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CTHYDGENIC N‘H}h SGE-BYS ’i“&i
Witlhon A, Ule w"ixr, Dickinean, pnd Bobert B Rice,
South Bowston, T, sesiuners fo the Lnited States of
Hnericn ay ﬁ*wmmicd by the Asheiuidrstoo of the Max
tional Aeronnutios sund ’%;mw Ayt mmft
Filed Oet, 22, 1905, Yoy, o, AL7T38
7 Clabs, (UL LSy

The nvention deseribed heredn mny be manulactured
anad wved by o for dhe Govermment of the Usdied Staws
of Anwriva for voveromenisl yurposes without the pays
meodof any revally thoreon or therdlor,

This amvention relstes o the sturige of peeons Juids
afel made pariivelarly 1o the sotage of posss 10 be bugd
i Epoeserett skl

True weedeit and sive of sprde vebidle svsloms ave usunls
1y ifzagmrérs W oonsnlershiony 4 acrospaie  technology.
‘"é‘%az% % gmm abarly frue oy repacds spaveonn@ syduns
whivh ph pascobs. Beltds, as for casmple The wpates

Crafys proptbaoe sxitems, e covitimmentad ol syse
form, umd g peactant pases supply der “s;,} vl oW

sysdin Simve wery large guantities of Saad dee wsually
despred pelative to thie volume Dantibives dmpessd the
sasesits Buidy b suchorpae yohiclegyatens ate susioiars
Syated 81 orpopenic lwmpertures

& gonventionnd sestern which bas boees wsed dnoplgnaly
wad spescesrull foe the stornge of Juids & the Bigh pres-
sire gmbient seppptratore prpe. This approach i LS
Bivh wystem wolpht peoslties due to the Gt thed welilives
Iy bk salled prosire vesiels ardopeguiied B Wore plas
wvely small gesniiiey ol pases  In other comerntionsd
systens spehoas a Hould Bebumavsiem Tor lnboratory use,
shie B lune B stored oeryogenie iwwd fora within g.cons
wd by a second vontniner alse carrys
ing wocryopenic Bod,  Por geducing evapomtion losse
of the covopenics due 1o absorption of Jeat from sut-
rounding materials, the stopage vontidners for the primnay
find and (e enveloplng Cryopenie ore %rs:imzcd by either
sn nsulating malerial or wowscuem wwm, with Cooses
et penalies in ﬂ“.wn Kw”i Weand shiee dn ahose o
werms o done pressure budldup dowe I wsoslly reguired bee
fore the rmmwv %Lm sesches operativons! pressure.

The Huld ansroge swﬂzm and method of this invention,
which Bave begn devived 1o overcaing attendand dlsadvaie
. o the prier wil, gee  paiticelirdy ’:dapud for the
sioring of 8 gocons fuid over g perod of dme while
wsing & telatbaely omadl volome stordee systend mz% bt
T the siorsgs sysiem
of this duveriion @ s such as Belium, which Secasse of
P dewopas demity, dnert ohendeal sstivite, aad other
Tavorable characerties, e olien el By 0 praganand
«owphicle wvatems, s ostered ot sppercritical
foew zw}; ratare within o prossnre vessl
whichods surounded by oo bail of boseborical oryogen.
The prossure sclecied for the stered feid will be deter
mined by Hs desired dxinc:{y plessure wh ich for piogl
apptications will exceed 1500 pisd The suberitiosl orvoe
pen sclection is eharanterized by 4 low lempsrature boiling
voint, a Hish beat sink capacity, and high semsible hoat,
wherehy the system totes mlvantize of thess propaities
to dnziniain the superciitical was b the saturation tems
serature of the suberitizal Yiguid eryogen for so fong a8
Hgoiduayogen Bs présent,

In additivn to.the ryogen contelner which compleiy
enclses the aus pressure vessel, the svstern further In-
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dudca a metaliie shicld shich envelopy the refrigeram
cryipon contuiner, but i spaced Iﬁi«d&}d“ﬁhf{} thereto, aad
an outer enclosing shell oo vesel which is spaced from
andronpploely md«.}w» the meallic shicld,  The metallic
shicld seeves a5 an botherna! boat barrier to ambient ra-
diant best wm& wonld giberwise reach the ervesen cons
tainer, In add: mm, wovanuem is drawn in the spates bee
tween the metnliic shivkd and the puter shell gnd betweén
the oretadbie shield and b wryosen contuiner 6 15 10 i
hihig hent transfer 19 the Lryepen by comduction or cone
x‘cmmn. To furber minfmize radicst heal tunster, all
essel and shickd surfaces whish are exposed fo the vacus
ksm and the ;h]ﬁim cryogen are plawd with o low emis.
smzy i:(mim,gy

