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Abstract 

Nowadays the heat exchanger with higher heat transfer in less 

area density is the vital requirement of the modern world. A 

Nanofluid is a fluid which contains nanometer-sized particles, 

called nanoparticles. Nanofluids are prepared by colloidal 

suspensions of nanoparticles as additives in a base fluid. The 

nanoparticles that are used in nanofluids are typically made of 

metals, oxides or carbides. Nanofluids have attractive thermal 
properties that make them potentially useful in many heat 

exchangers because of its superior thermal properties. The 

development of high performance thermal systems for heat 

exchanger enhancement has become popular nowadays. 

Nanofluids are primarily used as coolant in heat exchangers 

for the enhancement of its performance such as overall heat 

transfer coefficient. The performance of heat exchangers 

using different nanoparticles and its applications have been 

reviewed and presented in this paper. Study of optimization of 

the heat exchanger with nanofluid to maximize heat transfer 

and minimize economic cost is very limited. 
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Introduction 

The fluids are generally used as a coolant for many industrial 

applications due to its superior thermal properties and hence 

the enhancement of the heat transfer behavior of these 

nanofluids is a key importance in many applications. In 1995 

Choi (1995) developed a new class of fluids called nanofluids 
by dispersing nanometer-sized materials (nanoparticles) in the 

base fluids. The commonly used nanoparticles are CuO, 

Al2O3, TiO2, ZnO, Fe3O4, SiO2, Ag etc. 

Heat exchanger's performance can be improved by increasing 

the thermal conductivity of the working fluid. Improving heat 

exchanger's performance by increasing the overall heat 

transfer coefficient as well as minimizing pressure drop is one 

of the most important fields of research to focus on. 

Nanofluids with higher thermal conductivity and better 

thermo-physical properties can be applied in heat exchangers 

to increase the heat transfer rate, So as to increase the 

performance of the heat exchangers. 

The main aim behind the development of nanofluids is to use 

them as working fluids for different heat transfer application, 

where the enhancement of heat transfer coefficient and thus 

the size of heat transfer equipment can be reduced. It has been 

found that the nanofluids possess enhanced thermo physical 

properties such as thermal conductivity, thermal diffusivity, 

viscosity, and convective heat transfer coefficients as 

compared to those of base fluids such as oil, water or any 
other liquids 

 

 

Preparation of Nanofluids 
The preparation of nanofluids needs careful attention, as the 

properties of nanofluids largely depends on the suspension of 

nanoparticles. Nanofluids are classified according to the type 

material used as metallic and nonmetallic nanoparticles. 

Nanofluids are not only a simple mixture of liquid-solid, some 

key requirements are essential, such as, even and stable 

suspension, durable suspension, negligible agglomeration of 

particles, no chemical change of the fluid, etc. The base fluids 
such as water, ethylene glycol, oils, etc are used for the 

preparation of nanofluids. Agglomeration is a major problem 

for the synthesis of nanofluids. Different techniques used for 

the preparation of nanofluids are: the single-step method and 

the two-step method. 

The single-step direct evaporation approach was developed by 

Akoh et al. (1978) and it is called as the VEROS (Vacuum 

Evaporation onto a Running Oil Substrate) technique. But it 

was very difficult to separate the nanoparticles from the base 

fluids to produce dry nanoparticles. 

A modified VEROS process was developed by Wagener et 

al. (1997). They employed a high pressure magnetron 

sputtering for the preparation of nanofluids with metal 

nanoparticles such as Ag and Fe. Modified VEROS technique 

was developed by Eastman et al. (1997). In which Cu vapor 

is directly condensed into nanoparticles in contact with a 

flowing low-vapor-pressure liquid. 

A new one-step chemical method for preparing Cu nanofluids 

by taking ethylene glycol as the base fluid was developed by 

Zhu et al. (2004) under microwave irradiation. Vacuum-

submerged arc nanoparticle synthesis system (SANSS) 

method had been developed by Lo et al. (2005) for the 

preparation of Cu-based nanofluids. In which different 
dielectric liquids such as de-ionized water, with 30%, 50%, 

http://en.wikipedia.org/wiki/Nanometer
http://en.wikipedia.org/wiki/Nanoparticle
http://en.wikipedia.org/wiki/Colloid
http://en.wikipedia.org/wiki/Colloid
http://en.wikipedia.org/wiki/Fluid
http://en.wikipedia.org/wiki/Coolant
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70% volume solutions of ethylene glycol and pure ethylene 

glycol are used as the base fluid. CuO, Cu2 O, and Cu based 

nanofluids can also be prepared by this technique. The 

advantage of the one step technique is that nanoparticle 

agglomeration is minimized, and the disadvantage is that only 

low vapor pressure fluids are compatible in this process. 
In the two-step method nanoparticles are first produced and 

then dispersed in the base fluids. Generally, ultrasonic 

equipment is used for disperse the nanoparticles and to reduce 

the agglomeration of particles. Eastman et al. (1997), Lee et 

al. (1999), and Wang et al. (1999) used this method for the 

preparation of Al2O3 nanofluids. 

