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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention.

[0001] The presentinvention relates generally to a lig-
uid oxygen storage and delivery system.

2. Description of the Background Art.

[0002] Therapeutic oxygen is the delivery of relatively
pure oxygen to a patient in order to ease pulmonary/res-
piratory problems. When a patient suffers from breathing
problems, inhalation of oxygen may ensure that the pa-
tient is getting an adequate level of oxygen into his or her
bloodstream.

[0003] Therapeutic oxygen may be warranted in cases
where a patient suffers from a loss of lung capacity for
some reason. Some medical conditions that may make
oxygen necessary are chronic obstructive pulmonary dis-
ease (COPD) including asthma, emphysema, etc., as
well as cystic fibrosis, lung cancer, lung injuries, and car-
diovascular diseases, for example.

[0004] Related art practice has been to provide porta-
ble oxygen in two ways. In a first approach, compressed
oxygen gas is provided in a pressure bottle, and the gas
is output through a pressure regulator through a hose to
the nostrils of the patient. The bottle is often wheeled so
that the patient may be mobile. This is a fairly simple and
portable arrangement.

[0005] Thedrawback of compressed, gaseous oxygen
is that a full charge of a bottle that is portable does not
last a desirable amount of time.

[0006] Inordertogetaround this limitation, in a second
approach a related art liquid oxygen (LOX) apparatus
has been used wherein LOX is stored in a container and
the gaseous oxygen formed from the LOX is inhaled by
the patient.

[0007] The related art LOX apparatus enjoys a longer
usable charge than the compressed gas apparatus for
any given size and weight, but has its own drawbacks.
[0008] US Patent No. US 4,211,086 discusses a cry-
ogenic breathing system where vaporization of the liquid
oxygen is minimized by the use of an outer casing and
inner container forming an evacuable space there be-
tween that includes insulating means to inhibit heat trans-
ferbetween the inner container and ambient atmosphere.
[0009] Related art LOX systems typically include a sta-
tionary storage container located in a patient’s home and
a portable unit that the patient uses outside the home.
The stationary storage container must be periodically re-
filled with LOX by a distributor.

[0010] A significant percentage of the cost of having a
LOX system is in the cost of frequent recharging trips by
the LOX distributor. A distributor may have to make week-
ly recharge trips to a patient’s home, or even more fre-
quently, to recharge the patient's LOX system. There
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thus is a need in the art to cut deliveries or cut costs in
other ways.

[0011] The maindrawback of the related artis that con-
siderable waste occurs. One source of waste is that prior
art devices provide continuous flow. Also, in the related
art, the portable unit may be filled with LOX and used for
normal activities and movement. When the patient is
done using the related art portable unit, remaining LOX
left within the related art portable unit is vented, wasting
any remaining oxygen. Because the LOX continues to
convert to gaseous oxygen when not being withdrawn,
venting is provided for in both the stationary and portable
related art units. When the pressure in the related art
stationary unit increases beyond a certain point (such as
when the related art portable unit is being used), the re-
lated art stationary unit must be vented.

[0012] There remains a need in the art, therefore, for
an improved LOX storage and delivery system, with less
gas consumption and requiring fewer deliveries of LOX
to the patients home.

SUMMARY OF THE INVENTION

[0013] In accordance with the invention there is pro-
vided a portable, high-efficiency liquid oxygen (LOX) stor-
age/delivery apparatus comprising a portable LOX con-
tainer, a portable-unit LOX transfer connector connected
to said portable container and capable of receiving and
transferring LOX to said portable container, a portable-
unit oxygen gas transfer connector for transferring oxy-
gen gas from the portable LOX container to an oxygen
gas delivery device for delivery, and an inter-unit oxygen
gas transfer connector capable of receiving and trans-
ferring oxygen gas to said portable container. A high-
efficiency liquid oxygen (LOX) storage/delivery system
is also provided according to another aspect of the in-
vention. The high-efficiency liquid oxygen (LOX) storage/
delivery system includes a primary reservoir LOX stor-
age/delivery apparatus comprising a primary reservoir
LOX container and a portable LOX/delivery apparatus
including a portable LOX container, as defined above.
The primary reservoir LOX apparatus includes a main
LOX transfer connector connected to the primary reser-
voir LOX container for inputting LOX into the primary res-
ervoir LOX container and for outputting LOX from the
primary reservoir LOX container to the portable LOX con-
tainer, and a main-unit oxygen gas transfer connector for
transferring oxygen gas from the primary reservoir LOX
container. A primary reservoir indicator device may be
connected to the primary reservoir LOX container for in-
dicating the LOX contents of the primary reservoir LOX
container. A main-unit primary relief valve may be con-
nected to the primary reservoir LOX container for venting
oxygen gas out of the primary reservoir LOX container
when pressure of oxygen gas in the primary reservoir
LOX container reaches a predetermined level for the pri-
mary reservoir container. The portable LOX apparatus
includes a portable-unit LOX transfer connector connect-
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ed to the portable LOX container and connectable to the
main LOX transfer connector for transferring LOX to the
portable container from the primary reservoir container,
a portable-unit oxygen gas transfer connector for trans-
ferring oxygen gas from the portable LOX container to
an oxygen gas delivery device for delivering oxygen gas
to a patient, an inter-unit oxygen gas transfer connector
for connecting the portable apparatus to the main-unit
oxygen gas transfer connector for transferring oxygen
gas from the primary reservoir container to the portable
apparatus, and may also comprise a portable-unit prima-
ry relief valve connected to the portable LOX container
for venting oxygen gas out of the portable LOX container
when pressure in the portable LOX container reaches a
predetermined level for the portable container. When the
inter-unit oxygen gas transfer connector of the portable
container is connected to the main-unit oxygen transfer
connector of the primary reservoir container, oxygen gas
can be transferred from the portable container to the ox-
ygen gas delivery device while oxygen gas is transferred
to the portable container from the primary reservoir LOX
container.

[0014] A method for utilizing a high-efficiency liquid ox-
ygen (LOX) storage/delivery system is provided accord-
ing to a second aspect of the invention. One method com-
prises connecting the inter-unit oxygen gas transfer con-
nector of a portable container to the main-unit oxygen
transfer connector of a primary reservoir container, and
withdrawing oxygen gas from the portable container
through the portable-unit oxygen gas transfer connector
while oxygen gas is transferred to the portable apparatus
from the primary reservoir container through the main-
unit oxygen transfer connector. The oxygen gas may be
subsequently transferred to a patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 schematically shows one embodiment of a
high efficiency LOX system of the present invention,
and illustrates how the primary reservoir and porta-
ble LOX storage/deliver apparatus may be intercon-
nected;

FIG. 2 schematically shows detail of one embodi-
ment of the primary reservoir LOX storage/delivery
apparatus;

FIG. 3 schematically shows detail of one embodi-
ment of the portable LOX storage/delivery appara-
tus.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0016] FIG. 1 shows one embodiment of a high effi-
ciency LOX system 100 of the present invention. The
LOX system 100 includes a primary reservoir LOX stor-
age/delivery apparatus (primary reservoir apparatus)

10

15

20

25

30

35

40

45

50

55

120 and a portable LOX storage/delivery apparatus (port-
able apparatus) 160. An umbilical conduit 110 may ex-
tend between an inter-unit oxygen gas transfer connector
190 of the portable apparatus 160 and a main-unit oxygen
gas transfer connector 213 of the primary reservoir ap-
paratus 120, and may be used to transfer gaseous oxy-
gen therebetween. An oxygen delivery device 90, such
as a mask or nasal tubes or cannulas may be attached
to either apparatus in order to deliver gaseous oxygen
to a patient. Alternatively, the inter-unit oxygen gas trans-
fer connector 190 may be directly connected to the main-
unit oxygen gas transfer connector 213.

[0017] Because LOX transforms from a liquid to a gas
as heat is added related art LOX systems have typically
relied on venting of excess gaseous pressure to maintain
acceptable internal pressure levels. The resultis a higher
cost for the health care provider. Pressure control of the
portable apparatus 160 and the primary reservoir appa-
ratus 120 is of great importance, as keeping pressures
down yields a safe, light weight, economical system
through the reduction or elimination of venting. The
present invention achieves such economy by balancing
use of the primary reservoir apparatus 120 and portable
apparatus 160 so that internal pressures do not build up
to a point where either apparatus must be excessively
vented. The LOX system 100 therefore allows usage cy-
cles that make possible efficient LOX use without exces-
sive venting.

[0018] The primary reservoir apparatus 120 can be of
any usable size for storage and delivery of LOX over a
desired time period. Suitable units in accordance with
the present invention can hold from 20-60 or more liters
of LOX. In accordance with one embodiment a primary
reservoir container holding about 36 liters (about 39 kg
(85 pounds)) of LOX is provided. In a second embodi-
ment, a primary reservoir container holding about 43 lit-
ers (about 50 kg (110 pounds)) of LOX is provided.
[0019] The primary reservoir apparatus 120 includes
the main LOX storage and container. The LOX may be
transferred from the primary reservoir apparatus 120 to
the portable apparatus 160 as needed to charge the port-
able apparatus 160 for mobile use. The primary reservoir
apparatus 120 is intended to hold a sufficiently large
charge so that the primary reservoir apparatus 120 can
recharge the portable apparatus 160 on a substantially
daily basis for a substantially long period of time, e.g., up
to about one month or more. This can reduce recharge
costs by up to seventy-five percent or more over the re-
lated art.

[0020] The portable apparatus 160 preferably is about
1.6 kg (3.5 pounds) fully charged with LOX and about
1.1 kg (2.5 pounds) empty, is much smaller and lighter
than the primary reservoir apparatus 120, and may pro-
vide gaseous oxygen to the patient while being carried
by the patient.

