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Abstract— The heat pipe is an extremely effective device, and is 

capable of transferring large quantities of heat through relatively 

small cross-sectional areas and with very small temperature 

differences between the evaporator and condenser side without 

any power input. The heat pipe is a chamber of different cross-

section whose inner surfaces are lined up with a porous capillary 

wick. Heat pipes can enhance the heat transfer capabilities 

without needing a significant temperature gradient between heat 

sources and heat sinks. The effectiveness of heat pipes is due to 

the latent heat of phase change of the working fluid within(i) 

condensation and (ii)  evaporation stages. The latent heat of 

phase change greatly exceeds the sensible heat capacity. Heat 

pipes may rely on gravity, wicks, centrifugal force or in some 

cases even a magnetic field to help return condensate flow from 

the condenser to the evaporator. Wicks in heat pipes are 

classified into three groups: sintered, groove and mesh types. The 

wick structure ensures that the liquid phase of working fluid 

returns to the evaporator by capillary force. This paper includes 

the study of wick structure and to find the optimized wick 

structure. The heat transfer limitations determine the maximum 

heat transfer rate for a particular heat pipe under some normal 

working conditions.  
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I. INTRODUCTION 

There have been many applications of heat pipes  in various 

industries such as chemical and petrochemical, power 

generation, HVAC (heating, ventilation and air conditioning) 

systems, metallurgical, ceramics and cement, electronic, 

mechanical, and aeronautical [1]. The heat pipe has three 

different cross-sections whose inner surfaces are lined with a 

porous capillary wick. The wick structure is the section which 

ensures that the liquid phase of working fluid returns to the 

evaporator by capillary force. Hence, its study is of 

importance. Though Heat pipe without wick which can also be 

termed as thermosyphon can work efficiently, but at the 

horizontal heat mode, it cannot work because working fluid 

inside heat pipe cannot return to the evaporator section to 

absorb heat. Therefore, wick was made inside heat pipe 

structure possible to absorb working fluid by capillary 

pressure, and then it can work in any orientation. 

Vapor chamber includes a container, a wick structure, and a 

vacuum space. The wick structure consists of metal mesh, 

sintered copper powder, grooves etc on the container. The 

working fluid is made to pass into the container and provides 

heat transfer by phase change. The liquid phase of working 

fluid is vaporized to vapor phase by absorbing heat on the 

evaporator, and the vapor subsequently moves to the 

condenser through the vapor core. Then, vapor phase of 

working fluid is condensed to liquid phase by releasing heat 

on the condenser section, and the liquid subsequently returns 

to the evaporator through the wick.  

II. HEAT PIPE 

A heat pipe is a two phase device which allows heat to be 

transported over a certain length with very little temperature 

difference, at great speed, and is often referred to as 

superconductor. The idea of the heat pipe was first suggested 

by Gaugler in 1942 [2]. It’s independent invention by Grover 

in the early 1960s that the remarkable properties of the heat 

pipe became appreciated and serious development work took 

place [2].  

It consists of three main sections, the evaporator section, 

the adiabatic section and the condenser section; the functional 

principles are the evaporation of the working fluid in the 

evaporator, the transport of the working fluid as vapor along 

the adiabatic section with little temperature loss and the 

condensation of the working fluid at the condenser section. A 

typical heat pipe as shown in Fig 1 has one evaporator section 

that takes heat from a source. The heat absorbed in the 

evaporator causes change of phase of the working fluid and 

liquid changes to vapor. The increased vapor pressure in the 

evaporator causes the vapor to exit from the evaporator 

section and it travels through the adiabatic section. By 

travelling the adiabatic section, vapor reaches the condenser 

region where condensation rejects the latent heat of the fluid 

to the sink. The condensed liquid is pumped back to the 

evaporator by a combination of the capillary pumping action 

and/or bulk forces. This fluid cycle is repeated during the 

normal operation of the heat pipe and can continue as long as 

there is sufficient vapor pressure and capillary pressure to 

support this operation at the evaporator end the liquid recedes 

into the wick pores so the menisci in the pores at the vapor 

interface are highly curved. On the other hand, the liquid 

menisci at vapor interface in the condenser end are almost flat. 

This difference in the interface curvature of the menisci at the 

vapor interface coupled with the surface tension of the 

working fluid causes a capillary pressure gradient at the 
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liquid-vapor interface .This capillary pressure gradient pumps 

the working fluid against various pressure losses such as 

friction, inertia and against body forces [3]. This is illustrated 

in Fig 1. 

Heat pipes are effective because the latent heat of phase 

change of the working fluid greatly exceeds its sensible heat 

capacity.  

 

Fig 1.Schematic of operation of Heat pipe [4]. 

