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ABSTRACT

In the present investigation, ultrasonic studiesopper oxide (CuO) nanofluids are reported. Crifsta copper
oxide nanoparticles are synthesized by co-predipitamethod while the stable dispersions of namasiZuO
particles in ethylene glycol are prepared with #ié of sonication. The synthesized nanoparticlesdraracterized
by X-ray powder diffractometry (XRD) to find the/stallinity and composition. Other characterizatitachniques
such as SEM-EDX, TEM, and UV-visible are also mtetlito support the obtained results. Ultrasonicoeiy,
density and viscosity values are measured forrdiffieconcentrations of CuO nanofluids at 25, 30 88%C. The
acoustical parameters such as adiabatic comprégyil§s. ), intermolecular free length {), relaxation time ),
absorption coefficient{f?), acoustic impedance (Z), Gibb’s free enemyB), free volume (Y, rao’s constant ()
and wada’s constant (W) are calculated from theeeixpental data. The inter particle interactionsranoparticles
and the cluster formation are realized through Haeiations in ultrasonic parameters. The resultsnd@strate that
the aggregation of CuO nanoparticles becomes préam at higher concentrations.
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INTRODUCTION

Nanofluid is a stable colloidal suspension of loglwne fraction of nanoparticles dispersed in basield [1]. In

general, the nanoparticles used in nanofluids adenof metals, oxides, carbides, or carbon nanstudemmon
base fluids used are water, ethylene glycol andQuile interesting characteristic of nano fluidgéhiat they have
unusually high thermal conductivity, and hence theyfound to be the strong candidates for the geseration of
coolants for improving the design and performanicéhermal management systems [2-4]. Researchers bagn
confused for the past five years with the anomajohiggh thermal conductivity of nanofluids. Howeyeecently
number of researchers proposed convection thatused by the Brownian motion of nanopatrticles tohe of the
major physical mechanisms of the thermal conduatibnanfluids [5-7]. Therefore, it is important éxamine the
movements of nanopatrticles in nanofluids. Stabibtynanofluid is crucial and is quite essentiabfiply them for
applications [8]. In the synthesis of nanofluidggl@meration is a major problem. There are chigfly techniques
used to produce nanofluids: the single-step andtwieestep method. In single step process, nanapestiare
simultaneously prepared and dispersed directly thiobase fluid. This method avoids the proces$edrying,

storage, transportation, and dispersion of nanimgest so the agglomeration of nanopatrticles isimized and the
stability of fluids is increased [9]. The drawbawkthe one step technique is that only low vap@spure fluids are
well-suited with such a process. The two-step nektisolargely used in the synthesis of nanofluidstwo-step
process, nanoparticles are produced as a dry powddrthen dispersed into a fluid. But this metheads to
agglomeration of nanoparticles and hence settlenfdrgrefore, the suspension prepared should bdiztabby

some method. In general, these are effective methseld for preparation of stable suspensions:sjhpuwitrasonic
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vibration; (2) to change the PH value of susperssi@nd (3) to use surface activators and/or dispéss[10].
Ultrasonication is a conventional technique forpdising the highly aggregated nanoparticle sampbes
preparation of mixed aqueous nanosuspensionseted, and Wanget al., used this method to produce, B
nanofluids [11-12].