[0021] In use, the primary reservoir apparatus 120 is
charged with LOX. The patient may use gaseous oxygen
from the primary reservoir apparatus 120 directly via the



5 EP 1 230 510 B1 6

main-unit oxygen gas transfer connector 213, or may
transfer LOX to the portable apparatus 160 wherein the
patient may withdraw gaseous oxygen from the portable
apparatus 160. The portable apparatus 160 allows the
patient mobility outside the home, while the umbilical con-
duit 110, which may be up to 15-30 m (50-100 feet) in
length orlonger, allows the patientto connectthe portable
apparatus to the main reservoir container to conserve
LOX.

[0022] The inter-unit oxygen gas transfer connector
190 may be connected to the main-unit oxygen gas trans-
fer connector 213 of the primary reservoir apparatus 120
to allow oxygen gas withdrawal alternatively from either
the portable apparatus 160 or the primary reservoir ap-
paratus 120, or simultaneously from both.

[0023] FIG. 2 shows detail of one embodiment of the
primary reservoir apparatus 120. The primary reservoir
apparatus 120 includes a primary reservoir container as-
sembly 205, a main LOX transfer connector 209, a main-
unit oxygen gas transfer connector 213, and a main-unit
primary relief valve 257. In the embodiment shown, a
primary indicator device 274 also is included.

[0024] The primary reservoir container assemble 205
include an outer container 223, an inner primary reservoir
LOX container 226 spaced apart from the outer container
223, insulation 229 located between the outer container
223 and the inner container 226, a molecular sieve 231,
and a vacuum plug 235. The space between the outer
container 223 and the inner container 226 is preferably
evacuated to at least a partial vacuum in order to mini-
mize heat transfer to the LOX inside the inner container
226.

[0025] The primary reservoir LOX container assembly
205 also includes an outlet port 238, through which pass-
es a neck conduit 242. The neck conduit 242 extends a
short distance into the inner container 226, and is em-
ployed for gaseous oxygen withdrawal from the primary
reservoir LOX container 226. Inside the neck conduit 242
is a fill conduit 244, preferably concentric with the neck
conduit 242. The fill conduit 244 may be used to fill the
primary reservoir LOX container 226 with LOX Inside the
fill conduit 244 is a liquid withdrawal conduit 247, prefer-
ably concentric with the fill conduit 244. The liquid with-
drawal conduit 247 may be used to withdraw LOX from
the primary reservoir LOX container 226.

[0026] Above the outlet port 238 of the primary reser-
voir LOX container 205 the neck conduit 242 splits into
two independent conduits. A main-unit vent valve conduit
250 leads to a main-unit vent valve 251 which is openable
for filling inner container 226 with LOX through the main
LOX transfer connector 209. When filling inner container
226 with LOX, main unit vent valve 251 is opened until
liquid exits valve 251, indicating that container 226 is filled
with LOX.

[0027] Relief/leconomizer conduit 255 leads to a main-
unit primary relief valve 257 and an economizer valve
261. The main-unit primary relief valve 257 is provided
for relieving excess internal gas pressure from the pri-
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mary reservoir LOX container 226 if the internal gas pres-
sure exceeds a predetermined limit, e.g., 380,000 Pa (55
psi). Conduit 255 also leads to a main-unit secondary
relief valve 258, which can be set at the same or a higher
level (e.g., 10-20% higher) than the main-unit primary
relief valve, and is a back-up thereto in case of failure
thereof.

[0028] Conduit 255 further leads to an economizer
valve 261, the purpose of which will be explained below.
[0029] Above the neck conduit 242 extends the fill con-
duit 244, which extends upward to the main-unit LOX
transfer connector 209. Between the top of the neck con-
duit 242 and the main-unit LOX transfer connector 209
is atee 263, where the liquid withdrawal conduit 247 exits
the fill conduit 244. After exiting the fill conduit 244, the
liquid withdrawal conduit 247 encounters a second tee
264 that joins the liquid withdrawal conduit 247 with an
economizer conduit 266 in advance of a warming coil
269. The economizer conduit 266 connects the econo-
mizer valve 261 with warming coil 269. Gaseous oxygen
passes through economizer valve 261 when the econo-
mizer valve is open. In order to conserve LOX, the econ-
omizer valve 261 can be set at any suitable level below
the primary and secondary relief valve settings, so that
gaseous oxygen will pass through the economizer valve
261 into the warming coil 269 before such gaseous ox-
ygen is vented through the main-unit primary relief valve
257 or the main-unit secondary relief valve 258. One suit-
able setting for the economizer valve 261 is 152,000 Pa
(22 psi). The liquid withdrawal conduit 247 supplies LOX
to the warming coil 269, while the economizer conduit
266 supplies gaseous oxygen withdrawn by way of the
relief/economizer conduit 255. In the warming coil 269
the withdrawn LOX and gaseous oxygen is warmed by
exposure to room temperature, speeding the liquid-to-
gas transformation. It should be noted that the inside di-
ameter of the warming coil 269 may be greater than the
inside diameter of the liquid withdrawal conduit 247, al-
lowing the LOX to expand as it warms up and transforms
from a liquid phase to a gaseous phase. However, the
inside diameter of the liquid withdrawal conduit 247 pref-
erably is sized so that when the economizer valve 261
is open, gas flow through line 266 is favored to warming
coil 269 over liquid withdrawal through conduit 247. In
the embodiment shown, the warming coil 269 is connect-
ed to a pressure regulator 271 which can maintain a de-
sired operating pressure at a main-unit oxygen gas trans-
fer connector 213.

[0030] Inthe embodimentshown, the primary reservoir
LOX container 205 includes a primary indicator device
274 that indicates a LOX level in the primary reservoir
LOX container 226. The primary indicator device 274 is
connected to a bottom portion of the primary reservoir
LOX container 226 via a high pressure sensing conduit
279. The primary indicator device 274 may be intercon-
nected to a pressure gauge 217. The pressure gauge
217 gives a visual readout of an internal gas pressure
for the primary reservoir LOX container 226, and may
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be, for example, a mechanical pressure gauge. The pres-
sure gauge 217 is connected to conduit 255 via a low
pressure sensing conduit 277.

[0031] Inuse, LOX may be added to or withdrawn from
the primary reservoir LOX container 226 through the
main-unit LOX transfer connector 209 and the fill conduit
244. The main-unit oxygen gas transfer connector 213
may be used to withdraw gaseous oxygen for use. The
gaseous oxygen is provided to the main-unit oxygen gas
transfer connector 213 from the economizer valve 261
and/or by conversion of LOX to gas through the liquid
withdrawal conduit 247, both through the warming coil
269.

[0032] FIG. 3 shows detail of one embodiment of the
portable apparatus 160. The portable apparatus 160 in-
cludes a portable LOX container 302, a portable-unit LOX
transfer connector 304, a portable-unit oxygen gas trans-
fer connector 384, an inter-unit oxygen gas transfer con-
nector 190, and a portable-unit primary relief valve 315.
[0033] The portable container assembly 302 includes
an outer container 318, an inner portable LOX container
319 spaced apart from the outer container 318, afill con-
duit 322, a liquid withdrawal conduit 326, a vacuum plug
328, and a multi-lumen annular conduit 331. The space
between the outer container 318 and the inner container
319 is preferably evacuated to at least a partial vacuum
in order to minimize heat transfer to the LOX inside the
inner container 319.

[0034] LOX may be introduced into the portable LOX
container 319through the portable-unit LOX transfer con-
nector 304 and the fill conduit 322. The portable-unit LOX
transfer connector 304 may be connected to the main-
unit LOX transfer connector 209 of the primary reservoir
apparatus 120; whereby the portable apparatus 160 may
be filled with LOX from the primary reservoir apparatus
120.

[0035] LOXmay be withdrawn via the liquid withdrawal
conduit 326, and gaseous oxygen may be withdrawn via
the neck conduit 331.

[0036] A manifold 336 is connected to the neck conduit
331, and splits the neck conduit 331 into a gaseous ox-
ygen withdrawal conduit 339 and a vent conduit 341. The
vent conduit 341 may include a vent valve 344. The vent
valve 344 may be opened during filling of the portable
LOX container 302. When LOX emerges from the vent
conduit 341, it is a visual indication that the portable LOX
container 319 is full.

[0037] Inthe embodimentshown, the liquid with drawal
conduit 326 passes through the manifold 336 and is con-
nected to a liquid withdrawal warming coil 349 in which
the LOX can transform to the gaseous phase. The liquid
withdrawal warming coil 349 warms the LOX by exposure
to room temperature, speeding the liquid-to-gas trans-
formation. It should be noted that the inside diameter of
the liquid withdrawal warming coil 349 may be greater
than the inside diameter of the liquid withdrawal conduit
326, allowing the LOX to expand as it warms up and
transforms from a liquid phase to a gaseous phase.
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[0038] The gaseous oxygen withdrawal conduit 339
connects with a gas withdrawal warming coil 352. The
gas withdrawal warming coil 352 warms the gaseous ox-
ygen before delivery to an oxygen user.

