
International Association of Scientific Innovation and Research (IASIR) 
(An Association Unifying the Sciences, Engineering, and Applied Research) 

 

               International Journal of Emerging Technologies in Computational 

and Applied Sciences (IJETCAS) 

www.iasir.net  

IJETCAS 15-140; © 2015, IJETCAS All Rights Reserved                                                                                                                      Page 84 

ISSN (Print): 2279-0047  

ISSN (Online): 2279-0055 

Thermo Physical Properties of Nano Ferro fluids 
L.S.V Prasad

1
, Paul Douglas Sanasi

2
, V.Srinivas

3
 

1
 Associate Professor, Mechanical Engineering, AU College of Engineering (A), Andhra University, 

Visakhapatnam-530003, Andhra Pradesh, INDIA. 
2
 Assistant Professor, Engineering Chemistry, AU College of Engineering (A), Andhra University, 

Visakhapatnam-530003, Andhra Pradesh, INDIA. 
3
 Professor and Head, Mechanical Engineering, GITAM University, Visakhapatnam, Andhra Pradesh, INDIA. 

 

_______________________________________________________________________________________ 

Abstract: Nanofluids have novel properties that make them potentially useful in many heat transfer 

applications. Nanofluids have already got the attention of research due to their unique thermo physical 
properties. Experimental results of many researchers indicate that the thermo physical properties of nanofluids 

depend on parameters including the thermal conductivities of the base fluid, the nanoparticles and volume 

fraction. This article presents preparation and experimental determination of thermal conductivity and viscosity 

of nano ferro fluid and development of a suitable correlation for determination of thermo physical properties. 
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I. Introduction 

Nano fluids are dilute liquid suspensions of nanoparticles with at least one critical dimension smaller than 

~100nm.  Nanofluids are a new class of fluids engineered by dispersing nanometer-sized materials in base 

fluids. Common base fluids include water, ethylene glycol
 
and oil. For the past decade pioneering scientists and 

engineers have made phenomenal discoveries that a very small amount of guest nanoparticles can provide 

dramatic improvements in the thermal properties of the host fluids, such as anomalously high thermal 

conductivity at low nano particle concentrations, strong temperature and size dependent. Nanofluids are of great 

scientific interest because their unprecedented thermal transport phenomenon which surpass the fundamental 

limits of conventional macroscopic theories of suspensions. Therefore, numerous mechanisms and models have 

been proposed to account for these unexpected, intriguing thermal properties of nanofluids. Sarma et al., [1] 

developed a theoretical model to estimate the thermal conductivity of water based nanofluids dispersed with 

metal and metal oxides nanoparticles. Abbaspoursani et al., [2] developed an empirical model for effective 

thermal conductivity of TiO2-water and Al2O3-water nanofluids based on dimensionless variables indicated an 

enhancement in thermal conductivity.   Shams et al., [3] proposed that thermo-physical properties primarily 

depends on the properties of base fluids and nanoparticles. Tajik Jamal et al., [4] experimental results showed 

that thermal conductivity of nanofluids were higher than the base fluid.  Investigation of Das et al., [5] used 

temperature oscillation technique is utilized for the measurement of thermal diffusivity and thermal conductivity 

is calculated from it.  The results indicate an increase of enhancement characteristics with temperature. The 

objective of the present investigation is to study the influence of ferro nanoparticles on thermal conductivity and 

viscosity of nanofluids and formulate a empirical correlation as a function of temperature and volume fraction. 

 

II. Preparation of Nanofluids 

There are two fundamental methods to obtain nanofluids 

(1) Single step direct evaporation method – the dispersion of nanoparticle is obtained by direct evaporation 

of nanoparticle metal and condensation of nanoparticles in the base fluid. 

(2) Two step method – first nanoparticles are obtained by different methods and then dispersed into the 

base fluid. 

The suspensions obtained by either case should be well mixed, uniformly dispersed and stable in time. 

