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PL JONT, SYSTEM FOR PRESSURIZED FI.

the [nvention
The preseut invention Is directed to a contziner system for pressurized fluids that is
lightweight and more rosistant to explosive rupturing than priot att containers amd thus can be
adapted into embodiments that are portable to provide ambulatory supplies of fluid under

PLossare.

Backevound of the Invention

‘I here are many upplications for a portable supply of fluid under pressure. Fox exampls,
SCUBA. divers und firefighters vse portable, pressutized oxygen supplics. Commercial aircraft
empioy emergency oxygen delivery systems that are used dwing sudden and uwnexpected cabin
depressurization. Militury aircraft typically requirc suppiemental axygen supply sysiems as well.
Such sysiems are supplicd by portahle pressurized canisters. To the medical field, gas delivery
systems are previded to adiminister medicinal gas, such as oxygen, to a patient undergoing
respiratory therapy. Supplemental oxygen deiivery systems are used by paiients that benefit from
receiving and breathing oxygen from an, oxygen supply source to supplement atmespheric
oxygen breathed by the patient, For such uses, a compsct, portable supplemental oxygen
delivery system is uselul in a wide variety of contexts, including hospital, home care, and
antbulatory setiings.

High-pressure supplemental oxygen delivery systems typically includs a eylinder or tank
containing oxygen gas at a pressurc of up to 3,000 psi. A pressure regulator is nsed in 4 high-
prassure oxygen delivery systent to "step down" the pressure of axygen gas to a lower pressire
(e.g., 20 to 30 psi) suitable for use In an oxXygen delivery apparatus used by a person breathing the
supplemental exygen.

In supplemental oxygen delivery systoms, and in ofhier applications employing portable
supplics of pressurized gas, containcrs nsed for the storage and use of compressed fluids, and
particularly gascs, generatly take the form of cylindrical metal botties that may be wound with
reinforcing materials to withsiand high fluid pressures. Such storage containers are cxpensive to
manufaciure, {nherently heavy, bulky, intlexible. aud prone to violant and explosive
fragmentalion upon fupture.

Coniainer systems made from lightweight synthetic matcrials have boen proposed.
Soholiey, in 1.S, Patent Nos. 4,932,403; 5,036,845; and 5,127,399, describes a flexible and

t
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portable container for compressed gases which comprises o series of elongated, substantially
oylindrical chambers armnged o a parallel conBguration and niterconnected by narrow, bent
conduits #ud attuched to the back of a vest that can be wom by 2 person. The container includes
a liner, which may be forraed of a synthetic material such as nylon, polyethylene, polypropylene,
polyurethane, tetrafluoroethylene, or polyester. The liner is covered with a high-strength
reinforcing fiber, such as 2 high-strength braid or winding of a reinfereing material such as
Kevlar® aramid fiber, and a protective coating of & material, such as polynrethans, covers the
reinforeing fiber.

The design deseribed io the Schelley patents suffers 2 number of shortcomings whick
malcss it iomraclical for use as a container for fluids stored at the pressure levels typiceally seen in
portable fluid delivery systems such as BCUBA gear, firslighter's oxygen syslems, emergency
oxygen systems, end medicinul oxygen systems. The clongated, generally cylindrical shape of
the separate storage chambers does not provide an sffective structure for contalning highly-
pressurized fluids. Moreoaver, the relatively large volume of the storage sections creaies an
unsafe systcm subject to possible violen rupture duc te the kinctic encrgy of the relatively large
volume of pressurized flnid sfored in each chamber.

Accordingly, there s a nesd for improved container systems mads of lizht weight

polymeric material and which are robust ind [ess susceptible o vickmt mplure,

] B INV N

In accordance with aspects of the present invention, a light weight, robust pressure vesscl
is provided by a container system for pressurized fluids. The conilainer system comprises a
pressure vessel having a plurality of hollow chambers, cach having a substantially spherical or
ellipsoidal shepe and being formed [fom a polymeric material, & plurality of conduit sections
formed from a palymeric material, each being positioned between adjacent ones of the plurality
of hollow chambers to inferconnect the plarality of hollow chambers, the inside width of the
conduit gections being less than that of the chambers, and a reinforcing [ilament wrapped arcund
the hollow chambers and the conduit sections. The container systenr further inciudes a fluid
wansfer control system attached to the pressuce vessel and constracted anid arrangs to control
tiow of fluid mnto and out of the pressure vesscl.

The polymeric conzimiction of the pressure vessel is Hight weight and, togetier with the
reinforeing filanent, provides 2 strong and robust design. The ellipscidal or spherical chambers

interconstected by narow conduits of smaller internal width than the chanibers provides a storage

2
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system that is less susceptible to violent rupture due o near-instantaneous release of a substantial
vohume of fluid under pressure.

Other objects, features, and characteristics of the present invention will become apparent
upon consideration of the following description and the appended claims with reference to the
accompanying drawings, all of which form a part of the specification, and wherein like reference

numerals designate corresponding parts in the various fignres.

DESC] h ¢ THE W

FIG. 1 is a broken side elevational. view of a plurality of aligned, rigid, generally
¢llipsoidal chambers imterconnected by & tubular core.

FIG. 2 is an enlarged horizontal sectional view taken glong the ine 2-2 in FIG. 1.

FI3. 2A is an enlarged horizontal sectional view taken along the ling 2-2 in FIG. L
showing an altermate embodiment.

FIG. 3 is a side clevationa! view of a portion of a container system of the orosent
invention.

TIG. 4 is 2 partial longitudinal seclional view along line 44 in FIG. 3,

FIG, 5 15 a side elevational, view of an alternative embodiment of the container system of
the present invenlion

FIG, 5A s a partial vicw of the conianer system of FIG, 5 airanged in a sinuous
confipuration.

FIG. 6 is a portable pressurized fluid pack employing a container system according to the
present invention.

FIG. 7 is an aliemate embodiment of & pressurized fluid pack employing the conrainer
systern of the present invention,

FIG. & is still another alternate embodiment of a pressurized fluid pack employing a
cortainer system according to the prosent invention.

FIG. ¢ is a plen vicw of a container system according to ths present invention secured
within a conforming shell of & housing for 2 portable pressurized fluid pack.

FIf3, %A is a trangverse section elong the line A-A in FIG. 9.

BIG. 10 1s a purtial, exploded view in longitudinal section of a system for securing a
polymeric tube to 2 mochanjcal fting.

