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Abstract— Nanofluids are base fluids mainly oil, water or 

ethylene glycol which contains suspension of nanoparticles 

showing significant enhancement in their thermophysical 

properties even at moderate nanoparticles concentration 

compared to conventional base fluids. Many articles and 

publications on nanofluids lay their emphasis on examining 

their characteristics and behaviour for direct use in heat 

transfer enhancement in electronics cooling, medical and 

military operations, heat transportation as wells as in solar 

heaters and nuclear reactors. This paper focuses on 

improvement in heat transfer mechanisms by adding 

nanoparticles. 
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I. INTRODUCTION 

Day-to-Day advancement in technologies has resulted in 

emphasizing the need of enhanced cooling system. By 

increasing the heat transfer process, effective cooling system 

can be achieved. Poor thermal conductivities are shown by 

conventional heat transfer fluids such as ethylene glycol, oil 

and water. Fig.1 shows that many metallic and non-metallic 

solids possess higher thermal conductivity than conventional 

heat transfer fluids (HTFs). 

 
Fig.1: Thermal conductivity values for different materials [1] 

 Maxwell [2] introduced a new concept where he 

dispersed solid particles in conventional fluids so as to exceed 

theoretical limit of HTFs. Previous experiments on this 

concept made use of solid particles having dimensions in mm 

which lead to different obstacles such as fast setting down of 

the solid particles dispersed in fluids, prevention in small duct 

and scraped surfaces. Also there occurred a considerable 

reduction in pressure due to these particles which limited their 

practical applications. 

 The efforts of miniaturization and modern 

nanotechnology have provided a chance to method and 

manufacture particles with average crystallization sizes 

below 50 mm. Choi [3] formed the novel thought of 

nanofluids by creating use of those particles sizes within the 

order of 1 to100 nm. Choi and Eastman [4] coined the term 

nanofluids. Nanofluids on proper examination showed up 

increase in various temperature dependent material properties 

like viscosity, thermal conductivity and diffusivity, 

conductive heat transfer coefficients on comparison with 

conventional fluids like water and ethylene glycol. Recent 

experimental studies illustrate that nanofluids possess 

increased thermal conductivity which works up when volume 

concentration of nanoparticles is increased. The results of 

many important factors like shape and size of particles, 

temperature of base fluids agglomeration of particles and 

breaking of surfactant molecules which affect the thermal 

conductivity of nanofluids has to be examined properly. Thus 

analysis has to be performed to understand the results of these 

factors on heat transfer enhancement by nanofluids. 

II. PREPARATION OF NANOFLUIDS 

The improvement of nanofluid’s thermophysical properties 

needs proper preparation methods for making uniform 

suspensions of nanoparticles in fluids. Nanofluids made of 

metals, nonmetals, carbides and oxides are suspended in heat 

transfer fluids with or without addition of surfactant 

molecules.  

Earlier investigations of nanofluid involved a dual-step 

process of producing nanoparticles as dry powders by inert 

gas condensation method in first step and in second 

processing step nanoparticles are suspended into a fluid. The 

major drawback involved with this method is that the 

agglomeration of particles occurs and it isn’t suitable for 

producing pure metallic nanoparticles. 

The forming of agglomeration is minimized by using a direct 

evaporation method. There are four steps within the direct 

evaporation condensation method which is called as single 

step method [5]:  

a) Rotation of heat transfer fluid present in the cylinder 

causes the formation of small fluid film which moves to 

the upper part of chamber. 

b) When any metallic material is heated on the crucible, it 

evaporates as the source of the nanoparticle. 

c) These evaporated particles condense as a Nanofluid on 

coming in contact with the nanofluid. 

d) At the base of the chamber cooling of nanofluid takes 

place to prevent its unwanted evaporation. 

 Other methods for nanofluids synthesis are Laser 

ablation method that is used to produce alumina nanofluids 

[6]. For preparation of Au (gold) and Ag (silver) nanofluids 

Patel [7] made use of pure chemical synthesis method.  

III. EFFECT OF SOME PARAMETERS ON THERMAL 

CONDUCTIVITY OF NANOFLUIDS 

From the experimental studies it can be studied that thermal 

conductivity of a nanoparticle is highly influenced by particle 

shape and size, volume fraction, particle material, 

temperature, viscosity and pH value of nanofluids. 
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A. Particle Volume Fraction 

This parameter is examined in almost all research and 

experimental data obtained is quiet similar. Reports suggest 

that on increasing the particle volume concentration, thermal 

conductivity of nanofluids increase and relation obtained is 

linear. As shown in Fig.2 with increase in volume 

concentration of ZnO nanoparticles, thermal conductivity 

ratio increases. 