 

The vapour moves rapidly from the evaporator to the 

condenser because the vapour pressure of the working fluid at 

the evaporator is higher than the vapour pressure at the 

condenser. Liquid movement is in the opposite direction to 

vapour movement, where the movement of the liquid from the 

condenser to the evaporator is facilitated either by capillary 

force using wick [3] or gravity induced/type effect. At the heat 

source, heat is extracted due to latent heat of evaporation 

where the working liquid phase-changes to vapour at the 

evaporator, while heat is released at the heat sink where the 

vapour phase-changes back to liquid (releasing latent heat of 

condensation) at the condenser.  

The charge ratio of a heat pipe is a parameter that defines 

the volume of liquid in the heat pipe to the total overall 

volume of the heat pipe. Heat pipes are usually denoted by 

two types of critical heat fluxes, i.e. nucleate boiling (see Fig. 

2) and dry-out [4].  

 

 
 

Fig. 2 Nucleate boiling [5] 

 

Nucleate boiling occurs when surface temperature of the 

heat pipe wall is a few degrees centigrade above saturated 

fluid temperature. When dry-out starts to occur, the droplets 

are continually torn from and re-join the thin liquid film 

around the channel wall due to rapid convection. At the 

location of the dry-out, the liquid film gradually disappears, 

causing the heat transfer coefficient to drop off drastically.  

A heat pipe is created by removing air from the empty heat 

pipe and then filling it with a fraction of a working fluid 

which matches the desired operating temperature of the heat 

pipe. Alternatively, the pipe is heated until the working fluid 

boils and then sealed while it is hot. For selection of the 

working fluid, surface tension is an important property. 

Higher surface tension will increase the capillary effect and it 

must be chemically stable in the presence of wicks. 

Depending on the type of heat pipes used (which will be 

described in the next section), wicks can be optional. Wicks 

provide extra surface area to exert capillary pressure on the 

liquid phase of the working fluid to direct it back to the 

evaporator end. The wick structure is typically metal powder 

or a series of grooves parallel to the pipe axis. The heat pipe 

may not need a wick structure if gravity or other sources can 

overcome surface tension, therefore causing the condensed 

liquid to flow back from the condenser to the evaporate or. 

Heat pipes that use gravity for assistance are called thermal 

diodes or thermosyphons.  

Alternative techniques apart from gravity and capillary 

actions include centripetal forces and osmosis. Sharp angled 

corners are sometimes used to provide capillary pressure too.  

The heat pipe can be a highly effective tool for thermally 

managing and controlling chemical processes that are 

exothermic or endothermic as they provide: (i) separation of 

heat source and heat sink, (ii) keeping temperature uniform 

and constant, and (iii) temperature control, i.e. fast response 

time [6].  

Heat pipes can be used in various temperature ranges. 

Yang et al. [2] grouped the heat pipes into four categories:  

1.   >700K: Working fluids are typically liquid metal; 

2. 550–700K: Long carbon chain organic fluids such as 

naphthalene and biphenyl;  

3. 200–550 K: Water, ammonia and short carbon chain 

organic fluid such as methanol, ethanol and acetone; 

4. 1–200K: Noble gasses, oxygen and nitrogen.  

These working fluids have very low values of the latent 

heat of vaporization and low surface tensions; hence have 

lower heat fluxes than the first three categories.  

Heat pipes are typically made using copper due to their 

inherent high thermal conductivity. To manufacture lighter 

heat pipes without compromising thermal conductivity, alloys 

of aluminium, titanium and magnesium have been used but 

are susceptible to corrosion [7]. These alloys must be 

corrosion protected; otherwise non-condensable gas generated 

as a result of the corrosion will jeopardize the performance of 

the heat pipes. Using lighter wick materials could also be an 

option, but most progress has been made by improving the 

mass transfer performance of the wick rather than making it 

lighter. Alternatively, miniature is a ti on of the heat pipe can 

also be an option.  

III. WICK STRUCTURE 

The wick is made of different materials and has been one 

of the most investigated aspects of heat pipes due to its 

capillary action. It is usually made of a porous material. A 

grooved structure can also be used. It works in the same way 

as the cotton strip inside the lamp works i.e. the cotton has an 

internal pore which helps the oil to flow in upwards direction 

or anti-gravity direction. The wick structure too, has the same 
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working principle. The performance of a heat pipe under 

specific orientations is related to its wick structure. Wick 

structures with low capillary limit work best under gravity-

assisted conditions, wherein the evaporator is located below 

the condenser. 