The study of intra and intermolecular interactidnsthe liquid system is very much essential andjiites
information regarding the interacting propertiesttod molecules. Ultrasonic velocity is the speedavirich sound
propagates in a certain material. It depends ommahtdensity and elasticity. Although reports available on the
thermal conductivity and viscosity of nanofluidsery little work is reported on the acoustical pndigs of
nanofluids [13-18]. M. Nabeel Rashin and J. Hen@dtave made ultrasonic investigations for stableak ferrite
nanofluids of various concentrations at differemmnperatures and magnetic fields [19]. They alsdistlthe
response of copper oxide - coconut oil nanoflumdhte ultrasonic wave propagation [20]. Jay KumatePand
Kinnari Parekh studied ultrasound wave propagationanofluids and its rheological behavior as acfiom of
temperature, volume fraction and magnetic fieldrfagnetic nanofluids [21]. R. Kiruba et al., regdrtultrasonic
studies of zinc oxide nanofluids [22]. Ultrasonieacity measurements of the prepared nanofluide warried out
for six different concentrations at a fixed freqoagrof 2 MHz. Yadav et al., studied ultrasonic attaton and
ultrasonic velocity in a polymer colloidal solutionith dispersed nanoparticles [23]. They reporthdt tthe
ultrasonic attenuation is directly proportionalttee thermal conductivity of composites and the bighalue of
thermal conductivity of the nanofluids has an ingsiee effect on the total ultrasonic attenuatioantt, this paper
is focused on the systematic experimental studythen preparation of CuO nanofluids and to elucidde
interactions in the dispersed nanofluid matrix gtuding ultrasonic technique. CuO nanofluids aeppred using
two-step method with ethylene glycol as base fltithylene glycol (EG) is often used due to its loireezing
point and can be useful in industrial fields as/eots, carriers, lubricants, binders, bases anglieguagents and
also for extraction, separation, and purificatiohnoaterials [24]. CuO nanoparticles are of partcuinterest
because of their extensive use in catalysis, nuegpl] high temperature superconductors and asgeafinanofluid
in heat transfer applications [25-27]. Copper oxi@dmoparticles are industrially important matetiedt has been
used in applications such as gas sensors, [28] etiagstorage media, [29] solar energy transfornmati@0]
photovoltaic cells [31] and catalysis [32,33]. Rate CuO nanoparticles have been used as an anthial agent
[34]. Also CuO nanoparticles are used in chemothefar patients with AIDS [35]. Ultrasonic wave tetque is
utilized and the effect of particle concentrationddemperature on the ultrasonic velocity in Cu@asaspensions
in ethylene glycol (EG) is investigated. The acmadtparameters are calculated to analyze the dotiens
occurring in the nanofluid system and the resuiésdiscussed. The main aim of this study is to grephe stable
and homogeneous copper oxide nanofluids and to rstachel particle— fluid, particle—particle interacts as
functions of concentration and temperature.

EXPERIMENTAL SECTION

a)Synthesis

The synthesis of copper oxide nanoparticles isedut by precipitating copper salt in alkalinediuven [36]. The
copper salt used is freshly prepared 0.2 M GUz0. The salt solution is mixed with 1ml glacial acetcid and the
resultant solution is heated to°80under magnetic stirring. Higher temperature i®fad for higher reaction rates,
which produces large amounts of nuclei to form shart time, and the aggregation of crystals isbitdd. Glacial
acetic acid is used to avoid the hydrolysis of ¢hpper chloride solution. On vigorous stirring, thi¢ of above
solution is increased rapidly to 12.5 by addingesmpus NaOH solution. The color of the solution tarfrem blue to
black immediately, and a black suspension formeudianeously. At the same pH, temperature andrgiispeed,
the solution is kept at a digestion time of 2 ho@gerall chemical reaction can be written as

CuCh + 2NaOH -------------- > CuO + 2NaCl +4@

The mixture was cooled to room temperature andrifeged. The precipitates were washed with tripigtided
water and absolute ethanol for several times agul dhied at 6{C. After dried at 68C, the precipitate was annealed
at 400°C for 3h in ambient atmosphere to get btag#le product CuO.

Nanofluids of various nanoparticle concentratiob®%, 0.4%, 0.6%, 0.8%, and 1% by weight) in ethglglycol

were prepared by dispersing a specified amount aifper oxide nanoparticles in the base fluid, Fig. 1
Ultrasonication process is used to suppress thedton of particle clusters and to obtain stablepsasions. A
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special thermostatic water bath arrangement was faddensity, ultrasonic velocity and viscosityaserements,
in which temperature variation was maintained withi0.0LC. The velocity values of ultrasonic wave propawati
through the nanofluid samples were measured usingla frequency ultrasonic interferometer (Mod@&1F Mittal
Enterprises, New Delhi), with an accuracy of +0.0&24requency of 6 MHz. An experimental set-uphiswn in
Fig. 2