Singe it s dmpessible 1o pmcmdf, ;:35 ieat Jeakape, the
Hguid eryogen will gradually evaporste sud s contaiser
it thesefore o pressire vessel which. is provided with g
ouilel vonl to nvoid o Jungerons pressure buildup The
outlil venl Is panticulatly portan %}mm i fomg “stangs
by perlod b enpevted. A thratthog valve thetadled in the
aitlel vent maiokidng the orvoren witliln iy contiiner a5t
wopredetermined cossian prossure and boling polat with
wogonstunt falont Dear of vapusizhtiun, As the ligoid
Ciyopen praduslly bells awey, the voporized cryosen is
enlinsiod throuph the thiolling valve sud o venting cones
duit whivh b wrapped nround ma sryegen sontamer in
engaping relationslip therewith. e ervduen gos whish
PSS ihf{mg b thrapring valve & sulbjected 1o a cons
» alpy capinion mi:x 2 mwr;»w in pressare o vl

mzé«m s that the vet conndi thicuph which it
'a mazmssuﬁ Peossentiadly g refrin amm pipe wnd beat 3.
shanger whith asists in anaint g the stored Houid
sryogenat fow Wiopernture. Ty snpe refriserating pipe
i alo wrapped abowl the melnlile shield before exiting
throieh the outer o hoenctosds the svstem and
thereby provides {or wapor cooling of the shiskd 45 the
Hgnid eryozen bollsaway, s

As the Bouid orvegen slowly cvaporsies and 35 ex-
huusted, the welght of the stofare system of this inven-
eiem nz‘ﬁziz;:ﬁ?} gl eu, olthonreh the tomperanire of the

oyed pas iy mwiniained s the wimm:m} femperaiue of
ma ervogen for so loog sy there Boouy Hguid ofyooen
Adrer ol the cryogen bus been evaporuted,
e welnha of the swslir iy tienntly Jess than s origi-
wil value dad whicn considined overthe perttd of evapos
ration of the eryogen, will averne Joss than the welght of
conventional systerng, pasticnlanly for those systems de-
signed {of stornge timey extending 1o sevoral davs Sinve
the advanfaze s enboneed as the gtovage poried of wone
sideration 14 exfemtad, this sysiert has partiouiar wselil
ness o Jong duration spave Sights where the Taverape™
i1 ol A system ol mporiange,
stharesirg, int systen of this isvendion ihe
v feid st aihier Bua as g oryenenis
s the g s Rustery and assouiniad svstems
for supplving the pimary fiuid are less ¢ *@mg lex than is
chorscienstic of conventionsd orvbeenit storage and
supiply systems. Sisce ahe primary fuid Is fosded and
mzintained ot operarionsd wiressere, the sysiem husibe
added advantage that o walting ﬁr;aﬁ i not reguired bee
fore it can beused.

Giher objects and muny of the ntendant advaniaseg of
this Invention Wil be rewdily apprecioted os e same bes
coims betler understood b reference 1o the followingdes
tufled dessription when womsidersd In connection with ths
accompanving dravings In which Tike wfovenct numerals
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designate like parts thro chout the ﬁgtircs thereof, ard
wherein: -

FIG. 1 is a \'erhca! sectiopal view through a gascous
finid storage system which embodies the app saratus of this
invention; and

FIG. 2 is a sectional view of a part of the apraraius
of this invention as taken zlong the Hoe 2—2 in FIG. 1
and looking in the direciion of the arrows.

Referring more particularly to the drawings, there s
shown in FIG. 1 a storage system 10 which embodies tir
apparatus of this inveniion. The storage sysiem COMpT ises
an inner pressure vessel 11, pxcﬁmbl\ of spherical formy
which stores a supply of gaseous fluid which is to be u-ed
in a spacecraft system. The pressure vessel 11 is fzbri-
cated of titanium’ which is compatible with the storage
of helium for which the system herein itlustrated is par-
ticularly designed, although aluminum d}"\d stainless stecl

might also be used. For storage of oxygen, however, 2
nickelchromium iron alley such as commercially avail-
able Tnconcl 718 could be used, in view of the incom-
patability of titanium and oxygen.

