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ABSTRACT 

Heat transfer fluids play a critical part in heat transfer and exchange equipment. They determine the ability of the system to 

dissipate thermal energy. However, their functions are limited due to their low convective heat transfer rates. Nanofluids are suspensions 

of nanomaterials having a high thermal conductivity, suspended in conventional fluids. This enhances the heat transfer rates while also 

changing the property of the fluid and it is a new opportunity for thermal sciences provided by the advances in nanoscience. It is 

expected that the nanofluids will be the next generation of heat transfer fluids due to their unique thermal properties and enhanced heat 

transfer rate in comparison with conventional cooling fluids. This study provides a review of literature of recent research in this field 

with the focus being on heat transfer characteristics and potential applications of nanofluids. The paper also identifies opportunities for 

future research on nanofluids with respect to heat transfer applications 
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INTRODUCTION 
Heat transfer fluids play an important role in many industries such as power generation, transportation, and newer electronic 

systems which have higher thermal requirements. Poor thermal conductivity is the main limitation in the development of energy efficient 

heat transfer fluids required for modern heat transfer equipment. Conventional heat-transfer fluids such as water, oil, and ethylene glycol 

are inherently low efficiency heat transfer fluids. There is a greater need to develop advanced heat transfer fluids with significantly 

improved thermal performance. Fluids with nanoparticles suspended in them are called nanofluids, a term coined by Choi of the Argonne 

National Laboratory, U.S.A. Properties of nanoparticles such as uniform suspension of the particles play an important role in the heat 

transfer capability of the fluid due to an increase in the surface-to-volume ratio. Also the high thermal conductivity of the suspended 

particles enhances the heat-transfer capability of the fluid while impacting the characteristics of the fluids such as viscosity, density, 

thermal conductivity, etc. Because of their unique features, nanofluids have attracted the attention of the researchers and are said to be 

the next step in improving heat exchanger performance.  

There is also a need to design a new generation of heat exchangers to better utilize these nanofluids. This paper focuses on 

application trends for nanofluids in addition to the heat transfer properties of nanofluids.  

Preparation of nanofluids: Nanofluids are obtained by the mixing of nanoparticles with the base fluid. The preparation techniques of 

nanofluids were developed by Choi in 1995. As there are different approaches, no standard methods are available to prepare nanofluids, 

but generally two fundamental methods are available for preparing nanofluids. They are (i) One-step method and (ii) Two-step method. 

In the one-step method, the nanofluid is produced in one step as the name suggests, but in the two-step method, nanoparticles are first 

produced as a dry powder and then the particles are dispersed into a base fluid to obtain nanofluids. In the one-step method, the 

nanoparticles are produced and simultaneously dispersed into the base fluid. The one-step method has the advantages in terms of reduced 

agglomeration in the nanofluid and it is a better method for preparing metallic nanofluids.  

The two-step method is more efficient in preparing nanofluids containing oxide nanoparticles and carbon nanoelements. In the 

two-step method to achieve stability and suppress agglomeration, is employed the ultrasonic vibration (or) mechanical stirrer with the 

adjusting of the pH value. The ultrasonicator and the stirrer break down the aggregates of the nanoparticles. The suspension and the 

addition of surfactants help in adjusting the pH value of nanofluids. The adjusting of pH value prevents the re-aggregation of 

nanoparticles and improves the stability of nanofluids.  

Thermal of conductivity nanofluids Experimental and Numerical Investigations: The thermal conductivity of heat-transfer fluids 

is the most important parameter to enhancing heat-transfer performance. Since the thermal conductivity of solid metals is higher than 

that of base fluids, the dispersing nanoparticles are expected to be able to increase the thermal conductivity of base fluids. Transient hot 

wire method and temperature oscillation method have been employed to measure the thermal conductivity of nanofluids. Research 

projects commonly use aluminum oxide, copper and copper oxide as the source for nanoparticles.  

Experimental results have shown enhancement of the thermal conductivity for Nano particles of various sizes and base fluids. 

Changwei Pang et al investigated methanol based nanofluids with Al2O3 (10-20 nm) and SiO2 (40-50nm) nanoparticles dispersed in 

pure methanol. Their thermal conductivity was measured at a temperature of 293.15 K. The enhancement was observed to be 10.74% 

and 14.29% for Al2O3 and SiO2 respectively over the base fluid when a volume fraction of 0.5 vol % was used. O Manna et al reported 

an experimental study on the thermal conductivity of water-based nanofluids containing Silicon carbide (SiC) nanoparticles. Nanofluids 

were prepared in various steps from 0 to 1 vol% of SiC nanoparticles. Transient hot-wire technique was adopted to measure the thermal 

conductivity of nanofluids by using KD2-Pro thermal analyzer.  

The result showed that the thermal conductivity ratio of nanofluid significantly increased up to 12% with only 0.1 vol% 

nanoparticles and inverse dependence of conductivity on particle size was noted.  R.Velraj et al. experimentally measured the thermal 

conductivity of water and ethylene glycol mixture based MWCNT (30–50nm) nanofluids where 70  vol.%  de-ionized  (DI) water and  

30  vol.%  ethylene  glycol was used as  the  base  fluid. The results showed that  thermal  conductivity  is  enhanced  by 19.73% at  a  

volume  fraction  of  0.45% and  at  the  temperature  of  40°C due  to  the  kinetics  of  MWCNT  aggregation  and  liquid  layering.  