Fig. 2: Experimental set-up 1: (a) base to hold delb) double jacketed measuring cell containing gartz crystal for generating 6 MHz
frequency, (c) top part of the cell with micrometerscrew gauge which moves reflector plate up and devand (d) multifrequency
ultrasonic waves generator, (e) constant temperaterbath

Density of the fluid was determined using spedifiavity bottle (5 cc) with accuracy of +2 partsli@’. Viscosity of
the fluid was measured by Ostwald viscometer. Tdueiicy of viscosity in this method is +0.001 Nsmll these
measurements were performed for the fluids of@ilcentrations at three different temperatures oB8R5and 3%C.

The velocity and density measurements were repaateetal times for accuracy and the average ofdnénuous
consistent values are reported in this paper.
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b)Characterization

The crystalline structure, phase composition agdtaflite size of CuO were identified from XRD patts obtained
using Cu ku radiation § = 1.541 A) for B value ranging from T0to 60 in X-ray diffractometer (Bruker AXS D8
Advance). The UV-visible absorption spectrum wasorded using Lambda 750 Perkin Elmer UV-VIS-NIR
Spectrophotometer for optical characterization. Téiee and morphology of nanoparticle is found using
Transmission Electron Microscope (Hitachi (H-7508icroscope) operating at 80 kV. Powder Sample faMT
measurements is suspended in ethanol and ultradigridispersed. Drops of the suspensions are plane copper
grid coated with carbon. The morphology of the iplas is observed by a scanning electron microsd&§ieM-
EDS) using SEM make JEOL Model JSM - 6390LV and Eixke JEOL Model JED — 2300 with an accelerating
voltage of 20 kV.

RESULTS AND DISCUSSION

a)Structural Studies

Figure 3 shows the XRD pattern of CuO nanoparticldee XRD diffractogram of CuO nanopowder consdts
diffractions peaks at 32,735.7, 39.0, 48.9, 53.7, 58.5, correspond to (110), (002), (111), (202), (020) é113)
reflections of CuO [37]. All the peaks can be ingléxo the monoclinic crystal system CuO. The cilstasize has
been estimated from the XRD pattern using the $ehsrequation [38].

D= KK/BCOSO\ 1)

where K is a constant (0.9);is the X-ray wavelength used in XRD (0.154 nith)is the Bragg angle} is the
FWHM (full width at half maximum intensity), thas,i broadening due to the crystallite dimensions @herage
crystallite size of CuO nanoparticles is found ¢oebound 18.48 nm.
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Fig 3: XRD spectra of CuO nanoparticles

Fig. 4(a) shows the wavelength versus absorptioh QluO nanoparticles showed a band at ~280 nntaloeetal
inter band transitions and a broad absorption estkeen 450 and 550 nm can be contributed to theacteristic
absorption of CuO NPs [39,40]. In order to calcitdte optical band gap of sample Tauc's relatiothénfollowing
equation is used [41]:

(Ahv)" = B(hv — E) (2)
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in which hv is photo energy, A is absorption coefficient, Baisnaterial constant,gis band gap. The band gap can
be estimated by extrapolating the linear regiothplot of (Alv)? versus photon energy as shown in the Fig. 4(b).
The band gap of nano CuO is calculated to be 34 7maich is higher than the reported value of CaQhe range
from 1.8-2.5 eV [42]. The increase in band gap rhaydue to the quantum size effect of the synthdsszenple
[43].

