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Outline

• Two-Phase Heat Transport Technology

• Operational Issues with Direct Condensation Radiators

• Proposed Freeze-Thaw Tolerant DCR Concept

• Proof-of-Concept Performance Demonstration

• Future Plan / Path Forward

• Summary Conclusion
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Two-Phase Heat Transport Loop
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Direct Condensation Radiator (DCR)
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Freeze-Thaw of Fluid in DCR Line
• solid ice formed anywhere in 

loop  fluid flow ceases
• loop remains inoperative 

until completely thawed out
• potential structural damage 

to DCR when thawed

Operation in Cold Environments
• cold returning liquid 
• survival heaters necessary to 

keep payloads above limit
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Direct Condensation Radiator (DCR)

6TFAWS 2023 – August 21-25, 2023

Mitigation of Freezing in Practice
• heaters to keep DCR temp. 

above fluid freezing point
• low freezing point fluid
• Heat Pipe / Heat Exchanger
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Difficulty of Thawing a Frozen DCR
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Proposed Method of Thawing Frozen-Solid DCR
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Proof-of-Concept Demonstration Test Unit
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Proof-of-Concept Demonstration Test Unit

10TFAWS 2023 – August 21-25, 2023



Freeze-Thaw Demonstration with Ammonia – Sink = -80oC
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Freeze-Thaw Demonstration with Ammonia – Sink = -100oC
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Other Test Results of POC Demonstration

14TFAWS 2023 – August 21-25, 2023

Mini-LHP Steady State Temperatures Pre- and Post Measurements of DCR



Path Forward
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Summary

• Proof-of-Concept Demonstration
– cost and schedule constraints limited scope of research

– Mini-LHP was chosen as testbed  for it was readily 
available

– a single-pass freeze-thaw tolerant DCR demo unit with 
an internal porous tube made of 200x200 S.S. wiremesh

– unqualified success

• Demonstrated Operational Features
– thawed a frozen DCR with waste heat from payloads 

attached to transport loop evaporator w/o restrictions

– transport loop was fully functional even with partially 
frozen DCR

– regardless of operating conditions, liquid exiting DCR 
was always at saturation temperature
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