FIG. 11 is a partial view in longitudinal seotion of a preferred inlet valve for

incorporalion into the pressure pack employing the container system of the pregent invention.

3
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FIG. 11A is an enlarged view of a portion of FIG, 11 within circle *A".

FIG. 12 is partial view in longitudine] sestion of an aiternative inlet valve for
incarporation inte the pressure pack employing the contairer system of the present invention,

FIf3. 13 is a partial view in longitudinal section of a preferred outlet valve/regulator for
ineorporation into the pressure pack employing the container system of the present invention,

FIG. 13A is an enlarged view ofa portion of FIG. 13 within circle "A".

b 5 P E INVE O

With reference to the figures, exemplary embodiments of the invention will now be
described. These embodiments illustrats principles of the invention and should not be construed
4s limiting the scope of the ivention.

Az shown in FIGS. 1 and 2, U.S. Patent No.6,047,860 (the disclosure of which is hereby
inearporated by reference) to Sanders, an jnventor of the present invention, discloscs a container
systern 10 for pressurized fluids including a plurality of form-rotaining, generally cllipsoidal
chanrbers ¢ interconneciod by a mbular core T. The tubular core extends through sach of the
plurality of chambers and is sealingly securad to sach chamber. A plurality of longimdinally-
spaced apertures A are formed along the length of the tubular core, one such aperture being
disposed in the interior space 20 of each of the intervopnested chambers a0 as to permit infusicn
of fluid to the interior space 20 during filling and effusion of the flnid from the interior space 20
during flvid delivery or transfer to another contamer. The apertures are sized 50 as to control the
rate of evacuation of pressurized fluid from the chambers. Accordingly, a low fluid evacuation
rate can be achicved so as to avoid a large and polentially dangerous burst of kinetic cnorey
should one or more of the chambers be punctared {i.e., penetrated by an ourside force) or rupture,

The sizc of the apertures A will depend upot various parateters, such as the volume and
viseosity of fluid being contained, the anticipated pressure range, and the desircd flow rate. In
eneral, smaller diameters will bo selected for gasses as opposed to liquids. Thus, the aperfre
size may goverally vary from abeut 0.010 to (.123 inches. Although only a single aperture A is
shawn in FIG. 2, reore than one aperture A can be formed in the tube T within the interior space
20 of the shell 24, In addition, each aperture A can be formed in only one side of the tube T, or
the aperture A may extend through the tube T. '

Referring to FIG. 2, vach chamber C includes a gensrally cllipsoidal shell 24 molded of a
suitabls synthetic plastic maierial wnd having open fromt and rear ends 26 and 28. The diameters

of the holes 26 and 28 are dimensioned so as to snugly recelve the outside diameter of the tubular
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cors T. The tubular core T 1s attached to the shclls 24 50 a5 to form a fluid tight seal
therehetween, The tubular core T is preforably bonded to the shells 24 by means of light,
thermal, or ulirasonic snergy, including techniques such as, ultrasonic welding, radio frequency
aneryy, yuleanization, or other thermal processes capable of achicving seamless circum ferential
welding. The shells 24 may be bonded to the tubular core T by suitable ultravielet light-curabls
adhesives, such as 3311 and 3341 Light Cure Acrylic Adhesives available from Loctite
Corporation, having avthorized distributors throvghout the world, The exterior of the shells 24
and ihe increments of tubular core T between such shells are pressure wrapped wiih snitsble
pressure resistant reinforcing filaments 30 to resist bursting of the shells and fubular core. A
protective synthetic plastic coating 32 is applied to the exterior of the filament wrapped shells
and tubular core T.

More particulacly, the shells 24 may be either role molded, blow 1pelded, or injection
melded of a synthetic plastic matertal such as TEFLON or fluorinated ethylene propylene.
Preferably, the tubular core I will be formed of the same malerial. The pressure resistant
flaments 30 may be made of a carbon fiber, Keviar® or Nylon. The protective coating 32 may be
made of urcthane to protect the chambers and tubular core against abrasions, UV rays, moisturs,
or thennzl elements. The asserbly of a plurality of generally ellipsoidel chambers C and their
supporting tubular core T ean be made in continuous strands of desived length. Tn the context of
the present disclosure, unless stated otherwise, the term “sirand" will refer to & discrete length of
interconnected chambers.

Ag ghown i FIG, 24, the tube T van be so-formed, such as by co-extrusion, along with
shells 24' and tubular portratns T" integrally formed with the shells 24" and which divectly overlie
the tube T between adjacent shells 24", Furthermore, as also shown 1t FIG. 2A, more than one
apertore A oray be formed in the (ube T within the interior 20 of the shel] 24'. The co-formed
assembly comprised of the sheils 24, tubular portions T*, and tube | cun be wrapped with a layer
of reinforcing filaments 30 and covered with 2 protective coating 32 as described above.

The inlet or frant end of the twhular corc T may be provided with 2 suitahle thrcaded male
fitting 34. The discharge of rear end of a tubular core T may be provided with a threaded femaic
fitting 36. Such male and female fittings provide a prassure-type connection betwesn contigupus
strands of assemblies of chambers C intercoonecied by tubular cores T and provide » mechanism
Ty which other components, such as gangss and valves, can be atiached to the Inferconnected

chambers. A preferred stmcture for aftaching such fittings is descriled below.
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A partion of a pressurs vessel constructed in accordance with principles of the present
invention is designated generally by reference namber 40 in FIG. 3. The pressure vesscl 40
includes a plurality of fluid storage chambers 50 having a prefetred sllipsoidal shape and baving
hollow hiteriors 54. The individual chambers 30 are ppeumnatically interconnected with each
otfier by connceting canduit sections 52 and 56 disposed between adjacent ones of the chambers
50. Condoit sections 56 are generally longer than the conduit sections 52 The porpose of the
differing lengihs of the conduit sections 52 and 56 will be desoribed in more dotail below.

FIG. 4 shows an enlarged longitudinal seetion of a single hollow chamber 54 and portions
of adjacent conduit sections 52 of the pressure vessel 40. The pressure vessel 40 preferably has a
layered construction ineluding pelymeric holtow shells 42 with polymeric connecting conduits
44 extended from opposed open ends of the shells 42, ‘The pressure vessel 41 incfudes na tubular
core, such as tubuiar core T shown In FIGS. 2 and 2A, extending through the hollow shells 42,

The polymeric shells 42 and the pelymeric couneciing conduits 44 are proferably formed
from » synthetic plastic material such as Teflon or fluosinated cthylene propylene and may be
formed by any of @ number of known plastic-forming techniques sucl as extrusion, rolo olding,
chain blow molding, or igjection molding.