Nanoparticles can be produced from several processes such as gas condensation, mechanical attrition or 

chemical precipitation techniques. As condensation processing has an advantage over other techniques. This is 

because the particles can be produced under cleaner conditions and its surface can be devoid of undesirable 

coatings. However, the particles produced by this technique occur with some agglomeration, which can be 

broken up into smaller clusters by supplying a small amount of energy. The precipitation of nanofluids begins 

by direct mixing of the base fluids with nanoparticles. The delicate preparation of a nanofluid is important 

because nanofluids need special requirements such as an even suspension, durable suspension, stable suspension 

with low agglomeration of particles. 

The formation of Ferro fluid involves various types of forces that hold the components together. Magnetite is 

held together by ionic interactions.  Ionic attractions between hydroxide anions and tetra methyl ammonium 

cations allow colloidal suspension of the magnetite in the solution. Without tetramethyl ammonium hydroxide 
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as a surfactant, the magnetite nanoparticles tend to cluster together. Therefore it is necessary to have the 

appropriate surfactant to stabilize an aqueous ferrofluid. 

 

III. Synthesis of Magnetite Nano crystals 

The following were the steps involved in the preparation of Ferro nanofluid 

                                                                                                                               

                                                                                                                                             
                                                                                                                                         
Fe (III) coordinates to 6 water molecules and Fe (II) coordinates to 4 water molecules (not shown) until the solid 

forms. The water molecules on the periphery of the magnetite are ultimately replaced by tetramethyl ammonium 

hydroxide. The solutions of Ferro Nano Fluids 2M FeCl3 and 1M FeCl2 are combined before titration as shown 

in fig.1 and titrated with ammonium hydroxide subjected to ultrasonication as shown in the fig 2. The magnetic 

particles settle down at the bottom of the beaker as shown in fig. 3 and water from the beaker is decanted. The 

precipitate is later washed repeatedly with water to remove excess ammonia and the prepared precipitate is later 

is used in the preparation of ferronanofluid. To this 1-2 ml of 25% tetramethyl ammonium hydroxide is added 

and the water content is adjusted till the spoke like arrangement of ferrofluid is obtained when a magnet is 

placed below the container. To this ferrofluid a measured quantity of ethylene glycol is added according to 

volume fraction required for this study. 

A precise determination of important physical quantity such as particle diameter is very essential in the 

preparation of nanofluid. The particle diameter is determined using a particle analyzer and mean particle 

diameter is determined as 10.9 nm as shown in fig. 4. Ethylene glycol is considered as the base fluid and three 

different volume concentrations of ferronanofluid are prepared using the two step procedure.  

Fig. 1 Combination of FeCl2 and FeCl3 before 

titration 

 
Fig. 2: Titration of FeCl2 and FeCl3 using Ultra 

Sonication. 

\  
Fig. 3: Separation of Magnetic Ferrofluid at the 

bottom of the container with a strong magnet 

 
Fig. 4 Particle analyze test 

 

IV. Thermo physical properties of nanofluids 

Dating back to the classical model of Maxwell (1881) on the properties for particle fluid mixtures, numerous 

theoretical and experimental studies have been conducted. To predict the anomalous thermal conductivity of 

nanofluids, it is observed from literature that thermal conductivity of nanofluids depends on several parameters 

which include thermal conductivity of the base fluid, temperature and volume fraction. In the current 

investigation, three different volume concentrations of ferro nanofluids are prepared independently. The volume 

concentrations selected for this study are ϕ = 0.57, 0.66 and 0.8. The effective thermal conductivity of 

nanoparticle suspensions are studied for variable concentration of nanoparticles in the base fluid. Thermal 

conductivity of prepared nanofluid is measured with KD2 Pro a fully portable field and lab thermal properties 
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analyser. It uses the transient line heat source method to measure thermal diffusivity, specific heat (heat 

capacity), thermal conductivity, and thermal resistivity. The test tube containing the sample initially ethylene 

glycol and later nanofluid is transferred into a facility where heating of the sample is carried out using water 

bath. Variation of thermal conductivity with temperature is measured and used for further analysis.  

