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This study proposes to apply an ultrathin loop heat pipe (UTLHP) as a thermal strap 
because the LHP has characteristics of high effective thermal conductivity - more than several 
thousand W/mK even the thickness of the LHP is below 1mm. The thickness of the UTLHP in 
this study is only 0.6mm, and can operate even bending condition. The UTLHP is made of six 
layers of pure copper foils. The wick of the UTLHP is made by etching process. Pure water 
with the freezing point of 0 °C is used as a working fluid. In order to apply the UTLHP to the 
spacecraft, we acquired the basic heat transport characteristics of UTLHP under an 
atmospheric condition. The recovery characteristics from the frozen state was also evaluated. 
Three UTLHPs with the charge amount of 52%, 57%, and 66% were prepared. The minimum 
thermal resistance of LHP was 0.25 K/W (52%), 1.26 K/W (57%), and 1.19 K/W (66%). By 
attaching a heat sink plate to the condenser, 66% LHP operated up to 18 W, and the operating 
temperature was lower than that without the heat sink. In addition, there was no change in 
performance before and after freezing of LHP, and we confirmed the operation of LHP with 
a heat sink attached in a -10°C environment. 

Nomenclature 
𝑄𝑄𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 : Heat load, W  
𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿: Thermal resisrtance between evaporator and condenser, K/W  
𝑇𝑇𝑐𝑐𝑙𝑙𝑐𝑐_𝑙𝑙𝑎𝑎𝑎𝑎: Average temperature of condensr, ℃ 
𝑇𝑇𝑎𝑎𝑐𝑐: Temperature of evaporator case, ℃ 
 
Acronym 
AMB: Ambient 
CON: Condenser 
HB: Heater block 
LHP: Loop heat pipe 
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LL: Liquid line 
UTLHP: Ultra-thin loop heat pipe 
VL: Vapor line 

I. Introduction 
HERMAL strap with high thermal conductance are required for spacecraft thermal control. Usually, thermal strap 
is made of high thermal conductive materials such as copper, aluminum, and graphite sheet. In order to obtain 

high thermal conductance, the thickness of the materials is increasing, and, as a result, the weight of the strap is 
increasing. To avoid this problem, this study proposes to apply an ultrathin loop heat pipe (UTLHP) as a thermal strap 
because the LHP has characteristics of high effective thermal conductivity - more than several thousand W/mK even 
the thickness of the LHP is below 1mm1-3. In order to apply the UTLHP to the spacecraft, it should be confirmed that 
the UTLHP can operate with no degradation even after the working fluid has melted. 

In this paper, the basic performance of the UTLHP was evaluated in an atmospheric condition. Three UTLHPs 
with the charge amount of 52%, 57%, and 66% were prepared and tested. The thermal performance of the UTLHP 
before and after freezing was also evaluated. 

II. Specification of Ultra Thin Loop Heat Pipe 
Figure 1 shows photos of the UTLHP. The UTLHP consists of an evaporator, a vapor line, a condenser, and a 

liquid line. Table 1 lists the specification of the UTLHP. The thickness of the UTLHP in this study is only 0.6mm, 
and can operate even bending condition. The UTLHP is made of six layers of pure copper foils with the thickness of 
0.1 mm. The wick of the UTLHP is made by etching process. Pure water with the freezing point of 0°C is used as a 
working fluid. Three UTLHPs with the charge amount of 52%, 57%, and 66% were prepared. 

During the test, the LHP except the condenser was covered with a thermal insulator. The experiment was conducted 
in a thermostatic bath. Figure 2 shows the test setup. A ceramic heater (15×15 mm2) was attached to the evaporator 
through a thermal interface material, and was fixed by using a clamp. T type thermocouples were used for temperature 
measurement. The measurement point was shown in Fig. 1 as red points. 

 

 
Fig. 1 Schematic photo of the LHP and Locations of thermocouples on the LHP 

 
 

Table 1 Main specification of LHP 
Evaporator 20×17×t0.6 mm3 Liquid line t0.6 mm, Length:125 mm 
Wick t0.4 mm Working fluid Water 
Vapor line t1.0 mm, Length:70 mm Inventory ratio 52％, 57％, 66％ 
Condenser line t1.0 mm, Length:100 mm Total mass 11 g 

 

T 



3 
International Conference on Environmental Systems 

 
 

 
Fig. 2 Overview photo of the experimental setup 

 
 

III. Experimental Conditons 
Table 2 lists the experimental conditions.  Four kinds of experiments were conducted. In Test-1, a power step-up 

test was conducted at room temperature to evaluate the steady state temperature and the capillary limit of this UTLHP. 
The powers of 1W to 14W were applied to the evaporator. In Test-2, a power cycling test was conducted to evaluate 
the adjustability of the sudden power change and the repeatablitity of the LHP operation. The powers were changed 
from 5W to 10W for three times. In Test-1 and Test-2, a heat sink was not attached to the condenser. In Test-3 the 
same test as Test-1 was conducted with the heat sink. From the test results of Test-1 to Test-3, it was cleared the 
UTLHP with the charging amount of 66% showed stable operation. In Test-4, the thermal performance of the UTLHP 
with the charging amount of 66% was evaluated by chaging the temperature of the heat sink from -10 °C to 25 °C. 
When the temperature of the heater reached 150 °C, the experiment was terminated. 

 
 

Table 2 Experimental condition 
 Test-1 Test-2 Test-3 Test-4 

Inventory, % 52, 57, 66 66 
Power Step-up Cycle Step-up Const. 

