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Description
BACKGROUND OF THE INVENTION
1. Field Of The Invention

The present invention generally relates to liquid
withdrawal from a container. More particularly, the
present invention relates to an apparatus that provides
for withdrawal of the liquid contents from a closed con-
tainer, independent of the spatial orientation thereof.
The apparatus is useful in a self contained breathing ap-
paratus (SCBA) type respirator for withdrawal of a lig-
uefied breathable gas mixture from the container. How-
ever, in a broad sense, the present apparatus is useful
for withdrawal of any liquid from a closed container by
the pressure differential communicated between the in-
side of the container and a removal means located out-
side the container through a flexible conduit.

One preferred embodiment of the liquid withdrawal
apparatus of the present invention includes a flexible
conduit disposed inside a container and in fluid flow
communication with an external heat exchanger. The
heat exchanger serves to input heat energy from the
ambient atmosphere to the withdrawn liquid to thereby
provide a breathable gas mixture. The pick-up end of
the flexible conduit is weighted to ensure only liquid with-
drawal, independent of the spatial orientation of the con-
tainer. The flexible conduit transmits through a pressure
barrier at the container outlet to communicate with the
heat exchanger. The pressure barrier seals around the
flexible conduit to ensure that there is little to no com-
munication of pressure between the inside of the con-
tainer and the heat exchanger, other than the fluid flow
communication path provided by the conduit itself. A
pressure differential between the inside of the container
and the external heat exchanger, normally brought
about by an inhalation event of the user, provides the
motive force for withdrawing the liquid contents from the
container through the flexible conduit. Pressure inside
the container is maintained through vaporization of the
liquid contents which is saturated to some pressure, P,
of about 70,307 kg./m2 (100 psig), for example.

2. Prior Art

Various devices are known in the prior art for liquid
withdrawal from a container associated with a breathing
apparatus. However, these breathing apparatuses do
not function in all intended orientations of use of the con-
tainer. For example, U.S. Patent No. 3,572,048 to Mur-
phy describes an omnipositional cryogenic underwater
breathing apparatus comprising a reservoir tank having
two weighted liquid air pick-up tubes disposed trans-
verse through the length of the tank. The pick-up tubes
each are in turn connected to coiled tube sections which
have spring like properties that permit the weighted
ends of the pick-up tubes to fully move about the cross-
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section of the reservoir under the force of gravity. For
one, the pick-up tubes are not flexible and the coiled
tube sections only permit movement of the pick-up tubes
about the cross-section of the tank, not about the entire
volume enclosed by the tank, as in the present inven-
tion. Also, the Murphy breathing apparatus is not pro-
vided with a barrier structure at the tank outlet to regu-
late pressure communication between the inside of the
tank and the heat exchangers.

U.S. Patent No. 3,318,307 to Nicastro describes a
breathing pack for converting liquid air or liquid oxygen
into a breathable gas. This device includes a weighted
liquid withdrawal tube extending laterally outwardly from
a lower swivel. The lower swivel is connected by a pivot
tube to an upper swivel which in turn has a gas pressu-
rizing tube extending laterally outwardly therefrom, but
in an opposite direction with respect to the liquid with-
drawal tube. The weighted liquid withdrawal tube en-
suresthat the liquid contents are fed to a heat exchanger
to vaporize the liquid. However, the liquid withdrawal
tube is not flexible and it would not be in contact with
the liquid contents in all intended orientations of use of
the container, for example, if the container was posi-
tioned upside down.

In both the Murphy and Nicastro apparatus, the
withdrawal structure does not ensure liquid removal
throughout the entire volume of the container. Instead,
there can be withdrawal of the gaseous contents. The
weighted pick-up head of the present invention pre-
cludes this from occurring. Since the liquid withdrawal
conduit is flexible and its pick-up end is weighted, only
the liquid contents are removed from the container.
When the liquid contents are a liquefied, breathable gas
mixture, this ensured that only the withdrawn liquid is
flowed to the endothermic heat exchanger, which trans-
fers heat energy from the ambient atmosphere to the
liquid to vaporize the liquid to a breathable gas having
concentrations of the various constituents at a similar
relative content as they are in the liquid phase. In other
words, vaporization of the liquid contents only occurs in
the heat exchangers at a rate relative to consumption at
the facepiece. In this manner, the oxygen content of the
vaporized gas remains at a concentration level similar
to that of the cryogenic liquid.

U.S. Patent No. 5,353,835 to Mills describes a com-
pressed air tank having a venturi drain used to extract
fluid from the bottom of the tank as the stored air is si-
multaneously withdrawn therefrom. The venturidrain in-
cludes a flexible suction tube extending from a tank port
to a lower position in the tank where the tube's terminal
open end is held by a weight. The opposite proximal
open end of the suction tube is positioned within the tank
port, and as compressed air is withdrawn from the tank
a venturi effect creates a suction in the tube which in
turn withdraws the liquid from the bottom of the tank.
This device would not function properly in all intended
spatial orientations of use, for example, in an upside
down position.
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A venturi device is not practical with the present in-
vention because such a structure would prevent the cre-
ation of a pressure differential along a fluid flow commu-
nication path provided by the liquid withdrawal conduit
extending between the container interior and the exter-
nal heat exchanger. When the container is incorporated
as part of a SCBA, the pressure differential is created
by an inhalation event of the user breathing from down-
stream of the heat exchanger, and the pressure differ-
ential is responsible for regulated delivery of the breath-
able gas to the user. Additionally, if the gas removed
from the container is a breathable gas, the gas used to
drive the venturi will mix with the breathable gas and
contaminate it.

The prior art has further described various siphon
devices. Among them are U.S. Patent Nos. 1,395,753
to Wehle and 1,995,308 to Naftel et al. Even though
these devices are provided with a flexible withdrawal
tube, they are not particularly adapted for use as part of
a SCBA. For one reason, these siphon devices may not
be capable of liquid withdrawal completely independent
of the spatial orientation of the container. Also, as si-
phons, they rely on atmospheric pressure to withdraw
liquid from the container whereas the liquid withdrawal
apparatus of the present invention relies on the differ-
ential pressure between the external heat exchanger
and the inside of the container brought about by an in-
halation event.

SUMMARY OF THE INVENTION

The liquid withdrawal apparatus of the present in-
vention includes a flexible conduit provided with a pick-
up head at an upstream end thereof. The pick-up head
keeps the withdrawal conduit in contact with the liquid
contents of, for example, a liquefied-gas container, at all
times and even when the liquid contents are nearly de-
pleted, independent of the spatial orientation of the con-
tainer. Preferably, the withdrawal conduit comprises a
multiplicity of relatively small diameter, flexible tubes.

In one embodiment of the present invention, the
pick-up head is an asymmetrically weighted flotation de-
vice that ensures that the pick-up end of the withdrawal
conduit is always submerged below the liquid surface
rather than in communication with the gaseous head.
The outlet end of the withdrawal conduit delivers the lig-
uid contents to one or more endothermic heat exchang-
ers, sufficiently downstream from the Dewar container
to ensure rapid vaporization of the liquid to a warmed,
breathable gas. A barrier structure such as a septum
and the like, is provided at the entrance to the heat ex-
changer, upstream from the outlet end of the withdrawal
conduit to ensure that there is little to no communication
of pressure (and consequently fluid) from the inside of
the Dewar to the heat exchanger, other than the pres-
sure communication path provided by the withdrawal
conduit itself. It is the pressure differential between the
inside of the Dewar container, as generated by the liquid
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saturated to some pressure Py, and the pressure in the
heat exchange Py,, which is the driving force for deliver-
ing liquid to the heat exchanger.

