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LIQUEFYING AND STORING A GAS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit of U.S. Provisional Patent
Application No. 60/622,483, entitled “Liquefying and Storing a Gas” and filed on
October 26, 2004, The pfesent application also claims the benefit of U.S. Provisional
Patent Application No. 60/677,661, entitled “Liquefying and Storing a Gas” and filed on
May 2, 2005. The present application also claims priority to U.S. Patent Application No.
11/130,646, entitled “Liquefying and Storing a Gas” and filed on May 16, 2005. The
aforementioned applications are hereby incorporated by reference herein in their entirety

for all purposes.

FIELD
[0002] The present application relates to the production and storage of liquefied
gases at the site where at least some of the liquefied gas is to be used. In particular, the
present invention relates to the production and storage of liquid oxygen in an oxygen

patient’s residence, and the improvement of cost, safety, and/or efficiency thereof.

BACKGROUND

[0003] The liquefaction of low boiling point gases, such as air and the components
of air, such as oxygen, nitrogen and argon, has been practiced for over 100 years, and the
liquefaction of such gases on an industrial scale has been practiced since the beginning of
the 20th century. T'ypically, commercial liquefiers are designed to produce hundreds of
tons of liquid cryogens per day. Such industrial liquefiers are reliable, and are capable of
producing liquefied gas with relatively high energy efficiency. For consumers of liquefied
gas requiring relatively small quantities, small insulated containers, known as dewars, are
filled with liquefied gas produced by commercial facilities and transported to the
consumer. Consumers of small quantities of liquefied gas include hospitals, which require
oxygen for delivery to patients and nitrogen for use as a refrigerant. Also, people
suffering from chromic respiratory insufficiency that have been prescribed home oxygen
by their physicians may have liquefied oxygen delivered to their residences.

[0004] Initially, attempts to provide such a liquefier involved efforts to miniaturize

large scale liquefying plants. However, due to the complexity of such systems, which are
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typically based on the Claude cycle or its variants, these attempts failed. Also, the
extremely small mechanical components resulting from the miniaturization of such
liquefiers were expensive to produce and unreliable in operation. Current Liquefiers often
involve complex and/or expensive liquefaction components, and often lack safety features
to make a liquefaction system safer for residential, small-scale, and/or portable use.

[0005] For the above-stated reasons, it would be advantageous to provide a method
and apparatus for improving the safety, efficiency, and/or cost of producing and storing
relatively small quantities of liquefied gas at the location where the liquefi ed gas is to be

used, such as at an oxygen therapy patient's residence.

SUMMARY

[0006] Apparatus and methods for improving the safety and efficiency and
decreasing the cost of producing liquid oxygen with a small-scale use liquefaction device
are described. In one embodiment, a liquid oxygen barrier may be added to an interface
between a cryocooler and a dewar to control the rate of liquid oxygen escape upon a
tipping of the dewar. A boiloff tube may be fluidly connected to the dewar to allow
expanding gas from a tipped dewar to escape while allowing the liquid to safely settle in
the boiloff tube. A tilt switch may be used to identify whether a liquefaction device has
been tipped or tilted, and to cut electrical power to the system upon such a condition. The
tilt switch may be a mercury switch, which may be operative to cut electrical power upon
at least a forty-five degree tip or tilt.

[0007] In one embodiment, a cold finger of the cryocooler extends writhin the dewar
and may prevent overfilling of the dewar. The cold finger has a temperature gradient
with one end having a temperature higher than the boiling point of oxygen and the other
end having a temperature lower than the boiling point of oxygen. As the gas liquefies and
fills the dewar, the liquid level rises only to a level on the cold finger at which the
temperature exceeds the boiling point of oxygen. At this level, no exposed part of the
cold finger is cold enough to liquefy oxygen, so the liquid level does not rise further; fhis
may prevent overfilling of the dewar by mechanical, rather than electrical, means.
Alternatively, a liquid level sensor may be used to trigger a system shutdown when the
liquid level exceeds a predetermined limit.

[0008] In one embodiment, the liquefaction device controls a feed flow of oxygen

using a regulator and orifice to maintain a steady feed flow from an oxygen concentrator.
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Use of a fixed configuration regulator and orifice allows for the production of USP93
approved liquid oxygen by receiving USP93 gaseous oxygen from a concentrator and
passing it to the rest of the system at a steady flow rate. A regulator and orifice
combination in a liquefaction device may also be less expensive and easier to
manufacture than a variable flow rate valve, or a variable flow rate valve controlled with
a controller in a control loop.

[0009] In one embodiment, a compressor in fluid communication with the dewar
may pressurize the dewar to push liquid oxygen out of a transfill tube and into a portable
stroller. This pressurization may be accomplished using ambient air. A portable liquid
oxygen stroller, with a valve adapted to interface with a transfill valve on the liquefaction
device, may be pushed down onto the transfill valve. The portable liquid oxygen stroller
may be especially adapted or approved for use with USP93 oxygem. This action of
placing a portable stroller onto a transfill valve may activate a transfill switch, which may
act to close any fluid outlets from the dewar except for the transfill tube. The closing of
the fluid outlets of the dewar may involve activating a solenoid valve to closela vent line
from the dewar. The transfill switch may also connect to a programimable logic device
that terminates the transfill process after a preset time limit. Pressure relief valves, which
may be placed in a feed line and a vent line, may prevent over-pressurization of the dewar
or the plumbing of the liquefaction device during a transfill process.

[0010] In one embodiment, a feed gas flow from a concentrator is separated into
two flows: one for use by a patient and one for liquefaction. The patient flow may be
controlled with a patient flowmeter and set to a prescribed limit. The patient flow output
may also allow for the connection of a canula line and a humidifier elerment.

[0011] In one embodiment, a liquefaction device may be held together with a
mounting shroud. The mounting shroud may include two halves. The two halves may
include a clamping element configured to encompass both a cryocooler flange and a
dewar flange, with an O-ring placed between the cryocooler flange and the dewar flange.
When the mounting shroud, and thus the clamping element, is closed, the clamping
element provides opposing axial forces to push the cryocooler flange and dewar flange
together to compress the O-ring. This creates a seal between the crs/ocooler flange and
the dewar flange, preventing leakage of gaseous or liquid oxygen even when the
liquefaction device is tipped over. The mounting shroud may also secure the dewar and

cryocooler into a chassis assembly. Vibration dampeners may be mounted between the
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mounting shroud and chassis to ameliorate noise and vibration. A cooling fan may be
secured to the mounting shroud to allow cooling of a cryocooler fin and of electrical
components. The mounting shroud design itself may provide an enclosed air path to
route air through a cooling fin of the cryocooler, reducing the likelihood that the
cryocooler overheats or suffers a seized displacer.

[0012] In one embodiment, a liquefaction device employs a stainless steel dewar
with a bellows neck. A metal dewar with a metal neck tube may be more durable than
either a glass dewar or metal dewar with a composite neck tube. A metal neck tube
reduces flammability concerns due to the high oxygen environment. An all-metal dewar
construction allows for the welding of a mounting flange directly to th.e top of the dewar,
which, in turn, allows for a better seal between the dewar and a cryocooler flange. A
bellows neck design reduces thermal conductivity and further reduces heat loss from
inside the dewar. Such a dewar design provides ease of manufacture and a reduction in
the number of necessary assembly parts.

[0013] Devices for transferring liquid gas from a storage dewar to a portable dewar
are provided, according to various embodiments of the present invention. Such
embodiments of devices may include a storage dewar operable to contain a liquid gas for
portable medical gas therapy, a transfill tube having a first end and a second end, the first
end extending within the storage dewar, the second end opening outside of the storage
dewar, a valve coupled to the second end, a means for pressurizing thie storage dewar to
push the liquid gas through the transfill tube, and a switch electrically coupled to the
means for pressurizing the storage dewar, the switch located relative to the valve so as to
automatically activate the means for pressurizing the storage dewar upon engagement of a
portable dewar to the valve. In some instances of the embodiments, the means for
pressurizing the storage dewar may be a compressor in fluid communication with the
storage dewar. In some cases, the compressor may pressuﬁze the storage dewar with
ambient air. Other instances of the embodiments may further include a vent tube in fluid
communication with the storage dewar and configured to permit gases to exit the storage
dewar. In such instances, the vent tube may include a solenoid valve, and the switch may
be configured to close the solenoid valve upon activating the compressor. Embodiments
of the devices may include a timing device operable to deactivate the compressor after a

predetermined timme. The predetermined time, may be, for example, tw o minutes.
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[0014] According to some embodiments of the devices, the valve and the switch are
mounted on a housing, and the housing has formed therein a depression shaped to fit a
valve interface surface of the portable dewar. In some cases, the switch may be a push-
button switch configured to be pressed by the portable dewar when the portable dewar has
been engaged with the valve. In other cases, the switch may be a proximity detection
switch configured to trigger when the portable dewar is close enough to be engaged with
the valve. In yet other cases, the valve is a first valve and the portable stroller may
include a second valve. In such cases, the first valve may be configured to engage the
second valve such that pushing the second valve onto the first valve opens the first and
second valves. Embodiments of the devices may further include a cryyocooler with a cold
finger, the cold finger extending within the storage dewar and operable to liquefy gas for
containment in the storage dewar.

