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Production �–Liquefaction �–Storage 
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Current Work at NASA  

�� CryoFillTeam
�� Cross-Center team
�� Members  from JSC, ARC, Glenn, Marshall

�� Conducted trade studies on liquefaction operations and insulation systems in 2016 and 
2017 

�� Working on demonstrating these technologies and anchoring thermal models to 
demonstration data 

1) Brassboardtesting with existing hardware and liquid nitrogen 

2) Prototype testing with new hardware and 
liquid oxygen

3) Insulation Development (MarVACSRFI)

4) Modeling Development
Test hardware 

installed in ESTF 
vacuum chamber at 

MSFC
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Liquefaction Options

1) How to Liquefy? 

�� Tube on tank/broad area cooling
�� Tube in tank
�� Linde Cycle (open cycle)
�� Cold head in tank
�� In-line Heat Exchanger

2) Where to Liquefy?

�� Liquefy in separate tank
�� Liquefy in-line
�� Liquefy inside MAV tank

3) Component Development/Selection

�� Cryocoolers
�� Compressors
�� High Efficiency Recuperators
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Thermal Concerns 

1) Transients in Mars/Moon Environment (daily, seasonal)

2) Stratification within the tank 

3) 2 phase heat transfer 

4) Co-Storage of Oxygen and Methane 
�� Store at same or different temperatures? 

5) Liquefaction rate at high fill percentage 

6) CFD Boundary Assumptions 

7) Purity/Contamination
�� Effects on liquefaction process (preventing 

condensation) 
�� Solids at the bottom of the tank?
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Current Work �–Modeling 

Tank Wall Temperature at different fill levels

�� Developed transient thermal model of MAV sized tank 
in Thermal Desktop to enable team to understand 
system performance 

�� TD model does not currently model stratification in 
the ullage layer  

�� Incorporated 90 W cryocoolerinto model 

�� Ran initial CFD to understand internal liquefaction heat 
transfer coefficients better 

�� Developed thermal model of zero boil-off tank to 
predict brassboardsystem performance and anchor 
future test data to model 

Link to paper: https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20170009150.pdf
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Current Work �–Modeling 

�� Brassboardmodeling in progress  
�� Tests will look at liquefaction at different fill levels, 

constant vs. non constant liquefaction, and different 
cryocoolersettings 

�� Model built in Thermal Desktop, uses compartments 

Liquid Level Increase

Initial fill level: 50%

(4 days)

Top of ZBO 
tank 

Bottom of 
ZBO tank 
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Plans Going Forward