[0039] Connected to the gas withdrawal warming coil
352 is a portable-unit primary relief valve 315. The port-
able-unit primary relief valve 315 is capable of opening
and relieving a gaseous oxygen pressure in the portable
LOX container 319 if the internal gas pressure exceeds
a predetermined level, e.g., 185,000 Pa (27 psi).
[0040] An economizer valve 356 connects the gas
withdrawal warming coil 352 with conduit 380 containing
gaseous oxygen from liquid withdrawal warming coil 349.
The portable-unit economizer valve 356 can be set at
any suitable level below the portable-unit primary relief
valve 315, such as 152,000 Pa (22 psi), and allows gas-
eous oxygen from coil 352 to pass into line 380 when the
pressure of the gaseous oxygen in the portable LOX con-
tainer 319 exceeds the predetermined threshold level,
e.g., 152,000 Pa (22 psi). In preferred embodiment, the
inside diameter of the liquid withdrawal conduit 326 is
sized so that when the portable-unit economizer valve
356 is open, gas flow through line 339 is favored over
liquid flow through conduit 326. This permits gaseous
oxygen from the gaseous head-space in portable con-
tainer 319 to pass to the patient without the need to waste
through the portable-unit primary relief valve 315. The
portable-unit economizer valve 356 thus balancers gas-
eous and liquid oxygen withdrawal from the portable LOX
container 319, and outputs a resulting gaseous oxygen
to a conduit 309. A portable-unit secondary relief valve
382 is provided as a back-up unit to the portable-unit
primary relief valve 315, and can be set at the same or
a higher level than the portable-unit primary relief valve,
and is a back-up thereto in case of failure thereof.
[0041] Although the function of the economizer valves
of the present invention has been described above with
reference to preferred embodiments, other configura-
tions, utilizing operating systems of any suitable pres-
sure, will fall within the scope of the present invention.
For example, with systems operating at 138,000 Pa (20
psig), an economizer valve may be set at any suitable
setting such as between 135,000 Pa and 152,000 (19.5
psig and 22 psig). Alternatively, for systems having op-
erating pressures at about 345,000 Pa (50 psig), econ-
omizer valves having settings, for example, between
330,00 and 380,000 Pa (48 psig and 55 psig) can be
utilized. Corresponding primary relief setting for a
138,000 Pa (20 psig) system can, for example, be be-
tween 145,000 and 165,000 Pa (21 psig and 24 psig).
Corresponding primary relief settings for a 345,000 Pa
(50 psig) system can, for example, be between about
345,000 and 400,000 Pa (50 psig and 58 psig). However,
these configurations are merely exemplary, and other
configurations can be utilized in accordance with the
present invention.

[0042] The gaseous oxygen from the conduit 309 may
be delivered to a demand flow control device 360, which
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also may receive gaseous oxygen from the primary res-
ervoir apparatus 120 via the inter-unit oxygen gas trans-
fer connector 190. A check valve 363 may be included
between the conduit 309 and the inter-unit oxygen gas
transfer connector 190 to prevent backflow of gaseous
oxygen from the portable apparatus 160 to the primary
reservoir apparatus 120.

[0043] The demand flow control device 360 is for ad-
justment of gas flow through a portable-unit oxygen gas
transfer connector 384a to an oxygen delivery device 90
for delivery of gaseous oxygen to a patient.

[0044] Gaseous oxygen is provided to the patient
through the portable-unit oxygen gas transfer connector
384a, either from the portable unit, or from the main res-
ervoir unit through connector 190.

[0045] In preferred embodiments, the demand flow
control device 360 can be connected to a gas conserving
device 390. A known conserving device is disclosed in
U.S. Patent No. 5,360,000.

[0046] In the embodiment shown, a gas transfer con-
nector system 384a and 384b is utilized, so that when
the patient exhales, flow to the oxygen delivery device
90 is stopped, and gas accumulates in the conserving
device 390. When the patient inhales, a puff (bolus) of
oxygen gas is delivered to the patient from conserving
device 390, thereby further preventing waste of gaseous
oxygen, followed by an even flow of gaseous oxygen,
which then is stopped again when the patient exhales.
[0047] Use of a conserving device 390 with the porta-
ble apparatus of the present invention connected to the
primary reservoir apparatus 120 through connector 190
results in tremendous savings and LOX conservation.
[0048] A method of utilizing the high-efficiency LOX
storage/delivery system 100 of the present invention is
disclosed. The method uses an umbilical conduit 110 to
economize oxygen use by a patient and balance use of
the primary reservoir apparatus 120 and portable appa-
ratus 160 so that excess oxygen venting is avoided.
[0049] The main-unit oxygen gas transfer connector
213 is connected to the inter-unit oxygen gas transfer
connector 190, e.g., by umbilical conduit 110. The con-
nection allows gaseous oxygen to flow from the primary
reservoir apparatus 120 to the portable apparatus 160.
The gaseous oxygen from either the primary reservoir
LOX storage delivery apparatus 120 or the portable ap-
paratus 160 may be provided to the patient, depending
on which has the higher gas pressure.

[0050] Theumbilical conduit 110 may be a flexible con-
duit (such as a hose, for example) to give the portable
apparatus 160 mobility while yet being connected to the
primary reservoir apparatus 120. In this hookup, the ox-
ygen deliver device 90 is connected to the demand flow
control device 3 60 in order to provide gaseous oxygen
to the patient.

[0051] The method may utilize a filling/using cycle of
the portable apparatus 160. The method of filling/using
of the present invention avoids or reduces unnecessary
venting of either the portable apparatus 160 or the pri-
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mary reservoir apparatus 120.

[0052] Gaseous oxygen is withdrawn from the primary
reservoir 120 for a withdrawal time period, which prefer-
ably is at least 5 hours per day, more preferably about
10 hours per day or more. The withdrawal of gaseous
oxygen from the primary reservoir apparatus 120 may
be through oxygen deliver device 90 either connected
directly to connector 213, or connected to connector 384
of the portable apparatus with connector 190 of the port-
able apparatus connected to the main reservoir appara-
tus. This gaseous withdrawal time period hook-up to the
primary reservoir apparatus 120 permits withdrawal of
gaseous oxygen from the primary reservoir LOX contain-
er without internal pressure in the primary reservoir LOX
container reaching excess levels requiring venting. This
conserving measure, in conjunction with economizer
valve 261 (and economizer valve 356 if the portable unit
is hooked-up), enables oxygen withdrawal without
wasteful venting.

[0053] After the above-discussed withdrawal time pe-
riod, the portable apparatus 160 may be filled with LOX
from the primary reservoir apparatus 120 and discon-
nected, for example, if the patient wishes to go outside
the home.

[0054] In preferred embodiments, the portable LOX
container holds about 0.45 kg (1 pound) of LOX, which,
when utilized with the portable LOX/delivery apparatus
of the present invention, can last approximately 10 hours
at a typical patient use/withdrawal rate of about 2 liters
per minute.

[0055] During withdrawal of gaseous oxygen from the
primary reservoir LOX apparatus, oxygen gas pressure
in the primary reservoir LOX apparatus is reduced to a
level at which the economizer valve is set (e.g., 152,000
Pa (22 psi)) such that after the portable container is filled
with LOX and disconnected from the primary reservoir
LOX apparatus, pressure may increase within the prima-
ry reservoir container for a gas pressurizing period within
a range of 5-15 hours per day, e.g., about 10 hours per
day, to a pressure of, for example, about 345,000Pa (50
psi) without LOX or oxygen gas being withdrawn from
the primary reservoir container and without oxygen gas
being vented from the primary reservoir container during
the gas pressurizing period.

[0056] When the patient returns home prior to com-
plete withdrawal of oxygen gas from the portable LOX
container, the inter-unit oxygen gas transfer connector
of the portable LOX container is connected to the main-
unit oxygen transfer connector of the primary reservoir
LOX container, and oxygen gas may be withdrawn from
the portable LOX container or the primary reservoir LOX
container while oxygen gas may be transferred to the
portable LOX apparatus from the primary reservoir LOX
container through the main-unit oxygen transfer connec-
tor, depending on the pressure differential between the
containers.

[0057] Inaccordance with one embodiment, during the
withdrawal period, the inter-unit oxygen gas transfer con-
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nector of me portable LOX container is connected to the
main-unit oxygen transfer connector of the primary res-
ervoir LOX container, and oxygen gas is transferred from
the portable container to the oxygen gas delivery device
alternately or concurrently with oxygen gas being trans-
ferred to the oxygen gas delivery device through the port-
able LOX apparatus from the primary reservoir LOX con-
tainer, thereby lowering gas pressure in the primary res-
ervoir LOX container.

[0058] The present invention can provide significant
savings as compared to related art systems. For exam-
ple, at a patient use rate of 2 liters per minute, related art
systems utilize about 4.5 kg (10 pounds) LOX per day.
The present invention can provide the same 2 liters per
minute utilizing about 0.9 kg (2 pounds) LOX per day, a
savings of up to about 3.6 kg (8 pounds) LOX per day.
[0059] While the invention has been described in detail
above, and shown in the drawings, the invention is not
intended to be limited to the specific embodiments as
described and shown.

Claims

1. Aportable, high-efficiency liquid oxygen (LOX) stor-
age/delivery apparatus (160), comprising:

- a portable LOX container (302);

- a portable-unit LOX transfer connector (304)
connected to said portable container and capa-
ble of receiving and transferring LOX to said
portable container;

- a portable-unit oxygen gas transfer connector
(384) for transferring oxygen gas from the port-
able LOX container to an oxygen gas delivery
device (90) for delivery; and

- an inter-unit oxygen gas transfer connector
(190) capable of receiving and transferring ox-
ygen gas to said portable container.

2. The apparatus as claimed in claim 1 further compris-
ing a portable-unit primary relief valve (315) connect-
ed to the portable LOX container for venting oxygen
gas out of the portable LOX container when pressure
in the portable LOX container reaches a predeter-
mined level for said portable LOX container.

3. Theapparatus as claimed in claim 1 or claim 2 which
further comprises an economizer valve (356) for min-
imizing venting by balancing gaseous and liquid ox-
ygen withdrawal from said portable LOX container
(302).

4. The apparatus of claim 2, wherein said economizer
valve (356) opens to allow oxygen gas from a gas-
eous head-space in said portable LOX container
(302) to pass through when the pressure of said ox-
ygen gas in said portable LOX container exceeds a
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11.

12.

13.

14.

15.

16.

predetermined threshold level and otherwise is
closed and allows oxygen gas from evaporated LOX
to pass through.

