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Introduction
Nano fluid came into picture in the field of heat transfer in systems 

since it was introduced by Choi [1]. The heat transfer coefficient of a fluid 
depends on thermal properties like conductivity, viscosity and specific 
heat. So far the effect of particle size, volume fraction and temperature 
was studied by many researchers [2-5] but the effect of sonication and 
settling time on Nano fluid is studied by few researchers [6-11]. Calvin 
[12] investigated effect of volume fraction and temperature on the
CuO and Al2O3 nanoparticles based water Nano fluid and the results
showed an increase of 52% in the thermal conductivity of DI water,
when CuO nanoparticles were dispersed at a volume fraction of 6%
[13]. Also, an increase of 30% in the conductivity of Al2O3 based Nano
fluid was reported at volume fraction 10% in a temperature range of
27.5 to 34.7°C. Jang [14] investigated the effect of temperature and
volume fraction on the viscosity Al2O3 nanoparticles dispersed in
water, the results reported an increase of 2.9% in the viscosity of base
fluid at a volume fraction of 0.3% and with the increase in temperature 
the viscosity of Nano fluid decreases continuously [15,16]. The results
of Zhou [17] showed that the specific heat of water decreases by 50%,
when Al2O3 nanoparticles were dispersed in a volume fraction range of 
0 to 21.7% [18]. In this paper, the effect of volume fraction, sonication
time, settling time, diameter of particles and temperature on the
thermal properties of zinc oxide and single walled carbon nanotube
based Nano fluid s is presented.

Experimental Procedure
In order to study the effect of various parameters on thermal 

properties (Thermal conductivity, viscosity and specific heat) of 
Nano fluid, zinc oxide (ZnO) nanoparticles and single walled carbon 
nanotube (SWCNT) has been purchased from Rainste Nano Ventures 
Pvt. Ltd., Noida. The average diameter of ZnO powders are 14 nm 
and 25 nm with 1nm surfactant coating of oleic acid and of SWCNT 
is 10 nm. The density of ZnO nanoparticles and SWCNT is 5600 kg/
m3 and 0.05 kg/m3 respectively. The as received powders are sealed, 
dried and loosely agglomerated. The two step method was used to 
prepare ZnO based ethylene glycol (EG) Nano fluid s of two different 
volume fractions; 0.01% and 0.05%. The relative thermal conductivity 
and viscosity of EG based ZnO Nano fluid s are compared with DI 
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Abstract
In this paper, the results of the experimental investigation on the thermal properties of Nano fluid are presented. 

The effect of sonication time, settling time and temperature on the thermal conductivity, viscosity and specific heat 
of zinc oxide (ZnO, 14 nm and 25 nm size) and single walled carbon nanotube (SWCNT, 10nm size) based Nano 
fluid are investigated and the results of ZnO with DI water and ethylene glycol (EG) as base fluids are compared. 
The experimental results indicate that the studied parameters have a remarkable effect on the thermal properties 
of Nano fluid. The rate of enhancement in thermal conductivity of EG based Nano fluid is found to be less than that 
of water based Nano fluid. The SWCNT based DI water Nano fluid found to be very unstable i.e. the nanoparticles 
settle down very rapidly. The 0.02% volume fraction of SWCNT nanoparticles suspension results in 10% increase in 
the specific heat of DI water. A decrement of 24% and 13% in the specific heat of 14 nm size ZnO based Nano fluid 
were obtained at a volume fraction of 0.001% and 0.002% respectively.

water based ZnO Nano fluid s. The experiments were also carried out 
with SWCNT as nanoparticles and water as base fluid for a volume 
fraction of 1%. The thermal conductivity was measured by Decagon 
devices KD2Pro Thermal Properties Analyzer (Decagon Devices Inc., 
Pullman, WA, USA). The Viscosity of the sample is measured by the 
instrument named Brookfield DV III Rheometer (Brookfield DV III 
Ultra Manual). This rheometer is a cone plate viscometer which is a 
precise torque meter.

