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Abstract  
In the present study, TiO2/DI water nanofluid was 

prepared by two step method. In first step TiO2 

nanoparticles were prepared by novel anhydrous sol-

gel method by using titanium tetra isopropoxide 

(TTIP) as starting material and in second step TiO2 

nanoparticles were dispersed in deionized (DI) water 

by using magnetic stirrer and ultrasonicator in order 

to prepare TiO2/DI water nanofluid. TiO2 

nanoparticles were characterized by X-Ray 

diffraction technique (XRD), Transmission electron 

microscopy (TEM) and Energy dispersive X-Ray 

analysis (EDAX). XRD analysis revealed formation 

of pure anatase, crystalline phase nanoparticles with 

size in the range of 6 to 11 nm. TEM analysis 

confirmed the formation of spherical shaped and well 

dispersed nanoparticles having size in the range of 9 

to 14 nm. EDAX data showed synthesized 

nanoparticles observed to be pure and containing 

only titanium and oxygen atoms in stoichiometric 

ratio. Experimental investigations were carried out to 

study the heat transfer through natural convection in 

a vertical cylindrical column containing TiO2/DI 

water nanofluid and it was observed that the rate of 

heat transfer through natural convection enhanced as 

compared to the pure DI water alone. 

  

Keywords: nanoparticles, nanofluid, vertical 

cylindrical column, natural convection, heat transfer.  

 

Introduction 
Heat transfer fluid is one of the key components of 

most of the thermal engineering and solar thermal 

applications [1, 2, 3]. A fluid transfers heat mostly 

through convection. Natural convection is a process 

in which heat is transferred from hotter region to 

colder region due to density differences. During 

natural convection heat is transferred from one place 

(source) to another place (destination) by using a heat 

transfer (working) fluid.  

There are different types of heat transfer 

fluid pipes depending on their wide applications. 

Thermal performance of heat transfer fluid pipes in a 

specific application depends on many parameters like 

designing parameters, angle of inclination, working 

fluid etc [4, 5].  

The selection of suitable working fluid for 

specific application is very important [6]. Thermal 

properties of working fluid play a vital role in the 

heat transfer behavior. The thermal conductivity and 

heat transfer coefficient of working fluid need to be 

enhanced in order to improve heat transfer behavior 

and hence the overall performance of system.  

The efficiency and effectiveness of 

conventional sustain technology can be advanced by 

the implementation of modern nanotechnology [7]. 

Metal and metal oxide nanoparticles have high value 

of thermal conductivity, so on dispersing in a fluid 

they enhance thermal conductivity of base fluid [8]. 

The dispersion of solid nanoparticles in a liquid 

results in a new class of material renowned as 

nanofluid [9]. Various nanofluids have been used by 

many researchers as working fluid to improve the 

thermal performance of heat transfer system [10]. 

Researchers have dispersed various metals like Ag 

[11], Cu [12], Al [12]  and metal oxides like ZnO 

[13], TiO2 [14], Al2O3 [15], MgO [16], CuO [17]   

nanoparticles in many base fluids water, ethanol, 

ethylene glycol, engine oil and noticed  improvement 

in the  thermal performance owing to increase in 

thermal conductivity and decrease in thermal 

resistance of the base fluid [18]. The enhancement in 

the thermal performance of base fluid also depends 

upon size, shape and volume fraction of dispersed 

material nanoparticle [19]. Smaller size and well 

dispersed nanoparticles form more stable nanofluid 

and results in better performance. With increase in 

the volume fraction, the  thermal conductivity 

increases and it enhances the  heat transfer but 

viscosity of fluid also increases that suppresses heat 
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transfer process and hence there is a need for an 

optimum volume fraction of nanoparticles in the base 

fluid depending on various factors for a particular 

application. 

TiO2 is a metal oxide with versatile 

properties like non toxicity, high chemical stability, 

higher temperature resistance and caustic resistance 

etc. These properties make TiO2 more prominent for 

employing it in the base fluid [20]. Also TiO2 

nanofluids with various polar and non polar base 

fluids have shown superior dispersity and stability 

even without adding any surfactant [21]. By adding a 

small fraction of dispersant SDS, TiO2/water 

nanofluid could be stable for a year [22]. Liu Yang et 

al., reviewed comprehensive characteristics of TiO2 

nanofluids and summarized progress in TiO2 

nanofluids for various conductive and convective, 

natural and forced heat transfer applications. They 

concluded that in many natural convective heat 

transfer applications TiO2 nanofluid gained better 

results than other metal oxide nanoparticles like 

Al2O3 and CuO. nanofluids but still there is a need to   

investigate TiO2 nanofluid for natural convective heat 

transfer applications experimentally to optimize 

various parameters. TiO2 nanofluid can be used to 

explore for thermosiphon, heat transfer fluid and 

solar thermal applications.  

