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Abstract— the recent advance in research has made it 

possible to produce nanometer-sizes particles. Innovative 

nanometer-sized solid particles is dispersed in heat 

transfer fluids are called ‘nanofluids’. These dispersed 

nanoparticles can transform the transport and thermal 

behavior of the base fluid. Normally metal has high 

thermal conductivity then base fluid, so nanofluid 

definitely have much thermal conductivity then 

conventional heat transfer fluid. Recently, as an 

innovative nanoparticles have been used in conventional 

heat transfer fluids. Our work is to increase the thermal 

conductivity of fluids with water and ethylene glycol are 

as base fluid and particles of Al2O3 and CuO are as 

suspension material. The aim of this review is to find the 

high thermal conductivity nanofluid for heat transfer 

application.   
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I. INTRODUCTION 

Now a days heat transfer is a big problem, because if heat 

is excesses in any equipment, it will damage earlier, so the 

heat transfer device are introduced such as heat pipe, heat 

exchanger for removing heat from hot body. In this device 

conventional fluids are used for heat transfer purpose. 

Conventional heat transfer fluids are taken as base fluid 

such as water, and ethylene glycol. For high heat transfer, 

the base fluid must have high thermal conductivity. The 

recent advance in materials technology has made it 

possible to produce nanometer-sizes particles that can 

overwhelm these problems. Inventive heat transfer fluids-

suspended by nanometer-sized solid particles are called 

‘nanofluids’. These suspended nanoparticles can 

transform the transport and thermal properties of the base 

fluid. The nanofluid has greater thermal conductivity then 

conservative heat transfer fluid, because the nanoparticle 

is dispersed in nanofluid. Our aim of this paper is find the 

high thermal conductivity nanofluid for heat transfer 

application. In section 2, the making of nanofluids is 

described. In the subsequent sections, a summary of recent 

experimental works on thermal conductivity, the heat 

transfer performance. In Section 5, some concluding 

remarks and future expectations are discussed. 

The classical concept of thermal conductivity of 

nanofluid is from Maxwell [7] more than a century spinal 

which assumes the shape of particles to be sphere-shaped. 

This model was subsequently modified for non-spherical 

particles by Hamilton and Crosser [8] for solid to liquid 

thermal conductivity ratio of greater than 100. This 

formula was further confirmed by Wasp [9] for spherical 

elements. However measurement of Lee et al. [4] 

confirmed that even though the model of Hamilton and 

Crosser [8] agrees well with Al2O3-water or ethylene 

glycol nanofluid, it miscarries in the case of nanofluids 

containing CuO nanoparticles. Thus, it can be said that 

real model using the concept of suspensions of 

millimeters to micrometer dimensions are unsure for 

application to nanofluids. The reason for the failure of 

Hamilton and Crosser [8] model to CuO nanofluid may lie 

in the fact that the particles of Al2O3 used in the 

experiment were of 38.6 nm size while that of CuO was 

23.5 nm. It is well known that the oxides of metals were 

thermally insulated when compared to pure metals. 

Hence even though difficult to produce, the 

recent efforts are towards using pure metal nanopowders 

such as Cu-ethylene glycol or Cu-transformer oil 

nanofluids. Xuan and Li [5] could enhance the thermal 

conductivity of water by using Cu particles of 

comparatively large size (100 nm) to the same degree as 

has been done by oxide particles of Cu of much reduced 

dimension (36 nm). The more recent innovation was again 

from Argonne National Laboratory by Eastmann et al. 

[10] which brought out the astonishing finding that by 

using unadulterated Cu nanoparticles of less than 10 nm 

size a prodigious 40% increase in thermal conductivity 

can be achieved with only 0.3% volume fraction of the 

solid. This shows very clearly that Maxwell [7] or 

Hamilton Crosser [8] model breaks down totally with 

lessening particles size in the nanometer range. This has 

been recognized by Eastman et al. [10] that the 

‘‘anomalously increased’’ thermal conductivity of 

nanofluids with minor particles cannot be explained by 

existing  theories because they do not take into account 

the prodigious increase of surface to volume ratio of 

particles with decreasing size.  