In a multi-component liquid, such as a liquefied,
breathable gas mixture comprising nitrogen and oxy-
gen, itis important to withdrawal only liquid from the con-
tainer. The withdrawn liquid is than vaporized to a gas-
eous phase. Since the liquid is vaporized in a relatively
closed system, i.e., in the heat exchanger, the percent-
age of the various constituents in the gaseous phase is
similar to the liquid phase. Thus, the present invention
prevents withdrawal from the head space of the contain-
er. Withdrawal from the head space is undesirable be-
cause the constituent with the lower vapor pressure, i.
e., nitrogen, flashes before oxygen to give a nitrogen
rich gas at the breathing regulator. These and other as-
pects of the present invention will become more appar-
entto those skilled in the art by reference to the following
description and to the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view, partly elevational, partly cross-sec-
tional, partly schematic and partly in block diagram of a
Dewar container 10 including a liquid withdrawal conduit
means 58 of the present invention associated with a
pick-up head-means 60 floating on the surface of the
cryogenic liquid 16.

Fig. 2 is an enlarged and broken away, partial ele-
vational, partial cross-sectional view of one pair of cap-
illary tubes 136 of the liquid withdrawal conduit means
58 passing through a septum 140.

Fig. 3 is a cross-sectional view of one embodiment
of a float-type liquid pick-up head means of the present
invention.

Fig. 4 is a partial elevational, partial Cross-sectional
view of the Dewar container 10 shown in Fig. 1 provided
with a sinker-type liquid pick-up head means sub-
merged in the cryogenic liquid 16.

Fig. 5 is a broken away, partial cross-sectional view
of the Dewar container 10 shown in Fig. 4 rotated 90
degrees into a horizontal position.

Fig. 6 is a cross-sectional view of another embodi-
ment of a sinker-type liquid pick-up head means accord-
ing to the present invention.

Fig. 7 is a cross-sectional view of the sinker-type
liquid pick-up head means shown in Fig. 6 and floating
in the cryogenic liquid 16.

Fig. 8 is a bottom plan view of the sinker-type liquid
pick-up head means shown in Figs. 4 and 5.

Fig 9 is a cross-sectional view along line 9-9 of Fig.
8.

Fig. 10 is an enlarged and broken away, partial el-
evational, partial cross-sectional view of the Dewar con-
tainer 10 according to the present invention including a
sinker-type pick-up head 116.
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DETAILED DESCRIPTION OF THE INVENTION

Turning now to the drawings, Figs. 1, 4and 10 show
a cryogenic fluid Dewar container 10, partly in elevation,
partly in schematic and partly in cross-section, which is
suitable for use with the liquid withdrawal apparatus of
the present invention. It should be understood that con-
tainer 10 is merely exemplary, and in that respect, con-
tainer 10 represents one embodiment of a container that
is useful with the liquid withdrawal apparatus of the
present invention. In other words, the present liquid
withdrawal apparatus is useful with many types of con-
tainers whose shape and construction are only limited
by the imagination of those skilled in the art. For exam-
ple, while container 10 is shown having a generally cy-
lindrical shape closed at both ends, the present liquid
withdrawal apparatus can be adapted for use with con-
tainers having a myriad of shapes other than cylindrical.
However, the container does need to be closed.

The cryogenic liquid Dewar container 10 comprises
an outer container means or outer shell 12 mounted
around and surrounding an inner container means or in-
ner shell 14 containing a cryogenic liquid 16. The cryo-
genic liquid 16 is a liquefied-gas mixture capable of sup-
plying a breathable gas mixture to a breathing regulator
18 and an associated facepiece 20, as indicated in block
diagram representation in Fig. 1.

The outer shell 12 has a generally cylindrical side
wall extending along and around the longitudinal axis of
the container 10 with first and second dome portions
12A and 12B closing the opposed ends thereof. Simi-
larly, the inner shell 14 has a cylindrical side wall extend-
ing along and around the longitudinal axis with first and
second dome portions 14A and 14B closing the op-
posed ends thereof. The space 22 formed between the
coaxially aligned outer and inner shells 12 and 14 is
evacuated and provided with an insulation material (not
shown) that helps to thermally insulate the cryogenic lig-
uid 16 from the ambient environment. A getter material
24 is mounted on the outside of the second dome 14B
of the inner shell 14 to remove any residual gases in the
evacuated space 18 between the shells 12and 14 by a
sorption process. This insulation structure is typically re-
ferred to as super insulation and is commonly used in
the construction of liquefied gas containers.

A liquid fill valve 26 is mounted on the second dome
12B of the outer shell 12. Valve 26 serves as a connec-
tion means for connecting the Dewar container 10 to a
pressurized liquefied-gas supply (not shown) for filling
the cryogenic liquid 16 into the inner shell 14.

A tube 28 supports a manifold block 30 positioned
spaced above the first dome 14A of the inner shell 14,
as oriented with respect to Fig. 1. Tube 28 depends into
the interior of the inner shell 14, to provide a vent space
where a gas pocket forms to prevent the inner shell from
being overfilled, as is well known to those skilled in the
art. The saturation vapor pressure of the cryogenic liquid
16 inside the inner shell 14 is about 4.137 bar (60 psig)
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minimum, and more preferably at about 6.895 to 8.964
bar (100 to 130 psig). The system will however operate
at liquid saturation pressures well below 4.137 bar (60
psig). A relief valve (not shown), compatible with cryo-
genic fluids, communicates with the interior of the inner
shell 14. In case of over pressurization of the inner shell,
the relief valve is set to actuate at about 9-653 bar (140
psig).

Valve 26 leads to a gas trap 32 forming a 360 degree
loop in the insulating space 22 between the shells 12
and 14. When valve 26 is closed and with cryogenic lig-
uid 16 provided in the inner shell 14, there will always
be a high side of the trap 32 that is filled with gas. The
difference in the coefficient of heat transfer of a gas com-
pared to a liquid is on the order of magnitude of about
ten to as much as a thousand for a boiling liquid. That
way, trap 32 helps prevent ambient heat from conduct-
ing to the cryogenic liquid 16 in the inner shell 14.

As shown in Figs. 1, 4 and 10, afirst opening 34 is
provided in the upper dome 12A of the outer shell 12
and a second opening 36 is provided in the upper dome
14A of the inner shell 14. The perimeter of opening 34
is spaced from a cylinder 38 having its lower end se-
cured to the perimeter of the second opening 36 aligned
along the longitudinal axis of the container 10.

An annular flange 42 has an enlarged base portion
44 secured to the perimeter of opening 34, spaced from
the side wall of cylinder 38 with an inwardly extending
upper annular rim 46 securedto the cylinder 38 adjacent
to the annular connection. A cap 48 is threaded on
flange 42. Cap 48 is provided with a central recess 50,
a bottom wall 52 of which has an opening. Bottom wall
52 supports a sleeve 54 fitted in a closely spaced rela-
tionship around a portion of the tube 28 communicating
between the interior of the inner shell 14 and the exterior
thereof. A compression nut 56 is threaded on sleeve 54
to align the tube 28 and the manifold block 30.

Tube 28 partially sheaths aflexible liquid withdrawal
conduit means 58 (shown partly in elevation and partly
in dashed lines in Figs. 1 and 4) having an end disposed
inside of a pick-up head means 60 (Figs. 1, 4 and 5) that
ensures that the pick-up end of the conduit means 58 is
always submerged below the surface of the cryogenic
liquid 16, independent of the spatial orientation of the
container 10. The pick-up means 60 preferably has a
spherical shape with a polished finish. This allows the
pick-up head means 60 to translate on the inner surface
of the inner shell 14 and decreases the coefficient of slid-
ing friction between the pick-up head means 60 and the
inner shell 14. To enhance translation of the pick-up
means 60 inside the inner shell 14, the inner surface of
the inner shell preferably have a continuously curved
configuration (not shown in Figs. 1, 4, 5and 10).

