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Abstract. In this study we present the experimental investigation of the thermal 
behavior of nanofluids. A tremendous interest has been developed in this new 
generation of heat transfer fluid for cooling applications in industrial processes, 
because of their excellent thermal performance. A colloidal mixture of nano-sized 
(<100 nm) TiO2 (p-25) particles dispersed in a base fluid propylene glycol was 
formulated by the two-step method. The volume fractions of nanoparticles used 
were 0.1% and 0.50% for preparing the nanofluids. The average sizes, size 
distribution and surface morphology for the characterization of nanoparticles at 
different magnification have been determined using FESEM. The thermal 
conductivity, thermal diffusivity and ultrasonic velocity of the prepared nanofluids 
at different concentration were experimentally studied in the temperature range of 
20-80oC. This however, has not been addressed in literature so far. Results show that 
thermal conductivity increases whereas the ultrasonic velocity decreases with 
increasing temperature. The ultrasonic investigation confirms the enhancement of 
thermal conductivity of nanofluids as reported in literature. 

1. Introduction  

Over the past several decades, great endeavours have been devoted to nanofluids 
research [1-4], among which two topics are of central focus. One is to synthesize new kinds 
of heat transfer fluids possessing enhanced comprehensive performance (i.e., thermal 
stability, thermal conductivity, viscosity, etc.); the other is to find its wide applications in 
the area of heat transfer technology i.e., the fields like electronic application, industrial 
cooling application, sensor, space, defence, energy storage, etc [5-8]. 
Nanofluids are defined as advanced heat-transfer fluids engineered by dispersing 
nanoparticles smaller than 100 nm in diameter in conventional heat transfer fluids [9]. 
These distributed nanoparticles greatly enhance the thermal conductivity of the nanofluid 
by increasing the conduction and convection coefficients. Thus, allowing for more heat 
transfer. Several studies have been focused on the water, ethylene glycol based nanofluids 
examined at variable temperature [10, 11]. Choi et al [12], Masuda et al [13], and Eastman 
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et al [14] have reported significant enhancement of nanofluid thermal conductivity. Calvin 
and Peterson [15] reported a 28% increase in the thermal conductivity for a loading of 6 
vol. % of Al 2O3 (36~47nm) nanoparticles in water. Yu et al [16] investigated 
experimentally the thermal transport properties of ethylene glycol based nanofluids. The 
use of propylene glycol (PG) as a base fluid has scarcely been studied [17]. The selection of 
best coolant for a particular application requires a proper understanding of all the 
characteristics and thermo-physical properties of these fluids. PG as compared to other base 
fluids is considered non-toxic. It possesses substantially higher boiling point and a much 
lower freezing point with a reduced thermal conductivity. In order to enhance its thermal 
conductivity for making it as an attractive medium we make use of TiO2 nanoparticles (a 
mixture of rutile and anatase). Several studies analyzing the thermal conductivity of TiO2 
nanofluids have been reported in the literature [18, 19]. The reports showed an 
enhancement in the thermal conductivity with respect to temperature. In this paper, 
experimental study of thermal conductivity is performed for PG based TiO2 nanofluid in 
the temperature range of 20-80oC for different volume concentrations (0.1% and 0.5%). As 
per our knowledge, no work in the literature analyses the influence of volume concentration 
and temperature in this range on thermal conductivity and ultrasonic velocity.  
 
2. Experimental 

2.1 Materials and methods 

 TiO2 (p-25) nanopowder (a mixture of rutile and anatase) from Sigma-Aldrich, <100 
nm particle size and mass purity of 99.5% were used in the present work. The base fluid, 
propylene glycol (PG) was supplied by Goodwill Scientific of lab grade. All products are 
used without any purification or addition of surfactants/dispersants. FESEM of the 
powdered TiO2 nanoparticles are done for the characterization. Fig.1 illustrates the particles 
of TiO2 with spherical-like structure with average particle size range from 30–82 nm. Table 
1 list the physical properties of materials used for the preparation of nanofluid. 
 

Table1. Properties of materials used in nanofluid preparation 
 

Material 
Molecular weight 

(g/mol) 
Boiling range/ 
Melting range 

Relative density 
(at 25 oC), g/mL 

Propylene Glycol 
1,2-Propanediol, 

CH3.CH(OH). CH2OH 
76.10 186-188 oC 1.032 

TiO2(P-25) nanopowder 79.87 >350 oC 4.26 

2.2 Preparation of nanofluid suspension 

The preparation of the nanofluid is done mainly by two techniques: the single-step 
and the two-step method [20]. In the single-step method, preparation of nanoparticles and 
dispersing inside basefluid occurs simultaneously. In two-step method, nanoparticles are 
processed and prepared following some techniques first and then dispersed into basefluid. 
In our experiment, we have made use of the single-step method. TiO2 (p-25) nanoparticles 
and propylene glycol (PG) were used to prepare the nanofluids of different volume 
concentrations (0.1% and 0.50%). The weight measurement of TiO2 nanoparticles is done 
to calculate its volume fraction. 
After analyzing the FESEM images of nanoparticles in Fig.1, we may observe the 
agglomerates of the sample under consideration. For better and stable suspension the 
obtained solutions were kept under slow-speed constant stirring on a magnetic stirrer for 
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two hours at room temperature. To break the agglomerates, we performed the 
ultrasonication with very low intensity for fifteen minutes using ultrasonic homogenizer 
(Sonics VC 505-USA, at 20 KHz frequency). The same process was followed for 
nanofluids at different volume concentrations. It was observed that these nanofluids are 
uniform and stable for many hours. TiO2 and PG dispersion solution was then subjected for 
the evaluation of thermophysical properties. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

