
 

                                                                                                                  
 

 

   
   Journal of Green Engineering (JGE) 
       

        Volume-10, Issue-9, September 2020 
   

 

 
                      

 
 
 
 
 

Heat Transfer Properties and Applications of 
Nano fluids 

   
1
Ajay Vasishth, 

2
Ravinder Tonk, 

1,*
Shilpi Jindal 

 

1,*Department of Physics, Chandigarh University, Punjab, India. 
2Department of Mechanical Engineering, Chandigarh University, Punjab, India.E-

mail: shilpi.uis@cumail.in 

 
Abstract 
 
Nanofluids may be defined as the fluids that contain nanometer-sized 
particles named as nanoparticles. When nanoparticles solute is dispersed in 

conventional base solvents like H2O, C2H6O2 or oil, etc. The nanoparticles 

which are used in the fabrication of nanofluids contains the oxides of metals 
(such as Aluminum oxide, Copper (II) oxide), Metals (Such as copper, silver, 

etc), Semiconductors (Such as titanium dioxide and Silicon Carbide) and 

alloys of nanoparticles, etc. This review article investigates the properties, 

fabrication and numerous applications of nanofluids. Researchers have found 
that these fluids have a strong tendency of thermal conductivity hence they 

are being used as a temperature regulator in many domains. 

 
Key words: nanoparticle, semiconductor, thermal conductivity, temperature 

regulator, conventional base solvents. 
 

1 Introduction 
 

The term Nanofluid (NF) is devised by Dr. Stephen U.S. Choi, an 

eminent scientist, at Argonne National Laboratory. His work in the field of 

advanced fluids had resulted in the formulation of the nanofluids. He 
proposed this concept in 1993. His team got success in the development of a 

fluid which shows high thermal properties. Basically, nanofluids are 

engineered colloidal solution made up of nanoparticles.  
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Probing further, there are many types of nanoparticles such as carbon-

based, metal-based, dendrimers and composites [1].When compared to base 
fluids, nanufluids show high thermal conductive properties as it has a great 

tendency to conduct heat and is efficient in producing higher value of heat 

transfer coefficient [2]. 
Further, the Studies also reveal that about ―1 trillion BTU of energy‖ 

may be shifted, if the NF are used instead of water. Marching forward, 

nanofluids also exhibit many other properties like they are stable and contain 

viscous fluids. Due to these properties extensive application related to heat 
transfer and thermal conductivity, as they are also being used for their optical 

properties [3].This review paper will first look into a short overview of the 

synthesis of nanofluids and their properties. Further, It will throw light on its 
application based on storage of energy, industrial cooling, automobiles and 

friction reduction.   

 

2 Synthesis of Nanofluids 
 

Nanofluids can be mainly synthesized in two ways: 
 One-step Method (Uniform Dispersion of nanoparticles) 

 Two-step Method (Conversion of nanomaterials into dry 

powder) 

 

2.1 First Method  
 

First Method is used to prepare more stable fluids. The process 
comprises the uniform dispersal and stable suspension of nanuparticles in the 

fluid. The system includes proper enhancement of nanoparticles while 

undergoing the tasks of diffusion of nanoparticles, drying, storage and further 
transportation. This is done to reduce the mass round collection of 

nanoparticles and to improve the stability of fluids [4].  The other efficient 

methods like vacuum-Submerged Arc Nanoparticle Synthesis System can 

also be used to prepare nanofluids, but this is possible by using different 
dielectric liquids [5]. 

 

2.2 Second Method 
 

The most commonly and extensively applied method for the production 

of nanofluids is Two-method. At first, by using some physical and chemical 

process, the nanomaterials (such as nanoparticles, nanofibers, etc) are 
transformed into a dry and refined powder. As the method of production of 

nanopowder is already in use at the industrial level, it is beneficial to follow 

two step method to produce nanofluids which is also an economical way of 
production.  
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Afterwards, intensive magnetic force agitation, high-shear mixing, 

homogenizing, ultrasonic agitation, and ball milling assist in the dispersal of 

the nanosized powder into a liquid thus leading to the formation of a liquid 
called nanofluids. To prepare more stable nanofluids some more new 

techniques are being used including the one-step method [6]. 

 

3 Properties 
 

When a particle is converted into a nanoparticle then its properties get 
changed completely. The physics between the atoms of particle get changed. 

The normal concepts of classical physics are no more applicable to these 

substances; these particles enter in the world of quantum mechanics. Physical 
defect-free, individual, MWCNT have superb rigidity and when incorporated 

into a composite, for example, thermoplastic or thermo set mixes, can 

altogether build its quality. 
Thermal: MWCNTs have warm steadiness in excess of 600 degree 

centigrade, in light of the level of imperfections and to certain degree on the 

immaculateness as leftover impetus in the item can likewise catalyze 

disintegration. 