In the present study TiO2 nanoparticles were 

synthesized by modified sol gel method by hydrolysis 

of TTIP and the synthesized TiO2 nanoparticles were 

dispersed in DI water using magnetic stirrer and 

ultrasonicator to prepare homogeneous, well 

dispersed and stable TiO2/DI water nanofluid. 

Synthesized TiO2 nanoparticles were characterized 

by XRD, TEM and EDAX.  The natural convective 

heat transfer behavior of pure DI water and as 

prepared TiO2/DI water nanofluid was compared by 

using a vertical cylindrical column.    

 

Experimental details 

The TiO2/DI water nanofluid was prepared by two 

step method. In first step TiO2 nanoparticles were 

synthesized by a novel anhydrous sol gel method and 

in the second step synthesized TiO2 nanoparticles 

were used to prepare TiO2/DI water nanofluid. All 

the reagents and solvent used, were analytical grade 

and used without any further purification. 

The diffraction spectra of synthesized TiO2 

nanoparticles was recorded by using Bruker X-ray 

diffractometer (D8 Advanced model) with Cu kα 

source in the 2θ range 20° to 80°. The average 

particle size was calculated by using Debye-Scherrer 

formula: D = 0.9λ/βcos θ, where β is full width at 

half maximum (FWHM), λ is the wavelength of X-

ray used (0.1541 nm), θ is the diffraction angle and D 

is diameter of particles. The EDAX spectrum of 

synthesized TiO2 nanoparticles was recorded to check 

their purity and elemental composition. The TEM 

images were recorded for morphological analysis. 

Image J software was used to determine particle size 

of synthesized TiO2 nanoparticles by analyzing TEM 

images [24]. 

The prepared TiO2/DI water nanofluid and 

pure DI water were experimentally investigated for 

natural convective heat transfer performance in two 

identical vertical steel cylindrical columns by 

applying a constant indirect heat flux arrangement. 

Calibrated thermocouples were used for recording 

temperature profile simultaneously. Results obtained 

for pure DI water alone and TiO2 / DI water were 

compared.  

 

Synthesis of TiO2 nanoparticles 

Titanium tetraisopropoxide (TTIP) [Ti{OCH(CH3)2}4 

Merck] was added drop wise to a solution of ethanol 

[C2H5OH Merck] and Hydrochloric acid [HCl 

Merck] under magnetic stirring at room temperature. 

The volume ratio of TTIP:Ethanol:HCl was kept 

5:1:40 in the amalgamation. The solution was stirred 

magnetically for 3 hours and then aged for one day. 

After aging, the solution was dried at 110°C in hot air 

oven, grounded for half an hour to get fine powder 

and calcined at 450°C for one hour in a muffle 

furnace. A white color fine TiO2 powder was 

obtained and was grounded again for 10 minutes.  

 

Preparation of TiO2/DI water nanofluid  

The nanofluid was prepared by using synthesized 

TiO2 nanoparticles and DI water (Loba Chem). 0.1 

volume % of synthesized TiO2 nanoparticles were 

dispersed in 400 ml of DI water and were subjected 

to mechanical homogenization for 2 hrs at room 

temperature by using magnetic stirrer. Further the 

mixture was ultra-sonicated for 2 hrs to get stable, 

well dispersed TiO2/ DI water nanofluid. 

 

Results and discussion 
 

1. X-Ray Diffraction   
X-ray diffraction technique is used to analyze 

crystalline phase of synthesized material and size of 

particle. In present study, X-ray diffraction behavior 

of synthesized TiO2 nanopowder is recorded and is 

shown in Figure 1. The X-ray diffraction peaks are 

broad and well defined and are in good agreement 

with JCPDS TiO2 file no. 84-1286. The X-ray studies 

reveal the formation of TiO2 nanoparticles of pure 

anatase crystalline phase with tetragonal structure.  
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 Figure 1: XRD pattern of the TiO2 nanoparticles 

 

The particle size is calculated for three most 

intense peaks and it is in the range of 6 to 11 nm 

(Table 1). 

 

Table 1: Estimation of particle size of TiO2 

nanoparticles on the basis of X-Ray diffraction. 

2θ of  the 

intense 

peak 

(deg.) 

Miller indices 

corresponding 

to peak 

FWHM of 

the intense 

peak 

(radian) 

Size of 

particle 

(nm) 

25.2355 

37.7656 

47.9700 

(1 0 1) 

(0 0 4) 

(2 0 0) 

0.015369 

0.024145 

0.015062 

9.24 

6.07 

10.07 

 

2. Elemental studies 

The EDAX spectrum of synthesized TiO2 

nanoparticles is shown in Figure 2. It is clear from 

EDAX spectrum, it is observed that the synthesized 

nanopowder contains only titanium and oxygen and 

there are no traces of any other elements. Elementary 

composition of titanium and oxygen in synthesized 

TiO2 nanopowder as calculated by EDAX are 

tabulated in Table 2. EDAX studies reveal the  

formation of pure and nearly stoichiometric TiO2 

nano particles. 