 
Fig. 2: Dependence of thermal conductivity ratio on ZnO 

volume fraction 

Base 

Fluid 

 

Nano 

Particle 

 

Size 

(mm) 

Maximum 

Concentration 

(Volume %) 

Maximu

m 

Enhance

ment in 

k (%) 

Water 
Al2O3 

 
28 4.5 14 

Ethylene 

Glycol 

Al2O3 

 
28 8 40 

Pump 

Oil 
Al2O3 28 7 20 

Engine 

Oil 
Al2O3 28 7.5 30 

Water CuO 23 10 35 

Ethylene 

Glycol 
CuO 23 15 55 

Table 1: Maximum measured thermal conductivity 

enhancement for nanoparticles [8] 

 Table 1 shows the results for experiments carried by 

Wang [8] and it can be inferred that on increasing the volume 

fraction, heat transfer enhancement increases. 

B. Particle size 

Modern nanotechnology has helped us to produce 

nanoparticles of different size ranging from 10 to 100 nm. 

Eastman et al. concluded that thermal conductivity 

enhancement is highly influenced by size of nanoparticles. As 

shown in figure with reduction in particle size (diameter), the 

thermal conductivity of nanofluids increases. This is due to 

fact that [9] at a specific volume concentration, particles with 

small size have a stronger hydrodynamic interaction between 

the solid and liquid phases associated with high interfacial 

area provided. 

 
Fig. 3: Dependence of thermal conductivity ratio on particle 

size [10] 

 Fig.3 shows that as particle diameter increases, the 

thermal conductivity ratio goes on decreasing. 

C. Particle shape 

Cylindrical particles and spherical particles are two important 

particle shapes used in nanofluid research. Cylindrical 

particles possess large aspect (length to diameter) ratio 

compared to spherical particles. Xie et al. used nanoparticles 

of two different types for the synthesis of nanofluids; 

cylindrical particles (600 nm diameter) and spherical particles 

(26 nm diameter). Results show that for spherical particles, 

the thermal conductivity enhanced upto 15.8% for4.2 vol. % 

nanofluid, whereas for cylindrical particles having 4 vol. % 

nanofluid, the thermal conductivity enhancement was 22.9%. 

Mursed et.al [11] performed experiments for the thermal 

conductivity of nanofluids which include both cylindrical and 

spherical TiO2 particles. Spherical nanoparticles (15nm) 

containing nanofluids showed less enhancements than 

nanorods (40nm by 10 nm) containing nanofluids. Nanorods 

containing nanofluids showed enhancement as high as 33%. 

This is due to the fact that rapid heat transportation takes 

place for large distances in cylindrical particles relative to 

spherical nanoparticles. It can also be inferred from Fig.3 that 

with increase in length, the aspect ratio increase hence the 

thermal conductivity increases. 

D. Particle material 

CuO, TiO2, Al2O3, Cu, Ag, Au and Fe are some commonly 

used nanoparticles in nanofluid’s study. Carbon nanotubes 

possess very high thermal conductivity in longitudinal 

direction and hence they can be utilized in formation of 

nanofluids. For the nanoparticles of same size i.e.23nm, the 

thermal conductivity of CuO metallic oxides is high 

compared to Al2O3 so better enhancement is possible by using 

CuO nanoparticles. Fig.4 shows that Cu (10nm) and Fe 

(10nm) metallic particles attain very high thermal 

conductivity even at very low volume concentration, whereas 

high volume concentration is required to enhance thermal 

conductivity for Al2O3 (15 nm) particles in ethylene glycol. 
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Fig. 4: Effect of metallic nanoparticles dispersed in ethylene 

glycol [18] 

E. Conventional Fluids 

Conventional Fluids such as ethylene glycol, oil or water are 

mostly used as base fluids. According to Maxwell [2] model, 

the thermal conductivity ratio i.e. thermal conductivity of 

nanofluids (knf) to thermal conductivity of conventional fluids 

(kf) is increased with decrease in thermal conductivity of base 

fluids. From fig.1 it is observed that less conductivitive 

ethylene glycol serves as better base fluid then highly 

conductive water. 

