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                             ABSTRACT 

Nanofluids are the suspension of nanoparticles in the base fluid. Nanofluids having the 

anomalously high thermal conductivity makes them the promising fluids for enhancing the 

heat transfer. At present, there is still some significant incongruity in thermal conductivity 

data of the nanofluids in the literature. At the same time, mechanisms of thermal conductivity 

enhancement of the nanofluids are still not understood. The Experimental studies presented 

over here is in terms of  altering the properties of nanofluids such as: thermal conductivity, 

specific heat, density and viscosity of nanofluids with the change in concentration of 

nanofluids. The Enhancement mechanisms proposed for explaining nanofluid thermal 

conductivity are also summarized. Some discrepancies between the predicted data from the 

thermal conductivity data and the experimental data have been indicated. Recent experiments 

on nanofluids have shown that the heat transfer enhancement surpass the thermal conductivity 

enhancement of nanofluids. Therefore, the obtained agreement is the indication of validity of 

experimental results. We concluded that the heat transfer coefficient and the nusselt no. of the 

nanofluids are higher than those of base fluid and they increase with increasing the particle 

concentration as well as the Reynolds number. For volume concentration 0.01% the 

enhancement of heat transfer coefficient of copper oxide as compared to the base fluid ranges 

between 9% and 32%. For 0.02% it ranges from 21% to 37%and for 0.03% it ranges between 

14% and 31%. Whereas the enhancement in heat transfer coefficient of silver coated silica 

nanofluids as compared to base fluid for volume concentration 0.01% is from 26% to 46%, 

for 0.02% it is from 30% to 58% and for 0.03%, it is from 29% to 45% respectively. Also, the 

hike in heat transfer coefficient by using silver coated silica nanoparticles as compared to 

copper oxide nanoparticles comes out to be from 20% to 35%. 

                Moreover, the increase in thermal conductivity leads to an increase in the heat 

transfer performance whereas the viscosity increment of the fluid increases the boundary layer 

thickness, which decreases the heat transfer performance. So, at volume concentration ≤ 

1.0vol%, the effect of thermal conductivity enhancement may overcome the effect of the 

viscosity increment. 
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  Chapter 1 

   Introduction 

 

1.1 Need to Enhance the Heat Transfer 

Heat transfer plays an important role in many applications. For example, heat generated by the 

prime mover in the vehicles needs to be removed for proper functioning. Air conditioning systems 

also includes several heat transfer processes. Heat transfer is also a key process in thermal power 

stations. Increasing the efficiency is very desirable because by increasing efficiency not only the 

associated power consumption will be minimized but also the space occupied by the radiator will 

be minimized. There are different methods available for improving the heat transfer efficiency. 

Some methods make use of extended surfaces, vibration for transferring heat and some use micro 

channels. Another method of improving the heat transfer efficiency is by increasing the thermal 

conductivity of the working fluid.  The fluids which we use commonly for heat transfer fluids such 

as water, ethylene glycol, and engine oil have very low thermal conductivities, as compared to the 

thermal conductivity of solids. So, here we can use the high thermal conductivity of solids for 

increasing the thermal conductivity of a fluid by adding nano-sized solid particles to that fluid.  

1.2 Introduction to Radiator 

Basically radiators are heat exchangers which uses convection and radiation both the modes of 

heat transfer for cooling internal combustion engines, mainly the radiators are used 

in automobiles but they may also be used in piston-engine, aircraft, railway 

locomotives,  motorcycles etc. 

Engine coolant is being circulated through engine block for cooling the internal combustion 

engines. In engine block, the coolant gets heated up and then it loses its heat to the atmosphere in 

the radiator and returns back to the engine. Commonly, a water pump is employed to force the 

engine coolant to circulate. Some of the common applications of the car radiator are: 

(1) Cooling automatic transmission fluids 

(2) Cooling air conditioner refrigerant, intake air,  

(3) To cool motor oil or power steering fluid. 

https://en.wikipedia.org/wiki/Heat_exchanger
https://en.wikipedia.org/wiki/Internal_combustion_engine
https://en.wikipedia.org/wiki/Radiator_(engine_cooling)#Automobiles_and_motorcycles
https://en.wikipedia.org/wiki/Radiator_(engine_cooling)#Aircraft
https://en.wikipedia.org/wiki/Diesel_locomotive
https://en.wikipedia.org/wiki/Diesel_locomotive
https://en.wikipedia.org/wiki/Radiator_(engine_cooling)#Automobiles_and_motorcycles
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1.3. Nanofluids  

1.3.1. Introduction  

With the recent improvements in the field of nanotechnology, these nano-sized (nanometer sized) 

particles can be produced with an ease. So, consequently this idea of suspension of nanoparticles 

in the base fluid for improving thermal conductivity has been recently proposed. As a consequence, 

the idea of suspending these nanoparticles in a base liquid for improving thermal conductivity has 

been proposed recently. These suspensions of nanoparticles in base fluid are called a nanofluid. 

The small size of nanoparticles enables them to easily fluidize within the base fluid, so the 

problems like clogging and erosion within the channel have also been vanished. Nanofluids can 

be used in microchannels as well.For good stability of the nanoparticles i.e. sedimentation of the 

particles can be avoided by utilizing proper dispersants. 

1.3.2. Particle Material and Base Fluid  
 

Different particle materials are used for nanofluid preparation for e.g. Al2O3, CuO, TiO
2
, SiC, TiC, 

Ag, Au, Cu, and Fe nanoparticles. The need of carbon nanotubes is aroused where an exceptionally 

high thermal conductivity is needed in the longitudinal (axial) direction. The commonly used base 

fluids for preparing nanofluids are water, ethylene glycol and engine oil; these are the one which 

we use commonly as working fluid. For further improvement of the stability of the nanoparticles 

inside the base fluid, we need to add some additives i.e. surfactants apart from utilizing the proper 

dispersion methods. 

 

1.3.3. Particle Size 

Usually, the nanoparticles having diameter less than or below 100nm are used for the preparation 

of nanofluids. Moreover, particles having size less than 10nm have also been used by researchers. 

The non-spherical particles i.e. rod shaped particles, the diameter is less than 100nm but their 

length may be of some micrometer. Also, the particles may form clusters of the order of some 

micrometers due to the clustering phenomenon. 

 

 

https://www.google.co.in/search?biw=1600&bih=794&q=define+exceptionally&forcedict=exceptionally&sa=X&ved=0ahUKEwj06pCH0dXTAhVHMo8KHRnZDj0Q_SoIJzAA
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1.3.4. Particle Shape  

Mostly the spherical shaped particles are used for nanofluids. However, the use of rod-shaped, 

disk-shaped and tube-shaped nanoparticles have also been seen. Also, the nanoparticles clusters 

formed in the base fluid may have fractal- like shapes. 

1.3.5. Production Methods 

 1.3.5.1. Production of Nanoparticles  

Production of nanoparticles can be done either using physical synthesis or chemical synthesis. Yu 

et al. [2008] has given the common techniques for production of nanofluids as follows.  

Physical Synthesis: Inert-gas-condensation technique, Mechanical grinding 

Chemical Synthesis: Chemical vapor deposition, chemical Precipitation, micro-emulsions, spray 

pyrolysis, thermal Spraying.  

1.3.5.2. Production of Nanofluids  

Basically, there are two different methods for nanofluid production, i.e. one-step technique and the 

two-step technique. In two-step technique, first step is the production of nanoparticles and the 

second step is its dispersion. Two step method is more preferable when the mass production of 

nanofluids is required because at present, large quantities of nanoparticles can be produced by 

utilizing the inert gas condensation technique. The major drawback of using the two-step technique 

is formation of clusters during the preparation of the nanofluids which interferes with the 

dispersion of the nanoparticles in base fluid.  

In One-step technique, both the production and dispersion of nanofluids are done in a single step. 

However, this technique includes some variation. In the technique named direct evaporation one-

step method, the nanofluid is produced by the solidifying the nanoparticles, which are initially the 

gas phase, inside the base fluid. The dispersion attribute of nanofluids produced using one-step 

techniques are much better than those which are produced using two-step technique. The major 

drawback of one-step techniques is that it is not suitable for mass production, which limits their 

commercialization. 

