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ABSTRACT 

A key to optimizing the performance of heat pipes is to ensure that the wick structure performs 

within its original design specifications. Sintering is the most commonly used technique due mainly 

to the economic costs. However, it presents a drawback associated with the randomness of the 

internal wick structure that can result from an irregular pore, penalizing its permeability and causing 

unsteady fluid-thermal behavior in the whole device. This research implemented 3D printing 

technology for the manufacturing of wick, which is known as Atomic Diffusion Additive 

Manufacturing. The advantage is to control the geometric size of the wick passages, aiming to 

achieve an optimal design according to the specified requirements. Based on this, this study aims to 

provide a solution in the form of a wick manufacturing process on heat pipes using 3D printing 

technology to overcome the unevenness of pores formed in the sintering process and can provide 

good performance results in thermal conductivity. The final result expected in this test is to be able 

to make a wick heat pipe with good performance through a 3D printing manufacturing process. For 

this aim, determining the sizes of pores that can be printed for the wick was the first step to 

investigate. 
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INTRODUCTION 

Heat pipe is a heat transfer technology that uses 

a pipe of a certain size and contains a special liq-

uid to deliver heat from the evaporator side to the 

condenser side [1]. Heat pipes have several ad-

vantages, such as the heat transfer cycle that oc-

curs being relatively short with dimensional 

compactness and a high increase in the heat 

transfer coefficient. There is no additional power 

required because fluid circulation occurs natu-

rally, so they are widely used in industrial and 

electronic technology, waste heat utilization, air 

heating, air conditioning systems, and exhaust 

heat utilization in boilers [1]. Heat pipes are usu-

ally made of aluminum, copper, or nickel-plated 

copper [2]. The heat pipe consists of a main wall 

component in the form of a pipe, a capillary axis 

in the form of sintered powder, screen mesh or 

groove, and working fluid [3]. 

A heat pipe is a hollow pipe consisting of three 

sections: evaporator, adiabatic, and condenser. 

Both ends of the heat pipes are closed (vacuum), 

and there is a working fluid in them. In addition, 

to gain much better performance of the heat pipe 

as a superconductor, there is a capillary axis 

named wick on the inner wall as a medium 

through which the working fluid from the con-

denser end through the adiabatic section returns 

to the evaporator end. In other words, the work-

ing fluid flows because of the capillary force on 

the capillary axis [4]. 

The capillary axis must also work to evenly dis-

tribute the working fluid over the surface of the 

evaporator, which is exposed to heat when work-

ing under steady-state conditions. Both of these 

functions require a different shape of the capil-

lary axis, and the choice of the capillary axis de-

pends on many factors, such as permeability, 

thermal conductivity, capillary pressure, heat 

transfer ability, wettability, and so on [5], which 

depends on the internal structure from the results 

of the choice of the manufacturing process and 

the properties of the material itself [6]. There are 

various forms of heat pipe capillary axis, ranging 

from screen mesh wick, sintered metal powder 

wick, grooves, and wire, all of which can be 

made of metal, composite, ceramic, or bio-

material [7]. The sintered powder is a type of ca-

pillary axis that can carry out a high heat transfer 

process with a low-temperature gradient and 

high capillary force in anti-gravity applications 

so it is the technology most widely used by man-

ufacturers. However, making the capillary axis 
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in the form of sintered powder has the disad-

vantage that it produces a random internal struc-

ture and can cause fluid temperature uniformity 

on the capillary axis [8], whereas in selecting the 

capillary axis the most important and recom-

mended thing is the level of homogeneity of the 

pore structure and the pore sizes should be rela-

tively small [9], so we need a new technique in 

the process of manufacturing the capillary axis. 

The use of SLM-type 3D printers can solve this 

problem because they can provide full control of 

the pore structure on the capillary axis [10]. In 

addition, the use of 3d printing can overcome 

high costs and limitations on pore size, as well 

as materials that can be used and are able to pro-

vide smooth surface results [11]. J. Esarte, et. al 

[10] in their research, revealed that the manufac-

turing process of heat pipes using 3d printing 

gave good results in four main parameters, 

namely permeability, capillarity, porosity and 

thermal conductivity. 

In heat pipes manufacturing, there are proce-

dures and steps that must be carried out to obtain 

a heat pipe that can operate and function 

properly, which are determining the material and 

geometry of heat pipes, and calculating and plan-

ning the performance limit of heat pipes. and the 

calculation of the actual performance limit of the 

heat pipe [12]. In addition, in these stages, it is 

necessary to carry out tests such as leakage tests, 

cleanliness tests, performance tests, and life tests 

[13]. This test aims to determine the perfor-

mance level of the heat pipe, namely permeabil-

ity, capillarity, porosity, and thermal conductiv-

ity so that it can be categorized and applied ac-

cording to the level of performance [14-17]. A 

series of conventional methods are required to 

obtain these parameter values. One of them is the 

Scanning Electronic Microscope (SEM) method 

for observing pore radius. 

