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ABSTRACT 

 

ARTICLE INFO 

The paper describes experimental studies on the heat transfer performance of a multi-

layer screen mesh wick heat pipes. Three heat pipes of 375 mm in length and 39 mm 

outer diameter were fabricated. The heat pipes were of different mesh configuration 

such that they involved multiple layers of different mesh size screen mesh wicks. The 

mesh configuration was namely viz. 100+200 mesh, 100+2 x 200 mesh, and 4 x 200 

meshes. The heat pipes along with different porosities were tested for aqueous solution 

of Acetone as a working fluid. As a baseline comparison distilled water is considered 

as a working fluid. The heat pipes were tested for different heat inputs ranging from 

35-150 W. The effects of heat input and porosities along with use of different working 

fluids on the performance of heat pipes is presented. The thermal resistance and the 

thermal conductivities have also been studied alongside. 
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I. INTRODUCTION 

The heat pipe [1] is a highly effective passive 

device for transmitting heat at high rates over 

considerable distances with extremely small 

temperature drops, exceptional flexibility, simple 

construction and easy control with no external 

pumping power. Several millions heat pipes are 

now manufactured each month since all modern 

laptops use heat pipes for CPU cooling. Future 

electronics system especially computers and 

communication equipment are expected to be of 

small size, lightweight but with compact 

components that release very high magnitudes of 

heat. These miniaturized systems generate large 

heat fluxes during operation, which warrant the 

development of efficient thermal management 

systems. Different modules like heat pipes, heat 

sinks, heat spreaders and vapor chambers are 

used to remove inevitable heat spots in the 

electronic systems. Thermal control is the generic 

need of any heat dissipation system. Heat pipes 

and vapor chambers have emerged as the most 

appropriate technology and cost effective thermal 

solution due to their excellent heat transfer 

capabilities, high efficiency and structural 

simplicity.Basically heat pipes are two phase heat 

transfer devices (Dunn and Reay, 1994). They 
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involve an evacuated and sealed container with a 

small quantity of working fluid. One end of the 

container is provided with waste heat from the 

source, causing the containing liquid to vaporize 

by gaining the latent heat of vaporization. The 

vapor flows to the cold end of the container 

where it condenses. Since the latent heat of 

evaporation is much larger than the sensible heat 

capacity of a fluid, considerable quantities of 

heat can be transported using these devices with 

a very small end to end temperature difference. 

For the condenser above evaporator 

configuration (bottom heat mode), the return of 

the condensate can be aided by gravity e.g. 

gravity assisted heat pipes or thermosyphons. 

While for the evaporator above condenser 

configuration (top heat mode) or horizontal 

(evaporator and condenser at same level) 

configuration, porous structure is lined on the 

inner circumference of the heat pipe to promote 

capillary pumping of the working fluid. Faghri 

[1] qualitatively described the recession process 

of the liquid film as well as the likely 

evaporation/boiling transition Under a low heat 

flux, heat transfer by conduction and convection 

prevails. The capillary menisci are formed at the 

solid-liquid interface. As the heat flux is 

increased, the menisci recede into the wick due to 

intensified evaporation. If the heat flux is further 

increased, nucleate boiling may occur near the 

heated wall. Li et al.[2] measured the heat 

transfer with increasing heat flux. coefficient and 

the critical heat fluxes (CHF) associated with the 

evaporation/boiling process for a horizontal 

copper surface sintered with multiple layers of 

copper mesh. The water level was fixed at the top 

of the mesh wick before heating. As the heat flux 

was increased, the variation of the 

evaporation/boiling behavior basically followed 

the above mentioned description of Faghri [1]. 

Wong and Kao[3] performed a visualization 

study for operating transparent mesh-wicked heat 

pipes. They indicated that at low heat loads the 

heat was dissipated by surface evaporation on the 

meniscus interface within the mesh wires. 

Nucleate boiling was observed at increased heat 

loads. However, under a combination of fine 

bottom mesh wick layer and a fluid charge 

approximately saturating the wick, nucleate 

boiling was suppressed at large heat loads. A thin 

water film with a large number of menisci was 

sustained in the fine mesh pores by a strong 

capillary force therein. Due to the small thermal 

resistance across the evaporator, the large 

evaporation area, and the possible contribution of 

thin film evaporation at the meniscus-wire 

interface, both the evaporation temperature and 

the heating surface temperature were lowest 

among all the tested wick/charge combinations. It 

was noted that their mesh wick was not sintered 

and the appearance of nucleate boiling could 

result from the large thermal resistance across the 

wick layer. 