A. Need of Wick Structure 

The wick provides a means for the flow of liquid from the 

condenser to the evaporator section of the heat pipe. It also 

provides pores that are required at the liquid–vapor interface 

for development of the required capillary pressure. An 

effective wick requires large internal pores in a direction 

normal conductive heat flow path for minimization of the 

radial surface to liquid–vapor surface temperature drop. To 

satisfy these requirements, following types of wick structure 

have been developed to the heat flow path. This will minimize 

liquid flow resistance. In addition, small pores are required for 

the development of high capillary pressure and a highly 

conductive heat flow path for minimization of the radial 

surface to liquid–vapor surface temperature drop. Its 

performance is a function of its thickness, pore size and 

porosity. The thicker the wick is, the higher the through put of 

the condensate liquid return flow. Also, a thicker wick reduces 

return flow pressure drop. Wick thickness also creates extra 

thermal resistance between inner heat pipe and its outer 

environment. Finer pores will increase capillary action while 

higher porosity increases liquid permeability which will offset 

increased hydraulic resistance of finer pores. Due to the 

complex relationships between heat transfer and the geometric 

structure of the heat pipe Zhang et al. [8] have applied Pareto 

genetic algorithm to multi-objectively optimize heat pipe 

design. The additional benefit of wicks with higher porosity is 

reducing heat leakage from the condenser into the evaporator 

[9]. Porous wicks can be either of two types, dispersed and 

non-dispersed, as shown in Fig. 3. At high heat fluxes, a 

mono-porous wick is in tolerant of nucleate boiling as a 

vapour blanket thermal insulator can form at the evaporate or 

wall and thus result in poor heat pipe performance [10]. In 

more complex capillary structures (i.e. sintered and mesh), the 

exact location of both the liquid and the vapour can be 

difficult to predict theoretically (using Darcy’s law) or 

experimentally. To visualize the fluid motion and structure, 

transparent heat pipes are required [11]. Experimentally, 

temperature measurements are used to estimate the maximum 

power and the overall thermal resistance.  

B. Types of Wick Structure  

Two main types of wicks: homogeneous and composite. 

Homogeneous-These type of structures are made from one 

type of material or machining technique. These types of wicks 

are constructed from a single material that has a uniform cross 

section. They tend to have  either high capillary pressure and 

low permeability or the other way around. They are simple to 

design, manufacture, and install (Faghiri,1995). The common 

materials used include metal screens, sintered metal felts, 

sintered metal powders and axially grooved wicks (Fig 3). 

Each type of wick made from these materials has its own 

advantages and limitations, and a detailed discussion on this 

topic is beyond the scope of this paper. 

 
Fig. 3 Cross sections of homogenous wick structures [12] 

Composite-These types of materials are made of a 

combination of several types or porosities of materials and/or 

configurations. They tend to have a higher capillary limit than 

homogeneous wicks but cost more (Faghiri,1995).A 

composite wick structure is built using two or more materials 

taking advantage of their respective strengths.  

 

Fig. 4 Cross sections of composite wick structures [12] 

A composite wick typically handles two main functions i.e 

capillary pumping and liquid transport in different sections of 

the wick. A typical example is a screen wick covering the 

axially grooved wick structure as shown in Fig 3. 

These are the homogeneous wicks made of a single material, 

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

wicks containing two or more materials, with some other 

examples     
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All the composite wicks shown in Fig. 4 have a separate 

structure for development of the capillary pressure and liquid 

flow. 

Typically, the porous wick structure can consist of the 

following types: sintered, groove, and mesh [9].  

i). Sintered type  

Mishra et al. [13] Fabricated wicks with high porosity using 

carbonyl nickel powder. Optimisation was achieved using a 

cylindrical wick (length to diameter ratio of 10) with porosity 

value of 64%, average pore size of 5 μm and a permeability of 

1*10-13 m2 

Xin et al. [14] fabricated wicks by sintering powder 

containing nickel to copper ratio of 9:1, at a temperature of 

650 1C for 30 min. Achieved porosity of upto 70%, 

permeability of 10-13 m2 and mean pore radius of 0.54 μm  

Li et al. [15] experimentally verified that the capillary 

pumping performance can be described with an exponentially 

increasing equation, where the capillary pumping rate 

increases with the increasing porosities.  

Santos et al. [16] fabricated ceramic porous wick with 

porosity of 50%, pore radius distribution 1–3 μm and a 

permeability value of around 3.5*10-14 m2. At an operational 

temperature of 100 0C, upto 25W and 15W of heat can be 

transfer reducing acetone and water at steady state conditions.  

Eduardo et al. [17] fabricated wicks sintering powder 

containing (i) carbonyl nickel powder, (ii) atomized nickel 

powder, and (iii) mixture atomized and carbonyl nickel 

powder. The best pore size is achieved via mixture, in the 

range of 2–24 μm in pore size and porosity of  approximately 

50%. 