The liquid withdrawal conduit means 58 is of a pol-
ymeric material that is not adversely affected by contact
with the cryogenic liquid 16. Preferably, there are four
or more small diameter conduits 58 made of a synthetic
polymeric material, such as polytetrafluoroethylene



7 EP 0 824 647 B1 8

having an inside diameter of between about 0.0508 to
0.1016 cm (0.020 to 0.040 inches), 0.0762cm (0.030
inches) being preferred with about a 0.01524 to 0.0254
cm (0.006 to 0.010 inch) wall thickness. Also, the tubes
can be sheathed for additional mechanical strength.

Several embodiments of the liquid pick-up head
means 60 and associated liquid withdrawal conduit
means 58 will now be described in detail.

The first type consists of a float-type pick-up head
(Fig. 1) which rests on the surface of the cryogenic liquid
16. Float 64 is asymmetrically weighted to ensure that
the pick-up end of the liquid withdrawal conduit means
58 is always in contact with the cryogenic liquid 16 as
the liquid moves in the inner shell 14 in response to
changing Dewar container 10 orientations. Another type
of liquid pick-up head means 60 comprises a weighted
member, such as a sinker-type 66, as shown in Figs. 4
and 5. In this latter embodiment, the pick-up end of the
liquid withdrawal conduit means 58 is submerged in the
cryogenic liquid 16 with the sinker 66 readily following
the low side (Fig. 5) of the inner surface of the inner shell
14. That way, the sinker 66 ensures that the liquid with-
drawal conduit means 58 is always in fluid flow commu-
nication with the liquid 16 until the liquid is essentially
depleted fromthe inner shell 14, independent of the spa-
tial orientation thereof.

Various embodiments of the pick-up head means
comprising the float-type 64 and the sinker-type 66 will
be described in detail presently.

As shown in Fig. 3, one embodiment of the float-
type liquid pick-up head 64 comprises a spherically-
shaped member 68 having a main opening 70 provided
with a grommet 72. The liquid withdrawal conduit means
58 pass through the grommet 72 and extend to a differ-
ential weight 74 disposed inside the sphere 68 opposite
the main opening 70. The pick-up end of the four with-
drawal conduits 58 each terminate at respective open-
ings 76 in the sphere 68. This structure maintains each
of the withdrawal conduits 58 in fluid flow communica-
tion with the cryogenic liquid 16 in the inner shell 14 as
the sphere 68 rests on the surface thereof.

Figs. 6 and 7 show one embodiment of a sinker-
type 66 liquid pick-up head comprising a spherically-
shaped member 78. Sphere 78 has a plurality of open-
ings or perforations 80 therein for fluid flow communica-
tion of the cryogenic liquid 16 into the interior of the
sphere 78. A wicking material 82, such as a felt material
and the like, is disposed inside the sphere 78 supporting
a secondary sphere 84 at a central location therein. The
secondary sphere 84 is also hollow with a plurality of
openings or perforations 86 that provide for fluid flow
communication of the cryogenic fluid 16 therein. The
sphere 78 includes a main opening 88 provided with a
grommet 90 having the withdrawal conduits 58 passing
therethrough. The withdrawal conduits 58 enter the sec-
ondary sphere 84 with their pick-up ends 92 positioned
approximately at the center of the secondary sphere 84.
When the sphere 78 is in contact with the cryogenic lig-
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uid 16 inside the inner shell 14, the liquid 16 enters the
sphere 78 through the openings 80. The wicking mate-
rial 82 draws the cryogenic liquid 16 up into the sphere
78 1o a level such that the cryogenic liquid 16 flows
through the openings 92 and fills into the secondary
sphere 84. As shown, the cryogenic liquid 16 fills the
secondary sphere 84 by capillary action to a level above
the center point thereof and sufficient for fluid flow com-
munication with the pick-up end of the withdrawal con-
duits 58. The pick-up end of conduits 58 are fixed at the
center point of secondary sphere 84 so that no matter
the orientation of sphere 84, there is always fluid flow
communication with the conduits 58.

Another embodiment of the sinker-type 66 liquid
pick-up head is shown in Figs. 8 and 9, and it comprises
a spherically-shaped weighted member 94. Although
sphere 94 is preferably made of a metal material having
a sufficient mass to seek the low side of the inner surface
of the inner shell 14, it can also be made of a plastic or
other materials. In the latter case, the sphere 94 is
weighted, for example by differential weight 74 shown
in Fig. 3, to ensure that the withdrawal conduits 58 are
always immersed in the cryogenic liquid 16 at the low
side of the inner shell 14.

Spherical member 94 is provided with a sufficient
number of through bores to receive the withdrawal con-
duits 58. There can be as few as one conduit 58, or as
many as four or more of them. Fig. 9 shows an exem-
plary conduit bore 96 comprising a first diameter pas-
sage 98 extending from an upper position on sphere 94
to an outwardly tapered frusto-conically shaped section
100. Passage 98 is sized to receive the withdrawal con-
duits 58 in a closely spaced relationship. Frusto-conical
section 100 leads to a threaded bore 102 having a di-
ameter sizedto receive athreaded insert 104. Insert 104
has a first, large diameter opening 106 leading to a sec-
ond inner fluid opening 108 having a lesser diameter ex-
tending to a central tap 110 provided with a frusto-con-
ical shape. With the withdrawal conduits 58 received in
the passage 98 such that the pick-up end of tube 62 ex-
tends into the threaded bore 102, the insert 104 is
threaded therein to cause the tap 110 to capture the
pick-up end of the withdrawal conduits 58 between the
tap 110 and the frusto-conical section 100 of passage
98. A lock ring 112 is then inserted into the threaded
bore 102 abutting the insert 104 to lock the insert 104
and captured conduit 62 in place. A similar construction
exists for the other withdrawal conduits 58.

The spherical member 94 is completed by a plurality
of blind bores 114 drilled or otherwise formed extending
therein. The blind bores 114 are provided from both up-
per and lower positions on the sphere 94 and serve to
remove weight from the sphere.

Fig. 10 shows still another embodiment of a sinker-
type 66 liquid pick-up head comprising a generally hol-
low sphere 116 having the withdrawal conduits 58 as-
sociated therewith. Sphere 116 has a plurality of open-
ings or perforations 118 through its sidewall which pro-
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vide for fluid flow of the cryogenic liquid 16 into and out
of the interior thereof. A weighted block 120 having a
sufficient number of bores to receive the respective with-
drawal conduits 58 is enclosed inside sphere 116. Bore
122 is exemplary and it has a first portion 124 sized to
receive one of the withdrawal conduits 58 in a closely
spaced relationship therewith. The first portion 124 of
bore 122 leads to a second portion 126 having an out-
wardly extending frusto-conical taper that in turn forms
into a cylindrically shaped portion. The cylindrical por-
tion threadingly receives an insert 138 that captures the
pick-up end of the withdrawal conduit 58 there and in
fluid flow communication with the cryogenic liquid 16
when the sphere 116 is immersed in the liquid. Sphere
116 is not shown immersed in cryogenic liquid 16 in Fig.
10.

Sphere 116 is further provided with a number of tube
openings 130 that receive the withdrawal conduits 58
for passage therein and eventually into the block 120.
An elastomeric washer 132 is fitted around each with-
drawal conduit on the inside of sphere 116 while individ-
ual grommets 134 surround the tubes 62 proximate the
outer surface of the sphere 116. The grommets 134 abut
the outer surface of the sphere 116 and help prevent
chaffing and wear of the withdrawal conduits 58 against
the opening 130.