Results and Discussion
Several measurements were carried out for DI water and ethylene 

glycol as basefluids, to investigate the effect of sonication time, settling 
time and temperature on the thermal properties of the Nano fluid. 
In Figure 1, the relative thermal conductivity of ZnO Nano fluid s 
increases for both basefluids ethylene glycol and DI water. The relative 
thermal conductivity of ZnO ethylene glycol based Nano fluid s shows 
low enhancement as compare to DI water based Nano fluid s, because 
the ethylene glycol has more viscosity due to which ZnO nanoparticles 
takes more time to disperse in ethylene glycol basefluids. As a result, 
surface to volume ratio decreases in ethylene glycol based Nano fluid s. 
In Figure 2, the samples were prepared by dispersing nanoparticles in 
ultra-bath sonicator up to 8 hours with basefluids ethylene glycol and 
DI water. The relative thermal conductivity of ZnO ethylene glycol and 
DI water based Nano fluid s decreases as the settling time increases 
because, as time increases the nanoparticles which were dispersed in 
basefluids, starts agglomerated due to which cluster formed and settle 
down as the time increases. The decreases rate of relative thermal 
conductivity in ethylene glycol based Nano fluid s is less as compare to 
DI water based Nano fluid s because, the viscosity of ethylene glycol is 
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more due to which nanoparticles will not settle down, as in DI water 
based Nano fluid s (Figures 1 and 2).

Figure 3 shows the relative thermal conductivity of ZnO-ethylene 
glycol and ZnO-DI water Nano fluid s increases as the temperature 
increases because with the increase in temperature, Brownian motion 
of nanoparticles increase which excites the particles due to which 
random motion of nanoparticles increases and the particles starts 
strikes with each other and transfer the heat energy. Figure 4 shows that 
the relative viscosity of EG-ZnO Nano fluid decreases with the increase 
in sonication time, but increases in the case of water-ZnO Nano fluid. 
The viscosity of water based Nano fluid is more than ethylene glycol 
based Nano fluid. Also with the increase in size and volume fraction of 

nanoparticles in base fluid, the relative viscosity of Nano fluid increases 
continuously. The relative viscosity of ethylene glycol based Nano fluid 
comes very close to 1 at zero hours of sonication. In Figure 5, the rate 
of enhancement in viscosity of EG-ZnO Nano fluid is less as compared 
to water-ZnO Nano fluid. This is because the particles in Nano fluid 
start to settle down and agglomerate as the sonication of Nano fluid 
is stopped. As the viscosity of ethylene glycol is comparatively higher 
than that of water, which makes the particles suspended for a longer 
time due to which, there is less increase in the viscosity of ethylene 

Figure 1: Comparison of relative thermal conductivity with basefluidsEG 
and DI water versus sonication time.

Figure 2: Comparison of relative thermal conductivity with basefluids EG 
and DI water versus settling time.

Figure 3: Comparison of relative thermal conductivity with basefluids EG 
and DI water versus temperature.

Figure 4: Relative viscosity versus sonication time for EG-ZnO and water-
ZnO nanofluid.

Figure 5: Relative viscosity versus settling time for EG-ZnO and water-
ZnO nanofluid.

Figure 6: Variation of specific heat of ZnO-water nanofluid with 
temperature.
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glycol based Nano fluid (Figures 3-5).

In Figures 6 and 7, the variation of specific heat of 14 nm and 
25 nm sized ZnO-water Nano fluid with temperature is shown. The 
specific heat of Nano fluid is found to be increasing with the increase 
in temperature for a range of 30° to 50°C. But the specific heat of water 
remains unchanged [11] for the specified range (Figures 6 and 7).

In Figures 8 and 9, the relative thermal conductivity of SWCNT 
– water Nano fluid increases with the increase in sonication time and 
decreases with the increase in settling time. In Figures 10 and 11, the 
viscosity of Nano fluid is decreasing with the increase in sonication time 
and increases with the increase in settling time. Also with the increase 
in power of sonication, the conductivity of Nano fluid is increasing and 
viscosity of Nano fluid is decreasing (Figures 8-11).

Conclusion
The results of the current investigation clearly indicate that the 

thermal conductivity of Nano fluid increases with the increase in the 
sonication time, but the viscosity of Nano fluid decreases with it. Also 
with the increase in settling time, the thermal conductivity decreases 
and viscosity increases. With the increase in temperature, the thermal 

conductivity and specific heat of Nano fluid increases and viscosity 
decreases. 
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Figure 7: Variation of specific heat of ZnO-water (14 nm) with temperature.

