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* Traditional fluid storage in one of two ways: [ . . . . . .
| = )| | CFC = integral thermo-mechanical fluid delivery system including the

1. Low pressure, cryogenic liquids : : : : :
V oS e adsorbent matrix material, geometric thermo-fluid delivery membrane,
* High energy and volume densities, low pressures

»  Complex, high mass, orientation and motion sensitive e and a heat conductive element for charging or discharging

2. High-pressure gases - e | |
* Flexible packaging, room temp, insensitive to orientation Solid-state (phase-less) cryogenic storage

Generalized coﬁceptual schematic for a CFC-based storage/supply

* Low energy density, high pressure, poor energy-to-mass ratio distribution system [4] of fluid atoms or molecules via

Refrigeration
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s+ CFC-based storage system = middle ground R v, physisorption processes [1-3]

3 .
New fluid system design possibilities for energy storage! o /B m Low or high pressure

Storage density of liquid without the complexity of liquid ; e ; Fast charging/discharging on-demand
1. CFC-Life: Breathing air or oxygen | W, e physical orientation

2. CFC-Cool: Refrigeration (air, nitrogen, argon, etc.)  sa.. = =~ Wet (i.e. liquid cryogen) or dry charging

3. CFC-FUEI: Hydrogen’ natural gds, OXygen, etc. Wﬁﬁg Conceptual schematic of a CFC in parallel pIate(Ieft;fﬁnd spilralﬂ F|UId in (IIqUId or gas)) gas out

configurations (right) [4]

\erogel Composite Materials Testing ; Conclusion & Status
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Cryoadsorption test data summary for aerogel composite materials | = LO2 CFC technology expands the design Space for fluid systems and
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Characterization of matrix materials for CFC’s eSS NSO o , energy storage applications
P MR VR OLVE MR VR LVE MR VR LWVE MR VR LVE -

| Fluids can be practically stored and “un-stored” in a molecular
48 087 190 58 096 209 7.0 089 194 7.7 087 19.0 surface adsorbed state at densities on par with liquid, at low to
o | | moderate pressure
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Various prototypes of CFC core modules (spiral configurations with different conductors)
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« Mass uptake and boil-off calorimetry spaceloft

White
¢ 4 different cryogens: LN,, LO,, LAr, L-Air
51 094 204 6.2 102 222 7.3 095 205 79 090 19.5

< 7 different aerogel composite blanket Gray ' Extensive testing complete on aerogel composite blanket

materials by Aspen Aerogels, Inc :Eg:::fﬂ 52 099 205 62 1.09 225 7.4 100 207 7.9 094 19.4 o | materials in different cryogens
’ [} - | |

Spaceloft

sceloft White  Spaceloft Subsea Cryoge te Applicable to a wide variety of industries and applications
Physical characteristics of aerogel composite material test specimens :p::::)gra 54 090 210 62 096 225 76 090 209 83 0.86 201 Spaceloft White  Spaceloft Sub Cryogel VLD Whit PP Y PP
u Y

p | XTE el EE R e e R e B Total Charging Heat (TCH), in comparison with aerogel material mass Current development Of CFC'LIfe appllcatlon for €SCape
Nominal . Avg. Avg. Avg. yroge : : - - - - : : : : : :
Density | Volume Mass A\ o — rebreathers [5]
cm3

|
Diameter | Thickness Cryogel 52 1.00 202 5.7 107 210 71 103 203 7.4 0.95 186 Images Credit: NASA

M 72 051 131 76 052 134 93 055 126 108 - - | Y = . =\ Patent pending and available for commercial licensing [4]
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