As shown in Figs. 1, 2 and 4, the withdrawal con-
duits 58 are in fluid flow communication between the
pick-up head 60 through tube 28 to an upper end thereof
where they separate into two pairs of conduits 136 and
138. Each conduit pair 136 and 138 passes through a
corresponding pressure barrier, such as septums 140
and 142 disposed inside passages in the manifold block
30 and lead into respective heat exchangers 144 and
146 (shown in dashed lines in Fig. 1). The bifurcation of
the withdrawn liquid into two heat exchangers 144 and
146 benefits the dynamics of vaporization of the liquid
to a gaseous phase and helps maintain a uniform pres-
sure profile through the entire length of the system.
However, the use of two heat exchangers is not neces-
sary for proper functioning of the present invention.

Septum 140 is exemplary. As particularly shown in
Fig. 2, the pair of conduits 136 communicate through
the septum 140 received in a passage 148 in the man-
ifold block 30. The septum 140 is secured in passage
148 with anut 150 threaded therein. A washer 152 abuts
the nut 150 and is locked in place with a fitting 154
threaded into the passage 148. The downstream end of
fitting 154 is provided with an inner frusto-conically
shaped taper 156 that receives an annular elastomeric
wedge 158 sealed around an intermediate conduit 160
leading to a heat exchanger conduit 162 connected to
heat exchanger 144. Finally, a union nut 164 is threaded
onto the downstream end of the fitting 154 to secure the
seal 158 around the intermediate conduit 160. This con-
struction ensures that the septum 140 captures the pair
of conduits 136 sealed in respective openings there-
through so that there is little or no communication of
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pressure (or mass) between the inside of the inner shell
14 and the endothermic heat exchanger 144, other than
the communication path afforded by the inside of the
pair of conduits 136 themselves. The other pair of con-
duits 138 and its septum 142 is similar in construction
and, as shown in Figs. 1, 2, 4 and 10, it includes a pas-
sage 164 in manifold block 30, the passage 164 receiv-
ing a nut 166, a washer and a fitting 168 with a union
nut 170 threaded onto the fitting 168. An intermediate
conduit 172 leads from fitting 168 to a heat exchanger
conduit 174 connected to heat exchanger 146.

The outlet of the flexible conduit pairs 136 and 138,
after penetrating the septa 140, 142, extend sufficiently
downstream of the Dewar container 10 such that the lig-
uid emerging therefrom impinges upon the heat ex-
changers 144, 146 to vaporize and/or traverse a path to
where the liquid can vaporize readily. The heat exchang-
ers 144 and 146 each receive about one half of the with-
drawn liquid and they serve to transfer heat from the am-
bient atmosphere to the cryogenic liquid 16, which pref-
erably is a liquefied breathable gas mixture, to vaporize
the liquid to a gas and then to warm the gas to a breath-
able temperature. An outboard end of the endothermic
heat exchangers 144, 146 merges at a manifold (not
shown) that connects to a flexible breathing hose 176
that supplies the warmed gas to the breathing pressure
regulator 18 and an associated facepiece 20 worn by
the user breathing the gas mixture, as shown schemat-
ically in Fig. 1. Thus, the septa 140, 142 ensure that the
sole path of pressure and mass communication be-
tween the inside of the inner shell 14 and the heat ex-
changers 144, 146 is through the withdrawal conduit 58
to maintain the uniform system pressure up to the reg-
ulator. The cryogenic liquid 16 is preferably at a saturat-
ed liquid pressure of between about 6.895 to 8.964 bar
(100 to 130 psig), and this operating pressure is trans-
mitted through the entire length of the withdrawal sys-
tem. For a more detailed description of the heat ex-
changers 144, 146 and the flow of liquid and/or gas
through them, reference is made to the copending filed
application entitled "Apparatus For Circulating A Cool-
ing Airflow Inside A Microenvironment Suit and Method,
" U.S. patent application Serial No. 08/426,022 which is
assigned to the assignee of the present invention.

In Use

Dewar container 10 is intended for use by people
needing to breath in a hostile environment where the
atmosphere may not be conducive to supporting life. In
that respect and initially referring to Fig. 1, a user will
first don the facepiece 20 and associated breathing gas
regulator 18 while the container 10 is carried on the back
by a harness, as is well known to those of ordinary skill
in the art.

Inner shell 14 has previously been filled with cryo-
genic liquid 16 at a liquid saturation pressure of about
6.895 10 8.964 bar (100 to 130 psig). The cryogenic lig-
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uid 16 is preferably a breathable gas mixture. The reg-
ulator 18 associated with the facepiece 20 is then actu-
ated and breathing begins. The various pick-up heads
means 60, i.e. the float-type members 64 shown in Figs.
1 and 3 and the sinker-type members 66 shown in Figs.
4 to 10 ensure that the inlet to the withdrawal conduits
58 are in fluid flow communication with the liquid 16, in-
dependent of the spatial orientation of the Dewar 10.
The withdrawal conduits split into the conduit pairs 136
and 138 which transmit through the septa 140, 142 and
deliver the liquid 16 to the respective heat exchangers
144 and 146. The septa 140, 142 ensure that the only
communication path between the inside of the inner
shell 14 and the endothermic heat exchangers 144, 146
is afforded by the withdrawal conduit 58 themselves.
The outlet of the withdrawal conduit 58 empties into the
heat exchangers 144, 146 which transfer heat from the
ambient atmosphere to the cryogenic liquid, thereby va-
porizing the liquid to a gas and then warm the gas to
about ambient temperature. Alternatively, the gas can
be warmed to a cooler temperature than ambient if so
desired. The heat exchangers 144 and 146 maintain the
concentration of the various constituents consisting of
the liquified gas mixture at a similar concentration as
they are in the liquid phase. The breathable gas mixture
flows from the heat exchangers to a manifold (not
shown) that connecits to the flexible breathing hose 176
(Fig. 1) leading to the regulator 18 which is attached to
the facepiece 20.

Thus, with no breathing demand, cryogenic liquid
16 at about 6.895 10 8.964 bar (100 to 130 psig) is trans-
mitted through the conduit pairs 136 and 138 and the
heat exchangers 144 and 146 where heat is transferred
to the liquid to first provide a raised fluid and as further
heat is transferred, the gas is warmed to about ambient
temperature and made suitable for breathing. During an
inhalation event, this breathable gas communicates to
the regulator 18 attached to the facepiece 20 such that
the entire system including the liquid withdrawal conduit
means 58, the heat exchangers 144 and 146 and the
breathing hose 176 leading to the facepiece regulator
18 are approximately at the pressure of the saturated
liquid, i.e. at about 6.895 to 8.964 bar (100 to 130 psig),
neglecting pressure drop consideration of the heat ex-
changers and the flexible hose (not shown) leading from
the heat exchangers to the regulator). As is well known
to those skilled in the art, the regulator provides the
breathing gas to the facepiece 20 on demand while
maintaining a positive pressure inside the facepiece or
about 0to 4,98 mbar (0 to 2 inches water column) above
the pressure outside the facepiece. Further, the descrip-
tion of the present apparatus with respect to an inhala-
tion event should not be construed as a limitation. The
regulator 18 also can be used in a constant flow mode
or any other mode of operation, as is well known tothose
skilled in the art.