The gaseous fluid is stored in the vessel 11 at super-
critical pressure and low temperature, surrounded by a
bath of subcritical cryogen 13 which is chdmtien’zw by
a low boilling point, a high latent heat of vaporization,
and high sensible heat cepacity,  For the stora ge of
helivm by this invention, liquid hydrogen is preferrad
as the hqmd cryogen since it has a Jow boiliag po;m of
approximately 20° K. and-a relatively high latent heat
of ‘vaporization of ‘;pprox.nm ely 107 calories per gram.
Tt also has a high specific heat of 3.4 B.ta. per pound-de-
gree Fahrenheit. The liguid cryogen is contained by 2

-

spherical pressure vessel 14 which is disposed in concen-
wric spaced relation to the inner pressure vessel 11 by

means of support members 15, 16, und 17, The support
members are {abricated of a \'cry low thermal condut-
tivity malerisl :ugh as Fiberplas or Kel-F, a thermog
tic polymer, and are preferably of ovoid or disc s
reduce the area of conmu The container 14 is fabr
of Inconel 718, althbugh other materizls mizht suitably
be employed.
The system 1€ also includes a heat conductive spherica}
cid "0 wh'ch surrounds lm. pus\u% vessel
r lig

=
T
ey
&

ﬂy cond! ictive ma

po ncd in spaced conu.rlrm nl'*llonsmp to the veswel 14

by means of Kel-F support discs 21, 22, and 23, 2 ad-
dition, an outer vacuum spherical vessel 25 of ¢
or other lightweight vacuum vessel materizl such as ben i-
fiun, is provided which completely ensioses the sf
znd is similarly supported in spaced relation there
b, means of Kel-F support discs 31, 32, and 33.
shield serves as an iscthermal heat lmr"cr to 3moiezzz
radiant heat «_"‘eczed towards the cr}oqm con
1o further reduce radiant heat transfer a coatir g of 2
silvér, or ¢ p er IS F}A!Cd on zll vessel and shield su
excepiing the inner surface of the inner pressure \n\.l
11, thereby reducing their emissivity to miniz jatd
hzat transfer. In zddition, a vacuum is dravn in the
space between the cuter vessel 25 and the shield and ziso
between the shicld and the cryogen cont
serves 10 inhibit heat transfer by conducticn or conves-
tion, The external supports 34 which secure the svs-
tem to the spacecraft structure jmay be metallic, or of
other suitable material

The pressure vessel 11 is ﬁiled threuzh a fill conduit
35 t‘xrouon either a solenoid valve or a quick disconnest
36 by which the conduit is closed off after filling. The ail
conduit 35 extends radially inwarily through the outer
vessel 25 and the shield, and includes an arcuale shaped

'poﬂron 354 disposed between the metallic shield and the

container 14, a straight scction 355 directed radially m-
wardly t‘n\'ouﬂh the coniainer 14, and an arcuate shaped
poriion 33¢ which is disposed between z"r’ container 1%
and the pressure vessel 11 and communicates at one end
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with the vessel 11 by 2 conduit section 384, The arcuate
portion 33z is held spzced between the shield and the
pressure vessel by mezns of the support dise 23 and in
similar manner the sopport disc 16 helds the arcuate
portion 35c between zryogen container and pressure
vessel 11, The devices route which is provided the fill
conduit by means of its arduate sections serves 1o reduce
heat transfer from the 2mbicnt (o the pressure vessel 11,

The cutict for the inzer vessel 11 is by mezns of a con-
duit 40 of substantzliy identical shape o the inlet con-
duit 35, The cutlet conduit 40 is provided with similar
arcuate porticns 482 zrd $6c; also for reducing heat trans-
fer from 'the ambicnt. The pressure for the stored helivm
is maintained by demand pressure contrel valves in the
fluid system cominunicziing with the outlet condvit 49, A
pressure relief vah 41 is also provided. The pressure
initially selected will bz determined by the desired de-
livery pressure, v»hlch for most applications will exceed
1500 p.s.i.

The cryogen ¢ontsiner 14 is filled through a fill conduit

47 in which is instalind = solenoid valve or quick discon-
ncct 48 by which the conduit muy be closed off after fill-
ing. The conduit 47 includes a straight section 47q,
an arcuate section 474 swhich is held spaced between the
outer sheil and the shizhd by a support disc, and a straight
section 47¢ w hx..h passes through the shield and the outer
wall.of the crvogen cooiainer.

