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Abstract— Today’s technology requires high performance 

device to save energy. Majority applications use water as a 

base fluid which has limitations to transfer heat from one 

medium to another. Introducing suspending nanoparticles 

(Nano fluids) in the heat transfer fluids such as water, oil, 

diesel, ethylene glycol etc. is emerging technology. Recent 

research work shows that Nano fluids have higher thermal 

conductivities compared to the base fluids. Aim of this 

review is to summarize the recent developments in research 

on the stability of Nanofluids, improvement of thermal 

conductivity and viscosity of nano fluid suspension. 
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I. INTRODUCTION 

Traditional heat transfer fluids, such as water, oil, and 

ethylene glycol mixture are inherently poor heat transfer 

rate. There is a strong need to develop advanced heat 

transfer fluids, with significantly higher thermal 

conductivities and improved heat transfer characteristics 

than are presently available. Despite considerable previous 

research and development focusing on industrial heat 

transfer requirements, major improvements in heat transfer 

capabilities have been held back because of a fundamental 

limit in the thermal conductivity of conventional fluids. 

It is well known that metals in solid form have 

thermal conductivities that are higher than those of fluids by 

orders of magnitude. 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. Even oxides such as alumina (Al2O3), which are 

good thermal insulators compared to metals such as copper, 

have thermal conductivities more than an order-of-

magnitude larger than water. Therefore, fluids containing 

suspended solid particles are expected to display 

significantly enhanced thermal conductivities relative to 

those of conventional heat transfer fluids [13]. In fact, 

numerous, theoretical and experimental studies of the 

effective thermal conductivity of suspensions that contain 

solid particles have been conducted since Maxwell's 

theoretical work was published more than 100 years ago 

(Maxwell, 1881)[1]. However, all of the studies on thermal 

conductivity of suspensions have been confined to those 

produced with millimeter or micrometer sized particles. 

Until now, researchers had no way to prevent solid particles 

from eventually settling out of suspension. The lack of 

stability of suspensions that involve coarse-grained particles 

is undoubtedly a primary reason why fluids with dispersed 

coarse grained particles have not been previously 

commercialized. 

We are on the verge of a new scientific and 

technological era, the standard of which is the nanometer 

(billionths of a meter). Initially sustained by progress in 

miniaturization, this new development has helped form a 

highly interdisciplinary science and engineering community. 

Nanotechnology is expected to have applications in a 

number of areas, including biotechnology, nanoelectronic 

devices, scientific instruments, and transportation. Modern 

nanotechnology provides great opportunities to process and 

produce materials with average crystallite sizes below 50 

nm. Recognizing an opportunity to apply this emerging 

nanotechnology to established thermal energy engineering. 

Argonne has developed the concept of a new class of heat 

transfer fluids called "Nano fluids," which transfer heat 

more efficiently than conventional fluids (Choi, 1995)[2]. 

Nano fluids are engineered by suspending ultrafine metallic 

or nonmetallic particles of nanometer dimensions in 

traditional heat transfer fluids such as water, engine oil, and 

ethylene glycol. Thermal conductivities of various solids 

and liquids are given in table 1.  

 
Table 1: Thermal Conductivities of Various Solids and 

Liquids 

II. APPLICATION OF NANOFLUIDS 

A. Electronic Application 

Due to higher density of chips, design of electronic 

components with more compact makes heat dissipation 

more difficult. Advanced electronic devices face thermal 

management challenges from the high level of heat 

generation and the reduction of available surface area for 

heat removal. So, the reliable thermal management system is 

vital for the smooth operation of the advanced electronic 

devices. In general, there are two approaches to improve the 

heat removal for electronic equipment. One is to find an 

optimum geometry of cooling devices; another is to increase 

the heat transfer capacity. Nano fluids with higher thermal 

conductivities are predicated convective heat transfer 

coefficients compared to those of base fluids. Recent 

researches illustrated that nanofluids could increase the heat 

transfer coefficient by increasing the thermal conductivity of 

a coolant. Jang et al [23]. Designed a new cooler, combined 
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micro channel heat sink with nanofluids. Higher cooling 

performance was obtained when compared to the device 

using pure water as working medium. Nano fluids reduced 

both the thermal resistance and the temperature difference 

between the heated micro channel wall and the coolant. A 

combined micro channel heat sink with nanofluids had the 

potential as the next generation cooling devices for 

removing ultra-high heat flux. 