[0015] A method of maintaining oxygen purity in liquefaction of gas for residential
oxygen therapy is provided, according to various embodiments of the present invention.
Such embodiments of methods may include receiving a feed stream of gas from an
oxygen concentrator, providing a cryocooler having a cold finger, the cold finger
extending within a container and operable to liquefy the gas for containment in the
container, maintaining the cold finger at a substantially constant temperature at or below
the liquefaction temperature of oxygen, liquefying at least part of the feed stream of gas,
the oxygen purity of liquefied gas being substantially at or greater than the oxygen purity
of the feed stream of gas, drawing the feed stream of gas to the cold finger at least in part
with a low pressure created by liquefaction of the feed stream of gas at a surface of the
cold finger, and accumulating the liquefied gas in the container. Maintaining the cold
finger at a substantially constant temperature may include supplying a constant electrical
power to the cryocooler and receiving the feed stream of gas at a substantially constant
rate. The substantially constant temperature may be, for example, approximately equal to
eighty-seven degrees Kelvin. In some cases, the oxygen purity of the liquefied gas may
be ninety to ninety-six percent by volume; in other cases, the oxygen purity of the
liquefied gas may be approximately ninety-three percent by volume; in yet other cases,
the oxygen purity of the liquefied gas is at least ninety-nine percent by volume.
Embodiments of the methods may further include providing a portable dewar operable to
store the liquefied gas for ambulatory medical gas therapy and transferring the liquefied

gas from the container to the portable dewar.
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[0016] A method for reducing power consumption in residential medical gas
liquefaction and storage is provided, according to various embodimients of the present
invention. Such embodiments may include receiving a feed stream of gas from an
oxygen concentrator, providing a cryocooler having a cold finger, the cold finger
extending within a container and operable to liquefy at least part of the feed stream of gas
for containment in the container, mounting a liquid level sensor within the container, the
liquid level sensor operable to detect a liquid level in the container, and initiating a low
power mode of the cryocooler when the liquid level reaches a predetermined liquid level.
In some cases, the predetermined liquid level may be a full liquid level. In other cases,
the predetermined liquid level may be a first predetermined liquid level, and initiating the
low power mode of the cryocooler may further include reducing a power supply of the
cryocooler to a predetermined low power setting, and restoring the power supply of the
cryocooler to a predetermined full power setting when the liquid leswvel has dropped to a
second predetermined liquid level. In some cases, the second predetermined liquid level
may be a three-fourths full liquid level.

[0017] Initiating the low power mode of the cryocooler, according to various
embodiments of the present invention, may further include providing a cooling fan
operable to remove heat from the cryocooler, reducing a power supply of the cooling fan
to another predetermined low power setting, and restoring the power supply of the
cooling fan to another predetermined full power setting when the liquuid level has dropped
to the second predetermined liquid level. Initiating the low power mode of the
cryocooler, according to various alternative embodiments of the present invention, may
include selecting a maintenance temperature for the cold finger needed to maintain the
liquid level at full, monitoring a temperature of the cold finger, and varying a power
supply of the cryocooler to maintain the temperature at the maintenance temperature.
Embodiments of the methods may exclude varying pressure within the container or flow
rate of the feed stream of gas during liquefaction. In some cases, the liquid level sensor
may be a capacitive-type liquid level sensor.

[0018] An apparatus for passively stalling liquefaction is provided, according to
various embodiments of the present invention. Such embodiments may include a
container operable to contain liquid oxygen for portable oxygen therapy and a cryocooler
comprising a cold finger, the cold finger extending vertically within the container and

operable to liquefy oxygen gas for containment in the container, the cold finger
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comprising a cold end portion cold enough to liquefy the oxygen gas and a second portion
too warm to liquefy the oxygen gas, the cold end portion extending entirely within the
container and the second portion extending at least partially within the container such that
liquefaction stalls as soon as the liquid oxygen gas in the container submerges the cold
end portion. According to such embodiments, the temperature alonag the cold finger may
vary according to a temperature gradient, the cold finger having a highest temperature
closest to the cryocooler and a lowest temperature furthest from the cryocooler.

[0019] A device for transferring liquid gas from a storage dewar to a portable dewar
is provided, according to various embodiments of the present invention. Such
embodiments may include a first dewar configured to contain a liquid gas of a certain
purity range for portable medical gas therapy, a female transfill valve associated with the
first dewar, a second dewar configured to contain a liquid gas of the certain purity range
for portable medical gas therapy, a male transfill valve associated with the second dewar,
and a transfill tube having a first end and a second end, the first end extending within the
second dewar, the second end in fluid communication with the male transfill valve.
According to such embodiments, the male transfill valve may be configured to be
incompatible with an other dewar not configured to contain a liquid gas of the certain
purity range.

[0020] Other features of embodiments of the present invention will be apparent

from the accompanying drawings and from the detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] Figure 1 depicts a cross-section, cut-away view of the cryocooler and dewar
interface of one embodiment of the present invention.
[0022] Figure 2 depicts a cross-section, cut-away view of the cryocooler and dewar
of one embodiment of the present invention, showing a possible placement of temperature
Sensors.
[0023] Figure 3 depicts a cross-section, cut-away view of one embodiment of a
liquid oxygen barrier situated within the cryocooler and dewar interface of one
embodiment of the present invention.
[0024] Figure 4 depicts a cross-section, cut-away view of the cryocooler and dewar
interface of one embodiment of the present invention, showing a maximum sustainable

liquid oxygen level in the dewar.
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[0025] Figure 5 depicts a conceptual system diagram of ome embodiment of the
present invention coupled to an oxygen concentrator, illustrating liquid flow during a
liquefaction cycle.

[0026] Figure 6 depicts a conceptual system diagram of ome embodiment of the
present invention coupled to an oxygen concentrator, illustrating liquid flow during a

transfill cycle.

[0027] Figure 7 depicts a side view of a liquid level sensor of one embodiment of
the present invention.
[0028] Figure 8 depicts a cross-section, cut-away view of a dewar of one

embodiment of the present invention, showing the placement therein of the liquid level
sensor of Figure 7.

[0029] Figure 9 depicts a perspective view of a lower chassis assembly of a
liquefaction device according to one embodiment of the present invention.

[0030] Figure 10 depicts another perspective view of a lower chassis assembly of
one embodiment of the present invention.

[0031] Figure 11 depicts another perspective view of a lower chassis assembly of
one embodimment of the present invention.

[0032] Figure 12 depicts a perspective view of the outer housing of a liquefaction
device according to one embodiment of the present inventiom, showing a possible
placement of a detachable humidifier.

[0033] Figure 13 depicts a partial cross-sectional view of the outer housing with a
transfill valve and a transfill switch, and a portable stroller with a female valve, according
to one embodiment of the present invention.

[0034] Figure 14 depicts a top perspective view of the outer housing of a
liquefaction device according to one embodiment of the present invention, showing one
embodimént of a transfill valve and transfill switch.

[0035] Figure 15 depicts a side perspective view of a cryocooler and dewar secured
by a mounting shroud to an upper chassis of a liquefaction device according to one
embodiment of the present invention.

[0036] Figure 16 depicts a perspective view of a mounting shroud and dewar
according to one embodiment of the present invention.

[0037] Figure 17 depicts a side perspective view similar to Figure 16, with the

mounting shroud shown in cut-away view.
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[0038] Figure 18 depicts a side perspective view of a cryocooler/dewar flange
interface with a cut-away view of a mounting shroud.

[0039] Figure 19 depicts a side perspective, cut-away view of an inside of a
cryocooler and dewar interface of one embodiment of the present invention, showing one
embodiment of a cold finger and a liquid oxygen barrier.

[0040] Figure 20 depicts a side perspective view of a liquid oxygen barrier and
flow director, according to one embodiment of the present invention.