Materials used for forming the shells 42 and conueeting conduits 44 are preferably
moldable and exhibit high tensile strength and tear resistance. Most preferably, the polymeric
hollow shells 42 and the polymeric connecting conduiis 44 are formed from a thermoplashic
potyurethane elasinmer manufactured by Dow Plastics under the name Pellethane® 2363-90AF, a
thermoplasiic polyurethane slastomer manufactured by the Bayer Corporation, Plastics Division
under the name Texin® 5286, a fexible polvester manufactuced by Dupout under the name
Hytrel®, or polyvinyt chloride from Teknor Apex.

1n a preferred configuration, the volume of the hollow interior 54 of each charnber 50 is
within a range of capacities configurable for different applications, with a moest preferred volume
of about thirty (30) milliliters. It is not necessary that each chamber have fiie same dimensions ox
have the game capacity. Tt has been determined that a pressure vessel 40 having a consiruction as
will be described below will undergo 2 volume ¢xpansion of 7-10% when subjected to an
intemal pressure of 2000 psi. Ta a prefomed configuration, the polymeric shells 42 cach have &
longitudinal length of about 3.0 - 1.5 inchies, with a mest preferted Jength of 3.250-3.238 inches,
and a maximum ouiside diameter of about 0.300 fo 1.200 inches, with a most preferred diameter
of 0.095-1.050 inches. The conduits 44 have an inside diameter D, preforably ranging from
0.125-0.300 inches with a most preferred runge of about .175 -0.250 inches. The hollow shells

[}
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42 have a typical wall thickness rarging from .03 to 0.05 inches with a most preferred typica)
thickness of 2bout 0.04 inches. The connecting condaits 44 have g wall thickness ranging from
003 to 6.10 inches and preferably have 2 typical wall thickness of about 0.040 inchss, but, dus to
the differing ampunts of expansion experienced in the hollow shells 42 and the conduits 44
during a blow molding forming process, the conduits 44 may actually have a typical wall
thickness of about 0.0238 inches.

The exterior surface of the polymeric hollow shells 42 and the polymeric connecting
conduits 44 is preferably wrapped with a suitable reinforeing Glament fiber 46, Filament [ayer
46 may be either a winding or a braid {preferably a triaxial braid puttetn having « noming] braid
angle of 75 deprees) and is preferahly a high-strengih aramid fiber material such as Kevla™®
(preforably 1420 denier fibers), carhom fibers, or nylon, with Kevlar® being most preferred.

Other potentially suitable filament fiber material may include thin metal wire, glass, polyester, or
graphite. The Kevlar winding layer has a preferred thickness of about 0.035 to (.053 inches,
with a thickpess of about (1.045 inches heing most preferred.

A protective coating 48 may be applied over the layer of flament fiber 46. The
profective coating 48 protects the shells 42, conduits 44, and the filament fiber 46 rom
abrasions, LV rays, thermal elements, or moisture. Protective coating 32 is preferably a sprayed-
an synthetic plastic coating. Suitable materials include polyvinyl chioride and polyurethone. The
protective coating 32 may be applied to the entire pressure vessel 48, or only o more vulnerable
portions thereof. Alternatively, the protective coating 32 could be dispensed with altogether if
the pressure vessel 4( is encased in a protective, moisture-impervious housing.

The side diameter By of the hollow shell 42 is preferably muck grealer than the {nside
diameter D, of the conduit section 44, thereby defining a relatively discrect storage chamber
within the hollow interior 54 of cach polymeric shell 42. ‘This serves a5 a mochanism for
reducing the kinetic energy released upon the rupturing of one of the chambers 50 of the pressure
vessel 40. Thatis, if one of the chambers 50 should rupture, the volurne of pressurized fluid
within that partienlar chamber would escape immediately. Pressuxized flwid in the remaining
charnbers would also move toward the rupture, but the kinetic energy of the escape of the fluid in
the retnaining chambers would be regulated by the relatively narrow conduil sections 44 through
which the fuid must flow cn ils way to (he ruplured chamber. Accerdingly, immediate release
of the entire content of the pressure vessel is avoided.

An alternate pressure vessel 40' is shown in FIGS. 5 and 5A. Pressure vesscl 40" includes

a plurality of hollow chambers 50' having a generally spherical shape connected by conduit
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sections 52" and 56'. As shown in FIG. 5A, ope particular configuration of the pressure vessel 44
is to bend it back-and-forth upon itself in a sinuous fashion. The pressure vessel 40 is bent at the
glonguted conduit sections 56, which are elongated relative ta the conduit sections 52' go that
they can be bent without kinking or without adjaccnt hollow chambera 30" interfering with each
other. Accordingly. the length of the conduit sections 56' can be defined so as to permit the
pressute vesscl to ba bent thereat without kinldng and without adjacent hollow chambers 50/
interfering with each other. In general, & conzeoting conduit section 56' of sufficient length can
be provided by omitting a chamber 50' in the infercommected serieg of chambers 30'. The lengih
af a Joang conduit szation 56, however, need not neceesarily be ag long as the Jength of a single
chamber 50'.

Beth ellipsoidal and the spherical chambers are prefered, because such shapes arc better
suited than other shapes, such as cvlinders, o withstand lrigh nternal pressures. Spherical
charabers 507 are not, bowever, as preferable 25 the generally ellipsoidal chambers 50 of FIGS, 3
and 4, because, the more rownded & surface is, the mote difficalf it is to apply a consistend.
winding of reinforeing fitament fiber, [ilament Sbers, beipgs applicd with axial tension, are more
prone to slipping on highly rounded, convex surfaces.