 

https://www.google.co.in/search?q=define+preferable&forcedict=preferable&sa=X&ved=0ahUKEwiZ9JHT4tXTAhVELI8KHUoKCFoQ_SoINTAA
https://www.google.co.in/search?q=define+attribute&forcedict=attribute&sa=X&ved=0ahUKEwjbzb6dhtbTAhUHRY8KHS1CAUEQ_SoIKTAA
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1.4. Thermal Conductivity of Nanofluids  

Studies towards the thermal conductivity of nanofluids reveals that a good enhancement of thermal 

conductivity can be obtained using nanofluids. An increment of more than 20% can be obtained at 

a very small particle volume fraction of 5% or even smaller. These enhancement values have 

surpassed the theoretical model predictions. This indicates the presence of the additional thermal 

transport enhancement mechanism of nanofluids. 

   Many experimental and theoretical studies have been carried out in the literature concerning the 

thermal conductivity of nanofluids. In further chapters, a detailed investigation of these studies 

have been shown and experimental data is compared with that of theoretical models of nanofluid 

thermal conductivity.  

1.5. Heat Transfer Enhancement with Nanofluids  

Increasing the thermal conductivity of the working fluid enhances the efficiency of the concerned 

heat transfer process. While considering the force convection inside the tubes, it is expected that 

the heat transfer coefficient enhancement and the thermal conductivity enhancement must be equal 

while using a nanofluid as directed by the definition of the Nusselt number. However, research 

regarding the heat transfer coefficient shows that the enhancement of heat transfer coefficient 

exceeds the enhancement of thermal conductivity of nanofluids. Several models were developed 

by researchers for explaining this extra enhancement. 

1.6 Computational Fluid Dynamics 

Computational fluid dynamics (CFD) is a tool for solving mathematical equations and models 

which governs the fluid flow. In most cases, the fluid flow involves mass transfer, heat transfer, 

phase change and chemical reaction etc. CFD is involves many disciplines as shown in figure 1.1. 

To solve any problem using CFD one should be well verse with either numerical analysis or 

mathematical modelling, fluid mechanics and computer science. CFD firstly converts the 

governing integral or differential equation into algebraic equations and then solves them using 

high speed computers.  
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Figure 1.1: CFD an interdisciplinary branch 

      CFD applications involves, 

1. Power plants 

2. Environmental engineering 

3. Sports 

4. oceanography 

5. IC engines 

6. Weather predictions 

1.6.1 Methodology of CFD 

CFD involves the following process 

1. Pre- processing 

2. Solving 

3. Post- processing 

 

 

Numerical analysis

Fluid mechanicsComputer science

CFD 
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Figure 1.2 Steps involved in CFD represented in a flow chart 

1. Pre-processing: 

       The first step in CFD is pre-processing  

 First of all geometry is defined 

 Then the geometry is meshed i.e. it is divided into small elements 

 Then the inlet, outlet and wall conditions are defined  

 At last the boundary conditions are stated. 

 

 

Pre-processing 

Geometry 

Meshing 

ANSYS FLUENT 

Solving 

Post -processing 

Validation 

Data analysis 

Start 

No 

Yes 

End 



7 
 

2. Solving: 

In this step the governing equations of the fluid flow are solved by the following steps. 

 Firstly, the governing equations are converted into the algebraic equations. This is called 

discretization. 

 Then these algebraic equations are solved. 

 

3. Post-processing: 

Post-processing provides the results of the problem i.e. Plots, graphs, contours and 

numerical values. The CFD results are not much reliable as they involve many 

approximations. Hence, the validation of CFD results is must with that of standard data or 

any experimental results obtained.  
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   Chapter 2 

    Literature Review

 
Das et al. [2003] had investigated the two nanofluids i.e. Al2O3 and CuO in water as a base fluid. 

Thermal conductivity was measured using Temperature Oscillation technique. The alumina 

particles used were of the order of 38.4nm and CuO particles used were of the order of 28.6nm. 

Smaller size nanoparticles of Cuo shows a good enhancement of thermal conductivity. Thermal 

conductivity also increases with the increase in temperature and concentration. 

Xuan et al. [2003] had investigated Cu nanoparticles having different concentration. The effect of 

changing concentration and different mass flow rates have been seen on heat transfer coefficient. 

It has been found that the heat transfer coefficient increases with an increase in particle volume 

fraction and mass flow rate. The Reynolds number was varied between 10,000 and 25,000. At 

higher concentration, the viscosity and heat transfer coefficient both increases. Also, at the same 

mass flow rate, the heat transfer coefficient of nanofluids was greater than that of base fluid. As 

the viscosity was increased, the energy transfer rate has also increased due to the fact that increased 

viscosity has decreased the turbulence. So, the random motion in the suspension has increased the 

energy transfer rate. 

Jang et al. [2004] had investigated the mechanism behind the thermal conductivity of the 

nanofluids and found that Brownian motion plays a vital role in the enhancement of thermal 

conductivity of nanofluids. They have seen that it’s not only the temperature and concentration of 

nanoparticles which effects the thermal conductivity but also the size of nanoparticles. Heat 

transfer in nanofluids takes place by four modes. (1) Collision between base fluid and nanoparticles 

molecules. (2) Collision due to the Brownian motion. (3) Thermal diffusion between the 

nanoparticles (4) Collision of base fluid molecules i.e. the conductivity of the base fluid. Brownian 

motion of the nanoparticles increases with the temperature, as the viscosity decreases with an 

increase in temperature. As the particle size of the nanoparticles decreases the random motion 

between the particles becomes immense and hence the convection effect become more dominant 

which in turn increases the thermal conductivity. 
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Murshed et al. [2005] had investigated two different nanoparticles having different shapes i.e. 

one was cylindrical having diameter 10nm and length 40nm and the other was spherical having 

diameter 15nm. The base fluid used was water. Transient hot wire method was used for the 

measurement of thermal conductivity and CTAB i.e. cetyl trimethyl ammonium bromide with very 

low concentration (0.01%-0.02%) was used. The thermal conductivity was enhanced by 30- 33% 

at a very small volume fraction of 5%. The surfactant used helped in proper dispersion of 

nanoparticles by hydrophobic surface force and strong electrostatic repulsive force.  Smaller 

nanoparticles shows an enhancement in thermal conductivity. Also, the thermal conductivity 

increases with the particle size and concentration. The thermal conductivity of the cylindrical 

particles was found to be more than that of spherical particles. 

W Evans et al. [2006] had investigated the Brownian motion and concluded that it has only a very 

small contribution in enhancement of thermal conductivity i.e. less than 1%. As in Brownian 

motion, they have assumed that the entire fluid and the nanoparticles have the same velocity and 

the suspension of the nanoparticles is uniform in the base fluid i.e. both the nanoparticles and the 

fluid are diffused together. Contribution in conductivity enhancement in the Brownian motion is 

given by, 

𝐾𝐵 =  𝐷𝐵𝐶𝑃, Where 𝐶𝑃 is the heat capacity per unit volume, and 𝐷𝐵 is the thermal diffusivity of 

the nanoparticles and 𝐾𝐵 is the contribution of conductivity by Brownian motion. 

𝐾𝐹  = 𝐷𝐹𝐶𝑃Where 𝐾𝐹 is the conductivity,  𝐷𝐹 is the diffusivity and 𝐶𝑃 is the heat capacity of the 

fluid. 

The very small value of this ratio i.e.   
𝐾𝐵

𝐾𝐹
  Shows that the contribution of Brownian motion is 

negligible at low concentration. 

Hong et al. [2006] had investigated the physics behind the clustering of nanoparticles. They used 

Fe nanoparticles for this purpose and observed that increasing the sonication time increases the 

thermal conductivity of nanofluids eventually. They also concluded that using the nanoparticles at 

higher concentration may lead to agglomerate formation more easily because the distance between 

the nanoparticles gets reduced. 
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Michel P. Beck et al. [2009] had investigated the alumina particles in water and ethylene glycol 

as base fluid. The results show that the nanoparticles having size smaller than 50 nm decreases 

the thermal conductivity. The correlations which shows the dependency of the particle size on 

the thermal conductivity is given as: 

∈ =  
𝐾−𝐾1

𝐾1
 = ∈𝑚𝑎𝑥(1- 𝑒−0.025𝑑)                                                                                                  (2.1) 

∈𝑚𝑎𝑥= 4.4134∅                                                                                                                         (2.2) 

∈𝑚𝑎𝑥= 5.527∅                                                                                                                           (2.3) 

Where 𝐾1 is the thermal conductivity of the base fluid, 𝐾 is the thermal conductivity of the 

nanofluids, ∈𝑚𝑎𝑥 is limiting value of the thermal conductivity. The equations (2.1) and (2.2) are 

valid only for the nanoparticles having ethylene glycol and water as a base fluid. 

