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A loop heat pipe (LHP) is a two-phase heat transfer device. Recently, small LHPs on the 

order of a few hundred watts have been investigated. We have developed a new primary 

wick made of stainless steel (SUS). In this study, the two types of the primary wick are 

investigated. One is the PTFE wick with a pore radius of 1.2 micron and the other is stainless 

steel wick which is made of stainless steel material with a pore radius of 1 micron. Using 

these 2 types of primary wick, a 100W class small LHPs are designed and fabricated for 

laboratory test. The LHP in which this stainless steel wick is installed can transfer the heat 

from the evaporator to the condenser and shows the high heat transfer performance. By 

comparison with these two types of wick, the stainless steel wick has high heat transport 

capability and low operating temperature. From these results, we can confirm that 

developed stainless steel wick and LHP has high performance. 

Nomenclature 

Q = amount of heat (W) 

R =  thermal resistance (K/W) 

T =  temperature (K) 

 

subscript 

cond =  condenser 

evapo =  evaporator 

load =  heat load 
in =  inlet 

out =  outlet 

vl =  vapor line 

I. Introduction 

OOP heat pipes (LHPs) are two-phase heat transfer devices. A saturation working fluid is sealed in a tube and a 

LHP uses the capillary force developed in a fine porous material for circulation of working fluid.1 A heat is 

transferred by a circulation of working fluid which evaporates and condenses in a closed loop. LHPs have been used 

for thermal control of spacecraft. A heat flux of equipments and detectors mounted on a satellite could be growing 

up in the future mission. A small LHP with a small evaporator, which can gain heat from local heat spots can be a 
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good solution. During a mission such as an interplanetary orbiter and a lunar rover, thermal environments 

dramatically change and power resources are limited. In these missions, a LHP has attractive potentials for 

conserving power resources. Therefore, we should develop the most suitable LHP for the mission. A LHP 

performance is dependent on its wick performance. A stainless steel, nickel, and titanium have been used as a wick 

materials for space applications. Furthermore, a PTFE wick with much lower thermal conductivity has been 

researched.2 The purpose of this study is to develop a  high performance miniature LHP for space and terrestrial 
applications. In this study, the two types of the primary wick are investigated. One is the PTFE wick with a pore 

radius of 1.2 micron and the other is stainless steel wick which is made of stainless steel material with a pore radius 

of 1 micron. Using these 2 types of primary wick, a 100W class small LHPs are designed and fabricated for 

laboratory test. 

 

II. PTFE wick and stainless steel wick 

The stainless steel wick has been developed. The picture of the developed stainless steel wick is shown in Fig.1. 

The outer and inner diameter of the stainless steel wick is 9.5 mm and 5.0 mm, respectively. It has the 12 grooves. 

The specification of the PTFE wick is the same as the stainless steel wick. A pore radius of PTFE wick is 1.2 

micron.2 

 

 
Figure 1 developed stainless steel wick 

 

III. Experimental LHP 

The Figure 2 shows the picture of the tested LHP with thermocouples. The test specimen consists of an 

evaporator, a vapor line, a condenser line, a liquid line and a compensation chamber. An evaporator is made of a 

stainless steel tube with an O.D. of 12 mm and a length of 70 mm. The two types of the primary wick are used as the 

primary wick. One is the PTFE wick with a pore radius of 1.2 micron and the other is stainless steel wick with a 

pore radius of 1 micron. A compensation chamber (CC) is a stainless steel tube of 22 mm O.D. x 48 mm L. The 

length of the vapor line and liquid line are 800 mm each. These lines are made of the stainless steel with O.D. of 4.8 

mm and 3.2 mm, respectively. A condenser is made of a stainless steel tube of 3.2 mm O.D. x 673 mm L. The 
condenser tube is connected to the aluminum plate. This aluminum plate is attached copper cold plate whose 

temperature is controlled by a chiller. Acetone is used as the working fluid. The loop is charged with 14 ml acetone. 

A aluminum heater block is attached to the evaporator to simulate the heat source. Four cartridge heaters are inserted 

into the its aluminum block to provide the heat to the evaporator. The temperature is measured by T-type 

thermocouples. A data logger is used to store the test data every second. The LHP was set horizontally. The all 

sections of the tested LHP were insulated. All tests were conducted in an atmospheric condition.  
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Figure 2 Picture of the tested loop heat pipe with thermocouples 

 

 

IV. Test result 

Figure 3 shows the temperature profile of the LHP with stainless steel wick.  The heat input to the heater was 

once set at 10 W for startup, then increased up to 100 W. The chiller temperature was set at 0 deg-C. Heat load of 10 