Heat load, W 1～14 5/10 1～18 10 
Heat sink without with 

Amb. temp. ℃ 25 -10～25 
 
 
 

IV. Experimental Results and Discussions 
 
Figure 3 shows the temperature profile of the UTLHP with the charging amount of 52%, 57%, and 66% 

respectively during the power stepup test (Test-1). It was confirmed that the maximum heat load for each UTLHP was 
12 W for 52%, 14 W for 57 %, and 13 W for 66% respectively.  

Figure 4 shows the temperature profile of the UTLHP in each charging amount during the power cycling test (Test-
2). It was demonstrated that the UTLHP has good adaptability to the rapid change of the heat load. The UTLHP 
showed good repeatability to the heat load.  
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Fig. 3 Test-1 Experimental results, A:52％, B:57％, C:66％ 

 
 

 
Fig. 4 Case 2 Experimental results, A:52％, B:57％, C:66％ 

 
 

Figure 5 shows the thermal resistances of UTLHP in each charging amoung as a function of the heat load. The 
thermal resistance 𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿 between the evaporator to the condenser was calculated from Eq. (1)． 

 
 

𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿 =
𝑇𝑇𝑎𝑎𝑐𝑐 − 𝑇𝑇𝑐𝑐𝑙𝑙𝑐𝑐_𝑙𝑙𝑎𝑎𝑎𝑎

𝑄𝑄𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
 (1)  

 
Where, 𝑇𝑇𝑎𝑎𝑐𝑐  is evaporator temperature, 𝑇𝑇𝑐𝑐𝑙𝑙𝑐𝑐_𝑙𝑙𝑎𝑎𝑎𝑎 is average temperature of the condenser, 𝑄𝑄𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙  is the amount of theheat 
load. The UTLHP with the charging amount of 52％ showe the lowest thermal resistance above 4W. Compared 
between the UTLHP with the charging amount of 57% and 66%, there were no significant differences. However, the 
thermal resistance of the 66% UTHLP showed slightly higher value from 2W to 8W. The minimum thermal resistance 
for each UTLHP was 0.25 K/W (at 12W) for 52%, 1.26 K/W (at 13W) for 57%, and 1.19 K/W (at 12 W) for 66%. 
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Fig. 5 Thermal resistance of LHP 

 
 

 The condenser of the UTLHP is attached to a body of the satellite or a case of the componets for heat dissipation 
during the flight. In order to imitate the flight condition. The condenser of the UTLHP was attached to the heat sink 
made of aluminum 5052 with the size of 50×150×t1 mm3. Figure 6 shows the temperature profile of the UTLHP 
with the charging amount of 52%, 57%, and 66% respectively during the power stepup test (Test-3). In the cases of 
the charging amount of 52% and 57%, the LHP operation was stopped when the heat load of 8W was applied. It was 
condisered since the fluid was condensed and subcooled in the condenser, the liquid was insufficient in the evaporator 
region and deprimed. 
In the case of  the charging amount of 66%, on the other hand, the stable operation of the UTLHP up to 18W was 
confirmed. 
 Figure 7 shows the steady state temperature of the ULHP in each charging amount. Compared between the 
temperature of the 66% UTLHP with and without the heat sink, it was confirmed that for the case of 66% UTLHP 
with the heat sink, the operation temperature was reduced and, as a result, the maximum heat transport capability was 
increased. However, due to the temperature difference between the evaporator and the condenser increased, the 
thermal resistance was increased. 

 
 

 
Fig. 6 Test-3 Experimental results, A:52％, B:57％,C:66％ 
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Fig. 7 Test-3 Experimental results Fig. 8 Thermal resistance of UTLHP + heat sink 

 
 

During the flight, there are possibilities that the UTLHP exposed under freezing  point. It is essential to evaluate 
the thermal performance before and after freezing. In this test, the 66% UTLHP was set in a thermostatic bath in which 
temperature was set at -10 °C for 12 hours. After freezing, the UTLHP was set in 25 °C environment for 12 hours. 
After that the same test with Test-1 was conducted. Figure 8 shows the thermal resistance of the UTLHP. The 
minimum thermal resistances before and after freezing were 1.19 K/W and 1.28 K/W, respectively. It can be said that 
there are no significant difference.  

Next, the thermal performance of the UTLHP was evaluated by chaging the temperature of the heat sink from -
10 °C to 25 °C (Test-4). Figure 9 shows the temperature profile of the 66% UTLHP when the power of 10W was 
applied and the ambient temperature was changed from 25 °C to -10 °C. It was confirmed that the loop was operated 
since the temperature of the vapor line was higher than the freezing point. Figure 10 shows the thermal resitance of 
the UTLHP as a function of the ambient temperature. It was confirmed that the thermal resistance increased as the 
temperature decreased due to the temperature difference between the evaporator and the condenser increased as the 
temperature decreased. 
 

 

  
Fig. 9 Case 4 Time temperature history  

(66％UTLHP + heat sink) 
Fig. 10 Thermal resistance of 66％UTLHP + heat sink 
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V. Conclusion 
In this resaeach, the basic thermal performances of the UTLHP were evaluated. The minimum thermal resistance 

of each UTLHP was 0.25 K/W (at 12W) for 52%, 1.26 K/W (at 13W) for 57%, and 1.19 K/W (at 12 W) for 66%. 
Although the maximum heat transport capability increased up to 18W and the operating temperature decreased by 
attaching the heat sink to the condenser, the thermal resistance was increased, There was no signicifant difference in 
thermal performance was observed before and aftere freezing. The thermal performance of the UTLHP below freezing 
point was also evaluated. 
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