Madhursee Kole et al. [2010] had used smaller size nanoparticles i.e. less than 50 nm of Al2O3 

Here the surfactant used was oleic acid and the nanofluids were kept for 80days to stabilize. The 

temperature of nanofluids was set between 10°C and 50°C. The increment in temperature has led 

to decrease in viscosity whereas the increment in concentration of nanoparticles has led to the 

increase in viscosity. A non-newtonian behavior of alumina has been observed at low 

concentrations for nanoparticles but Newtonian behavior has been observed for the base fluid that 

is pure engine coolant. The viscosity of nanofluids can be expressed as 

𝑙𝑜𝑔(µ𝑛𝑓) = Aexp (BT)                                                                                                                                              (2.4) 

 

Leong et al. [2010] has investigated the car radiator using ethylene glycol and water as a coolant. 

Two different Reynolds number i.e. 6000 and 5000 have been used for air and coolant respectively. 

3.8% enhancement was observed at a concentration of 2% of copper nanoparticles. While, only 

0.9% enhancement was observed when using ethylene glycol as a coolant at Reynolds number of 

4000 and 6000 for air and ethylene glycol respectively. Pumping power was also increased by 

12.13% and area was reduced by 18.7%. 

Tk Dey et al. (2010) had investigate a car engine using the coolant and Al2O3 nanoparticles having 

size less than 50nm nominal diameter. The surfactant used was oleic acid and the suspension was 

kept for more than 80 days at different temperatures ranging between 10°C and 
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80°C. An enhancement of 10.41% was obtained at room temperature. He also found that viscosity 

and thermal conductivity both were the function of concentration i.e. both the thermal conductivity 

and the viscosity increase as the concentration increases. The viscosity depends on the 

concentration based on the empirical correlation i.e. Log (𝜇𝑛𝑓) = A𝑒−𝐵𝑇. 11.25% was the 

maximum enhancement obtained at a concentration of 0.035 at 80°C.  

A Vaisi et al. [2011] had investigated louveredfin compact heat exchanger. The dependency of 

geometric parameters on heat transfer and pressure drop has been seen. Results show that the 

pressure drop decreased by 18% and the heat transfer coefficient was enhanced by 9.3% at 

symmetrical arrangement. The weight of the fin has been reduced to 17.6% as louvers were more 

in number per row for symmetrical pattern. Pressure drop increases with an increase in air velocity 

for symmetrical pattern. Decreasing the number of fins has decreased the heat transfer area hence 

the cooling rate of fluid increases in case of symmetrical arrangement. 

Peyghambarzadeh et al. [2011] had used smaller size nanoparticles i.e. of the order of 20nm in a 

mixture of ethylene glycol and water to investigate the performance of louvered fin radiator. The 

experiments were performed at five different concentrations i.e. 0.1, 0.3, 0.5, 0.7.1% vol of water 

and ethylene glycol and compared with that of pure ethylene glycol and water separately. The 

temperature ranges used were different for water (350- 500°C) and ethylene glycol (350- 600°C). 

Mass flow rate was varied from 2-6 L per min. Both the nanofluids show an increment of 40% in 

heat transfer coefficient. Results also show the slight dependence of temperature on heat transfer 

coefficient. 

Peyghambarzadeh et al. [2011] had investigated an automobile radiator with Al2O3 nanofluids 

having a mean size of 20nm. Temperature was kept in a range of 37°C- 49°C. Whereas, the flow 

was set to be between 2- 5 L/min at five different concentrations of 0.1, 0.3, 0.5, 0.7, 1.0% vol. 

Results show that the temperature of coolant decreases with an increase in nanoparticle 

concentration. The mass flow rate of coolant increases with an increase in outlet temperature at 

same concentration. 45% enhancement was obtained at 1% vol. This is due to an increase in 

Nusselt number with Reynolds number. 
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Pramod et al. [2011] had investigated six different nanofluids having different shape and size. 

The thermal conductivity of the Nanofluid increases as the particle size increases. A theoretical 

model was given which shows the dependency of thermal conductivity on the particle size. 

𝐾𝑒𝑓𝑓(𝐿, 𝑇, ∅) / 𝐾1(𝑇) = [𝐾𝑃 (𝐿, 𝑇) / 𝐾1(T)]∅                                                                            (2.5) 

Where, 𝐾𝑒𝑓𝑓(𝐿, 𝑇, ∅)is the effective thermal conductivity of nanofluids as the function of 

temperature, particle size and concentration (L, T, ∅) respectively. 𝐾1(𝑇) is the thermal 

conductivity of base fluid as a function of temperature. 𝐾𝑃 (𝐿, 𝑇) is the thermal conductivity of 

particle as a function of temperature and particle size. 

Murshed et al. [2012] had investigated two different nanofluids i.e. Ti𝑂2 and Ah𝑂3 using water 

as a base fluid. They had seen the effect of surfactant and agglomeration of nanoparticles in the 

base fluid on the thermal conductivity enhancement. Clusters are mostly formed when two-step 

process is used for formation of nanofluids. TEM (transmission electron microscope) was used for 

studying the cluster formation. It was observed that cluster formation or agglomeration increases 

with an increase in concentration, which in turn decreases the thermal conductivity of the 

nanofluids. Cluster formation depends on the shape, size, and viscosity of base fluid and 

concentration of the nanoparticles. After the cluster formation the free region between the 

nanoparticles increases which provides high thermal resistance, hence the thermal conductivity 

enhancement decreases. Two remedies were found to resist this cluster formation i.e. sonication 

and surfactants. Sonication break down the clusters and the stability of nanoparticles in the base 

fluid increases. So, the thermal conductivity of the nanofluids increases. Surfactants also increases 

the stability, the famous surfactant i.e. Cetyl trimethyl ammonium bromide (CTAB) is used in 

smaller concentration for stabilization and improving the dispersion in nanoparticles. The 

surfactant actually adsorbs on the surface of nanoparticles and increases the hydrophobic surface 

forces and electrostatic repulsive forces. 

Reza Azizian et al. [2012] had investigated the mechanism behind the enhancement in thermal 

conductivity of nanofluids. He took 70nm Al2O3  nanofluids with water as a base fluid at a 

concentration of 13% by volume. He also took Ti𝑜2 nanoparticles in water at a concentration of 

5% by volume. It was found that the ballistic heat transport was the mechanism inside the small 

size particles for heat transport. It occurred due to two reasons i.e. the temperature gradient and 

the mean free path. Where mean free path according to Debye theory is  
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I = 
10 𝑎𝑇𝑚

𝛾 𝑇
 

Where ‘I’ is the mean free path, ‘a’ is the lattice constant,′𝑇𝑚’ is the melting temperature, ‘𝛾′bis 

gruneisen parameter and T is the temperature. 

Arani et al. [2012] had investigated Ti𝑜2 nanoparticles having size 30nm in deionized water. The 

Reynolds number was varied between 8,000 and 51,000. An increase in Reynolds number leads to 

an increase in Nusselt number but at the same time the power consumption also increases which 

in turn compensates the pressure drop. They found that for a given Reynolds number the nusslet 

number increases with an increase in particle volume concentration of the nanofluids. High 

concentration of nanofluids were used to examine the thermal performance therefore the nusselt 

number was also high. 

Abdulhassn et al. [2012] had investigated three different nanoparticles of different sizes to see 

the effect on pressure drop and convective heat transfer coefficient. Those three nanoparticles were 

AI (25nm), Ab𝑂3 (30nm) and Cuo (50nm). They have compared two different metal oxide 

nanoparticles and one metallic nanoparticle. The experimental conditions were set to be laminar 

in a circular tube. The experiments were performed for two different cases i.e.  

a.) Test section with insulation 

b.) Test section without insulation 

An enhancement in nusselt number for the first case i.e. the test section with insulation for all the 

three nanoparticles was found to be 45%, 32% and 25% but at the same time the enhancement in 

nussselt number for the second case i.e. test section without insulation was found to be 36%, 23% 

and 19% for AI, Ab𝑂3 and Cuo respectively. So, it was concluded that metallic nanoparticles show 

more rise than that of the oxide nanoparticles at the same particle concentration. Also, the smaller 

sized nanoparticles have shown greater rise in thermal conductivity as the random motion becomes 

more dominant in these particles and the convection comes into the play. 