        Fig.1. FESEM images of surface morphology of TiO2 (P-25) nanopowder at different magnitudes 
 

2.3 Thermal characteristics of Nanofluids 

The thermal conductivity of TiO2/PG nanofluid is measured experimentally using 
the Hot Disk Thermal Constants Analyzer (Hot Disk Inc., TPS 500, Uppsala, Sweden). The 
apparatus uses the transient plane source (TPS) method for measuring the thermal 
conductivities of nanofluids [4]. The TPS method consists of an electrically conducting 
pattern in the form of a bifilar spiral, which also serves as a sensor of the temperature 
increase in the sample. The sensor heats the sample through resistive heating and the 
temperature change of the sensor is found through the change in resistance of the sensor. 
Thermal properties are determined from the temperature change data taken during the 
measurement time. Using a controllable temperature bath (here DC50 liquid bath), 
measurements were conducted at various temperatures between 20 and 80 °C for the 
nanofluid samples at different volume concentrations.  
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  Fig 2. TPS 500  
 

2.4. Ultrasonic velocity measurement 

Ultrasonic velocity is an important parameter for obtaining many thermo acoustic 
parameters such as compressibility, acoustic impedance, intermolecular free length, etc. of 
nanofluids. The ultrasonic velocity was measured with the help of ultrasonic interferometer 
at 2 MHz in the temperature range of 30-80oC. The temperature of the sample was 
maintained constant during the measurement by circulating the water around the sample 
using a specific thermostat.  

3. Results and Discussion 

TPS uses the Fourier law of heat conduction as its fundamental principle for measurements 
[21].The thermal conductivity measurements of nanofluids at different volume 
concentration and at temperatures from 20 oC to 80 oC were taken and shown in Fig. 3. The 
thermal conductivity is observed to increase with the increase in temperature and volume 
fraction. The increase of thermal conductivity of nanofluids with temperature is essentially 
resulting from the base fluid property. The current experimental results show behaviour 
similar to that of other nanofluids [22]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3.  Variation of thermal conductivity of TiO2+PG nanofluid with respect to temperature at different 
concentrations. 
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The % thermal conductivity (TC) enhancement is given by [23]: 
 

%TC [{ }/ ] 100nf bf bfenhancement       

where κnf and κbf are the thermal conductivity of nanofluid and base-fluid, respectively. 
Irrespective of the nanoparticle used, the thermal conductivity enhancement decreases with 
the increase in the thermal conductivity of base fluid. From Table 2, the enhancement is 3% 
to 17% in thermal conductivity from 20 oC -80 oC when compared to pure base fluid for the 
same temperature.  

Table 2. Temperature dependent thermal conductivity enhancement of TiO2/PG nanofluids ate different 
volume concentration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

 
 

 
Fig. 4. Ultrasonic velocity of the nanofluids, TiO2 +PG at different concentrations. 
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The measured value of ultrasonic velocity was accurate to ±0.1% with an error of 
measurement of ±0.5 oC in temperature. Figure 4 shows the non-linear variation of 
ultrasonic velocity versus temperature. It is observed that the ultrasonic velocity decreases 
with the increase in temperature. The main reason for such behaviour is because of the 
thermo-elastic loss which arises due to the Brownian motion of TiO2 nanoparticles. It is the 
key mechanism that governs the thermal behaviour of nanoparticle colloidal-fluid 
suspension. Further, the reduction in the ultrasonic velocity with the increase of 
concentration is ascribed to the variation in density and compressibility. It detects and 
assesses strong and weak molecular interactions present in the nanofluids. 

4. Conclusions 

1. The ultrasonic technique is an easy method to analyse the acoustical properties of 
nanofluids. 

2. The thermal conductivity of TiO2/PG based nanofluids with particle volume fraction 
of 0.1% and 0.5% were investigated experimentally at different temperatures. 

3. The results show that the thermal conductivity increases with particle volume 
fraction and temperature. This parameter is important for the high-temperature 
applications of the chosen nanofluids. 

4. Ultrasonic velocity decreases with the increase in temperature and concentration 
due to increase in density and compressibility. 

5. The acoustical study performed using ultrasonic wave propagation indicates the 
strong dependence of nanoparticle-fluid interaction on temperature and 
concentration. 
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