 

Table 2: Elementary composition of Titanium and 

Oxygen in TiO2 nanopowder from EDAX 

 

Element Weight % Atomic % 

Ti 

O 

57.97 

42.03 

72.64 

27.36 

 

 

 
 

   Figure 2: EDAX spectra of TiO2 nanoparticles 

 

3. Morphological studies  
The morphology of synthesized TiO2 nanoparticles is 

analyzed by using TEM. Diffraction pattern of TiO2 

nanoparticles and image is recorded at high 

resolution (440 K) by TEM are shown in Figure 3. 

 

 

 
 

Figure 3: TEM images of TiO2 nanoparticles 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 13, 2019 (Special Issue)  
© Research India Publications.  http://www.ripublication.com

Page 127 of 130



 

 

 

 

The TEM images reveal the formation of 

spherical and dispersed nanoparticles with a very 

little agglomeration and with almost uniformity in 

morphology. The average particle size of TiO2 

nanoparticles analyzed by TEM images by using 

Image J software are found in the range of 9 to 14 nm 

and is nearby to the particle size as calculated by X-

ray diffraction technique. 
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Figure 4: (a)Temperature profile of vertical 

cylindrical column for DI water and TiO2/DI water 

nanofluid. (b) The profile of the temperature 

difference of bottom layer  and top layer of the  DI 

water and TiO2/DI water  nanofluid.     

Heat transfer in Natural convection   

The experiment is carried out to investigate the heat 

transfer in natural convection in DI water and in 

TiO2/DI water nanofluid simultaneously and the 

results are compared. In this experiment two identical 

vertical cylindrical columns of length 2 m, diameter 

2.25 cm with thickness 2 mm, made up of steel are 

used. Both the cylindrical column are open at top and 

closed at bottom; are heated simultaneously and 

indirectly by using same heat source having a 

constant heat flux providing a temperature 80°C. 

Temperature of fluid at the bottom and the top layers 

of the fluid in both the cylindrical columns are noted 

simultaneously at a regular interval of time by using 

calibrated thermocouples. The temperature difference 

of bottom and top layers fluid is calculated in each 

cylindrical column. Figure 4(a) shows temperature 

profile of both the cylindrical columns with time and 

Figure 4(b) shows the profile of the temperature 

difference between the bottom and top layers of fluid 

in each cylindrical column. 

When fluid in vertical cylindrical column is 

heated, temperature gradient develops along the 

length of cylindrical column. Consequently a density 

gradient develops which originates buoyancy force 

acting on the fluid, results in warmer fluid at bottom 

is replaced continuously by colder fluid creating a 

natural convection current for heat transfer along the 

length of cylindrical column from bottom to top. This 

natural convection is resisted by viscosity of fluid 

which varies inversely with temperature. Natural 

convective heat transfer depends upon ratio of 

buoyancy force to viscous force acting on fluid and it 

is represented by a dimensionless number known as 

Grashof number. 

  It is clear from the Figure 4(a) that the 

trend of temperature profile curves is similar for both 

the vertical cylindrical columns with pure DI water 

and TiO2/DI water nanofluid. The trend of the curves 

is also similar for the bottom and top position 

temperature difference profile of both fluid columns 

(Figure 4(b)). 

The temperatures of bottom and top 

positions fluid have larger values in case of TiO2/DI 

water nanofluid as compared with the pure DI water 

and it is shown in Figure 4(a). The temperature 

difference between bottom and top position of 

TiO2/DI water nanofluid cylindrical column is less 

than that of pure DI water and it is shown in Figure 4 

(b). The results indicate that the heat transfer through 

natural convection is increased upon the addition of 

TiO2 nanoparticles in DI water. It may be due to 

increase in the thermal conductivity and the increase 

in convective heat transfer coefficient of fluid and 
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decrease in thermal resistance upon the addition of 

TiO2 nanoparticles [25, 26].  

The experimental investigation shows that 

the heat transfer through natural convection is 

improved in case of TiO2/DI water nanofluid. It may 

be used as heat transfer fluid to improve heat transfer 

behavior and the thermal performance of thermal 

energy system works on the principle of natural 

convection e.g. off place cooking by using solar 

concentrators/reflectors, heat transport by solar 

reflectors, solar collectors etc. [27, 28, 29, 30].  

 

Conclusion 

Well dispersed, homogeneous and stable 

TiO2/DI water nanofluid was prepared successfully 

by using as synthesized spherical shaped, pure 

anatase phase and tetragonal crystalline structure 

TiO2 nanoparticles with a narrow size distribution (6 

to 14 nm). The prepared TiO2/DI water nanofluid and 

pure DI water were successfully investigated for the 

heat transfer through natural convection in separate 

vertical cylindrical columns simultaneously under 

same heating environment by using constant indirect 

heat flux source. TiO2/DI water nanofluid has shown 

enhanced heat transfer rate in vertical cylindrical 

column as compared to DI water alone. Prepared 

TiO2/DI water nanofluid may be used in natural 

convective heat transfer based thermal energy 

systems in order to enhance system performance. 
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