W was applied to the evaporator and LHP started transferring the heat. The vapor line temperature (TC13 and TC17) 

rose suddenly, and liquid line temperature (TC27) dropped quickly. The temperature of the condenser inlet (TC19) 

rose and the vapor reached to the condenser line.  The liquid line temperature (TC27) was decreased with increasing 

the heat input. When the heat load was set to the 40 W, the temperature of the evaporator (TC10), heater block and 
reservoir (TC30) were once risen and then dropped. It is considered that the liquid  was remaining in the vapor 

grooves and then grooves were filled with vapor. When the 60 W heat input, the temperature of the liquid line is 

shifted to increase. When the power increased to 100 W, the evaporator temperature was increased about 10 deg-C 

and the temperature difference between the vapor line and the reservoir was decreased.  It is suggested that the vapor 

generated in the primary wick was leaked to the compensation chamber. From this result, it was clear that the 

maximum heat transfer ability of the LHP with this stainless steel wick was less than 100 W.  

Figure 4 shows the temperature profile of the LHP with PTFE wick. The heat input to the heater was set 10 W 

for startup, then increased up to 70 W with 10W increment. The behavior of the startup was similar to stainless steel 

wick LHP. The temperature of the compensation chamber and liquid line decreased with increase the heat input until 

40 W. When the heat input was increased to 70 W, the temperature difference between the vapor line and reservoir 

is decreased. From this result, it was clear that the maximum heat transfer ability of the LHP with this PTFE was 
less than 70 W. 

 
Figure 3 Temperature profile of the LHP with stainless steel wick 
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Figure 4 Temperature profile of the LHP with PTFE wick. 

 

The thermal resistance between the evaporator and condenser is required and important parameter for designing 

the heat transfer system. The thermal resistance between the evaporator and condenser             is divided into 

three parts and expressed following equation;3 

 

                                                                                                 
 

where       ,     and        are the thermal resistance of the evaporator, vapor line and condenser line, 

respectively.       is evaluated from the temperature difference between the evaporator and vapor line inlet by 

equation (2). 
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    is evaluated from the temperature difference between the vapor line inlet and vapor line outlet by (3). 
 

    
     

       

     

                                                                                    

 

      is evaluated from the temperature difference between the vapor line outlet and condenser outlet by the 

following equation. 
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Figure 5 shows the R_evap, R_vl, and R_cond are plotted against the heat input. The thermal resistance between 

the evaporator and condenser is decreased with increasing the heat load because the condenser line temperature is 

increased with heat input to exhaust the heat. Compering the stainless steel wick LHP and PTFE wick LHP, the 

thermal resistance of condenser line is lower for stainless steel wick LHP. It is considered that the stainless steel 

wick LHP may transfer more heat to the condenser than the PTFE wick LHP. 
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a LHP with stainless steel wick                                              b LHP with PTFE wick 

Figure 5 Total thermal resistance between the evaporator and condenser 

 

The temperatures of heater block, evaporator and compensation chamber are shown in Fig.6. At the low heat 

input, compensation chamber temperature of the PTFE wick LHP is lower than that of stainless steel wick LHP. It is 

considered that the heat leak form evaporator to the compensation chamber is low for PTFE wick LHP because it 
has the low thermal conductivity. 

When the heat input was increased to 40 W, the evaporator temperature of stainless steel wick LHP was lower 

than that of PTFE wick LHP. The temperature difference between the evaporator and the compensation chamber for 

stainless steel wick LHP operation was lower than that for PTFE wick LHP at every heat input. As by shown in Fig 

5, the thermal resistance between the evaporator container and PTFE wick was higher than stainless steel wick. This 

difference increased with heat input because the meniscus point was gradually retreated to the wick inside. In this 

condition, the thermal conductance of the wick is remarkably effected on the temperature difference between the 

evaporator container and wick. For LHP operation, the energy balance between the heat leak and returned liquid 

from the liquid line is required. The low heat leak from the evaporator to compensation chamber across the wick 

caused the heat leak through the evaporator container to compensation chamber. Therefore, the temperature of PTFE 

wick evaporator container and heater block was high temperature.  

 

 
Figure 6 Temperature of the heater block, evaporator and compensation chamber 

 

V. Conclusion 

For developing the high performance wick, the stainless steel wick have been developed. The thermal 

performance of small LHPs with a stainless steel wick and PTFE wick were investigated. The test results 

summarized as follows; 
1) The loop started 10 W and heat transfer capability was less than 100 W for stainless steel wick and less than 

70 W for PTFE wick 
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2) The evaporator temperature and thermal resistance of stainless steel wick LHP was lower than PTFE wick 

LHP. 

3) The stainless steel wick has the higher thermal performance than the PTFE wick in the present LHP system. 
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