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Abstract— Comprehensive research work on heat transfer in 

heat pipe using traditional working fluids has been carried 

out over the past years. Heat transfer in heat pipes using 

suspensions of nanometer-sized solid particles in base fluids 

have been experimentally and theoretically investigated in 

recent years by various researchers across the world. The 

suspended nano particles effectively enhance heat transfer 

characteristics and the transport properties of base fluids in 

heat pipes. The aim of this paper is to present an overview 

of literature consisting with recent developments in the 

study of heat transfer using nano fluids in heat pipes and 

some important inferences from the various papers are also 

highlighted. 

Key words: Heat Pipe, Nano-Fluids, Heat Transfer 

I. INTRODUCTION 

The heat pipe was first invented in 1942 by Rechard S. 

Gauler a General Motor Engineer. Heat pipes are efficient 

heat transfer devices with small temperature drops along the 

length of the heat pipe. The heat transport capacity of the 

heat pipe is controlled by the thermo-physical properties of 

working fluids. [6] 

Heat pipes, which are well regarded as “super 

thermal conductors” and often the primary components of a 

heat transfer system, have been widely used in thermal 

devices and components for their efficient cooling and 

thermal management. The applications of heat pipes can be 

seen in many industrial areas such as the electrical and 

electronic, aerospace, telecommunications, food industries, 

etc. Over the past decades, much attention has been paid to 

the improvements of heat pipes including the appearance, 

design and optimisation, miniaturisation and weight 

reduction, and towards achieving higher heat flux. 

According to the report for NASA, reducing one pound of 

weight on a spacecraft can help save $10,000 US dollars in 

launch costs. Also, in terms of a telecommunication satellite, 

more than a hundred heat pipes are often required. In 

addition, for current electronic device design, such as CPUs, 

graphic cards etc., it is necessary to minimise the size and 

accommodate much more heat generation than in previous 

products, so that current cooling devices must absorb more 

heat energy and be similarly more compact. Based on these 

requirements, “lightweight” and “high performance” 

become the key goals for current heat pipe design, 

especially for applications in the aerospace and electronics 

industries.[11] 

The common types of heat pipes primarily include 

as: Two-Phase Closed Thermosyphon (TPCT) heat pipes, 

Pulsating Heat Pipes (PHPs) and Oscillating Heat Pipes 

(OHPs). [10] 

Heat pipes are used extensively in various 

applications, for achieving high rates of heat transfer 

utilizing evaporation and condensation processes. Heat pipes 

have been used in spacecrafts, computers, solar systems, 

heat and ventilating air conditioning systems and many 

other applications. Heat pipes have been used in various 

applications, including Air-Conditioning Systems, the 

cooling of Electronic components, Thermal storage, and 

Solar Heating systems.[10 

In recent times, there has been an urgent need in 

many industrial fields for a new cooling medium with 

significantly improved heat transfer performance compared 

to those currently available and it is also well known that 

fluids typically have lower thermal conductivity compared 

to crystalline solids. Therefore, fluids containing suspended 

solid particles can be reasonably expected to have higher 

thermal conductivities than pure fluids. The idea of using 

nanofluids, defined as liquids with nanometer-sized particle 

suspensions, was first introduced by Choi in 1995. It has 

been shown that when solid nanometer-sized particles are 

suspended in fluid, the enhancement of thermal conductivity 

can be significant. This enhancement can improve the 

efficiency of fluids used in heat transfer applications. [5] 

The wick is very important component in the heat 

pipe. That is why every researcher concentrates on the 

design of wick structure. There are many types of wicks are 

used in this field, some of them are axial grooved wick, 

mesh wick, wire bonded wick , two layer composite wick, 

sintered wick. In most of the research work screen mesh 

wick is used by the researchers. At the same structural 

porosity, the more and smaller pores produce more contact 

interfaces between working fluid and solid structures, thus 

promoting the length and total area of thin film 

simultaneously. The sintered powder structures provide 

many small pores, which characteristic is related to powder 

parameters and sintering processes. Because these small 

pores exist, the mechanism of thin-film evaporation occurs 

obviously in sintered powder structures. The characteristics 

of higher fluid pumping effect and lower conductive thermal 

resistance also indicate that sintered powder structures are 

suitable to be used as the wick Structure of heat pipes. 

II. GENERAL HEAT PIPE MECHANISM 

A heat pipe is a high heat flux, passive heat transfer device 

which uses the evaporation, condensation, and surface 

tension of a working fluid to attain an extremely high 

thermal conductivity. Broadly speaking, in terms of a heat 

pipe, the vapour flow from the evaporator (hot side) to the 

condenser (cold side) is caused by the vapour pressure 

difference. Meanwhile the liquid flow from the condenser 

(cool side) to the evaporator (hot side) is produced by the 

forces, such as capillary force, gravitational force, 

electrostatic force, or other forces directly acting on it. 