Naraki et al. [2013] had investigated car radiator under laminar flow i.e. having Reynolds number 

in the range of 100 to 1000. Results show an enhancement of 8% at a low volume concentration 

of 0.4% as compared to distilled water. The reason for this massive enhancement at such a small 
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concentration is the Brownian motion and thermal conductivity. Increment of flow rate has led to 

the heat transfer coefficient enhancement, but as the inlet temperature elevates the heat transfer 

coefficient falls. The reasons for this fall are a.) Due to the increase in temperature the viscosity of 

nanofluids decreases more than its density which results in higher Reynolds number. b.) As the 

viscosity of nanofluids is low so the particle alignment becomes more rapid which leads to the less 

contact between nanoparticles. C.) Thermal conductivity decreases as the particles diminish near 

to the wall surface. 

Adnan M.  Hussein et al. [2013] had investigated the tube cross sectional effect on the heat 

transfer of car radiator for improving the cooling performance of the car radiator. The CFD model 

was prepared with fluent software using finite volume technique. The investigation was done with 

three different shapes and for different concentration of ti𝑜2 nanoparticles i.e. 1%, 1.5%, 2%, and 

2.5%. Different cross sections were also considered i.e. elliptical, circular and flat type having 

length of 500mm and hydraulic diameter of 3mm. The friction factor for circular tube was found 

to be higher than those of flat and elliptical tube. Decrement of friction factor with an increase in 

Reynolds number has also been observed. Hence, the flat tube has the highest heat transfer 

coefficient followed by the elliptical and then the circular cross section. This is because the flat 

tube has the highest cross sectional area followed by the elliptical and then the circular tubes. 

Jahar sarkar et al. [2013] had used ethylene glycol/water mixture in the ratio of 20% (ethylene 

glycol) and 80% (water). He tried to improve of the cooling capacity, effectiveness and reduction 

in pumping power using four types of nanoparticles i.e. SiC, Cu, 𝐴𝑙2𝑜3and ti𝑜2in coolant as base 

fluid. Results show that the cooling capacity has given the maximum enhancement for Sic followed 

by𝐴𝑙2𝑜3, ti𝑜2and then Cu respectively. Maximum enhancement obtained was 15.34% for Sic, for 

Al2o3it was 14.33%, for ti𝑜2it was 14.03 and 10.20% for Cu. Increasing the mass flow rate also, 

increases the cooling capacity. This is due to the decrease in effectiveness and increase in heat 

transfer coefficient. It was found that Cu based nanofluid has least effectiveness and cooling 

capacity as compared to others. Also, increase in mass flow rate increases the effectiveness and 

cooling capacity. Pumping power required for Cu was also less than others while increasing the 

inlet temperature of nanofluids. A small increment in effectiveness but a good increment in heat 

transfer coefficient has been seen. Second law efficiency and effectiveness was increased for each 

nanofluid. 
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Tun- ping teng et al. [2013] had investigated a performance of bike radiator using carbon 

nanotube at three different concentrations i.e. 0.1, 0.2, 0.4 wt% and used ethylene glycol and 

cationic dispersant equally. All thermo physical properties were studied at four different 

temperatures i.e. 95°C, 90°C, 85 °C and 80°C and at three mass flow rates i.e. 8.5, 6.5, 4.5 L/min. 

Also, investigated the relation between the heat exchanger capacity and pumping power using 

efficiency factor and efficiency. 12.8% of enhancement was obtained in heat transfer, 4.9% in 

pumping power and 14.1% in efficiency factor respectively. 

Peyghambarzadeh et al. [2013] investigated the car radiator using two nanofluids i.e. 𝐹𝑒2𝑂3 and 

CuO at single mass flow rate of 10 L/min but different concentrations. The obtained data was 

compared with that of De- ionized water and the theoretical relations of heat transfer. Results show 

that increasing Reynolds number of air also increases the heat transfer coefficient. But keeping the 

Reynolds number and concentration same and increasing the temperature decreases the heat 

transfer coefficient. 

Navid Bozorgan et al. [2013] had investigated the automotive diesel radiator using 

𝐴𝑙2𝑜3nanofluids in water with a mean size of 20nm. The experiments were performed under 

turbulent conditions. Results show that the increasing the speed of vehicle decreases the pumping 

power at same concentration but at varying concentrations the pumping power increases with 

increasing concentration at constant speed. As the concentration increases the density and viscosity 

of nanofluids also increases which increases the pressure drop, which further increases the friction 

factor. 

LotfizadehDehkordi et al. [2013] had done experiments using ethylene glycol and water in the 

ratio 60:40 as a base fluid and 𝐴𝑙2𝑜3 as nanoparticles. The effects of concentration of surfactant 

SDBS on thermal conductivity and viscosity has been seen. The concentration < 1 wt% of the 

surfactant SDBS gives a good enhancement in thermal conductivity and good dispersion too. But 

as the concentration of the surfactant goes above > 1 wt% the thermal conductivity is decreased 

and the nanoparticles starts settling due to the enhanced viscosity of the nanofluids. Also, the 

higher concentration of surfactant leads to inter molecular forces and produces foam, which in turn 

decreases the thermal conductivity of nanofluid. The thermal conductivity of nanofluids increases 

with an increase in temperature and concentration. 
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Hwa-Ming Nieh et al. [2014] had investigated an air cooled radiator using two different 

nanofluids i.e. Al2O3and ti𝑂2. Other properties like viscosity, thermal conductivity and specific 

heat were also measured at different volume fraction. Results show the relation between the heat 

dissipation capacity and pumping power using efficiency factor. Both the heat dissipation and the 

efficiency factor are higher for nanocoolant as compared to ethylene glycol/water mixture. 

Enhancement obtained in Ti𝑜2 was greater than those of Al2O3. Enhancement of 25.6%, 6.1%and 

27.2% were obtained for heat dissipation rate, pressure drop and efficiency factor respectively. 

Durgeshkumar chavan et al. [2014] Comparison of Al2O3nanofluids and pure water have been 

done to analyze the enhanced heat transfer performance of radiator using nanofluids. Range for 

mass flow rate was set from 3L/min to 8L/min and the flow was turbulent. Nanoparticles were 

used with concentrations between (0-1) volume percent. Results showed that the heat transfer 

performance increases with flow rate. 40-45% of enhancement is obtained in heat transfer 

performance as compared to pure water at 1% volume concentration. Also, as the particle size was 

reduced the Brownian motion effect comes into picture and the heat transfer rate of nanofluid has 

increased because of this random motion. 

Vermahmoudi Y et al. [2014] had investigated the laminar flow condition 

using 𝐹𝑒2𝑂3/waternanofluids.The mass flow rate was kept between 0.2 to 0.5 𝑚3/ hr at three 

different temperatures i.e. 50°C, 60°C and 80°C and also at three different particle volume 

fractions i.e. 0.15%, 0.40% and 0.65% by volume. The Reynolds number was varied from 200 to 

1000. With the increase in Reynolds number, the heat transfer coefficient is also increased but 

when the Reynolds number is kept constant, then by increasing the volume concentration of 

nanoparticles, the heat transfer coefficient increased. Air side Reynolds number was kept from 400 

to 700. As the movement of air started, increasing the heat transfer coefficient has also started 

increasing due to the increment in the energy transfer from nanofluid to air. 13% enhancement is 

obtained here using only 0.65% concentration of nanoparticles as compared to the distilled water. 

Adnan M. Hussein et al. [2014] had investigated the Si𝑂2/water nanofluid to see the effect on 

heat transfer enhancement and friction factor, experimentally and numerically. Mass flow rate was 

kept somewhat high i.e. from 21/min to 81/min and the concentrations were in the range from 1 to 

2.5 vol%. Reynolds number was kept between 500 and 1750. With the increase in mass flow rate 
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the friction factor decreases whereas the nusselt number increases. But both the heat transfer 

coefficient and friction factor increases with the increase in particle volume concentration.  At 

volume concentration of 2.5% an enhancement of 22% and 40% has been observed in friction 

factor and nusselt number respectively. 