A portable pressure pack 60 employing o pressure vessel 40 as deseribed above is shown
in FIG;. 6. Note that the pressure pack 60 inchudes a pressure vessel 40 having generally
ellipsordal boilow chambers 50. It should be understood, however, that a pressure vessel 40 of 2
type having generally spherical hollow chambers as shewn in FIGS. 5 and 3A could be employed
in the pressure pack 68 as well. The pressure vessel 40 is arranged as a continuous, serial sirand
58 of interconngcted chambers 50 hent back-and-forth upon itself in a sinuous fashion with all of
the chambers lying gencrally in a cormmen plane. T geneval, the axlal arangement of any strand
of interconngetod chumbers ¢an be an arientation in wty angle in X-Y-Z Carlesian space. Noie
again, in FIG. 6, that elongated conduit seclions 56 are pmvidéd. Sections 56 are substantially
longer than conduit sections 52 and are provided to permit thie pressure vessel 40 to e bent back
upon itself without kinking the condsit section 36 or without adjacent chambers 50 interfering
with one anotlier. Again, an intorconniscting conduit 56 of sufficient length for bending can be
provided by omitting a chamber 50 from the strand 58 of interconnected chambers,

"The continupus sirand 58 can be fonned as 2 continuous length by & suitabls continuens
plastic forming technigue. Alternativaly, if plastic forming techniques suftable for forming a
strand of sufficient length arc not available, shorter disercie strands can be formed and thoreafter

cannected to one anothor to fonn a continuous strand of sufficient length. One metied for
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adhesively comnecting lengths of interconnected polymeric chambers together is described in a
commozly-assigned, co-pending patent application entitled “ADHESIVELY CONNECTED
POLYMERIC PRESSURE CHAMBERS AND METHOD FOR MAKING THE SAME”
(attorney docket number 2533-113), the disclosure of which is hereby incorporated by reference.

The pressurc vessel 40 is encased in 2 protective housing 62. Housing 52 may have a
handle, such as an opening 64, provided thereiu.

A fluid transfer control svstern 76 is pnoumatically connected fo the pressure vessel 40
and {s operable to control transfer of fuid under pressure into or oui of the pressure vessel 40. In
the embaodivent illusirated i F1G. 6, the fuid transfer conirol system includes & one-way inlet
valve 70 (alse knows as a fill valve) pneumatically comnected (2.g., by 2 crimp or swage)} {o &
first cnd 72 of the strand 58 and 2 one-way outlel valvehregulator 66 pneumatically connected
(c.g., by a crimp ot swage) to a second end 74 of the pressure vessel 40, In gencral, the inlet
valve 70 includes a mechanism permitting fluid to be transferred from a pressurized fluid Bl
source into the pressure vessel 40 through inict valve 70 and to provent fluid within the pressure
vassel 40 [rom escaping through the inlet valve 70. Any suitablc one-way inlet valve, well
known to those of ordipary skill in the art, may be used.

Tho outlet vajve/regulator G6 generally includes a well known mechanism permitting the
outlet valve/regulater 1o be selectively configured o either prevent fluld within the pressure
vessel 40 from escaping the vessel (hrough fhe valve 66 or to pormit fluid within the pressure
vessel 40 to escape the vessel in a conirolled manner through the valve 66. Preferably, the outlet
valve/regulator 66 is operable to "step down" (he pressure of fluid exiting the pressure vesse! 40.
Fot example, in typical medicinal applications of ambulatory oxygen, oxygen may be stored
within the taak af up to 3,000 psi, and a regulator is pmvide.d. ta efep down the outlet pressure to
20 to 50 psi. The outlet valve/regulator 66 may clude a manualiy-operable contzol knob 68 for
permitting manual control of a flow rate thercfrom.  Any suttable regulator valve, well known 1o
those of ordinary skill in the art, may be used.

Preferred inlet and outlet valves are described below.

A pressure relief valve (not shown) is proferably pruviﬂr:d to accommodate internal
pressure fluctuations due to thermal cyeling or other canses.

InFIG. 6, the prossure vesaed 40, inlet valve 70, and the outlat valve/regulator 66 are
shown exposed on tog of the housing 62. Freferably, the housing comprises dusl halves of, for
exgniple, prefonmed foam shells as will be described in more detail below. For the purposes of
illstrating the structure of the embodiment of FIG. 6, however, a top half of the housing 62 is

9
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net shown. Tt should be understood, however, that 2 housing would substantially encase the
pressure vesse] 40 and al least portions of the outlet valve/regulator 66 and the inlet valve 70.

FIG. 7 shows an alterate embodiment of 2 portable pressure pack generally designated
by veference number 80. The prassure pack 80 includes a pressure vesscl formed by a number of
strands 92 of individual chambers 34 seriaily interconnected by intsrconnecting conduit scetions
96 and arrange generally in parallel to cach other. In the embodiment illustrated in FIG, 7, the
pressure vessel includes six individual sirands 92, but the pressure pack may include fewer than
ar meore then six strands.

Each of the strands 92 has a first closed ond 98 at the endmost of the ehambers 94 of the
strand 92 and an open terminal end 100 attached t0 a coupling structure defining an inner
plenum, whioh, in the illustrated embodiment, comprises a distributor 102. The distributor 102
inchudes an clongated, gencrally hollow body 101 defining the inner plenum therein. Each of the
strands 92 of mterconnected chambers is preumatically connected at its respective terminai end
100 by & connceting nipple 104 extending frawn the elongated body 101, so that sach strand 92 of
interconnected chambers 94 i3 i pnepmatic communication with the inner plenum inside the
distributor 102, Each strand 92 may he connected to the distributor 102 by & threaded

interconnection, a crixyp, or  swage, or any other suitable means for connecting a high pressure

palymeric tube t¢ angid ftting. A fluid transfer control system 86 is pneumatically connceted to -

the distributor 102, In the iflustrated embodiment, the fluid transfer congrol system 86 inchudes a
one-way mnlet valve 86 and aone-way oullet/regulator 90 preumatically conmeeted at generally
opposite ends of the body 141 of the distributor 102.

The strands 92 of inferconnected chumbers 94, the distributor 102, and at least portions of
the inlet valve 88 and the outlet valve/tegulator 90 are encased within a bousing 82, which may
include & handle 84, as illustrated in FIG. 7, to tacilitate catrying of the pressure pack 20.

In FIG. 8 is shown still another altcrnative embodiment of a pressure pack generally
designated by referegce number 110, The pressurc pack [ 10 includes a pressurc vessel
comprised of a number of generelly paraltel strands 120 of hollow chambers 122 seriaily
interconnected by intercornecting conduit sections [24. Each of the strands 120 has a closed end
1206 at the endmost of its chambers 122 and an open terminal end 128 attached to a coupling
structure defiging an e plenum. Tn the Mustrated embodiment, the coupling structure
comprises a manifiold 118 to which is pneumatically attached cach of the tespeative terminal
cnds 128 of the strands 120, Bach strand 120 may be connceted to the mamifold 118 by 2

threaded interconnestion, a crizop, ot 4 $wags, or &y other switable means fox connecting a high
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pressure polymeric lube to g rigid fitting. A fluid transfer coniral system 116 is attached to the
manifold 118, and, in the illustrated erobodiment, comprises a outtet valve/regulator 20 and an
inlet valve (1ot shown).

