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ABSTRACT: Cooling is one of the most important challenges in industries especially  

in the automotive industry. Coolant which is used in engine radiators possess lower thermal conductivity. 

To enhance the thermal properties, coolant was dispersed in nano sized particles and the fluid  

is called as Nanofluid. In this Study, Silica Nanoparticle was dispersed in Paraflu Engine coolant 

using Bath Sonicator and Probe Sonicator. The effect of Sonication on thermal Conductivity and  

the effect of concentration on thermal conductivity was studied. Characterization Studies like UV-Vis 

Spectroscopy, XRD (X-Ray Diffraction) and TEM (Transmission Electron Microscopy) results 

confirmed the size of silica particles in the nanometer range.  Stability time was also calculated  

by Sedimentation method for the fluids prepared by Bath sonicator and Probe Sonicator.  

For the commercial application purpose, an optimization process is required for the creation of nanofluids 

and the forces affecting it. 
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INTRODUCTION 

One of the major challenges in chemical process 

industries is cooling. Conventional heat transfer fluids 

lack cooling capabilities since conventional fluids have 

poor heat transfer properties [1]. One way to improve  

the heat transfer performance is to increase the available 

surface area for heat exchange which is impracticable [2]. 

Crystalline solids have thermal conductivities larger than 

conventional fluids. When these conventional heat 

transfer fluids dispersed in crystalline solids, one can 

expect enhanced thermal conductivity [3]. Crystalline 

solids with nanometer dimension are dispersed in heat 

transfer fluid (Base fluid) and the fluids are called as 

nanofluids [2, 4]. High performance heat transfer devices 

depend on the thermal properties of nanofluids. 

 

 

 

Nanofluids are engineered colloidal suspension and  

it is a combination of nanoparticle and base fluid like water, 

glycol or oil [5]. Nanofluids are the emerging field of 

heat transfer since nanofluids show enhanced heat 

transfer characteristics when compared to base fluids. 

The advantages of smaller particle size are (i) High 

surface to volume ratio which yields higher energy and 

mass transfer rates (ii) Low mass resulting in high 

colloidal stability and (iii) Low inertia lead to less 

erosion.  The main drawback of nanofluids for practical 

applications is high viscosity and low stability [6].  

Synthesis of nanofluids can be done either by (i) one 

step method or by (ii) Two step method [7]. One step 

method has the ability to overcome the problem of stability. 
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In Two step method first synthesis nanoparticle and 

particles are dispersed in basefluid. 

In two step method, stable nanofluids are formed 

either by (i) adding surfactant (ii) Altering the pH or  

(iii) by effective sonication. The thermal properties of 

nanofluids are affected by its size and particle size 

distribution [8]. Adding surfactants reduce thermal 

properties leading to reduced heat transfer rate. 

Ultrasonic irradiation is used for the physical dispersion 

of a powder in a liquid for achieving homogeneous 

nanofluid [8-10]. Sonication is the act of applying sound 

energy to agitate particles in a sample. Ultrasonic 

frequencies are used and so the process is called 

ultrasonication. There are two methods of sonication 

namely (i) Direct/Probe methods and (ii) Indirect or Bath 

method. Direct sonication involves inserting a probe 

directly into a sample vessel for uniform mixing of 

particles whereas indirect sonication uses high intensity 

ultrasonic bath.  

Nanofluids can be used as coolant in automobile 

radiators because of its high thermal properties. Industries 

like Ford, GM and many others are concentrating 

research on Nanofluids projects [11].  

Silica nanoparticle was used in this study because of 

its thermal stability and it can also be used as an insulator 

and Paraflu which is used by FIAT as an engine coolant 

was used as base fluid. Base fluids will be usually water, 

ethylene glycol or oil, but in this study, engine coolant 

was taken as base fluid to study the heat transfer 

characteristics of engine coolant and engine coolant based 

nanofluids. This paper studied the effect of 

ultrasonication in bath method and in probe method for 

the preparation of silica nanofluids. Thermal conductivity 

measurements for the nanofluids and base fluid were 

measured using KD2PRO and stability was measured  

by sedimentation method. 

