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Abstract— Nanofluids are emerging heat transfer fluids 

presently subject of active research by energy technologists 

across the world. This paper attempts to review the 

characterization of Nanofluids before subjecting them to 

experimental investigations. The benefits accrued by 

characterization include proximity of results obtained to 

theoretical values and their interpretation by the researchers. 
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I. INTRODUCTION 

Nanofluids are dilute liquid suspensions of nanoparticles 

with at least one of their principal dimensions smaller than 

100 nm. From previous investigations, nanofluids have been 

found to possess enhanced thermophysical properties such 

as thermal conductivity, thermal diffusivity, viscosity and 

convective heat transfer coefficients compared to those of 

base fluids like oil or water.[1]-[6]. Nanofluids are a new 

class of nanosized heat transfer fluids engineered by 

dispersing nanometer  sized particles with typical length 

scales of the order of 1nm to 100nm.They exhibit superior 

electrical, thermal, magnetic and optical properties than the 

conventional bulk materials .Because the key of nanofluids 

is the nanoparticles, researchers have realized the 

importance of characterization of the nanoparticles in order 

to exploit the unique properties of these tiny particles in 

terms of stable & high thermal conductivity. 

II. NANOFLUIDS 

Nanofluids are made using various materials such as metal 

oxides, non-metal oxides, ceramic materials with the help of 

nanotechnology processes. Current processes of 

manufacturing the nano-particles include inert gas 

condensation, mechanical milling, chemical vapor 

deposition ,micro emulsification, spray pyrolysis to name a 

few.. 

III. CHARACTERIZATION OF NANOFLUIDS 

Ascertaining the characteristics of the procured nanofluid is 

of utmost relevance to researchers as the outcome of the 

results of experimental investigations performed shall be 

influenced by the varying degree of the nanofluid properties 

such as stability, working cycles performed, and 

composition of the nanoparticles. 

A. Composition of the Nanofluid Procured 

Nanofluids are colloidal suspensions consisting of 

nanoparticles like metals, oxides, carbides, carbon 

nanotubes dispersed in the base fluids like water, ethylene 

glycol or oil. 

 
Fig 1: TEM view –Composition of a Nanofluid,[10]. 

B. Loading of Nanoparticles  

Particle volume fraction or particle loading , which is the 

volumetric concentration of the nanoparticles in the nano-

fluid. Using a volume fraction of 0.25% shall indicate that in 

a base fluid of 1000 ml , the volume contribution of the 

nanofluid is 2.5 ml. The thermophysical properties show 

varying behavior with varying particle loading. The 

procured nanofluid is characterized for different volume 

fractions to study the behavior and properties. 

 
Fig 2: Volume fractions of  Nanofluid,[7]- [9] 

C. Impurities in Nanofluid  

It is important to be able to fully characterize the nanofluids 

under inspection for heat transfer enhancement. Particle 

concentration and contamination in the nanofluid solution is 

another problem of characterization. Tools utilized to 

characterize and qualify nanofluids for this study include 

neutron activation analysis (NAA), inductively-coupled 

plasma spectroscopy (ICP), transmission electron 

microscopy (TEM) imaging, thermo gravimetric analysis 

(TGA) and dynamic light scattering (DLS). NAA is a 

method that uses the gamma decay emissions of the samples 

after having undergone neutron irradiation. Irradiation times 

depend on the materials under investigation and the half life 

of the gamma decay modes [ ]. 

D. Stability of Nanofluid  

For a two-phase system, there are some important issues we 



Characterization of Nanofluids-A Brief Overview 

 (IJSRD/Vol. 3/Issue 07/2015/054) 

 

 All rights reserved by www.ijsrd.com 239 

have to face. One of the most important issues is the 

stability of nanofluids, and it remains a big challenge to 

achieve. The important technique to enhance the stability of 

nanoparticles in fluids is the use of surfactants. However, 

the functionality of the surfactants under high temperature is 

also a big concern, especially for high-temperature 

applications.At room temperature, the charge provided by 

the surfactants allows prolonged dispersions at the desired 

levels for carrying out the experimentation by the 

researchers. 

 
Fig 3: Nanoparticle with surface charge,[8] 

 
Fig. 4: Surfactants cause stable dispersions,[8] 

E. Thermal Conductivity of Nanofluid 

Thermal conductivity of a nanofluid is its ability to conduct 

the heat through it .The amount of heat dissipated per unit 

length of the material for a unit rise of temperature is 

measured for the nanofluid. Thermal conductivity of 

nanofluid is tested at different weight fractions. Fig 6 shows 

a gradual but non linear increasing trend[15 ]. 