[0041] Figure 21 depicts a side perspective, cut-away view of an inside of a
cryocooler and dewar interface of one embodiment of the present invention, showing an
embodiment of a cold finger and a liquid oxygen barrier and flow director.

[0042] Figure 22 depicts a side view of a dewar according to one embodiment of
the present invention.

[0043] Figure 23 depicts a partial view of a conceptual system diagram similar to
the conceptual system diagram of Figure 5, according to some embodiments of the
present invention.

[0044] Figure 24 illustrates a partial cross-sectional view of a male transfill valve
and female valve interface, according to some embodiments of the present invention.
[0045] Figure 25 depicts a conceptual wiring diagram for an impact-sensing
mechanism to turn off electrical components of a liquefaction system, according to
various embodiments of the present invention.

[0046] Figure 26 depicts a conceptual wiring diagram for a tip-over switch to turn
off electrical components of a liquefaction system, according to various embodiments of
the present invention.

[0047] Figure 27 depicts a conceptual wiring diagram for a temperature sensing
circuit to turn off electrical components of a liquefaction system, according to various
embodiments of the present invention.

[0048] Figure 28 depicts a conceptual wiring diagram for measurement of oxygen
purity and display options for displaying oxygen purity, according to various
embodiments of the present invention.

[0049] Figure 29 depicts a conceptual wiring diagram for a transfill switch for
completing a compressor power circuit and/or a solenoid power circuit, according to

various embodiments of the present invention.
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[0050] Figure 30 depicts a transfill time-out flow chart, according to various
embodiments of the present invention.
[0051] Figure 31 depicts a conceptual wiring diagram illustrating a cryocooler low

power mode, according to various embodiments of the present invention.

[0052] Figure 32 depicts a conceptual wiring diagram illustrating a cooling fan low
power mode, according to various embodiments of the present invention.

[0053] Figure 33 depicts a conceptual wiring diagram illustrating a cooling fan low
power mode, according to various embodiments of the present invention.

[0054] Figure 34 depicts a flow diagram illustrating a 1method for maintaining
oxygen purity in liquefaction of gas, according to various embodiments of the present
invention.

[0055] Figure 35 depicts flow diagrams illustrating a method for reducing power
consumption in residential medical gas liquefaction and storage and a method for
initiating a low power mode of a cryocooler, according to various embodiments of the
present invention.

[0056] Figure 36 depicts flow diagrams illustrating methods for initiating a low

power mode of a cryocooler, according to various embodiments of the present invention.

DETAILED DESCRIPTION
[0057] In recent years, cryocoolers have been intensively developed. Initially,
cryocoolers were developed for the military for use in such applications as cooling
infrared sensors, semiconductor chips, microwave electromics, high temperature
superconductivity applications, fiber optic amplifiers, etc. The cryocoolers developed for
these applications operated in a temperature range of from about 20K to 150K, and their
cooling capacity ranged from less than a watt to over 100 watts. In addition, the
cryocoolers developed for the above-described military applications provided their heat
input at or near the lowest temperature point of the cryocooler. For instance, the
component to be cooled was typically attached to the cold point (the "cold finger") of the
cryocooler, transferring heat directly to that component, with minimal conduction losses.
However, for use in small scale gas liquefiers, features such as precise control of each
parameter of liquefaction and quick cool down are not necessary, and serve only to

increase the cost of the device.
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[0058] With respect to the need for relatively small but steady quantities of oxygen
by patients on oxygen therapy, there have been several ways in which the needs of such
patients have been met. The most common method for oxygen therapy patients to receive
oxygen is through regular deliveries of oxygen produced at a commercial plant. The
oxygen may be delivered as either a pressurized gas or as a liquid. When delivered as a
pressurized gas, the oxygen presents a hazard because of the high pressure under which it
is stored and because oxygen is highly reactive. Oxygen delivered as a liquid is subject to
losses resulting from boil-off, which occurs due to the inevitable warming of the liquefied
gas over time. Because such losses occur even when specially irisulated containers, or
dewars, are used, deliveries of fresh liquid oxygen must be made onx a weekly basis.
[0059] It is also known to provide devices which extract Or concentrate oxygen
found in the ambient air. These devices obviate the need to store a potentially hazardous
material. However, these devices are typically not portable, and therefore a person on
continuous oxygen therapy must often rely on oxygen that has been "bottled"
commercially in order to leave his or her residence.

[0060] In recent years, some advances have been made toward producing home-use
oxygen liquefaction devices. Examples of such devices may be found in U.S. Patent
Number 5,893,275, entitled “Compact Small Volume Liquid Oxygen Production
System,” filed on September 4, 1997, and U.S. Patent Number 6,21 2,904, entitled “Liquid
Oxygen Production,” filed on November 1, 1999, of which the content of each is herein
incorporated by reference in its entirety.

[0061] Some prior gas liquefaction devices have typically employed complex
and/or expensive condenser structures. It has previously been thought advantageous to
force a feed gas stream across a cold surface in order to improve liquefaction efficiency.
It has also previously been thought advantageous to employ a cooled structure, such as a
double-walled condenser structure attached to a cold surface of the cryocooler, and to
direct the feed gas through the condenser structure to increase starface area over which
liquefaction occurs.

[0062] Additionally, home-use oxygen liquefaction devices often lack safety
mechanisms to prevent injury or damage when the device is tipped onto its side or
overheats. Liquid oxygen escaping from a tipped storage dewax can expand and boil
rapidly as it encounters warm surfaces, causing vast amounts of liquid oxygen to spray or

shoot rapidly through an exhaust vent. If the liquefaction dewvice’s electrical power
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remains on during a tip, escaping oxygen can also cause a fire hazard if it encounters
spark or flame. Overheating components may also damage a liquefaction device. In
liquefaction devices employing cryocoolers, the cryocooler can overheat or suffer a
seized displacer. Overfilling a liquid oxygen storage dewar may also be hazardous; some
oxygen liquefaction devices rély on an electronic controller to stop liquid oxygen
production. Other safety concerns involve the transfilling of a portable liquid oxygen
stroller from another dewar; this process may sometimes cause portions of a portable
liquid oxygen stroller to freeze onto a connection to another dewar, resulting in an overfill
of the portable stroller or an over-emptying of the dewar.

[0063] Because medical oxygen may be considered a prescription drug, it may be
regulated by a government agency. For instance, the Federal Drug Administration (FDA)
in the United States regulates oxygen liquefaction devices. Resources have been
expended for United States Pharmacopeia (USP) approved oxygen liquefaction devices.
USP approved devices produce oxygen that is approximately 99.0% pure; USP93
approved devices produce oxygen that is 93% pure, within a 3% tolerance. USP
approved devices often seek, at higher cost, to optimize the oxygen liquefaction process
to achieve an approximate 99.0% purity. This may be done through the use of an
advanced feedback and control loop that varies the flow rate of a feed gas containing
oxygen. However, the necessary sensors and controllers used for such an optimization
process can be expensive.

[0064] In the present application, apparatus and methods for improving the safety
and efficiency and decreasing the cost of producing liquid oxygen with a small-scale use
liquefaction device are described. Various terminology is used herein to refer to one or

2% &

more aspects of embodiments of the present invention. A “residential,” “small-scale
use,” or “portable” liquefaction device refers to a liquefaction device operable to produce
as much as twenty-five liters of liquid gas per day; typically, such devices produce small-
scale amounts of liquid gas in the range of approximately 1.5 liters of liquid gas in a
twenty-four hour period. As used herein, the terms “boiloff vessel”> and “phase separator”
are used interchangeably, and are used in their broadest sense to refer to any container
able to receive a rapidly-expanding mixture of gas and liquid gas to separate the gas and
liquid phases by allowing the liquid gas to fall to the bottom of the container and boil off
gradually while permitting the gas to exit the container. “Boiloff tube” refers to one

particular embodiment of a boiloff vessel configuration. As wused herein, the term
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“dewar” is used in its broadest sense to refer to a container, for example a cryogenically-
insulated container, operable to receive and/or store a liquid gas, for example liquid
oxygen. As used herein, the terms “portable dewar,” “stroller,” and “portable stroller” are
used interchangeably, and are used in their broadest sense to refer to a container, for
example a cryogenically-insulated container, operable to receive and/or store a liquid gas,
for example liquid oxygen, in a way that permits the container to be carried, carted, or the
like for ambulatory medical gas therapy.