Vasiliev [18] titanium sintered powder was used in loop heat 

pipe and sorption heat pipe evaporators with ammonia as a 

working fluid. Heat transfer intensified upto 4500 W/m2/K in 

the former, while the latter achieved three times the heat 

transfer capability of the former Bi-porous wick.  

Semenic and Catton [19] tested the performance of both 

mono-porous wicks and bi-porous wicks and found that the 

best bi-porous wick has critical heat flux at 990W/ cm2. 

Cao et al. [20] fabricated bi-porous wicks with copper powder, 

where large/small pore-diameter ratios are 200/80, 400/80 and 

800/80 μm. Their bi-porous wicks have a much higher heat 

transfer coefficient and critical heat flux compared to mono-

porous wicks. For a given fine pore diameter, there is an 

optimal large pore diameter  

Yeh et al. [10] for optimal performance, particle sizes of pore 

former should be between 20–32 μm with a content of 25%. 

The maximum heat transfer capability is 570W for a bi-porous 

wick and 350W for the mono-porous wick. The evaporative 

heat transfer coefficient of the bi-porous wick is 

approximately six times higher than the mono-porous wick. 

Li et al. [8] fabricated bi-porous nickel wicks using cold 

pressing sintering and loose powder sintering techniques. The 

former provided the optimal wick performance 700 1C. The 

pore former content is 30% by volume with porosity of 

77.40%, permeability of 3.15*10–13 m2. During sintering for 

wick production, a piece of graphite sheet was placed in the 

furnace for uniform heating of the wick, to avoid thermal 

stress deformation. 

During sintering for wick construction, the powder should 

be sintered at temperatures between that of half its melting 

point and close to melting. Higher sintering temperature will 

result in better mechanical strength. Different materials 

require different sintering atmospheres, for example nickel 

powder should be sintered at a reducing atmosphere to restore 

the surface of the particles [9]. At high heat flux conditions, 

the flow rates of both fluid phases (liquid and vapour) are 

equally large in the evaporator. As such, mono-porous wicks 

will produce high hydraulic resistance, causing the evaporator 

to dry-out. The best mono-porous wicks have critical heat flux 

at 300W/cm2 [19]. A bi-porous wick (as shown in Fig. 5) can 

overcome problems associated with high heat flux conditions.  

 

Fig. 5. Bi-porous wick 

This allows the wick to achieve better performance where 

by the bigger pores can reduce liquid hydraulic resistance, 

whilst the finer pores can provide sufficient capillary force. A 

non- dispersed bi-porous wick can provide higher porosity 

than a dispersed bi-porous wick as the former not only 

decreases the effect of heat leakage (into evaporator) through 

the wick, but also provides larger surface area for liquid film 

evaporation. In addition, large pores generated by dissolving 

the pore formers in the non-dispersed form are easier to 

control than those of dispersed form [20]. The history of bi-

porous wicks can be traced back to Vityaz et al. [22] who 

produced it by dispersion. They utilized the surface oxidation 

on a sintered copper wick structure to generate the pores 

which have bimodal pore size distribution, with increased heat 

transfer capability. Konev et al. [23] proved that this type of 

wick enhances the heat transfer more than a mono-porous 

wick, because the former provides extra heat surface area [24]. 

This also prevents a vapour blanket from forming within the 

wick [25]. Semenic and Catton [19] noted that capillary 

pressure in abi-porous wick is only significantly a function of 

the finer pores. 
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ii) Groove type  

Zhang et al. [8] mathematically studied and optimised Ω-

shaped micro grooves (Fig. 6) via Pareto genetic algorithm. A 

smaller wicks lot width and larger wick diameter will enhance 

the heat transfer capability between condenser and evaporator, 

but will also increase the total radial thermal resistance 

(between inner heat pipe and its outer environment). A larger 

number of grooves and a larger vapour core diameter will also 

enhance the heat transfer. 

 

Fig.6. Cross-sectional area of Ω groove type heat pipe [8]. 

Ma and Peterson [26] experimentally measured heat transfer 

of triangular grooves with an apex angle of 600 and showed 

that heat transfer performance is a function of optimum 

groove configuration  

Stroes and Catton [27] Compared tilted triangular and 

sinusoidal grooves, with ethanol as the heat transfer fluid. 