Figure 5 shows the structural morphology (TEM) loé {CuO nanostructures. The particle size obsenvetEM
image is in the range of 9-18 nm which is in gogdeament with the calculated results by Schernendta. Fig. 6
shows the SEM micrograph of the Cu@noparticles at 15,000X magnification. The SEM rogicaph indicates
needle shape for CuO nanoparticles. The SEM miapdgg revealed little aggregates of chemically ssitted
nanoparticles. EDS spectrum of CuO nanoparticlggvisn in Fig. 7. The EDS result shows that theeere other
elemental impurities present in the prepared Cu@particles.
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Fig 4a: UV-Vis spectra of CuO nanoparticles
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Fig 6: SEM micrograph of CuO nanoparticles
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Fig 7: EDS of CuO nanopatrticles
b)Ultrasonic studies
The velocity of ultrasonic waves in the liquid aalitained by the relation;
U=xaxf mg (3)

where f is the frequency of the generator arid the wavelength of ultrasonic waves in the kifjuihe acoustical
parameters [44] like adiabatic compressibiliiyg), intermolecular free length {i. relaxation time), absorption
coefficient (/f?), acoustic impedance (Z), Gibb's free energg), free volume (Y, rao’s constant (i) and

wada’s constant (W), were measured for preparedfhads using velocity, density and viscosity datatained

through the experimental data. By using ultraseeiocity data, adiabatic compressibility was cabed by using
the Newton-Laplace’s equation [45],

-1~ 2
Baa = Yuzp (Nm?) @)
Where, u is velocity & is density of nanofluid.
Intermolecular free length is determined usingftilewing formula given by Jacobson [46],

L = K B,y"? (m) (5)

where, K is Jacobson’s constant. This constant is a teryreraependent parameter whose value at 25, 30 and
35°C is 2.0568 x 16, 2.0756 x 18 and 2.0943 x Ibrespectively.

The relaxation time can be calculated from theticd47],

v = (Y/3)n © )©

Absorption coefficient can be calculated usingredation,

(a/fz) =470y (Em?) @)

Acoustic impedance is determined from equation,[48]
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Z=Uxp (Nsm®) (8)

Gibbs free energy is calculated from acoustic iaiax time ¢) as follows,
A6 =kTn (KTt ) (Jmol?) 9)

Free volume is calculated by following equationaited on the basis of dimension analysis by [49],

3
v, = (Mefo/Kn) /2 (mPmol?) (10)

where My is the effective molecular weight, which is exges as My =~ M = mx; where, x and m are the mole
fraction and molecular weight of the individual gooment in the mixture respectively. K is the tenapere
independent constant and its value is 4.28% 10

Molar compressibility or Wada’s constant is caltetbby following equation,
w = (Mett/o) B, 77 (mPImole(N/mdy) (11)

Molar sound speed or Rao’s constant is calculayaasing following equation,
Ry = (Meff/p) RE (Mm% 3molY) (12)

The parameters like ultrasonic velocity, density arscosity of nanofluids of various concentratiaie listed in
Table 1, adiabatic compressibility, intermolecutae length, and relaxation time are listed in[€ah absorption
coefficient, acoustic impedance and Gibb’s freeg@pare tabulated in Table 3 and free volume, saonhstant and
wada’s constant are listed in Table 4.

Effect of concentration

The ultrasonic velocities measured for pure ettg/lglycol and prepared nanofluids at three diffetemperatures
are shown in Fig. 8(a). The velocity curves indic#hat the ultrasonic velocity in the samples iases to a
maximum value up to 0.6 wt % above which it stagsreasing at a temperature of@5It shows the influence of
dispersed particles on the velocity of ultrasoniopagation. This may be possibly due to more serfaea of
nanoparticles due to which more ethylene glycoleuoles can be adsorbed on its surface. So theynoae from
one point to another point easily. Also, the intdmn between nanosized copper oxide particles mindosized
ethylene glycol molecules through secondary foemteraction leads to the formation of hierarehistructure
and hence enhancement of velocity. This clearlycatds that there is strong particle-fluid intel@actfavoring
increase in velocity up to 0.6 wt % [22]. The ramdmovements of nanoparticles are increased witfe@se in
concentration and when the ultrasonic vibrationpispagated in nanofluid, Brownian motion stops fhed
particles in suspension, leading to decrease iocitgl Therefore above this concentration, the eigyan nanofluid
decreases. This indicates that there is decreathe inanoparticle-fluid interaction and particletfde interaction
becomes predominant leading to decrease in veloaitie.