As the cryogenic liquid 16 moves through the heat
exchangers 144 and 146 where heat is transferred to it
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from ambient surroundings, the pressure of the resulting
gas phase increases. When the pressure in the heat ex-
changers 144 and 146 essentially equals the pressure
inside the inner shell 14, i.e. about 6.895 to 8.964 bar
(100 to 130 psig), (neglecting hardware pressure drop
considerations) liquid 16 removal through the conduits
58 ceases. Then, any withdrawal of warmed gas from
the downstream end of the heat exchangers, for in-
stance as the user inhales during a normal respiratory
demand requirement, causes the pressure in the heat
exchangers 144 and 146 to decrease. This creates a
pressure differential between the inside of the Dewar
container 10 and the endothermic heat exchangers 144
and 146 through the withdrawal conduit 58 while simul-
taneously promoting vaporization of any liquid 16 resid-
ing in the heat exchangers. The pressure differential
again causes liquid 16 to flow in the flexible withdrawal
conduits 58 from the relatively high pressure Dewar con-
tainertothe lower pressure heat exchanger 144 and 146
side to replace the gaseous volume removed or con-
sumed from the heat exchangers 144 and 146 during
the breathing event until pressure equilibrium is again
established. Consequently, fluid flow from the inner shell
14 of the Dewar container 10 through the withdrawal
conduits 58 to the heat exchangers 144 and 146 is gov-
erned by any withdrawal or removal of gas from the sys-
tem, for example, the user's respiratory demand require-
ments.

If it is desired to operate the respirator 20 at a nom-
inal pressure of about 6.895 to 8.964 bar (100 to 130
psig), then the inner shell 14 is charged with a liquid mix-
ture saturated at a pressure within this range. For all
intents and purposes, the head gases inside the inner
shell 14, do not get consumed during the respiratory de-
mand cycles because of the septa 140, 142, and the
liquid removal or withdrawal system operates at 6.895
to 8.964 bar (100 to 130 psig) until the liquid contents
are depleted. There is of course a nominal decrease in
saturation pressure of liquid as it is consumed through
flashing of the liquid inside the container. The liquid
flashes in order to generate gas which occupies the dis-
placed liquid contents consumed during the normal res-
piratory demand requirements.

If the pressure in the endothermic heat exchangers
increases to a pressure greater than the pressure inside
the inner shell 14, a slight back flow of gases occurs
from the heat exchangers to the inner shell 14 until pres-
sure equalization is again re-established and/or until a
pressure relief valve (not shown) opens. It should be
noted, however, that heat transfer to stagnant gases in-
side the heat exchangers 144 and 146 is relatively small,
and consequently the liquid withdrawal apparatus of the
present invention is very stable with respect to pressure
build-up during use relative to the desired breathing
pressure operating range.

It is intended that the foregoing description only be
illustrative of the present invention and that the present
invention is limited only by the hereafter appended
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claims.

Claims

An apparatus that is useful for withdrawing a liquid
from a closed container, which comprises:

(a) conduit means (58) comprising an upstream
open end disposed inside the container (10)
and an opposed downstream open end located
outside the container (10), wherein at least a
portion of the conduit means (58) is of a flexible
material such that the conduit means (58)
reaches all of an enclosed volume of the con-
tainer (10) intended to contain liquid (16) upon
changes in the orientation of the container (10)
while maintaining free and open flow there-
through;

(b) a pick-up means (60) provided at the up-
stream open end of the conduit means (58),
wherein the pick-up means (60) comprises an
enclosing side wall with the upstream open end
of the conduit means (58) disposed therein sur-
rounded by a wicking material (82) housed in-
side the pick-up means (60) and wherein the
enclosing side wall is provided with at least one
perforation (86) for enabling the wicking mate-
rial (82) to draw the liquid into the pick-up
means (60) to thereby maintain the upstream
open end in contact with the liquid (16); and
(c) removal means (30, 144, 146, 18, 20) locat-
ed outside the container (10) and in fluid flow
communication with the downstream open end
of the conduit means (58), wherein when an
outer pressure in the removal means (30, 144,
146, 18, 20) is less than an inner pressure taken
inside the container (10), and upon changes in
the orientation of the container (10) or with no
change in the container orientation, the liquid
(16) is caused to flow through the conduit
means (58) from the enclosed volume to the re-
moval means (30, 144, 146, 18, 20).

The apparatus of claim 1, wherein the liquid (16) is
a cryogenic liquid and the conduit means (58) is of
a flexible, synthetic polymeric material that is not
adversely affected by contact with the cryogenic lig-
uid (16).

The apparatus of claim 2, wherein heat is supplied
to the cryogenic liquid (16) in the removal means
(30, 144, 146, 18, 20) to vaporize the liquid (16) to
a gas and wherein liquid removal from the container
(10) ceases at such time as the pressure inside the
container (10) essentially equals the pressure in the
removal means (30, 144, 146, 18, 20).
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10.

11.

12.

13.

The apparatus of any of claims 1 to 3, wherein at
least the portion of the conduit means (58) that
reaches all of the enclosed volume intended to con-
tain liquid (16) is of polytetrafluoroethylene.

The apparatus of any of claims 1 to 4, wherein the
pick-up means (60) comprises a sinker (66) sub-
merged in the liquid (16).

The apparatus of any of claims 1 to 4, wherein the
pick-up means (60) comprises a float (64) that rests
on or slightly submerged below the surface of the
liquid (186).

The apparatus of any of claims 1 to 6, wherein the
conduit means (58) comprises a plurality of flexible
tubes.

The apparatus of any of claims 1 to 7, wherein the
removal means (30, 144, 146, 18, 20) is a heat ex-
changer (144, 146) that serves to transfer heat to
the liquid (16) and to provide a raised-energy fluid
and wherein liquid removal from the container (10)
ceases at such time as the pressure inside the con-
tainer essentially equals the pressure in the heat ex-
changer (144, 146).

The apparatus of any of claims 1 to 8, further includ-
ing a consumption means provided to consume the
raised-energy fluid from the heat exchanger (144,
146) so that a pressure differential is set up between
the heat exchanger (144, 146) and the inside of the
container (10) through the conduit means (58) that
causes the liquid contents to flow through the con-
duit means (58) and into the heat exchanger (144,
146).

The apparatus of any of claims 1 to 9, wherein the
cryogenic liquid (16) comprises a breathable gas
mixture and wherein the consumption means com-
prises a facepiece (20) that is worn by a user of the
apparatus to breath said breathable gas mixture.

The apparatus of any of the claims 1 to 10, wherein
the cryogenic liquid is comprised of a breathable lig-
uefied gas mixture containing oxygen and nitrogen.

The apparatus of any of claims 1 to 11, wherein the
container (10) includes an inner container means
(14) provided to store the cryogenic liquid (16) and
an insulation means housing the inner container
means (14) in a surrounding relationship to retard
ambient heat conduction and radiation to the cryo-
genic liquid (16) inside the inner container means
(14).

Amethod for withdrawing a liquid from a closed con-
tainer, which method comprises
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(a) providing a flexible conduit means (58) com-
prising an upstream open end disposed inside
the container (10) and an opposed downstream
open end located outside the container (10),
wherein at least a portion of the conduit means
(58) is of a flexible material such that the con-
duit means (58) reaches all areas of the con-
tainer (10) intended to contain liquid (16) upon
changes in the orientation of the container (10)
while providing for free and open flow there-
through;

(b) providing a pick-up means (60) at the up-
stream open end of the conduit means (58), the
pick-up means (60) comprising an enclosing
side wall with the upstream open end of the
conduit means (58) disposed therein surround-
ed by a wicking material (82) housed inside the
pick-up means (60) and further providing the
enclosing side wall having at least one perfora-
tion (86) for enabling the wicking material (82)
to draw the liquid into the pick-up means (60)
thereby maintaining the upstream open end in
contact with the liquid (16);

(c) providing a removal means (30, 144, 146,
18, 20) located outside the container (10) with
the downstream open end of the conduit means
(58) leading to the removal means (30, 144,
146, 18, 20);

(d) creating a pressure differential between an
outer pressure taken in the removal means (30,
144, 146, 18, 20) and an inner pressure taken
inside the container (10); and

(e) withdrawing the liquid (16) from the contain-
er (10) through the conduit means (58) when
the outer pressure communicating through the
conduit means (58) is less than the inner pres-
sure inside the container (10) and causing, up-
on changes in the orientation of the container
(10) or with no changes in the container orien-
tation, the liquid (16) to flow through the conduit
means (58) from inside the container (10) to the
removal means (30, 144, 146, 18, 20).

