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Abstract: Nanofluids have found a very crucial role in heat transfer than available fluids like water and oil in 

accordance to reduce cost and size of heat exchanger. The modern nanotechnology developed nanoparticles in last 

few years. These nanoparticles have unique thermal and electrical properties. Due to this heat transfer rate has been 

enhanced. The heat pipe has been used to transfer heat from one region to another region of any system. The heat 

pipe have an extremely high thermal conductance in steady state operation as compared to other device of heat 

transfer. The nanofluids can significantly enhance heat transfer rate in heat pipe so that efficiency and thermal 

performance of heat pipe will be increased. This paper reviews the preparation, characterization, stability of nanofluid 

and concept, working, applications of heat pipe.  
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1. INTRODUCTION 

Now days heat transfer has got very importance in 

thermal engineering. It requires a wide research and 

study. The main focus has to increase heat transfer 

rate through minimum area with optimum cost. One 

of the most common heat transfer device has heat 

pipe. Heat pipe finds its applications in number of 

areas such as air conditioning system, designing 

compact electronic components, solar energy, space 

applications, waste heat recovery system, food 

industry, telecommunication, geothermal system etc. 

As per as applications of heat pipe concerns light 

weight and high performance have main objectives of 

current heat pipe. The crucial consideration in 

designing heat pipe has to select appropriate heat 

transfer fluid. A new emerging branch 

nanotechnology has found its application in heat 

transfer field. Nanofluid is the mixture of base fluid 

and nanoparticles. The nanoparticles are freely 

suspended in base fluid. Nanofluids have better 

thermal conductivity than its base fluid. Due to this 

nanofluid has become a promising thermal fluid for 

heat transfer.   

2. PREPARATION OF NANOFLUID  

The nanofluids have prepared by different methods. In 

single step method nanoparticles has manufactured 

and dispersed in base fluid in one step. The different 

techniques have used for preparation of nanofuid in 

this method such as vacuum evaporation onto a 

running oil substrate, microwave irradiation and 

vacuum based submerged arc nanoparticle sysnthesis. 

The merit of this method has agglomeration of 

nanoparticles in the fluid has minimized. The demerit 

of this method has a residue reactant left behind due 

to incomplete reaction which diminishes the purity of 

nanofluid. 

In two step method nanofluids have prepared in two 

steps. In first step nanoparticles have manufactured by 

physical, chemical, mechanical or any other means. In 

second step nanoparticles have dispersed in the base 

fluid. The proper and homogeneous mixture of 

nanoparticles in the base fluid has done with the help 

of ultrasonic vibrator, higher shear mixing device, ball 

milling or intensive magnetic force agitation. This 

method more suitable for nanofluids containing 

oxides of metal. In this method agglomeration of 

nanoparticle may occur, still due to simplicity this 

method mostly used to prepare nanofluids.       

3. CHARACTERIZATION OF NANOFLUID 

For enhancement of heat transfer nanofluids needs to 

be characterize. The size of nanoparticle, 

concentration of nanofluid and impurity in nanofluid 

has found out by using different techniques. 

Transmission electron microscopy (TEM) technique 

used to verify single particle dimensions and 

determine agglomeration of particle in nanofluid. In 

TEM electron beam has used to find nanometer level. 

In Dynamic light scattering (DLS) time measurement 

of scattered light intensity from colloid has used to 

determine particle size in colloid. Neutron activation 

analysis (NAA) has used to determine particle 

concentration and contamination in nanofluid solution 

with the help of gamma decay emission after neutron 

irradiation of sample. Inductively coupled plasms 

(ICP) be the more effective technique for 

characterization of nanofluid to determine 

concentration and contamination. ICP uses the light 

spectrum released from injecting materials into high 

temperature plasma. Thermogravimetric analysis 
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(TGA) used to characterize nanofluid by weight. TGA 

works by heating sample in high temperature furnace 

and graph weight vs time with boiling point of species 

gives sample composition. 

