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Abstract— This paper gives the brief idea about the heat 

transfer enhancement in different application by use of 

different nanofluid. It gives how heat transfer enhances using 

Nanofluid and its application in various fields like heat 

exchangers, heat pipes, medical, etc. The papers focuses one 

explaining the basic mechanisms of improvement in heat 

transfer by adding different concentration of nanoparticle in 

base fluid like water, ethylene glycol and circulate the fluid 

in heat exchanger shell. It is a systematic survey that studied 

the complexity of nanofluid systems and advances the 

understanding of nanoparticle contributions to viscosity, 

thermal conductivity, effectiveness and overall heat transfer 

coefficient of nanofluid. 
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I. INTRODUCTION 

Nano fluid is defined as Very small particles suspension in 

saturated liquids like water, ethylene glycol, engine oil. It is 

very interesting alternative fluid for advanced thermal 

applications. It has been observed that heat transfer 

enhancement may be achieved by using nano fluids compared 

to the use of conventional fluids. Oxide nanoparticles have an 

excellent dispersion properties in traditional cooling liquids 

like water ant ethylene glycol. Scientists have been very 

interested from past few decades in the search of novel 

approaches to increase heat transfer rate of various cooling 

devices like heat exchanger, cooling towers. 

II. TYPES OF NANOFLUIDS 

The range of potentially useful combinations of nanoparticle 

and base fluids is enormous. Nanofluids can be classified 

broadly by the type of particles into four groups: ceramic, 

pure metallic, alloy, and some allotropes of carbon or carbon-

based nanofluids. 

III. PREPARATION OF NANOFLUIDS 

Nanofluids are prepared by using metals, oxides, carbides and 

carbon nanotubes can be mixed in heat transfer fluids, such 

as water, ethylene glycol, hydrocarbons, and fluorocarbons 

with the addition of stabilizing agents. Nano particles can be 

produced from several processes, such as gas condensation, 

mechanical attrition or chemical precipitation. The particles 

can be produced under cleaner conditions and their surface 

can be protected from undesirable coatings during the gas 

condensation process. There are two primary methods to 

prepare nanofluids: A two-step process in which 

nanoparticles or nanotubes are first produced as a dry powder. 

Chemical vapour deposition process is used to produce 

materials for use in nanofluids. In this process nanoparticles 

are mixed into a fluid with surfactants. 

 
Fig. 1: Nanoparticle Storage 

Nano fluid is important in several engineering 

applications including heat exchangers, refrigerators, 

automobiles, and power plants. The ability of a fluid medium 

to transfer heat across a small temperature difference 

enhances the efficiency of energy conversion and improves 

the design and performance of automobile engines, heat 

transfer devices. 

IV. WHAT ARE NANO FLUIDS? 

A Nano fluid is a dilute liquid suspension of particles with at 

least one critical dimension smaller than ~100 nm. A Nano 

fluid is the promising heat and mass transfer medium in 

which nano particles are dispersed. It is known that the 

thermal conductivity of the nanofluids is considerably higher 

than that of the corresponding base fluids. The enhancement 

depends on several factors such as particle shape, particle 

size, volume fraction of particles, and thermal properties of 

solid and liquid. Researches so far suggest that nano fluids 

offer excellent heat transfer enhancement over conventional 

base fluids. However due to the wide variety and the 

complexity of the nano fluid 

V. THERMAL CONDUCTIVITY OF NANO FLUIDS 

Thermo physical properties of various materials at 25oC a 

substantial increase in liquid thermal conductivity, liquid 

viscosity, and heat transfer coefficient, are the unique features 

of nano fluids. It is well known that at room temperature, 

metals in solid phase have higher thermal conductivities than 

those of fluids. For example, the thermal conductivity of 

copper at room temperature is about 700 times greater than 

that of water and about 3000 times greater than that of engine 

oil. The thermal conductivity of metallic liquids is much 

greater than that of non-metallic liquids. 