The method of claim 13, including providing the lig-
uid (16) as a cryogenic liquid and providing the con-
duit means (58) of a flexible, synthetic polymeric
material that is not adversely affected by contact
with the cryogenic liquid (16).

The method of claim 13 and claim 14, including pro-
viding the removal means (30, 144, 146, 18, 20) va-
porizing the liquid (16) to a breathable gas mixture
delivered to a user to support life.

The method of any of claims 13to 15, including pro-
viding the pick-up means (60) comprising a sinker
(66) submerged in the liquid (16) independent of the
spatial orientation of the container (10).
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17.

18.
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The method of any of claims 1310 15, including pro-
viding the pick-up means (60) comprising a float
(64) resting on or submerged slightly below the sur-
face of the liquid (16).

The method of any of claims 1310 17, including pro-
viding at least the portion of the conduit means (58)
that contacts the liquid contents of the container
(10) of polytetrafluoroethylene.

Patentanspriiche

1.

Vorrichtung, die nltzlich ist zum Entnehmen einer
Flissigkeit aus einem geschlossenen Behalter,
welche umfaBt:

(a) eine Leitungs-Einrichtung (58), umfassend
ein stromaufwarts gelegenes offenes Ende,
das innerhalb des Behalters (10) gelegen ist,
und ein gegeniiberliegendes, stromabwarts
gelegenes offenes Ende, das auBerhalb des
Behélters (10) angeordnet ist, wobei wenig-
stens ein Teil der Leitungs-Einrichtung (58) aus
einem flexiblen Material derart besteht, daB die
Leitungs-Einrichtung (58) das gesamte einge-
schlossene Volumen des Behalters (10) er-
reicht, von dem beabsichtigt ist, da3 es Flis-
sigkeit (16) bei Anderungen der Orientierung
des Behalters (10) enthalt, wobei ein freies und
offenes FlieBen der Flissigkeit durch den Be-
héalter erhalten bleibt;

(b) eine Aufnahme-Einrichtung (60), die am
stromaufwarts gelegenen offenen Ende der
Leitungs-Einrichtung (58) vorgesehen ist, wo-
bei die Aufnahme-Einrichtung (60) eine um-
schlieBende Seitenwandung umfaBt, in der das
stromaufwarts gelegene offene Ende der Lei-
tungs-Einrichtung (58) umgeben von einem ei-
ne Dochtwirkung entfaltenden Material (82) an-
geordnet ist, das innerhalb der Aufnahme-Ein-
richtung (60) untergebracht ist, und worin die
umschlieBende Seitenwandung mit wenig-
stens einer Perforierung (86) versehen ist, um
es zu ermdglichen, dafl das eine Dochtwirkung
entfaltende Material (82) die Fllssigkeit in die
Aufnahme-Einrichtung (60) zieht und dadurch
das stromaufwérts gelegene offene Ende in
Kontakt mit der Flussigkeit (16) halt; und

(¢) Entnahme-Einrichtungen (30, 144, 146, 18,
20), die auBerhalb des Behalters (10) angeord-
net sind und in Fluid-Strom-Verbindung mit
dem stromabwarts gelegenen offenen Ende
der Leitungs-Einrichtung (58) stehen, wobei
dann, wenn-der AuBendruck in den Entnahme-
Einrichtungen (30, 144, 146, 18, 20) geringer
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ist als der Innendruck innerhalb des Behalters
(10), und bei Anderungen der Orientierung des
Behalters (10) oder bei Fehlen einer Anderung
der Orientierung des Behalters die Flussigkeit
(16) veranlafBt wird, durch die Leitungs-Einrich-
tung (58) von dem eingeschlossenen Volumen
zu den Entnahme-Einrichtungen (30, 144, 146,
18, 20) zu strémen.

Vorrichtung nach Anspruch 1, worin die Flussigkeit
(16) eine Tieftemperatur-Flissigkeit ist und die Lei-
tungs-Einrichtung (58) aus einem flexiblen, synthe-
tischen Polymermaterial besteht, das durch Kon-
takt mit der Tieftemperatur-Flissigkeit (16) nicht
nachteilig beeintrdchtigt wird.

Vorrichtung nach Anspruch 2, worin der Tieftempe-
ratur-Flissigkeit (16) in der Entnahme-Einrichtung
(30, 144, 1486, 18, 20) Warme zugefiihrt wird, um
die Flissigkeit (16) zu einem Gas zu verdampfen,
und worin die Entnahme von Fllssigkeit aus dem
Behalter (10) zu der Zeit aufhért, zu der der Druck
innerhalb des Behalters (10) im wesentlichen gleich
dem Druck in der Entnahme-Einrichtung (30, 144,
146, 18, 20) wird.

Vorrichtung nach einem der Anspriiche 1 bis 3, wor-
in wenigstens der Teil der Leitungs-Einrichtung
(58), der das gesamte eingeschlossene Volumen
erreicht, von dem beabsichtigt ist, dal3 es Fllissig-
keit (16) enthalt, aus Polytetrafluorethylen besteht.

Vorrichtung nach einem der Anspriiche 1 bis 4, wor-
in die Aufnahme-Einrichtung (60) ein in die Fliissig-
keit (16) eingetauchtes Gewicht (66) umfaft.

Vorrichtung nach einem der Anspriiche 1 bis 4, wor-
in die Aufnahme-Einrichtung (60) einen Schwimmer
(64) umfaflt, der auf der Oberflache der Fllssigkeit
(16) bleibt oder leicht unter die Fliissigkeits-Ober-
flache eingetaucht ist.

Vorrichtung nach einem der Anspriiche 1 bis 6, wor-
in die Leitungs-Einrichtung (58) eine Mehrzahl von
flexiblen Schlauchen umfaBt.

Vorrichtung nach einem der Anspriiche 1 bis 7, wor-
in die Entnahme-Einrichtung (30, 144, 146, 18, 20)
ein Warmetauscher (144, 146) ist, der dazu dient,
Warme auf die Flussigkeit (16) zu Ubertragen und
ein Fluid mit erhdhtem Energiezustand bereitzu-
stellen, und worin die Flissigkeitsentnahme aus
dem Behélter (10) zu der Zeit aufhdrt, zu der der
Druck innerhalb des Behélters im wesentlichen
gleich dem Druck in dem Warmetauscher (144,
146) wird.

Vorrichtung nach einem der Anspriiche 1 bis 8, wel-
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10.

11.

12.

13.

che weiter eine Verbrauchs-Einrichtung ein-
schlieBt, die zum Verbrauch des bei erhohtem En-
ergiezustand befindlichen Fluids aus dem Warme-
tauscher (144, 146) vorgesehen ist, so daf3 ein
Druck-Differential zwischen dem Warmetauscher
(144, 146) und dem Innern des Behélters (10) lUber
die Leitungs-Einrichtung (58) aufgebaut wird, das
die darin enthaltene Fllissigkeit veranlafit, durch die
Leitungs-Einrichtung (58) in den Warmetauscher
(144, 146) zu strédmen.

Vorrichtung nach einem der Anspriiche 1 bis 9, wor-
in die Tieftemperatur-Flussigkeit (16) eine atemba-
re Gas-Mischung umfaBt und worin die Verbrauchs-
Einrichtung eine Gesichtsmaske (20) umfaft, die
von einem Benutzer der Vorrichtung getragen wird,
um die atembare Gas-Mischung einzuatmen.

