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ABSTRACT 

Nanofluid consists of nano-sized metallic particles suspended in a liquid medium. The particle size is generally 

smaller than 100 nm. The key feature of nanofluid is its superior thermal conductivity. The nanofluid is used in 

shell and tube type heat exchanger which consists of number of tubes mounted in a cylindrical shell , in which 

two fluids exchange their heat. The aim is to increase the heat transfer rate of shell and tube type heat 

exchanger by replacing its base fluid i.e. water by nanofluid which is a suspension mixture of Al2O3 and water. 

The CFD analysis of 3D CAD model of heat exchanger is done using ANSYS 16.0 Fluent. The decrease in outlet 

temperature of hot fluid was increased by 7.72%, when water was replaced by aluminium oxide suspension in 

water.  The nanofluids are better alternative for heat exchangers because of its efficient heat transfer properties.  

Nanofluids applicatons are increasing in science and engineering fields as they enable rapid heat transfer 

which makes the heat transfer systems efficient. 
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I. INTRODUCTION 

Heat transfer is one of the most important processes in any industry. Heat is transferred to many systems to 

generate or extract energy and ensure efficient working of machines.  

The enhancement in the rate at which heat transfer takes place yields many advantages like reduction in energy 

consumption and idle or waiting time, increase in the life of equipment etc. In some of the processes, faster heat 

transfer also enhances the process qualitatively in terms of the build quality of product. Thus, there is an advent 

need of technology to enable more and more heat transfer. 
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1.1 Heat exchanger 

The device commonly used for heat transfer application is a heat exchanger. It is designed to efficiently transfer 

the heat from one matter to another. The fluid used to transfer heat, can be a liquid, such as water or oil, or 

moving air or some other gas.  

Heat exchangers are of different types based on their design, flow of interacting fluids and application. The one 

of the most common type of heat exchanger is a shell and tube type heat exchanger and we have used the same 

in the CFD analysis. It consists of a shell inwhich cold fluid is circulated. The shell contains small circular tubes 

in which the hot water flows and heat transfer takes place between the fluids. There is no direct contact between 

hot and cold fluid in a shell and tube type heat exchanger.  

 

Fig1Heat exchanger model 

1.2 Nanofluid 

A nanofluid is a suspension mixture of a base fluid and nano sized metallic particles. The metallic particles are 

very small in size and not larger than 100nm. The nano particles suspended in the fluid enhances the thermal 

properties of the base fluid to a great extent. As a result of this, the heat transfer rate is increased. Nanofluids 

can be of many types based on the metallic particles used. The common material which is used as nano particles 

are oxides of aluminium, copper, titanium and zinc or carbides and nitrides of some metals. 

1.3 Heat transfer enhancement 

Several methods are adopted to increase heat transfer like use of extended surfaces, application of vibration 

system to heat transfer surfaces etc. The heat transfer rate can also be increased by increasing the thermal 

conductivity of working fluid. This is done by adding small solid metallic particles to it. 
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Initially, the particles added were micro-sized. It increased the thermal conductivity of the working fluid but at 

the same time had many disadvantages. The major drawback was of sedimentation and increase of pressure drop 

in the fluid. Also the particles were responsible for the erosionof the heat exchange surface which reduced its 

life and performance. 

To overcome these shortcomings, the micro sized particles were replaced by nano sized particles and further 

enhancement in heat transfer properties of base fluid was noticed and there was reduction in the erosion caused 

by the particles and also the time before the sedimentation takes place was increased. 

1.4 Thermo-physical properties of nanofluids 

The different thermo-physical properties which were studied are thermal conductivity, density, specific heat and 

viscosity. 

The thermal conductivity measurement of nanofluids was the main focus in the early stages of nanofluid 

research. The important properties other than thermal conductivity that affect the heat transfer coefficients are 

density, heat capacity and viscosity of dispersions. Since the nanoparticle concentration in nanofluids usually is 

very low the practical effect on the density and heat capacity of the dispersions is not significant. However, due 

to the small particle size, the nanoparticle effect on the viscosity of the dispersions might be remarkable, 

especially for nanotube or other high or low aspect ratio nanoparticle dispersions. 