[0065] As used herein, the term “in fluid communication” is used in its broadest
sense to refer to elements related in a way that permits fluid to flow between them, either
indirectly via another element, or directly. As used herein, the terms “feed tube” and
“feed line” and “feed hose” are used interchangeably, and are used i their broadest sense
to refer to any fluid flow mechanism operable to convey gas from a concentrator to a
cryocooler and/or dewar. As used herein, the terms “vent tube” and ““vent line” and “vent
hose” are used interchangeably, and are used in their broadest sense to refer to any fluid
flow mechanism operable to convey gas away from a cryocooler and/or dewar. As used
herein, the term “heat dissipator” is used in its broadest sense to refer to a thermal
mechanism operable to receive heat from one area and release it ira another area. One
example of an embodiment of a heat dissipator is a cryocooler cooling fin. As used
herein, the indefinite articles “a” or “an” are used in their traditional senses to refer to one
or more of an element. As used herein, the phrases “in one embodizment,” “according to
one embodiment,” and the like generally mean that the particular feature, structure, or
characteristic following the phrase is included in at least one embodiment of the present
invention, and may be included in more than one embodiment of the present invention.
Importantly, such phases do not necessarily refer to the same embodizment.

[0066] With reference to Figure 5, a conceptual systetm diagram of one
embodiment of the present invention coupled to an oxygen concentrator, illustrating
liquid flow during a liquefaction cycle, is depicted. Oxygen concemtrator 530 outputs a
flow of concentrated oxygen. In Figure 5, “FFF” refers to the presence of oxygen feed
flow, “PPP” refers to the presence of patient gaseous oxygen flow, and “VVV” refers to
the presence of vent gas flow. A typical concentrator 530 mmay output between
approximately five and ten liters of oxygen per minute. In one €mbodiment, oxygen
concentrator outputs a flow of USP93 approved oxygen. .According to some

embodiments of the present invention, the output flow rate of oxysgen concentrator 530
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may be set to its maximum value. From the oxygen concentrator 530, the output flow
branches into a feed flow line 512 “FFF” and a patient flow line 534 “PPP.” The patient
flow passes through a patient orifice 536. The patient orifice 536 may be configured to
prevent the patient flow line 534 from “robbing” the feed flow line 512, or in other words
allowing too much of the concentrator’s 530 output flow to pass thirough the patient flow
line 534 and not enough to pass through the feed flow line 512. After passing through the
patient orifice 536, the patient flow passes through a patient flowmeter 538, which allows
the patient to adjust the flow rate of oxygen received from the patient flow line 534. In
one embodimment, the patient flowmeter 538 comprises a variable orifice in the form of a
needle valve. The patient flow line 534 may provide a connection port similar to those
found on an oxygen concentrator, allowing for the connection of a canula line or a
humidifier bottle if desired.

[0067] In one embodiment, the feed gas flow rate in the feed flow line 512 is
maintained at a constant rate by pressure regulator 540 and orifice 542. The oxygen
concentrator 530 typically has an outlet pressure of about six to eight pounds per square
inch gauge (PSIG). The pressure regulator 540 operates to reduce the pressure of the feed
flow. In one embodiment, the pressure of the feed flow is reduced to 3.8 PSIG. After
passing through regulator 540, the feed flow passes through am orifice 542. In one
embodiment, the orifice 542 has a diameter of 0.016 inches. An oxygen feed flow at a
pressure of 3.8 PSIG will pass through an orifice of 0.016 inch diameter at a rate of
approximately 1.25 liters per minute. According to some embodiments of the present
invention, a pressure regulator 540 and orifice 542 combination permit a constant feed
flow rate of oxygen gas to be supplied for liquefaction. Alternativ-ely, various other fixed
flow rates may be achieved through the selection of different pressure regulators 540
and/or orifices 542 of different sizes.

[0068] A liquefaction device employing a fixed pressure regulator 540 and a fixed
diameter orifice 542 has advantages over a system employing a variable flow control
feedback loop, such as those employing a variable valve with a controller. For instance, a
regulator 540 and orifice 542 combination may cost less and may be easier to
manufacture than a variable flow system. In one embodiment using a regulator 540 and
orifice 542 combination, concentrated USP93 oxygen from an oxygen concentrator 530
may simply be regulated to a fixed pressure and sent through a fixed diameter orifice that

sends a steady flow of USP93 oxygen gas to be liquefied as USP93 oxygen.
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[0069] Next, the feed flow passes through a one-way check valve 544 and into
desiccant cartridge 550. According to some embodiments of the present invention,
desiccant cartridge 550 is an optional element. In one embodiment, desiccant cartridge
550 is a removably attachable desiccant cartridge for dehumidifying a gas feedstream in a
portable gas liquefying apparatus. Preferably, the desiccant cartridge 550 is compact and
portable. The desiccant cartridge 550 may reduce or prevent rime formation and reduce
moisture content to increase overall efficiency of the liquefaction apparatus.

[0070] In one embodiment, the desiccant cartridge comprises a ggas feedstream inlet,
a dehumidifying zone in communication with the gas feedstxream inlet, and a
dehumidified gas feedstream outlet in communication with the dehunnidifying zone. The
gas feedstream inlet may be adapted to receive a gas feedstream from a gas feedstream
generating device, such as oxygen concentrator 530. The dehumidified gas feedstream
outlet may be adapted to allow transfer of the dehumidified gas feeds€ream to a cryogenic
unit. Various embodiments of desicc\ant cartridge 550 are described in greater detail in
U.S. Patent Application No. 10/884,318 entitled “Desiccant Cartridge,” filed on July 1,
2004, the contents of which are hereby incorporated by reference in thieir entirety.

[0071] After passing through desiccant cartridge 550, the feed flow may optionally
pass through a filter 552. In one embodiment, filter 552 is a ten micron filter. The feed
flow may then enter the cryocooler 502 near the cryocooler 502 / dewar 520 interface,
through the feed flow tube 512. The feed flow passes by cold finger 508 and is liquefied,
thereafter falling into dewar 520. Boiloff gas and/or a portion of the feed flow that has
not been liquefied may create a vent flow (VVV) that may leave the dewar 520 and flow
out of vent tube 514. The vent flow may next pass through a norxmally-open solenoid
valve 556 and into a boiloff tube 560. From the boiloff tube 560, the gas exits the system
to the atmosphere.

[0072] In one embodiment, boiloff tube 560 increases the safety of a liquefaction
device. Even with use of a liquid oxygen barrier 118, liquid oxygen anay still ﬂ?w out of
a dewar 520 if the dewar 520 is tipped over. The boiloff tube 560 may work in
conjunction. with the liquid oxygen barrier 118 to prevent liquid oxygen from spraying
out of the vent port of a liquefaction apparatus upon tipping of the apparatus. Upon
tipping, as liquid oxygen flows through the feed line 512 and vent line 514, its volume
may expand by a ratio of about 800 times as it boils into gas which, in turn, may push the

remaining liquid forward as pressure builds. Boiloff tube 560 may provide a volume in
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which the remaining liquid may drop out of the way to allow the gas to vent from the
liquefaction apparatus without pushing liquid through the vent port and out of the system.
This may, in turn, minimize potential human contact with a rapidly-expanding mixture of
oxygen gas and liquid oxygen. In one embodiment, the boiloff tube 560 comprises a
wide section of tubing that, when laying on its side, provides a section in which liquid
may pool. Liquid pooled inside the boiloff tube 560 will boil off to gas and safely vent
from the boiloff tube 560. In one embodiment, boiloff tube 560 is constructed with PVC
pipe.

[0073] Figure 23 depicts a partial view of a conceptual system diagram similar to
the conceptual system diagram of Figure 5, according to some embodiments of the
present invention. As with Figures 5 and 6, although the configuration of elements in
Figure 23 does not necessarily depict the spatial relationship between elements such as
scale or distance, Figure 23 represents the directional orientation relationship between
dewar 2320, cold finger 2308, cryocooler 2301, and boiloff wvessel 2385. Boiloff vessel
2385 is an alternative embodiment. The “bottom” of boiloff vessel 2385 is the surface of
boiloff vessel 2385 toward which liquid would be pulled by gravity; the location of the
“bottom” may vary according to the orientation of boiloff vessel 2385. When dewar 2320
and boiloff vessel 2385 are in an upright position, the force of gravity acts in a direction
similar to the direction of arrow 2302. In the upright position, liquid gas is contained at
the bottom of dewar 2320, and vent gas (such as boiloff gas and/or non-liquefied feed
flow gas) passes out of dewar 2320 and/or cryocooler 2301 through vent line 2314,
through normally-open solenoid valve 2356, into boiloff vessel 2385, and out through
boiloff venit 2387. According to some embodiments of the present invention, atmospheric
gases, such as ambient air, may be prevented from entering boiloff vessel 2385,
cryocooler 2301, and/or dewar 2320 through an open vent line, such as boiloff vent 2387,
by maintaining a positive flow of feedstream gas through feed line 2312 to cold finger
2308.