Einstein (1956) was the first to calculate the effective viscosity of a suspension of spherical solids using the 

phenomenological hydrodynamic equations. Experimental data for the effective viscosity of nanofluids are 

limited to certain nanofluids. The ranges of the parameters (the particle volume concentration, temperature, etc.) 

are also limited. Still, the experimental data show the trend that the effective viscosities of nanofluids are higher 

than the existing theoretical predictions. Viscosity measurement is done with the help of with Ostwald's 

viscometer. Ostwald viscometer is a commonly used viscometer, which consists of a U-shaped glass tube held 

vertically. For more accurate measurements it is held in a controlled temperature bath. It is also known as a glass 

capillary viscometer. The sample liquid is allowed to flow through its capillary tube between two etched marks 

and the time of flow of the liquid is measured using a stopwatch. The variation of viscosity with temperature is 

experimentally recorded and the data is further used to correlate a non-linear regression equations. 

 

V      Results 

The experimental data shows that thermal conductivity increases with temperature for this nanofluid within the 

temperature range (55°C) of the experiment. To illustrate the magnitude of conductivity enhancement by the 

nanoparticle over the base fluid, it is observed from Fig. 5 that thermal conductivity increases for volume 

concentration ranging from 0.57 to 0.8. Thermal diffusion due to Soret effect and micro-convection setup by 

Brownian motion of nanoparticles can enhance thermal conductivity of nanofluid and an average improvement 

of 33% has been observed. It is also found that temperature, volume fraction have significant effects over 

viscosity of nanofluids. Although researchers deduce that viscosity decreases with increase in temperature, 

results indicate that viscosity increases as particle volume concentration increases as shown in Fig. 6. Literature 

reveals that presence of nanoparticles can influence the Newtonian behaviour of fluid enhancing viscosity with 

increase in volume fraction. An average enhancement of 52% is observed with increase in volume fraction. 

 

 
Fig. 5 Variation of thermal conductivity of ferro nanofluids with temperature 

 

 
 Fig. 6 Variation of viscosity of ferro nanofluid with temperature 

 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

30 40 50 60 

Th
e

rm
al

 C
o

n
d

cu
ti

vi
ty

, w
/m

 
k 

 

Temperature, oC 

Base Fluid 

0.571 % 

0.667 % 

0.8 % 

0 

5 

10 

15 

20 

25 

30 

35 

40 

35 40 45 50 55 

V
is

co
si

ty
, c

P
 

Temperature, oC 

Base Fluid 

0.571 % 

0.667 % 

0.8 % 



L.S.V Prasad et al., International Journal of Emerging Technologies in Computational and Applied Sciences, 11(1), December 2014-

February 2015, pp. 84-88 

IJETCAS 15-140; © 2015, IJETCAS All Rights Reserved                                                                                                                   Page 87 

A generalized regression equation is developed for estimation of thermal conductivity and viscosity of ferro 

nanofluid and is validated in Fig. 7 and Fig. 8 respectively. The equation is valid up to a volume concentration 

of   = 0.8. The equation developed for thermal conductivity is with an average deviation of 3.6% and standard 

deviation of 4.2% given by  

 
   

   
            

    
    

                                                                                                                      

 
Fig. 7 Validation of formulated regression equation for thermal conductivity of nanofluids 

 

Similarly the experimental data of viscosity is subjected to regression equation valid upto   = 0.8 volume 

concentration and the equation is developed with an average deviation of  6.9% and standard deviation of  9.6% 

given by 

 
   

   
             

    
    

                                                                                                                   

 

 
Fig. 8 Validation of formulated regression equation for viscosity of nanofluids 

 

VI      Conclusion 

The following conclusions are made from the experimental observations 

 The thermal conductivity of ferronanofluid improved by an average of 33% within the given 

temperature range 

 The viscosity of the ferronanofluid is also found to increase by an average of 52% within the given 

temperature range. 
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 Thermal conductivity and viscosity of ferronanofluid can be estimated from Eqs (4) and (5) 

respectively. 

Nomenclature 

  Thermal conductivity, W/mK 

   Temperature, ºC 

Greek symbols 

  Volume concentration of nanoparticle, % 

Subscripts 

   nanofluid 

   base fluid 
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