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Abstract— A heat pipe can be defined as a heat transfer device 

consisting of hollow metal pipes which are filled with a liquid 

coolant. Heat pipes transfer heat by evaporating and 

condensing in an endless cycle. The prime focus of this 

review is to provide detailed information on heat pipes 

including a historical perspective, principles of operations, 

types of heat pipes, performance characteristics, limitations, 

heat pipe frozen startup and shutdown, analysis and 

simulations, and various applications of heat pipes. Over the 

last several decades, several factors have contributed to a 

major transformation of heat pipe science and technology. 

One of the major contribution was the development and 

advances of new heat pipes, such as loop heat pipes, micro 

and miniature heat pipes, and pulsating heat pipes. In 

addition, there are several new commercial applications 

which have contributed to the recent interest in heat pipes, 

especially in the fields of electronic cooling and energy. Now 

days several millions of heat pipes are manufactured each 

month as all modern laptops uses heat pipes as a CPU cooling 

device. Numerical modeling, analysis, and experimental 

simulation of heat pipes have also made significant progress 

with the better understanding of various physical phenomena 

in heat pipes. 
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I. INTRODUCTION 

The concept of the heat pipe was not widely publicized until 

an independent development at the Los Alamos Scientific 

Laboratories. Heat pipes are defined as a passive device 

which function to transport heat from a heat source 

(evaporator) to a heat sink (condenser) over relatively long 

distances via the latent heat of vaporization of a working 

fluid. There are three important component of heat pipe: 

 Evaporator section,  

 Adiabatic (or transport) section, and  

 Condenser section. 

Addition of heat from the evaporator leads to 

evaporation of the working fluid as it absorbs an amount of 

heat equivalent to the latent heat of vaporization. The 

condenser section is used for the condensation of the working 

fluid vapour. The mass addition in the vapour core of the 

evaporator section and mass rejection in the condenser results 

in a pressure gradient along the vapour channel driving the 

corresponding vapour flow. The wick structure helps in 

returning the liquid to the evaporator from the condenser. The 

liquid meniscus recedes correspondingly into the wick 

structure as the vaporization occurs in the evaporator. 

Similarly, as vapour condenses in the condenser region 

resulting in as advanced meniscus due to mass addition. The 

net pressure difference in the liquid-saturated wick is the 

difference between the capillary radii. Diagrammatic 

representation of heat pipe is shown in Figure 1.  Heat pipe 

Evaporator and condenser ends of the wick structure. The 

pressure difference is responsible to drives the liquid from the 

condenser through the wick structure to the evaporator 

region, thus allowing the overall process to be continuous [4]. 

 
Fig. 1: Heat Pipe 

The two-phase characteristics of the heat pipe make 

it efficient for transferring heat over long distances with a 

minimum temperature drop. In addition, it also creates a 

nearly isothermal surface for temperature stabilization. As the 

working fluid operates in a thermodynamic saturated state, 

heat is transported using the latent heat of vaporization 

instead of sensible heat or conduction. This ensures the heat 

pipe operation in at a nearly isothermal condition. Condition 

close to isothermal condition has advantage of transporting 

large amounts of heat efficiently, decreasing the overall heat 

transfer area and saving system weight. The amount of heat 

that can be transported by the use of latent heat is typically 

several orders of magnitude greater in contrast to sensible 

heat for a geometrically equivalent system. Additionally, due 

to the capillary-driven working fluid there is no need of 

mechanical pumping systems. In nut shell heat pipes provide 

attractive options in a wide range of heat transfer applications 

because of wide range of operating temperatures for working 

fluids, the high efficiencies, the low relative weights, and the 

absence of external pumps in heat pipes. 

A. Heat Pipe Construction 

The major components constituting a heat pipe are a sealed 

container, a wick structure, and a working fluid. The wick 

structure is placed on the inner surface of the heat pipe wall. 

It is saturated with the liquid working and provides the 

structure to develop the capillary action for liquid returning 

from the condenser to the evaporator. Wick structure ensures 

the return of liquid to the evaporator from the condenser. 

B. Heat Pipe Container 

The operational characteristics of the heat pipe are dependent 

on the container, working fluid, and wick structure. The 

compatibility with the working fluid is one of the most 

important considerations in choosing the material for the heat 

pipe container and wick. Degradation of the container or wick 

and contamination of the working fluid due to chemical 

reaction can lead to serious impairment in the performance of 
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heat pipe. For example, non-condensable gas generated 

during a chemical reaction can accumulate near the end of the 

condenser resulting in the decrease of the condensation 

surface area. This impairs the ability of the heat pipe to 

transfer heat to the external heat sink. The material and 

geometry of the heat pipe container should also have a high 

burst strength, low weight, high thermal conductivity, and 

low porosity. 

C. Working Fluid 

Use of working fluid for a given application of heat pipe is 

another critical element in the operation of the heat pipe. The 

working fluid should have good thermal stability properties 

at the specified operational temperature and pressure. For the 

liquid to exist in the wicking material the operational 

temperature range of the working fluid has to fall between its 

triple point and its critical point. The capillary pumping and 

priming capability of the working fluid depends on its wet 

ability. 