Sandesh S. Chougle et al. [2014] had investigated the performance of car radiator using two 

nananofluids i.e. carbon nanotubes (CNT) and 𝐴𝑙2𝑜3nanoparticles with water as a base fluid. 

Concentration ranges between 0.15 and 1 vol%, whereas a high mass flow rate of 21/min to51/min 

has been used. The experimental set up was of forced convection heat transfer and the enhancement 

of 90.76% and 52.03% was obtained for CNT and Al2O3 respectively. Also, as the mass flow rate 

increases the heat transfer performance increases respectively. The reason for enormous 

enhancement of CNT nanofluids as compared to the other one is its high thermal conductivity, low 

thermal resistance and high aspect ratio. With an increase in particle volume fraction, the thermal 

conductivity increases and hence, the cooling performance increases. 
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   Chapter 3 

  Research Gaps and Objectives 

 

3.1 Research Gaps 

1.) More research is needed in the area of metal and oxide nanoparticles i.e. we can think to 

synthesize some material using metal and oxide particles in the form of nanofluids. So, as to get 

the more enhancement in thermal conductivity and heat transfer coefficient both. 

2.) The major problem experienced in nanofluids is the stability of the suspensions. As strong 

Vander walls forces of attraction causes the formation of clusters within the base fluid. Many 

experiments were performed to overcome this problem by using additives and varying PH but it 

decreased the thermal conductivity due to the thermal resistance offered between the agglomerates. 

So, to improve the stability of nano-fluids in order to measure the thermo-physical properties for 

future applications some nanoparticles material must be chosen which may have the conducting 

as well as the insulated properties.  

3.2 Objectives 

1. To develop the experimental set up of car radiator. 

2. To experimentally investigate and compare  the performance of a radiator using two 

different nanofluids at different mass flow rates i.e. 3, 3.5, 5 lpm, different inlet 

temperatures i.e. 35℃, 40℃, 45℃ and different volume concentration i.e. 0.02, 0.05, 0.07  

for both the nanofluids. 

3. To evaluate the hike in heat transfer coefficient by using coated nanoparticles as compared 

to copper oxide nanoparticles. 

4. To numerically investigate and compare the experimental using ANSYS Fluent. 
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   Chapter 4 

    Preparation of Nanofluids 

 
Nanofluids are basically the dispersion of small solid particles i.e. of the nano-size order in some 

base fluid like ethylene glycol, water, bio- fluids, glycols etc. Generally, we use either one step or 

two step method for the preparation of nanofluids. In one step method, we make and disperse 

nanoparticles simultaneously, whereas in two step method, we first prepare and then disperse the 

nanoparticles in the base fluid. We generally use two step method for the preparation of the 

nanofluids. 

 Synthesis of silver coated silica nanoparticles was done by my colloquies using reduction 

method and the copper oxide nanoparticles were bought. Before preparing the nanoparticles, the 

concentration was calculated by weight. After preparation, the nanoparticles were dispersed in the 

base fluid.The particle volume fraction of the nanoparticles to be added used calculated using the 

formula: 

𝑓𝑣 =  
𝑉𝑛𝑝

𝑉𝑏𝑓+𝑉𝑛𝑝
                               (4.1) 

. 

Figure 4.1: Chemical balance apparatus. 

 The chemical balance apparatus as shown in fig. 4.1 was used to calculate the weight of 

nanoparticles. 
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After dispersion of nanoparticles, we need to treat the nanofluid in two equipments for the proper 

dispersion and stability of the nanoparticles in the base fluid. These equipments are  

1. Magnetic Stirrer. 

2. Ultrasonic vibrator. 

4.1 Magnetic Stirrer 

For the proper dispersion of nanoparticles in the fluid magnetic stirrer is used. The magnetic stirrer 

bead is placed in the nanofluids. After that, the flask having nanofluids is placed on the disk of the 

magnetic stirrer and stirrer is turned on. The speed of mixing can be controlled by using a dimmer 

provided on the apparatus. The magnetic base of the stirrer and the magnetic stirrer bead have 

different poles. So, when the stirrer is turned on the magnetic stirrer, bead starts rotating and the 

nanoparticles start dispersing properly inside the flask. The figure 4.2 below shows the magnetic 

stirrer and nanofluids present on it. 

                              

                                                 Figure 4.2: Magnetic stirrer. 
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 After stirring, still there is a chance that nanoparticles will form agglomerate in the base fluid. 

So, to make sure that no agglomeration is formed, surfactants are used in nanofluids. Madhursee 

kole et al. (2010) suggested that for aluminium oxide oleic acid is best suited surfactant 

Duangthongsuk and Wongwises (2009) also investigated that the surfactant does not effects the 

thermo-physical properties of nanofluid when used at low concentration i.e. 0.01%. Hence, a low 

concentration of CTAB surfactant was used during the stirring. Magnetic stirrer was operated for 

30 minutes for every concentration. 

4.2 Ultrasonic Vibrator 

 After magnetic stirring, there is still a chance of cluster formation or occurrence of sedimentation. 

So, to avoid this the nanofluid are treated with sonication using ultrasonic vibrator. Ultrasonic 

vibrators are of many types but we have used bath type sonicator here as shown in Figure 4.3 and 

4.4. 

 

                                             Figure 4.3: Ultrasonic Vibrator 

The ultrasonic vibration was continued for 90 minutes for each concentration at room 

temperature. Basically, the ultrasonic vibrate breaks the clusters formed in the nanofluids using 

sound energy. The speed of the vibration can be set according to the need. Nanofluid preparation 
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in the ultrasonic vibrator is shown in the figure 4.4. and figure 4.5 shows the prepared 

nanofluids. 

 

    Figure 4.4 Ultrasonic Vibrator 
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Figure 4.5: Nanofluid prepared 
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   Chapter 5 

   Measurement of thermophysical properties and Calibration 

 

5.1 Thermo physical properties measurement 

Different experiments have been conducted for measuring the thermo physical properties of the 

nanofluids i.e. thermal conductivity, viscosity, density and heat transfer coefficient using 

instruments like KD2 PRO for measuring thermal conductivity, Brookfield DV-3 for measuring 

viscosity and specific density gravity bottle for measuring density. Temperature measurement 

was done using data logger. Temperatures were measured at inlet, outlet and at the surface of the 

radiator. 

5.1.1 Thermal conductivity measurement 

The thermal conductivity of both the nanofluids are measured using KD2 Pro (Decan Devices, 

USA). The instrument has different sensors meant for different purposes. Here, KS-1 sensor needle 

was used for measuring the thermal conductivity. The sensor needle is made up of stainless steel 

having diameter of 1.3mm and length of 60mm. For having the accurate results the needle should 

be in same place i.e. it shouldn’t be disturbed. The instrument was calibrated using the glycerin 

liquid available with the instrument set only and values were matched with the manual present 

inside the instrument set. The correctness in measurement was in the acceptable range of 0.3-3 

w/mk which matches with that of ASTM56 and 1EEE57 standards. The thermal conductivity of 

water has also been measured and was checked against the standard data. 

While performing the experiments, the needle was kept vertically in a tube using a holder. The gap 

between the two readings of the thermal conductivity should be at least 15 minutes. As the needle 

works by heating the liquid, so there is some time needed for cooling down.  There is also an 

automatic mode present in the instrument which automatically measures the values and keep 

recording after a minimum time interval. Also, there comes an error value with every thermal 

conductivity value. The error value should be less than permissible value i.e. 0.0100 for every 

reading. 
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                        Fig 5.1 shows KD2 Pro thermal properties analyser 

5.1.2 Viscosity measurement 

 The viscosity measurement was done using Brookfield DV-3 Rheometer. The instrument was 

calibrated using de-ionized water and the error between the readings was 1-2% which is 

acceptable. The instrument was connected to computer where all the values of viscosity were 

stored. The viscosity of the samples were measured at different concentrations and different 

temperatures i.e. at 35℃, 40℃   and 45℃. The device needs to be connected to the bath tub to vary 

the temperature of the fluid. The device needs to be cleaned after every sample reading.  
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                                               Fig 5.2 Brookfield DV-3 Rheometer 

5.1.3 Specific gravity Bottle 

The density is measured using specific gravity bottle. It consists of a bottle in which the liquid of 

unknown density is poured. Then, the bottle is weighed with and without the liquid. The difference 

between these two weights are then divided by the weight of an equal volume of water and the 

specific gravity of the liquid is obtained. Note that as water has the density of 1 g/𝑐𝑚3, the specific 

gravity is the same as that of the density of the material in g/𝑐𝑚3. 