Sharper apex of the former induces better capillary action than 

the latter. The latter has larger surface area for surface 

evaporation therefore supports higher heat fluxes instead  

Anand et al. [28] studied the onset and propagation of the dry-

out point in tilted V-shaped microgrooves, with pentane as 

working fluid. When heat pipe is inclined, the position of the 

dry-out point is closer to the condenser end. The radius of 

meniscus curvature is a function of the capacity to replenish 

the evaporator. The value of the curvature should be 

monotonically decreased from the condenser to the evaporator 

to maintain sufficient replenishment  

Jiao et al. [29] mathematically modeled the effect of contact 

angle on the meniscus radius, thin film profile and heat flux 

distribution in micro-trapezoidal grooves. Showed that the 

capillary pressure govern the maximum heat transfer 

capability while the thin film evaporation determines the 

effective thermal conductivity. The ratio of the heat transfer 

through the thin film region to the total heat transfer through 

the wall of the vapour phase decreases when the contact angle 

increases  

Lips et al. [30,31] Observed that nucleate boiling at the 

evaporator of flat plate heat pipes at _3 W/cm2 and that 

bubbles did not inhibit mass transfer between two ends of the 

heat pipe, contrary to literature. Heat flux for evaporator dry-

out is much higher than the heat flux at the onset of nucleate 

boiling. Capillary limit instead of boiling, which causes the 

dry-out. 

Several theoretical, experimental and optimization approaches 

on improving heat and mass transfer performance have been 

investigated. The types of grooves that have been studied vary 

from triangular, rectangular, trapezoidal and “Ω” shaped 

grooves [8]. Several researchers [32–34] have discovered 

groove alignment is important to achieve higher dry-out fluxes. 

The horizontal and vertical orientations of grooves can 

achieve superior critical heat fluxes relative to isotropic 

permeability heat pipes [35, 36]. The creation of the miniature 

axial groove show ever increases the cost.  

iii) Mesh type  

Brautsch and Kew [37] Studied stainless steel mesh with 

water as working fluid. As heat flux is increased, small 

bubbles form on pipe wall surface and then in the mesh wick. 

With further increase in heat flux, vapour blanket was formed, 

leading to intermittent local dry-out, hence reducing thermal 

performance. Maximum heat flux increases with wick 

thickness but also increases thermal resistance  

Kempers et al. [38] studied copper–water heat pipes with 

screen mesh wicks. Effective thermal resistance decreases 

with an increase in heat flux while constant at higher heat 

fluxes. Non-linearity is more pronounced with fewer mesh 

layers. Small increase in thermal resistance with thicker wick, 

Maximum heat transfer increases with more meshes. With 

working fluid below the amount needed to fully saturate the 

wick lowers effective thermal resistances, but greatly reduces 

the maximum heat transfer rate  

Wong et al. [39] Studied transparent circular heat pipes of 

length 150 mm and inner diameter 5 mm, with two layers of 

screen mesh. Two different meshes were tested (with 

diameters of 114 mm and 55 mm respectively). Observed 

nucleate boiling for heat fluxes higher than 15W/cm2 Sintered 

mesh  

Wong et al. [40]; Liou et al. [41] Studied transparent flat plate 

heat pipes made of sintered screen meshes but they did not 

visually observe nucleate boiling even for high heat fluxes 

(60W/cm2)  

Li etal. [42, 43] Studied sintered screen meshes (wire 

diameters of 56 μm, 114 μm and 191 μm). Evaporator heat 

transfer coefficient is independent of wick thickness, but 

critical heat flux increases proportionally to this thickness. 

The evaporator heat transfer coefficient decreases with the 

wire diameter, but is not strongly dependent on the porosity. 

The critical heat flux increases with both the wire diameter 

and the porosity  

Mesh types can be divided into sintered and non-sintered 

types as summarized. Types of heat pipes the conventional 

heat pipe has been illustrated in Fig.1, and will not be further 

described in this section since the basic principles of operation 

have already been described in the introduction. 

C. Properties Affecting Wick Design 

1. High pumping pressure- A small capillary pore radius i.e 

channels through which the liquid travels in the wick, affect 

greatly in a manner that results in a large capillary pressure 

2. Permeability- large pore radius results in low liquid 

pressure drops and low flow resistance. 

Design choice should be made that balances large capillary 

pressure with low liquid pressure drop. Composite wicks tend 

to find a compromise between the two. 
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3. Thermal conductivity - A large value will result in a 

small temperature difference for high heat fluxes [3]. 

IV. OPERATING LIMITS 

The performance and operation of a heat pipe is limited by 

certain parameters. A phenomenon which limits heat transport 

in heat pipes includes capillary forces, choked flow, interfacial 

shear, etc. The heat transfer limitations depend on dimensions 

of the pipe, working fluid, wick parameters, and operating 

temperature [1]. Chaudhry et al. [44] has succinctly 

summarized the distinctive features, limitations, applications 

and operating temperatures of heat pipe type, also shows the 

similarities and differences that these various types share 

between themselves. Fig. 7 shows the various types of limits 

of operation in heat pipe. 