The apparatus of claim 3 or claim 4, further compris-
ing a relief valve (315).

The apparatus of any one of the preceding claims,
further comprising a conserving device (390).

The apparatus of claim 6 wherein when a patient
using the device exhales, flow to the oxygen delivery
device (90) is stopped and gas accumulates in the
conserving device (390).

The apparatus of claim 7 wherein when the patient
inhales, a puff of oxygen gas is delivered to the pa-
tient from the conserving device (390).

The apparatus of claim 8 wherein the conserving de-
vice (390) delivers an even flow of oxygen gas to
said delivery device after said puff and until the pa-
tient exhales again.

The apparatus of any one of the preceding claims
wherein said apparatus can last at least approxi-
mately 10 hours at a gas withdrawal rate of about 2
liters per minute.

The apparatus of any one of the preceding claims
further comprising a check valve (363) to prevent
backflow of gaseous oxygen through said inter-unit
oxygen gas transfer connector (190).

The apparatus of any one of the preceding claims
further comprising a liquid withdrawal conduit (326)
and a neck conduit (331), the neck conduit compris-
ing a gaseous oxygen withdrawal conduit (339) and
a vent conduit (341), the liquid withdrawal conduit
and the neck conduit being in communication with
the interior of said container.

The apparatus of claim 12 further comprising a vent
valve (344) as part of the vent conduit.

The apparatus of claim 13 wherein said vent valve
(344) may be opened during filling of said portable
LOX container (302).

The apparatus of any one of claims 12 to 14 when
dependent upon any one of claims 3 to 5, wherein
an inner diameter of said liquid withdrawal conduit
is sized so that when said economizer valve is open,
gaseous flow from the head-space of said portable
LOX container is preferred over flow through said
liquid withdrawal conduit.

The apparatus of any one of the preceding claims
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further comprising at least one of a liquid withdrawal
warming coil (349) and a gaseous withdrawal warm-
ing coil (352).

The apparatus of claim 16 which comprises both a
liquid withdrawal warming coil (349) and a gaseous
withdrawal warming coil (352).

The apparatus of claim 16 or claim 17 wherein an
inner diameter of said liquid withdrawal warming coil
(349) is greater than the inner diameter of said liquid
withdrawal conduit (326).

The apparatus of any one of the preceding claims
further comprising a demand flow control device
(360) for adjustment of gas flow through said porta-
ble-unit oxygen gas transfer connector (384).

The apparatus of any one of the preceding claims
wherein said portable LOX container comprises a
multi-lumen annular conduit.

The apparatus of any one of the preceding claims,
wherein said portable LOX container contains about
0.45 kg of LOX when fully charged with LOX.

The apparatus of any one of the preceding claims,
wherein said apparatus can deliver a gas withdrawal
rate of about 2 liters per minute with a LOX use rate
up to about 0.0378 kilograms per hour.

The apparatus of any one of claims 6 to 9 wherein
said conserving device delivers puffs of oxygen gas.

A high-efficiency liquid oxygen (LOX) storage/deliv-
ery system (100) comprising

- the portable, high-efficiency LOX storage/de-
livery apparatus (160) of any one of claims 1 to
23; and

- a primary reservoir storage/delivery apparatus
(205) which is a stationary source of oxygen and
comprises a primary reservoir LOX container
(226) connected to the portable LOX container
(302) via the portable-unit LOX transfer connec-
tor (304), and connected to the portable LOX
container via the inter-unit oxygen gas transfer
connector (190);

wherein when the inter-unit oxygen gas transfer con-
nector of the portable container is connected to the
stationary source of oxygen in said primary reservoir
container, oxygen gas can be transferred to the ox-
ygen gas delivery device (90) for delivery to the pa-
tient from the stationary source of gas in the primary
LOX container through the inter-unit gas transfer
connector.
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The system (100) as claimed in claim 24 wherein the
inter-unit oxygen gas transfer connector (190) is con-
figured such that, when the inter-unit oxygen gas
transfer connector of the portable container (302) is
connected to said stationary source of oxygen in said
primary reservoir container (226), oxygen gas can
be transferred to the oxygen gas delivery device (90)
for delivery to the patient from the portable LOX con-
tainer (302) and gaseous oxygen is permitted to be
transferred to the oxygen gas delivery device from
the stationary source of gas in the primary reservoir
LOX container.

The system as claimed in claim 24 or 25 wherein the
primary reservoir LOX apparatus further comprises
a main LOX transfer connector (209) connected to
the primary reservoir LOX container for inputting
LOX into said primary reservoir LOX container and
connectable to the portable-unit LOX transfer con-
nector (304) for outputting LOX from said primary
reservoir LOX container to said portable LOX con-
tainer (302);

a main-unit oxygen gas transfer connector (213) for
transferring oxygen gas from said primary reservoir
LOX container, the main-unit oxygen gas transfer
connector being connectable to said inter-unit gas
transfer connector (190) for said transfer of said ox-
ygen gas from said stationary source of oxygen to
said portable apparatus (160) wherein said gaseous
oxygen is permitted to be transferred to the oxygen
gas delivery device (90) from said stationary source
of oxygen.

The system (100) as claimed in any one of claims
24 to 26 when dependent upon claim 2, further com-
prising a main-unit primary relief valve (257) con-
nected to the primary reservoir LOX container (226)
for venting oxygen gas out of said primary reservoir
LOX container when pressure of oxygen gas in said
primary reservoir LOX container reaches a prede-
termined leve.

The system (100) of claim 26 further comprising a
primary indicator device (274) connected to the pri-
mary reservoir LOX container (226) for indicating the
LOX contents of the primary reservoir LOX contain-
er.

The system (100) of claim 26 wherein said oxygen
gasis withdrawn from the primary reservoir container
(226) for a withdrawal period of at least about 5 hours
per day, then said portable LOX apparatus (160) is
filled with LOX from said primary reservoir apparatus
(120), whereby oxygen gas pressure in said primary
reservoir LOX apparatus is reduced to a level such
that pressure may increase within said primary res-
ervoir container for a gas pressurizing period of
about 5 to 15 hours per day without LOX or oxygen
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gas being withdrawn from said primary reservoir con-
tainer and without oxygen gas being vented from
said primary reservoir container during said gas
pressurizing period.

The system (100) of claim 29 wherein said inter-unit
oxygen gas transfer connector (190) of said portable
LOX apparatus (160) is connected to said main-unit
oxygen transfer connector (213) of said primary res-
ervoir container (226) so that oxygen gas can be
transferred from the portable container (302) to the
oxygen gas delivery device (90) while oxygen gas is
transferred to the portable apparatus from the pri-
mary reservoir container through the first oxygen
transfer connector (190) during said withdrawal pe-
riod.

The system (100) of claim 28, wherein said system
is adapted for functioning within an operating cycle
in which said withdrawal period is at least about 10
hours per day.

The system (100) of claim 26, wherein said oxygen
gas delivery device (90) is connectable to said main-
unit oxygen gas transfer connector (213) for trans-
ferring oxygen gas from said primary reservoir LOX
container (226) for delivery to said patient.

The system (100) of claim 32, wherein a flexible gas
conduit (110) is connectable between the main-unit
oxygen gas transfer connector (213) to said oxygen
gas delivery device (90).

The system (100) of claim 26, wherein a flexible gas
conduit (110) is capable of connecting the main-unit
oxygen gas transfer connector (213) to the inter-unit
oxygen gas transfer connector (190) for transferring
oxygen gas from said primary reservoir container
(226) to said portable apparatus (160).

The system (100) of claim 26, further including a gas
conserving device (390) so that when said patient
exhales, oxygen gas accumulates in said conserving
device, and when said patient inhales, oxygen gas
is delivered to said patient from said conserving de-
vice.

The system (100) of claim 10, wherein said primary
reservoir LOX apparatus (205) further includes a
pressure indicator device (274, 217) for indicating
an internal gaseous oxygen pressure within said pri-
mary reservoir LOX container (226).

A method for utilizing a high-efficiency liquid oxygen
(LOX) storage/delivery system (100) as claimed in
any one of claims 24 to 36, said method comprising
connecting said inter-unit oxygen gas transfer con-
nector (190) of said portable container (302) to said
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main-unit oxygen transfer connector (213) of said
primary reservoir container (226), and withdrawing
oxygen gas from said portable container through
said portable-unit oxygen gas transfer connector
(384) while oxygen gas is transferred to the portable
container from the primary reservoir container
through the main-unit oxygen transfer connector.

The method of claim 37, further comprising the steps
of withdrawing oxygen gas from the primary reservoir
container (226) for a withdrawal period of at least
about 5 hours per day, then filling said portable LOX
apparatus (160) with LOX from said primary reser-
voir LOX apparatus (120) through said portable-unit
LOX transfer connector (304) connected to said
main-unit LOX transfer connector (209), disconnect-
ing said portable LOX apparatus from said primary
reservoir LOX apparatus (120), and withdrawing ox-
ygen gas from said portable LOX apparatus, where-
by during said withdrawal period, oxygen gas pres-
sure in said primary reservoir LOX apparatus is re-
duced to a level such that thereafter, pressure may
increase within said primary reservoir container for
a gas pressurizing period of about 5 to 15 hours per
day without LOX or oxygen gas being withdrawn
from said primary reservoir container and without ox-
ygen gas being vented from said primary reservoir
container during said gas pressurizing period.

The method of claim 37, wherein prior to complete
withdrawal of oxygen gas from said portable LOX
container (302) while said portable LOX container is
partially filled with LOX, the inter-unit oxygen gas
transfer connector (190) of said portable LOX con-
tainer is connected to said main-unit oxygen transfer
connector (213) of said primary reservoir LOX con-
tainer, and oxygen gas is withdrawn from the porta-
ble LOX container while oxygen gas is transferred
to the portable LOX apparatus from the primary res-
ervoir LOX container (226) through the main-unit ox-
ygen transfer connector.

