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Background

Rejects spacesuit crew, avionics, & environmental he
By evaporating water as compared to sublimation

SWME technology development pursued due to poter
Increase spacesuit thermal control robustness & capa
Operate above water triple point pressure (Mars)
Eliminates separéedwatesystem
Provides degassing of water loop
Insensitivity to contaminants in water
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Background

Independent, parallel SWME development efforts led
different SWME designs

Designs differences driven by type of membrane used
A Both membranes are hydrophobic, porous membranes

Sheet Membrargaly) SWME
A GaskeSaMSWME
A OringSaMSWME

Hollow FibgH6Fi SWME

A HoF#1 without spacers
A HoF#2 with spacers
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Requirements

A SWME Requirements for Advanced Spacesuit imposed on both designs

Maximum heat load of 807 watts (2754 Btufi®)(&OH) water outlet.
Minimum heat load of 81 watts (276 Btu/A€) GI2E) water outlet.
Capalbility to turn off SWME heat rejection (0 watts) at any time
Water Flowrate into SWME: 91kg/hr (200lbm/hr)

Internal water pressures eb69kPa (4210 psid) in external Vacuum EVA
environment or Mars environment. 6 mbar to10 mbar (0.46 torr to 0.76 torr) CO

SWME Usef ul Li f e: 100 EVAOGS, 8 hour
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

A Testing conducted to characterize performance, test robustness and aid in
downselect

Performance tests: Heat rejection as a function of water vapor backpressure,
temperature and coolant pressure

Contamination tests: Degradation of heat rejection as a function of water purity
contaminate accumulation over 100 EVA s of 8 hours duration

Mars tests: Heat rejection performance at external pressures at or above Mars
pressure, both with and without sweep gas

Freeze tests: Integrity of prototypes in multiple freeze/thaw cycles and recoven
performance

Bubble tests: Performance response to injection of gas bubbles into coolant loc
Cut fiber tests: Performance impact of cutting two fibers (HoFi only)
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SaM SWME Test Articles

A Annular design formed by 6 hydrophobic, porous Teflo
membranes
3 water channels Water
4 vapor channels —
200 mm length

Vacuum
Annulus

- 97 mm outermost s S
sheet diameter

- 0.155rhmembrane i -
surface area - \§ P

N <{zw
Water Flow  Vapor Flow

GE Energy product
A 0.1um average pore size

Manifold
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HoFi SWME Design

Fiber Characteristics

A Microporous hollow fiber membrane was
obtained from COTS hardware (Membran

Celgar&k506215

a. Fibers arranged linearly in a fabric with 20 fibe
per cm

b. Polypropylene HoFi,-22h I nt er nal
em wall t hi £#00 ps8urst 1
strength

c. 40% nominal porosity, 0.04¢0m0 por e
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FIBER CHEVRONS

End view of cartridge
assembly showing
vapor flow directions.

Assembled
cartridge ' \(,)Vtitlgi

~14300 fibers Water Inlet

Potted cartridge
assembled into
housing showing
water and vapor flow

Vapor
- i Outlet

Port for . ' 12
Pressure

Transducer
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Performance Test Results: HoFI vs. Sam

A Performance mapping test réddtiEoutperformedaMat all test points

-x-HoFi #2 16C Water Inlet
~/—~HoFi #2 20C Water Inlet
-x~HoFi #2 24C Water Inlet
~~HoFi #2 28C Water Inlet
~o-HoFi #2 32C Water Inlet
- ~HoFi #2 36C Water Inlet
=x=0-ring 16°C Water Inlet
=+-0-ring 20°C Water Inlet
-x-0O-ring 24°C Water Inlet
——0Oring 28°C Water Inlet
-e-0O-ring 32°C Water Inlet
-#-0-ring 36°C Water Inlet
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A At fully open valve

position and specifical

1 | —=-HoFi #2 Test Heat Rejection (V
COOIant Inlet temperat | ——0O-ring SaM Test Heat Rejection (V
1 1 | + 810W Heat Rejection Requiremel
Of 17?C’ HOFI reJeCtS | ——SaM as Built Predicted Heat Rejection (|

15% more heat than | oo o v eacmea
At fully open valve

| =>=0-ring SaM Test Vapor Backpressure (|

position, performance — //'//W
advantage of HoFi e
ranged from 13% at = '

°Cto 27/% at 32

- Total pore area
differential is key to
enhanced performa
of HoFi, 0.6%°ws.
0.11

Math model predictio
for both SWME types
were optimistic
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Performance Test Results: HoFi with and without comb spacers

A Comb spacers only
improved performanc
fully open valve positi
by 34%

A Previous work showe
tightly packed
configurations are
inefficient

A Performance
improvement is due m
to reduced tube densi
than spaces between
chevron stacks
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Performance Test Results: 91 kg/hr vs. 60 kg/hr Coolant Flow

Increasing flow rate fr
60 kg/hr to 91 kg/hr

improved heat rejectio
at the fully open valve
position by 14% to 179

Improvement is expec
because higher flowra
yields a higher mean
temperature and
therefore a higher drivi
pressure at the
water/pore interface

™ = 20°C Water Inlet @ 91 kg/hr}|-
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Performance Test Results: 10 psia vs. 21 psia Inlet Pressure

Nominal pressure at
coolant inlet, 10 psia
compared to max
pressure of contingen
scenario of 21 psia

- No significant heat
rejection performance
difference between
coolant pressures case
across range of
backpressures

- Tube and pore geomet
Is apparently not chang
significantly by the
increase in coolant
pressure

—+HoFi #2 20C Water Inlet
10 psiaWater Pressure

X HoFi #1 20C Water Inlet
& 21 psia Water Pressur

-o—HoFi #2 32C Water Inlet
10 psiaWater Pressure

X HoFi #1 32C Water Inlet
& 21 psia Water Pressur
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Contamination testing results

Contaminant constituents

ASsumes no
water loop flush
over 100 EVAs

12 days of
testing

A 3 days at each
contamination
level
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