 

EXPERIMENTAL SECTION 

Synthesis of silica nanoparticles 

Silica nanoparticles were synthesized by sol gel 

method. 1M ethanol was mixed with 10 ml water and 

kept in an ultrasonication bath. After 10 minutes, 0.012 M 

Tetra Ethyl Ortho Silicate (TEOS) was added and stirred 

in a magnetic stirrer. The 2.8 M Ammonia solution  

was added dropwise after 20 mins of stirring and kept for 

90 mins to form a white turbid suspension. Silica 

nanoparticle was formed after oven drying and 

calcination [13]. 

 

Preparation of Silica Nanofluid 

Silica nanofluid was prepared by two step method. 

Various concentrations for silica nanofluids (0.025 Vol %, 

0.05 Vol%, & 0.1 Vol%) were prepared using  

the 50% Water and 50 % radiator coolant (Paraflu) as a base 

fluid by varying the sonication time in sonication bath 

and in probe sonicator and the optimum conditions  

are measured. The weight of the nanoparticles required for 

preparation of 100 ml silica nanofluids of a particular 

volume concentration, using water – paraflu base fluid  

is calculated by the following relation. 

% volume concentration =     A/A+B 

A = weight of the nanoparticle/Density of 

nanoparticle. 

B = weight of the basefluid/Density of basefluid. 

The Energy given to the sample was constant for both 

the sonicators. To maintain stability of nanofluids, pH 

was maintained in the basic range.  

 

RESULTS AND DISCUSSION  

Particle Size Characterization 

UV Spectroscopy 

UV visible spectroscopy calculates the reduction  

of scattering and absorption of light passing through  

the sample. The absorption of visible electromagnetic waves 

by the collective oscillation of conduction electrons  

at the surface was exhibited by small metal nanoparticles [22]. 

This is known as the surface plasmon resonance effect. 

The interest in this effect is the possibility of using it as  

a tracer for the presence of metal nanoparticles with  

a simple UV-visible spectrometer. 

The presence of Silica nanoparticles in the suspension 

was checked by scanning its absorbance in the 

wavelength range of 200-750 nm in a spectrophotometer 

for three different concentrations (0.025%, 0.05% and 

0.1%). A UV Vis spectrograph of the silica nanoparticle 

suspension can be seen in Fig. 1. A plasmon resonance 

peak at ~223 nm for 0.025 % Concentration ,  230 nm  

for 0.05 % Concentration and 238 nm for 0.1 % is seen  

in the spectra. It has been suggested that this peak is associated 

with the formation of silica nanoparticles. 

When the concentration of silica nanoparticle changed 

from 0.025 to 0.1 %, the maximum extinction of Surface 
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Fig. 1: Analysis of Nanofluid using UV Spectroscopy. 

Plasmon Band (SPB) shifted from 223 nm to 238 nm  

in the visible region which may be attributed to the surface 

plasmon oscillation of free electrons. The surface 

Plasmon resonance of the silica particles is shifted  

to increase in particle concentration in accordance with Mie 

theory [23]. 

 

XRD Analysis: 

The crystal structure, crystallite size, and strain, x-ray 

diffraction patterns can be obtained from the XRD 

analysis which is a primary characterization tool.  

The broadening of diffraction peaks is caused by  

the randomly oriented crystals. In a finite sized lattice,  

the absence of constructive and destructive interferences 

of x-rays has been attributed. The broadening of peaks  

in the diffraction patterns is also because of the inhomogeneous 

lattice strain and structural faults[24] 

Powdered silica particles were analyzed using X-Ray 

Diffractometer (XRD) and the particle size was 

determined using Debye-Scherrer formula: 

0.9λ
D =

βcosθ
 

Where ‘λ’ is the wave length of X-Ray (0.1541 nm), 

‘β’ is FWHM (full width at half maximum), ‘θ’ is  

the diffraction angle and ‘D’ is particle diameter size.  

By Using Debye Scherrer formula, the average particle size 

of the silica nanoparticle was found to be 41.73 nm.  

The particle size, which is calculated from x-ray 

diffraction is a measure of the smallest unfaulted regions 

or the scattering domains of the material. The particle 

size region is bounded by defects and grain boundaries 

and separated from surrounding by a small 

misorientation. 

 

TEM Analysis: 

The particle size, size distribution and morphology of 

the nanoparticles can be obtained from TEM analysis. 

Microscopy is the only method to observe the individual 

particles in particle size measurement.  