Material 
Density 

Kg/m3 

Thermal 

conductivity 

W/mk 

Specific 

heat 

J/kgK 

Silver 10490 429 710 

Copper 8950 380 390 
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Aluminium 2700 237 910 

Titanium Dioxide 

(TiO2) 
4175 8.4 692 

Alumina (Al2O3) 3380 36 773 

Silica (SiO2) 2220 1.4 745 

water 998.9 0.613 4181 

Ethylene glycol 1110 0.253 2200 

Table 1: Properties of base metals and nano particles 

VI. ENHANCEMENT OF THERMAL CONDUCTIVITY 

Eastmann et al. showed that Cu–ethylene glycol (nanopar-

ticles coated with thioglycolic acid) with w = 0.3% gave a 

40% increase in thermal conductivity. Recently, an attempt at 

the Indira Gandhi Centre for Atomic Research (IGCAR) was 

made, to align magnetic nanoparticles (Fe3O4 coated with 

Oelic acid) in a base fluid (hexadecane) in a linear chain using 

a magnetic field, which was applied to increase the thermal 

conductivity by 300%. 

Sidi El Becaye Maıga, Samy Joseph Palm, Cong 

Tam Nguyen, Gilles Roy, Nicolas Galanis[1]. Investigated 

that the present paper, the problem of laminar forced 

convection flow of nanofluids has been thoroughly 

investigated for two particular geometrical configurations, 

namely a uniformly heated tube and a system of parallel, 

coaxial and heated disks. Numerical results, as obtained for 

water–cAl2O3 and Ethylene Glycol–cAl2O3 mixtures, have 

clearly shown that the inclusion of nanoparticles into the base 

fluids has produced a considerable augmentation of the heat 

transfer coefficient that clearly increases with an increase of 

the particle concentration. 

Yimin Xuan, Qiang Li [2]. Showed that the paper 

presents a procedure for preparing a nanofluid which is a 

suspension consisting of nanophase powders and a base 

liquid. By means of the procedure, some sample nanofluids 

are prepared. Their TEM photographs are given to illustrate 

the stability and evenness of suspension. The theoretical 

study of the thermal conductivity of nanofluids is introduced. 

The hot-wire apparatus is used to measure the thermal 

conductivity of nanofluids with suspended copper nanophase 

powders. Some factors such as the volume fraction, 

dimensions, shapes and properties of the nanoparticles are 

discussed. 

S. Bhanuteja, D.Azad [3]. Paper reports the thermal 

performance of a Counter-flow Shell and Tube Heat 

exchanger using nanofluids as the working fluids. Finite 

volume Method was used to solve the three dimensional 

steady, turbulent developing flow and conjugate heat transfer 

in a Shell and tube heat exchanger. The nanofluids used were 

Ag, Al2O3, CuO, SiO2, and TiO2 and the performance was 

compared with water. The thermal performance and flow of 

the Shell and tube heat exchanger was analyzed using 

different nanofluids. Temperature profile, heat transfer 

coefficient, pressure profile, was obtained from the 

simulations. The results are evaluated in terms of 

effectiveness, heat transfer rate, and Overall heat transfer 

coefficient. 

Andre L.H. Costa, Eduardo M. Queiroz [4]. Studied 

that the design optimization of shell-and-tube heat 

exchangers. The formulated problem consists of the 

minimization of the thermal surface area for a certain service, 

involving discrete decision variables. Additional constraints 

represent geometrical features and velocity conditions which 

must be complied in order to reach a more realistic solution 

for the process task. 

B. Farajollahi, S.Gh. Etemad, M. Hojjat [5] 

experimentally investigated that the heat transfer 

characteristics of Al2O3/water and TiO2/water nanofluids 

were measured in a shell and tube heat exchanger under 

turbulent flow condition. Based on the results, adding of 

naoparticles to the base fluid causes the significant 

enhancement of heat transfer characteristics. For both 

nanofluids, two different optimum nanoparticle 

concentrations exist. Comparison of the heat. 

Enhancement of heat transfer by nanofluid in 

various applications 

1) Enhancement of heat transfer in parallel & counter flow 

heat exchanger 

2) Enhancement of heat transfer sheel and tube heat 

exchanger 

A. Enhancement of heat transfer in parallel & counter flow 

plate heat exchanger 

Heat transfer processes are widely used in numerous areas 

including heat exchanger, cooling processes, heating and 

chemical processes. The poor heat transfer properties of 

common fluids (such as water, mineral oil and ethylene 

glycol) compared to most solids is a primary obstacle to 

effectiveness of heat processes. However, clogging in the 

process may be found in the tube when the fluid with large 

particles is employed. With awareness of this problem, the 

nanofluid is an attractive solution which provides not only the 

enhanced thermal conductivity but also long term stability 

and low pressure drop Titanium dioxide (TiO2) is one of 

promising materials for heat transfer enhancement purpose 

due to its excellent chemical and physical stability. In 

addition, TiO2 particles are cheap and commercially 

available. TiO2 nanoparticles suspended in conventional 

fluids were extensively utilized in various forms of heat 

exchangers, including circular tube, a double tube and a shell 

and tube another alternative method to enhance heat transfer 

is to insert twisted tape into a core tube. This approach 

induces secondary recirculation to the axial flow, leading to 

an increase in tangential and radial turbulent fluctuation and 

thus reducing a thickness of the boundary layer. 