Murshed et al. (2005) prepared TiO2 suspension in water 

using the two-step method. Cu/water nanofluids having 

nanoparticle sizes of 1-100 nm is prepared using the two-step 

method by Li et al. (2007) 

As compared to the single-step method, the two-step 

technique is more efficient for oxide nanoparticles, while it is 
less efficient for metallic particles. 

 

 

Performance Analysis 

Gabriela Huminic (2011)-A numerical study had been 

carried out under a laminar flow condition on the heat transfer 

behavior of nanofluids through a counter-flow double tube 

helical heat exchanger. In this work CuO/water and 

TiO2/water nanofluids were used to investigate the heat 

transfer characteristics. And it was found that with the use of 

CuO/water and TiO2/water nano-fluids the convective heat 
transfer in the laminar flow regime enhanced, and this 

enhancement increases with particle concentration level. Also, 

with increasing particle concentration level from the inner 

tube the outlet water temperature increases. 

M.A. Khairul (2013)-The effects of water and CuO/water 

nanofluids (as coolants) on heat transfer coefficient, heat 

transfer rate, frictional loss, pressure drop, pumping power 

and exergy destruction in the corrugated plate heat exchanger 

was studied and examined. And it was found that the heat 

transfer coefficient of CuO/water nanofluids enhanced about 

18.50 to 27.20% with the increase of volume concentration of 

nanoparticles from 0.50 to 1.50% as compared to water. But 
the exergy loss was reduced by 24% for the use of nanofluids 

in heat exchangers as compared to water. 

The most important thermo physical property of nanofluids is 

thermal conductivity. The thermal conductivity of nanofluids 

depends on several factors such as volume fraction, 

temperature, material type, size and shape. (W. Yu-2008 & 

E.V. Timofeeva-2011)-It had been found that the thermal 

conductivity of nanofluid increases linearly with respect to the 

volume fraction of nanoparticles (X. Wang-1999 & H. Xie-

2002). 

M.A. Khairul (2013)-Heat transfer and the thermodynamic 
second law analysis of a helical coil heat exchanger using 

three different types of nanofluids (e.g. CuO/water, 

Al2O3/water and ZnO/water) were presented in this paper. 

Here the heat transfer coefficient and the entropy generation 

rate of helical coil heat exchanger were analytically 

investigated by considering the nanofluid volume 

Concentration and volume flow rates in the range of 1–4% 

and 3–6 L/min, respectively. And it was obtained that among 

the three nanofluids, CuO/water nanofluid had increased heat 

transfer rate and reduced entropy generation rate. The shape 

of the nanoparticle has also significant role to enhance rate of 

heat transfer. 

M.M. Elias (2013)-The effect of different nanoparticle shapes 

(cylindrical, bricks, blades, and platelets) on the overall heat 
transfer coefficient, heat transfer rate and entropy generation 

of shell and tube heat exchanger with different baffle angles 

and segmental baffle were studied in this paper. And it was 

found that among all the shapes, nanofluid having cylindrical 

shape showed better overall heat transfer coefficient and for 

200 baffle angles maximum overall heat transfer coefficient 

was found. The entropy generation rate was found very low 

for the cylindrical shape as compared to any other shapes at 

200 baffle angle. 

Kanjirakat Anoop (2013)-The thermal performances of 

nanofluids in heat exchangers was investigated in this study. 

Three mass particle concentrations of 2%, 4%, and 6% of 
silicon dioxide–water (SiO2 –water) nanofluids were prepared 

by dispersing 20 nm diameter nanoparticles in distilled water. 

And from the experiment it was found that depending on flow 

rate both augmentation and deterioration of heat transfer 

coefficient for nanofluids was observed, the order of heat 

transfer enhancement was similar to that of thermal 

conductivity enhancements, increased in pressure drop with 

increase in viscosity, and there was an increase in heat transfer 

rate and the requirement of pumping power for these systems 

was also more. 