Fig. 3 shows a representative Transmission Electron 

Microscope image of the produced silica nanoparticles. 

 This image displays that the synthesized nanoparticles 

are non-agglomerated, and generally spherical in shape. 

Also images show and confirm silica nanoparticles 

production at nano-size. 
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Fig. 2: Characterization of silica nanofluids using XRD 

analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Characterization of silica nanofluid using TEM 

analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Comparison of thermal conductivity for 0.025 Vol% 

Nanofluid. 

Effect of sonication on thermal conductivity: 

Thermal conductivity for three different 

concentrations (0.025%, 0.05% and 0.1%) were measured 

using KD2Pro for the nanofluids prepared by both Bath 

type and Probe type sonicator. Thermal conductivity  

was calculated from the change in temperature - time data 

from the equation   

0.9λ
D =

βcosθ
 

Where q is the constant heat rate in W/m2. 

The thermal conductivity of coolant was first 

measured and the thermal conductivity values for three 

different concentrations using bath sonicator and probe 

sonicator was measured using KD2PRO and the graphs 

are plotted and compared in Figs. 4, 5 and 6. It has been 

inferred that higher the concentration higher will be  

the thermal conductivity. Higher concentration also increases 

the viscosity, so the concentration has to be optimized.  

For the enhancement of thermal conductivity, 

Brownian motion and thermal conductivity play  

a significant role. In order to make use of nanofluids  

for commercial application, an optimization process for 

the creation of nanofluids and the forces affecting it  

may be necessary for commercial application possible. 

Stability time was also calculated by the 

sedimentation method for 0.1% Concentration. It was 

found that the thermal conductivity was high for bath 

sonicator when compared to Probe sonicator. Also the 

nanofluids prepared by bath type sonication was more 

stable when compared to probe type sonication. 

 

CONCLUSIONS 

In this work, Silica Nanofluids was prepared because 

of its high thermal conductivity using bath type 

sonication and Probe type sonication. Nanofluid was 

characterized by UV spectroscopy, XRD and TEM 

analysis and the influence of sonication on thermal 

conductivity was studied. It has been inferred that the 

thermal conductivity enhancement was about 80% more 

than that of base fluid using Bath type sonication whereas 

in Probe type sonication thermal conductivity enhancement 

was about 75%. Also the nanoparticles stay suspended  

in a base fluid for a longer time in Bath type. Nanofluids 

have been stable for more than 90 days in Bath type 

whereas in Probe type stability time was only 75 days. 

Stability time can be increased by adding a surfactant, 
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Fig. 5: Comparison of thermal conductivity for 0.05 Vol% 

Nanofluid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Comparison of thermal conductivity for 0.1 Vol% 

Nanofluid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Comparison of thermal conductivity for various 

concentrations using Bath Sonicator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Comparison of thermal conductivity for various 

concentrations using Probe Sonicator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: Estimation of Stability using Sedimentation method for 

Bath and Probe sonicator. 

 

but the addition of surfactants reduces the thermal 

conductivity. It has been concluded that for the 

preparation of silica nanofluid Bath type sonication  

is effective because foaming and sample loss are eliminated 

when compared to Probe type sonication. 

 

 

 

 

 

 

 

 

 

Received : Apr. 2, 2016  ;  Accepted : Sep. 26, 2016 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

290 300 310 320 330 340 350 360

T
h

e
r
m

a
l 
C

o
n

d
u

c
t
iv

it
y
 

(
W

/m
 K

)

Temperature (K)

Bath
typeNanofluid
0.1%
Probe type
Nanofluid 0.1%

Coolant

 

0

10

20

30

40

50

60

70

80

90

100

0 20 40 60 80 100 120 140

S
t
a

b
i
l
i
t
y
 
t
i
m

e
 (
D

a
y
s
)

Sonication Time (Mins)

Bath

Probe

0.7 

 
0.6 

 
0.5 

 
0.4 

 
0.3 

 
0.2 

 
0.1 

 
0 

T
h

e
rm

a
l 

c
o

n
d

u
c
ti

v
it

y
 (

W
/m

K
) 

290        300        310        320        330        340        350        360 

Temperature (K) 

290        300        310        320        330        340        350        360 

Temperature (K) 