II. LITERATURE REVIEW 

The need to enhance the heat transfer rate has encouraged researchers to take up the study in the direction of use 

of nanofluids. Study has been conducted to analyze use of various types of nanofluids in the heat exchangers.  

Several experiments and studies have been conducted to study about the thermal properties of nanofluids. 

Adnan M. Hussein, R.A. Bakar, K. Kadirgama and K.V. Sharma performed an experiment for the same. 

Alumina (Al2O3), Titania (TiO2) and Silica (SiO2) were used for the study with water in 1 to 2.5% volume 

concentration. Viscosity and thermal conductivity were calculated for all the three nanofluids and results were 

analyzed. The results showed that alumina (Al2O3) has highest thermal conductivity followed by silica and 

titania.Also the viscosity for silica is the highest followed by alumina and titania. The study was also focused on 

the effect of temperature and volume concentration and it was concluded that an increase in them causes an 

increase  in thermal conductivity of nanofluids.[1] 

For the enhancement of heat exchange process in heat exchangers using nanofluids M. Hasanuzzaman, R.Saidur 

and N.A. Rahim performed study about the effect of using nanofluid as working fluid instead of water in heat 

exchanger.The heat is transferred in a heat exchanger using convection from working fluid and conduction from 
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walls of the heat exchanger thus the convective heat transfer coefficient plays an important role in heat exchange 

process. Thus, the convective heat transfer of different nanofluids having 2% nanoparticle concentrations were 

calculated and compared with water. The results were gathered and it suggested that the convective heat transfer 

coefficient of CuO-water was 81% higher than water.The convective heat transfer coefficient of Al2O3-water, 

TiO2-water and Al-water were 66%, 64% and 63% higher than pure water respectively. Also overall heat 

transfer coefficient of Cu-water was highest as 23% followed by Al2O3 with 21% compared to pure water. The 

overall heat transfer coefficient of Al-water and TiO2-water was 20% higher than that of pure water. The 

increase in convective heat transfer coefficient results in the increase of overall heat transfer coefficient and thus 

enhances the effectiveness of heat exchangers. The effectiveness can be further increased by increasing the 

volume concentration or volume fraction of the nanoparticles.[2] 

III. METHODOLOGY 

The above mentioned four properties were calculated analytically using formulas for different volume fractions 

and their variation was plotted on a graph to get a clear understanding of how they vary with volume fraction. 

3.1 Thermal conductivity 

The thermal conductivity is one of the most important properties of the working fluid in any heat exchanging 

device. A wide range of experiments were done to model the thermal conductivity of nanofluids and the existing 

results are generally based on the definition of the effective thermal conductivity of a two component mixture. 

The effective thermal conductivity is given by 

 

where Ke is the effective thermal conductivity of the nanofluid, Kb is the thermal conductivity of the base fluid, 

Kp is the thermal conductivity of the nano particle and  is the volume fraction of the suspended nano particles. 

A x-y graph is plotted to show the variation. On the x-axis the volume fraction is plotted and on the y-axis the 

effective thermal conductivity of the nanofluid in W/m-K is plotted.  
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Fig2 Variation of thermal conductivity 

3.2 Viscosity 

A number of models are being obtained by researchers to determine the effective viscosity of nanofluids as a 

fuinction of volume fraction. Einstein determined the effective viscosity of a suspension of spherical solids as a 

function of volume fraction. The expression is given as: 

 

where e is the effective viscosity of nanofluid, b is the viscosity of base fluid and  is the volume fraction of 

the suspended nano particles. 

A x-y graph is plotted to show the variation. On the x-axis the volume fraction is plotted and on the y-axis the 

effective viscosity of the nanofluid in kg/m-s is plotted.  