[0074] Dewar 2320, cryocooler 2301, and boiloff vessel 2385 may be tipped and/or
tilted into a least favorable position, in which gravity acts in a direction similar to the
direction of arrow 2306. In such cases, liquid gas within dewar 2320 may contact parts of
dewar 2320, cryocooler 2301, and/or cold finger 2308 that are at or warmer than the
boiling point of the liquid gas, causing the liquid gas to evaporate and/or expand. This

rapidly-expanding mixture of gas and liquid gas may pressurize the dewar, causing the
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rapidly-expanding mixture to quickly flow out of the dewar 2320 / cryocooler 2301
interface through feed line 2312 and/or vent line 2314. In the least favorable position in
which gravity acts in the direction 2306, gravity further pulls the liquid gas through the
warm feed line 2312 and/or vent line 2314. The rapidly-expanding mixture that passes
through feed line 2312 may be prevented from flowing back to concentrator 530 with a
one-way check valve 544 or to compressor 646 with one-way check valve 648. Instead,
the rapidly-expanding mixture that passes through feed line 2312 may flow through relief
line 2395 through pressure relief valve 2354 and into boiloff vessel 2385 via opening
2393. The rapidly-expanding mixture that passes through vent line 2314 may pass
through solenoid valve 2356 and into boiloff vessel 2385 via opening 2391.
Alternatively, if solenoid valve 2356 is closed or if solenoid valve 2356 does not permit
enough of the rapidly-expanding mixture to pass through, then the mixture may pass
through relief line 2399 through pressure relief valve 2358 and into boiloff vessel 2385
via opening 2391. Opening 2389 opens to atmosphere; for examaple, opening 2389 opens
from boiloff vessel 2385 to atmosphere via boiloff vent 2387.

[0075] As the rapidly-expanding mixture of gas and liquid gas enters boiloff vessel
2385 via opening 2391 and/or 2393, the liquid phase of the mix ture of gas and liquid gas
may settle to the bottom of boiloff vessel 2385, and the gas phase of the mixture of gas
and liquid gas may exit boiloff vessel 2385 via opening 2389. According to some
embodiments of the present invention, the mixture of gas and Liquid gas may spray into
boiloff vessel 2385 toward the side of boiloff vessel 2385 that opposes opening 2391
and/or 2393. According to some embodiments of the present invention, boiloff vessel
2385 has an elongated cylindrical shape, and opening 2389 may be placed in proximity to
or near the end closest to hole 2391 and/or 2393. Such a configuration may permit
boiloff vessel 2385 and/or dewar 2320 tb be uprighted shortly after a tipping event
without permitting the liquid within boiloff vessel 2385 to spraxy/ out of boiloff vent 2387
and/or hole 2389. According to some embodiments of the present invention, having
opening 2389 near the end of boiloff vessel 2385 and near opeming 2391 and/or opening
2393 may permit the greatest liquid capacity while keeping boiloff vessel 2385 size as
small as possible. Depending on the shape and configuration of boiloff vessel 2385, and
the positioning of holes 2391, 2393, and/or 2389, the size of boiloff vessel 2385 should be
selected to accommodate the proper amount of liquid. For example, according to one

embodiment of the present invention, the volume of boiloff vessel 2385 is approximately
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equal to one-third of the volume of liquid in the dewar corresponding to a full liquid
level. As another example, if a liquid gas dewar holds approximately 1.5 liters of liquid
gas, a boiloff vessel 2385 with a volume of approximately 0.5 liters may be used.
Alternatively, the volume of boiloff vessel 2385 may be approximately equal to one-half
of the volume of liquid in the dewar corresponding to a full liquid level, according to
some embodiments of the present invention.

[0076] Dewar 2320, cryocooler 2301, and boiloff vessel 2385 may be tipped and/or
tilted into a position in which gravity acts in a direction similar to the direction of arrow
2304. According to some embodiments of the present invention, in such cases the length
of vent tube 2314 and/or vent tube 2387 may permit the liquid gas to boil off before any
of it exits opening 2389 and/or boiloff vent 2387 in the liquid phase, particularly because
gravity does not act in such cases to pull liquid gas down into feed flow line 2312 and/or
vent line 2314. Dewar 2320, cryocooler 2301, and boiloff vessel 2385 may also be tipped
and/or tilted into a position in which gravity acts in a direction perpendicular to the
directions indicated by arrows 2302, 2304, 2306. In such cases, feed tube 2312 and flow
tube 2314 may extend to the side and may permit a moderate volume of liquid gas to
escape dewar 2320 with approximately half the volume of boiloff vessel 2387 available to
contain the liquid gas while it boils off, while leaving a fluid path for vent gas to escape
through opening 2389.

[0077] Although boiloff vessel 2385 is shown with openings 2391, 2393, and 2389,
boiloff vessel 2385 may alternatively be configured with opening 2389 and either opening
2391 or opening 2393, according to various embodiments. Alternatively locating opening
2389 on an end of boiloff vessel 2385 opposite from opening 2391 and/or opening 2393
(such as depicted with boiloff vessel 560) may permit boilo£f vessel 2385 to contain the
liquid gas uniformly in any direction of tipover; however, locating opening 2389 on an
end of boiloff vessel 2385 opposite from opening 2391 and/or opening 2393 may result in
liquid gas traveling out of boiloff vent 2387 when boiloff vessel 2385 is uprighted
directly following a tipover event.

[0078] Although openings 2391, 2393, and 2389 are depicted as small holes sized
to accommodate flow through a tube, openings 2391, 2393, and/or 2389 may be varied in
size and shape. According to some embodiments of the present invention, multiple
boiloff vessels may be used. Although boiloff vessels 560, 660, 2385 are depicted as

cylinders, boiloff vessels according to embodiments of the present invention may be any
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shape that permits holding or enclosure of a volume of cryogenic liquid; for example,
boiloff vessels according to embodiments of the present invention may be, but are not
limited to, spheres, cubes, boxes, U-shaped volumes, cylinders, semi-spheres, semi-
cylinders, pyramids, cones, semi-pyramids, semi-cones, and/or toroids. According to
some embodiments of the present invention, a boiloff vessel surrounds a portion or all of
dewar 2320; such a boiloff vessel configuration may save space in some cases. Based on
the disclosure provided herein, one of ordinary skill in the art will appreciate a number of
different possible shapes, sizes, and configurations of boiloff vessels according to various
embodiments of the present invention.

[0079] Figure 6 illustrates a system similar to the system of Figure 5, during a
transfill cycle according to embodiments of the present invention. In one embodiment, a
compressor 646 is used to pressurize the dewar 620 and thus the feed line 612 in order to
perform a transfill of liquid oxygen from dewar 620 to portable stroller 668. To
commence transfill, compressor 646 is turned on. In Figure 6, “PPP” refers to the
presence of patient gaseous oxygen flow, “HHH” refers to the presence of gas flow, such
as ambient air flow, from compressor 646, and “LLL” refers to the presence of liquid gas
flow, such as liquid oxygen flow.

[0080] In order to keep the system pressure low in the dewar 620 during liquid
oxygen production, the vent line 614 is open to atmosphere. Backflow of ambient air into
the dewar 620 is avoided by maintaining a slightly positive flow” of gaseous oxygen to the
cryocooler 602, and by including a one-way check valve 599 in the vent line 614.
However, transfill of liquid oxygen requires an elevated pressure in the dewar 620.
Therefore, a normally-open solenoid valve 656 is closed during transfill in order to permit
a pressure buildup inside dewar 620. A transfill tube 662 conmects a transfill valve 664
outside the dewar 620 to the inside of the dewar 620; one end of transfill tube 662 extends
within dewar 620, another end extends outside of dewar 620. In one embodiment,
transfill tube 662 is made of metal and passes through the two wwalls and vacuum space of
an insulated dewar 620.