The hollow chambers of the pressurc vessels deseribed above and shown in FIGS. 54, 6,
7, and & can be of the type shown in FIGS. 2 and 2A having an internal perforated tubular core,
of they cant he of the fype shows in FIG. 4 baving no infernal fubular core,

FISS. & and 9A show one-half of a foam shell, generally indicated at 164, for encasing a
pressure vessel 144 to form a housing for o portable pressure pack. The pressure vesscl 144
shown in FIG. 9 includes a sinuous arrangement of generally spherical chambers 146 serially
interconnected by short interconnecting conduit ssctions 148 and lenger, bendable
intercorneoting condnit sections 150. The foam shell 164 is preferably a molded synthetio foam
“epp crate” desigr. That is, the shel? 164 includes a plurality of chamber recesses 154 sorially
mterconnseted by short, straight interconnecting chanaels 156 and long, curved inerconnscting
channels 158, The chamber recesses 154 and the interconnecting channels 156 and 153 are
arrznged in the preferred arrangement of (he chambers 146 and interconneeting conduits 143 and
150 of the pressure vessel 144, Altemnatively, the chamber recesses 154 and Interconneciing
channels 156, 138 could be configured in other preferred arrangements such as, for example,
those arrangenients shown in FIGS. 6, 7, and 8.

The foam shell 164 may be formed from neoprene padding or a polyurethane based foam.
Mest preferably, the foam shell is formed from a closed cell, skivned foam having o liquid
impervious protective skin layer. Suitable materials include pelyethylene, polyvinyl chioride,
and polynrcthane. The use of = self-skirming, liquid impervions foam may eliminate the need for
the protective synthetia plastic coating 48 (see FIG. 4) applied directly onfo the reinforcing
fitament layer. A fivc retardant additive, such as, for cxample, fire retardant additives avajlable
from Dow Chemical, can be added to the foam matcrial of the foam shells.

A second foam shell (not shewn) has chamber recesses and interconnecting channels
arranged in & configuration that registers with the chamber recesses 134 and the intercommecting
channels 136 and 158 of the toam shell 164. The two foam shells are arranged in mutualiy-
facing relation and closed upon one snother to encase the pressare vessel 144. The mating foam
shells are thereafter adhesively-atlached to one enother at marginal edgs portions thercof.

Suitakle adhesives for attaching the mating foarm shel) halves includs pressure sensitive

adhesives.
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FIG. 10 shows 2 preferred arrangenent for attaching a mechayical fitting 26010 a
polymeric tube 262 in a mamer that can withstand high pressures within the tube 262, Such
fictings 260 canr be attached to the ends of a continwous strand of serially connected hollow
chambers for connecting inlet and ontlet valves at the oppastte ends. For example, fittings 34
and 36 shown in FIG. 1 conld be attached in the manner to be described. The mechanjcal fitting
260 has a body portion, which, in the iltustrated embodioent inclndes a threaded end 264 to
which can be aftached another comporent, such as a valve or a gauge, and a fzceted partion 266
that can be eugaged by 2 tool such as & wrench, The body portion 18 preferably made of brass.
End 264 is shown as an exteriorly threaded male connector portion, but could be an interiorly
threaded femnale connector pertion. An exteriorly threaded collar 268 extends to the right of the
faceted portion 266. An ipserting projection 270 extends from the threaded collar 268 aud has
formed thereon a series of barbs 272 of the "Christruas tree” or cormgated type that, due to the
angle of cach of the barhs 272, permits the prajeetion 270 fo be inserted into the polymeric tube
262, as shown, bul sesists retoval of the projection 270 fiom the polymeric mbe 262, A channel
274 extends through the entire tnechanical fitting 269 to permit fluid transfer comnunication
through the fitiing 26¢ into a prossure vosscl,

A connecling ferrule 280 has a generally hollow, cylindrical shape and hag an interiorly
threaded opeaung 282 fonmed at one end thereof. The remainder of the ferrule extending to the
right of the threaded opening 282 is 2 crimping portion 286. The ferrule 281} is preferably made
of 6061 T6 alumitum. The crimping pertion 286 has intemally-formed ridges 285 and grooves
2%4. The inside dizmeter of the ridges 288 in an uncrimped ferrule 280 1s preferably grezter than
the omtgide diameter of the polymeric tube 262 to permil the uncrimped ferrule to be installed
aver the tuhe.

Attachment of the ftting 260 to the tube 262 is affeeted by first screwing the threaded
collar 268 into the threaded opening 282 of the forrule 280, Altamatively, the ferruie 280 can he
conuected 1o the filling 260 by other means. For example, the farule 280 may be secured fo the
fitling 260 by a twist aud Jock airangement or by welding (or soldering or brazing) the ferrule
280 to the fitling 260. The polymeric tube 262 is then inserted over the insetfing projection 279
and into a space between the crimping portion 266 and the fnserting projection 270, The
crivoping portion 286 is (hen orimped, or swaged, radially inwardly in a known manner to therely
urge the harbs 272 and the ridges 288 and grooves 284 jnlo locking deforming engagement with
the fube 262, Accordingly, the fube 252 is securely beld to the fitting 260 by both the frictionzl
engagement of the twhe 262 with the barbs 272 of the iuserting projoction 270 as well as the
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{rictional engagement of fhe tube 262 with the grooves 254 and ridges 288 of the famule 250,
which itseif is secured to the fitting 260, e.;r., by threaded engagement of threaded collar 268
with threaded opening 232,

A comnecting arrangement of the type shown in FIG. 10 could also be used, for example,
for atiaching the strands 92 of interconnected chambuors to the cornecting nipples 104 of the
distributor 182 in FIG. 7 or to aftach the strunds of interconnected chambers 120 to the
connecting mipples 138 and 140 of the manifold 118 of FIG. 8.