N. Kannadasan (2012)-A comparison of heat transfer and 
pressure drop in a helically coiled heat exchanger held in 

horizontal and vertical positions by using CuO/water 

nanofluids was represented in this paper. And from the 

experimental results, it was found that as compared to water 

there was not much difference between horizontal and vertical 

arrangements in the enhancement of convective heat transfer 

coefficient and friction factors of nanofluids. But for higher 

concentration nanofluids, the friction factors obtained were 

high at low flow rates. 

Arun Kumar Tiwari (2013)-The heat transfer performances 

of the plate heat exchanger using different nanofluids (CeO2, 

Al2O3, TiO2 and SiO2) for various volume flow rates and wide 
range of concentrations was compared experimentally. And it 

was found that CeO2 /water had maximum performance index 

enhancement of 16% with lower optimum concentration of 

(0.75 vol. %). At low volume concentrations, TiO2 and CeO2 

nanoparticles had better heat transfer characteristics and at 

high volume concentrations Al2O3and SiO2 nanoparticles were 

more effective. 

Zan Wu, Lei Wang (2013)-For both laminar flow and 

turbulent flow inside a double-pipe helically coiled heat 

exchanger, the pressure drop and convective heat transfer 

coefficient of water and five alumina/water nanofluids of 
weight concentrations 0.78% wt., 2.18% wt., 3.89% wt., 

5.68% wt. and 7.04% wt. were experimentally investigated in 

this paper. Here the effect of nanoparticles on critical 

Reynolds number was negligible. And it was found that at any 

average temperature, the pressure drop and heat transfer 

performances for water and the five nanofluids were identical. 

Shive Dayal Pandey (2012)-The effects of nanofluid (Al2O3 

in water 2, 3 and 4 vol.%) and water as coolants on heat 
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transfer, frictional losses and exergy loss in a counter flow 

corrugated plate heat exchanger were experimentally 

investigated in this paper. And it was found that the heat 

transfer characteristics improved with increase in Reynolds 

number and Peclet number and with decrease in nanofluid 

concentration and with increase in nanofluid concentration for 
a given heat load, the required pumping power increased. 

Both power consumption and heat transfer rates were lower 

for water as compare to the nanofluids. 

Pradyumna Ghosh (2013)-The heat transfer characteristics 

and pressure drop in a chevron-type corrugated plate heat 

exchanger using CeO2/water nanofluid were experimentally 

investigated in this paper. It was found that the nanofluid in 

plate heat exchanger has maximum of 39% higher heat 

transfer coefficient compared to water at maximum 

concentration of 0.75 vol. %. The heat transfer coefficient of 

the nanofluid increases with an increased in the volume flow 

rate of the hot water and nanofluid, and negligible rise in 
pressure drop at optimum concentration. 

F.S. Javadi (2013)-The effects of nanofluid on thermo-

physical properties and heat transfer characteristics of a plate 

heat exchanger was experimentally investigated in this paper. 

In this study SiO2, TiO2 and Al2O3 are applied in a plate heat 

exchanger and the effects are compared with the base fluid. 

And it was found that TiO2 and Al2O3 had the higher thermo-

physical properties as compared to SiO2 but the overall heat 

transfer coefficient was highest for Al2O3 nanofluid, which 

was 308.69 W/m2.K in 0.2 vol.% nanoparticle concentration. 

By using SiO2 nanofluid, the heat transfer rate was improved 
around 30% and the pressure drop was reduced around 50% 

as compared to TiO2 and Al2O3. The pressure drop increases 

because of high density of nanoparticles as compared to the 

base fluid and with increasing nanoparticle concentration. 

Dustin R. Ray, Debendra K. Das (2013)-performance in a 

compact minichannel plate heat exchanger was studied 

theoretically by taking three nanofluids, aluminum oxide, 

copper oxide and silicon dioxide nanoparticles in ethylene 

glycol and water mixture. It had been found that all nanofluids 

have better performance compared to the base fluid. 

T. Srinivas (2013)-The performance of a helical coil heat 

exchanger was evaluated in terms of the energy consumed to 
heat another fluid by using Al2O3 /water nanofluid. It had 

been found that, energy savings were more in laminar and 

turbulent regions than transition regime, and with increase in 

nanoparticle concentration, the percentage energy savings 

increased. 