In the present work, the size of CuO and Al2O3 

nanoparticles are 38.4 nm, 28.5 nm respectively. Thermal 

conductivity of CuO-water, CuO- ethylene glycol, Al2O3-

water, Al2O3-ethylene glycol are calculated. Then find 

which one thermal conductivity is high. The nano fluid 

which have high thermal conductivity is choose for heat 

transfer application. 

II. PREPARATION AND CHARACTERIZATION OF 

NANOFLUIDS 

The preparation of nanofluid must ensure appropriate 

dispersion of nanoparticles in the liquid and to attain the 

stability of the suspension against sedimentation. In our 

experiment ultrasonic vibration is used for disbanding the 

particles. The nanoparticles were produced by using sol-

gel synthesis method. Underneath atmospheric condition 

these particles procedure slack agglomerates, which are of 

the order of micrometers shown in the TEM photographs. 

However they can be dispersed in the fluid quite 

successfully which results in breaking of the agglomerates 

to several extent giving particles of nanometer range as 

shown in Fig. 1. The particles of the nanopowder show a 

size distribution. The volume weighted average values of 

particle diameter for Al2O3 was 38.4 nm while that for 

CuO was 28.5 nm. As can be seen from Fig. 1 the 
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agglomerates of nanoparticles after dispersion are much 

reduced compared to that for the power, which confirms a 

good dispersion in the liquid. However to match the 

results with Lee et al. [4] no effort has been made to 

further break up the smaller agglomerates. 

The dispersion of the particles was prepared by 

first mixing the obligatory volume of the powder in the 

measuring flask with distilled water and then using 

Ultrasonic vibration to disband it. It may be stated here 

that the true density of particles are more than 50 times 

the ostensive density. Hence the volume of the solid was 

determined by calculating the equivalent weight the solid 

with the true density (neglecting the weight of air trapped 

inside) and using that weight the suspension was made. 

After creation the proper mixture the flask was kept under 

ultrasonic vibration for 12 hours. After this no 

sedimentation was spotted for the fluids for about next 12 

hours and thereafter minor sedimentation were observed 

for 3% and 4% of volume Suspensions and none for 1% 

and 2% of volume suspensions. Even though in practical 

applications it is predictable to even out the particles with 

suitable third agent such as oleic acid or laurate salts, in 

the existing case this has not been done. This is because of 

the fact that the time required for the experiments were 

much less than that requisite for the first sedimentation to 

happen and the addition of the third agent may influence 

the thermal conductivity of base fluid itself and thus the 

real enhancement by using nanoparticles may be over 

shadowed. To keep consistency with this, for each 

experiment recently vibrated fluid was used so that the 

experimental time of 1.5 to 2 hours does not bring out 

sedimentation. As a cross check, the density of nanofluids 

was measured and was also calculated from the weight of 

powder unaccompanied and the volume of the suspension 

assuming the rest of the volume to be of water. The two 

calculations agreed excellently excluding any possibility 

of agglomerates with non-wetted space in between. Thus 

nanofluids were prepared which are useful for 

conductivity measurement without any stabilizing agent. 

 
Fig. 1: TEM Photographs of dispersed Nanoparticles 

Al2O3 and CuO are the most familiar 

nanoparticles used by researchers in their experimental 

works. Even when the size of the nanoparticles and type 

of base fluids are dissimilar, all the experimental results 

showed the enhancement of the thermal conductivity. Lee 

et al. [4] express the thermal conductivity of nanofluids. 

The number weighted particle diameter and the area 

weighted particle diameter used were 18.6 and 28.5nm for 

CuO, and 24.4 and 38.4nm for Al2O3, respectively. These 

particles were handled with two dissimilar base fluids: 

water and ethylene glycol to get four combinations of 

nanofluids (CuO in ethylene glycol, CuO in water, Al2O3 

in water and Al2O3 in ethylene glycol). The nanofluids 

showed substantially higher thermal conductivities than 

the same fluids without the nanoparticles. The thermal 

conductivity of dispersed CuO in ethylene glycol showed 

a development of more than 20% at 4% volume fraction 

of nanoparticles. The thermal conductivity ratios 

improved almost linearly with upsurge in volume fraction. 