 
 

Fig.7. Limitations of heat pipes 

A. Capillary Limit 

The difference in the capillary pressure between liquid and 

vapor interfaces governs the operation of the heat pipes. The 

capillary limit is encountered when the capillary pressure is 

not enough to pump the liquid back to evaporator causing the 

dry out of the wick of the evaporator end. The physical 

structure of the wick is one of the most important reasons for 

this limit and the type of working fluid also affects it [12].  

The flow in heat pipe is possible because of the vapor 

pressure gradient and the liquid pressure gradient along the 

length is necessary for the flow of liquid back to the 

evaporator. In addition, there are pressure gradients due to 

phase change taking place at the evaporator of the heat pipe 

(Fig 2). For the heat pipe to work as it usually does, the 

capillary pressure should be greater than all the pressure 

gradients across the liquid-vapor path. 

B. Sonic Limit  

The evaporator and condenser sections of the heat pipe act 

like a nozzle where vapor flows from the adiabatic section 

into or out of the end sections. The converging-diverging 

nozzle like nature of the vapor flow path inside the Heat pipe 

imposes a choking flow condition on the vapor velocity.We 

know that the velocity at a choke point cannot be greater than 

the local speed of sound. This is called the sonic limit and the 

heat transfer can now only increase if the operating 

temperature of the heat pipe is increased.[12,45].  

C. Boiling Limit 

A typical cylindrical heat pipe receives heat at the 

evaporator end where it is transferred to the working fluid 

radially. When the input flux is sufficient, nucleation sites are 

formed inside the wick where bubbles are trapped in the wick, 

blocking liquid return that results in evaporator dry out [45]. 

As compared to the other heat pipe limits, boiling limit is a 

radial flux constraint and not an axial flux constraint [12,46].  

D. Entrainment Limit  

As liquid and vapor move in opposite directions in heat 

pipe, the vapor exerts a shearing force on the liquid at the 

liquid-vapor interface. If this shear force exceeds the surface 

tension of the liquid, liquid droplets are entrained into the 

vapor flow while going towards condenser section. [45,47].  

E.  Viscous Limit  

At low temperatures or low vapor densities, the viscosity of 

the vapor flow may be dominant as the flow progresses from 

evaporator to the condenser end. If the vapor pressure in the 

condenser is very low then the heat transfer under such a 

condition is limited. This usually occurs during the startup 

condition of a heat pipe [12]  

F. Condenser Limit 

 If non-condensable gases are accumulated at the condenser 

end, they reduce the working length of the condenser end, 

limiting the heat removing capacity of the condenser. This 

limit increases the possibility of capillary limit [12,46]. 

V.CONCLUSIONS 

The following conclusions can be extracted 

1) Diverse types of heat pipes have been reviewed in this 

paper, as well as the types of wicks that can be found in 

current research to improve the performance of the heat 

pipe. 

2) An examination was also carried out on some promising 

hybrid technologies such as heat storage for change phase 

materials, thermosyphon. 

3) The heat transfer coefficient is found to be maximum in 

the circular shape geometry, and increases with the heat 

input increase. 

4) The variation of friction coefficients of all grooved pipe is 

independent of Reynolds Number but it was found that 

the friction in the circular groove shape is the lowest 

Compared to the other shapes. 

5) Heat source orientation and gravity have less effect on 

sintered powder metal heat pipes due to the fact that the 

sintered powder metal wick has the strongest capillary 

action. 

6) It is not desirable to use groove or mesh heat pipes when 

the orientation of the evaporator (heat source) is on top of 

the condenser (heat sink). 

7) Combination of circular wick with sintered powder can 

suit the application. Also, there will be two advantageous 

effect whereby reducing the limitations.  

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181

Published by, www.ijert.org

IC-QUEST - 2016 Conference Proceedings

Volume 4, Issue 30

Special Issue - 2016

6



ACKNOWLEDGMENT 

This work is carried out in line with the research projects 

support from the University Grant Commission (UGC) 

affiliated Board of College and University Development, S. P. 

University of Pune, Government of India (Grant No. 

OSD/BCUD/360/109 Dated: 27/11/2013). The authors would 

like to thank BCUD S.P. Pune University. 

REFERENCES 

[1] Tu ST, Zhang H, Zhou W W. Corrosion failures of high temperature 
heat pipes. Eng Fail Anal 1999; 6: 363–70. 

[2] D. reay and P. Kew, Heat pipes, Theory, Design and applications, 
Edition 6. 

