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HP Startup in Reflux Mode – Ku 2018

• During instrument-level or spacecr aft-level ground testing, heat 
pipes onboard the flight hardware may be placed in a non-
planar position and have to operate under the reflux mode.

• A superheat is required in order for the heat pipe to start 
successfully and operate properly.
– The required superheat for boiling incipience is affected by the 

pressure differential imposed on the vapor bubbles.
– The gravity head is expected to affect the pressure differential 

imposed on the bubble.

• An experimental investigation was conducted to find ways to 
start a heat pipe under the reflux mode effectively and 
efficiently. 

Introduction/Objectives
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HP Startup in Reflux Mode – Ku 2018

• 15W was applied to Segment 1 only. Temp erature gradient existed among segments 
due to heat conduction from Segment 1.

• Segment 1 started when the superheat reached 11K.
• Temperatures of all segments above Segmen t 1 dropped to saturation temperature, 

indicating liquid was cleared form the core. 
• HP could operate with heat load of 2.5W to Segment 1 alone. No percolator effect.

V90-A14: Heat Load to Segment 1 Only
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HP Startup in Reflux Mode – Ku 2018

• When 2.5W was applied to Segment 1, heat was conducted to segments above.
• Superheat of 13K for nucleate boiling in Segment 1 with 2.5W. All segments above 

were cleared of liquid in the core. No s uperheat was required when additional heat 
was added to Segment 2, and then to Segment 3, and then to all segments. 

• HP could operate with 2.5W applied to  Segment 1 alone for two hours without 
percolator effect. 

V90-A13: 2.5W Heater 1 Only for Startup 
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HP Startup in Reflux Mode – Ku 2018

• Uniform heating of all segments a nd top down heating will lead to 
nucleate boiling from the top segment to segments below in 
sequence, and a superheat is required for all segments.  At low heat 
fluxes, however, the segments near the bottom may not attain the 
required superheat and will remain liquid filled. 
– Most of the heat applied to these segment is conducted to the adjacent 

upper segment where nucleate boiling has occurred. 
– A high heat flux will ensure that all segments achieve nucleate boiling. 

• The required superheat for nucleate boiling is a function of the 
gravity head. 
– The bottom segment requires the largest amount of superheat and the 

top segment requires the smallest amount. 
– In general, the higher the gravity pressure head, the larger the required 

superheat.

Summary of Tests Under the V90 Configuration (2/3)
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HP Startup in Reflux Mode – Ku 2018

• The required superheat is only a weak function of the heat flux. 
However, a higher heat flux leads to a short time for achieving the 
required superheat for nucleate boiling.

• The heat pipe can start and operate  with a very low heat load even 
when the bottom segment alone receives the power, and there is no 
percolator effect during the low power operation.

Summary of Tests Under the V90 Configuration (2/3)
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HP Startup in Reflux Mode – Ku 2018

V30-A9: 5W Bottom-up

27

• The startup transient was similar to that of V90-A9.
• The required superheat for nucleate boiling was 11K.
• It  took a longer time to achieve the re quired superheat. The temperature gradient 

prior to nucleate boiling extended further into Segment 6.
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HP Startup in Reflux Mode – Ku 2018

5W to Segment  1 only. Segments 4, 5, 6, 7 started at 5W. Quite unusual.
Segments 1, 2, 3 started at 10W.
Heat pipe operated at 2.5W for 2 hours with  2.5W to Segment 1 only, no percolator 
effect.

V30-A8: 5W to Segment 1 Only
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HP Startup in Reflux Mode – Ku 2018

• The pressure head imposed on the liquid puddle under the V30 
configuration is about half of that under the V90 configuration. 
– The required superheat for nucleate boiling for each segment is lower 

under the V30 segment. 

• The summary described under the V90 configuration also holds 
true for the V30 configuration except that some additional 
phenomena were observed. 

• For bottom up and Segment 1 heating only, it took a longer time to 
reach the required superheat under the V30 configuration with the 
same heat flux. 
– Part of the heat load was transmitted to upper segments by conduction 

and possibly by free convection also. 
– Under very low heat flux, the heat pipe reached a steady state with all 

the heat load being transmitted away from Segment 1 and no nucleate 
boing would occurred. 

– Only with relatively high heat fluxes could Segment 1 reach the required 
superheat and initiate nucleate boiling. 

– Further investigation of this phenomenon is needed 

Summary of Tests Under the V30 Configuration
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HP Startup in Reflux Mode – Ku 2018

• The most effective and efficient method to start a heat pipe under 
the reflux mode is to apply a hi gh heat flux to the bottom segment 
where liquid puddle resides. 
– It is effective because a high heat flux will ensure that the required 

superheat for nucleate boiling can be reached and that heat pipe will 
start successfully.

– It is efficient because it requires the least total power consumption.