Sinee sonie hwt feakzze to the cryogen containing ves-
scl 14 is inevitable, an cﬂzshcx vent is provided in the form
of a conduit 50 whizh communicutes with the cryogen
container through an 1 port in the wall of the vessel
14, A throttling valve 51 s installed in the cosnduit
58 locuted adjucant the outlet por in the container ves-
sel 14 and ma cryogen within its container at
r-xmnmmm',d cens pressure and boiling point and
therefore with a consizet latent heat of vaporization.

The venting con 3 is wrappad around the cryogen
contiiner 14 in e relationship therswith.over a
distance subsiontiali ~uzl to the circumference of the
confainer by being 24 or welded thereto and is simi-
larly wrapped around the metallic shield in engaging
rchmmmnp therewith Fefore passing through the outer
enclosing shell 25, The crypaen gas, on passing through
the throttling vazive, i subiccted fo a constant enthzlpy
expansion with a redm
so that the venting oo

«duit 50 serves os a refrigerating
pipe and heat exchapzer which assisls in maintaining the
stered tiguid cryogen 2 temperature below its boiling
point at the control _J pressure.  The refrigerating con-
duit 50 ajso providss for vapor cooling of the “shield
as 13e liquid cryozen boails away, and thereby provides
additianal therm: . )

For the siorage of ium, hydrogen would generally
be the preferred cryozen for providing ihe Hquid shroud
for the helium cont r. Neon, however, Las a higher
heat capacity per wolume and for some zpplications
may be preferred over }’u rogen which hu z‘;b hizher
hnt capacity per u
is also very XOW, 27"
latent heat of vagor
Jess than that of hyd

To =z hkw f s’}g p:24

of ihe };qqxd cr}gg as
wall 2round the siored Huid and it does not require ex-
fremely low heat leak walues, whereas static jnsula tion
systems aré totally deperdent on low close 1olerance heat
leak requirements. Frithermore, since the gaseous fuid
is Joaded at essential’y operational pressure. the storage
system of this ipventicm given the advantage of imniedi-
ate availability for wse rather than rchmno a long
pressure buildup time. Since the fluid is 2lso loaded at
a supercritical tempe re, some of the ground support
equipment preblems which ate aitendant on the handling
of cryogen liquids are eliminzted. However, the most

an in pressure and temperature,

roud W hch p*o»mes an ad heaa*:..'
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significant advantage of the storage sySlem of this in-
vention derives from the fact that after all liquid cryogen
has evaporated, its weight is significantly less than the
weight of conventional systems. If the period under con-
sideration is extended beyond the period of cvaporation,
the advantage is even greater, so that this system is
especially useful in space flights where lhe average weight
of a system is of 1mportancc. :

The storage system of this invention is, of \.OHTSC,
adapted to the storage of gases other than hc.hum For
example, oxyeen gas might be stored with a liquid shroud
of argon. The cyrogen selected .in any instance, how-
ever, has a boiling point which is very near that of the
fluid to be stored so as to keep the fluid at a low tem-
perature and reasonuble pressure. 1t should also have
a relatively high latent heat of \apOrlZdUOn and a large
sensibie heat cmpabxlﬂy

The containing vessels have been dLscnbcd hepein as
being of <phen\.ai shape which is particularly desxribk for
a cr)o"cm;. storage vessel since a sphere presents ihe
minimum surface area for the maximum enclosed volume.
This invention, of course, is adaptable to other shaped
vessels, such as cylindrical vessels, which may be used
where space limitations may become a factor!

Obviously, many modifications and variations of the
present invention are possible in the light of the above
teachings. It is therefore to, be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described.

What is claimed and dasmd to be secured by Letters
Patent is:

i.Ina «,r)ommc s!or'me system for a den\c gas, the
combination comprising an inner pressure vessel for hold-
ing said dense pas;

a second pressure wssﬂ for containing a more ex-
pendable cryogenic gas in the ]xqmd state, said second
pressire veseel <urr0Lndm" said inner pressure vessel;

support means of low thermal conddc!wny material for
holding said first and second vessels in spaced re-
lationship to one another;

an outer shell surrounding said second prcss‘)re vessel
in spaced apart relationship thereto, and prowdnn"
a vacutum space lhgrebxtween,

a heat-conductive shield surrounding said sccond pres-
sure vessel wnhm said vacuum space between said

_ second pressure vessel and said outer shell;

a venting conduit fluidly cemmunicating with said
second pressure vessel and passing through said heat

conductive shield and the outer shell” for venting

vaporized cryogenic gas,-said conduit being disposed
over a first part of its length in heatexchanging
engagement with said second pressure vessel and over
ancther part of its lengih in heat-exchanging relation-
ship with said heat conductive shield; and

a throttling valve in said venting conduxt for reducing
the pressure and temperature of the vaporized cry ogen
which is vented through said conduit whereby the
heat condustive shield and the second pressure vessel
are subject 1o vapoer cooling by the flow of vaporized
refrigerant cryogen through the beutvexchanﬂi%}g vent-
ing copduit.