Elena V.  Timofeeva et al conducted a study for the thermal conductivity of SiC particles suspended in EG/water mixture with a 50/50 
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volume ratio. The results were compared to the analogous suspensions in water for four sizes of SiC particles (16–90 nm). The thermal 

conductivity was measured by using KD2 Pro thermal properties analyzer. The results showed that adding SiC nanoparticles to an 

EG/water mixture could significantly improve the thermal conductivity of the base fluids. Overall, the thermal conductivity of 

nanofluids increased as a function of thermal conductivity of the base fluid and the nanomaterial, the volume fraction, the surface area 

and the shape of the nanoparticles dispersing in the heat transfer fluid.  

The Maxwell model is one of the first models which predict the thermal conductivity of nanofluids. Proposed models based 

on the Maxwell model and are shown in Table 1. Rohit Khedkar et al investigated into the thermal conductivities of nanofluid consisting 

of CuO (25nm) nanoparticles. These particles were used with two different base fluids such as water and MEG. Experimentally 

determined thermal conductivity of nanofluids were compared with theoretical models of Maxwell, Hamilton–Crosser, and Bruggeman 

Models. It was observed that the Bruggeman model showed a better prediction than that of the Hamilton–Crosser and Maxwell models. 

Seung Won Lee et al experimentally measured the thermal conductivity of SiC and deionized water nanofluids and compared the results 

with Maxwell model. At low volume fraction, the experimental results obtained showed higher values than the predicted ones by the 

Maxwell model while the values were much smaller compared with the Maxwell model at a higher volume fraction. 

Table.1.Theroetical model for measure the thermal conductivity 

Predictions Expressions 

Maxwell model 
𝑘𝑒𝑓𝑓 =

𝑘𝑝 + 2𝑘1 + 2(𝑘𝑝 − 𝑘1)𝜙

𝑘𝑝 + 2𝑘1 − (𝑘𝑝 − 𝑘1)𝜙
𝑘1 

Bruggeman model 
𝑘𝑒𝑓𝑓 =

1

4
[(3∅ − 1)2𝑘𝑝 + (2 − 3∅)𝑘𝑓 +

𝑘𝑓
4
⁄ √∆ 

Hamilton–Crosser model 
𝑘𝑒𝑓𝑓 =

𝑘𝑝 + (𝑛 − 1)𝑘1 − (𝑛 − 1)(𝑘1 − 𝑘𝑝)𝜙

𝑘𝑝 + (𝑛 − 1)𝑘1 + (𝑘1 − 𝑘𝑝)𝜙
𝑘1 

Yu and Choi 
𝑘𝑒𝑓𝑓 =

𝑘𝑝 + 2𝑘1 + 2(𝑘𝑝 − 𝑘1)(1 + 𝛽)3𝜙

𝑘𝑝 + 2𝑘1 − (𝑘𝑝 − 𝑘1)(1 + 𝛽)3𝜙
𝑘1 

 

Nomenclature and abbreviation 

keff: Effective thermal conductivity;       kp:   Thermal conductivity of the particle 

k1, kf :Thermal conductivity of the liquid;      n:Empirical shape factor 

Ø:Volume fraction;       MWCNT: Multi wall carbon nanotube 

β:The ratio of the nanolayers thickness to the original  particle radius 

Boiling and Convective heat transfer: The boiling and convective heat transfer of nanofluids has received little attention in literature. 

There are a few publications dealing with the boiling and convective heat transfer of nanofluids. Sarit K. Das et al conducted a study of 

pool boiling in water and Al2O3/water based heat transfer fluids. The average particle size of 47nm at a low concentration of 0.5 wt. %. 

It was observed that with increasing particle concentration, degradation in boiling performance took place with increase in heating 

surface temperature. Weerapun Duangthongsuk et al experimentally investigated on forced convective heat transfer and flow 

characteristics of a nanofluid. Nanofluids were prepared by using TiO2 nanoparticle of size 21nm in water with concentration of the 

nanoparticle being 0.2 vol. %. Then they investigated the nanofluids flow in a horizontal double-tube counter flow heat exchanger under 

turbulent flow conditions.  

The results proved that the convective heat transfer coefficient of nanofluid was higher than that of the base liquid by around 

6-11%. The use of the nanofluid has a little effect on pressure drop. S.M. Peyghambarzadeh et al. experimentally investigated the heat 

transfer performance of the automobile radiator by using dilute nanofluids. The Copper oxide (CuO) and Iron oxide (Fe2O3)  nano  

particles were    added  to water  at  three  concentrations  0.15,  0.4,  and  0.65  vol.  %. The results demonstrated that both nanofluids 

showed greater overall  heat  transfer  coefficient  in  comparison  with  water  up  to  9%.  Furthermore, increasing the nano particle 

concentration, air velocity, and nanofluid velocity enhanced the overall heat transfer coefficient.   

CONCLUSION  

This review paper presented developments in research on the heat transfer of nanofluids in the thermal systems. Most 

experimental and numerical studies reported that enhanced heat transfer with the use of thermal systems, at increased concentration of 

nanoparticle to be increased pumping power of fluid. Most of the researchers found that the heat transfer coefficient of nanofluids is 

much higher than that of the base fluid. But it is still not clear which is the best model to use for the thermal conductivity of nanofluids. 

Therefore, it requires further theoretical and experimental investigations to comprehensively understand the heat transfer mechanism in 

nanofluids for evolving new energy efficient heat transfer fluids specific to applications. 
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