• When the heat pipe is tilted at an angle other than the vertical 
position, some other factors affect the heat pipe startup.
– It is speculated that free convection plays a role.
– Further studies are needed.

• In instrument-level or spacecra ft-level ground testing, multiple 
heat dissipating components may be attached to the adiabatic 
section of the heat pipe. Further  studies are needed to find the 
minimum power required for heat pipe startup and its subsequent 
operation in order to maintain these components within their 
specified temperature ranges.

Conclusions
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HP Startup in Reflux Mode – Ku 2018

• 15W was applied to Segment 1 only. Temp erature gradient existed among segments 
due to heat conduction from Segment 1.

• Segment 1 started when the superheat reached 11K.
• Temperatures of all segments above Segmen t 1 dropped to saturation temperature, 

indicating liquid was cleared form the core. 
• HP could operate with heat load of 2.5W to Segment 1 alone. No percolator effect.

V90-A14: Heat Load to Segment 1 Only
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HP Startup in Reflux Mode – Ku 2018

• When 2.5W was applied to Segment 1, heat was conducted to segments above.
• Superheat of 13K for nucleate boiling in Segment 1 with 2.5W. All segments above 

were cleared of liquid in the core. No s uperheat was required when additional heat 
was added to Segment 2, and then to Segment 3, and then to all segments. 

• HP could operate with 2.5W applied to  Segment 1 alone for two hours without 
percolator effect. 

V90-A13: 2.5W Heater 1 Only for Startup 
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• When 2.5W was applied to Segment 1, h eat was conducted all the way to Segment 6 
prior to nucleate boiling. Segment 7 was unheated.

• Right after onset of nucleate boiling, Segment 7 was heated to the saturation 
temperature.

V90-A13: 2.5W Heater 1 for Startup (Detail) 
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HP Startup in Reflux Mode – Ku 2018

• If a heated zone is completely covered by liquid, a superheat is 
required to initiate nucleate boiling in that zone. 

• If the required superheat cannot be achieved, that zone will remain 
liquid filled and no vapor will be generated there. The referred zone 
can be the entire evaporator segment or a part it.

• Once a segment has initiated nucleate boiling, the center core of all 
segments above it will be cleared of liquid because of the buoyancy 
force. Any subsequent power application to these segments will 
result in immediate liquid evaporation and no superheat is required. 

• On the other hand, all segments below that segment will still have 
the center core filled with liquid due to gravitational force. A 
superheat is required in order to initiate nucleate boiling for 
subsequent power application to any of these segments. 

Summary of Tests Under the V90 Configuration (1/3)

22



HP Startup in Reflux Mode – Ku 2018

• Uniform heating of all segments a nd top down heating will lead to 
nucleate boiling from the top segment to segments below in 
sequence, and a superheat is required for all segments.  At low heat 
fluxes, however, the segments near the bottom may not attain the 
required superheat and will remain liquid filled. 
– Most of the heat applied to these segment is conducted to the adjacent 

upper segment where nucleate boiling has occurred. 
– A high heat flux will ensure that all segments achieve nucleate boiling. 

• The required superheat for nucleate boiling is a function of the 
gravity head. 
– The bottom segment requires the largest amount of superheat and the 

top segment requires the smallest amount. 
– In general, the higher the gravity pressure head, the larger the required 

superheat.

Summary of Tests Under the V90 Configuration (2/3)
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HP Startup in Reflux Mode – Ku 2018

• The required superheat is only a weak function of the heat flux. 
However, a higher heat flux leads to a short time for achieving the 
required superheat for nucleate boiling.

• The heat pipe can start and operate  with a very low heat load even 
when the bottom segment alone receives the power, and there is no 
percolator effect during the low power operation.

Summary of Tests Under the V90 Configuration (2/3)
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• Segments 3 to 7 started with 2.5W
• Segments 1 and 2 started with 5W, c onsistent with V30-A4 (next slide).

V30-A7: Uniform Heating with 2.5W and Higher
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HP Startup in Reflux Mode – Ku 2018

• Segments 3 to 7 started with 5W.
• Segments 1 and 2 could also start with 5W, consistent with V30-A7 (previous slide).

V30-A4: Uniform Heating with 5W and Higher
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V30-A9: 5W Bottom-up

27

• The startup transient was similar to that of V90-A9.
• The required superheat for nucleate boiling was 11K.
• It  took a longer time to achieve the re quired superheat. The temperature gradient 

prior to nucleate boiling extended further into Segment 6.
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5W to Segment  1 only. Segments 4, 5, 6, 7 started at 5W. Quite unusual.
Segments 1, 2, 3 started at 10W.
Heat pipe operated at 2.5W for 2 hours with  2.5W to Segment 1 only, no percolator 
effect.

V30-A8: 5W to Segment 1 Only
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