Regardless of the orientation of the heat pipe (vertical or 

horizontal, for example), the basic principles are the same. 
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Therefore, a simple horizontal heat pipe is taken as the 

example in order to explain the principle. 

 
Fig 1: process of heat pipe 

III. CLASSIFICATION OF HEAT PIPES 

Regarding the classifications of heat pipes, under the 

different conditions, they can be divided into different 

categories, which might depend on the geometries, 

applications, and so on. According to literature [12], there 

are two primary ways to classify the heat pipes. These are 

based upon the working fluids’ operating temperatures, and 

the types of control. For each heat pipe application, there 

will be a temperature range for its particular operating 

conditions. Therefore, choosing a suitable working fluid is 

necessary, which not only considers the operating 

temperature (along with the pressure condition), but also 

concerns the compatibility with heat pipe container and 

wick materials. Based on the operating temperature, the heat 

pipes can be classified by the following four different 

types.[13] 

Type 
Temperature 

range 
specification 

High 

temperature 

(liquid metal) 

>700 K 

Using liquid metals, very high heat fluxes can be obtained due to the inherent properties 

of the fluid, namely, very large surface tensions and high latent heats of vaporization. 

Copper, silver and aluminium are the examples of commonly used liquid metals. 

Medium 

temperature 
550-700K 

Some special organic fluids, such as naphthalene and biphenyl   can be used for medium 

temperature applications. 

Room 

temperature 
200-550K The working fluids typically used methanol, ethanol, ammonia, acetone, and water 

Cryogenic 

(low 

temperature) 

1-200K 

With working fluids such as helium, argon, neon, nitrogen, and oxygen. Due to very low 

values of the latent heat of vaporisation, and low surface tensions of the working fluids, 

they usually have relatively low heat transfer capabilities. 

Table 1: Specifications 

IV. LITERATURE REVIEW 

The following literature review describes important research 

results regarding the different wick structures used in heat 

pipes: 

Khandekar et al studied that Pulsating heat pipes 

(PHPs) have emerged as interesting alternatives to 

conventional heat transfer technologies. These simple 

looking devices have intriguing thermo-hydrodynamic 

operational characteristics. The most interesting aspect is the 

fact that the best performing closed loop pulsating heat pipe 

no longer behaves as a pulsating device. Alternating tubes 

then have slug flow and annular flow and the bulk flow 

takes a fixed direction. [1] 

Yan-Jun Chen et al conducted a study to 

investigate the thermal performances of a new type of 

copper wire-bonded flat heat pipe using water, ethanol and 

nanofluids as working fluids. The influences of the working 

fluid, the operating temperature or operating pressure, the 

wire diameter and the space gap between two wires on the 

thermal performances of the heat pipe were investigated. 

Experimental results show that the wire diameter has an 

important effect on the heat transfer coefficient but has 

hardly impact on the maximum heat flux. [2] 

Shen-Chun Wu et al conducted a study to 

investigated the effect of double-layer wick thickness ratio 

on the heat transfer performance of loop heat pipe (LHP). 

With the outer layer of the wick being biporous to allow 

vapor to travel and the inner layer being monoporous to 

provide capillary force, the wick used in this study 

eliminated the problems with wick's structural strength and 

difficulty in vapor release encountered when using a 

monoporous wick. By changing the double-layer wick 

thickness ratio, the LHP heat transfer performance was 

enhanced. [3] 

Zhen Hua Liu et al conducted a study to investigate 

the effects of aqueous CuO nanofluids on thermal 

performance of a horizontal mesh heat pipe working at 

steady sub-atmospheric pressures. The nanofluid was 

composed of deionized water and CuO nanoparticles with 

an average diameter of 50 nm. The experimental results 

show that adding CuO nanoparticles into deionized water 

can significantly enhance heat transfer coefficients of both 

evaporator and condenser, and the maximum heat flux of the 

heat pipe.[4] 

 Rosari Saleh et al conducted a study to investigated 

the synthesis of ZnO nanoparticle-based thermal fluids 

prepared using a two-step process. Chemical precipitation 

was used for the synthesis of the ZnO powders, and 

ultrasonic irradiation was used to disperse the nanoparticles 

in ethylene glycol as the base fluid. The nanofluids used in 

conductivity measurements were further employed as the 

working medium for a conventional screen-mesh wick heat 

pipe. The experiments were performed to measure the 

temperature distribution and thermal resistance of the heat 

pipe. The results showed temperature distribution and 

thermal resistance to decrease as the concentration and the 

crystallite size of the nanoparticle increased. [5] 