The method of claim 39, wherein during said with-
drawal period, said inter-unit oxygen gas transfer
connector (190) of said portable LOX container (302)
is connected to said main-unit oxygen transfer con-
nector (213) of said primary reservoir LOX container
(226) and oxygen gas is transferred from the portable
container to the oxygen gas delivery device (90)
while oxygen gas is transferred to the portable LOX
apparatus (160) from the primary reservoir LOX con-
tainer through the main-unit oxygen transfer connec-
tor.

The method of claim 40, wherein during said with-
drawal period, the inter-unit oxygen gas transfer con-
nector (190) is connected to the main-unit oxygen
gas transfer connector (213) by a flexible gas conduit
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(110).

The method of claim 37, wherein during said with-
drawal period, the main-unit oxygen gas transfer
connector (190) is connected to said oxygen gas de-
livery device (90) by a flexible gas conduit (110).

The method of claim 37, further including a gas con-
serving device (390), so that when said patient ex-
hales, oxygen gas accumulates in said conserving
device, and when said patient inhales, oxygen gas
is delivered to said patient from said conserving de-
vice.

Patentanspriiche

1.

Tragbare, hocheffiziente Aufbewahrungs-/Abgabe-
vorrichtung (160) fir flissigen Sauerstoff (LOX), die
umfasst:

- einen tragbaren LOX-Behalter (302);

- einen LOX-Ubertragungsverbinder (304) an
dertragbaren Einheit, der mitdem tragbaren Be-
halter verbunden ist und LOX empfangen und
an den tragbaren Behalter Ubertragen kann;

- einen Sauerstoffgas-Ubertragungsverbinder
(384) an der tragbaren Einheit, um Sauerstoff-
gas von dem tragbaren LOX-Behélter an eine
Sauerstoffgas-Abgabevorrichtung (90) fur die
Abgabe zu Ubertragen; und

- einen Sauerstoffgas-Ubertragungsverbinder
(190) zwischen den Einheiten, der Sauerstoff-
gas empfangen und an den tragbaren Behalter
Ubertragen kann.

Vorrichtung nach Anspruch 1, die ferner ein Haupt-
entlastungsventil (315) an der tragbaren Einheit um-
fasst, das mit dem tragbaren LOX-Behalter verbun-
den ist, um Sauerstoffgas aus dem tragbaren LOX-
Behalter abzulassen, wenn der Druck in dem trag-
baren LOX-Behélter einen fiir den tragbaren LOX-
Behalter vorgegebenen Pegel erreicht.

Vorrichtung nach Anspruch 1 oder Anspruch 2, die
ferner ein Sparventil (356) umfasst, um das Ablas-
sen von Gas zu minimieren, indem die Enthahme
von gasférmigem und flissigem Sauerstoff aus dem
tragbaren LOX-Behalter (302) ausgeglichen wird.

Vorrichtung nach Anspruch 2, wobei das Sparventil
(356) 6ffnet, um den Durchgang von Sauerstoffgas
aus dem gasférmigen Kopfraum im tragbaren LOX-
Behalter (302) zuzulassen, wenn der Druck des Sau-
erstoffgases in dem tragbaren LOX-Behélter einen
vorgegebenen Schwellenpegel (bersteigt, und
sonst geschlossen ist, um den Durchgang von Sau-
erstoffgas aus verdampftem LOX zuzulassen.
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Vorrichtung nach Anspruch 3 oder Anspruch 4, die
ferner ein Entlastungsventil (315) umfasst.

Vorrichtung nach einem der vorhergehenden An-
spruche, die ferner eine Aufbewahrungsvorrichtung
(390) umfasst.

Vorrichtung nach Anspruch 6, wobei dann, wenn ein
Patient, der die Vorrichtung verwendet, ausatmet,
die Stromung zu der Sauerstoffabgabevorrichtung
(90) angehalten wird und Gas in der Aufbewahrungs-
vorrichtung (390) angesammelt wird.

Vorrichtung nach Anspruch 7, wobei dann, wenn der
Patient einatmet, ein Sauerstoffgasstofl von der Auf-
bewahrungsvorrichtung (390) an den Patienten ab-
gegeben wird.

Vorrichtung nach Anspruch 8, wobei die Aufbewah-
rungsvorrichtung (390) nach dem Stol3 und bis zum
erneuten Ausatmen des Patienten eine gleichmaRi-
ge Strébmung von Sauerstoffgas an die Abgabevor-
richtung abgibt.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die Vorrichtung wenigstens etwa 10
Stunden mit einer Gasentnahmerate von etwa 2 Li-
tern pro Minute arbeiten kann.

Vorrichtung nach einem der vorhergehenden An-
spriiche, die ferner ein Rickschlagventil (363) um-
fasst, um eine Riickstrémung von gasférmigem Sau-
erstoff durch den Sauerstoffgas-Ubertragungsver-
binder (190) zwischen den Einheiten zu verhindern.

Vorrichtung nach einem der vorhergehenden An-
spriiche, die ferner eine Flissigkeitsentnahmelei-
tung (326) und eine Einschniirungsleitung (331) um-
fasst, wobei die Einschnirrungsleitung eine Entnah-
meleitung (339) fiir gasférmigen Sauerstoff und eine
Ablassleitung (341) umfasst, wobei die Flussigkeits-
entnahmeleitung und die Einschnirungsleitung mit
dem Innenraum des Behalters kommunizieren.

Vorrichtung nach Anspruch 12, die ferner ein Ab-
lassventil (344) als Teil der Ablassleitung umfasst.

Vorrichtung nach Anspruch 13, wobei das Ab-
lassventil (344) wahrend des Befiillens des tragba-
ren LOX-Behélters (302) gedffnet werden kann.

Vorrichtung nach einem der Anspriiche 12 bis 14,
wenn abhdngig von einem der Anspriche 3 bis 5,
wobei ein Innendurchmesser der Flissigkeitsent-
nahmeleitung so bemessenist, dass dann, wenndas
Sparventil gedffnet ist, eine gasférmige Stromung
aus dem Kopfraum des tragbaren LOX-Behélters
gegeniiber einer Strémung durch die Flissigkeits-



16.

17.

18.

19.

20.

21.

22.

23.

24,

19
entnahmeleitung bevorzugt wird.

Vorrichtung nach einem der vorhergehenden An-
spriiche, die ferner eine Flussigkeitsentnahme-Er-
warmungsspule (349) und/oder eine Gasentnahme-
Erwarmungsspule (352) umfasst.

Vorrichtung nach Anspruch 16, die sowohl eine Fliis-
sigkeitsentnahme-Erwarmungsspule (349) als auch
eine Gasentnahme-Erwarmungsspule (352) um-
fasst.

Vorrichtung nach Anspruch 16 oder Anspruch 17,
wobei ein Innendurchmesser der Flissigkeitsent-
nahme-Erwarmungsspule (349) grof3eristals der In-
nendurchmesser der Flissigkeitsentnahmeleitung
(326).

Vorrichtung nach einem der vorhergehenden An-
spriiche, die ferner eine Steuervorrichtung (360) flr
angeforderte Stromung umfasst, um eine Gasstro-
mung durch den Sauerstoffgas-Ubertragungsver-
binder (384) an der tragbaren Einheit einzustellen.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei der tragbare LOX-Behalter eine
Mehrfachhohlraum-Ringleitung umfasst.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei der tragbare LOX-Behélter etwa
0,45 kg LOX enthalt, wenn er vollstandig mit LOX
gefullt ist.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die Vorrichtung mit einer Gasentnah-
merate von etwa 2 Litern pro Minute bei einer LOX-
Nutzungsrate von bis zu etwa 0,0378 Kilogramm pro
Stunde abgeben kann.

Vorrichtung nach einem der Anspriiche 6 bis 9, wo-
bei die Aufbewahrungsvorrichtung Sté3e von Sau-
erstoffgas abgibt.

Hocheffizientes  Aufbewahrungs-/Abgabesystem
(100) fur flissigen Sauerstoff (LOX), das umfasst:

- die tragbare hocheffiziente LOX-Aufbewah-
rungs-/Abgabevorrichtung (160) nach einem
der Anspriiche 1 bis 23; und

- eine Hauptspeicher-Aufbewahrungs-/Abgabe-
vorrichtung (205), die eine stationdre Sauer-
stoffquelle ist und einen Hauptspeicher-LOX-
Behalter (226) umfasst, der mit dem tragbaren
LOX-Behalter (302) iber den LOX-Ubertra-
gungsverbinder (304) an der tragbaren Einheit
verbunden ist und mit dem tragbaren LOX-Be-
hélter ber den Sauerstoffgas-Ubertragungs-
verbinder (190) zwischen den Einheiten verbun-

10

15

20

25

30

35

40

45

50

55

11

EP 1 230 510 B1

25.

26.

27.

20
den ist;

wobei dann, wenn der Sauerstoffgas-Ubertragungs-
verbinder zwischen den Einheiten des tragbaren Be-
hélters mit der stationaren Sauerstoffquelle in dem
Hauptspeicherbehalter verbunden ist, Sauerstoff-
gas an die Sauerstoffgas-Abgabevorrichtung (90)
fur die Abgabe an den Patienten von der stationaren
Gasquelle in dem Hauptspeicher-LOX-Behalter
durch den Gaslibertragungsverbinder zwischen den
Einheiten Ubertragen werden kann.