From table 1, it is evident that viscosity firstcdeases upto critical concentration, 0.6 wt % dethtincreases with
increasing nanoparticle loading. Decrease in visganay be due to small disturbances in hydrogendba
network of strongly-hydrogen bonded liquids andykthe glycol is one of them with extensive hydrodpemding
network [50, 51]. The dispersion of CuO nanopagticin ethylene glycol might perturb the hydrogemding
between ethylene glycol molecules, due to intepachetween nanoparticles and ethylene glycol mégsciwith
increasing nanoparticle concentration, the numb&uD nanoparticles interacting with ethylene glyecmlecules
becomes higher and hence, disturbances to the gsdioonding network of ethylene glycol were incesbkeading
to reduction in viscosity [52] in the range of 06-@vt%. But beyond 0.6 wt % nanoparticle loadingylameration
leads to decrease in particle-fluid interaction hedce increase in viscosity. Above this criticahoentration of 0.6
wt%, the viscosity reduction due to perturbatiorhgéirogen bond between ethylene glycol moleculgsésailed
over by viscosity increase due to addition of GueDoparticles. Hence, it may be conclude that gisg@f CuO-
ethylene glycol nanofluid is determined by the tielasship between perturbation of hydrogen bondiatywork and
increased viscous dissipation due to nanopartiel@dition.
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Fig 8: Plots of a) Ultrasonic velocity versus concration b) adiabatic compressibility versus concetration and c) intermolecular free
length versus concentration d) relaxation time venss concentration for nanofluids at various temperatires

Table 1: Velocity, density and viscosity of CuO nawfluids at 25, 30 and 3%C

Temp €C) | Conc. wWt%)][ U (md) | p x 1 (Kgm®) | n x 10%(Nsm?)
25 0 1654.8 1.1098 17.25*
0.2 1659.¢ 1.108" 16.329¢
0.4 1664.4 1.1115 15.8618
0.6 1668 1.1143 15.5569
0.8 1662 1.1175 16.4519
1 1656 1.1200 17.4258
30 0 1641.6 1.1063 13.86*
0.2 1647.6 1.1056 13.3422
0.4 1653.6 1.1082 12.9217
0.6 1658.4 1.1113 12.6846
0.8 1652.4 1.1141 13.3525
1 1646.4 1.1166 14.2909
35 0 1623.6 1.1028 11.64*
0.2 1629.6 1.1021 11.1268
0.4 1634.4 1.1046 10.7491
0.6 1639.2 1.1071 10.5475
0.8 1633.2 1.1100 11.0923
1 1628.4 1.1124 12.0058

Note: * Literature value [53]

The value of adiabatic compressibility and interecolar free length shows an opposite behavior egpaced to the
ultrasonic velocity. The values of compressibi(iEyg. 8(b)), and intermolecular free length (Fi¢c)3 are found to
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first decrease upto 0.6 wt% above which it starts@asing with increase in particle concentratidme decrease in
adiabatic compressibility and free length indicatessignificant interaction between particles andebduid
molecules [54]. In general U and have been reported to vary inversely of each athiggr the composition of the
mixture as in the present system [55]. It is evideom Fig. 8(d) that relaxation time first decreasand then
increases with increase in concentration of satutithe relaxation time which is in the order of'i8ec is due to
structural relaxation process [56] and in sucht@asion it is suggested that the molecules getaeged due to co-
operative process [57]. It is observed that atv@.66, there is increase in absorption coefficiehich suggests that
there may be weak interactions between particlas lzase fluid molecules. Below this critical concation,
absorption coefficient decreases. Such decreangs further support the possibility of strongematction between
particles and fluid molecules [17].