4. STABILITY OF NANOFLUID 

Due to agglomeration of nanoparticles thermal 

conductivity of nanofluid decreases. For this stability 

of nanofluid need to be chcked. For checking stability 

of nanofluid different methods have used. Zeta 

potntial analysis indicates stability of nanofluid by 

measuring potential difference between dispersion 

medium and stationary layer of fluid. Higher potential 

difference indicates more stability. Sedimentation 

method gives stability by applying external force on 

nanofluid to start sedimentation. The weight or 

volume of sediment gives stability of nanofluid. 

Spectral Absorbency Analysis (SAA) is the efficient 

method to check stability of nanofluid. In this method 

stability has found by using chart UV vs spectroscopy 

reliability. Centrifugation method gives better results 

within less time than sedimentation. 

Stability of nanofluid can be enhanced by addition of 

surfactants in the nanofluid. Surfactants minimize the 

surface tension of base fluid and due to which 

increase in the immersion of particles. Surfactant can 

be a chemical compound like Sodium dodecyl sulfate 

(SDS), salt and oleic acide. Surface modification 

techniques also enhance the stability of nanofluid. 

Stability of nanofluid has relation with its electro 

kinetic properties. Therefore control of pH of 

nanofluid also increases the stability.   

 

5. HEAT PIPE 

Heat pipes have been utilized in heat transfer related    

applications for many years. Depending on their use,     

they can operate over a wide range of   temperatures 

with a high heat removal capability.  The heat pipe is a 

device that utilizes the evaporation heat transfer in the 

evaporator and condensation heat transfer in the 

condenser, in which the vapor flow from the 

evaporator to the condenser is caused by the vapor 

pressure difference and the liquid flow from the 

condenser to the evaporator is produced by the 

capillary force, gravitational force, electrostatic force, 

or other forces directly acting on it. As illustrated in 

Fig. 1, a typical heat pipe consists of three sections: an 

evaporator or heat addition section, an adiabatic 

section, and a condenser or heat rejection section. 

When heat is added to the evaporator section of the 

heat pipe, the heat is transferred through the shell and 

reaches the liquid. When the liquid in the evaporator 

section receives enough thermal energy, the liquid 

vaporizes. The vapor carries the thermal energy 

through the adiabatic section to the condenser section, 

where the vapor is condensed into the liquid and 

releases the latent heat of vaporization. The condensate 

is pumped back from the condenser to the evaporator 

by the driving force acting on the liquid. 

 

 
Fig. 1 Schematic of heat pipe. 

 

6. TYPES OF HEAT PIPE 

The heat pipe has number of types.  Thermosyphon be 

the simplest form of heat pipe. Thermosyphon has 

vertical oriented wickless pipe with liquid pool at 

bottom.  It has three sections similar to convectional 

heat pipe. The loop type heat pipe consist of capillary 

pumped loop which uses the capillary pressure 

developed by wick to circulate working fluid in heat 

pipe. In pulsating type heat pipe expansion and 

contraction of vapor volume in evaporator and 

condenser plus thermal energy added in system 

generates pulsating motion.  The micro heat pipes 

have used in the semiconductor devices to obtain 

uniform temperature distribution and improve thermal 

control. Variable conductance heat pipes have suitable 

for the applications where evaporator and condenser 

temperature needs to kept constant at variable heat 

input. In rotating heat pipe centrifugal force causes to 

return condensate into evaporator and due to rotary 

motion heat transfer performance has enhanced. The 

cryogenic heat pipes have used at cryogenic 

conditions.    

7. CONCLUSION 

Various types of nano particle with different base fluids 

has proved its potential to improve thermal properties 

of working medium in heat pipe. The experimental 

investigation needed to optimize thermal performance 

of heat pipe by using nanofluid. Further research is 

required to obtain simplicity in the use of nanofluid in 

various applications. 
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