0.7 

 
0.6 

 
0.5 

 
0.4 

 
0.3 

 
0.2 

 
0.1 

 
0 

T
h

e
rm

a
l 

c
o

n
d

u
c
ti

v
it

y
 (

W
/m

K
) 

0.7 

 
0.6 

 
0.5 

 
0.4 

 
0.3 

 
0.2 

 
0.1 

 
0 

T
h

e
rm

a
l 

c
o

n
d

u
c
ti

v
it

y
 (

W
/m

K
) 

290        300        310        320        330        340        350        360 

Temperature (K) 

0.7 

 
0.6 

 
0.5 

 
0.4 

 
0.3 

 
0.2 

 
0.1 

 
0 

T
h

e
rm

a
l 

c
o

n
d

u
c
ti

v
it

y
 (

W
/m

K
) 

290        300        310        320        330        340        350        360 

Temperature (K) 

0           20           40          60          80         100         120        140 

Sonication time (m) 

100 
 

90 
 

80 
 

70 
 

60 
 

50 
 

40 
 

30 
 

20 
 

10 
 

0 

S
ta

b
il

it
y
 t

im
e
 (

D
a
y

s)
 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

290 300 310 320 330 340 350 360

T
h

e
r
m

a
l 
C

o
n

d
u

c
t
iv

it
y
 

(
W

/m
 K

)

Temperature (K)

Bath
typeNanofluid
0.1%
Probe type
Nanofluid 0.1%

Coolant

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

290 300 310 320 330 340 350 360

T
h

e
r
m

a
l 
C

o
n

d
u

c
t
iv

it
y
 

(
W

/m
 K

)

Temperature (K)

Bath
typeNanofluid
0.1%
Probe type
Nanofluid 0.1%

Coolant

 

0

10

20

30

40

50

60

70

80

90

100

0 20 40 60 80 100 120 140

S
t
a

b
i
l
i
t
y
 
t
i
m

e
 (
D

a
y
s
)

Sonication Time (Mins)

Bath

Probe



Iran. J. Chem. Chem. Eng. Chitra B. & Kumar K.S. Vol. 36, No. 3, 2017 

 

158 

REFERENCES 

[1]Choi S.U.S., Eastman J.A., Enhanced Heat Transfer 

Using Nanofluids, Patent: US 6221275 B1, 1-4 

(2001)  
 

[2] Keblinski P., Eastman J.A., Cahill D.G., Nanofluids 

for Thermal Transport, Mater. Today, 8: 36-44, 

June, 2005. 

[3] Eastman J.A., Choi S.U.S., Li S., Yu W. Thompson L.J., 

Anomalously Increased Effective Thermal Conductivities 

of Ethylene Glycol-Based Nanofluids Containing Copper 

Nanoparticles, Appl. Phys. Lett., 78: 718- 720 (2001).  

[4] Choi S.U.S., Zhang Z.G., Yu W., Lockwood F.E., 

Grulke E.A., Anomalous Thermal Conductivity 

Enhancement in Nanotube Suspensions, Appl. Phys. 

Lett., 79: 2252-2254 (2001).   

[5] Wei Yu, Huaqing Xie, A Review on Nanofluids: 

Preparation, Stability Mechanisms, and 

Applications, Journal of Nanomaterials, Volume 

2012 (2012), Article ID 435873 

[6] Kharad B.N., Bhagat G.P., Ghodke R.M., Avhad A.P., 

Heat Transfer Enhancement Using Nano Fluids-An 

Overview, International Journal of Innovative 

Research in Science, Engineering and Technology, 

3, Special Issue 4, April (2014). 

[7] Sayantan Mukherjee1, Somjit Paria1, Preparation and 

Stability of Nanofluids-A Review, IOSR Journal of 

Mechanical and Civil Engineering (IOSR-JMCE, 

9(2): 63-69 (2013). 

[8] Noroozi M., Radiman Sh., Zakaria Z., Influence of 

Sonication on the Stability and Thermal Properties 

of Al2O3 Nanofluids, Journal of Nanomaterials 

12/2014; 2014(1). DOI: 10.1155/2014/612417.  

[9] Zou Y., Xie C., Fan G., Gu Z., Han Y., Optimization 

of Ultrasound-Assisted Extraction of Melanin from 

Auricularia Auricula Fruit Bodies, Innovative Food 

Science and Emerging Technologies, 11(4), 611–615 

(2010).  