System (100) nach Anspruch 24, wobei der Sauer-
stoffgas-Ubertragungsverbinder (190) zwischen
den Einheiten in der Weise konfiguriert ist, dass
dann, wenn der Sauerstoffgas-Ubertragungsverbin-
der zwischen den Einheiten des tragbaren Behalters
(302) mit der stationaren Sauerstoffquelle in dem
Hauptspeicherbehalter (226) verbunden ist, Sauer-
stoffgas von dem tragbaren LOX-Behélter (302) an
die Sauerstoffgas-Abgabevorrichtung (90) fiir die
Abgabe an den Patienten ubertragen werden kann
und die Ubertragung von gasférmigem Sauerstoff
an die Sauerstoffgas-Abgabevorrichtung von der
stationdren Gasquelle im Hauptspeicher-LOX-Be-
hélter zugelassen wird.

System nach Anspruch 24 oder 25, wobei die Haupt-
speicher-LOX-Vorrichtung ferner einen Haupt-LOX-
Ubertragungsverbinder (209) umfasst, der mit dem
Hauptspeicher-LOX-Behalter verbunden ist, um
LOX in den Hauptspeicher-LOX-Behalter einzuge-
ben, und mitdem LOX-Ubertragungsverbinder (304)
an der tragbaren Einheit verbunden werden kann,
um LOX aus dem Hauptspeicher-LOX-Behalter zu
dem tragbaren LOX-Behalter (302) auszugeben;
einen Sauerstoffgas-Ubertragungsverbinder (213)
an der Haupteinheit, um Sauerstoffgas von dem
Hauptspeicher-LOX-Behalter zu Gbertragen,

wobei der Sauerstoffgas-Ubertragungsverbinder an
der Haupteinheit mit dem Sauerstoffgas-Ubertra-
gungsverbinder (190) zwischen den Einheiten ver-
bunden werden kann, um Sauerstoffgas von der sta-
tionaren Sauerstoffquelle an die tragbare Vorrich-
tung (160) zu Ubertragen, wobei zugelassen wird,
dass der gasférmige Sauerstoff von der stationaren
Sauerstoffquelle an die Sauerstoffgas-Abgabevor-
richtung (90) Ubertragen wird.

System (100) nach einem der Anspriiche 24 bis 26,
wenn abhéngig von Anspruch 2, das ferner ein
Hauptentlastungsventil (257) an der Haupteinheit
umfasst, das mit dem Hauptspeicher-LOX-Behalter
(226) verbunden ist, um Sauerstoffgas aus dem
Hauptspeicher-LOX-Behalter abzulassen, wenn der
Druck von Sauerstoffgas in dem Hauptspeicher-
LOX-Behalter einen vorgegebenen Pegel erreicht.
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System (100) nach Anspruch 26, das ferner eine
Hauptanzeigervorrichtung (274) umfasst, die mit
dem Hauptspeicher-LOX-Behalter (226) verbunden
ist, um die LOX-Inhalte des Hauptspeicher-LOX-Be-
hélters anzuzeigen.

System (100) nach Anspruch 26, wobei das Sauer-
stoffgas aus dem Hauptspeicherbehalter (226) wah-
rend einer Entnahmeperiode von wenigstens etwa
5 Stunden pro Tag entnommen wird, woraufhin die
tragbare LOX-Vorrichtung (160) mit LOX von der
Hauptspeichervorrichtung (120) befiillt wird, wobei
der Sauerstoffgasdruck in der Hauptspeicher-LOX-
Vorrichtung auf einen Pegel gesenkt wird, derart,
dass der Druck in dem Hauptspeicherbehalter wah-
rend einer Gasdruckbeaufschlagungsperiode von
etwa 5 bis 15 Stunden pro Tag ansteigen kann, ohne
dass LOX oder Sauerstoffgas aus dem Hauptspei-
cherbehélter enthommen wird und ohne dass wah-
rend der Gasdruckbeaufschlagungsperiode Sauer-
stoffgas aus dem Hauptspeicherbehalter abgelas-
sen wird.

System (100) nach Anspruch 29, wobei der Sauer-
stoffgas-Ubertragungsverbinder (190) zwischen
den Einheiten der tragbaren LOX-Vorrichtung (160)
mit dem Sauerstoffgas-Ubertragungsverbinder
(213) an der Haupteinheit des Hauptspeichers (226)
verbunden ist, so dass Sauerstoffgas von dem trag-
baren Behalter (302) an die Sauerstoffgas-Abgabe-
vorrichtung (90) Ubertragen werden kann, wahrend
Sauerstoffgas von dem Hauptspeicherbehalter
durch den ersten Sauerstoffiibertragungsverbinder
(190) wahrend der Entnahmeperiode an die tragbare
Vorrichtung Ubertragen wird.

System (100) nach Anspruch 28, wobei das System
dazu ausgelegt ist, in einem Arbeitszyklus zu arbei-
ten, in dem die Enthahmeperiode wenigstens etwa
10 Stunden pro Tag betragt.

System (100) nach Anspruch 26, wobei die Sauer-
stoffgas-Abgabevorrichtung (90) mit dem Sauer-
stoffgas-Ubertragungsverbinder (213) an der Haupt-
einheit verbunden werden kann, um Sauerstoffgas
von dem Hauptspeicher-LOX-Behalter (226) fir die
Abgabe an den Patienten zu Ubertragen.

System (100) nach Anspruch 32, wobei eine flexible
Gasleitung (110) einerseits mit dem Sauerstoffgas-
Ubertragungsverbinder (213) an der Haupteinheit
und andererseits mit der Sauerstoffgas-Abgabevor-
richtung (90) verbunden werden kann.

System (100) nach Anspruch 26, wobei eine flexible
Gasleitung (110) den Sauerstoffgas-Ubertragungs-
verbinder (213) an der Haupteinheit mit dem Sauer-
stoffgas-Ubertragungsverbinder (190) zwischen
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den Einheiten verbinden kann, um Sauerstoffgas
von dem Hauptspeicherbehalter (226) an die trag-
bare Vorrichtung (160) zu Ubertragen.

System (100) nach Anspruch 26, das ferner eine
Gasaufbewahrungsvorrichtung (390) umfasst, da-
mit dann, wenn der Patient ausatmet, Sauerstoffgas
in der Aufbewahrungsvorrichtung angesammelt
wird, und dann, wenn der Patient einatmet, Sauer-
stoffgas aus der Aufbewahrungsvorrichtung an den
Patienten abgegeben wird.

System (100) nach Anspruch 10, wobei die Haupt-
speicher-LOX-Vorrichtung (205) ferner eine Druck-
anzeigervorrichtung (274, 217) umfasst, um einen
Innendruck von gasférmigem Sauerstoff in dem
Hauptspeicher-LOX-Behalter (226) anzuzeigen.

Verfahren fir die Verwendung eines hocheffizienten
Aufbewahrungs/Abgabesystems (100) fur flissigen
Sauerstoff (LOX) nach einem der Anspriiche 24 bis
36, wobei das Verfahren umfasst: Verbinden des
Sauerstoffgas-Ubertragungsverbinder (190) zwi-
schen den Einheiten des tragbaren Behalters (302)
mit dem Sauerstoffgas-Ubertragungsverbinder
(213) an der Haupteinheit des Hauptspeichers (226)
und Entnehmen von Sauerstoffgas aus dem tragba-
ren Behalter durch den Sauerstoffgas-Ubertra-
gungsverbinder (384) an der tragbaren Einheit, wah-
rend Sauerstoff von dem Hauptspeicherbehalter
durch den Sauerstoffgas-Ubertragungsverbinder an
der Haupteinheit an den tragbaren Behalter ubertra-
gen wird.

Verfahren nach Anspruch 37, das ferner die folgen-
den Schritte umfasst: Entnehmen von Sauerstoffgas
aus dem Hauptspeicherbehalter (226) wahrend ei-
ner Entnahmeperiode von wenigstens etwa 5 Stun-
den pro Tag, daraufhin Befiillen der tragbaren LOX-
Vorrichtung (160) mit LOX aus der Hauptspeicher-
LOX-Vorrichtung (120) durch den LOX-Ubertra-
gungsverbinder (304) an der tragbaren Einheit, der
mit dem LOX-Ubertragungsverbinder (209) an der
Haupteinheit verbunden ist, Trennen der tragbaren
LOX-Vorrichtung von der Hauptspeicher-LOX-Vor-
richtung (120) und Entnehmen von Sauerstoffgas
aus der tragbaren LOX-Vorrichtung, wobei wahrend
der Entnahmeperiode der Sauerstoffgasdruck in der
Hauptspeicher-LOX-Vorrichtung auf einen Pegel
gesenkt wird, derart, dass danach der Druck in dem
Hauptspeicherbehalter wahrend einer Gasdruckbe-
aufschlagungsperiode von etwa 5 bis 15 Stunden
pro Tag erhéht werden kann, ohne dass LOX oder
Sauerstoffgas aus dem Hauptspeicherbehalter ent-
nommen wird und ohne dass wahrend der Gas-
druckbeaufschlagungsperiode Sauerstoffgas aus
dem Hauptspeicherbehélter abgelassen wird.
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Verfahren nach Anspruch 37, wobei vor dem Been-
den des Entnehmens von Sauerstoffgas aus dem
tragbaren LOX-Behalter (302), wenn der tragbare
LOX-Behalter teilweise mit LOX gefiillt ist, der Sau-
erstoffgas-Ubertragungsverbinder (190) zwischen
den Einheiten des tragbaren LOX-Behalters mitdem
Sauerstoffgas-Ubertragungsverbinder (213) an der
Haupteinheit des Hauptspeicher-LOX-Behalters
verbunden ist und Sauerstoffgas aus dem tragbaren
LOX-Behalter entnommen wird, wahrend Sauer-
stoffgas von dem Hauptspeicher-LOX-Behalter
(226) durch den Sauerstoffgas-Ubertragungsverbin-
der an der Haupteinheit an die tragbare LOX-Vor-
richtung Ubertragen wird.