[0081] Compressor 646 draws in ambient air, compresses it, and sends it through
one-way check valve 648. Check valves 644, 648 substantially prevent compressed air
from backing up into the compressor 646, into the concentrator 630, or into the patient
flow. For example, check valve 644 may not only prevent a backflow into the

concentrator 630 during liquefaction or transfill, but may also prevent an over-feed of the
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patient supply 634. Check valve 544 may perform similar functions. During transfill,
flow of gaseous oxygen from the concentrator 630 continues to pass through patient flow
line 634, through patient orifice 636, and through patient flowmeter 638. As compressor
646 continues to draw ambient air into the feed line 612, a space above the liquid in the
dewar becomes pressurized, creating a downward force on thie top of the liquid that
pushes liquid out of the dewar 620 and into the transfill tube 662. The liquid then passes
through transfill valve 664 into a portable oxygen stroller 668.

[0082] In addition to compressor 646, other means may be used to pressurize dewar
620 for a transfill process. For example, a heater may be placed within dewar 620 to boil
oxygen until enough pressure builds up in dewar 620 to pushh liquid from dewar 620
through transfill tube 662. As another example, a heat source rmay be situated near, but
not inside, of dewar 620, such that enough heat may be supplied through the heat source
to build pressure within dewar 620. As yet another example, a vaporizer loop or
controllable heat leak may be used to raise the pressure within dewar 620 for a transfill
process.

[0083] In one embodiment, the transfill process begins when the stroller 668 is
aligned with the transfill valve 664 and pushed onto the trans£ill valve 664; a transfill
switch 666 may be configured to activate when the stroller 668 is engaged with the
transfill valve 664. According to some embodiments of the pxresent invention, transfill
switch 666 is a push-button switch that may be pushed or pressed by a valve interface
surface 697 of portable stroller 668 when portable stroller 668 has been engaged with
valve 664. According to other embodiments, transfill switch 666 is a proximity detection
switch configured to trigger when the portable stroller 668 is close enough to valve 664 to
be engaged with valve 664. Transfill switch 666 may activate compressor 646 and close
solenoid valve 656. In one embodiment, the transfill of liquuid oxygen to a portable
stroller may be activated through a state change on the input of a programmable logic
device, which may operate to activate the compressor 646, close the solenoid valve 656,
monitor the time since transfill began, and terminate the transfill after a predetermined
time. This may prevent an over-emptying of the dewar 620 and 1ay minimize overfilling
of the portable stroller 668 during transfills, in which the stroller 668 sometimes freezes
to the transfill valve 664 and prevents a user from manually ending the transfill process

by removing the stroller 668 from the transfill valve 664 and transfill switch 666.
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[0084] In one embodiment, portable stroller 668 is a USP9 3 approved stroller. The
stroller 668 is a device that a patient uses to carry liquid oxygera. Oxygen concentrators
are currently approved for USP93 oxygen, but they produce gaseous oxygen. Oxygen in
a liquid form may appeal most to a patient because liquid is the most convenient state of
oxygen for portable use. A patient can carry a greater amount of oxygen in a smaller and
lighter container than would exist for a comparable amount of gaseous oxygen. Portable
stroller 668 may boil off liquid oxygen at a prescribed rate to pro-vide a flow of breathable
oxygen to a patient.

[0085] In one embodiment, pressure relief valves 654, 658 prevent an over-
pressurization of the dewar 620. Relief valve 654 connects feed line 612 to boiloff tube
660, and relief valve 658 connects vent line 614 to boiloff tube 660. Alternatively,
pressure relief valve 654 may be placed inline with a pressure relief line 698, the pressure
relief line 698 having a first end in fluid communication with the feed line 612, and
having a second end in fluid communication with boiloff tube 660. In one embodiment,
pressure relief valve 654 can be configured to open when pressure in the feed line 612
equals a predetermined pressure, such as twelve PSIG, with a tolerance of 10%, thereby
permitting the high pressure fluid to flow out of feed line 612, through pressure relief line
698, and into boiloff tube 660. In some embodiments, pressure relief valve 658 may be
placed inline with a pressure relief line 699. Pressure reliefline 699 may have a first end
in fluid communication with vent line 614, and a second end in £luid communication with
boiloff tube 660. Alternatively, the second end of pressure relief line 699 may also be in
fluid communication with vent line 614. For example, in embodiments in which vent line
614 comprises solenoid valve 656, pressure relief line 699 may/ simply bypass solenoid
valve 656 in vent line 614. In one embodiment, pressure relief valve 658 can be
configured to open when pressure in the vent line 614 exceeds & predetermined pressure,
such as twelve PSIG, with a tolerance of 10%, thereby permittinng the high pressure fluid
to flow out of vent line 614, through pressure relief line 699, and into boiloff tube 660.
[0086] Figure 29 depicts a conceptual wiring diagram for a transfill switch 2901 for
completing a compressor 2904 power circuit supplied by source 2902 and/or a solenoid
2905 power circuit supplied by source 2903, according to various embodiments of the
present invention. Compressor 2904 is normally off during liquefaction. Solenoid valve
656 is normally open, but may be closed during transfill in oxder to permit a pressure

buildup inside dewar 620. Transfill switch 2901 may be depressed, for example, with the
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bottom of a portable stroller or portable dewar as it is engaged with a transfill valve;
transfill switch may then complete the compressor 2904 circuit and/ox the solenoid 2905
circuit.

[0087] Figure 30 depicts a transfill time-out flow chart, according to various
embodiments of the present invention. In one embodiment mentioned above, the transfill
of liquid oxygen to a portable stroller may be activated through a state change on the
input of a programmable logic device, which may operate to activate the compressor 646,
close the solenoid valve 656, monitor the time since transfill began_ and terminate the
transfill after a predetermined time. Various devices may be used to iinplement elements
of the flow diagram of Figure 30; for example, such devices include, but are not limited
to, a microcontroller and/or processor, discrete hardware semiconductors, and/or
programmmable logic devices. According to some embodiments of the present invention, a
method may be used to stop the transfill process after a predetermined time to prevent
over-filling of a portable stroller or portable dewar. A transfill timin g process begins at
block 3001. A determination is made whether the transfill switchh is enabled (block
3002). If the transfill switch is not enabled, the process continues just before block 3002.
If the transfill switch is enabled, then the compressor and solenoid are enabled (block
3003), as described with reference to Figure 29, above. A timer coumnt is started (block
3004), using a clock in some embodiments. A determination is made whether the timer
count equals a predetermined count (block 3005); for example, a determination is made
whether the timer count equals two minutes. As another example, the predetermined
count may equal one minute and forty seconds. The predetermined count or
predetermined time may be any time based on the expected volume of container to be
filled and/or the flow rate of liquid gas into the container. Any such predetermined time
may also take into account the fact that during the beginning of a transfill process, no
liquid gas is transferred between the dewar and the portable stroller because the liquid gas
initially boils off in making the transfill apparatus cold enough to conivey the liquid gas.
If the timer count does not equal the predetermined count, then the timer count is
positively incremented and the process returns to a point just before block 3005. If the
timer count equals the predetermined count, then the transfill time process ends (block
3006).

[0088] Figure 13 illustrates a portable stroller 1368 interface according to some

embodiments of the present invention. In one embodiment, the tranxsfill process begins
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when female valve 1377 on stroller 1368 is aligned with the transfill valve 1364 and
pushed onto the transfill valve 1364 in the direction indicated by arrow 1367; a transfill
switch 1366 may be configured to activate when a female valve 1377 on the stroller 1368
is engaged with the transfill valve 1364. According to some embodiments of the present
invention, transfill switch 1366 is a push-button switch that may~ be pushed or pressed by
a valve interface surface 1397 of portable stroller 1368 when female valve 1377 of
portable stroller 1368 has been engaged with valve 1364.

[0089] Figure 24 illustrates a partial cross-sectional view of a male transfill valve
2466 and female valve 2467 interface, according to some embodiments of the present
invention. A gas liquefaction device may have mounted thereim a valve mount 2473 in
fluid communication with a transfill tube, such as a tube extending between valve mount
2473 and a dewar operable to contain a liquid gas. According to some embodiments of
the present invention, valve mount 2473 may have a threaded inner diameter onto which a
valve body 2475 having a threaded outer diameter may be attached. Valve body 2475
may include a fluid passage 2465 through which fluids such as liquid oxygen may flow.
A valve stem 2481 may be situated within fluid passage 2465 and configured to close
fluid passage 2465 until depressed. One or more springs (not shown) may be used to bias
valve stem 2481 in a closed position. Female valve 2467 may imiclude a valve body 2479
having a threaded outer diameter, for example, in order to be attached to a portable
stroller. Female valve 2467 may also include a fluid passage 2463 and a valve stem 2477,
the valve stem 2477 being situated within fluid passage 2463 and configured to close
fluid passage 2463 until depressed. Valve stem 2477 may also be biased in a closed
position via one or more springs (not shown). When a portable stroller comprising
female valve 2467 is interfaced with a portable use liquefactionn device having a transfill
valve 2466, female valve 2467 may be pressed onto transfill vvalve 2466 to press valve
stem 2481 into valve stem 2477, thereby opening fluid passage 2465 and fluid passage
2463 as shown in Figure 24 to allow liquid gas, such as liquid oxygen, to flow from a
dewar into a portable stroller. According to some embodiments of the present invention,
a Teflon ring 2461 may be used between female valve 2467 and transfill valve 2466 to
temporarily seal the valve interface while valve 2467 is pressed onto valve 2466, to
prevent leakage of liquid gas during a transfill process.