27 
 

    

                                                 Fig 5.3 specific gravity bottle 

5.1.4 TEM (Transmission Electron Microscope) 

Transmission electron microscope is used for obtaining the smaller column of atoms and other 

objects in the light of microscope. TEM basically is used for getting high resolution images of the 

dispersion. It works on the principle that when the beam of light falls on sample and after getting 

transmitted, a magnified image is formed on detecting device. Tem images were taken from 

NIPER, Mohali. The image 5.4 shows the Transmission electron microscope and the figures 5.5 
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and 5.6 shows the Tem images of dispersion of silver coated silica nanoparticles and copper oxide 

nanoparticles. 

 

                                    Fig 5.4 Transmission electron microscope 
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       Fig 5.5 TEM image for silver coated silica nano-particles dispersed in base fluid 

 

          Fig 5.6 TEM image for Copper oxide nano-particles dispersed in base fluid 
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5.1.5 EDS (Energy Dispersive Spectroscopy) 

This is a technique used for the detection of elements and the chemical composition. EDS is done 

for silver coated silica nanofluids. EDS also recognizes the contamination in the sample and its 

concentration on the surface. EDS was done at JEOL JSM-6510LB (SAI Lab, Thapar University, 

Patiala). 

 

                             Fig 5.7 EDS image of silver coated silica nano-particles 

5.2 Calibration 

The calibration of thermocouples and rotameter have been done from NIIRT (National institute 

for industrial research and technology) 
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 5.2.1 Calibration of Rotameter 

The Rotameter is calibrated using a stop watch and a measuring beaker by NIIRT. Firstly, the 

calibration is done with water then with coolant and nanofluids. The time taken to fill the 1000ml 

fluid in the beaker is recorded and units are converted to ml/min. 

S.no. IUC Reading STD Value(LPM) Correction to IUC (LPM) Uncertainty 

1 3.0 lpm 2.92 lpm -0.08 ± 0.1 lpm 

2 3.5 lpm 3.40 lpm -0.10 

3 5.0 lpm 4.90 lpm -0.10 

Table 5.1 calibration of Rotameter  
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                                                       Fig 5.8 Calibration of Rotameter          

5.2.2 Calibration of resistance temperature detection sensors (Rtd) 

The calibration of Rtd sensors were calibrated using water bath. The sensors are dipped into water 

bath and are connected to data logger, the temperature of bath is varied and Rtds readings are 

compared with that of thermometer. The uncertainty is ±0.71. 
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S.no. 

 

STD 

Tempe

rature 

(°C) 

 

                      IUC Temperature (°C)  

Uncertainity(°
C) 

CH0 CH

1 

CH2 CH3 CH4 CH5 CH6 CH7 CH8 CH9 

1 

 

25.50 26.2 26.2 26.2 25.9 25.9 26.0 25.9 26.0 26.0 26.2  

 

 

 

          ±0.71 

2 

 

 

40.51 41.1 41.1 41.1 40.8 40.8 40.8 40.7 40.7 40.8 40.8 

 

3 

 

 

60.62 60.9 60.8 61.2 60.8 60.8 60.8 60.7 60.5 60.9 60.7 

 

                                         Table 5.2 calibration of Rtds 
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                                                         Fig 5.9 Calibration of Rtd sensors 
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  Chapter 6 

   Experimental Setup and CFD Methodology 

 

6.1 Experimental Setup 

A radiator is used for conducting experiments as shown in Figure 6.1. Whereas, Figure 6.2 shows 

the schematic diagram of experimental setup. 

 

Figure 6.1: Experimental setup 

The experimental set up constitutes of the following essential components, 

1. A car’s radiator has been used for finding the heat transfer coefficients and all other parameters 

which affect the heat transfer coefficient of radiator. There are total 38 tubes present in the 

radiator covered by fins. The tubes are made up of aluminium. The dimensions of the radiator 

are as follows : 
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Inner diameter of aluminium tube: 8mm 

Outer diameter of tubes: 10mm 

Tube thickness: 2 mm 

Tube spacing: 5 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                             Figure 6.2: Schematic diagram of Experimental setup 

R

o

t

a

m

e

t

e

r 

Temp 

display 

Pump 

      Radiator and cooling fan 

water 

tank 



37 
 

2.)  A water tank having a capacity of 20 litres is used. In order to minimize heat losses tank is 

covered with asbestos sheet followed by the aluminium tape. The radiator used for experimental 

purpose is shown in Fig. 6.3. The inlet temperature of the water was increased by using a heater 

element having a power of 3KW. The fluid is fed from the tank and after circulation the fluid 

returns back to the same tank.  

                                

Figure 6.3:  Front view of Car radiator 
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     Figure 6.4:  Rear view of Car radiator 

3. A centrifugal pump is used to feed water from tank and then back to the tank after 

circulation. Figure 6.5 shows a centrifugal pump used. 

4. Rotameter is used to control the mass flow rate of the fluid. Rotameter was firstly calibrated 

with water and then with both the nanofluids used. Control valve provided on rotameter is 

used for changing the mass flow rate. Rotameter used is shown in Figure 6.6 
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                                                           Figure 6.5: Centrifugal Pump   

                                       

                                                              Figure 6.6: Rotameter 

5.) Since the fluid is circulated from and to the tank, the temperature of the fluid present in the 

tank changes. So, to avoid the temperature change and to maintain the constant temperature we 

used (PID) device i.e. Proportional Integral Derivative. A PID controller is installed and connected 

with heater, basically it consists of temperature sensor, temperature display and a provision to set 

the required temperature. The sensor of this PID controller is dipped in a tank containing fluid and 
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a required temperature is set. After the fluid reaches the required temperature, it sends the signal 

to the device and power is switched off. If the temperature falls below the set temperature, it again 

switches on the heater supply and maintain the required temperature. Figure 6.7 show the PID 

controller 

 

                                                 Figure 6.7: PID controller. 
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6.) Temperature sensors are used for measuring the temperatures at different points. These sensors 

are of various types having different ranges of temperatures to be measured. In these experiments, 

we have used RTD´s i.e. Resistance Temperature Detectors are used. Total 10 different 

temperature sensors were used, two of which are attached to the inlet and outlet of the radiator and 

the rest eight were attached to the surface of the radiator. The surface temperature detectors are 

used to get the average wall temperature. All the ten sensors were having the maximum range of 

100℃ and are attached to the data logger, from where the temperature readings were obtained. 

Figure 6.8 shows the data logger  

 

                                   

                                                  Figure 6.8: Temperature Data logger 

https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwix1PKmiPHTAhXKPY8KHX-YAH0QFggzMAM&url=https%3A%2F%2Fwww.automationdirect.com%2Fadc%2FOverview%2FCatalog%2FProcess_Control_-a-_Measurement%2FTemperature_Sensors_-a-_Transmitters%2FRTD_(PT100)_Sensors&usg=AFQjCNEaP9-gJGsvu9BDvowpRs5Tm7Of5Q&sig2=beFvUNBfS-XgLKoUXbZzDA
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                                                           Figure 6.9: Heating element 

 

                                                        Figure 6.10: Centrifugal pump 

7.) Figure 6.9 shows the heating element used for heating the fluid in the tank. Figure 6.10 shows 

the centrifugal pump installed inside the tank. So, as to avoid the formation of agglomerates during 

the experiments. 
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6.2 CFD Modelling 

Computational Fluid Dynamics (CFD) is the art of replacing such PDE systems by a set of 

algebraic equations which can be solved using digital computers. CFD is used here for 

validating the experiments. The CFD results are compared with the experimental results. The 

following steps were followed for CFD analysis:  

1.  First of all a geometry is modelled for defining the zone of CFD analysis. The modelling 

is done in Ansys Design Modeller 

2. Then the Meshis generated where the geometry is divided into grids. The mesh is generated 

in Ansys Mesher 

3. Choosing the suitable governing conditions and setting the necessary boundary conditions.  

4. Then the governing equations are solved. For solving these equations firstly, they are 

converted to the integral form and then to the linear algebraic system.  