AB Soloman et al.  conducted a study to investigate 

the thermal performance of a heat pipe operated with 

nanoparticle coated wick. The heat pipe is fabricated from 

straight copper tube of outer diameter 19.5 mm and length 

400 mm respectively. Copper particles with average particle 

size of 80-90 nm are coated over the surface of the screen 
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mesh. In this study, the thermal performance of the heat pipe 

is investigated at three different heat inputs as 100W, 150W 

and 200W respectively. Their experimental results indicate 

that the total resistance of heat pipe operated with coated 

wick is lower than that of conventional one and it decreases 

with increasing heat input. It is found that the decrement in 

total resistance is 19%, 15% and 14% at heat inputs as 

100W, 150W and 200W respectively. [6] 

Hajian et al. (2012) experimentally investigated the 

thermal resistance and response time of a heat pipe, showing 

them to be the characteristics of steady states and transient 

states, respectively. The prepared Ag/DI water nanofluids 

with various nanoparticle concentrations of 50 ppm, 200 

ppm, and 600 ppm at heating rates ranging from 300W to 

500W. The thermal and response time of the heat pipe with 

Ag/DI water nanofluids decreased up to 30% and 20% 

respectively, compared to a heat pipe with DI water. [7] 

G. Kumaresan et al  conducted a study to 

investigate the enhancement in heat transfer characteristics 

of a copper sintered wick heat pipe with surfactant free CuO 

nanoparticles dispersed in DI water is experimentally 

studied. The effect of heat input, tilt angle and weight 

fractions of nanoparticles on the heat pipe thermal 

resistance, heat transfer coefficient in evaporator and 

condenser sections, thermal conductivity and thermal 

efficiency are investigated. The use of nanoparticles and tilt 

angle enhances the operating range and thermal performance 

of heat pipe when compared with that of the heat pipe with 

DI water. [8] 

Liu et al  conducted a study to investigate the 

effects of aqueous CuO nanofluids on thermal performance 

of a horizontal mesh heat pipe working at steady sub-

atmospheric pressures. The present investigation discovers 

that the thermal performance of a mesh heat pipe can be 

evidently strengthened by substituting CuO nanofluids for 

deionized water under sub-atmospheric pressures. [4] 

Jiayin Xu et al conducted a study to investigate the  

Loop Heat Pipe with a Cu3Ni2 wick. A loop heat pipe 

evaporator with a transparent cover was manufactured to 

observe the flow motion in the evaporating zone and the 

compensation chamber, and two-layer Cu–Ni composite 

wicks were also proposed to compare the thermal 

performance with a copper wick, the total thickness of all 

wicks was 5 mm. [9] 

V. CONCLUSIONS 

1) There are atleast three thermo mechanical boundary 

conditions i.e. internal tube diameter, input heat flux 

and the filling ratio, which are to be satisfied for the 

structure to behave as a true pulsating device. 

2) For the comparision of heat transfer coefficient and 

maximum heat flux using three water based nano-fluids, 

it is found that the heat transfer charectristics using 

three nano fluids enhance greatly compared with that of 

deionized water. The htc of evaporater using 20nm  cu 

nano fluids is 3-4% higher than that of 50nm cu nano 

fluid. 

3) Wicks with the thickness ratios 0.28, 0.42, 0.57, 0.71, 

0.86, and 1 were successfully manufactured, of which 

0.57 was found to be the best. Its biporous outer layer, 

with larg porous size around 230mm and ranging from 

200-300mm, was able to allow vapour to escape easily , 

its small porous size clustered around 5mm and ranging 

from 2-10mm.its monoporous inner layer was able to 

provide the wick with enough structural strength and 

capillary force to pump the working fluid; its porosity 

was 69%, effective pore radius was 4mm and 

permeability was 6.3*10
-12

m
2
. 

4) Average wall temperatures of the mesh heat pipe for the 

nano fluid are lower than those for deionized water. The 

temperature distribution tends to be more uniform for 

the heat pipe using the nano fluid. 

5) At lower particle concentrations, the conductivity ratio 

showed enhancements of approximately 5.3% until 

15.5%. it was observed that the temperature distribution 

and the heat pipe thermal resistance varied with the 

particle volume fraction and the size of the ZnO 

nanoparticle. 

6) The thermal efficiency of heat pipe increases with 

increasing nanoparticle concentration in base fluid. 

7) The loop heat pipe with Cu3Ni2 wick has not only a fast 

start up, but also a low evaporation temperature during 

the operation among three wicks. Hence the Cu-Ni 

composite wick can be applied into lhp,and the 2mm Ni 

layer attached to the Cu layer for this study is the 

optimal one that reaches the balance of efficient 

evaporation and low heat leak. 
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