F. Temperature 

For nanofluids with change in temperature the Brownian 

motion of nanoparticles changes which leads to change in 

clustering of nanoparticles. This causes significant variation 

in thermal conductivity of nanofluids. Fig.5 shows that Das 

et al. [10] and Li & Peterson et al. [9] performed experiments 

for CuO (29nm) in water and it can be inferred that thermal 

conductivity goes on increasing with increase in temperature. 

Table 2 shows that Das [9] carried out experiments for Al2O3 

(38.4nm) nanoparticles and found out that on increasing the 

temperature there is enhancement in the thermal conductivity 

of nanofluids. 

 
Fig.5: Influence of temperature on thermal conductivity by 

suspension of CuO nanoparticles in water [18] 

 

Base 

Fluid 

Nano 

Partic

le 

Tempe

rature 

Size 

(nm) 

Concentr

ation 

(Volume 

%) 

Enhance

ment in k 

(%) 

Water 
Al2O3 

 

21 

38.4 1-4 

1.02-1.09 

36 1.07-1.16 

51 1.10-1.24 

Table 2 – Enhancement of Thermal conductivity influence 

by change in temperature [16] 

G. Acidity (pH value) 

Fig.6: Influence of Acidity on Thermal Conductivity Ratio 

[19] 

 Fig.6 [19] exhibits the thermal conductivity ratios of 

two suspensions as function of pH value. Data inferred by 

suspensions of Al2O3 as well as Cu in H2O is quiet similar. It 

is observed that for the same pH value the fluids having 

highest thermal conductivity correspond to least viscosity. 

The thermal conductivity ratios (K/Knf) Cu = 1.12 - 1.13 as 

well as (K/Knf) Al2O3 = 1.09 - 1.1 obtained at mass fractions 

0.2% and 0.1% respectively, attain the maximum value at an 

optimum pH value i.e. pH value for Cu ≈ 9.5  and pH value 

for Al2O3 ≈ 8.0. When an optimum pH value is attained, it 

leads to increase incharge on surface of particles which 

creates repulsion in nanoparticles preventing the clustering of 

nanoparticles. 

H. Viscosity 

 
Fig.7: Influence of Viscosity on Thermal Conductivity 

Ratio [20] 
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 The Fig.7 shows that with increase in concentrations 

of nanofluids, the viscosity increases this is due to the fact 

that with increase in concentration of surfactant Al2O3, the 

friction and the flowing resistance increase. But with increase 

in temperature, density and shear stress of nanofluids are 

reduced causing reduction in the viscosity of the nanofluids. 

IV. HEAT TRANSFER IMPROVEMENT MECHANISMS 

Nanofluids formed by suspension of nanoparticles also alter 

the flow behaviour of fluids. 
Given below are some of the proposed mechanisms: 

A. Effect of Brownian motion 

 
Fig.8 Interpretation of Brownian motion [21] 

Nanoparticles on suspension in liquid or gas undergo a 

random motion due to collision with base fluid molecules 

which is termed as “Brownian Motion”. According to the 

kinetic theory of particles, the Brownian motion increases 

with increase in temperature due to transfer of energy when 

high temperature particles collide with lower ones. 

B. Thermophoresis 

Thermopherosis also known as Soret Effect occurs when 

mixture of two or more nanoparticles in fluid is acted upon 

by force due to temperature gradient. 

At long time intervals, strong molecular impulses prevalent 

in the hot region drive the fluid particles from hot region to 

cold region with weaker impulses. This effect of molecular 

impulse allows the particle to travel in direction where 

temperature decreases and hence the heat transfer process 

increases with decrease in density of particles. 

C. Clustering of nanofluids 

Nanoparticles often result in forming of clusters. Fractal 

theory can be used for handling these clusters. Evans et al. 

stated that fast heat transportation along large distances can 

take place due to clustering as solid particles conduct heat at 

faster rate compared to liquid matrix. Fig.9 shows that fast 

heat transportation for long distances takes place along high 

conductivity path and with increase in cluster size and 

decrease in volume fraction thermal conductivity increases. 

 
Fig.9: Schematic illustration representing the clustering 

phenomenon [21] 

V. CONCLUSION 

 Thermal Conductivity of nanofluids rises with increment 

in volume concentration, temperature and aspect ratio. 

 There is reduction in thermal conductivity of 

nanoparticles with increase in particles diameter and 

viscosity. 

 The Brownian movement of nanoparticles increases the 

fluctuation which further increases the turbulence of the 

fluids. This leads to enhancement in heat exchange 

processes. 

 Increased thermal conductivity of nanofluids results in 

higher efficiency of the system however in life of the 

system decreases if particles begin to form clusters. 
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