B. Industrial Cooling Application 

The application of nanofluids in industrial cooling will 

result in great energy savings and emissions reductions. 

Experiments were performed using a flow-loop apparatus to 

explore the performance of polyalphaolefin nanofluids 

containing exfoliated graphite nanoparticle fibres in cooling. 

It was observed that the specific heat of nanofluids was 

found to be 50% higher for nanofluids compared with 

polyalphaolefin and it increased with temperature. The 

thermal diffusivity was found to be 4 times higher for 

nanofluids. The convective heat transfer was enhanced by 

~10% using nanofluids compared with using 

polyalphaolefin. Ma et al. [22] proposed the concept of nano 

liquid-metal fluid, aiming to establish an engineering route 

to make the highest conductive coolant with about several 

dozen times larger thermal conductivity than that of water. 

C. In Domestic Refrigerator 

Now a day’s in refrigeration equipment HFC134a is used as 

a refrigerant. Traditional mineral oil is avoided as a 

lubricant due to the strong chemical polarity of HFC134a in 

refrigeration equipment. POE (Polyol-ester) oil as a 

lubricant also has the problems of flow choking and severe 

friction in the compressor. So nano particles can be used to 

enhance the working fluid properties and energy efficiency 

of the refrigerating system associated with reduction in CO2 

emission.  Sheng-shan et al (2008)[3] investigated the 

performance of the refrigerator using HFC134a and POE oil 

as the base data and then compared using HFC134a and 

mineral oil, and with different nanoparticles of TiO2 and 

Al2O3 with the same and different mass fractions with 

HFC134a for the same tests.  

D. In Solar Devices 

Direct absorption solar collectors have been proposed for a 

variety of applications such as water heating; however the 

efficiency of these collectors is limited by the absorption 

properties of the working fluid. Otanicar et al. (2010) [4] 

demonstrated efficiency improvements of up to 5% in solar 

thermal collectors by utilizing Nano fluids as the absorption 

mechanism. The experimental and numerical results 

demonstrate an initial rapid increase in efficiency with 

volume fraction, followed by a leveling off in efficiency as 

volume fraction continues to increase. For domestic hot 

water system, Golden and Otanicar (2009)[5] resulted that 

the nanofluid based solar collector has a slightly longer 

payback period but at the end of its useful life has the same 

economic savings as a conventional solar collector. The 

Nano fluid based solar collector has a lower embodied 

energy ~9% and approximately 3% higher levels of 

pollution offsets than a conventional collector. 

E. In A Heat Exchanger 

Heat exchanger used in industry for exchange the heat , 

normally in the industry base fluid used in the heat 

exchanger as a water because of availability and cheaper 

than other coolant. But water has a some limitations to 

transferring heat so we have the option to choose other fluid 

as base fluid. so now a days nanofluids are using in heat 

exchanger with different concentration and different nano 

particles size. 

Jaafar Albadir & et al [19] used Al2O3 

nanoparticles of size 30 nm and concentration 0.3 to 2 % 

volume in the heat exchanger and result showed from this 

research work that the convective heat transfer coefficient of 

nanofluid is slightly higher than that of base fluid at same 

inlet temperature. 

Arunachala U.C, Ambuj B. et al [6] also used Al2O3 nano 

particles in the water up to 2% volume for laminar flow in 

the shell and tube heat exchanger their research work also 

showed an increase in heat transfer rate of 3.4%, 44.8%, & 

57.6 % for shell side flow rate of 2 lpm, 3 lpm, 4 lpm and 

tube side flow rate of 1 lpm, 2 lpm, & 3 lpm respectively. 

F. In Chiller 

In the most of the industry where instant cooling is required 

but the normal base fluidlike water cannotwork for instant 

cooling so in that type of industry chillers are used. For 

example in the injection moulding machine, blow moulding 

machine, cnc machine, automobile industry etc. 

Anandakumar [7]used TiO2 + water nanofluids 

with 2gm/ltr volume concentration in the chiller in the water 

cooled condenser at different flow rate so from that research 

work showed enhancement in the COP of chiller. 