 

 

Fig3 Variation of viscosity 
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3.3 Specific heat and density 

The specific heat and density of nanofluid as a function of the volume fraction is derived using the classical 

formulas derived for a two phase mixture. The expression is given by  

 

 

where ( )e is the effective density, ( b is the density and specific heat of the base fluid, ( )p is the density 

and specific heat of the nano particles and is the volume fraction. 

The graph is plotted to show the variation in density and specific heat of the nano fluid. In the first graph, 

specific heat of the nanofluid in J/kg-K and in the second graph, the density of the nanofluid in kg/m
3  

is plotted 

on the y-axis and the volume fraction is plotted on the x-axis.  

 

Fig4Variation of specific heat 

 

Fig5 Variation of density 
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3.4 CFD analysis 

The CFD analysis of the CAD model of a shell and tube type heat exchanger was done using Ansys 16.0 Fluent. 

CFD is the use of applied mathematics, physics and computational software to visulaize how a fluid flows and 

and how its properties changes throughout the flow. 

A shell and tube type heat exchanger was used to simulate the heat exchange properties of fluid and nanofluid. 

The heat exchanger has 3 tubes which contains hot fluid and the cold fluid flows through the shell. 

The normal working fluid used is water and the nanofluid used is a mixture of water and aluminium oxide with 

4% volume fraction. 

All the boundary conditions were kept same for both fluid as well as nanofluid. The inlet temp is 75°Celsius for 

hot water and 25 ° Celsius for cold water as well as cold nanofluid. 

The decrease in temperature caused by the heat exchanger using both of them as working fluid was measured 

using Ansys 16.0 Fluent tool and the results were recorded. 

 

Fig6 CFD analysis with water as working fluid 

The output temperature of hot fluid when water was used as working fluid was 69.34° Celsius. 



 

718 | P a g e  

 

 

Fig7 CFD analysis with nanofluid as working fluid 

The output temperature of hot fluid when aluminium oxide nanofluid was used as working fluid was 63.55 ° 

Celsius. 

The temperature decrease percentage for water as working fluid was 7.54% whereas when nanofluid was used 

as working fluid the temperature decrease percentage was 15.26%. 

IV. RESULT 

The properties were calculated for aluminium oxide nanofluid with different volume fractions and it was found 

that with increase in the volume fraction the heat transfer properties of the fluid is increased. The thermal 

conductivity, density and viscosity is increases whereas the specific heat is decreases as we increase the volume 

fraction.  

Also, we saw in CFD analysis that outlet temperature was reduced when water was replaced by aluminium 

oxide suspension in water. The temperature decrease percentage was also increased from 7.54% to 15.26% in 

the shell and tue heat exchanger used. 

V. CONCLUSION AND FUTURE SCOPE 

Nano fluid is one of the most advanced technology and its usage is increasing rapidly in science and engineering 

fields   because of its g thermo-physical properties like viscosity, specific heat, thermal conductivity and 

stability which are better than its base fluid. They enhance heat transfer and thus now-a-days nanofluids are 

preferred over their base fluidsas they are more efficient and enables more rapid heat transfer which makes the 

heat transfer systems compact. 

In energy field, the nanofluids can be used for energy storage, as because the storage of thermal energy in the 

form of sensible and latent heat is an important aspect for energy management. It can also be used for more 



 

719 | P a g e  

 

effective solar energy absorption, as it is a good source of renewable energy with minimum adverse effect on 

environment. 

In mechanical field, nanofluids can be used to reduce friction, as they have friction reducing properties, good 

load carrying capacity and can handle extreme pressure. It can also be used as lubricant where the heat to be 

dissipated by lubricant is very high and rapid.  

Along with all these engineering applications nanofluids can also be used in biomedical field. Some special 

nano fluids are used in antibacterial activities and nano drug delivery properties are also being used widely in 

medical field. 

So, all these applications implicate that the nanofluids are very useful and are going to be used in each and every 

field in future with continuous enhancement and research and development. 
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