High-surface-tension fluids are the ideal choice or 

commonly used in heat pipes because they provide the 

capillary pumping and wetting characteristics necessary for 

proper operation. Other desirable thermo physical properties 

include a high latent heat of vaporization, low liquid 

viscosity, a high liquid thermal conductivity, and a low 

vapour viscosity. 

D. Wick Structures 

The wick structure and working fluid generate the capillary 

forces required to pump liquid from the condenser to the 

evaporator. This keeps the liquid evenly distributed in the 

wicking material. Heat pipe wicks can be sub-classified into 

two categories: homogeneous wicks or composite wicks. 

Homogeneous wicks are made up of a single material and 

configuration. The most common types of homogeneous 

wicks in practice are wrapped screen, sintered metal and axial 

groove. Composite wicks are made up of two or more 

materials and configurations. The most common types of 

composite wicks are screened based on the permeability, 

covered groove, variable screen mesh, screen slab with 

grooves, and screen tunnel with grooves. Regardless of the 

wick configuration, the desired material properties and 

structural characteristics of heat pipe wick structures are a 

high thermal conductivity, high wick porosity, small capillary 

radius, and high wick. 

E. Heat Pipe Classification 

 
Fig. 2: Homogeneous wick types 

F. Heat Pipe Classification by Wick Structure 

The prime function of wick is to provide a channel for the 

flow of liquid from the condenser to the evaporator section of 

the heat pipe. In addition, it also has surface pores which are 

required at the liquid–vapour interface for development of the 

required capillary pressure. The wick structure can also affect 

the drop in radial temperature at the evaporator end between 

the inner heat pipe surface and the liquid–vapor surface. 

Therefore, characteristic of effective wick requires large 

internal pores in a direction normal to the heat flow path to 

minimize liquid flow resistance. In addition to large pores, 

small surface pores are also required for the development of 

high capillary pressure. It also has a highly conductive heat 

flow path for minimization of the radial surface to liquid–

vapor surface temperature drop. To include above 

characteristics two main types of wick structure have been 

developed homogeneous and composite wicks. 

Homogeneous wicks are made up of a single material, 

examples of which are shown in Fig. 2, and in contrast the 

composite wicks Contain two or more materials, with some 

typical examples displayed in Fig. 3. One common wick 

structure is the wrapped screen wick (Fig. 2a) which is 

designated by its mesh number as an indication of the number 

of pores per unit length or unit surface area. The surface pore 

size is inversely proportional to the mesh number. In this wick 

the liquid flow resistance can be controlled by the tightness 

of the wrapping. This type of wick structure is attractive. 

However there is interruption in the wick metal by a liquid of 
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low thermal conductivity in the moderate-range heat pipe. 

The radial temperature drop from the inner pipe surface to the 

liquid–vapour surface at the evaporator end can be quite high. 

This issue can be solved by using the sintered metal wick 

structure shown in Fig. 2b. In this the pore size is small which 

make it difficult for the liquid to flow from the condenser to 

the evaporator. 

 
Fig. 3: Composite wick types 

The axially grooved wick (Fig. 2c) is composed of 

highly conductive metal channels for the minimization of 

radial temperature drop. Axially grooved heat pipes are most 

commonly use in the space applications. The annular and 

crescent wicks (Fig. 2d and e), have less resistance to liquid 

flow but are vulnerable to liquids of low thermal 

conductivity. The artery wick (Fig. 2f) was developed to 

reduce the thickness of the radial heat flow path and to 

provide allow-resistance path for the liquid flow from the 

condenser to the evaporator. However, if not self-primed 

these wicks often lead to operating problems. 

G. Heat-Pipe Classification by Working Fluid 

In theory, heat pipe operation is possible between the triple 

state and the critical point of the working fluid utilized. The 

fluid property characteristics of surface tension and viscosity 

can significantly reduce transport capabilities near the two 

extremes. Several commonly used heat Pipe working fluids, 

there corresponding triple point, critical point and 

temperature range are summarized in the Table 1. 

Classification of heat pipes can be done based on its 

geometry, intended applications, or the type of working fluid 

utilized. Each heat pipes are operated in the temperature 

range based on the application. Therefore, it is important to 

choose the working fluid considering the operating 

temperature (along with the pressure condition). In addition, 

its chemical compatibility with the container and wick 

materials needs to be decided based on application. 

Depending on operating temperature, heats pipes can be 

described into four different types with regard to commonly 

used working fluids: 

All the composite wicks shown in the above figure 

(Fig. 5) consist of a separate structure for development of the 

capillary pressure and liquid flow. In some of these composite 

wicks (Fig. 5), the heat flow path is separated from the liquid 

flow path i.e. the screen-covered groove wick (Fig. 5b)has a 

fine mesh screen for high capillary pressure, axial grooves to 

reduce flow resistance, and a metal structure to reduce the 

radial temperature drop. The slab wick (Fig. 5c)is inserted 

into an internally threaded container and high capillary 

pressure is derived from a layer of fine mesh screen at the 

surface, and liquid flow is assured by the coarse screen inside 

the slab. The uniform circumferential distribution of liquid 

and enhance radial heat transfer is provided by the threaded 

grooves. 