FIG. 11 shows a preferred embodiment of an inlel valve 290, The valve 290 is 8
modified version of a poppet style inlet valve of the type generally described in .8, Patent No.
4,665,943, the disclosure of which is hereby incorperated by reference. The inlet valve 250
includes an inlet bady 292 to which 1s attached an cutlet body 294. An inlet gasket 296 is axially
disposed hetween the inlet body 292 and the outlet body 294. The outlet body 294 has formed
therein an inner valve chamber 302, An asnutar scaling insert 298 is dispased in the inner valve
chamher 302 and enpages a gasker 303 thar bears against a shonldet 305 formed interiorly of the
inles body 292, An intet channel 3G4 formed {n the nlet body 292 comimunicates with the innet
valve chamher 302. The iniet body 222 may have formed thereon cxterior threads 306 for
attaching thereto z fleid filling device. )

A poppet valve body 308 is slidably dispesed within the joner valve chamber 302. At
one end of the poppet vitlve body s an annular sealing shoulder 209 that, when the valve body
308 is in a closed position as shown in FIG. 11, engages the amnular sealing nsert 298 and an
G-ring seal 300. The poppet valve body 308 is 1 body of revolution having a generally
fmstoconical shape. At am end of the body 308 oppesiie the anrular sealing shoulder 309,
plurafity of legs 315 extend radially outwardly toward the inner walls defining the inner valve
chamber 302. A coil spring 312 bears against an annular shoulder 313 formed in a spring seat
111 forraed in the cuilet bedy 294, The spring 312 cxiends inie the nner vatve chamber 302 and
bears against the legs 310 afthe poppet valve body 308, thereby urging the annular sealing
shoulder 39 into closing engagement with the annular scaling insect 298 and the O-ring seal
300, A chumber 3135 is formed inside the outlet body 294 to the immediate right of the spring
312. An outlet channel 329 extends from the chamber 315 through an exteriorly threaded collar
322 and an inserting projection 316, A sintered brass filter element 314 can be disposed in the
chamber 315 in line with outlet channel 326 fo filter fluid passing through the inlet valve 290.
Alternatively, or in addition, a filter element 317 (e.g., 2 sintered brass element), can be provided

at a posilion along the outlet channel 320, such as af its terminel end, as showr.

I3
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A polymeric tube 330 can be attached 1o the inlet valve 290 by the conuecting
arrangement described above and shown in FIG. 10. That is, outwardly projecting barbs 318 are
formed on the ¢xteror of the irserting portion 316, which is fnserted inlo the tube 330. A femmule
324 having an inferiorly threuded opening 326 md a crimping portion 328 is threaded onto the
exterinrly threaded collar 322 of the outlet body 294, The crimping portion 328 is then crimped,
us shewn, ﬁnm the tube 330 to pinch the mbe 330 into frictional, locking engagement with the
barbs 313 of the inserting projecion 316.

The inlet valve 290 is shown i FIG, 11 1 a closed configuration. In the closed
configuration, the annular scaling shoulder 309 of the poppel valve body 308 is eogaged with the
annular sealing insert 298 and the O-ring seal 300, Upon epplication of » pressurized fluid nto
the inlet channel 304 sufticient fo avercome the spring force of the spring 312, the poppet valve
body 308 is urged to the right, thereby creating a gap between the sealing shoulder 309 and the
sealing insert 298 and O—ing 390, The pressurized uid can then pass through this gap, around
the poppet valve body 308, through the spaces between adjacent ones of the rudial lezs 310,
threugh the open conter portion of the spring 312, through the filzer 314, and through the cutlet
chugnel 320 inta the polymeric tube 330 of the pressurc vessel. When the source of pressurized
fluid is removed from the intet body 292, the force of the spring 312, as well as the force of the
pressurized fluid within the pressure vessel, urge the poppet valve body 308 to the left s that the
annular sealing shoulder 209 is again i sealing contact with both the annular sealing mmsert 293
and the O-ring seal 300, to thereby prevent pressurived fluid from exiting the pressure vessel
thicugh the inlet valve 200,

‘The inlet valve 290 is preferably configured io be coupled to any of severa! industry
standard high-pressure fill valves, it is known that sdiabatic compression cuused by filling a
pressurc vessel too rapidly can cause cxcessive temperatures within the pressure vessel near the
fill valve. Such arapid filling technigue is recognized &s hazardons to all existing high-pressure
vessels, and procedures discouraging such a practice are kmown. Many fill valves, however, are
matally operated and thereby permil, either through carelassness, mistakoe, or inattention, an
operator to opett a fill valve completely and allow such an immediate and instantaneous
pressurization in the filled tank io ocour, Current high-preszure cylinders, typically maide of a
metal can withstand such an impreper fill technique. although such cylinders can get dangerousty
hot when filled in such & mamner. Pressure vessels according to the prasent invention are
constrncted of polymerie materials which can guto-ignite at about 400°F in the presence of pure

oxygen. Caleulations have demonsirated that the temperature at the closed end of a pressure
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wvesss] constracied in aceordanes with the present invention cen excced 1700°F during a rapid
filling pressurization,

Accordingly, as a safefy measure that may prevent anto-ignition of the polymeric pressure
vessel duo to an improper rapid filing procedure, the outlel chunnel 32¢ of the inlet valve 290 is
made restrictively narcow so that the outlet charme] 320 funcfions as a regulator to step down the
pressure of fluid fowing into the pressure vessel from z fill valve. In accordance withh aspects of
the present invention, it is preferred that the outlet channel 320 in the inlet valve 290 be of a size
that is eo reshictive as to prevent the internal pressure within the pressure vessel from exceeding
S00 psig five scconds into a fill procedure where the inlet valve 200 is instantaneously expased
to a 2,000 psig fill source. The outlet channel 320 must, however. be large enough to allow
proper filling of the pressure vessel wher a correct filling lechnique is followed, The presontly
preferred diancter of the outlet channel 320 is 0.003-0.010 inches in dismeter.

A siptered brass fiter clement 314 (and/or liler lement 317). if employed in the inlet
valve 290, also functions as a restriction in the flow path and can assist in stepping down the filt
pressure.