Based on this, this study aims to provide an al-

ternative solution in the form of a wick manufac-

turing process on heat pipes using 3D printing 

technology to overcome the unevenness of pores 

formed in the sintering process. Three capillary 

axes samples made of stainless steel with differ-

ent pore sizes, namely 100-150μm, 250-350μm, 

and 400-500μm, will be made using the 3D 

printing method. 

 

 

 

METHODOLOGY 

1. Wick design 

3D printing is a part of additive manufacturing 

technology, where in the additive manufacturing 

process, an object is created by placing thin lay-

ers in sequence until the object is formed accord-

ing to the desired shape. Each of these layers can 

be seen as thin horizontal cross-sections of ob-

jects that eventually form a 3-dimensional ob-

ject. Therefore, in the 3D printing process it is 

possible to produce complex shapes using less 

materials than traditional manufacturing meth-

ods [10]. The first thing to do in making this ca-

pillary axis is to make a design using CAD for 

various pores sizes which are 100 μm, 300 μm 

and 500 μm, as shown in Figure 1. 

 

Figure 1 Various pore sizes 100 μm, 300 μm and 500 μm 

in vertical and horizontal printing orientation  

Parameters in this 3D-Printing process, such as 

radius action, nozzle flow rate and material used 

(stainless steel) have been adjusted. Then, the re-

sults from the 3D printing process will go 

through a washing and sintering process in the 

final stage. After the capillary axis manufactur-

ing process has been completed, the next step is 

to see the 3D printing results using SEM (Scan-

ning electron microscope). 

 

Figure 2 The result of the 3D-Printing manufacturing pro-

cess with pore size 150, 300 and -500μm 

The results of SEM are used to characterize and 

describe the surface of products produced by ad-

ditive manufacturing processes. Information that 

can be obtained from the characteristics of the 

metal powder used is particle size, shape and po-

rosity 

2.  Wick Fabrication 
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The tools used to make heat pipe wicks using 

atomic diffusion additive manufacturing tech-

nology are as follows, as shown in Figure 3. 

Markforged Metal X with 125μm layer printed 

the wick samples. This printer has two nozzles, 

each of which releases metal material and ce-

ramic material (release material). 

The next process is debinding the samples with 

Markforged Wash-1, which converts the “green 

part” printed by the printer METAL X into a 

completely solid metal called the “brown part”. 

The debinding process uses a special low-emis-

sion method that dissolves the main binding 

agent. Meanwhile, the part becomes semi-po-

rous, and the remaining binder material can eas-

ily burn during sintering. This process purifies 

the resulting part and helps keep the sinter fur-

nace clean. 

The Markforged Sinter-1 is a high-performance 

furnace ideal for small batch production. Sinter-

1 converts the washed part into a high-quality 

solid metal form in approximately 26 hours with 

the type of gas used being Argon and an Argon-

Hydrogen mixture.  

 

Figure 3 Markforged Metal X, Markforged Wash-1 dan 

Markforged Sinter-1 (from left to right) 

RESULTS AND DISCUSSION 

Based on the SEM results of pore size samples 

of 500μm, 300μm and 150μm in Figure 2 it can 

be seen that the pore size of the printed results 

will be significantly different from the design be-

cause the printing layer does not match the de-

sign. For the next stage, the pore placement in 

the sample design will be adjusted to the printing 

layer, which is 125μm as the default of Mark-

forged Metal X. 

The wick sample was designed and then built by 

using the atomic diffusion additive manufactur-

ing method to manufacture all of the parts. This 

process generates internal passages into the wick 

of the desired geometrical size. In the manufac-

turing process, the first step was to generate the 

CAD file of the wick. The software used for set-

ting material types, layer slicing, and so on is Ei-

ger Cloud, which Markforged provides. Then, 

this file was loaded into the 3D printer. Figure 4 

shows the results of the 3D Print with a pore size 

of 250μm before the sintering process. 

 

 

(a) 

 

(b) 

 

(c) 

Figure 4 Wick samples from 3D printing with pore size of 

250 microns (a) distance between pores 250 μm (x-axis), 

(b) distance between pores 300 μm (x-axis), (c) distance 

between pores 325 μm (x-axis) 

Figure 4(a) shows that 250 μm pores with a dis-

tance between pores 250 μm were not able to 

hold their shape. The same condition happened 

for 250 μm pores with a distance between pores 

of 300 μm. The best wick sample that was feasi-

ble to print was 250 μm pore with a distance be-

tween pores of 320 μm. 

CONCLUSION 

1. The pore placement in the sample design 

should be adjusted to the thickness of the 

printing layer, 125μm. Therefore, the best 

diameter for designing the pore is 250 μm. 



 

Agustina et al./MAN-89/587 

2. The smallest size of pores without blockage 

was 250 μm with a 325 μm distance between 

the pores on the x-axis. 
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