 
Fig. 4: Cross section of wick types 

H. Cryogenic Heat Pipes 

These pipes are designed to operate between temperature 

range of 1 to 200 K. The working fluid used in the cryogenic 

heat pipes are helium, argon, neon, nitrogen, and oxygen. 

These gases have relatively low heat transfer capabilities 

mainly due to low values of the latent heat of vaporization 

and low surface tensions of the working fluids. Furthermore, 

transitioning from a supercritical state to an operating liquid–

vapor condition is involved in the start-up of the heat pipes. 

 Room (low)-temperature heat pipes: These pipes operate 

between temperature ranging from 200 and 550 K and 

methanol, ethanol, ammonia, acetone, and water is used 

as a working fluids. 

 Medium-temperature heat pipes: These pipes operate 

between temperature ranging from 550 to 700 K. 

Mercury and sulphur are the choice for the working fluid 

along with some organic fluids (e.g., naphthalene and 

biphenyl). 
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 High (liquid-metal)-temperature heat pipes: these 

operate above 700K. High heat fluxes can be generated 

using liquid metals. They have following characteristics 

of the fluid: large surface tensions and high latent heats 

of vaporization. Potassium, sodium and silver are the 

commonly used liquid metals. In the case of liquid metal 

heat pipes, start up usually involves starting from an 

initially frozen working fluid. 

Fluid Triple Point Temp., K Critical Point, K Triple Point Temp., °C Critical Point, °C 

Helium – 5.2 – -268 

Hydrogen 13.95 33.15 -259.2 -240 

Neon 24.56 44.49 -248.6 -228.7 

Oxygen 54.33 154.58 -218.8 -118.6 

Nitrogen 63.14 126.19 -210 -147 

Propylene 87.8 365.57 -185.4 92.4 

Ethane 91 305.33 -182.2 32.2 

Pentane 143.46 469.7 -129.7 196.6 

R134a 169.85 374.1 -103.3 101 

Methanol 175.5 512.6 -97.7 239.5 

Toluene 178.15 591.75 -95 318.6 

Acetone 178.5 508.1 -94.7 235 

Ammonia 194.95 405.4 -78.2 132.3 

Carbon Dioxide 216.58 304.1 -56.6 31 

SnCl4 240.15 591.85 -33 318.7 

TiCl4 243 638 -30.2 364.9 

Water 273.16 647.1 0 373.9 

Caesium 301.6 2045 28.5 1771.9 

Naphthalene 353.5 748.4 80.4 475.3 

Potassium 336.35 2239 63.2 1965.9 

AlBr3 370.15 763 97 489.9 

Sodium 370.98 2507 97.8 2233.9 

Lithium 453.64 3503 180.5 3229.9 

Table 1: Working Fluids used in Heat Pipes (https://www.1-act.com/operating-temperature-range)

Because the amount of heat transferred by a heat 

pipe depends on the latent heat of vaporization, the transfer 

of appreciable quantities of heat is possible, even for long 

distances. Axial heat flows of 108W/m2 are easily reachable 

with sodium heat pipes. By calculating an effective thermal 

conductivity values may reach 108 W/m. K(sodium heat 

pipe) , which is several orders of magnitude greater than the 

conductivity of the best conductors. One of the most common 

applications of a heat pipe is that of a heat flux transformer. 

Using a heat pipe, high heat fluxes from a heat source can be 

injected over a small surface area, which is then rejected over 

a larger condenser surface area. Thermal flux transformation 

ratios greater than 10: 1 can allow systems to employ final 

heat rejection with low cooling capability methods, such as 

natural convection or single-phase cooling. 

II. CONCLUSION 

An overview of various types of heat pipes is presented in this 

review. This includes heat pipe fundamentals, operations, 

heat transport limitations, and full simulation. This review 

provides a self-contained document to design and simulate 

various types of heat pipes under different operating 

conditions. Numerical and analytical analyses of heat pipes 

have progressed significantly over the last several decades. 

State-of-the-art modeling is capable of predicting thermal 

performance under various operating conditions for 

conventional heat pipes. In particular, advances related to the 

full simulation of heat pipes under steady state, continuum 

transient and frozen startup operation for conventional heat 

pipes have been very successful, despite complex multiphase 

and multi domain transport phenomena in heat pipes. In 

general, it has been shown that heat pipe simulations must 

include conjugate heat transfer with the wall, wick and vapor, 

since these affect both the transient and steady state operating 

conditions. More fundamental works are needed to better 

understand the physical phenomena of pulsating heat pipes 

and loop heat pipes. An accurate simulation of liquid/vapor 

interface, including multiphase phenomena in various wicks, 

is important to accurately predict the heat transport limitation 

of heat pipes.  
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