[3] Dhananjay Dilip Odhekar ,Experimental investigation of bendable 

heat pipes,  
[4] Hoyer N. Calculation of dry out and post-dry out heat transfer for 

tube geometry. Int J Multi phase Flow 1998;24:319–34. 

[5] C. W. Chan, E. Siqueiros, J. Ling-Chin, M. Royapoor, A. P. Roskilly, 
Heat utilisation technologies: A critical review of heat pipes, 

Renewable and Sustainable Energy Reviews 50 (2015) 615–627 

[6] Reay D, Harvey A. The role of heat pipes in intensified unit 
operations. Appl Therm Eng 2012:1–7. 

[7] Yang X, Yan Y Y, Mullen D. Recent developments of light weight, 

high performance heat pipes. Appl Therm Eng 2012;33-34:1–14. 
[8] Zhang C, Chen Y, Shi M, Peterson G P. Optimization of heat pipe 

with axial "Ω"-shaped micro grooves based on aniched Pareto genetic 
algorithm (NPGA). Appl Therm Eng 2009; 29: 3340–5. 

[9] Li H, Liu Z, Chen B, Liu W, Li C, Yang J. Development of bi porous 

wicks for flat-plate loop heat pipe. Exp Therm Fluid Sci 2012;37: 91–
7. 

[10] Yeh C-C, Chen C-N, Chen Y-M. Heat transfer analysis of a loop heat 

pipe with bi porous wicks. Int J Heat Mass Transfer 2009;52:4426–34. 
[11] Lefevre F, Conrardy J-B, Raynaud M, Bonjour J. Experimental 

investigations of flat plate heat pipes with screen meshes or grooves 

covered with screen meshes as capillary structure. Appl Therm Eng 
2012;37:95–102. 

[12] Dr. Hussain H. Ahmad Raqeeb H. Rajab, Effect of wick structure 

geometry on the performance of a heat pipe, Solar Energy,pp.121-123. 
[13] Mishra D K, Saravanan T T, Khanra G P, Girikumar S, Sharma S C, 

Sreekumar K, et al. Studies on the processing of nickel base porous 

wicks for capillary pumped loop for thermal management of space 
crafts. Adv Powder Technol 2010; 21:658–62. 

[14] Xin G, Cui K, Zou Y, Cheng L. Development of sintered Ni–Cu 

wicks for loop heat pipes.Sci China, Ser E: Technol Sci 2009; 
52:1607–12. 

[15] Li J, Zou Y, Cheng L. Experimental study on capillary pumping 

performance of porous wicks for loop heat pipe. Exp Therm Fluid Sci 
2010;34: 1403–8. 

[16] Santos PHD, Bazzo E, Becker S, Kulenovic R, Mertz R. 

Development of LHPs with ceramic wick. Appl Therm Eng 2010; 
30:1784–9. 

[17] Eduardo G R, Marcio C F, Bazzo E, Pereira F M. Manufacturing and 

micro- structural characterization of sintered nickel wicks for 
capillary pumps. Mater Res1999; 2: 225–9. 

[18] Vasiliev L. Sorption heat pipe—a new thermal control device for 

space and ground application. Int J Heat Mass Transfer 2005; 48: 
2464–72. 

[19] Semenic T, Catton I. Experimental study of biporous wicks for high 

heat flux applications. Int J Heat Mass Transfer 2009; 52: 5113–21. 
[20] Cao X L, Cheng P, Zhao T S. Experimental study of evaporative heat 

transfer in sintered copper bi dispersed wick structures. J Thermo 

phys Heat Transfer 2002;16:547–52. 
[21] Yeh C-C, Chen C-N, Chen Y-M. Heat transfer analysis of a loop heat 

pipe with bi porous wicks. Int J Heat Mass Transfer 2009; 52: 4426–

34. 
[22] Vityaz P A, Konev S V, Medvedev V B, Sheleg V K Heat pipe with 

bi dispersed capillary structures. In: Proceedings of the Fifth 

International Heat Pipe Conference; 1984.Tsukuba, Japan: p.127–135. 
[23] Konev S V, Polasek F, Horvat L. Investigation of boiling in capillary 

structures. Heat Transfer Sov Res 1987; 19: 14–7. 

[24] Rosen feld J H, North M T. Porous-media heat exchangers for 

cooling of high power optical components. Opt Eng 1995; 34: 335–

41. 

[25] North M T, Rosen feld J H, Shaubach R M. Liquid film evaporation 

from bi- dispersed capillary wicks in heat pipe evaporators. In: 
Proceedings of the ninth international heat pipe conference; 1995. 

Albuquerque, N M: p.143–47. 