In more complex capillary structure where 

meshes or sintered powder is used, it is difficult 

to calculate the exact location of both the liquid 

and the vapor inside the system and also difficult 

to determine it experimentally. Theoretical 

models are based on Darcy’s law, with the 

permeability and the equivalent thermal 

conductivity of the capillary structure as main 

parameters. Experimentally, temperature 

measurements are used to estimate the maximum 

power and the overall thermal resistance. In 

addition, some papers present transparent heat 

pipes to visualize phenomena occurring in 

working conditions. Nevertheless, a fine 

description of the liquid-vapor interface is not yet 

available. Kempers et al. [4] tested the effect of 

the number of screen mesh layers (wire diameter 

109 μm) and fluid filling on circular heat pipe of 

length 177.8 mm and inner diameter 6.22 mm as 

expected, the maximum heat transfer increases 

with the number of meshes, but the increase in 

thermal resistance due to increase of mesh 

number is found to be significantly lower than 

that predicted by conduction based models. This 

author showed that decreasing the amount of 

working fluid decreases the effective thermal 

conductivity but also the maximum power. In 

another study, Kempers et al. [5] showed that 

heat transfer in the condenser is reasonably equal 

to that calculated by conduction models, while at 

the evaporator, a threshold due to nucleate 

boiling changes significantly the heat transfer 

coefficients. Savino [6] relatively studied about 
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the heat transfer performances of different heat 

pipes, with composite wick or wickless, filled  
Fig. 1. Schematic of Heat Pipe. 

with pure water are compared with the 

performances of the same heat pipe filled with 

water/alcohol binary mixtures under normal 

gravity and low- gravity conditions. 

 
Fig. 2. CAD model of heat pipe. 

 

 Vochten and Petre [7] with long chain 

alcohols with more than four carbon atoms, have 

a positive gradient with temperature when the 

temperature exceeds a certain value. The 

capillary pressure is the driving force in the heat 

pipe; pressure head produced by the wick 

structure is accountable for circulating the stable 

working fluid inside a heat pipe. 

 

II. EXPERIMENTAL SETUP 

Fig.4.A shows the oxygenless cylindrical heat 

pipe designed for the experimental study along 

with the positions of implanted thermocouples. 

The heat pipes consisted multiple layers of 100 

and/or 200 mesh woven stainless steel wire 

screen as wick. Three heat pipes were taken for 

testing during the study of this experiment. The 

detailed mesh configuration of the three heat 

pipes is as tabulated in table no. 1. 

The heat pipe is a 375 mm long and 39 mm outer 

diameter brass tube and both the ends sealed with 

end caps. One end cap carries the filling tube for 

charging the working fluid. A multi layered 

stainless steel screen mesh is inserted on inner 

tube which is 32 mm diameter and is held against 

it by tension. The Screen mesh heat pipe used 

consists of a smooth walled tube with a woven 

stainless steel mesh as the wick structure. This 

wick structure is created from a metal fabric or 

mesh, the mesh is wrapped around a forming 

mandrel which is then inserted into the heat pipe. 

After placement, the mandrel is carefully 

removed leaving behind the wrapped mesh. The 

mesh tries to unwrap itself leaving the wick held 

by this tension against the inner wall of the heat 

pipe. The heat pipe is charged with 50 ml of 

working fluid, which approximately corresponds 

to the amount required to fill the evaporator. The 

working fluid used here is Distilled water. Before 

charging the heat pipe is heated to a high degree, 

to remove the non-condensable present in the 

tube and evacuated using vacuum pump to 

pressure of 25 mm of Hg (medium vacuum). The 

evaporator, adiabatic and condenser sections are 

of length 100, 150 and 125 mm respectively. 

Heat input was applied at the evaporator section 

using a cartridge electrical heater attached to it 

with proper insulation and the heater has been 

energized with an AC supply through a variac. 

The desired heat input was supplied to the 

evaporator end of the heat pipe by adjusting the 

variac. Water jacket was provided at the 

condenser end to remove the heat from the heat 

pipe. The cooling condenser was used to 

condense the vapor. The condenser section was 

cooled by cooling water.  The water chilling unit 

was fixed at a constant temperature and a cold 

bath was used to provide cooling water. 

 

Table 1 Characteristic of Wicks of different 

compositions. 

 
Wick 

Composition 

Thickness 

(mm) 

Porosity 

4*200 Mesh 0.33 0.686 
100+2x200 

Mesh 

0.34 0.64 

100+200 

Mesh 

0.26 0.60 

 

 

Table 2. Specifications of Heat Pipe 

 
Specifications Evaporator 

section 

Adiabatic 

section 

Condenser 

section 
Length (mm) 100 150 125 
Internal 

diameter (mm) 

32 32 32 

External 

diameter (mm) 

39 39 39 

Area (mm
2
) 12,252.21 18,378.31 15,315.26 

Volume (mm
3
) 119459.06 179188.5 149323.82 
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Fig. 3. Experimental Setup 

 

 

The temperature measurement of the three heat 

pipes is done by utilizing 12 thermocouples, each 

heat pipe having four thermocouples attached. 

The experimental setup is as shown in fig. 4.B. 

 

 

 
 

Fig. 4.a) Setup showing heat pipes. 

 

 
Fig. 4. B) Full Heat pipe test rig. 

 

 

III. DATA REDUCTION 

 

A. Estimation of Thermal Resistance: 

The thermal resistance is one of the most important 

parameters that reflect the performance of heat pipe during 

the heat transfer tests. The thermal resistance is defined as; 

Q

TT
R

ce )( 
    (I) 

 

 

 

B. Estimation of heat transfer coefficient: 

The heat transfer coefficient for a heat pipe is 

given as; 

cAR
h

.