Ahmad Ghozatloo (2013)-The Convective heat transfer 

enhancement in a shell and tube heat exchanger under laminar 

flow was experimentally investigated by using graphene 

nanofluids. And it had been found that by adding 0.075% of 

graphene to the base fluid, the thermal conductivity improved 

up to 31.83%. 
Wang et al. (1999)-By a steady-state parallel-plate technique 

the thermal conductivity of nanofluids were measured. Where 

the base fluids (water, ethylene glycol, and engine oil) 

contained 28 and 23 nm average diameters of Al2O3 and CuO 

suspended nanoparticles, respectively. And it had been found 

that the thermal conductivity of all the nanofluids were more 

than their base fluids. And also, the thermal conductivity of 

nanofluids increases with decreasing the size of nanoparticles. 

Xuan and Li (2000)-By using Cu nanoparticles of 

comparatively large size (100 nm) to the same extent as that 

of using CuO particles of smaller size (36 nm), the thermal 

conductivity of water increases. And the stability of 

suspension can be improved by proper selection of 

dispersants. They used oleic acid for transformer oil-Cu 
nanofluids and laurite salt for water-Cu suspension in their 

study and it had been found that Cu particles in transformer 

oil had superior characteristics to that of suspension of Cu 

particles in water. 

Eastman et al. (2001)-By using pure Cu nanoparticles of less 

than 10 nm size, it had been found that the thermal 

conductivity increases by 40% for only 0.3% volume fraction 

of the Cu nanoparticles dispersed in ethylene glycol. Also, 

they found by additive acid the suspension can stabilize and 

thus can increase the thermal conductivity. 

Hong and Yang (2005)-Fe-nanofluid was prepared by taking 

ethylene glycol as base fluid. By a chemical vapor 
condensation process, Fe nanoparticles with mean size of 10 

nm were prepared. And it was found that Fe nanofluids 

exhibited higher thermal conductivity than Cu nanofluids. 

Das et al. (2003)-The effect of temperature on thermal 

conductivity for nanofluids containing Al2 O3 (38.4 nm) or 

CuO (28.6 nm) by using the temperature oscillation method. It 

was found that a (2 to 4) % increase in thermal conductivity 

over the temperature range of 210 C to 520 C. and smaller 

nanoparticles has greater increase of thermal conductivity 

with temperature as compared to larger nanoparticles. 

Li and Peterson (2006)-An experimental investigation was 
conducted to examine the effects of the temperature variations 

and volume fraction on the thermal conductivity of water 

suspensions CuO (29 nm) and Al2O3 (36 nm). It was found 

that material of the nanoparticle, diameter of the nanoparticle, 

volume fraction and bulk temperature has significant effects 

on the thermal conductivity of the nanofluids. 

Patel et al. (2003)-Nanofluids were prepared as gold (Au) and 

silver (Ag) nanoparticles with thoriate and citrate as coatings 

in water to check the enhancement of thermal conductivity 

with respect to the concentrations. And it was found that there 

was 5%-21% enhancement of the thermal conductivity of 

nanofluids for water with citrate in the temperature range 
300C– 600C at a very low concentration of 0.00026 volume% 

of Ag particles and a concentrations of 0.011% of Au 

particles, the thermal conductivity was improved around 7%-

14%. 

Zhang et al. (2007)-The effective thermal conductivity and 

thermal diffusivity of Au/totuene, Al2O3/water, TiO2 /water, 

CuO/water nanofluids were measured using the transient 

short-hot-wire (SHW) technique, which is based on the 

numerical solution of two-dimensional transient heat 

conduction for a short wire. The diameters of Au, Al2O3, TiO2 

and CuO spherical particles were 1.65, 20, 40 and 33 nm, 
respectively. It had been found that the effective thermal 

conductivities of the nanofluids show no such enhancement 

but the thermal diffusivity enhanced by a small amount. 

Hwang et al. (2005)-The thermal conductivity of four kinds 

of nanofluids such as MWCNTs in water, CuO in water, SiO2 

in water, and CuO in ethylene glycol were compared. And it 

was found that the thermal conductivity of MWCNT 
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nanofluid increased up to 11.3% at 1 volume%, which is 

relatively higher than that of the other nanofluids. 

Liu et al. (2005)-The thermal conductivities of nanofluids 

containing CNTs dispersed in ethylene glycol and synthetic 

engine oil were measured. The increase of thermal 

conductivity is up to 12.4% for CNT-ethylene glycol 
suspensions at 1.0 vol% and 30% for CNT-synthetic engine 

oil suspensions at 2 vol%. 

