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Abstract :  Nanofluids are widely used in recent years to enhance heat transfer in several mediums. It has been investigated that 

thermal performance of the TiO2 nanofluid is increased. In this study, it is aimed to synthesize TiO2-Water based nanofluids with 

different volume fractions (0.01%, 0.02%, 0.03%, 0.04%, 0.05%). Properties like density and viscosity of prepared samples are 

studied and found to be enhance their thermal performance may be effective for various heat transfer applications. 

 

Index Terms Nano fluids; Viscosity, Density  

I. INTRODUCTION 

In many engineering applications, including power generation, electronics, air conditioning, heating, and cooling processes, 

among others, conventional thermal fluids like water, oil, and ethylene/propylene glycol are essential. However, these fluids' 

thermal characteristics are inferior to those of solids. Extensive research has been conducted on new technologies that have more 

potential to improve the thermo-physical properties (density, viscosity, thermal conductivity etc.) of traditional fluids. Numerous 

research groups across nearly all industries have become more interested in nanomaterials due to their remarkable features. 

Nanofluids, a type of fluid in which particles smaller than 100 nanometers are suspended in a liquid, have gained attention as a 

possible option for heat transfer fluid design. In comparison to normal fluids, nanofluids exhibit greater long-term stability, less 

pressure dips, and perhaps higher thermal conductivity [1-2]. These features of nano fluids lead to find extensive applications 

such as coolants in automobile transmission, electronic cooling, medical applications, antibacterial activity, drilling fluids, solar 

water heating, nuclear reactor, radiator etc. [3-6]. 

II. EXPERIMENTAL DETAILS 

Keeping in mind various applications of nanofluids are synthesized in present work. Since Nanofluids do not occur in nature. 

So, these fluids need to be synthesized in laboratories using various manufacturing methods and techniques. Stable and highly 

conductive nanofluids are produced by two-step methods. In the present work TiO2 nano particles (Rutile Nano powder of 

average size: 50 nm of bulk density 400 kg/m3) are weighted with different volume fractions (0.01%, 0.02%, 0.03%, 0.04%, 

0.05%) and by using magnetic stirrer (approximately 1.5 hours), TiO2 nano powders are poured slowly into distilled water having 

pH ~ 8. To achieve the stability, prepared nanofluid are sonicated using ultrasonication water bath for 1 hour and their stability 

is evaluated after the sonication process. To stabilize these nanofluids for longer period, surfactant (Polyethylene glycol polymer 

weighted equal to 1/10th of the nanoparticle is added). Eventually thermo-mechanical properties like density and viscosity (using 

viscometer) are investigated for the prepared nano fluids. 

III. THERMOPHYSICAL PROPERTIES OF NANOFLUIDS 

Thermo-mechanical properties of TiO2-H2O nanofluids as reported in the present paper include the density and viscosity. 
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 Density measurement 

The values of densities of TiO2-H2O nanofluid for different volume concentrations are calculated using equation 1 and tabulated 

as follows. As the volume fraction ∅ is changed, there are variations in the values of density for different concentrations of 

nanofluids samples. The measured density values finally compared with existing model given by Pak and Cho represented as in 

equation 2. [7]. 

              𝜌𝑛𝑓 = 
𝑚𝑡− 𝑚𝑒𝑓

𝑉𝑛𝑓
 ………………………………………………… (1) 

              𝜌𝑛𝑓 = (1 − ∅)𝜌𝑏𝑓 +  ∅ 𝜌𝑝 …………………………………….. (2)  

  Table 1: Variation of density with volume concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 Viscosity Measurement 

Viscosity of the synthesized nanofluids were measured at room temperature 295 K using Ostwald viscometer. The viscosity 

measurement was made for all the samples including pure distilled water. Maximum rise in the viscosity of nanofluid was 

observed for higher concentration of nano particle. Variation in viscosity with different volume concentration is observed and 

tabulated as follows in the table 2. The viscosity values finally compared with the Brinkman model given as in equation 3.[8] 

              
𝜇𝑛𝑓

𝜇𝑏𝑓
= (1 + 2.5 ∅)                                                                                     (3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S. No.  Volume concentration         

     (ϕ) 

   Density value in present 

work (in kg/m3)  

As per Pak and Cho model 

(in kg/m3) 

1 0.0 1034 1034 

2 0.01  1080 1068 

3 0.02  1098 1103 

4 0.03 1160 1137 

5 0.04 1197 1172 

6 0.05 1280 1207 
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Table 2: Variation of viscosity with volume concentration 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IV. RESULTS AND DISCUSSION 

The experimental density data is found to be in good agreement with the values found by Pak & Cho with a deviation of ~ 10%. 

However, deviation is little higher for higher concentration. The obtained viscosity values were compared with the predicted values 

through Brinkman model and found to agree (with a deviation of ~ 10%.) for lower concentration, although for higher concentration 

viscosity values are higher in the present studies. So, we can say from the present study the viscosity of nanofluids is significantly 

higher than the viscosity of conventional fluids. This conclusion is confirmed by various experiments and molecular dynamics 

simulation. These significant properties leads to use these nanofluids in various mechanical engineering related applications.  
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S. No.  Volume concentration         

     (ϕ) 

   Viscosity values of 

present work  

(in centi-poise) 

As per Brinkman model (in 

centi-poise) 

1 0.0 0.978 0.978 

2 0.02  1.075 1.002 

3 0.02  1.176 1.026 

4 0.03 1.303 1.051 

5 0.04 1.432 1.075 

6 0.05 1.617 1.100 
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