 

Figure 8: Thermal conductivity ratio variation with sonication time at 
different sonication power.

 

Figure 9: Thermal conductivity ratio variation with settling time at different 
sonication power.

 

Figure 10: Variation of viscosity of water based single walled carbon 
nanotube nanofluids with sonication time.

 

Figure 11: Variation of viscosity of water based single walled carbon 
nanotube nanofluid with settling time.
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Nomenclature

K=Thermal conductivity

DI=Deionized 

nf=nano fluid 

bf=base fluid

References

1. Choi SUS, JA Eastman (1995) Enhancing thermal conductivity of fluids with 
nanoparticles, in Developments and Applications of Non-Newtonian Flows, D.
A. Singer and H. P. Wang, Eds., American Society of Mechanical Engineers, 
New York, 99-105.

2. Mintsa HA, Roy G, Nguyen CT, Doucet D (2009) New temperature dependent 
thermal conductivity data for water-based nanofluids. International Journal of 
Thermal Sciences 48: 363-371.

3. Jang SP, Hwang KS, Lee JH, Kim JH, Lee BH, et al. (2007) Effective Thermal 
Conductivities and Viscosities of Water-based Nano fluids Containing Al2O3
with Low Concentration, International Conference on Nanotechnology, August
2-5, 2007, Hong Kong.

4. Nguyen CT, Desgranges F, Roy G, Galanis N, Mare T, et al. (2007) 
Temperature and particle-size dependent viscosity data for water-based
nanofluids–Hysteresis phenomenon. International Journal of Heat and Fluid 
Flow 28: 1492-1506.

5. Shin D, Banerjee D (2011) Enhanced Specific Heat of Silica Nanofluid. Journal 
of Heat Transfer 133.

6. Kwak K, Kim C (2005) Viscosity and thermal conductivity of copper oxide
nanofluid dispersed in ethylene glycol. Korea-Australia Rheology Journal 17: 
35-40.

7. Yu W, Xie H (2012) A Review on Nanofluids: Preparation, Stability Mechanisms 
and Applications. Journal of Nanomaterials 2012.

