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Abstract: A colloidal mixture of nano-sized (<100 nm) particles in a base liquid called nanofluid, which is the 

new generation of heat transfer fluid for various heat transfer applications where transport characteristics are 

substantially higher than the base liquid. In the present study, the effects due to temperature and concentration 

on thermophysical properties (thermal conductivity, viscosity and density) for Al2O3/water/ethylene glycol based 

nanofluids are experimentally investigated. The volume fractions of nanoparticles used were 0.1%, 0.25%, 

0.50% and 1.0%. The present work focuses on thermal conductivity and viscosity measurement of fluid mixture. 

This however, has not been addressed properly so far. Results show that thermal conductivity increases with 

nanoparticles concentration as well as with the temperature. Whereas, viscosity and density decreases with 

temperature and increases with nanoparticles concentration.   
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I. Introduction 

Nanofluids are a new class of nanotechnology-based heat transfer fluids engineered by dispersing nanoparticles 

into conventional heat transfer fluids such as water, ethylene glycol, and engine oil [1]. Many researchers have 

been trying to create new kinds of heat transfer fluids in order to enhance the heat transfer performance of the 

base fluids [2]. To evaluate nanofluids’ potential use in heat transfer applications, an investigation of both 

thermal conductivity and viscosity as fundamental thermophysical properties is essential. 
 

From investigations in the past decade [3–8], nanofluids were found to exhibit substantially higher thermal 

properties particularly thermal conductivity even when volume fraction ( ) of suspended nanoparticles are very 

low ( <5%). However, the increments of thermal conductivities are different for different types of nanofluids. 

The thermal conductivity of nanofluids varies with the size, shape, and material of nanoparticles. For example, 

nanofluids with metallic nanoparticles were found to have a higher thermal conductivity than nanofluids with 

non-metallic (oxide) nanoparticles. The smaller the particle size, the higher the thermal conductivities of 

nanofluids. Furthermore, nanofluids with spherical shape nanoparticles exhibit a smaller increase in thermal 

conductivity compared with the nanofluids having cylindrical (nano -rod or tube) nanoparticles [9]. In addition, 

temperature may play an important role in enhancing the effective thermal conductivity of nanofluids. As 

reported, most experimental studies on the determination of the thermal conductivity of nanofluids have been 

conducted at room temperature. Very few studies [7, 10, 11] have been performed to investigate the temperature 

effect on the effective thermal conductivity of nanofluids. Hence, to confirm the effects of these parameters on 

the effective thermal conductivity of nanofluids, more experimental studies are essential. 
 

Alumina (Al2O3) is the most common nanoparticle used by many researchers in their experimental work.  Most 

of the researchers have measured the thermal conductivity and viscosity of nanofluids with metal oxides for   > 

1%. However, not much research has been done at very low volume concentration, say   < 1%, using metal 

oxide nanoparticle [12].  Also a very few studies have been reported on fluid mixtures. Hence, this study is 

found to be significant. Therefore, in the present work, the temperature-dependent properties of Alumina 

nanoparticles (Al2O3) suspended in distilled water (DW), ethylene glycol (EG) and their mixture are measured 

with   < 1%. The objectives of the article are (1) to measure thermal conductivity for temperatures between 25 

°C and 60°C (2) to measure viscosity and density for temperatures between 25 °C and 90 °C. 

 

II. Experimental 

A. Materials 

Alumina nanoparticles were purchased from M/s. Alpha Aesar, A Jhonson Matthey Chemicals India Pvt. Ltd., 

Hyderabad. The size of the nanoparticle was 40 – 45 nm. Ethylene Glycol was purchased from S.D. Fine-Chem. 

Limited, Mumbai. All the chemicals were used as received without any further purification. 
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B. Preparation of nanofluids 

Preparation of nanofluids is the first key step in the experimental studies with nanofluids. In present work, 

Al2O3/DW/EG nanofluids with volume fractions 0.1%, 0.25%, 0.5% and 1.0% were prepared using two step 

process. Nanofluid with a required volume concentration was prepared by dispersing a specified amount of 

Al2O3 nanoparticles in distilled water, ethylene glycol and a fluid mixture of distilled water (75%) and ethylene 

glycol (25%). To get a uniform dispersion and stable suspension, which determines the final properties of 

nanofluids were kept under ultrasonic vibration continuously for 4 hours. 

C. Measurement of thermophysical properties 

The thermal conductivity of Al2O3/DW/EG nanofluid was measured by using a KD2 Pro thermal properties 

analyzer (Decagon devices, Inc., USA). The KS-1 sensor needle was used for measuring thermal conductivity of 

nanofluids. Each measurement cycle consists of 90 s. During the first 30 s, the instrument will equilibrate which 

is then followed by heating and cooling of sensor needle for 30 s each. At the end of the reading, the controller 

computes the thermal conductivity using the change in temperature (∆T) – time data from Eqn. (1).  