The experimental results discovered that the thermal 

conductivity of nanofluids was reliant on on the thermal 

conductivity of both the particles and the base fluids. 

III. THERMAL CONDUCTIVITY OF NANOFLUIDS 

A. Testing Inquiries 

Thermal conductivity is a significant parameter which 

increases the performance of a heat transfer fluid. Since 

the thermal conductivity of solid metals is greater than 

that of fluids, the adjourned particles are expected to 

upsurge the thermal conductivity and heat transfer 

performance.  Several researchers have described 

experimental studies about the thermal conductivity of 

nanofluids. The transient hot wire method, temperature 

oscillation and the steady-state parallel plate method has 

been used to analyze the thermal conductivity of 

operational nanofluids. However, the transient hot wire 

method has been widely used. The transient hot wire 

technique works by evaluating the temperature/time 

response of the wire to a rapid electrical pulse. The wire is 

used as a heater as well as thermometer. A derivation of 

Fourier’s law and temperature values were used to 

calculate the thermal conductivity. The results from all of 

the accessible experimental studies specified that 
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nanofluids containing a lesser amount of nanoparticles 

have significantly higher thermal conductivity than those 

of base fluids. 

B. Analytical investigations 

As is apparent from the work of many researchers, the 

thermal conductivity of nanofluids improved as a function 

of thermal conductivity of the nanoparticle material and 

the base fluid, the volume fraction, the surface area, and 

the nature of the nanoparticles dispersed in the liquid. 

There are no hypothetical formulas presently available in 

literature for predicting the thermal conductivity of testing 

nanofluids. The Maxwell model, an existing conventional 

model for thermal conductivity, was projected for solid–

liquid mixtures with relatively large particles. Many 

advanced proposed models have been based on the 

Maxwell approach. The effective thermal conductivity, 

Keff is 

Keff,Maxwell = 
𝐾𝑝+2𝐾1+2(𝐾𝑝−𝐾1)𝜙

𝐾𝑝+2𝐾1−(𝐾𝑝−𝐾1)𝜙
𝑘1 

Where Kp is the thermal conductivity of the nanoparticle, 

K1 is the thermal conductivity of the base fluid and f is the 

volume fraction of the dispersed nanoparticle. Maxwell’s 

model shows that the effective thermal conductivity of 

dispersion depending on the thermal conductivity of 

sphere-shaped particle, base fluid and the volume fraction 

of the solid particles. 

For non-sphere-shaped particles, the thermal 

conductivity of the nanofluids subjected not only on the 

volume fraction of the nanoparticles, but also on the shape 

of the nanoparticles [4]. Hamilton and Crosser developed 

a model for the effective thermal conductivity of two-

constituent mixtures. The model is a function of the 

thermal conductivity of both the particle and base fluid, 

and the shape of the nanoparticles. The thermal 

conductivity of two-constituent mixtures, in which the 

ratio of conductivity of two phases is greater than 100, can 

be determined from [4] as follows; 

Keff,Hamilton = 
𝐾𝑃+(𝑛−1)𝐾1−(𝑛−1)(𝐾1−𝐾𝑃)𝜙

𝐾𝑃+(𝑛−1)𝐾1+(𝐾1−𝐾𝑝)𝜙
𝑘1 

Where n is the experiential shape factor given by 

n = 3/𝜓 and 𝜓 is the sphericity, well-defined by the ratio 

of the surface area of a sphere, having a volume equal to 

that of the nanoparticle, to the surface area of the 

nanoparticle. 