The inlet valve 290 may includs a pressurs relied mechanism, such as rupture disk
asseinbly 295, constructed and arranged to relieve excessive pressure buildap in the inner valve
chamber 302 which commumicates preumatically with the interior of the pressure vessel, As
shown in FIG. 11A, the rupturs disk assembly 295 includes a disk-rctaining pin 297 inserted into
a pin-receiving opening 299 formed in the side wall of the vutlt body 294 of the inlet valve 290.
Pin 297 and opening 299 may cach be threaded, A pilot hole 319 exiends from the pin-receiving
opening 299 into the inner valve chamber 302 A mipture disk 321 is positioned in the bottom of
the pin-teceiving opening 299 and is formed of a soft, rupturable material, such as copper. An
axial channcl 323 is fomed in the pin 257. Axial chamel 323 conneots to a fransverse radial
channel 325 formed through the pin 297. The rupture disk 321 is constructed and arranged to
rapluge when the pressure i the inter vakve chamber 302 exceeds a predefined maximum
threshold pressure, therehy permitting pressure relief through the pilet hole 319 apd the channels
323 and 325,

An altcrnative one-way inlet valve is designated generally by refersnce number §00 in
FIG. 12, The infet valve 600 is a one-way valve of the fype corumonly lnown as a pin valve.
The valve 600 includes a valve body 602 having defived thersin an inuer chamber 604, A swivel
Giting 605 is coupled to tho valve hody 602 by meias of a radial flange of a threaded pin-
retpining screw 618 threaded into the valve bedy 802, A flow control pin 608 is disposed inside
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the foner chambey 604 of the valve body §02. A shaft 610 of the pin 608 extends through aud is
guided by an axdal boxe formed throuph the pin-retanung screw 618, A radial flunge 612 projests
fram the shaft 610 of the pin 608. An axial bore 614 extends from one end of the shaft 610, and
a radial throngh hole 616 extends through the shaft 601G in communication with the axial hoxe
614. A spring 622 engages the radial flange 612 of the pin 608 and urges the pin 608 into
engagement with the axial end of the pin-refaining screw 618, with an O-ring 620 disposed
lbetween the flange 612 of the pin 608 and the pin-retaining screw 618. With the pin 608 urged
against the pin-retainiog serew 618, airflow betwoen the swivel fitting 606 and the inner valve
chamber 604 13 prevented.

The inlet valve 600 preferably includes a pressure relisf mechanism, such as a rupturs
disk assembly 627. The upture disk assembly 627 mciudes a rapture disk retainer 626 threaded
into the valve body 602 and a rupture disk 628 formed from a rupturable material, such as
copper. When pressure within the inner chamber 604 exceeds a predetermined threshold value at
which the rupture diek 628 will rupture, pressure Is released from the chamber 604 through axial
and ractial channels formed in the rupture disk retaines 626,

A barbed projection 630 extends from he valve body 6(22. The barhed projoetion 630
incindes barbs which partially penetrate and engage a polymeric tube inta which the projection
630 is inserted. A threaded collar 634 is fornmed ut the base of the barbed projeciion 630 and is
engaped by 2 farrule (not shown, see, €.5., ferrule 280 in FIG. 1% and accompanying disclosure)
having a threaded opening at onc end thersof and a crimping pertion 1o be erimped onto the
polymeric tabe to thereby secure tho tube to the barbed projection 630. An external O-ring 6306
may be provided at the base of the threaded collar 634 to provide additional sealing betwean the
valve body 602 and a ferrulc (not shown) threaded onto the threaded collar 634,

An outlet chanrel 632 extends through the barbed projection £30. The outlet chamel §32
may be made restrictively parmow, sach as ontlet channel 326 of tnier valve 290 shawn in
FIG. 11, so that the eutlet channel 632 fonctions as a regulator to step down the pressure of fluid
flowing mio the pressurs vessel from a fill valve, as described above. A {ilter element 624, for
example a sintered brass filter element, can be disposed at the mouth ol the cutlel channel 632.

VWhen an appropriate fill fitling is coupled to the swivel fitting 006, the fill fitting
includes & shucture or mechanism, 23 is well known in the arn, that epgages the pin 608 to urge
the pin against the force of spring 22 out of engagement with the spring-retaining sorew 613.
Thereafter, pressurized fluid introduced at the swivel fitting 506 passes into the axial bore 614

and escapes the axial bore 614 through the radial hole 616 and flows into the inner cliamber 604,
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and through the filter 624 and the outlet channef 632. When the fill fitting is removed from the
swivel fitling 606, the pin 608, under the force generated by the spring 622, moves back into
engagement with the pin-retaining screw 618 &0 theteby prevent the flow of fivid out of the fnner
chumber 604,

T1G. 13 shows o preferred embadiment of an cutlet valve/regulator assembly 370. The
2ssembly 370 includes an outlet valve 372 attached io a polyrmeric tubing 410 by means of 2
fernle 402,

The outlet valve 372 has a4 high-pressure end 374 with a high-pressure batbed projection
408 and a threaded collar portion 404, A low pressure end 376 has g barbed fow-pressure outlet
projection 400 or somc other structure for pueumatically commecting the outlet valve assembly
372 to a fluid delivery system. An intornal chamber 378 1s defined between the high-pressure
end 374 and the low-pressure end 376. A rogulator seat 380 is disposed within the internal
chamber 378 at the ierminal end of passago 411 extending through barbed projection 408. for
clarity, the repaining internal pressure-reducing compencnts normally dispased within the
intormal chamber 378, and well-known to these gkilled 1o the arl, are pot shown.

The outlet valve 372 may include & pressure relicf mechamism, such as rupture disk
assembly 382, constiueted and arranged to relieve excessive pressure buildop in the high-
pressure szde of the internal chamber 378, As shown in FIG, 134, the rupture disk assembly 382
includes a disk-rctaining pin 388 inserted into a pin-receiving opening 390 formed in the side
wall of the high-pressure end 374 of the eutlet valve 372. Pin 388 and opeming 390 may cach be
threaded. A pilot hole 384 cxtends from the pin-resciving opening 340 into the high-pressure
sidec of the internal chamber 378, A rupture disk 336 is positioned in the boitom of the pin-
receiving opzoing 390 and is formed of a soft, rupturable material, such as copper. An axjal
charme! 392 js formed in the pin 388, Axial channel 392 conncets to 2 lransverse radial channel
394 formed through the pin 388. The rupture disk 386 is constructed anit arranged to ruptore
when the pressure in the high-pressure side of the intemal chamber 378 exceeds 2 predefined
maximum threshold pressure, thereby permitting pressure relief through the pilot hole 334 and
the chiannels 392 and 394.