[0090] As an additional safety measure, transfill valve 2466 and/or female valve

2467 may be specially adapted to be incompatible with traditional USP transfill valves.
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USP transfill valves may be used to transfer USP 99% purity liguid oxygen from a dewar
to a portable stroller; however, government regulatory entities may require that USP93
approved strollers be incompatible with USP transfill valves. One embodiment of a
solution to such a problem is made possible by the existence of a de facto standard valve
interface for USP portable strollers. Such a possible solution involves creating a valve
mount 2473 having an outer diameter 2471 greater than an inner diameter of a standard
USP valve interface, such that the standard USP valve interface of a USP portable stroller
does not fit over the valve mount 2473 and cannot depress valve stem 2481 of a USP93
oxygen liquefaction device. A USP93 stroller may be configured with a female valve
2467 adapted with a larger inner diameter 2469 to fit over valve mount 2473 and/or valve
body 2475. Another embodiment of a solution for making transfill valve 2466
incompatible with a USP portable stroller may involve makiing the protruding male
portion of valve 2466, such as valve body 2475, shorter than & female cavity of a USP
portable stroller valve, such that pushing a USP portable stroller valve onto transfill valve
2466 would not bring the valve stem of the USP portable stroller close enough to valve
stem 2481 to open either fluid passage 2463 or fluid passage 2465. According to some
embodiments of the present invention, although a portable stroller with a standard USP
valve would not fit over transfill valve 2466, a portable strollexr with female valve 2467
could be configured to fit over transfill valve 2466 and/or a stammdard USP transfill valve.
Based on the disclosure provided herein, one of ordinary skill in the art will recognize a
variety of ways in which transfill valve 2466 and/or female valve 2467 may be configured
and/or modified to be incompatible with a corresponding USP (99% purity) approved
valve.

[0091] With reference to Figure 1, cryocooler 102 and dewar 120 interface; at
cryocooler flange 104 and dewar flange 116. An O-ring 106 may be placed between
dewar flange 116 and cryocooler flange 104 to create a seal between dewar flange 116
and cryocooler flange 104. The O-ring 106 may be made with silicon. A cold finger 108
having a cold head 110 extends from cryocooler 102 down into the dewar 120. A feed
flow of concentrated oxygen gas enters a feed tube 112 and is liquefied at the cold head
110, then. falls into dewar 120. Boiloff gases from dewar 120 exit through vent tube 114.
A liquid oxygen barrier 118 may be situated between dewar 120 and cryocooler 102 in
order to control the flow of gas and expanding liquid when the dewar 120 is tipped onto

its side.
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[0092] Some prior gas liquefaction devices have typically employed complex
and/or expensive condenser structures attached to a cold head of a cryocooler. It has
previously been thought advantageous to force a feed gas stream across a cold surface
enclosure in order to improve liquefaction efficiency. It has also previously been thought
advantageous to employ a cooled structure, such as a double-walled condenser structure
attached to a cold surface of the cryocooler, and to direct the feed gas through the
condenser structure to increase surface area over which liquefaction occurs. However,
embodiments of the present invention simply employ a cold finger 108 structure with a
cold head 110, at which oxygen gas liquefies. Instead of forcing a feed stream of gas
onto cold finger 108, or through a high-surface area condensing structure, embodiments
of the present invention permit oxygen gas to be introduced in the vicinity of cold finger
108 through feed line 112. Due to the very cold temperatures produced by cold finger
108, a low pressure area is created at the surface of cold finger 108; this low pressure
area, or “‘cold pressure,” draws the feed stream of gas toward cold finger 108 for
liquefaction. Utilizing this concept in embodiments of the present invention reduces cost
and complexity by eliminating a condenser structure, particularly a complex or double-
walled or spiraled condenser structure.

[0093] Although flow director portion 2065 of liquid oxygen barrier 2061 may
surround cold head 110 of cold finger 108, or may stop short of cold head 110, as
described below with reference to Figures 20 and 21, flow director portion 2065 merely
directs the flow of gaseous oxygen and other gases, and is not a condenser, according to
various embodiments of the present invention. Flow directox portion 2065 may direct
incoming gas through an inside of flow director portion 2065, causing it to remain in the
vicinity of cold finger 108 and/or cold head 110. Outgoing gas, or vent gas, such as vent
gas from dewar 120, may pass along an outside of flow director portion 2065 as it exits
through vent line 114. A smaller opening between cold head 2110 and flow director
portion 2065 may permit liquid oxygen to drip out after liquefaction, while a larger
opening on the outside of flow director portion 2065 may permit gases, such as vent
gases, to exit the dewar. Thus, flow director portion 2065 serves to direct gas flow
according to some embodiments of the present invention. According to some
embodiments of the present invention, flow director portion 2065 may also serve to

prevent liquefaction of ambient air directly following a transfill process.
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[0094] For many of the same reasons that embodiments of liquefaction systems
depicted in Figure 1 do not require complex and/or expensive condenser structures, so,
too, embodiments of liquefaction devices depicted in Figure 1 may also reduce
liquefaction. cost by seeking to maintain the oxygen purity of incoming gas, rather than
seeking to maximize oxygen purity of incoming gas. Embodiments of the present
invention depicted in Figure 1 may produce liquid oxygen with an oxygen purity
approximately at or just above the oxygen purity of the incoming feed stream supply of
oxygen gas. This may be achieved, for example, by fixing the flow rate of the feed
stream of oxygen from concentrator 530, using regulator 540 and orifice 542, and by
maintaining the cold finger 108 at a substantially constant temperature at or below the
liquefaction temperature of oxygen. Many oxygen concentrators output oxygen gas with
a USP93 purity. Embodiments of the present invention therefore liquefy a feed flow of
USP93 oxygen gas to maintain purity by creating liquid oxygen with a USP93 purity,
rather than liquefying a feed stream of USP93 gas to maximize liquefaction purity. Such
maximization often requires more complex controllers and hardware, often greatly
increases thie cost of oxygen liquefaction for small-scale home ox office use, and therefore
stands as a common drawback associated with prior art devices. The efficient and
effective maintenance of oxygen purity achieved by various emxbodiments of the present
invention is made possible at least in part by the particular designs, structures, operations,
and placements of cryocooler 102, dewar 120, feed line 112, went line 114, cold finger
108, and other liquefaction-related structures of embodiments of the present invention.

[0095] Once a liquefaction system according to embodiments of the present
invention achieves equilibrium, there is a constant load on the cryocooler 102 due to the
constant flow of gas to be liquefied, and constant thermal losses of the system. Because
power to thee cryocooler 102 also remains constant, the cold finger 108 may remain at a
substantially constant temperature until the dewar 120 is full. If all of the feed stream of
gas were liquefied, oxygen purity of the liquefied gas would remain the same as the
oxygen purity of the feed stream of gas. However, such systems may maintain or slightly
improve oxygen purity of the liquefied gas compared to the purity of the feed flow of gas
for the following reasons: the three primary components of air have the following boiling
points (liquefaction temperature): oxygen 90.2° K, argon 87.3° K, and nitrogen 77.4° K.
Even at a cold finger 108 tip temperature colder than 77° K, if a positive feed flow is
maintained, not all of the feed stream of gas will be liquefied and a slightly greater
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relative percentage of oxygen will liquefy versus argon and nitrogen. If the equilibrium
temperature of such liquefaction systems is 87° K, then only oxygen and argon would
liquefy. A similar phenomenon may also occur after liquefaction with preferential boiloff
due to the different boiling point temperatures of these three gasses. Because oxygen has
a higher boiling point temperature than argon or nitrogen, a slightly lower percentage of
oxygen boils off due to dewar 120 thermal inefficiencies. Even though preferential
boiloff continues to occur after the liquid gas is transferred from the storage dewar 120 in
the liquefaction device to the portable dewar from which a patient may breathe, the
product gas will still maintain a purity at or greater than the initial feed gas prior to
liquefaction. This is due to the preferential liquefaction, and the preferential boiloff
during storage and transfer that has already taken place increasing the liquid purity prior
to a patient’s breathing of the gas from the liquid portable stroller.