Table 2: Adiabatic compressibility, intermolecularfree length and relaxation time of CuOnanofluids at 25, 30 and 3%

Temp | Conc. (Wt%)| Bac x 10 (N'm?) | Ly x 10™ (m) | ©x 10%(s)
25 0 3.2905 3.7310 7.5682
0.2 3.2748 3.7220 7.1302
0.4 3.2477 3.7066 6.8686
0.6 3.2256 3.6940 6.6906
0.8 3.2396 3.7020 7.1063
1 3.2558 3.7113 7.5647
30 0 3.3542 3.8014 6.1986
0.2 3.3320 3.7887 5.9274
0.4 3.3001 3.7705 5.6856
0.€ 3.271¢ 3.754¢ 5.533¢
0.8 3.2874 3.7633 5.8526
1 3.3039 3.7728 6.2955
35 0 3.4399 3.8843 5.3387
0.2 3.4168 3.8712 5.0690
0.4 3.3891 3.8555 4.8572
0.€ 3.361¢ 3.839¢ 4.727¢
0.8 3.3775 3.8489 4.9953
1 3.3901 3.8561 5.4268

Table 3: Absorption coefficient, acoustic impedancand Gibb's free energy of CuO nanofluids at 25, 3&nd 35C

off? x10M | Zx 10 | AG x 107

Temp | Conc. (wt%) (m) (Nsn®) (Jmol?)

25 0 9.0185 1.8365 15.8437
0.z 8.472( 1.840( 15.598:¢

0.4 8.1376 1.8500 15.4444

0.6 7.9097 1.8587| 15.3365

0.8 8.4315 1.8573 15.5844

1 9.0079 1.8547 15.8418

30 0 7.4459 1.8161 15.3437
0.z 7.094: 1.821¢ 15.156!

0.4 6.7801 1.8325 14.9822

0.6 6.5797 1.8430 14.8688

0.8 6.9843 1.8409 15.1034

1 7.5402 1.8384 15.40864
35 0 6.484( 1.790¢ 15.031:
0.z 6.133¢ 1.796( 14.810°

0.4 5.8603 1.8054 14.6292

0.6 5.6872 1.8148 14.5141

0.8 6.0313 1.8129 14.7484

1 6.5717 1.8114 15.1008

From Fig. 9(b), it is found that there is an in@@an acoustic impedance values with increase icamtration of
particles and then it decreases with further irsgeim concentration. It implies that the Z-valuésws similar
behavior to that of ultrasonic velocity values [%5]. Specific acoustic impedance is defined asrdséstance
offered to the sound wave by the components ofrtixture. It is almost reciprocal of adiabatic coegsibility. The
decrease of Z value at 0.6 wt % concentration sheeak interactions similar to ultrasonic velocifthe higher
values of acoustic impedance indicate that thera @gnificant interaction between the particle drade fluid
molecules. Gibbs free energy confirms the samexation time) from the measured values that arergin the
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Table 3. The plot of free volume versus concerdrateveals that the values first increase and aftewt % it goes
on decreasing. The increase in free volume withcentration is indicating the association throughirbgen
bonding [58]. It shows the increasing magnitudeiméraction between CuO nanoparticles and ethytgigeol
molecules. But as particle-fluid interaction dese=aafter 0.6 wt%, hence free volume decreasesirsp@article-
particle interaction predominance.
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Fig. 9: Plots of a) Absorption coefficient versusancentration b) acoustic impedance versus concentian c) Gibb's free energy versus
concentration d) free volume versus concentratiorof nanofluids at various temperatures

Table 4: Free volume, wada’s constant and rao’s cetant of CuO nanofluids at 25, 30 and 3&

9 3 4
Temp | Conc. (Wt%) (\r/r;;r(n:cl)(r)l) m3mvgri((,]\]?n—z)1/7 (mlRo%S?ilslrgorl)

25 0 1.640¢ 1.265. 6.615¢
0.2 1.790¢ 1.268¢ 6.631(

0.4 1.8798 1.0672 6.6239

0.6 1.9428 1.0658 6.6148

0.8 1.7780 1.2620 6.5900

1 1.6233 1.2588 65711

30 0 2.2512 1.2662 6.6186
0.2 2.398( 1.268: 6.633¢

0.4 25317 1.2681 6.6293

0.6 2.6160 1.2666 6.6200

0.8 2.4107 1.2632 6.5983

1 2.1667 1.2600 6.5783

% 0 2.8770 1.2656 6.6152

0.2 3.0973 1.2682 6.6302

0.4 3.2789 1.0674 6.6250

0.6 3.3903 1.2665 6.6193

0.8 3.1285 1.2630 6.5969

1 2.7678 1.2601 6.5790
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Molar sound velocity i.e rao’s constant shows alinear variation with concentration of particle®[5The trends
of variation of wada’s constant with concentrataoe reported in Table 4 and are in accordance thédtobserved
variation of rao’s constant with concentration. sSThicreasing trend of rao’s constant and wada'steoh upto 0.6
wt % indicates that availability of more numbercomponents in a given region of space [60].

