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Intensification of the heat transfer process in various thermal power systems is 

an important problem, as it contributes to the rational using of energy resources, as 
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well as reducing the consumption of materials by heat exchangers. One of the most 

promising ways of the heat transfer intensification, not requiring equipment 

constriction changes, is the use of nanofluids. 

The nanofluids are ultra-dispersed systems, which consist of a base liquid and 

nanoparticles. The nanoparticles are of 1-100 nm in size. The nanoparticles used in 

nanofluids are usually nanoparticles of metals or oxides, also carbon structures, such 

as carbon nanotubes or fullerenes. Typical base fluids are water, antifreeze with 

ethylene glycol, mineral oil. The main advantage of the application of nanofluids as 

heat transfer agents (coolants) is in the fact that they have the higher value of thermal 

conductivity than the base liquid. 

It is known that thermal conductivity of solids is greater than liquids. 

Widespread heat transfer agents (water, ethylene glycol, mineral oil) have a low 

thermal conductivity compare with the thermal conductivity of nanoparticle materials 

(see Fig.1 [1]). Thus, the addition of solid particles to the liquid can increase the 

conductivity of liquids (see Fig.2 [1]). The addition of large solid particles that are 

not involved in the Brownian motion it is not possible due to the sedimentation of 

particles. Thus, in nanotechnologies, it was possible to use small solid particles with a 

diameter of less than 100 nm. 

The nanofluids, as dispersions of solid particles in a continuous fluid matrix, 

are expected to have a thermal conductivity that obeys the effective medium theory 

developed by Maxwell [2]. The Maxwell model for spherical and well-dispersed 

particles is expressed by equation (1).  

                                          (1) 
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Fig. 1. Comparison of the thermal 

conductivity of common liquids, polymers 

and solids [1]  

 
Fig. 2. Thermal conductivity 

enhancement of 2 nm gold 

nanoparticle in water as a function of 

volume concentration [1] 

 

Equation (1) shows that the ratio of the nanofluid thermal conductivity k to the 

thermal conductivity of the base fluid kf , where kp is the particle thermal conductivity 

and ϕ is the particle volumetric fraction.  

Note that the model does not predict the explicit dependence of the nanofluid 

thermal conductivity on the particle size or temperature. Also, in the limit of kp >> kf 

and ϕ >>1, the dependence on particle loading is expected to be linear, as given by 

equation (2). 

                                                 (2) 

However, it is several deviations from the predictions of Maxwell’s model [2]: 

an increase in thermal conductivity depends on the size and shape of the particles; a 

strong thermal conductivity enhancement beyond that predicted by equation (1) with 

a nonlinear dependence on concentration of nanoparticle; a change in thermal 

conductivity depends on the nanofluid temperature. 

To explain these unexpected results, several hypotheses have recently been 

formulated [2]: 
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− particle Brownian motion disturb fluid that leads to a microconvection in the 

nanofluid and increases the heat transfer; 

− formation of clusters from nanoparticles in the nanofluid that leads to heat 

percolates preferentially along such clusters; 

− base fluid molecules form a structured layer with high thermal conductivity 

around the particles, thus increasing the effective volumetric fraction of the particles. 

The experimental verification of these mechanisms was weak, some 

mechanisms have been questioned. For example, the hypothesis of microconvection 

gives predictions in conflict with experimental data [2]. 

In addition to theoretical inconsistencies, the nanofluid thermal conductivity 

data are sparse and inconsistent, possibly due to: 

− the different experimental methods that have been used to measure nanofluid 

thermal conductivity; 

− the differences in the processes of synthesis or preparation of the samples, 

even for similar in composition nanofluids. 

I can conclude the physical mechanisms of more significant increase of thermal 

conductivity of nanofluids compare with a model of Maxwell are insufficiently 

studied. Thus, discussed above questions are interesting for futures scientific 

research. 

 

REFERENCES 

1. Saidur R., Leong K. Y., Mohammad H. A. A review on applications and 

challenges of nanofluids / R. Saidur, K.Y. Leong, H. A. Mohammad // Renewable 

and sustainable energy reviews. – 2011. – Vol. 15, No. 3. – P. 1646-1668. 

2. Buongiorno J. et al. A benchmark study on the thermal conductivity of 

nanofluids / J. Buongiorno et al.// Journal of Applied Physics. – 2009. – Vol. 106, 

No. 9, 094312.  

 

 

 