G. In Automotive 

Tapas kumar Dey [8] used Al2O3 nanoparticles with car 

engine radiator coolant, volume concentration was 0.001 to 

0.035 % and temp 10 to 80 0c.  This research work showed 

that the enhancement in thermal conductivity at 30 0c of 

10.41 % for nanofluids containing 0.035 volume fraction of 

Al 2O 3 

III. PREPARATION METHOD OF NANOFLUIDS 

To prepare nanofluids by suspending nanoparticles into base 

fluids, some special requirements are necessary such as even 

suspension, durable and stable suspension, low 

agglomeration of particles and no chemical change of fluid. 

There are three general methods used for preparation of 

stable nanofluid: (1) Addition of acid or base to Change the 

pH value of suspension (2) Adding surface active agents 

and/or dispersants to disperse particles into fluid (3) Using 

ultrasonic vibration. The most common two step preparation 

process is shown in Figure 2.    

 
Fig. 2:  Two step preparation process of nanofluid 
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These methods can change the surface properties of 

the suspended particles and can be used to suppress the 

formation of particle clusters in order to obtain stable 

suspensions. The use of these techniques depends on the 

required application of the nanofluid[21]. A summary of 

preparation process of nanofluids used by different 

researchers is shown in table 2.  

 
Table 2: Preparation methods of different nanofluids 

IV. THERMAL CONDUCTIVITY MEASUREMENT TECHNIQUES 

FOR NANOFLUIDS 

The thermal conductivity of nanofluids is an important 

transport property in practical heat transfer applications. 

Generally, there are two types of methods for measuring the 

thermal conductivity of any liquids: the steady state method 

and the transient method. In the present study, the transient 

hot wire method is used for measuring the thermal 

conductivity of silver/water nanofluids. This method was 

first introduced by Nagaska and Nagashima (1981) [9][15]. 

This method is preferred because of its accuracy, speed and 

ability to minimize the effects due to natural convection. 

This method, however, is normally restricted to electrically 

non-conducting fluids such as noble gases and organic 

liquids. Nanofluids are electrically conducting fluids. Thus, 

the Nagaska and Nagashima technique is modified, in which 

a platinum wire is coated with a thin electrical insulation 

layer, instead of a bare wire to measure the thermal 

conductivity of nanofluids. Hence, in the present study, the 

transient hot-wire (Teflon coated platinum wire) technique 

is used for measuring the thermal conductivity of 

silver/water nanofluids. 

A. Transient Hot Wire Techniques 

The transient hot wire method is the most appropriate and 

widely used method to measure the thermal conductivity of 

liquids. In this method, a thin platinum wire is used both as 

a line heat source and as a temperature sensor. The wire is 

surrounded by the liquid (nanofluid) whose thermal 

conductivity is to be measured. The wire is then heated by 

sending electrical current through it. Now, the higher the 

thermal conductivity of the surrounding liquid, the lower 

will be the temperature rise of the wire. This principle is 

used to measure the thermal conductivity. This experiment 

lasts for a maximum of up to 4 seconds and eliminates the 

effects of natural convection; hence, it is very fast and 

accurate. This method is called transient because heat is 

supplied suddenly, and the readings are taken before 

reaching steady state when natural convection currents get 

set. The working equation is based on a specific solution of 

Fourier’s law for radial (one dimensional) transient heat 

conduction with a line heat source at the axis of the 

cylindrical domain. From the solution presented by Carslaw 

and Jaeger (1967) [10], the temperature distribution 

equation for a line heat source is obtained by integrating it 

over the radial (r) direction from hot-wire radius (assumed 

zero) using r-zero and r-infinity boundary conditions and is 

given in equation .The infinite-series solution is then 

approximated with the first term only since the higher order 

terms virtually vanish after short initial transiency period. 

 
Where, J is the Euler’s constant, q = the heat 

liberated per unit time per unit length of the line source in 

W/m and kf = the conductivity of the liquid in Wm-1K-1. If 

temperatures of the heat source at time t1 and t2 are T1 and 

T2 respectively, then putting these conditions in equation 

gives the conductivity of the liquid (nanofluid) as: 

 

 
Fig. 3: Schematic diagram of the transient hot-wire 

apparatus 

B. Thermal Constants Analyser Techniques 

The thermal constants analyser utilizes the transient plane 

source (TPS) theory to calculate the thermal conductivity of 

nanofluid. In this method, the TPS element behaves both as 

the temperature sensor and the heat source. The TPS method 

uses the Fourier law of heat conduction as its fundamental 

principle for measuring the thermal conductivity, just like 

the THW method. Advantages of using this method are (a) 

the  measurements are fast, (b) samples having wide range 

of thermal conductivities (from  0.02 to 200 W/m K) can be 

measured, (c) no sample preparation is required, and (d)  

sample size can be flexible. The experimental setup 

comprises of thermal constants analyser, a vessel, a constant 

temperature bath, and a thermometer. The probe of the 

thermal constants analyser is immersed vertically in the 

vessel containing the nanofluid. The vessel is placed in the 

constant temperature bath and the thermometer is immersed 
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in the vessel to measure the temperature of the nanofluid. 