http://as.wiley.com/WileyCDA/WileyTitle/productCd-0470074736.html
http://as.wiley.com/WileyCDA/WileyTitle/productCd-0470074736.html
http://www.hindawi.com/journals/ame/2010/519659/
http://www.hindawi.com/journals/ame/2010/519659/
http://scitation.aip.org/content/aip/journal/jap/99/8/10.1063/1.2191571
http://scitation.aip.org/content/aip/journal/jap/99/8/10.1063/1.2191571
http://scitation.aip.org/content/aip/journal/jap/99/8/10.1063/1.2191571
http://www.sciencedirect.com/science/article/pii/S0017931009001069
http://www.sciencedirect.com/science/article/pii/S0017931009001069
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4601354
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4601354
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4601354
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4601354
http://www.sciencedirect.com/science/article/pii/S1364032110004041
http://www.sciencedirect.com/science/article/pii/S1364032110004041
http://www.sciencedirect.com/science/article/pii/S1364032110004041
http://scitation.aip.org/content/aip/journal/apl/92/9/10.1063/1.2890431
http://scitation.aip.org/content/aip/journal/apl/92/9/10.1063/1.2890431
http://books.google.co.in/books/about/Heat_Mass_Transfer_A_Practical_Approach.html?id=nuQ7F81pBFAC
http://books.google.co.in/books/about/Heat_Mass_Transfer_A_Practical_Approach.html?id=nuQ7F81pBFAC
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CC8QFjAC&url=http%3A%2F%2Fwww.iaea.org%2Finis%2Fcollection%2FNCLCollectionStore%2F_Public%2F27%2F043%2F27043758.pdf%3Forigin%3Dpublication_detail&ei=ny1XVLXzFtK4uASn2YH4Cw&usg=AFQjCNFGrfisQG3qwtc4AAxiSxzf04XX5A&bvm=bv.78677474,d.c2E&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CC8QFjAC&url=http%3A%2F%2Fwww.iaea.org%2Finis%2Fcollection%2FNCLCollectionStore%2F_Public%2F27%2F043%2F27043758.pdf%3Forigin%3Dpublication_detail&ei=ny1XVLXzFtK4uASn2YH4Cw&usg=AFQjCNFGrfisQG3qwtc4AAxiSxzf04XX5A&bvm=bv.78677474,d.c2E&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CC8QFjAC&url=http%3A%2F%2Fwww.iaea.org%2Finis%2Fcollection%2FNCLCollectionStore%2F_Public%2F27%2F043%2F27043758.pdf%3Forigin%3Dpublication_detail&ei=ny1XVLXzFtK4uASn2YH4Cw&usg=AFQjCNFGrfisQG3qwtc4AAxiSxzf04XX5A&bvm=bv.78677474,d.c2E&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CC8QFjAC&url=http%3A%2F%2Fwww.iaea.org%2Finis%2Fcollection%2FNCLCollectionStore%2F_Public%2F27%2F043%2F27043758.pdf%3Forigin%3Dpublication_detail&ei=ny1XVLXzFtK4uASn2YH4Cw&usg=AFQjCNFGrfisQG3qwtc4AAxiSxzf04XX5A&bvm=bv.78677474,d.c2E&cad=rja
http://www.researchgate.net/publication/222418611_New_temperature_dependent_thermal_conductivity_data_for_water-based_nanofluids
http://www.researchgate.net/publication/222418611_New_temperature_dependent_thermal_conductivity_data_for_water-based_nanofluids
http://www.researchgate.net/publication/222418611_New_temperature_dependent_thermal_conductivity_data_for_water-based_nanofluids
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?reload=true&arnumber=4601354
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?reload=true&arnumber=4601354
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?reload=true&arnumber=4601354
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?reload=true&arnumber=4601354
http://www.sciencedirect.com/science/article/pii/S0142727X07000203
http://www.sciencedirect.com/science/article/pii/S0142727X07000203
http://www.sciencedirect.com/science/article/pii/S0142727X07000203
http://www.sciencedirect.com/science/article/pii/S0142727X07000203
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0CCkQFjAB&url=http%3A%2F%2Fdb.tamu.edu%2Fpublications%2Fjournal%2FDSDB_JHT_133_024501_2011.pdf&ei=ji9XVI2XNYvUuQSC_oGIAQ&usg=AFQjCNHi2zO7kLGue5J49y-JgRTFcT0KAw&bvm=bv.78677474,d.c2E&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0CCkQFjAB&url=http%3A%2F%2Fdb.tamu.edu%2Fpublications%2Fjournal%2FDSDB_JHT_133_024501_2011.pdf&ei=ji9XVI2XNYvUuQSC_oGIAQ&usg=AFQjCNHi2zO7kLGue5J49y-JgRTFcT0KAw&bvm=bv.78677474,d.c2E&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.titanex.com.tw%2Fdoc%2Ftecsupport%2Fpcc-03-nanofluid.pdf&ei=HjBXVOOLNsmeugTg8YBQ&usg=AFQjCNH_pRolr4NBLC5ZZANczM30l3jisQ&bvm=bv.78677474,d.c2E&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.titanex.com.tw%2Fdoc%2Ftecsupport%2Fpcc-03-nanofluid.pdf&ei=HjBXVOOLNsmeugTg8YBQ&usg=AFQjCNH_pRolr4NBLC5ZZANczM30l3jisQ&bvm=bv.78677474,d.c2E&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.titanex.com.tw%2Fdoc%2Ftecsupport%2Fpcc-03-nanofluid.pdf&ei=HjBXVOOLNsmeugTg8YBQ&usg=AFQjCNH_pRolr4NBLC5ZZANczM30l3jisQ&bvm=bv.78677474,d.c2E&cad=rja
http://www.hindawi.com/journals/jnm/2012/435873/
http://www.hindawi.com/journals/jnm/2012/435873/

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Experimental Procedure 
	Results and Discussion 
	Conclusion 
	Acknowledgement
	Nomenclature 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	References