Vorrichtung nach einem der Anspriche 1 bis 10,
worin die Tieftemperatur-Flussigkeit aus einer
atembaren, verflissigten Gas-Mischung besteht,
die Sauerstoff und Stickstoff enthalt.

Vorrichtung nach einem der Anspriiche 1 bis 11,
worin der Behalter (10) eine Innenbehalter-Einrich-
tung (14), die zur Speicherung der Tieftemperatur-
Flissigkeit (16) vorgesehen ist, und eine Isolations-
Einrichtung einschlieBt, in der die Innenbehalter-
Einrichtung (14) in einer umgebenden Beziehung
untergebracht ist, um eine Leitung und Strahlung
der Umgebungswarme in Richtung auf die Tieftem-
peratur-Flissigkeit (16) innerhalb der Innenbehal-
ter-Einrichtung (14) zu verzégern.

Verfahren zum Entnehmen einer Fllissigkeit aus ei-
nem geschlossenen Behalter, welches die Schritte
umfaBt, daB man

(a) eine flexible Leitungs-Einrichtung (58) vor-
sieht, die ein stromaufwarts gelegenes offenes
Ende umfaBt, das innerhalb des Behalters (10)
gelegen ist, und ein gegeniberliegendes,
stromabwarts gelegenes offenes Ende umfaft,
das auBerhalb des Behalters (10) angeordnet
ist, wobei wenigstens ein Teil der Leitungs-Ein-
richtung (58) aus einem flexiblen Material der-
art besteht, daf3 die Leitungs-Einrichtung (58)
alle Bereiche des Behélters (10) erreicht, von
denen beabsichtigt ist, daB sie Fliissigkeit (16)
bei Anderungen der Orientierung des Behalters
(10) enthalten, wobei fur ein freies und offenes
FlieBen der Flissigkeit durch den Behalter ge-
sorgt wird,;

(b) eine Aufnahme-Einrichtung (60) am strom-
aufwarts gelegenen offenen Ende der Lei-
tungs-Einrichtung (58) vorsieht, wobei die Auf-
nahme-Einrichtung (60) eine umschlieBende
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Seitenwandung umfaBt, in der das stromauf-
warts gelegene offene Ende der Leitungs-Ein-
richtung (58) umgeben von einem eine Docht-
wirkung entfaltenden Material (82) angeordnet
ist, das innerhalb der Aufnahme-Einrichtung
(60) untergebracht ist, und worin man die um-
schlieBende Seitenwandung mit wenigstens ei-
ner Perforierung (86) versieht, um es zu ermdg-
lichen, daf3 das eine Dochtwirkung entfaltende
Material (82) die Flissigkeit in die Aufnahme-
Einrichtung (60) zieht und dadurch das strom-
aufwarts gelegene offene Ende in Kontakt mit
der Flissigkeit (16) halt;

(¢) eine Entnahme-Einrichtung (30, 144, 146,
18, 20) vorsieht, die auBerhalb des Behalters
(10) angeordnet ist, wobei das stromabwarts
gelegene offene Ende der Leitungs-Einrich-
tung (58) zu der Entnahme-Einrichtung (30,
144, 146, 18, 20) fuhrt;

(d) ein Druck-Differential zwischen dem Au-
Bendruck, der in der Entnahme-Einrichtung
(30, 144, 146, 18, 20) herrscht, und dem Innen-
druck schafft, der innerhalb des Behalters (10)
herrscht; und

(e) die Flussigkeit (16) aus dem Behélter (10)
durch die Leitungs-Einrichtung (58) entnimmt,
wenn der AuBBendruck, der Uber die Leitungs-
Einrichtung (58) Ubertragen wird, geringer ist
als der Innendruck innerhalb des Behdlters
(10), und man die Fliissigkeit (16) bei Anderun-
gen der Orientierung des Behalters (10) oder
bei Fehlen von Anderungen der Orientierung
der Behélters veranlaB3t, durch die Leitungs-
Einrichtung (58) aus dem Inneren des Behal-
ters (10) zu der Entnahme-Einrichtung (30,
144, 146, 18, 20) zu strébmen.

Verfahren nach Anspruch 13, welches einschlief3t,
daB man die Flussigkeit (16) als Tieftemperatur-
Flassigkeit bereitstellt und die Leitungs-Einrichtung
(58) aus einem flexiblen, synthetischen Polymer-
material bereitstellt, das durch Kontakt mit der Tief-
temperatur-Flussigkeit (16) nicht nachteilig beein-
trachtigt wird.

Verfahren nach Anspruch 13 und Anspruch 14, wel-
ches einschlieBt, daB man die Entnahme-Einrich-
tung (30, 144, 146, 18, 20) in der Weise bereitstellt,
daB sie die Flissigkeit (16) zu einer atembaren
Gas-Mischung verdampft, die an einen Benutzer
zur Lebensrenung gegeben wird.

Verfahren nach einem der Anspriiche 13 bis 15,
welches einschlieBt, daB man die Aufnahme-Ein-
richtung (60) in der Weise bereitstellt, daB3 sie ein
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Gewicht (66) umfaBt, das unabhangig von der
rAumlichen Orientierung des Behalters (10) in die
Flissigkeit (16) eingetaucht ist.

Verfahren nach einem der Anspriiche 13 bis 15,
welches einschlieBt, dal man die Aufnahme-Ein-
richtung (60) in der Weise bereitstellt, daf sie einen
Schwimmer (64) umfaBt, der auf der Oberflache der
Flissigkeit (16) bleibt oder leicht unter die Oberfla-
che der Flissigkeit eingetaucht ist.

Verfahren nach einem der Anspriiche 13 bis 17,
welches einschlief3t, daf man wenigstens den Teil
der Leitungs-Einrichtung (58), der mit dem Flissig-
keitsgehalt des Behalters (10) in Kontakt steht, aus
Polytetrafluorethylen vorsieht.

Revendications

1.

Appareil qui est utile pour prélever un liquide d'un
récipient fermé, lequel appareil comprend :

(&) un moyen (58) formant conduit comprenant
une extrémité ouverte en amont disposée a l'in-
térieur du récipient (10) et une extrémité oppo-
sée ouverte vers l'aval placée a l'extérieur du
récipient (10), ou au moins une partie du moyen
(568) formant conduit se compose d'un matériau
flexible de fagon que le moyen (58) formant
conduit atteint la totalité d'un volume fermé du
récipient (10) destiné & contenir un liquide (16)
lors de modifications d'orientation du récipient
(10), tout en maintenant un écoulement libre et
ouvert a travers le conduit ;

(b) un moyen de captage (60) prévu au niveau
de l'extrémité ouverte en amont du moyen (58)
formant conduit, ou le moyen de captage (60)
comprend une paroi latérale d'enceinte avec
I'extrémité ouverte en amont du moyen (58) for-
mant conduit disposé a l'intérieur, entouré d'un
matériau (82) & méche contenu a l'intérieur du
moyen de captage (60), et ou la paroi latérale
d'enceinte est dotée d'au moins une perforation
(86), pour permettre au matériau (82) a méche
d'aspirer le liquide dans le moyen de captage
(60), maintenant ainsi I'extrémité ouverte en
amont en contact avec le liquide (16) ; et

(c) des moyens d'évacuation (30, 144, 146, 18,
20) placés a I'extérieur du récipient (10) et com-
muniquant, pour assurer |'écoulement du flui-
de, avec l'extrémité ouverte vers l'aval du
moyen (58) formant conduit, ou lorsqu'une
pression extérieure dans les moyens d'évacua-
tion (30, 144, 1486, 18, 20) est inférieure a une
pression intérieure mesurée dans le récipient
(10), et lors de modifications de l'orientation du
récipient (10) ou sans modification de celle-ci,
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cela provoque l'écoulement du liquide (16) a
travers le moyen (58) formant conduit, depuis
le volume fermé jusqu'aux moyens d'évacua-
tion (30, 144, 146, 18, 20).

