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Introduction Cryo Flux Capacitor for Storage of O,

The new Cryogenic Flux Capacitor (CFC) technology employpoi@mus aerogel composites to o | | | | | o) o
store large quantities of fluid molecules in a physisorbed stéite condition at moderate » The CF@eviceis an energy system for the storage (charging) andtarage (discharging) of fluids
pressures and cryogenic temperatures. In a practicalvay. The stored energy In this case Is represented by fluid molecules accumulated in
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Byits design architecture, a CFC devi edemandan « @ poHoplgeampnner. Sgligtate: Iy thisccaniex meaRs ghat the fjpid atgms gr malecyes e, g .o . 2= g 101y

02 =930 min (15.5 hr)

according to standby/usage requiremenEor example, a CFC device can be designed to store physically bonded within the pores of a mgsorous or naneporous storagemedia. \ \

hydrogen for fuel systems, nitrogen for refrigeration systems, or oxygen faulifport systems. > A CF@evicefor anefiective means of storing and tstoring Q molecules, s being developed for P\ B a |
Testthe feasibility of applying the CFC technologyltzsedcircuit escaperespirators(CCERS) new CCERhe O2 molecules can be liquid or gas coming in and will always be gas coming out. Py R D s 2 £ iy T M e () A ple e w0 0 w0 2 n e 20 w0 w0 om w7 0 0 o
The CFC Oxygen Storadedule storesoxygen in soligstate form, according to physisorption Problems with liquid behavior such as sloshing or liquid level management are avoided because ewarliask on weight scale for forgpration burndown fest (right

orocesses at any cryogenic temperature, and deliver it as am@s demand the fluid is stored in a physisorbed state that is not liquid, no matter the density or temperature. Burndown test results of three CFC core module test articles.
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Gaseouoxygen(GQ) isadmitted into the breathing loop of the CCER by introducing heat into the » Three chief design problems for the module are summarized as follows: 1jsya@nbient heat Wﬂ Flid | down down .\, -
134 N2 5 | |

module leak), 2) capacity for one hour at a nominal withdrawal rate of 1.35 Ipm oxygen, and 3) regulation il — o

g g/min SLM hours L @STP %
Potentiallyr e pl aci ng the gaseous or chemicadicuibasedilloxydeemandipmfB.pg3.Qlpmoyoen.n t oday’s cl osed | |
respirators (CCRse new devicds ahigh-capacity conformal,smaltsize solution for future life > In the standby mode the module must be as thermally isolated as possible, but in the discharge

supportequipment. Inparticular, are the CCER devices that must to be carried on the person, read mode the heat exchange with the ambient process Is needed. As the CO2 scrubber material
to be quickly deployed and used for escape in an emergency. generates a lot of heat, future module designs may be able to take advantage of this heat to drive
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Burn-Down Times:

N2 =330 min (5.5 hr)
Air =380 min (6.3 hr)
02 =540 min (9.0 hr)

N2 239 116 0.36 0.29 5.5 95 -
Air 267 144 0.36 0.29 6.3 111 15

02 306 182 0.34 0.24 9.0 125 64 Module Il
N2 1,145 642 0.51 0.41 21.0 514 -

Air 1,273 769 0.53 0.43 24.3 631 16

02 1,466%Y631 0.5210.36131.51t688% 50°1% ,

Testdata for physisorption of oxygen in aerogel materials and CFC core modulgeseated and the discharge flow rate.
basicoperational parameters for charging and discharging are summarized through prototyp Estimated based on tlst data 1rom Modules I | e (s
testing of the cryogenic oxygen storage module. B H & Main requirements fotCCER (per CFR42 spezaak, Subpart O, for escape applicatjons Module-ll N2 —=Module-l, A Ner Loarted Mogs:

N2=642g

A Flow 1.35 liter per minute (Ipm) average flow rate&i liters of oxygen gas supplied in one hour Performance of three CFC core module test articles ilitarddewar flask (1.6 W : Air =769 g

0 > o = | - 02 =963 g estimated
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, , : S : : A With a liquid expansion ratio of 860, the J€yuivalent i94.2 milliliters
1. Lowpressure storage at high density (approximately the same as liquid density) but wi A The1.35 Ipm oxygen flow corresponds o an exhalation @@ of 1.15 lpm. The respiratory g

the problems of liquid storage m coefficient is therefore 1.15/1.35 = 0.8 to 0.9 rangeaverage. - Plain coil w/

Net Loaded Mass (g)

BurnDown Times:
N2 =1260 min (21 hr)

2 . Qui ck charging and discharging throu i ati on A Maximum and minimum oxygen flow ratex00 Ipmand 0.5 Ipm, respectively heaterandlead 261 124 60 381 041 155 9.5
conductive structural design A Dutycycle:respiratorhas to be available to work during a-h@ur shift (9 hours standby time)

3. Inherently high thermal insulative properties due to the use of aerogel composite material @ - A ChargingThere will be a charging rack for multipspirators.
' A Standby: standby time depends on the heat leakage rate

wires Air = 1460 min (24.3 hr)

02 =1890 min (31.5 hr) est.
G10 case w/ G1( Module IlI :
e 0] 7 123 30 182 034 90 3.7 -

