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Background 

ÅRejects spacesuit crew, avionics, & environmental heat 

- By evaporating water as compared to sublimation 

 

ÅSWME technology development pursued due to potential to 

increase spacesuit thermal control robustness & capability 

- Operate above water triple point pressure (Mars) 

- Eliminates separate feedwater system 

- Provides degassing of water loop 

- Insensitivity to contaminants in water 

http://www.wylelabs.com/
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Background 

ÅIndependent, parallel SWME development efforts led to two 

different SWME designs 

- Designs differences driven by type of membrane used 

ÅBoth membranes are hydrophobic, porous membranes 

- Sheet Membrane (SaM) SWME 

ÅGasket SaM SWME 

ÅO-ring SaM SWME 

- Hollow Fiber (HoFi) SWME 

ÅHoFi #1 without spacers 

ÅHoFi #2 with spacers 

http://www.wylelabs.com/
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Requirements 

Å SWME Requirements for Advanced Spacesuit imposed on both designs 

- Maximum heat load of  807 watts (2754 Btu/hr) at 10 °C (50 °F) water outlet. 

- Minimum heat load of 81 watts (276 Btu/hr) at 24 °C (75 °F) water outlet. 

- Capability to turn off SWME heat rejection (0 watts) at any time  

- Water Flowrate into SWME: 91kg/hr (200lbm/hr)  

- Internal water pressures of 30 - 69 kPa (4.2 - 10 psid) in external Vacuum EVA 

environment or Mars environment. 6 mbar to10 mbar (0.46 torr to 0.76 torr) CO2 

- SWME Useful Life: 100 EVAôs, 8 hours each  

- Use potable water from the Water Processor Assembly, with biocide 

- Replaceable between operations 

- Volume: <6.89 liters (< 421 in3) 

- Mass: <5.44 kg (<12.0 lbm) 
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Test Regime 

Å Testing conducted to characterize performance, test robustness and aid in prototype 

downselect  

- Performance tests:  Heat rejection as a function of  water vapor backpressure, coolant inlet 

temperature and coolant pressure 

- Contamination tests:  Degradation of heat rejection as a function of water purity spanning 

contaminate accumulation over 100 EVA s of 8 hours duration 

- Mars tests:  Heat rejection performance at  external pressures at or above Mars atmospheric 

pressure, both with and without sweep gas 

- Freeze tests:  Integrity of prototypes in multiple freeze/thaw cycles and recovery of baseline 

performance 

- Bubble tests:  Performance response to injection of gas bubbles into coolant loop 

- Cut fiber tests:  Performance impact of cutting two fibers (HoFi only) 
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SaM SWME Test Articles 

ÅAnnular design formed by 6 hydrophobic, porous Teflon sheet 

membranes 

- 3 water channels 

- 4 vapor channels 

- 200 mm length 

- 57 mm outermost  

sheet diameter 

- 0.155m2 membrane  

surface area 

- GE Energy product 

Å0.1 m average pore size 

http://www.wylelabs.com/
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Gasket SaM SWME Test Article 

b) Installed in vacuum chamber test loop

a) Components before assembly

Manifolds

Housing

Annuli 
outer 

cylinders

Annuli 
inner 

cylinders
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O-ring SaM SWME Test Article 
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HoFi SWME Design 

Fiber Characteristics 

ÅMicroporous hollow fiber membrane was 

obtained from COTS hardware (Membrana 

Celgard X50-215 

a. Fibers arranged linearly in a fabric with 20 fibers 

per cm 

b. Polypropylene HoFi, 220-ɛm internal diameter, 40-

ɛm wall thickness, 15.5 kg/cm2  (400 psi) burst 

strength  

c. 40% nominal porosity, 0.04x0.10-ɛm pore size 

http://www.wylelabs.com/
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HoFi SWME Design (continued) 
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Test Setup 
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Performance Test Results: HoFi vs. Sam 

Å Performance mapping test results ï HoFi outperformed SaM at all test points 
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Performance Test Results: HoFi vs. Sam 

Å At fully open valve 

position and specification 

coolant inlet temperature  

of 17.7 °C, HoFi rejects 

15% more heat than SaM 

Å At fully open valve 

position, performance 

advantage of HoFi 

ranged from  13%  at 16 
°C to 27% at 32 °C 

- Total pore area 

differential is key to 

enhanced performance 

of HoFi, 0.65 m2 vs. 

0.11 m2 

Å Math model predictions 

for both SWME types 

were optimistic 
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Performance Test Results: HoFi with and without comb spacers 

Å Comb spacers only 

improved performance at 

fully open valve position 

by 3-4% 

Å Previous work showed 

tightly packed 

configurations are 

inefficient 

Å Performance 

improvement is due more 

to reduced tube density 

than spaces between 

chevron stacks 
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Performance Test Results: 91 kg/hr vs. 60 kg/hr Coolant Flow 

Å Increasing flow rate from 

60 kg/hr to 91 kg/hr 

improved heat rejection 

at the fully open valve 

position by 14% to 17% 

Å Improvement is expected 

because higher flowrate 

yields a higher mean 

temperature and 

therefore a higher driving 

pressure at the 

water/pore interface 
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Performance Test Results: 10 psia vs. 21 psia Inlet Pressure 

Å Nominal pressure at 

coolant inlet, 10 psia 

compared to max 

pressure of contingency 

scenario of 21 psia 
- No significant heat 

rejection performance 

difference between 

coolant pressures cases 

across range of 

backpressures 

- Tube and pore geometry 

is apparently not changed 

significantly by the 

increase in coolant 

pressure  
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Contamination testing results 

ÅContaminant constituents 

- Assumes no 

water loop flush 

over 100 EVAs 

- 12 days of  

testing 

Å3 days at each 

contamination 

level  
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