Appareil selon la revendication 1, dans lequel le li-
quide (16) est un liquide cryogénique, le moyen (58)
formant conduit étant fabriqué dans un matériau a
base de polymére synthétique, flexible quin'est pas
affecté de fagon néfaste par le contact avec le liqui-
de cryogénique (16).

Appareil selon la revendication 2, dans lequel de la
chaleur est fournie au liquide cryogénique (16) dans
les moyens d'évacuation (30, 144, 146, 18, 20) pour
vaporiser le liquide (16) sous forme de gaz, et dans
lequel I'évacuation du liquide du récipient (10) s'ar-
réte au moment ou la pression a l'intérieur du réci-
pient (10) est essentiellement égale & la pression
dans les moyens d'évacuation (30, 144, 146, 18,
20).

Appareil selon 'une quelconque des revendications
1 & 3, dans lequel au moins la partie du moyen (58)
formant conduit qui atteint la totalité du volume fer-
mé destiné a contenir le liquide (16) est en polyté-
trafluoroéthyléne.

Appareil selon 'une quelconque des revendications
1 a4, dans lequel le moyen de captage (60) se com-
pose d'un plongeur (66) immergé dans le liquide
(16).

Appareil selon 'une quelconque des revendications
1 a4, dans lequel le moyen de captage (60) se com-
pose d'un flotteur (64) qui reste a la surface du li-
quide (16) ou qui est Iégérement immergé.

Appareil selon 'une quelconque des revendications
1 a6, dans lequel le moyen (58) formant conduit se
compose d'une pluralité de tubes flexibles.

Appareil selon 'une quelconque des revendications
1 a 7, dans lequel les moyens d'évacuation (30,
144, 146, 18, 20) sont constitués par un échangeur
de chaleur (144, 146) quisert & transferer de la cha-
leur au liquide (16) et & fournir un fluide de plus
grande énergie, et dans lequel I'évacuation du liqui-
de du récipient (10) s'arréte au moment ou la pres-
sion & l'intérieur du récipient est essentiellement
égale a la pression dans I'échangeur de chaleur
(144, 146).

Appareil selon 'une quelconque des revendications
1 & 8, comprenant en outre un moyen de consom-
mation prévu pour consommer le fluide de plus
grande énergie provenant de I'échangeur de cha-
leur (144, 146), de sorte qu'un différentiel de pres-
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sion est établi entre I'échangeur de chaleur (144,
146) et l'intérieur du récipient (10) a travers le
moyen (58) formant conduit, ce qui provoque
I'écoulement du contenu liquide a travers le moyen
(58) formant conduit et dans I'échangeur de chaleur
(144, 146).

Appareil selon I'une quelconque des revendications
1 & 9, dans lequel le liquide cryogénique (16) se
compose d'un mélange de gaz respirables, et dans
lequel le moyen de consommation se compose d'un
masque (20) qui est porté par un utilisateur de I'ap-
pareil pour respirer ledit mélange de gaz respira-
bles;

Appareil selon I'une quelconque des revendications
14 10, dans lequel le liquide cryogénique est com-
posé d'un mélange de gaz liquéfiés respirables con-
tenant de l'oxygéne et de l'azote.

Appareil selon I'une quelconque des revendications
1 a 11, dans lequel le récipient (10) comprend un
moyen formant récipient intérieur (14) prévu pour
stocker le liquide cryogénique (16) et un moyen
d'isolation logeant le moyen formant récipient inté-
rieur (14) et I'entourant, pour retarder la conduction
de la chaleur ambiante et le rayonnement sur le li-
quide cryogénique (16), & l'intérieur du moyen for-
mant récipient intérieur (14).

Procédé pour prélever un liquide d'un récipient fer-
mé, lequel procédé consiste :

(@) a prévoir un moyen (58) formant conduit
flexible comprenant une extrémité ouverte en
amont disposée & l'intérieur du récipient (10) et
une extrémité opposée ouverte vers l'aval pla-
cée a l'extérieur du récipient (10), ol au moins
une partie du moyen (58) formant conduit se
compose d'un matériau flexible de fagon que le
moyen (58) formant conduit atteint toutes les
zones du récipient (10) destiné a contenir un
liquide (16) lors de modifications d'orientation
du récipient (10), tout en fournissant un écou-
lement libre et ouvert a travers le conduit ;

(b) & prévoir un moyen de captage (60) au ni-
veau de I'extrémité ouverte en amont du moyen
(568) formant conduit, le moyen de captage (60)
comprenant une paroi latérale d'enceinte avec
I'extrémité ouverte en amont du moyen (58) for-
mant conduit disposé a l'intérieur, entouré d'un
matériau (82) & méche contenu a l'intérieur du
moyen de captage (60) et consistant, en outre,
a faire en sorte que la paroi latérale d'enceinte
soit dotée d'au moins une perforation (86), pour
permettre au matériau (82) & méche d'aspirer
le liquide dans le moyen de captage (60), main-
tenant ainsi I'extrémité ouverte en amont en
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contact avec le liquide (16) ;

(c) & prévoir des moyens d'évacuation (30, 144,
146, 18, 20) placés a l'extérieur du récipient
(10) avec l'extrémité ouverte vers l'aval du
moyen (58) formant conduit allant jusqu'aux
moyens d'évacuation (30, 144, 146, 18, 20);
(d) & créer un différentiel de pression entre une
pression extérieure mesurée dans les moyens
d'évacuation (30, 144, 146, 18, 20) et une pres-
sion intérieure mesurée a l'intérieur du récipient
(10); et

(e) aprélever le liquide (16) du récipient (10) &
travers le moyen (58) formant conduit, lorsque
la pression extérieure communiquant a travers
le moyen (58) formant conduit est inférieure a
la pression intérieure mesurée dans le récipient
(10) et provoquant, lors de modifications de
I'orientation du récipient (10) ou sans modifica-
tion de celle-ci, I'écoulement du liquide (16) a
travers le moyen (58) formant conduit, depuis
I'intérieur du récipient (10) jusqu'aux moyens
d'évacuation (30, 144, 146, 18, 20).

Procédé selon la revendication 13, consistant a
fournir un liquide cryogénique comme liquide (16)
et a fabriquer le moyen (58) formant conduit dans
un matériau a base de polymeére synthétique, flexi-
ble quin'est pas affecté de fagon néfaste par le con-
tact avec le liquide cryogénique (16).

Procédé selon larevendication 13 ou 14, consistant
a prévoir les moyens d'évacuation (30, 144, 146,
18, 20) pour vaporiser le liquide (16) sous forme
d'un mélange de gaz respirables, fourni a I'utilisa-
teur pour l'aider a vivre.

Procédé selon I'une quelconque des revendications
13 & 15, consistant a prévoir le moyen de récupé-
ration (60) doté d'un plongeur (66) immergé dans
le liquide (16), indépendamment de |'orientation du
récipient (10) dans l'espace.

Procédé selon I'une quelconque des revendications
13 & 15, consistant a prévoir le moyen de récupé-
ration (60) doté d'un flotteur (64) qui reste a la sur-
face du liquide (16) ou qui est légérement immergé.

Procédé selon I'une quelconque des revendications
13 & 17, consistant & prévoir au moins la partie du
moyen (58) formant conduit qui est en contact avec
le contenu liquide du récipient (10), comme étant
en polytétrafluoroéthyléne.
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