Effect of temperature

The plots of velocity versus concentration obtaiae80 and 35C have the same trend as the plot obtained 4,25
but with lower magnitudes of velocity. With the irase of temperature, there was rapid movementsgended
molecules in the liquid matrix and hence it enhanitee compressibility (Fig. 8(b)) and hence de@sasglocity
(Fig. 8(a)). This proves that at high temperatutesre is weakening of the particle—fluid interastidrhere is
uniform decrease in density with increase in termfpge which reveals the weakening of intermolecfdeces due
to thermal agitation of the molecules. Viscositgaaldecreases with increase in temperature whichatevhe
weakening of intermolecular forces due to therngglaéion of the molecules as there is increaséémrhal energy
of the system. The decrease in viscosity of liquidth increasing temperatures is due to decreaskerextent of
intermolecular attractive forces such as hydrogamdb [61]. With reduction in intermolecular forgafsattraction at
higher temperatures, their influence on viscosityaiso reduced. This causes an increase in volurdehance
decreases in density and viscosity [62]. Intermdkacfree length increases linearly with tempematas shown in
Fig. 8(c) [63,64]. As the temperature increasdedts to the less ordered structure and more gphetween the
molecules due to increase in thermal energy obylséem which results in volume expansion and hérease in
inter molecular free length. Absorption coefficieacoustic impedance and Gibb’s free energy deeseasth
temperature whereas free volume increases withdeatyre as presented in Fig. 9(a), 9(b), 9(c) ddd. Bame
trend of absorption coefficient were reported earlby Naik et al., and Umadevi and Kesavasamy [58, 65].
Decrease of acoustic impedance with temperaturershieeakening of interactions similar to ultrasomeocity.
Increase in free volume shows enhancement in disancthe liquid because of increased mobilityla# molecules
[66]. Same trends were reported earlier [67]. Ratiax time is observed to decrease with temperateige 8(d).
With increase in temperature excitation energyaases and hence relaxation time decreases [65heFas the
kinetic energy of the molecule increases, it takesy time for rearrangement of molecule and thiggests a
decrease in Gibb's free energy, Fig. 9(c). Raoisstant as well as wada’s constant both increasasternperature
[58]. These trends are in accordance with ultrasweeiocity and density data.

CONCLUSION

The ultrasonic velocity, density and viscosity in@nanofluid has been investigated for differemosmtration of
particles in ethylene glycol based fluid at tempenes 25, 30 and 86. Various acoustical parameters were
evaluated using the experimental data. Interadbetween particles and ethylene glycol molecules aredyzed
using acoustical parameters. The increase in ohlifasvelocity with increase in concentration can éxlained
using increase in particle—fluid interaction upataritical concentration of 0.6 wt % above whick tharticle—fluid
interaction weakens due to strong particle— particteraction. From the analysis of all acoustjzalameters, it is
evident that particle — particle interaction becemeadominant after 0.6 wt % due to agglomeratini.at higher
temperatures, ultrasonic velocity decreases becalusecrement in particle-fluid interaction. It @bserved that
there is particle— fluid interaction which favonsciease in velocity. Such particle—fluid interantistudies are
helpful to understand the reasons behind unusubbrerements in physical properties of nanofluids &md
comprehend the mechanism of fluid flow in nanoscHlenay be concluded that ultrasonic velocity igher for
nanofluids compared with base liquid for better amtement of nanosuspension that could be useddaossirial
applications. So we may conclude that the concegotraof nanofluid upto 0.6 % in which nanopartidleid
interaction is significant and is highly suitabte hianofluid applications.
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