   
              

                
                                                               (1) 

  : Thermal Conductivity,    : Time,    : Change in temperature 
 

For the measurement of viscosity of nanofluids, Ubbelohde viscometer is used, which uses a capillary based 

method for the measurement of nanofluids. The advantage of this instrument is that the values obtained are 

independent of the total volume. The viscosity of the test liquid is determined by measuring the time it takes for 

the sample, whose volume is defined by two ring – shaped marks to flow laminarly through a capillary under the 

influence of gravity. The viscosity of the nanofluid was calculated from Eqn. (2). 

        
        

        
        (2) 

 : Dynamic viscosity,  : Density, subscripts    : nanofluids,    : basefluid 
 

For the measurement of density of nanofluids, pycnometer (also called specific gravity bottle or relative density 

bottle) is used. First, weigh the empty pycnometer and pour 5 ml nanofluid in it. Then weigh the pycnometer 

again. Density of nanofluid was found from Eqn. (3). 

   
                   

                    
       (3) 

III.  Results & Discussion 

A. Thermal Conductivity measurement 

Before thermal conductivity of Al2O3/DW/EG nanofluids was measured, the thermal conductivity of pure 

distilled water and ethylene glycol was measured at temperatures from 25 °C to 60 °C. Then, the measured data 

were compared with the reference data presented in the standard text book [13]. The results show relatively 

good occurrence between the measured value and the uncertainty of the thermal conductivity measurement is 

around 5%. Experimental results from researchers have shown that the KD2-Pro’ KS-1 sensor can make 

accurate measurements in water and aqueous solutions up to about 60 °C. Above this temperature, the viscosity 

of the water becomes too low and free convection begins to affect the measurement. 
 

The thermal conductivity as a function of volume fraction and temperature for Al2O3/DW, Al2O3/EG and 

Al2O3/DW(75%)/EG(25%) based nanofluids is respectively shown in Figure 1 (a), (b) and (c). The thermal 

conductivity of the nanofluid is observed to increase with an increase in temperature and particle volume 

fraction. The minimum enhancement of approximately 1% for Φ = 0.1 vol% and a maximum enhancement of 5 

– 6 % for 1.0 vol% are observed at an average room temperature. The current experimental data agree well with 

the measured data of Das et al. [10]. A linear relationship between the thermal conductivity and volume fraction 

can be attributed to large regions of particle-free liquid with high thermal resistances created by highly 

agglomerated nanoparticles. The relationship between the thermal conductivity enhancement and volume 

fraction is usually nonlinear for nanoparticles with a high aspect ratio [8]. 
 

In present work, there is an average increase of 6% to 12% in thermal conductivity from 25 °C to 60 °C when 

compared with pure water for the same temperature. Different groups measured thermal conductivity at different 

temperatures. Das et al. [10] varied temperature in the range of 21°C to 51 °C demonstrating an enhancement of 

2% to 10% for the particle load of 2.0 vol%, which is in agreement with the present work. The authors 

suggested that strong temperature dependence of nanofluid thermal conductivity is due to the motion of the 

particles. Murshed et al. [14] showed that at a temperature of 60 °C, the effective thermal conductivity of Al2O3 

(80 nm)/EG based nanofluid increases by about 9% and 12% for nanoparticle volumetric loading of 0.55 and 

1.0% respectively, which is also in close agreement with the present work. And there is very few studies 

reported on fluid mixture. 
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Figure 1 Variation of Thermal conductivity with temperature for (a) Al2O3/DW, (b) Al2O3/EG and (c) Al2O3/ DW (75%) + EG (25%) 

based nanofluids 
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B. Viscosity and density measurement 

The viscosity and density as a function of volume fraction and temperature for Al2O3/DW, Al2O3/EG and 

Al2O3/DW(75%)/EG(25%) based nanofluids are shown in Figure 2 (a), (b), (c) and Figure 3 (a), (b), (c). The 

results indicate that the viscosity of nanofluids increases with increasing particle volume fraction and decreases 

with increasing nanofluid temperature. A minimum increase of 1% and a maximum increase of 5% in density 

are reported with the nanoparticle volume fraction at room temperature.  
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Figure 2 Variation of Density with temperature for (a) Al2O3/DW, (b) Al2O3/EG and (c) Al2O3/ DW (75%) + EG (25%) based 

nanofluids 
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At 0.1% volume fraction there is an increase in viscosity from 4% - 7%. But for 1.0% volume fraction, the 

increase in viscosity of DW, EG and DW (75%) + EG (25%) based nanofluids are 60%, 40% and 21% 

respectively. The results for DW based nanofluids are in close agreement with the work of Suresh et al. [15]. 

The average decrease in density and viscosity is 1% – 3% and 58% – 76% respectively from 30 °C to 90 °C. 