[10] Madhusree Kole, Dey T.K., Effect of Prolonged 

Ultrasonication on the Thermal Conductivity of 

ZnO–Ethylene Glycol Nanofluids, Thermochimica 

Acta, 535, 58-65 (2012). 

[11] Rahul A.Bhogare. S. Kothawale, A Review on 

applications and challenges of Nanofluids as coolant 

in Automobile Radiator, International Journal of 

Scientific and Research Publications, 3(8): 1-11  

(2013). 

[12] MondragonR., Julia J.E., Barba A., Jarque J.C., 

Characterization of Silica–Water Nanofluids 

Dispersed with an Ultrasound Probe: A Study of 

Their Physical Properties and Stability, Powder 

Technology, 224: 138–146 (2012). 

[13] Kota Sreenivasa Rao, Khalil El-Hami, Tsutomu 

Kodaki, Kazumi Matsushige, Keisuke Makino,  

A Novel method for Synthesis of Silica Nanoparticles, 

Journal of Colloid and Interface Science, 289(1): 

125–131 (2005). 

[14] Keblinski P., Phillpot S.R., Choi S.U.S., Eastman J.A., 

Mechanism of Heat Flow in Suspensions of  

Nano-Sized Particles _Nanofluids, Int. J. Heat Mass 

Transfer, 855–863 (2002). 

[15] Wang X.-Q., Mujumdar A.S., Heat Transfer 

Characteristics of Nanofluids: A Review, Int. J. 

Therm. Sci., 46: 1–19 (2007). 

[16] Li Y., Zhou J., Tung S., Schneider E., Xi S.,  

A Review on Development of Nanofluid Preparation 

and Characterization, Powder Technology, 196: 89–

101 (2009). 

[17] Buongiorno J., et. al. A Benchmark Study on the 

Thermal Conductivity of Nanofluids. Journal 

ofApplied Physics, 106: 094312 -1 – 094312 -14, 

(2009). 

[18] Sahoo P.K., Kalyan Kamal S.S., Jagadeesh Kumar T., 

Sreedhar B., Singh A.K., Srivastava S.K., Synthesis 

of Silver Nanoparticles using Facile Wet Chemical 

Route, Defence Science Journal, 59(4): 447-455 (2009). 

[19] Dabbaghian M.A., Babalou A.A., Hadi P., 

Jannatdoust E., A Parametric Study of the Synthesis 

of Silica Nanoparticles via Sol-Gel Precipitation 

Method, Int. J. Nanosci. Nanotechnol., 6(2): 104-

113 (2010). 

[20] Shin D., Banerjee D., Enhanced Specific Heat of 

Silica Nanofluid, Journal of Heat Transfer, 133: 

024501 - 1  - 024501 – 4 (2011). 

[21] Ghadimi A., Saidur R., Metselaar H.S.C., A Review 

of Nanofluid Stability Properties and Characterization 

in Stationary Conditions, International Journal of 

Heat and Mass Transfer, 54: 4051–4068 (2011). 

[22] Ghorban H.R., Biological and Non-Biological 

Methods for Fabrication of Copper Nanoparticles, 

Chemical Engineering Communications, 202(11), 

1463 -1467 (2015). 