The thermal conductivity of the nanofluid is determined by 

measuring the resistance of the probe. The probe consists of 

an electrically conducting thin foil of a typical pattern which 

is sandwiched inside an insulating layer [24]. 

 
Fig. 4: Schematic diagram of the experimental setup for 

transient plate source method 

C. Steady State Parallel Plate Method 

Based on steady-state heat conduction various design of test 

cells can be constructed for the measurement of thermal 

conductivity of liquids. To facilitate the heat transfer 

predominantly in one direction either parallel-plate type or 

concentric cylindrical cell type test facilities are preferred. 

The apparatus for the steady-state parallel-plate method can 

be constructed on the basis of the design by Challoner and 

Powell[11]. A schematic diagram of the experimental set up 

is shown in Figure, where a small volume of the fluid 

sample is placed between two parallel round pure copper 

plates. A detailed description of the setup has been given by 

Wang et al. They have used this method for measuring the 

thermal conductivity of alumina and copper oxide based 

nanofluids. In this method, two important parameters are to 

be carefully controlled. One needs to accurately measure the 

temperature increase in each thermocouple. The difference 

in temperature readings need to be minimized when the 

thermocouples are at the same temperature. As the total heat 

supplied by the main heater flows through the liquid 

between the upper and lower copper plates, the overall 

thermal conductivity across the two copper plates, including 

the effect of the glass spacers, can be calculated from the 

one-dimensional heat conduction equation relating the 

power q˙ of the main heater, the temperature difference ∆T 

between the two copper plates, and the geometry of the 

liquid cell as   

̇  

Where, Lg is the thickness of the glass spacer 

between the two copper plates and S is the cross sectional 

area of the top copper plate. The thermal conductivity of the 

liquid can be calculated as  

 
Where, kg, S, and Sg are the thermal conductivity, 

cross-sectional area of the top copper plate, and the total 

cross-sectional area of the glass spacers, respectively. In this 

method, it has to be ensured that there is no heat loss from 

the fluid to the surrounding. To take care of this, guard 

heaters are used to maintain a constant temperature of the 

fluid. The guard heaters are heated to a temperature same as 

that of the fluid. If the fluid and the guard heater 

temperature are equal, then there will be no heat radiated to 

the surroundings from the fluid [12] 

 
Fig. 5: Experimental set up for steady state parallel plate 

method 

D. Cylindrical Cell Method 

Cylindrical cell method is one of the most common steady-

state methods used for the measurement of thermal 

conductivity of fluids. In this method the nanofluid whose 

thermal conductivity is to be measured fills the annular 

space between two concentric cylinders. Kurt and 

Kayfeci[20]have given a detailed description of the 

equipment. A brief description is as follows. The equipment 

(shown in Fig 6) consists of a coaxial inner cylinder (made 

of copper) and outer cylinder (made of galvanize). An 

electrical heater is placed inside the inner cylinder and the 

front and back sides of the equipment are insulated to nullify 

the heat loss during the measurement. During the 

experiment, heat flows in the radial direction outwards 

through the test liquid, filled in the annular gap, to the 

cooling water. Two calibrated Fe–Constantan 

thermocouples are used to measure the outer surface 

temperature of the glass tube (Ti) and the inner cylinder 

(To). The required measurements for the calculation of the 

thermal conductivity are the Ti and To temperatures, 

adjusted voltage and current of the heater.   

 
Fig. 6: Cross-section of the cylindrical cell equipment 
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E. Temp Oscillation Technique 

This method measures the temperature response of the 

nanofluid when a temperature oscillation or heat flux is 

imposed. The measured temperature response of the 

nanofluid is the result of averaged or localized thermal 

conductivity in the direction of nanofluid chamber height. 