1
    (II) 

 

IV. RESULTS AND DISCUSSION 

 

A. Thermal Resistance comparison for different pipes with 

different working fluid: 

The thermal resistance comparison for different 

heat pipes with water and acetone as the working 

fluid is done in fig. 5 & 6. The result analysis 
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indicates that the mesh configurations with 

100+200 Mesh gives the lowest resistance across 

the combination. The 4*200 mesh has the 

strongest capillarity but the lowest permeability, 

whereas 100+2*200 Mesh has a highest 

capillarity bottom layer as well as high 

permeability. The finer mesh in 100+200 mesh 

configuration provides good surface area on the 

wall side and 100 mesh on the vapour side 

provides less resistance to the vapour flow 

velocity. This characteristic influences their 

resistance. In comparison the Rmin of the 4*200 

mesh cannot be as small as that of 100+2*200 

Mesh, although both have same bottom layer. 

The aim of this study is the use of dissimilar 

screen mesh types with multiple layers of the 

wick is to be investigated.  

 

 
 

Fig. 5: Comparison of Thermal resistance for heat pipes with acetone as 

the working fluid. 

 

The work presented here investigates heat pipe 

with respect to a single important parameter of 

screen mesh wick heat pipes, the mesh count or 

the number of openings and tries to link changes 

to this parameter and mixing of different layer of 

screen mesh wick to advantages in performance 

of certain industrial applications, such as the 

ability to manufacture heat pipes with screen 

mesh wicks with a particular low temperature 

difference across the wick structure or to 

overcome maximum operational angles for the 

application. The traditional heat pipes with 

sintered wicks or grooved wicks exhibit a good 

behaviour but the temperature difference across 

the evaporator and the condenser side is more. 

Thus from equation I, it is found that the thermal 

resistance increases considerably i.e. if we 

analyse the inside of heat pipe, more resistance 

implies more resistance to the flow of liquid 

vapour inside. Thus the heat pipe doesn’t work 

efficiently. Whereas trying out the above 

combinations it is found out that the temperature 

difference is quite low hence the heat pipe work 

more efficiently. The heat pipe with combination 

of 100+200 mesh works more efficiently than 

others, together with water as the working fluid. 

Even the heat pipe with Acetone as the working 

fluid works better with 100+200 mesh. Thus 

100+200 mesh is the best possible selection, 

rather than utilizing stacked multilayer screen 

mesh. 

 

 
 

Fig. 6: Comparison of Heat pipe with water as the working fluid. 

 

B. Heat transfer coefficient comparison for different 

working fluid: 

 

The heat transfer coefficient is nothing but the 

inverse of thermal resistance inside the heat pipe. 

The heat transfer coefficient is higher for the pipe 

with lower resistance. The fundamental in 

multilayer screen mesh wick pipe is that with the 

increase in the heat load input, the further higher 

input tends to decrease the resistance, this is due 

to the fact that the working fluid recedes into the 

menisci inside the screen wicks and thus the 

working fluid gets trapped inside the wicks and 

thus further a stage comes when the dryout of the 

heat pipe takes place. This implies that no further 

heat input applied could result in efficient 

working of the heat pipe. The heat transfer 

coefficient comparison of the heat pipes for both 

the working fluid has been done as shown in fig. 

7 & 8. The heat transfer coefficient for the heat 

pipes with water is in higher magnitudes than 

that of the acetone as the working fluid. 
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Fig. 7: Comparison of heat transfer coefficient with acetone as the 

working fluid. 

 

 
 

Fig. 8: Comparison of heat transfer coefficient with water as the 

working fluid. 

 

The main comparison between the fluids is that 

the heat pipes with water as the working fluid are 

supposed to show relatively very low resistance 

than methanol as the working fluid. Thus even it 

is supposed that distilled water has the highest 

resistance in comparison with any other alcohol 

solutions, but in this case for such configurations 

the thermal resistance is very low and high 

conductivity too is observed. 

 

V. CONCLUSION 

1. Values of minimum evaporation are 

smaller when the wick has a fine bottom 

layer for both the working fluids tested. 

2. The fact that evaporation resistance of 

stainless steel mesh/water heat pipes 

reduces with increasing heat load should be 

attributed to water film thinning along with 

increasing evaporation area rather than to 

nucleate boiling. 

3. With increasing heat load, water film 

recedes into menisci within wick and thus 

partial dryout occurs causing the resistance 

to increase. 

4. The water is the best working fluid among 

the other working fluid regarding higher 

temperature and eventually higher heat 

transfer coefficient in the evaporator 

section. 

5. Thorough analysis would reveal that the 

thermal resistance of the evaporator section 

is magnitudes higher than that of condenser 

section. 

6. Dryout for acetone at high condenser 

temperature would cause the heat transfer 

coefficient to decrease with increasing heat 

flux, contrary to the usual behavior. 
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