Verfahren nach Anspruch 39, wobei wahrend der
Entnahmeperiode der Sauerstoffgas-Ubertragungs-
verbinder (190) zwischen den Einheiten des tragba-
ren LOX-Behalters (302) mit dem Sauerstoffgas-
Ubertragungsverbinder (213) an der Haupteinheit
des Hauptspeicher-LOX-Behalters (226) verbunden
ist und Sauerstoffgas von dem tragbaren Behalter
an die Sauerstoffgas-Abgabevorrichtung (190)
Ubertragen wird, wahrend Sauerstoffgas von dem
Hauptspeicher-LOX-Behalter durch den Sauerstoff-
gas-Ubertragungsverbinder an der Haupteinheit an
die tragbare LOX-Vorrichtung (160) Gbertragen wird.

Verfahren nach Anspruch 40, wobei wahrend der
Entnahmeperiode der Sauerstoffgas-Ubertragungs-
verbinder (190) zwischen den Einheiten durch eine
flexible Gasleitung (110) mit dem Sauerstoffgas-
Ubertragungsverbinder (213) an der Haupteinheit
verbunden ist.

Verfahren nach Anspruch 37, wobei wahrend der
Entnahmeperiode der Sauerstoffgas-Ubertragungs-
verbinder (190) an der Haupteinheit durch eine fle-
xible Gasleitung mit der Sauerstoffgas-Abgabevor-
richtung (90) verbunden ist.

Verfahren nach Anspruch 37, das ferner eine Gas-
aufbewahrungsvorrichtung (390) umfasst, so dass
dann, wenn der Patient ausatmet, Sauerstoffgas in
der Aufbewahrungsvorrichtung angesammelt wird,
und dann, wenn der Patient einatmet, Sauerstoffgas
von der Aufbewahrungsvorrichtung an den Patien-
ten abgegeben wird.

Revendications

Appareil portatif (160) de grande efficacité, destiné
au stockage et a I'administration d’'oxygéne liquide
(LOX), comprenant :

un réservoir portatif de LOX (302)
un raccord de transfert de LOX d’unité portative
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(304) relié audit réservoir portatif et pouvant re-
cevoir et transférer de 'oxygene liquide audit
réservoir portatif ;

un raccord de transfert d’'oxygéne gazeux d’uni-
té portative (384) pour transférer de 'oxygéne
gazeux depuis le réservoir portatif de LOX vers
un dispositif d’administration d’'oxygéne gazeux
(90) pour étre administré au patient ; et

un raccord de transfert d’'oxygene gazeux entre
unités (190) pouvant recevoir et transférer de
I'oxygéne gazeux vers ledit réservoir portatif.

Appareil selon la revendication 1, comprenant en
outre une soupape de sireté primaire d’unité porta-
tive (315) raccordée au réservoir portatif de LOX
pour évacuer de 'oxygéne gazeux du réservoir por-
tatif de LOX lorsque la pression dans le réservoir
portatif de LOX atteint un niveau prédéterminé pour
ledit réservoir portatif de LOX.

Appareil selon la revendication 1 ou la revendication
2, qui comprend en outre une soupape économique
(356) pour minimiser I'évacuation en équilibrant le
retrait d’oxygéne gazeux et d’oxygéne liquide hors
dudit réservoir portatif de LOX (302).

Appareil selon la revendication 2, dans lequel ladite
soupape économique (356) s’ouvre pour permettre
al'oxygéne gazeux venant d’'un espace libre gazeux
situé dans ledit réservoir portatif de LOX (302) de
passer au travers lorsque la pression dudit oxygene
gazeux dans ledit réservoir portatif de LOX dépasse
un niveau de seuil prédéterminé et se ferme autre-
ment et permet a 'oxygéne gazeux provenant de
I'oxygéne liquide évaporé de passer.

Appareil selon |la revendication 3 ou la revendication
4, comprenant en outre une soupape de s(reté
(315).

Appareil selon 'une quelconque des précédentes re-
vendications, comprenant en outre un dispositif de
conservation (390).

Appareil selon larevendication 6, dans lequel, quand
un patient qui utilise le dispositif exhale, I'écoulement
vers le dispositif d'administration d’oxygéne (90) est
arrété etle gaz s’accumule dans le dispositif de con-
servation (390).

Appareil selon la revendication 7, dans lequel, lors-
que le patientinhale, une bouffée d’'oxygéne gazeux
est administrée au patient a partir du dispositif de
conservation (390).

Appareil selon la revendication 8, dans lequel le dis-
positif de conservation (390) délivre un écoulement
régulier d’oxygéne gazeux audit dispositif d’'adminis-
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tration apres ladite bouffée et jusqu’a ce que le pa-
tient exhale de nouveau.

Appareil selon'une quelconque des précédentes re-
vendications, dans lequel ledit appareil peut durer
au moins 10 heures environ a un débit de retrait de
gaz d’environ 2 litres par minute.

Appareil selon'une quelconque des précédentes re-
vendications, comprenant en outre un clapet anti-
retour (363) pour empécher le reflux d’oxygéne ga-
zeux a travers ledit raccord de transfert d’'oxygéne
gazeux entre unités (190).

Appareil selon'une quelconque des précédentes re-
vendications, comprenant en outre un conduit de re-
trait de liquide (326) et un conduit formant col (331),
le conduit formant col comprenant un conduit de re-
trait d’oxygéne gazeux (339) et un conduit d’évacua-
tion (341), le conduit de retrait de liquide (326) et le
conduit formant col étant en communication avec
lintérieur dudit réservoir.

Appareil selon la revendication 12, comprenant en
outre une soupape d’évacuation (344) qui fait partie
du conduit d’évacuation.

Appareil selon larevendication 13, dans lequel ladite
soupape d’évacuation (344) peut étre ouverte pen-
dant le remplissage dudit réservoir portatif de LOX
(302).

Appareil selon I'une quelconque des revendications
12 a 14 quand elle dépend de l'une quelconque des
revendications 3 a 5, dans lequel le diamétre inté-
rieur dudit conduit de retrait de liquide est dimen-
sionné pour que, lorsque ladite soupape économi-
que est ouverte, I'écoulement gazeux venant de I'es-
pace libre dudit réservoir portatif de LOX est préféré
par rapport a I'écoulement liquide a travers ledit con-
duit de retrait de liquide.

Appareil selon'une quelconque des précédentes re-
vendications, comprenant en outre au moins un élé-
ment parmi un serpentin de réchauffage de retrait
de liquide (349) et un serpentin de réchauffage de
retrait de gaz (352).

Appareil selon la revendication 16, qui comprend a
la fois un serpentin de réchauffage de retrait de li-
quide (349) et un serpentin de réchauffage de retrait
de gaz (352).

Appareil selon la revendication 16 ou la revendica-
tion 17, dans lequel le diamétre intérieur dudit ser-
pentin de réchauffage de retrait de liquide (349) est
supérieur au diametre intérieur dudit conduit de re-
trait de liquide (326).
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Appareil selon'une quelconque des précédentes re-
vendications, comprenant en outre un dispositif de
régulation d’écoulement de demande (360) pour le
réglage de I'écoulement de gaz a travers ledit rac-
cord de transfert d’oxygéne gazeux d’unité portative
(384).

Appareil selon'une quelconque des précédentes re-
vendications, dans lequel ledit réservoir portatif de
LOX comprend un conduit annulaire a canaux mul-
tiples.

Appareil selon'une quelconque des précédentes re-
vendications, dans lequel ledit réservoir portatif de
LOX contient environ 0,45 kg de LOX quand il est
totalement chargé de LOX.

Appareil selon'une quelconque des précédentes re-
vendications, dans lequel ledit appareil peut délivrer
un débit de retrait de gaz d’environ 2 litres par minute
avec un débit d’utilisation de LOX pouvant atteindre
environ 0,0378 kilogrammes par heure.

Appareil selon I'une quelconque des revendications
6 a 9, dans lequel ledit dispositif de conservation
délivre des bouffées d’oxygéne gazeux.

Systéme (100) de grande efficacité destiné au stoc-
kage et a 'administration d’oxygéne liquide (LOX),
comprenant :

I'appareil portatif (160) de grande efficacité des-
tiné au stockage et a I'administration d’'oxygene
liquide selon 'une quelconque des revendica-
tions 1a 23 ; et

un appareil de stockage et d’administration de
LOXaréservoirde base (205) quiestune source
fixe d’'oxygéne et comprend un réservoir de LOX
de base (226) relié au réservoir portatif de LOX
(302) par I'intermédiaire du raccord de transfert
de LOX d’unité portative (304), et relié au réser-
voir portatif de LOX par l'intermédiaire du rac-
cord de transfert d’'oxygéne gazeux entre unités
(190) ;

dans lequel, quand le raccord de transfert d’'oxygéne
gazeux entre unités du réservoir portatif est relié a
la source fixe d’oxygene située dans ledit réservoir
de base, de I'oxygene gazeux peut étre transféré
vers le dispositif d’administration d’oxygéne gazeux
(90) pour étre administré au patient a partir de la
source fixe d’oxygéne située dans le réservoir de
LOX de base par le raccord de transfert d’'oxygene
gazeux entre unités.

Systéme (100) selon larevendication 24, dans lequel
le raccord de transfert d’'oxygéne gazeux entre uni-
tés (190) est congu de telle sorte que, quand le rac-
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cord de transfert d’'oxygéne gazeux entre unités du
réservoir portatif (302) est raccordé a ladite source
fixe d’oxygéne située dans ledit réservoir de base
(226), de 'oxygéne gazeux peut étre transféré vers
le dispositif d’administration d’'oxygéne gazeux (90)
pour étre administré au patient a partir du réservoir
portatif de LOX (302) et 'oxygéne gazeux peut étre
transféré vers le dispositif d’administration d’oxygée-
ne gazeux a partir de la source fixe d’oxygéne située
dans le réservoir de LOX de base.