http://www.google.nl/patents/US6221275
http://www.google.nl/patents/US6221275
http://www.sciencedirect.com/science/article/pii/S1369702105709366
http://www.sciencedirect.com/science/article/pii/S1369702105709366
http://scitation.aip.org/content/aip/journal/apl/78/6/10.1063/1.1341218
http://scitation.aip.org/content/aip/journal/apl/78/6/10.1063/1.1341218
http://scitation.aip.org/content/aip/journal/apl/78/6/10.1063/1.1341218
http://www.academia.edu/8181918/Anomalous_thermal_conductivity_enhancement_in_nanotube_suspensions
http://www.academia.edu/8181918/Anomalous_thermal_conductivity_enhancement_in_nanotube_suspensions
https://www.hindawi.com/journals/jnm/2012/435873/
https://www.hindawi.com/journals/jnm/2012/435873/
https://www.hindawi.com/journals/jnm/2012/435873/
http://www.ijirset.com/upload/2014/special/vishwatech/paper-18_Heat.pdf
http://www.ijirset.com/upload/2014/special/vishwatech/paper-18_Heat.pdf
http://www.iosrjournals.org/iosr-jmce/papers/vol9-issue2/I0926369.pdf?id=7618
http://www.iosrjournals.org/iosr-jmce/papers/vol9-issue2/I0926369.pdf?id=7618
https://www.hindawi.com/journals/jnm/2014/612417/
https://www.hindawi.com/journals/jnm/2014/612417/
https://www.hindawi.com/journals/jnm/2014/612417/
http://fulltext.study/preview/pdf/2087549.pdf
http://fulltext.study/preview/pdf/2087549.pdf
http://fulltext.study/preview/pdf/2087549.pdf
http://www.sciencedirect.com/science/article/pii/S0040603112000731
http://www.sciencedirect.com/science/article/pii/S0040603112000731
http://www.sciencedirect.com/science/article/pii/S0040603112000731
http://www.ijsrp.org/research-paper-0813/ijsrp-p20106.pdf
http://www.ijsrp.org/research-paper-0813/ijsrp-p20106.pdf
http://www.ijsrp.org/research-paper-0813/ijsrp-p20106.pdf
http://fulltext.study/preview/pdf/237168.pdf
http://fulltext.study/preview/pdf/237168.pdf
http://fulltext.study/preview/pdf/237168.pdf
http://www.sciencedirect.com/science/article/pii/S0021979705001566
http://digital-library.tripod.com/journals/nano/mechanism.pdf
http://digital-library.tripod.com/journals/nano/mechanism.pdf
http://www.academia.edu/1355213/Heat_transfer_characteristics_of_nanofluids_a_review
http://www.academia.edu/1355213/Heat_transfer_characteristics_of_nanofluids_a_review
https://www.hindawi.com/journals/jnm/2012/435873/ref/
https://www.hindawi.com/journals/jnm/2012/435873/ref/
http://scitation.aip.org/content/aip/journal/jap/106/9/10.1063/1.3245330
http://scitation.aip.org/content/aip/journal/jap/106/9/10.1063/1.3245330
http://publications.drdo.gov.in/ojs/index.php/dsj/article/view/1545
http://publications.drdo.gov.in/ojs/index.php/dsj/article/view/1545
http://publications.drdo.gov.in/ojs/index.php/dsj/article/view/1545
http://ijnnonline.net/pdf_3974_21838560336c4e57c98b791061288453.html
http://ijnnonline.net/pdf_3974_21838560336c4e57c98b791061288453.html
http://ijnnonline.net/pdf_3974_21838560336c4e57c98b791061288453.html
https://pdfs.semanticscholar.org/a392/bc374c0c08c340cac0a5408ecb0f20204858.pdf
https://pdfs.semanticscholar.org/a392/bc374c0c08c340cac0a5408ecb0f20204858.pdf
https://www.scribd.com/document/76704495/A-Review-of-Nanofluid-Stability-Properties-and-Characterization-in-Stationary-Conditions
https://www.scribd.com/document/76704495/A-Review-of-Nanofluid-Stability-Properties-and-Characterization-in-Stationary-Conditions
https://www.scribd.com/document/76704495/A-Review-of-Nanofluid-Stability-Properties-and-Characterization-in-Stationary-Conditions
http://www.tandfonline.com/doi/abs/10.1080/00986445.2014.950732?journalCode=gcec20
http://www.tandfonline.com/doi/abs/10.1080/00986445.2014.950732?journalCode=gcec20


Iran. J. Chem. Chem. Eng. Sonication Effects on Stability and Thermal Properties ... Vol. 36, No. 3, 2017 

 

159 

[23] Mie G., Articles on the Optical Characteristics of 

Turbid Tubes, Especially Colloidal Metal Solutions, 

Ann Phys., 25: 377-445 (1908). 

[24] Nalwa, H.S., “Encyclopedia for Nanoscience and 

Nanotechnology”, Vol.1, American Scientific 

Publishers, (2004). 

 

http://www.springer.com/cda/content/document/cda.../9783642287374-c2.pdf?SGWID...
http://www.springer.com/cda/content/document/cda.../9783642287374-c2.pdf?SGWID...
http://www.aspbs.com/enn.html
http://www.aspbs.com/enn.html