[26] Ma H B, Peterson G P. Experimental investigation of the maximum 
heat transport in triangular grooves. J Heat Transfer—Trans ASME 

1996; 118: 740–6. 

[27] Stroes G R, Catton I. An experimental investigation of the capillary 
perfor- mance of triangular versus sinusoidal channels. J Heat 

Transfer—Trans ASME 1997; 119: 851–3. 

[28] Anand S, De S, Dasgupta S. Experimental and theoretical study of 
axial dry out point for evaporation from V-shaped micro grooves. Int 

J Heat Mass Transfer 2002; 45: 1535–43. 

[29] Jiao A J, Ma H B, Critser J K. Evaporation heat transfer 
characteristics of a grooved heat pipe with micro-trapezoidal grooves. 

Int J Heat Mass Transfer 2007; 50: 2905–11. 

[30] Lips S, Lefevre F, Bonjour J. Nucleate boiling in a flat grooved heat 
pipe. Int J Therm Sci 2009; 48: 1273–8. 

[31] Lips S, Lefevre F, Bonjour J. Physical mechanisms involved in 

grooved flat heat pipes: experimental and numerical analyses. Int J 

Therm Sci 2011; 50: 1243–52. 

[32] Cao Y, Gao M, Beam J E, Donovan B. Experiments and analyses of 

flat miniature heat pipes. J Thermophys Heat Transfer 1997; 11: 158–
64. 

[33] Wu D, Peterson G P. Investigation of the transient characteristics of a 
micro heat pipe. J Thermophys 1991; 5: 129–34. 

[34] Plesch D, Bier W, Seide lD, Schubest K. Miniature heat pipes for 

heat removal from micro electronic circuits. In: Proceedings of ASMI 
annual meeting; 1991. Atlanta, GA. 

[35] Hopkins R, Faghri A, Khrustalev D. Flat miniature heat pipes with 

micro capillary grooves. J Heat Transfer—Trans ASME 1999; 121: 
102–9. 

[36] Hopkins R, Faghri A, Khrustalev D. Critical heat fluxes in flat 

miniature heat sinks with micro capillary grooves. J Heat Transfer—
Trans ASME 1999; 121: 217–20. 

[37] Brautsch A, Kew P A. Examination and visualization of heat transfer 

processes during evaporation in capillary porous structures. Appl 
Therm Eng 2002; 22: 815–24. 

[38] Kempers R, Ewing D, Ching C Y. Effect of number of mesh layers 

and fluid loading on the performance of screen mesh wicked heat 

pipes. Appl Therm Eng 2006; 26: 589–95. 

[39] Wong S-C, Kao Y-H. Visualization and performance measurement of 

operating mesh-wicked heat pipes. Int J Heat Mass Transfer 2008; 51: 
4249–59. 

[40] Wong S-C, Liou J-H, Chang C-W. Evaporation resistance 

measurement with visualization for sintered copper-powder 
evaporator in operating flat-plate heat pipes. Int J Heat Mass Transfer 

2010; 53: 3792–8. 

[41] Liou J-H, Chang C-W, Chao C, Wong S-C. Visualization and thermal 
resistance measurement for the sintered mesh-wick evaporator in 

operating flat-plate heat pipes. Int J Heat Mass Transfer 2010; 53: 

1498–506. 
[42] Li C, Peterson G P, Wang Y. Evaporation/boiling in thin capillary 

wicks (I)— Wick thickness effects. J HeatTransfer—Trans ASME 

2006; 128: 1312–9. 
[43] Li T, Peterson G P. Evaporation/boiling in thin capillary wicks (II)—

Effects of volumetric porosity and mesh size. J Heat Transfer—Trans 

ASME 2006; 128: 1320–8. 
[44] Chaudhry H N, Hughes B R, Ghani S A. Are view of heat pipe 

systems for heat recovery and renewable energy applications. 

Renewable Sustainable Energy Rev 2012; 16: 2249–59. 

[45] CK Loh, Enisa Harris and DJ Chou Enertron, Inc Arizona, 

Comparative Study of Heat Pipes Performances in Different 

Orientations 
[46] F. Agyenim, P. Eames, M. Smyth, Heat transfer enhancement in 

medium temperature thermal energy storage system using a multi 

tube heat transfer array, Renew. Energ. 35 (1) (2010),pp. 198–207. 
[47] Patriknemec, alexander čaja, milanmalcho, Thermal performance 

measurement of heat pipe University of Žilina, Department of power 

engineering, Univerzitná 1, Slovakia,  march  2011 

 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181

Published by, www.ijert.org

IC-QUEST - 2016 Conference Proceedings

Volume 4, Issue 30

Special Issue - 2016

7