Systéme selon la revendication 24 ou la revendica-
tion 25, dans lequel I'appareil a réservoir de LOX de
base comprend en outre un raccord de transfert de
LOX d'unité principale (209) reli¢ au réservoir de
LOX de base pour introduire de I'oxygéne liquide
dans ledit réservoir de LOX de base et pouvant étre
relié au raccord de transfert de LOX d’unité portative
(304) pour faire passer de 'oxygéne liquide depuis
le réservoir de LOX de base vers ledit réservoir por-
tatif de LOX (302) ;

un raccord de transfert d’'oxygéne gazeux d’unité
principale (213) pour transférer de I'oxygéne gazeux
depuis ledit réservoir de LOX de base, le raccord de
transfert d’'oxygéne gazeux d’unité principale pou-
vant étre relié audit raccord de transfert d’'oxygéne
gazeux entre unités (190) pour ledit transfert dudit
oxygene gazeux depuis ladite source fixe d’oxygéne
vers ledit appareil portatif (160), dans lequel ledit
oxygene gazeux peut étre transféré vers le dispositif
d’administration d’'oxygéne gazeux (90) depuis ladi-
te source fixe d’oxygéne.

Systéme (100) selon I'une quelconque des revendi-
cations 24 a 26 quand elle dépend de la revendica-
tion 2, comprenant en outre une soupape de sireté
primaire d’unité principale (257) raccordée au réser-
voirde LOX de base (226) pour évacuer de I'oxygéne
gazeux hors dudit réservoir de LOX de base lorsque
la pression de 'oxygéne gazeux dans ledit réservoir
de LOX de base atteint un niveau prédéterminé.

Systéme (100) selon la revendication 26, compre-
nant en outre un dispositif indicateur primaire (274)
raccordé au réservoir de LOX de base (226) pour
indiquer le contenu en LOX du réservoir de LOX de
base.

Systeme (100) selon larevendication 26, dans lequel
ledit oxygene gazeux est retiré du réservoir de base
(226) pendant une période de retrait d’'au moins 5
heures environ par jour, puis ledit appareil portatif
de LOX (160) est rempli d’'oxygéne liquide a partir
duditappareil aréservoir de base (120), de telle sorte
que la pression de I'oxygéne gazeux dans ledit ré-
servoir de LOX de base est réduite a un niveau tel
que la pression peut augmenter a lintérieur dudit
réservoir de base pendant une période de mise sous
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pression du gaz d’environ 5 a 15 heures par jour
sans que de I'oxygene liquide ou de I'oxygéne ga-
zeux ne soit retiré dudit réservoir de base et sans
que de I'oxygéne gazeux ne soit évacué dudit réser-
voir de base pendant ladite période de mise sous
pression du gaz.

Systéeme (100) selon larevendication 29, danslequel
ledit raccord de transfert d’'oxygéne gazeux entre
unités (190) dudit appareil portatif de LOX (160) est
relié audit raccord de transfert d’'oxygene gazeux
d’'unité principale (213) dudit réservoir de base (226)
de telle sorte que de I'oxygéne gazeux peut étre
transféré depuis le réservoir portatif (302) vers le dis-
positif d’administration d’oxygene gazeux (90) pen-
dant que I'oxygéne gazeux est transféré vers I'ap-
pareil portatif a partir du réservoir de base a travers
le premier raccord de transfert d’'oxygéne (190) pen-
dant ladite période de retrait.

Systéeme (100) selon larevendication 28, danslequel
ledit systeme est adapté pour fonctionner dans un
cycle opératoire dans lequel ladite période de retrait
est d’au moins 10 heures environ par jour.

Systeme (100) selon larevendication 26, danslequel
ledit dispositif d’administration d’oxygéne gazeux
(90) peut étre relié audit raccord de transfert d’oxy-
géne gazeux d’unité principale (213) pour transférer
de l'oxygéne gazeux depuis ledit réservoir de LOX
de base (226) pour étre administré audit patient.

Systéme (100) selon larevendication 32, dans lequel
un conduit de gaz flexible (110) peut étre raccordé
entre le raccord de transfert d’'oxygéne gazeux d’uni-
té principale (213) et ledit dispositif d’administration
d’'oxygéne gazeux (90).

Systéme (100) selon larevendication 26, dans lequel
un conduit de gaz flexible (110) peut relier le raccord
de transfert d’'oxygéne gazeux d'unité principale
(213) au raccord de transfert d’oxygene gazeux en-
tre unités (190) pour transférer de I'oxygéne gazeux
depuis ledit réservoir de base (226) vers ledit appa-
reil portatif (160).

Systéme (100) selon la revendication 26, compre-
nant en outre un dispositif de conservation (390) de
telle sorte que, lorsque ledit patient exhale, de I'oxy-
géne gazeux s’accumule dans ledit dispositif de con-
servation, etlorsque ledit patientinhale, de 'oxygéne
gazeux est administré audit patient a partir dudit dis-
positif de conservation.

Systéme (100) selon larevendication 10, dans lequel
leditappareil de stockage et d’administration de LOX
areéservoir de base (205) comprend en outre un dis-
positif indicateur de pression (274, 217) pour indi-
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quer la pression interne de I'oxygene gazeux a l'in-
térieur dudit réservoir de LOX de base (226).

Procédé destiné a utiliser un systeme (100) de gran-
de efficacité servant au stockage et a 'administration
d’'oxygéne liquide (LOX) tel que revendiqué dans
'une quelconque des revendications 24 a 26, ledit
procédé comprenant les étapes consistant a relier
ledit raccord de transfert d’'oxygéne gazeux entre
unités (190) dudit réservoir portatif (302) audit rac-
cord de transfert d’'oxygéne gazeux d’unité principa-
le (213) dudit réservoir de base (226), et retirer de
I'oxygéne gazeux dudit réservoir portatif (302) a tra-
vers ledit raccord de transfert d’'oxygéne gazeux
d’'unité portative (384) pendant que de I'oxygéne ga-
zeux est transféré vers le réservoir portatif depuis le
réservoir de base a travers le raccord de transfert
d’oxygéne gazeux d’unité principale.

Procédé selon la revendication 37, comprenant en
outre les étapes consistant a retirer de I'oxygéne ga-
zeux du réservoir de base (226) pendant une période
de retrait d’environ au moins 5 heures par jour, puis
a remplir ledit appareil portatif de LOX (160) d’oxy-
gene liquide en provenance dudit appareil a réser-
voir de base de LOX (120) a travers ledit raccord de
transfert de LOX d’unité portative (304) relié audit
raccord de transfert de LOX d’unité principale (209),
a déconnecter ledit appareil portatif de LOX dudit
appareil aréservoirde base de LOX (120), etaretirer
de 'oxygene gazeux dudit appareil portatif de LOX,
de telle sorte que, pendant ladite période de retrait,
la pression de I'oxygene gazeux a l'intérieur dudit
réservoir de base de LOX est réduite a un niveau tel
que, ensuite, la pression peut augmenter a l'intérieur
duditréservoir de base pendant une période de mise
sous pression du gaz d’environ 5 a 15 heures par
jour sans que de I'oxygéne liquide ou de I'oxygéne
gazeux ne soit retiré dudit réservoir de base et sans
que de 'oxygene gazeux ne soit évacué dudit réser-
voir de base pendant ladite période de mise sous
pression du gaz.

Procédé selon la revendication 37, dans lequel,
avant le retrait total de 'oxygéne gazeux dudit réser-
voir portatif de LOX (302) pendant que ledit réservoir
portatif de LOX est partiellement rempli de LOX, le
raccord de transfert d’'oxygéne gazeux entre unités
(190) dudit réservoir portatif de LOX est relié audit
raccord de transfert d’'oxygéne gazeux d’unité prin-
cipale (213) dudit réservoir de base de LOX, et de
I'oxygéne gazeux est retiré du réservoir portatif de
LOX pendant que de I'oxygéne gazeux est transféré
vers |'appareil portatif de LOX a partir du réservoir
de base de LOX (226) par le biais du raccord de
transfert d’'oxygene d’unité principale.

Procédé selon la revendication 39, dans lequel, pen-
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dant ladite période de retrait, ledit raccord de trans-
fert d’'oxygéne gazeux entre unités (190) dudit réser-
voir portatif de LOX (302) est relié audit raccord de
transfert d’'oxygéne gazeux d’unité principale (213)
dudit réservoir de base de LOX (226) et de 'oxygéne
gazeux est transféré depuis le réservoir portatif vers
le dispositif d’administration d’oxygéne gazeux (90)
pendant que de I'oxygéne gazeux est transféré vers
I'appareil portatif de LOX (160) a partir du réservoir
de base de LOX par le biais du raccord de transfert
d’oxygene gazeux d’'unité principale.

Procédé selon la revendication 40, dans lequel, pen-
dant ladite période de retrait, le raccord de transfert
d’oxygéne gazeux entre unités (190) est relié au rac-
cord de transfert d’oxygéne gazeux d’unité principa-
le (213) par un conduit de gaz flexible (110).

Procédé selon la revendication 37, dans lequel, pen-
dant ladite période de retrait, le raccord de transfert
d’oxygéne gazeux d’unité principale,, (190) est relié
audit dispositif d’administration d’oxygéne gazeux
(90) par un conduit de gaz flexible.

Procédé selon la revendication 37, comprenant en
outre un dispositif de conservation de gaz (390), de
telle sorte que, lorsque ledit patient exhale, de I'oxy-
géne gazeux s’accumule dans ledit dispositif de con-
servation, etlorsque ledit patientinhale, de 'oxygéne
gazeux est administré audit patient depuis ledit dis-
positif de conservation.
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