 

3.1 Viscosity 
 

It is always a debatable issue in the literature whether the nanofluids 

are Newtonian or not. So, to solve this mystery, Chen Et Al [7], in 2007, 

used TiO2 nanoparticles to anaylze the ethylene glycol-based nanofluid with 

the help of an experimental and theoretical analysis. The team concluded the 
result that under certain conditions they are Newtonian, and have shear 

viscosity. Further, it leads to the conclusion that it is a strong function of 

temperature.  
Moreover, the trends of viscosity have also been studied by Sergis and 

Hardalupas[8] through a statistical analysis. The results in hand reveal that 

the viscosity of nanofluids is inversely proportional to the temperature. Not 
only this, the size of nanoparticles is also inversely propotional to the 

viscosity of nanofluids. Researchers had also demonstrated the relation of 

temperature with viscosity i.e log(μnf) = A exp (BT), wherein A and B are 

curve fitting parameters [9].Many types of the researches have reported that 
the viscosity acts as one of the major aspects for the heat transfer 

characteristic of nanofluids. 

 

3.2 Stability 
 

When an Incident of laser beam passes through the nanofluids, it 
determines the amount of light backscattered from the nanofluids. This 

further determines the stability of the naofluids. 
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Several tests were carried by a Turbiscan Lab Expert. His computations 

were based upon the multiple or umpteen light scattering theories. The 

experiment comprises many types of equipments which include infrared light 
source, a pulsed laser and a detector which is used to measure the scattered 

light samples. For every scattering of nanofluid, not only height of the cell 

but also the profiles were noted. To compute or to calculate the stability of 
nanofluids, various calculations are carried out at regular or distinct intervals 

of time, for a time period of 48 hours. 

There are various other methods that can be used to estimate the stability 
of nanofluids. One of the most simple and easy methods is Sedimentation 

method. [10].The stability of characterized nanofluids is also indicated by the 

sediment weight or the sediment volume of nanoparticles in a nanofluid, 

when subjected to an external force. A special apparatus can be used to 
obtain the concentration of supernatant (clear liquid left above sediment) 

particle, with time of sedimentation. With the help of a camera, the stability 

of nanofluids can be observed by taking sedimentation photographs of 
nanofluids in test tubes. [11]. Moreover, when the particle size of supernatant 

particles of nanofluid remains the same then that fluid is considered as a 

stable nanofluid. 

 

3.3 Thermal Conductivity (TC) 
 

In order to measure the thermal conductivity of nanofluids, the (KD2 Pro) 
conductometer manufactured by Decagon Devices Inc. which is used. It is 

appropriate to use this device as it uses transient hot-wire technique for 

calculating the thermal conductivity.  
 

 
Fig1: Thermal conductivity (TC) ratio 

 



                                                                                                                  
 

 

 
 

 

 
Heat Transfer Properties and Applications of Nano fluids 5807 

 
Table 1: The above table depicts the thermal conductivity a few materials, Base 

fluids, and Nanofluids. 

 

 Materials TC (W/mK) 

Metallic Materials Copper (Cu) 402.04 

Silver (Ag) 429.60 

Nanometallic: Materials Silicon (Si) 147.9 

Alumina (Al2O3 ) 40.06 

Carbon Carbon Nano Tubes 2000.2 

Base fluids (BF) H2O 0.613 

Ethylene Glycol (EG) 0.255 

Engine Oil 0.144 

NF (Nanoparticle concentration %) H2O /Al2O3(1.05) 0.626 

 EG/Al2O3 

(3.00) 

0.276 

EG- H2O /Al2O3 (3.00) 0.392 

H2O / TiO2 (0.75) 0.692 

H2O CuO (1.00) 0.618 

 

4 Applications 
 

4.1 Heat Sink 
 
4.1.1 Electronics 
 

Nowadays, with technological advancements, the design of electronic 
devices and their components are becoming more and more compact and 

complex. So, these advancements lead to the challenges of heat dissipation as 

there is a significant decrease in surface area for heat removal. So, in order to 

avoid this issue, the developers have been experimenting to revise the heat 
transfer rate or to develop an optimum geometry for the device.  
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So, the use of nanofluid is the most suitable solution for this issue, as it 

offers higher temperature coefficients as compared to other base fluids [12]. 

 

4.1.2 Industrial cooling Application 
 

Another progress in this field was made in 2008 by Routbort Et Al. [19] 
who initialized a project wherein the nanofluids were used as replacement of 

conventional base fluids (like distilled water) and this could result in huge 

energy saving and reduction in emission. By taking a reference of the U.S. 
power industry, where nanofluids are used due to their potential to save 10-

30 trillion and every year, it could likely to reduce the emission of 5.6 metric 

tons of carbon dioxide, around 8600 metric tons of nitrogen oxide and 

approx. 21000 tons of sulphur dioxides. [13]. 

 

4.1.3 Nuclear Reactor 
 

Another quality of nanofluids is that they can be used in nuclear reactors 

due to their cooling abilities as in nuclear reactors, there is an extensive need 

for coolants. This is further supported by the study and experiments 

undertaken by Kim and team [14] at the Nuclear Science and Engineering at 
(MIT- Massachusetts Institute of Technology), wherein he showcased the 

lead of nanofluids in nuclear reactors due to their cooling ability. 