This result is accepted as the general characteristics of fluid i.e. density and viscosity decreases with 

temperature. Similar trends have also been observed in other varieties of nanofluids [2, 16]. 
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Figure 3 Variation of Viscosity with temperature for (a) Al2O3/DW, (b) Al2O3/EG and (c) Al2O3/ DW (75%) + EG (25%) based 

nanofluids 
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IV. Conclusion 

In the present study, the effective thermal conductivity, viscosity and density of Al2O3/DW/EG based nanofluids 

with particle volume fraction of 0.1, 0.25, 0.50 and 1.0 vol % were investigated experimentally at different 

temperatures. The results show that the relative thermal conductivity of nanofluid increases with particle volume 

fraction and temperature. In contrast, the viscosity and density of nanofluids significantly decreases with 

temperature and increases with particle volume fraction. The effect of temperature on the enhanced thermal 

conductivity of nanofluids is important for theoretical understanding and needs to be considered for model 

development. The enhancement of viscosity may diminish the effectiveness of the nanofluids in practical 

applications. Finally, it is inferred from this study that the thermophysical properties should be considered as 

important parameters with the use of nanofluids for high-temperature applications. 

References 

[1] S.U.S Choi, “Nanofluids: from vision to reality through research,” J. Heat Transfer, Vol. 131, No. 3, 2009, pp.  033106. 
[2] Weerapun Duangthongsuk and Somchai Wongwises, “Measurement of temperature-dependent thermal   conductivity and viscosity 

of TiO2–water nanofluids,” Exp. Thermal Fluid Sci., Vol. 33, No. 4, 2009, pp. 706–714. 

[3] J.A. Eastman, S.U.S. Choi, S. Li and  L.J.Thompson,  “Enhanced thermal conductivity through the  development of nanofluids,” in: 

Proceedings of the Symposium on Nanophase and Nanocomposite Materials II, Vol. 457, Materials Research Society, Boston, 

USA, 1997, pp. 3–11. 

[4] X. Wang, X. Xu and S.U.S. Choi, “Thermal conductivity of nanoparticle–fluid mixture,” J. Thermophys.  Heat Transfer, Vol. 13, 
1999, pp. 474–480. 

[5] S.U.S. Choi, Z.G. Zhang, W. Yu, F.E. Lockwood and E.A. Grulke, “Anomalous thermal conductivity  enhancement in nanotube 

suspensions,” Appl. Phys. Lett., Vol. 79, 2001, pp. 2252–2254. 
[6] Y. Xuan, Q. Li, and W. Hu, “Aggregation structure and thermal conductivity of nanofluids,” AIChE J., Vol. 49, 2003, pp. 1038–

1043. 
[7] C.H. Li, and G.P. Peterson, “Experimental investigation of temperature and volume fraction variations on the effective thermal 

conductivity of nanoparticle suspensions (nanofluids),” J. Appl. Phys., Vol. 99, 2006, pp. 084314. 

[8] H. Zhu, C. Zhang, S. Liu, Y. Tang and Y. Yin, “Effects of nanoparticles clustering and alignment on thermal conductivities of 
Fe3O4 aqueous nanofluids,” Appl. Phys. Lett., Vol. 89, 2006, pp. 023123-1–023123-3. 

[9] S.M.S Murshed, K.C. Leong, C. Yang, “Enhanced thermal conductivity of TiO2-water based nanofluids,”  Int. J. Thermal Sci., Vol. 

44, 2005, pp. 367–373. 
[10] S.K. Das, N. Putra, P.Thiesen and W. Roetzel, “Temperature dependence of thermal conductivity enhancement for nanofluids,” J. 

Heat Transfer Vol. 125, 2003, pp. 567–574. 

[11] C.H. Chon, and K.D. Kihm, “Thermal conductivity enhancement of nanofluids by Brownian motion,” J. Heat Transfer, Vol. 127, 
2005, pp. 810. 

[12] L. Godson, B. Raja, D. Mohan Lal and S. Wongwises, “Experimental Investigation on the Thermal Conductivity and Viscosity of 

Silver-Deionized Water Nanofluid, Experimental Heat Transfer, Vol. 23, 2010, pp. 317–332. 
[13] F.P. Incropera, and D.P. DeWitt, “Fundamental of Heat and Mass Transfer,” John Wiley & Sons, 1996. 

[14] S.M.S. Murshed, K.C. Leong, C. Yang, “Investigation of thermal conductivity and viscosity of nanofluids,” Int. J. Thermal Sci., 

Vol. 47, 2008, pp. 560–568. 
[15] S. Suresh, K.P. Venkitaraj, P. Selvakumar and M. Chanderasekar, “Synthesis of Al2O3-Cu/water hybrid nanofluids using two step 

method and its thermophysical properties,” Colloids and surfaces A: Physiochemical and engineering aspects, Vol. 388, 2011, pp. 

41-48. 
[16] H.M. Fonseca, H.R.B. Orlande, R.M. Cotta and I.V. Tavman, “Measurement of physical properties of alumina–water nanofluids,” 

High Temp.-High Press., Vol. 38, 2009, pp. 187–197. 

 

Acknowledgments 

The authors are thankful to the management and staff of the Thapar University, Patiala for providing necessary 

facilities and infrastructure for carrying out the present experimental work. The authors are also thankful to Dr. 

Bhupendrakumar Chudasama and Ms. Chandni for fruitful discussions at all stages of manuscript preparation. 
 

 

 

   


