity.

Here, we can observe that without surfactant (left)
thermal conductivity ratio is less than with PVA surfactant
(right). With 0.1 wt% concentration thermal conductivity
ratio for without surfactant is 1.25-1.27 which varies with
temperature range 30-80 °C. As concentration increases
0.1 to 0.5 %wt, thermal conductivity ratio also increases up
to 1.46 with temperature 30-80 °C. That shows that as
concentration increases thermal conductivity also increa-
ses. The similar results are observed for PVA additives.
Due to the temperature and concentration, thermal con-
ductivity has been increased, but the main observation with
surfactant thermal conductivity shows maximum
enhancement with results. The added surfactant amount is
most important in synthesis because more or less amount of
additives affect thermal conductivity directly.

The addition of surfactant can be used to increase the
thermal conductivity of nanofluid but it also depends on the
concentration of particles. The excess amount of surfactant
can interrupt enhancement of thermal conductivity but
when the additive is insufficient, the surfactant molecule
cannot be coated properly with the formed nanoparticles.
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Fig. 8 Measured thermal

Without Surfactant Alzo 3

With PVA Surfactant Al, 03
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Due to this electrostatic repulsion decreasing between
particles they started to agglomerate. As increasing more
amount of surfctant, the dispersion is started to saturate and
particles aggregates. They start to form clotting like masses
or precipitate into small lumps and weaken the heat transfer
between particles (Wang and Zhu 2009).

Here, we compare our results with previously reported
work of various basic classical models for thermal con-
ductivity of nanofluid. We are getting same type of
increasing nature of thermal conductivity with respect to
concentration and temperature. The thermal conductivity
enhancement is also upgraded with the decreasing size of
nanoparticle. Our stable suspension is reporting thermal
conductivity enhancement compared to previous works
shown in Fig. 9. The basic Maxwell (1954) model is useful
in assuming the effective thermal and electrical conduc-
tivities of particles which are monodispersly suspended
with low concentration of spherical shaped parti-
cles. Another classical model of thermal conductivity is
given by Hamilton and Crosser (1962) which is an exten-
sion of Maxwell’s theory of non-spherical particles. Basic
classical models are mainly giving conclusions regarding
particle size, shape, concentration, which helps to assume
heat transfer in particles as well as in fluid (Wang et al.
2008). Beck et al. (2009) and Moghadassi et al. (2010)
observed that the thermal conductivity will upgrade with
the decreasing of nanoparticle size. Kleinstreuer and Feng
(2011) established relationship between thermal conduc-
tivity and some fundamental parameters like concentration,
temperature, particle size which are exceptionally valuable
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for a nanofluid. Chon et al. (2005) reported the inversely
dependence of particle size on thermal conductivity
upgrade, considering distinctive sizes of alumina
nanoparticles suspended in water base fluid. Another basic
model is given by Li and Peterson (2006) where they
explain thermal conductivity expressions correspond to
temperature and concentration by using curve fitting for
Al,Os-water nanofluids.

Effective viscosity of nanofluid

Viscosity describes internal resistance of fluid in the
flowing conditions and, nanofluids relies upon the mor-
phology, size and shape of nanoparticles, additives and
essentially concentration of suspended particles. Here,
alumina nanofluids for effective viscosity were analyzed
for 0.1 and 0.5 wt% concentrations with PVA surfactant
and without surfactant fluid with respect to varying tem-
perature range in 25-40 °C (Fig. 10). The results show that
as concentrations of suspended particles increase the vis-
cosity of fluid also increases. The viscosity of the
nanofluids has been decreased with increasing temperature.
The concentration of the alumina nanoparticles in the fluid
is responsible for the increases in the viscosity due to
increases the friction and flowing resistance of fluid. The
density of nanofluid is decreased as the reduction of the
shear stress and viscosity with respect to temperature
(Lotfizadeh et al. 2013a, b). The effective viscosity of
alumina nanofluids has been analyzed at 0.01-1 vol%
concentrations and temperature in the range of 25-40 °C
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by the ASHRAE standard data (ASHRAE 2001). There-
fore, the decreasing the density of the nanofluids is
responsible for the reduction of shear stress, same as the
previous experimental reported prediction.

Here we compare viscosity of alumina nanofluid with
reference data reported by Incropera and Dewitt (2002).
They predict the effective viscosity of Al,O; nanofluids

with low concentrations from 0.1 to 0.3 wt% with tem-
perature range from 21 to 39 °C. The effective viscosity of
nanofluids expressively decreases with increasing temper-
ature and increases with higher volume fraction. The
results also show good agreement with theoretical predic-
tions of the Einstein model of the effective viscosity of
dilute suspensions (Lee et al. 2008).
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Due to the particle volume concentration the dynamic
viscosity of nanofluid has been increased and as tempera-
ture increases viscosity decreases, which is concluded by
Nguyen et al. (Nguyen et al. 2008; Chandrasekar
et al. 2010). This process is the witness for the particle
suspension beyond the critical temperature, which caused
by the hysteresis phenomenon.

Conclusions

Alumina nanoparticles are synthesized by chemical sol-gel
method for with and without PVA surfactant suspended in
DW:EG (60:40) base fluid with 0.1 and 0.5 wt% concen-
tration. This method has potential to scale up large amount
of nanofluid via direct route of synthesis metal oxide
nanoparticle. These synthesized nanoparticles are charac-
terized by SEM, XRD, UV-Visible and FTIR. It is clearly
visualized from SEM images that added surfactant
nanoparticles get less agglomeration compared to without
surfactant. The XRD revealed that at 800 °C alumina
shows gamma phase, while at higher annealing temperature
1200 °C phase transformation takes place from y-Al,O5 to
a-Al,O3 nanoparticles were good in crystalline nature and
had more stable corundum phase. The calculated average
crystalline size of particles using the Debye—Scherrer for-
mula and calculated crystalline size is 36 nm for without
surfactant and 23 nm for with PVA surfactant. UV-Visible
absorption peak is denoted at 280 nm for without surfac-
tant and 270 nm for with PVA capped nanoparticles which
show bandgap of 4.42 and 4.59 eV, respectively. The
particle size is decreasing while adding surfactant and
hence bandgap increases. The FTIR analysis gave infor-
mation regarding present group in material and added
surfactant functional group. We have calculated thermal
conductivity ratio by using Bridgman’s equation. It is
observed that thermal conductivity ratio increases as
nanoparticle crystalline size decreases corresponding to
increasing temperature. As well as thermal conductivity
ratio also increases as volume concentration and tempera-
ture increase. However, the nanofluid viscosity decreased
exponentially with the increase of temperature. At certain
equilibrium concentration of suspended particles, the sur-
factant is helpful to stabilize nanofluid for enhancing
thermal conductivity. The reported o-alumina nanofluids
with enhanced thermal properties can be used in power
generation, automotive, transportation, electronic cooling
and newer microchannel heat sink.
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