Experimentations are done in PWR (Pressurized Water Reactor) nuclear 
plants, where water is used as the primary coolant and the study had shown 

that replacement of nanofluids could increase the power plant safety if used 

as emergency coolants in the reactor. This is possible only due to the fact, 
that the nanofluids offer high CHF (i.e. Critical heat flux) as compared to 

water. 

 

4.1.4 Extraction of Energy Sources 
 

In a report from MIT in 2007, it was estimated that, world‘s total 

resources of geothermal energy [15] and with current technology, we would 
only extract 200ZJ of it. But with the technological advancements and use of 

nanofluids provide us potential to extract 2000 ZJ. While extracting energy 

from piles of earth crust the temperature varies from 500 to 1000 degrees 
Celsius, so if we use nanofluids to cool pipes, machines, and other 

equipment, then its efficiency will get rocketed up and we could able to 

extract more. 
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4.1.5 Automobiles 
 

Since many years, the automobile manufacturers are focusing on 
improving the aerodynamic design of the vehicles, as at high speed about 

65% energy of trucks gets wasted in overcoming the aerodynamic resistance. 

This issue can be resolved with the help of nanofluids, as a large radiator is 
fitted in front of an engine to maximize the cooling effect. So, if we replace 

the conventional coolants with nanofluid then its efficiency gets boosted up 

and the manufacturer can also reduce the size of a radiator thus resulting in 
efficient and effective engines can be operated in higher temperatures. A 

researcher has found that the use of nanofluids can reduce the size of the 

radiator by 10 %, which would result in an increase in fuel efficiency by 5% 

[16].  

 

4.1.6 Defence Purpose 
 

Vassallo et al. [17] and Demirbas et al. [18] have reported that the order 

of measure rises in the CHF in a pool boiling with nanofluids instead of base 

fluids alone. There are many army devices and equipment, which require 

higher heat flux so the use of nanofluids will serve a big solution to this. As 
the devices work on high temperatures and nanofluids have the potential to 

work on very high temperatures and can cool the equipment which results in 

better functioning. 

 

4.2 Energy Applications 
 

4.2.1 Storage of Energy 
 

Energy conservation is one amongst the important challenges that 

humans are facing nowadays. Here nanofluids can help us in storing the 
‗waste heat and solar energy‘ in industries [19]. This thermal energy can 

efficiently be stored in the form of latent heat. Researchers have also 

evaluated the capability of Al2O3-H2O nanofluids for the storage of thermal 
energy for cooling systems. They proposed that the addition of 0.2 wt% 

Al2O3 nanoparticles could reduce the required freezing time of Al2O3-H2O 

nanofluids by 20.5% . 
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4.3 Mechanical Applications 
 

4.3.1 Reduction of friction 
 

Nanoparticles have good extreme pressure, friction reduction and load-

carrying capacity characteristics. Due to these properties, they have attracted 
the attention of many researchers that they can be used in the machines 

which could increase their efficiency. During the grinding process of cast 

iron, Al2O3-H2O nanofluids are applied in Minimum Quantity Lubrication 
(MQL), which further results in reducing the grinding forces, improving the 

roughness of surfaces and preventing the burning of surfaces [20]. 

 

4.4 Medical Science Applications 
 
4.4.1 Non-drug Delivery 
 

Recently, the researchers have developed a new drug delivery system 

that can be used to improve the effectiveness and specific action of drugs. 

These novel properties (i.e small- sized, customized surface, multifunctional 

value, etc.) of nanoparticles provide them with unique capabilities to interact 
with complex cellular functions in distinct ways [20]. Gold nanoparticles 

provide nontoxic stability to the assembly and allow turning of surface 

properties like charge and hydro phobic. It also provides contact with thiols, 
which in turn provides an effective and selective means to control 

intercellular releases [21], Moreover, the magnetic nanomaterials act as a 

better alternative to tumors than non-malignant cells.[22]. 

 

5 Conclusion & Result  
 

For the past few decades, the advancements in the area of nanofluids 

have been rapid. They are one of the few emerging technologies that have 

revolutionized the field of heat transfer. They possess enormously exciting 
potential applications like- in the biomedical field, electronic field, energy 

conservation, intensify microreactors, fuel cells, nano drug delivery, 

automobiles, reduction of friction, coolants, etc. This paper highlights the 

most invaluable properties of nanofluids like its thermal conductivity, 
viscosity, specific heat etc., and overviews numerous applications in which 

they are exploited in. It not only overviews the synthesis of nanofluids using 

either one-step method or two-step method but also its stability mechanisms 
and other thermophysical properties. Nanofluids, nowadays are measured or 

counted as the future of heat transfer applications. They give better and more 

reliable results than the conventional fluids since the nanoparticles are 
suspended freely and they also happen to have high thermal conductivity. 
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However, due to lack of research in this arena, many problems still need 

to be addressed, such as- nanoparticle agglomeration, settling, erosion 

potential, etc. [23]. Also, the increase in the viscosity during the use of 
nanofluids is one of the major drawbacks encountered due to the increased 

pumping power. Major problems relating to the performance of nanofluids 

should be systematically dealt with because many researchers don‘t agree 
with the experimental results pertaining to nanofluids‘ performance [24-26]. 
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