Using nanofluid together with twisted taped for heat 

transfer enhancement was reported in numerous research 

works such as twisted tape inserts with Al2O3/water 

nanofluid, helical twist tape inserts with Al2O3/water 

nanofluid, twisted tape with alternate axis inserts with 

CuO/water nanofluid, twisted tape inserts with CuO/water 

nanofluid in corrugated tube, dual twisted tape inserts with 

CuO/water nanofluid in micro-fin tube, helical screw tape 

inserts with Al2O3/water nanofluids helical screw tape inserts 

using CuO/water nano-fluids, and propeller inserts with 

TiO2/water nanofluid The value of overall heat transfer 

coefficient increases in case of nanofluid having different 

volume concentrations as compared to water for parallel flow 

as well as counter flow arrangement for double pipe heat 

exchanger. The increase in practical value of outer and inner 

overall heat transfer coefficient is found to 54 % and 56 % in 

case of CuO nanofluid having volume concentration of 0.004 

% for parallel flow and the same is found to be 25 % and 13 
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% in case of CuO nanofluid having volume concentration of 

0.004 % for counter flow arrangement[3] 

B. Enhancement of heat transfer shell and tube heat 

exchanger  

Heat exchangers play an increasingly important role in the 

field of energy conservation. The need for better efficient heat 

exchanging system is required for new technological and 

industrial development. Therefore, the scientific attention is 

concentrating both on improving the equipment design and 

on enhancing the thermal potential of the working fluid. A 

substantial reduction in energy consumption could be made 

possible by improving the performance of heat exchanger 

systems. Due to inadequacy of conventional fuel, 

optimizations in energy consumption in various industrial 

processes become very important. Heat transfer rate in a heat 

exchanger are dependent on the thermo physical properties of 

the fluids participating in the heat exchanger, the material of 

the heat exchanger and also the areas of the surfaces 

participating in the process. Numerous investigations have 

been made for decades to enhance heat transfer [6], minimize 

heat exchanger size and increase efficiency of fuel and 

energy. 

Nanofluids are the new generation heat transfer 

fluids for various industrial and automotive applications 

because of their excellent thermal performance and the word 

was which was coined at Argonne National Laboratory of 

USA by Choi in 1995 [7] which showed that the conventional 

liquid thermal performance could be remarkably improved 

using nanoparticles Using nanofluids in heat transfer 

applications will provide a number of potential advantages, 

such as better long‐ term stability, miniaturized heat 

exchangers, improved heat transfer, reduced heat transfer 

fluid inventory, little penalty in pressure drop, and can have 

significantly greater thermal conductivity. As a result, these 

offer an opportunity for engineers to develop highly compact 

and effective heat transfer equipment. 

Base fluid Nano Particle Size of nano particle 
Maximum concentration 

in Volume 

Enhancement of thermal 

conductivity 

water AL2O3 13 nm 4.3 30 % 

Water AL2O3 28 nm 4.5 14% 

Ethylene glycol AL2O3 28nm 8 40% 

Pump oil AL2O3 28nm 7 20% 

Engine oil AL2O3 28nm 7.5 30% 

water CuO 23 nm 10 35% 

Ethylene glycol CuO 23nm 15 55% 

Pump oil CuO 18.6 nm 4 20% 

Water TiO2 15nm 5 33% 

Table 2: Nanofluids

The performance of shell and tube heat exchanger is 

presented for Al2O3 nanoparticle. Nanoparticle volume 

fraction was augmented from 0.5% to 3% for water based 

Al2O3 nanofluid. The inlet temperature of nanofluid and 

water has been taken as 270C and 900 C respectively. The 

flow rates of both water and nanofluid were kept constant at 

0.36 and 0.18 kg/s, respectively. The diameter of nanoparticle 

is taken as 44 n. However, the heat transfer coefficient 

increases compared to base fluids due to increase in transport 

properties viscosity and thermal conductivity of nanofluids. 

Higher thermal conductivity of nanofluid probably is the 

main reason contributing to heat transfer enhancement n heat 

exchanger. 
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