5.  Finally post processing is done for analysing the visualizing the results obtained by the 

CFD.  

The Dimensions of the geometry used for CFD analysis are: 

Inner diameter of aluminium tube: 8mm 

Outer diameter of tubes: 10mm 

Tube thickness: 2 mm 

Tube spacing: 5 mm 

The meshing was done using Ansys Mesher Following are the details of the mesh: 

 Meshing method used:- Tetrahedral  

 Meshing size taken:- 5mm  

 Number of inflation layers used:- 5 (programme controlled method)  

 Number of elements: 32818  
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 Total number of nodes : 12482  

 Average Skewness : 0.25 (generally should not exceed 1 for a good quality mesh) 

 

                                 

                                                 Figure 6.11: Modelling of Radiator 
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                                               Figure 6.12: Meshing of Radiator 

Modelling of the radiator is shown in Figure 6.11 and meshing of the radiator is shown in the 

Figure 6.12 shows the geometry divided into various number of grids. There is a term known 

as skewness which tells about the quality of the generated mesh. Generally, a mesh is 

considered to be high quality mesh if the skewness is less than1. Here, the mesh generated 

have the skewness less than 1.Below are the tables showing the conditions used for nanofluids 

and the base fluid. 
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Table 6.1: Ansys Conditions for water 

Steps Selections 

Material  Fluid- Water, solid- Aluminium 

 

Model used for base fluid Single phase 

Energy equation ON 

Turbulence :- K-kl- omega 

Inlet conditions for base fluid Velocity Inlet  

1. 0.994727m/s (Re-8734) 

2. 1.16m/s (Re- 10185) 

3. 1.65m/s (Re- 14556) 

Temp inlet-  

1. 308K 

2. 313 K 

3. 318 K 

Wall gauge pressure zero 

Outlet conditions for base fluid Heat flux zero, No slip condition, 

Stationary wall 

 

 The inlet conditions i.e. temperature and velocity were kept same during the analysis for 

very run. The analysis for base fluid was done at three different velocities and three different 

mass flow rates. Nanofluids calculation is done using single phase method because if the size 

of nanoparticles is less than 100nm then it can be safely assumed as single phase. 

 

 

 



47 
 

Table 6.2: Ansys conditions for copper oxide nanofluids 

Steps Selections 

Material Fluid – copper oxide nanofluid 

 Solid - Aluminium 

   Model used for copper oxide 

nanofluid  

Single phase  

Turbulence model- k-kl-omega 

Energy equation ON 

Inlet conditions for copper 

oxide nanofluid 

Velocity Inlet (for copper oxide 

nanofluids) 

1. 0.944m/s (Re- 8000) 

2. 1.1605m/s (Re- 9800) 

3. 1.6578m/s (Re- 14000) 

Temp-  

1. 308K 

2. 313K 

3. 318K 

CuO nanofluids concentrations are 

0.01%, 0.02% and 0.03%. 

Outlet gauge pressure zero 

Wall  No slip condition, Stationary wall. 

 Heat flux zero. 

 

 

 

 



48 
 

Table 6.3: Ansys conditions for silver coated silica nanofluid 

Steps Selections 

Material Fluid – Silver coated silica nanofluid 

 Solid - Aluminium 

Model used for silver coated 

silica nanofluid 

Single phase  

Turbulence model- k-kl-omega 

Energy equation ON 

Inlet conditions for silver 

coated silica nanofluid 

Velocity Inlet (for silver coated 

nanofluids) 

1. 0.994m/s (Re- 8500) 

2. 1.1535m/s (Re- 9800) 

3. 1.658m/s (Re- 14000) 

Temp-  

1. 308K 

2. 313K 

3. 318K 

Silver coated silica nanofluids 

concentrations are 0.01%, 0.02% and 

0.03%. 

Outlet       gauge pressure zero 

Wall  No slip condition, Stationary wall. 

 Heat flux zero. 

 

Table 6.2 and 6.3 show the different conditions used for solving nanofluid problem of both the 

nanofluids using ansys. The boundary conditions are taken same as that of base fluid 
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6.3 Data Reduction 

For calculating the heat transfer coefficient and Nusselt number the following procedure has been 

adopted:  

Q = h A (𝑇𝑏 −  𝑇𝑤)                                    (6.1) 

𝑄 = mCp(Tin − Tout)                                    (6.2) 

Where, Q is the heat transfer, m is the mass flow rate, A is the area of tube Cp is the specific heat, 

h is the heat transfer coefficient,Tin is the inlet fluid temperature,Tout is the fluid temperature at 

outlet 𝑇𝑏  is the average inlet and outlet temperature and𝑇𝑤 is the average wall temperature. The 

temperature 𝑇𝑤 is calculated as: 

Tw =  
T3+T4 + T5+ T6+T7+T8+ T9+ T10

8
                       (6.3) 

Tb , is calculated as 

Tb =  
T1+T2 

2
                                                           (6.4) 

Heat transfer coefficient is calculated by, 

h = 
mCp(Tin−Tout)

A (𝑇𝑏 − 𝑇𝑤)
                                    (6.5) 

Nusselt number is calculated as: 

Nu = 
ℎ 𝐷

𝐾
 

Where, Nu is nusselt number, D is the diameter of the radiator tubes, K is the thermal conductivity 

of the nanofluids and h is the heat transfer coefficient 

For calculating the percentage increment of heat transfer coefficient we used: 

 % increment = h1-h2/h1*100 

Where h1 and h2 are the heat transfer coefficients of base fluid and nanofluid respectively 
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  Chapter 7 

  Results and Discussion 

 

7.1 Experimental Results 

The experimental results obtained need to be validated using standard correlations. The 

difference in the experimental results and the standard correlations should be within permissible 

range then only the setup can be considered reliable. For the set up used the calibration was done 

by using de-ionized water.  

7.1.1 Thermal conductivity  

The tables below shows the thermal conductivity of both the nanofluids at various temperatures 

and concentrations. Table 7.1 shows the thermal conductivity of silver coated silica nanofluids 

and the thermal conductivity of copper oxide nanofluids 

Temperature and particle volume 

fraction 

K of copper oxide 

nanofluid  

K  of silver coated silica 

nanofluid 

30℃   

0.01 % 0.411 0.583 

0.02 % 0.432 0.596 

0.03%  0.449 0.607 

40℃   

0.01%  0.500 0.6653 
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0.02% 0.506 0.6796 

 

0.03% 0.521 0.6873 

45℃   

0.01% 0.553 0.7724 

0.02% 0.564 0.7855 

0.03% 0.567 0.843 

 

Table 7.1 Variation of Thermal conductivity of silver coated silica nanofluids and copper oxide 

nanofluid with temperature and particle volume fraction 
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Figure 7.1: Comparison between thermal conductivity of measured data and water (standard) 

 

Figure 7.1 shows the thermal conductivity of water measured by KD2 Pro and its comparison with 

the reference data. The figures 7.1 and 7.2 show the comparison of thermal conductivity of both 

the nanofluids with that of theoretical correlations. It can be seen in Fig 7.1 that the Yu and Choi 

model predicts the thermal conductivity of the copper oxide nanofluids quiet well whereas in fig 

7.2 we can see that no model is able to predict the thermal conductivity of silver coated silica 

nanofluids. However, the Wasp model gives the results somewhat closer to that of exact 
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Fig.7.2. Comparison of thermal conductivity between measured data of Copper oxide nanofluids 

and data obtained from correlations 
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Fig.7.3. Comparison of thermal conductivity between measured data of silver coated silica 

nanofluids and data obtained from correlations 

7.1.2 Heat transfer coefficient 

The heat transfer coefficient of both the nanofluids are measured at 40°c and at three different 

mass flow rates i.e. 3, 3.5, 5 lpm. In order to validate the experimental set up, water is used first at 

similar conditions. The experimental results are compared with that of Gnielinski equation [16], 

as it the best equation as per our experimental conditions. It is given as:  

Nu = 
(

𝑓

8
)(𝑅𝑒−1000)𝑃𝑟

1+12.7(
𝑓

8
)

0.5
(𝑃𝑟

2
3−1)

                                                                                                   (7.1) 
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Fig.7.4. Nusselt number comparison between calculated values and values from Gnielinski 

equation   

The results show a good agreement with that of Gnielinski equation as shown in figure 7.4. The 

heat transfer coefficient and the Nusselt number of the nanofluids are higher than those of base 

fluid and they further increase with particle volume fraction, mass flow rate and Reynolds 

number. 