 
Fig 5: Thermal conductivity vs time,[15] 

 
Fig. 6: Thermal conductivity vs weight fraction,[15] 

F. Viscosity of Nanofluid  

Viscosity of nanofluid is measured by Viscometer. A 

particular measuring device called Brookfield 

programmable viscometer[ ] was used for measuring 

viscosity of CuO nanofluid. The viscometer drives a spindle 

immersed in test fluid[11].When the spindle is rotated ,the 

viscous drag of the fluid against the spindle is measured by 

the deflection of the calibrated spring. 

 
Fig. 7: Viscosity vs Temperature,[11] 

G. Specific Heat of Nanofluid 

The specific heat of a substance c is the amount of heat 

required to change its temperature of unit mass(of one 

kilogram)of the substance by 1 kelvin[13].The heat capacity 

of a mixture of substances is the sum of heat capacity of 

Individual heat capacities. i.e. Specific heat of 

nanofluid=Specific heat of base fluid + specific heat of 

nanoparticles.In fig 9,as the weight fraction of nanoparticles 

increases, the specific heat reduces. 

 
Fig 8: Specific Heat Vs Weight Fraction,[13] 
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H. Specific Gravity of Nanofluid  

For the measurement of density of nanofluids, specific 

gravity bottle method is used . First, the empty bottle is 

weighed and then filled with the deionized water. The bottle 

filled with water at different temperatures and weighed for 

calibration. After the calibration the gravity bottle is filled 

with nanofluid sample and weighed again at different 

temperatures. The specific gravity is calculated as the ratio 

of the net weight of the nanofluid and  net weight of 

deionized water.It is found experimentally that as 

nanoparticle volume fraction increases , density also 

increases.It can be understood that temperature has much 

influence on the density of nanofluids. Density of nanofluids 

is higher than the base fluids and with increase in 

temperature, density of nanofluids goes on decreasing. 

 
                   Fig. 9: Specific gravity bottle,[12] 

I. Electrical Conductivity of Nanofluid  

Among various electrical transport properties of the 

particulate suspension, the electrical conductivity not only 

reelects the insulation resistance, but also brings information 

about the degree of dispersion and stability of the nanofluid 

[13].An experimental investigation conducted on the 

enhancement of electrical conductivity using No 

nanoparticles, showed significant increase in the electrical 

conductivity of the transformer oil. 

 
Fig. 10: Electrical conductivity vs Volume fraction,[10]. 

J. Magnetic Property of Nanofluid  

Magnetic properties of magnetic nanoparticles are very 

much dependent of the particle core dimensions. For 

example, although within the single-domain crystal size 

range (i.e. < 35 nm), magnetic force acting on the particle 

increases linearly with size, increasing the size further 

results in a switch of superparamagnetism to paramagnetism 

which decreases the magnetic susceptibility of the 

nanoparticle. In addition, the presence of other iron oxide 

impurities largely affect the magnetic susceptibility, hence 

should be carefully characterized for magnetic fluid 

applications. 

 
Fig. 11: Set up to detect magnetic property of a 

nanofluid,[16] 

K. Optical Property of Nanofluid  

Optical properties of nanofluids are growing in significance 

in the light of their uses in direct absorption solar collectors 

(DASC).The absorptance, reflectance and emittance values 

are measured using Transmission Electron 

Microscope(TEM).The measurement of absorptance of 

nanoparticles is useful for understanding the dispersion of 

the particles in liquid media. The optical spectra of the 

original Alumina nanofluid [12] exhibit strong absorption in 

the UV spectra and low absorption in the higher 

wavelengths before sonication treatment. 

 
Fig. 12: TEM for Optical property of a nanofluid,[14] 

IV. CONCLUSION 

Nanoparticles are increasingly becoming the subject of 

research due to its enhanced thermal properties 

.Nanoparticles are made available in several forms like 

nanoparticle powders and nanofluids.Before subjecting the 

nanofluids to experimental research a thorough 

characterization of the selected nanofluid needs to be 

performed by the researcher.The present work gives a brief 

overview of characterization techniques employed by 

researchers in the field.There is future scope of developing 

techniques to characterize hybrid nanofluids which will be 

part of the growing experimental research. 
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