A cryogenic storage system as described in ciaxm i
“hv.rem all the pressure vessel surfaces which are ex-
osable to the liquid cryogen, and all vessel and othe
she!l surfaces exposed ‘to the vacoum, are providad wilh
a low emissivity coating for reducing radiant heat trans-

fer to the liguid cryogen and th: dense gas.

3. A cryc%nic storage systei for a dense gas, said sys-
fem comprising an inner pressure vessel for holding said
dense gas; :

a secvnd pressure vessel containing a more exxndablc
cryogenic gas in the liguid state, said second pres-
sitre vessel surrounding said inper pressure vessel
whereby the liguid cryogen provides a liguid shroud
enveloping said inner pressure vessel;
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support means of Yow thermal conductivity material
for holding said first and second vessels in spaced re-
lationship' to one another;

a heat-conductive thermal radiation shield .surround-
ing said second pressure vessel and suppox‘ied in
spaced relation from said second pressure vessel by
means of support members of low thermal con-
ductivity material, with the space between said shield
and second pressure vessel being a vacoum space;

an outer shell member surrounding said Lieat conductive
shield and supported in spaced relationship there-
to by suppert -members of Jow thermal conductivity
material’ with the Space between the outer shell and
the heat-conductive shield constiiuting a vaduum
space;

a venling conduit fiuidly communicating with said sec-
ond pressure vessel dnd passing through said heat
conductive shield and 1be ouier shell for venting
vaporized cryogenic gas, said conduit being dis-
posed over a first part of its length-in heat-exchanging
engagement with said second pressure vessel and
over znother part of its length in bheat-exchanging
relationship with said heatconductive shield; and

a throttiing valve in said venting conduil for reducing
the pressure and temperature of the vaporized eryogen
which is vented through said conduit, whereby the
heat-conductive shield and the second pressure vessel
are subject 10 vapor cooling by the flow of vapor-
ized refrigerant cryogen through the heat-exchang-
ing venling conduit,

4. A cryogenic storaze system as deseribed in claim 3
wherein all the pressure vessel surfaces which are ex-
posable {o the liquid cryogen and 2ll vessel and outer
shell surfaces exposed to the vacuum are provided with
a low emissivily coating for reducing radiant heat trans-
fer to the lHguid cryogen and the dense gas.

5. A cryogen storage system as described In claim 3
wherein the liquid cryogen contained by said second pres-
sure vessel is chsm-‘cnzed by a h:"h latent heat of
vagporization, high heazt sink capacity, and a jow jempera-
ture boiling point near the beiling point of the dense gas.

6. In a cryogenic storage system for storing a dense
gas, the combination cémprising an inner pressure vessel
for holding tHe dense gas, said inner pressure vessel
having inlet means and ountlet means;

valve means operatively associated with said outlet
means for controiling the pressure of gas within said
inner pressure vessel;

a second pressure vessel for containing a more ex-
pendable cryozenic gas in the Jiguid state, said sec-
ond pressure vessel surrounding said inner pressure
vessel;

support means of low thermal condnmvny material for
holding said first znd second vessels 'in spaced re-
1ationship to one nnother;

an outcer shell susroanding said second pressure vessel
in spaced cpart relationship thereto and providing
4 vacuum spaee therebetween;

a heat conductive thefmal radiation shield surrounding
said second pressure vessel and positioned within
said outer shell; and

a venling conduit fluidly communicating with said
second pressure vessel and pussing through said heat
conductive shield and the outer shell for venting
vaporized cryogenic gas, said copduit being disposed
over a first part of its length in heat-exchanging en-
gagement with said second pressure vessel, and
over anotber part of its length in heat-exchanging
relationship with said heat conductive shield.

7. A cryogenic storage sysiem as described in claim 6

wherein all the pressure vessel surfaces which are ex-
osable to the liguid cryogen and all vessel and outer

-shell surfaces exposad. to the vacunm are provided with
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a low emissivily coating for reducing radiant heat trans-
fer to the liguid cryogen and the dense gas.

2,643,022
2,834,187
2,871,669
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