 The experimental results matches well with that of Gnielinski equation which means the 

experimental set up can be used for nanofluids also. The experimental results of nanofluids are 

validated by the equations below: 

The Dittus bolter correlation [17] can be defined as: 

𝑁𝑢𝑛𝑓 = 0.021 𝑅𝑒0.8
𝑛𝑓 𝑃𝑟0.5

𝑛𝑓                                                                                                 (7.2) 
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The Xuan and li correlation [18] can be defines as 

𝑁𝑢𝑛𝑓 = 0.0059(1.0 + 7.6286∅0.6886)𝑅𝑒0.9238
𝑛𝑓𝑃𝑟0.4

𝑛𝑓                                                         (7.3) 

The Reynolds number for nanofluids is given as 

𝑅𝑒𝑛𝑓= 
𝜌𝑛𝑓𝑢𝑚 𝐷

𝜇𝑛𝑓  
                                                                                                                                                      (7.4) 

The peclet and prandtl number of the nanofluids can be given as 

𝑃𝑒𝑛𝑓= 
𝑈𝑛𝑓 

𝐷𝑝𝑛𝑓∝𝑛𝑓
(7.5) 

𝑃𝑟𝑛𝑓= 
𝜇𝑛𝑓  𝐶𝑝𝑛𝑓

𝐾𝑛𝑓
(7.6) 

Here dp   is the diameter of the nanoparticles and the thermal diffusivity of the nanofluids can be 

calculated as: 

∝𝑛𝑓= 
𝐾𝑛𝑓 

𝜌𝑛𝑓𝐶𝑝𝑛𝑓
(7.7) 
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Fig.7.5. Heat transfer coefficient versus Reynolds number of copper oxide nanofluids at different 

volume concentration 

  The figure 7.5 shows the variation of heat transfer coefficient of copper oxide nanofluids with 

that of Reynolds number at different particle volume concentration i.e. 0.01, 0.02 and 0.03% and 

at different mass flow rates of 3, 3.5, 5 lpm. It can be seen that with increase in mass flow rate and 

particle volume fraction, the heat transfer coefficient increases. The abrupt rise in heat transfer 

coefficient can be seen when the mass flow rate changes 3.5lpm to 5lpm.  
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Fig.7.6. Heat transfer coefficient versus Reynolds number of silver coated silica nanofluids at 

different volume concentration 

The figure 7.6 shows the variation of heat transfer coefficient of silver coated silica nanofluids 

with that of Reynolds number at different particle volume concentration i.e. 0.01, 0.02 and 0.03% 

and at different mass flow rates of 3, 3.5, 5 lpm. It can be seen that with increase in mass flow rate 

and particle volume fraction, the heat transfer coefficient increases. The abrupt rise in heat transfer 

coefficient can be seen when the mass flow rate changes 3.5lpm to 5lpm.  

 

 

 

 



59 
 

8000 10000 12000 14000

40

60

80

100

120

140
 0.01 vol% Measured

 0.01 vol% Dittus Bolter

 0.01 vol% Xuan andLi

 0.02 vol% Measured

 0.02 vol% Dittus Bolter  

 0.02 vol% Xuan and Li

 0.03 vol% Measured

 0.03 vol% Dittus Bolter 

 0.03 vol% Xuan andLli

N
u

ss
el

t 
n

u
m

b
er

Reynolds number

 

 

Fig.7.7. Nusselt number versus Reynolds number of copper oxide nanofluids at different volume 

concentration of the measured data and calculated from correlations 

      The Figure 7.7 shows the variation of Nusselt number of copper oxide nanofluids with that of 

Reynolds number, it can be seen that with an increase in Reynolds number and particle volume 

fraction the Nusselt number increases. The figure also shows the comparison of the measured 

Nusselt number results with that of the calculated from the theoretical correlations. The 

comparison was made with two correlations i.e. Dittus Bolter and Xuan and Li. The Dittus Bolter 

correlation predicts the Nusslet number quiet well, whereas the Xuan and Li correlation over 

predicts the Nusslet number. 
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Fig.7.8. Nusselt number versus Reynolds number of silver coated silica nanofluids at different 

volume concentration of the measured data and calculated from correlations 

The Figure 7.8 shows the variation of Nusselt number of silver coated silica nanofluids with that 

of Reynolds number, it can be seen that with an increase in Reynolds number and particle 

volume fraction the Nusselt number increases. The figure also shows the comparison of the 

measured Nusselt number results with that of the calculated from the theoretical correlations. 

The comparison was made with two correlations i.e. Dittus Bolter and Xuan and Li. The Dittus 

Bolter correlation predicts the Nusslet number quiet well, whereas the Xuan and Li correlation 

over predicts the Nusslet number. 
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Fig.7.9. Heat transfer coefficient comparison of both the nanofluids  

The figure 7.9 shows the comparison of heat transfer coefficient of both the nanofluids i.e. 

copper oxide and silver coated silica. The difference in heat transfer coefficient at 0.01 and 

0.02% volume concentration is not much but the difference is pretty high at 0.03% volume 

concentration especially at 5 lpm mass flow rate. 

7.2 CFD Results 

7.2.1 Comparison of experimental and CFD results 

As mentioned above the CFD results are not fully reliable due to the various approximations 

taken. So, the CFD results need to be compared with that of experimental results for validation. 

The figure 7.10 and 7.11 shows the comparison of CFD results and experimental results. The 

agreement for both the nanofluids is quiet good which shows that the CFD results are reliable for 

our case. 
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Fig.7.10. Heat transfer coefficient comparison for copper oxide nanofluid of CFD and 

experimental results 
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Fig.7.11. Heat transfer coefficient comparison for silver coated silica nanofluid of CFD and 

experimental results 

Figure 7.12 shows the temperature contours i.e. how the temperature of the fluid varies with the 

length of the radiator tube. The colour change from red to orange and then to yellow shows the 

temperature fall of the fluid. The left hand side shows the scale of the temperature variation. 
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                    Fig.7.12. Contours of Temperature 
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   Chapter 8 

   Conclusions and Future Scope 

 

     8.1 Conclusions 

1. So, we can conclude that the heat transfer coefficient and the Nusselt number of the 

nanofluids are higher than those of base fluid and they increase with increasing the particle 

concentration as well as the Reynolds number. For volume concentration, 0.01% the 

enhancement of heat transfer coefficient of copper oxide as compared to the base fluid 

ranges between 9% and 32%. For 0.02%, it ranges from 21% to 37%and for 0.03%, it 

ranges between 14% and 31%.  

2. The enhancement in heat transfer coefficient of silver coated silica nanofluids as compared 

to base fluid for volume concentration, 0.01% is from 26% to 46%, for 0.02% it is from 

30% to 58% and for 0.03%, it is from 29% to 45% respectively. 

3. Also, the hike in heat transfer coefficient by using silver coated silica nanoparticles as 

compared to copper oxide nanoparticles comes out to be from 20% to 35%. It can also be 

concluded that the volume concentration of 0.02% of silver coated silica nanofluids gives 

an equivalent heat transfer coefficient rise as compared to base fluid as that of 0.03% 

volume concentration of copper oxide silica nanofluids. 

4. Moreover, the increase in thermal conductivity leads to an increase in the heat transfer 

performance whereas the viscosity increment of the fluid increases the boundary layer 

thickness, which decreases the heat transfer performance. So, at volume concentration ≤ 

1.0vol%, the effect of thermal conductivity enhancement may overcome the effect of the 

viscosity increment. Moreover, the nanoparticles at higher volume concentration may 

form agglomerates which leads to a decrement in heat transfer coefficient. 
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8.2 Future Scope 

1. Heat transfer coefficient is found to be increased using coated particles. So, some further 

substitute for these particles might increase heat transfer coefficient. 

2. The nanoparticles at higher volume concentration may form agglomerates which leads to a 

decrement in heat transfer coefficient. So, more deep study on agglomeration is required.  
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