Li et al. (2002)-The viscosity of water with CuO nanoparticle 

suspensions using a capillary viscometer was measured. And 

it was showed that with increasing temperature the viscosity 

of nanofluids decreased. 

Wang et al. (1999)-The relative viscosity of Al2O3-water and 

Al2O3-ethylene glycol nanofluids were measured. And it was 

showed an increase of relative viscosity with increasing in 

solid volume fraction of the nanofluids. 

Heris et al. (2006)-Laminar flow of CuO/water and 

Al2O3/water nanofluids were investigated through a 1 m 
annular copper tube with 6 mm inner diameter and with 0.5 

mm thickness and 32 mm diameter outer stainless steel tube, 

where to create a constant wall temperature boundary 

condition saturated steam was circulated. And it was found 

that the heat transfer coefficient increased with increasing 

volume fraction of nanoparticles, as well as Peclet number, 

while Al2O3/water showed more enhancements as compared 

to CuO/water. 

Chien et al. (2003)-Gold (17nm)/water nanofluids flowing in 

a disk-shaped miniature heat pipe with diameter of 9 mm and 

height of 2 mm was investigated. And it was found that with 
increased nanoparticle concentration the thermal resistance of 

the heat pipe fell appreciably. 

Ding et al. (2005)-The heat transfer performance of Cu nano 

tube (CNT), nanofluids in a tube with 4.5 mm inner diameter 

was investigated. And it was found that the enhancement of 

heat transfer coefficient is much higher than the increase in 

the thermal conductivity. 

Khanafer et al. (2003)-The heat transfer behavior of 

nanofluids in a two-dimensional horizontal enclosure was 

numerically investigated. Where the nanofluids were assumed 

as a single phase and with no slip condition between base 

fluid and particles. And it was found that the heat transfer rate 
increased with the particle concentration at any given 

Grashoff number. 

Nguyen et al. (2007)-The heat transfer enhancement of an 

Al2O3/water nanofluid inside a closed system was 

experimentally investigated. This is used for cooling of micro-

electronic components. And by introducing the nanoparticles 

into distilled water, it was found that there was a considerable 

enhancement convective heat transfer coefficient of the 

cooling block. 

Bang and Chang (2005)-The boiling of Al2O3-water 

nanofluids on a 100 mm square surface at high heat fluxes 
was studied and it was observed that the surface roughness 

increased after boiling with nanoparticle concentration. But 

the critical heat flux was increased to 32% and 13% for a 

horizontal flat surface and a vertical flat surface, respectively. 

Lee and Mudawar (2007)-A microchannel cooling using 

Al2O3/water nanofluids was prepared. And it was found that 

the high thermal conductivity of nanoparticles was only 

enhanced the single-phase heat transfer coefficient, for 

laminar flow only and higher heat transfer coefficients were 

achieved mostly in the entrance region of the microchannels, 

and it was weaker in the fully developed region. 

M. Akbari (2011)-The analysis of single and three different 

two-phase models (volume of fluid, mixture, Eulerian) for 

CFD studies of Al2O3/water nanofluid heat transfer was 
compared. And it was found that the single-phase and the two-

phase models had almost same hydrodynamic fields but 

different thermal fields, three two-phase models were also 

identical and the two-phase models give closer value of the 

convective heat transfer coefficient to the experimental data 

than the single-phase model. 

 

 

Conclusion 

This paper represents an overview of the recent developments 

in the study of heat transfer using different nanofluids with 

different sizes of nanoparticles and different volume 
concentrations of the nanofluid. Many important, complex and 

interesting phenomena involving nanofluids have been 

reported in this review literature. It is clear that researchers 

have given more attention to the thermal conductivity of the 

fluids rather than the heat transfer characteristics. The thermal 

conductivity of nanofluids largely depends on the volume 

concentration, size of the nanoparticles and the bulk 

temperature. With the use of nanofluids, thermal conductivity 

and heat transfer characteristics increases where as pressure 

drop and entropy generation or exergy loss increases, which is 

the main challenge for the researchers. The use of nanofluids 
in a wide range of applications gives a new concept towards 

the enhancement of heat transfer characteristics, but the 

development of this field faces several challenges, such as, the 

poor performance of suspensions of nanoparticles in base 

fluid and lack of theoretical understanding of the mechanisms. 

Further theoretical and experimental research and 

investigations are required for better understanding of the heat 

transfer characteristics of nanofluids. 
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