15
Black case w/
concentric 550 503 64 963 0.50* 31.5* 28.0* Ll e e
fittings 0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560
*Estimated Time (minutes)

4. Potential for higkcapacity, smalsize apparatus in conformal shapes for waairlity.

Storage of O, for Breathing Apparatus Design Basis and Heat Exchange Process Conclusions

Storage of oxygefor breathing apparatuses is typically doaslow > Requirements foemergency oxygen-tiour rescuepack: 1.35 liter/min at STP (1.93 g/naina total mass of The teghnology of bl the phenqmena of eeydsoro_tlon afforded by _the_Cryogenlc Flux
pressure, cryogenic liquid (LXr as higkpressure gasg0). TS =g v 116 g forone hour).The equivalent volume of gaseous<Dpplied is 81 liters (81,000 énwhich Capacito(CFC) devicappears feasible for the preatﬁlng oxygen appllc_atlon.
A CCR functioris a recirculatory mode whereby the user breathes - ! corresponds to diquid volume equivalenfl VE) of approximately 102 &wf liquid O. I_:or the_ core modules tested, the storage density shows the opportunity for compact,

| WOV s From cryogenic testingf aerogelcomposite materials in differerftuids, desigmparameterswere found: for lightweight storage of oxygen:
O, in Cryogel® by Aspen Aerogels (leksity of 0.167 g/cH), themassratio (MR) is7.1while thevolume % The liquid volume equivalent for oxygen is approximately 103% (that is, thestat&Elmolecular
ratio (VR) id.03 Forexample, storing 116 g @, requires 16.3 g of Cryogel, or about 100°émvolume. storage density is slightly higher than that of the liquid phase).
. | ¢ To | i bersatt ®@r € "o)adgvtmed molecyles within the core of the @#3ed module, a heat Thesize and weight should be well within the current bounds.
CCEBare smaller VErsIons (ﬁCRﬂse_d for escape purposes _and RS source in required. Heating can be provided by a solid conduction path from the ambient environment, tiie Promiseis shown for additional features and capabilities such ass€questration and longer
usually carried by the person at all times, ready to be used in an e F exhaled breathing aignd/or the exothermic reaction of the associated £&@rubbematerial foroptimum usage durations for a relatively smaller envelope/weight.

emergency. | | - ' balancing effect to meet demand cycles from steathte to high flow
Next GeneratiorCCER are needénl comfortable and continuous S A CF@nodule prototype using counterflow (tube-in-tube) heat exchanger was designed with a parallel Physical characteristics of three CFC core module test articles.

wear by persons during their daily work routines as well as for function Prototype CFC module and plate stackup arrangementi0-mm aerogel compositelisks W
as an escape breathing apparatus in the event of an emergency. charging station For Test 1the total mass uptake at the start (time zero) was 260 g. As the flask reached thermal equilibri - Plain coil w/ heater 83:mm diameter x 1206 w00

Using physisorption technology combined with cryogenic refrigeration, the flow rate became stable at approximately 1,2@@m.For Test 2 the flask was peeoled for 30 minutes giellcadhiiiies i MU nl(o)
G10 case w/ G10 50-mm diameter X

an alternative method of fluid storage is being developed for oxygen by filling it with LN. After cooldown the same process for Test 1 was repeated and the charged mass ws - tube (30 g) 100mm long 123 g
storage. The net storage densitynire thanhigh pressure gas storage measured to be 329 g. “ Black case w/  100mm diameter X 503 g

the life support gas in a closed loop. Exhaled carbon dioxidg (€0
removed by an absorber and oxygen is added to the system according
to the user’s metaboli c needs.

: . : : . In the US, CCERsigns must meet the concentric fittings 175mm long
and on par with liquid density but without the limitations of these applicable provisions within theode of

storage methodsThe CFC technology includes a qoadule for _ Federal Regulations Title 42, Part 84, mp— Rly o
including Subpart O. The gaseous oxygen | =—0 | e |

oxygen charging at any cryogenic temperature and then discharging capacity (at standard conditions) of the uni
upon demand for Gg]gupply for shipboard escape, as required by the L
. Navy is 125 liters GQand for mine escape it
As _part of theNIOSH funded Liquid O>_<ygen Storage Module (LOXSN i 281 jiters GQ as defined in Subpart O, t
projectto develop new oxygen breathing equipment, prototypes of meet mining regulatoryequirements. ' ol F A= , ,
the CFC modulesave been produced and tested by the Cryogenics W TR F 20 40 w0 200 — AN S ¥l Notionalconcept of a future systems for liqufcke charging of CFC
Test Laboratory FHUASA Kennedy Space Center L. 1T -r Time (min) Time (min) — - _ . modules: the cryocooler (right) provides the refrigeration to a
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cryogenic temperature in parallel with supplying lpressure gaseous

_ _ A Module Prototypel, discharge Test 1, left,
Prototype-1 with flask (leff; detail of tubein-tube yp g Prototype CF@odules testedModule |, Module Il, and Module Il (from left to right). oxygen to module for molecular adsorption to the fully charged state.

counterflow heat exchanger (right) and Test 2 (with preooling), right.