The experimental method used here is based on the 

oscillation method proposed by Roetzel et al[17]. And 

further developed by Czarnetski and Roetzel[18]. The 

principle of thermal conductivity measurement has been 

described. Who have used this technique to measure the 

thermal conductivity of nanofluids comprising of Al2O3 and 

CuO nano particles dispersed in water. The experimental 

setup (shown in Fig. ) requires  specially fabricated test cell 

(1) which is cooled by cooling water (2) on both the ends, 

coming from a thermostatic bath (3). Electrical connection 

provides power to the Peltier element (4). The temperatures 

are measured in the test section through a number of 

thermocouples and these responses are amplified with 

amplifier (5) followed by a filter which is finally fed to the 

data acquisition system (6) comprising of a card for logging 

the measured data. The data logger is in turn connected to a 

computer with proper software (7) for online display which 

is required to assess the steady oscillation and for recording 

data. 

 
Fig. 7: Schematic of experimental set up for temperature 

oscillation technique 

F. 3 Omega Method 

Similar to hot-wire technique, the 3ω method uses a radial 

flow of heat from a single element which acts both as the 

heater and the thermometer. The use of the temperature 

oscillation instead of the time dependent response is the 

major difference. A sinusoidal current at frequency ω passes 

through the metal wire and generates a heat wave at 

frequency 2ω, which is deduced by the voltage component 

at frequency 3ω. According to Cahill, the exact solution at a 

distance r = (x2 + y2)1/2 from an infinitely narrow line 

source of heat on the surface of an infinite half-volume 

[14][16]. 

 

 
Fig. 8: Test cell construction for 3ω method 

V. BENEFITS OF USE OF NANOFLUIDS 

Nano fluids possess the following advantages as compared 

to conventional fluids which makes them suitable for 

various applications involving heat exchange.     

1) The suspended Nano particles enhance the thermal 

conductivity which results improvement in efficiency of 

heat transfer systems. 

2) Heating within the fluid volume, transfers heat to a 

small area of fluid and allowing the peak temperature to 

be located away from surfaces losing heat to the 

environment. 

3) The dispersion of nano particles flattens the transverse 

temperature gradient of the fluid. 

4) To make suitable for different applications, properties 

of fluid can be changed by varying concentration of 

nano particles.   

5) Absorption of solar energy will be maximized with 

change of the size, shape, material, and volume fraction 

of the nano particles. 

6) The suspended nano particles increase the surface area 

and the heat capacity of the fluid due to the very small 

particle size. 

7) The mixing fluctuation and turbulence of the fluid are 

intensified. 

VI. CHALLENGES OF NANOFLUIDS 

1) Higher viscosity: The viscosity of nanoparticle–water 

suspensions increases in accordance with increasing 

particle concentration in the suspension. So, the particle 

mass fraction cannot be increased unlimitedly. 

2) Lower specific heat: specific heat of nanofluids is lower 

than base fluid. CuO/ethylene glycol nanofluids, 

SiO2/ethylene glycol nanofluids and Al2O3/ethylene 

glycol nanofluids exhibit lower specific heat compared 

to base fluids. An ideal coolant should possess higher 

value of specific heat which enables the coolant to 

remove more heat. 

3) Difficulties in production process: Nano particles are 

inherently produced from processes that involve 
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reduction reactions or ion exchange. Furthermore, the 

base fluids contain other ions and reaction products that 

are difficult or impossible to separate from the fluids. 

Nano particles’ tendency to agglomerate into larger 

particles, which limits the benefits of the high surface 

area nano particles. To counter this tendency, particle 

dispersion additives are often added to the base fluid 

with the nano particles. Unfortunately, this practice can 

change the surface properties of the particles, and 

nanofluids prepared in this way may contain 

unacceptable levels of impurities. 

4) High cost of nanofluids: Higher production cost of 

nanofluids is among the reasons that may hinder the 

application of nanofluids in industry. Nanofluids can be 

produced by either one step or two steps methods. 

However both methods require advanced and 

sophisticated equipment. 

5) Thermal conductivity: The existing models for 

predicting thermal conductivities of CNT nanofluids, 

including Hamilton–Crosser model, Yu–Choi model 

and Xue model, cannot predict the thermal 

conductivities of CNT nano refrigerants within a mean 

deviation of less than 15%.  

VII. CONCLUSION 

This review paper presents an overview of the recent 

developments, the study of the heat transfer using 

nanofluids. Most of the researchers have given attention to 

the thermal conductivity rather than heat transfer 

characteristics. 
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