Ferrule 402 inclndes a threaded opening 406G that threadedly engages the threaded coilar
404 of the hiph-pressure end 374. Ferrule 402 further includes a crimping portion 412 that may
be crimped (a3 shown) onto the polymsdic tubing 414 to secure the tubing 410 onto the batbed
projection 408.
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While the invention has been described in connection with what arc presently considered
to be the most practical and preferred embodiments, it is ta be understood that the invention is
not fo be mited to the disclosed ambodiments, but, on the contary, it 1% ivtended to cover
various modifications ind equivalent arrangements included within the spixit and scope of the
apponded claims. Thus, it is to be understeod that vaciations in the particular paramcters used in
defining the present invention can be made without departing from the novel aspects of this

invention as defined in the followmy claims.
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LCLAIMS
1. A container system for pressurized fluids comprisisg:

a pressure vessel comprising:

a plurality of hollow chambers, cach having a substantially spherical or
ellipsoidal shape and being fovmed fiom a pelymeric material,

a pluralaty of conduit sections formed from @ polyineric material, each
being positicned between adjucent ones of said plecality o hotlow chambers to
interconnest saxi plurality of hellow chambers, each of said conduit sections
having a maximum interer transverss dimension that s smaller than & maxivum
interior trangverse dimension of each of said hollow chambers; and

a reinforcing filament wrapped sronnd said hollow chambers and said
conduit sections; and

 fluid transfer control system attached to said pressure vessel and constmeted and

arranged lo control low of fluid inte and out of said pressure vessel.

2. The container system of claim 1, su1d pressure vesse] further comprising a liquid

impervious protective coating layer formed on said reinforving filament.

3 ‘The container system of claim 1, wherein said reinforcing filament compriscs
ararmid fiber,
4. The container system ef claim 1, wherein said hollow chambers and said conduit

sections are fonmed from a thormoplastic polyursthane elastorner.

5. Thie eontainer system of claim 1, further covnprising an inner kibular core
extending through each, of said plurality of chambers in generully coaxial alignment with said
conduit sections, each mer tubular core having formed thercin at least onc aperure disposed

within the interior of sach of said chiamnbers.

. The contatner systers of claim 1, wherem said pressure vessel compriscs one
confinuous steand of intercounected ones ol said plorality of chambers spaced apart by ones of

said plutality of conduit seciions, said confinnous strand being arranged in 2 sinous
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configuration turned alternately back and forth upon itself with successive extents of said strand
being generally parallel to each other.

7. The container system of claim 1, wherein said pressure vessel further comprises:

two or mere continuous strands of interconnecied ones of saild pluralily of chambers
spaced apart by ones of said plurality of conduit acctions, pertions of said two or more
continuous strands being arranged generally parsllel to each othar; and

a coupling stoueture defining an ivner plenum,

wherein 7 lirst eind of each of said two prmore continuous strands is sesied and 4 second
end of each of said two or maore continuous strands is connected fo said voupling structure in
fluid flow communication with said inner pleoum and wherein said fluid transfer control syster

is attached to said coupling structurs.

8. The container system of claim 7, wherein said two or more strands and said
coupling structure are contained in a {orm-retaining housing constructed aud arranged to
maintain the relative positions of said two or more strands and said conpling structure with &

portion of said fluid trauster control system acecssibly projecting from said housing.

9, The container system ol claimn 7, wherein said coupling structure compriscs a
distributor haviug an elongated shape and being arranged tramsversely to the paralle] portions of
satd two or more strands, sach of said two ot move atzands belog connected 1o said disnibutor at
a different position along the length thereof, and whercin s«id fluid transter contral system
comprisess

a one-way inlet valve attached to said distribotor proximate one end thereof and
being constructed and arranged to permil Muid under pressure to be injeeted ints said

joner plenum for distribution to each of said. two or more slrands and to prevent fluid .

within said inner plenum from cscaping therethrough, and

a regulator ouilet valve attached to said distributor proximate au opposite end

‘thereof and being constructed and arrauged to be selectively configured to either prevent

fluid withip said pressure vessel from escapinyg through said regutator outlet vaive or

permit fiuid within, said pressure vessel to escape Licough at an outlet pressure that

deviztes from a pressure of the lluid within said pressure vessel
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10.  The contaiper system of claim 7, wherein sajd coupling siructure comprises 2
manifold, each of said two or more strands being connected to said manifold, and wherein said
fluid transfer confrol mechanism compeises an outlet valve attached to said manifold and
constructed and ananged to be selectively configured to eltber prevent fluid within said pressure
vessel from cseaping through said regulator outlet valve or penmit fluid within said pressure
vesgel 0 escape through said regulator outlet valve at an outlet pressure that deviates from a

pressure of said flnid within said inner plenum and said twa or more strands.

11.  The container system of clajm 1, further comprising:

a first foam shell having a number of depressions farmed thersin comesponding to the
number of hollow chambers comprising said pressure vessel, cach of said depressions having a
shape and size that correspond to approximately one half of cach of said hollow chambers,
adjaccnt ones of said depressions being cormected by intorconnecting channcls, cach of said
channels having a size and shape correspending to approximately ons half of cach of said conduit
seotions, suid depressions and interconnceting channels being aranged in A preferred
configuration of said phurality of chambers and conduit sections; and

a second Toarn shell having a number of dspressions formed therein corresponding to the
pumber of hoflow chambers comprising said pressure vessel, each of said depressions baving a
shape and size that correspond to approximately one half of each of said hollow chambers,
adjacent ones of suid depressions bamng commested by interconmecting channels, each of said
channels having a size and shape corresponding te approximately one half of each of suid condait
sections, said depressians and fnterconnecting channels being arranged in a preferred
configuration of suid plurality of chambers and conduit sections,

said first foam shell being wranged with said depressions and interconnecting chimsels
{hereof in apposed facing relation with respect to correspending depressions and interconmecting
channels of said second foam shell, said pressure vessel being disposed between said first and
second foam shells with said plurality of hollow chambers and conduit sections being encased
withint mafing deprussions and interconnecting channels, respectively, of said first and second

foam shells.

12, The container system of claim !, wherein said flufd transfer contro system

comprises.
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a one-way inlet valve attached to s7id prassure vessel aud constructed and amanged o
permit fuid under pressure to be transforred trough said inlst valve and jote said pressure vessel
and te provent flnid within said pressure vesscl fivm escaping thereom througls seid inlet valve;
and

a regulator oytlet valve attached to said pressure vessel and being construsted and
arranged to be selectively configured to either preveni fluid within said pressure vesscl from
escaping therefror. through said regulator outlet valve or to permit fluid within said pressurc
vessel 6o escape thereftom through soid regnlator cutket valvs at an outlet pressure that deviates

from a pressure of the fluid within suid pressure vessel,
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