 
Fig. 2 Enhanced thermal conductivity of oxide nanofluids systems as measured by Lee et al. [4]. k/ko denotes the ratio of 

thermal conductivity of nanofluid to that of the base fluid. 
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IV. RESULTS AND DISCUSSION 

To begin with measurements were done at room 

temperature for Al2O3 and CuO nanofluids of water at 

various particles volume concentrations. The results 

presented in Fig. 2 show an excellent agreement with the 

measurement of Lee et al. [4] in view of the fact that 

minor differences in particles size existed between them. 

The room temperatures were also not identical in the two 

cases; still the present measurements confirm the same 

level of enhancement of thermal conductivity as observed 

by the Argonne group using an entirely different 

measurement technique.  

Subsequently measurements were made for the 

nanofluids of Al2O3-water and CuO-water with different 

particles concentration and most importantly at different 

temperatures, which is the main objective of the present 

work. Figure 4 shows the improvement of thermal 

conductivity of Al2O3 based nanofluids with temperature. 

It is interesting to see both for 1% and 4% (volume) 

Particle concentrations there is a considerable increase in 

the enhancement from 21°C to 51°C. With 1% particles at 

room temperature (21°C) the development in only about 

2%, but at 51°C this value increases to about 10.8%. Thus 

the present measurement shows that in practical heat 

transfer application the enhancement achieved by adding 

small volume of nanoparticles is considerably higher 

compared to that believed at present [4]. The 

measurement with 4% concentration shown in the same 

figure (Fig. 4) shows one more interesting feature. Here 

the enhancement goes from 9.4% to 24.3% with 

temperature rising from 21°C to 51°C. The average rate of 

increase of enhancement in this case in much higher 

compared to that of the 1% nanofluids, which can be 

observed from the increased slope of the fitted line of the 

two nanofluids shown. Thus it can be said that the 

enhancement of thermal conductivity shows a dramatic 

increase with temperature and the rate of this increase 

depends on the concentration of nanoparticles.   

In general, the effect of particle concentration 

was found to be less for CuO water nanofluid compared to 

Al2O3-water nanofluids which can be attributed to the 

larger particle size of Al2O3. On the other hand the effect 

of temperature was found to be more predominant in CuO 

water fluid which is due to the stochastic motion of the 

particles which arguably will be more mobile with smaller 

particle size. 

 
Fig. 3 Temperature dependence of thermal conductivity               Fig. 4 Temperature dependence of thermal 

Enhancement for water—CuO nanofluids                       conductivity enhancement for water-Al2O3 nanofluid 

V. CONCLUSION 

The temperature effect of thermal conductivity 

enhancement in nanofluids has been presented through an 

experimental investigation. A purely thermal method 

consisting of temperature oscillations at the fluid sample 

has been used for this purpose. The method has been 

found to be appropriate for nanofluids both from accuracy 

and prevention of natural convection point of view. The 

measurement confirmed the level of thermal conductivity 

enhancement at room temperature as observed by others. 

It was further observed that a dramatic increase in the 

enhancement of conductivity takes place with 

temperature. It is observed that a 2 to 4 fold upsurge in 

thermal conductivity enhancement of nanofluids can take 

place over a temperature range of 21°C to 51°C. This 
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finding makes nanofluids even more attractive as cooling 

fluid for devices with great energy density where the 

cooling fluid is likely to work at a temperature greater 

than the room temperature. It has been observed that 

nanofluids containing lesser CuO particles show more 

enhancement of conductivity with temperature. However 

the enhancement is considerably increased for nanofluids 

with Al2O3 as well. The effect of particle concentration 

was expressed to be more for the Al2O3-water system. The 

measurements indicate that particle size is a significant 

parameter for the observed behavior and the usual 

weighted average type of model for effective thermal 

conductivity is a poor approximation of the actual 

enhancement particularly at the higher temperature range. 

The results indicate that a stochastic motion of 

nanoparticles can be a probable explanation if future 

theoretical studies can confirm it. The main limitation of 

the previous and the present experiments is the non-

availability of nanoparticles of different sizes for same 

material which can decisively indicate the effect of 

particle size. However the present study brings out the 

important aspect of temperature dependence of 

conductivity enhancement which can be used as an 

important source for a comprehensive theoretical 

treatment in the future. 
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