[0096] When a liquefaction device with an insulated dewar 120 tips over onto its
side with a dewar 120 full of liquid oxygen, the liquid oxygen can flow out of the mouth
of the dewar 120 into the cryocooler flange 104. This area may be very warm with a
large mass of metal, and may provide direct access to the feed tube 112 and vent tube
114. The sudden warming of the liquid oxygen may cause the liquid to quickly boil
resulting in. a rapid volumetric expansion. This rapid expansion may force liquid oxygen
along with gaseous oxygen through the feed tube 112 and vent tube 114 and may result in
a spray of liquid oxygen out of a vent port of the liquefaction device.

[0097] A liquid oxygen barrier 118 may be configured to significantly slow down
the rate at which liquid oxygen escapes from the insulated dewar 120 during a tipping
event. The liquid oxygen barrier 118 reduces the size of the opening out of which liquid
oxygen may escape during tipping. The liquid oxygen barrier 118 may have a diameter
smaller than a diameter of the cryocooler flange 104, or the dewar flange 116, or both.
The liquid oxygen barrier 118 may be a separate piece inserted between the cryocooler
flange 104 and the dewar flange 116, or may be inserted into the cryocooler flange 104
only, or may be inserted into the dewar flange 116 only. Alternatively, the liquid oxygen
barrier 118 may be integrated into either the cryocooler flamge 104 or the dewar flange
116.

[0098] Figure 3 depicts a liquid oxygen barrier 318 inserted between cryocooler
flange 304 and dewar flange 316. O-ring 306 helps to create a seal between cryocooler
flange 304 and dewar flange 316. Concentrated gas enters feed tube 312 prior to
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liquefaction; boiloff gas from dewar 320 leaves through vent tube 314. Although the
liquid oxygen barrier 318 may allow a building pressure to vent upon tipping of the dewar
320, the pressure is allowed to vent at a controlled and safe rate. In one embodiment, the
liquid oxygen barrier 318 restricts an opening, around cold finger 308, between the dewar
320 and the cryocooler 302 to a smaller opening 301 of which the difference between an
inner diameter and an outer diameter of the smaller opening 301 is approximately ten to
fifteen thousandths of an inch. Smaller opening 301 may be located within an annular
channel 395, the annular channel formed or defined by the cryocooler flange 304 and/or
dewar flange 316 on an outer side, and by the cold finger 308 and/or cryocooler 302 on an
inner side, as depicted in Figure 3. Alternatively, annular channel 395 may be formed or
defined by the cryocooler 302 and/or dewar 320 on an outer side, and by the cold finger
308 and/or cryocooler 302 on an inner side, as depicted in Figure 3. Barrier 318 may
serve to narrow the width of annular channel 395, and/or reduce the cross-sectional area
of annular channel 395, such as at smaller opening 301. With barrier 318 in place, gas is
still permitted to flow between the cryocooler 302 and the dewar 320; however, when the
dewar 320 is tipped or tilted, barrier 318 may serve to decrease the rate at which a
rapidly-expanding mixture of gas and liquid gas is permitted to exit the dewar 320 into
the cryocooler 302. In a preferred embodiment, the liquid oxygen barrier 318 may be
constructed with Teflon.

[0099] According to some embodiments of the present invention, barrier 318 may
be positioned, inserted, or interposed between cryocooler flange 304 and dewar flange
316; in such embodiments, clamping element 1831, 1931 (see Figure 18, for example)
may secure barrier 318 in place while simultaneously clamping cryocooler flange 304 and
dewar flange 316 together over O-ring 306. In other embodiments, barrier 318 may be
integral with cryocooler 302, dewar 320, and/or cold finger 308. Figure 19 also depicts a
side perspective, cut-away view of an inside of a cryocooler and dewar interface of one
embodiment of the present invention, showing one embodiment of a cold finger and a
liquid oxy gen barrier 1918.

[0100] Referring to Figures 20 and 21, an alternative embodiment of a liquid
oxygen barrier 2061 is shown. Liquid oxygen barrier 2061, 2161 comprises a liquid
oxygen batrier portion 2063 and a flow director portion 2065. Flow director portion 2065
extends the length of a cold finger 2108. Flow director portion 2065 may alternatively
extend the length of a cold finger 2108 including a cold head 2110. Flow director portion
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2065 may be tubular; alternatively, flow director portion 2065 may be of any shape that
surrounds the cold finger 2108 and directs a feed gas flow from thee feed line 512 towards
the cold head 2110. In some embodiments, liquid oxygen barrier 2061, 2161 may be
constructed with a Teflon material. Feed flow enters from a feed flow line 512 through
opening 2069 and flows inside of the flow director portion 2065 toward the cold head
2110. Vent gas flows along the outside of the flow director portion 2065 and out to the
vent line 514 through opening 2067. The liquid oxygen barrier portion 2063, though of a
different configuration in order to allow feed gas to flow inside and vent gas to flow
outside, performs the same function as the liquid oxygen barriers 118, 318, 1918 in
preventing excessive leakage of liquid and gaseous oxygen during a tipping event.

[0101] Figures 9-11 depict perspective views of a lower chassis assembly of a
liquefaction device according to one embodiment of the present invention. Shown in
Figures 9-11 are feed tube 912, 1012; vent tube 914, 1014; solenoid valve 1056; relief
valve 1054 for the feed tube 1012; filter 1052; relief valve 1158 for the vent tube 1014;
vent port 1170; and boiloff tube 1160. In one embodiment, feed tube 1012 and/or vent
tube 1014 are one quarter inch inner diameter vinyl tubing. Also shown are mounting
slots 1172 onto which an upper chassis assembly may be inserted.

[0102] Figures 12 and 13 depict a perspective view of the outer housing 1280 of a
liquefaction apparatus according to one embodiment of the present invention, showing a
possible placement of a detachable humidifier 1284. Humidifier bottle 1284 is attached
to patient flow tube 534. A humidifier may not be used at the outlet of the oxygen
concentrator 530 because the liquefaction process cannot tolerate water vapor mixed with
oxygen. In one embodiment, humidifier bottle features an attachment nozzle 1286 for
attaching a canula. Patient flow meter 1238 allows a patient to adjust flow rate of oxygen
received. The top of the outer housing 1280 features an indentation 1282 in the shape of
the bottom of a portable stroller 668 to facilitate fitting the stroller 668 over transfill valve
1264. The indentation 1282 also accommodates the portable stroller 668 in order to allow
the portable stroller 668 to depress a transfill switch 666. Indentation 1282 may be a
depression formed on outer housing 1280, shaped to fit a valve interface surface 697 of
portable stroller 668. The stroller 668 also has a valve that interfaces specifically with
transfill valve 1264, such that when the stroller 668 is engaged onto the transfill valve
1264, a connection opens between the two valves allowing fluid to flow freely between

them.



10

15

20

25

30

WO 2006/047664 PCT/US2005/038716

30

[0103] In one embodiment, outer housing 1280 has handles 1288. Handles 1288
may facilitate patient handling and movement of the liquefaction device. Handles 1288
may also be configured to allow a canula to be wrapped around them for storage while the
canula is not in use. Alternatively, handles may be secured into the outer housing 1280
with Fasteners that are also operable to hold wires in the correct place along the inside of
the outer housing 1280. For example, if the handles 1288 are secured to the outer housing
1280 with screws, a wire on the inside of the outer housing 1288 may be laid under a
strap secured to the inside of the outer housing 1288 between two screw heads, thus
securing a placement of the wire. In one embodiment, the handles may be integral to the
outer housing 1288.

[0104] Figure 14 depicts a top perspective view of the outer housing 1480 of a
liquefaction device according to one embodiment of the present invention, showing one
embodiment of a transfill valve 1464 and transfill switch 1466.

[0105] Figure 15 depicts a side perspective view of a cryocooler 1502 and dewar
1520 secured by a mounting shroud 1590 to an upper chassis 1594 of a liquefaction
device according to one embodiment of the present invention. The mounting shroud 1590
comprises a cooling fan mount 1592. In one embodiment, the upper chassis 1594 has
mounting pegs 1596 that fit into mounting slots 1172 (see Figure 11) on a lower chassis.
In one embodiment, mounting shroud 1590 is secured to upper chassis 1594 via vibration
dampeners 1598. The vibration dampeners 1598 greatly redtace noise due to vibration by
isolating the cryocooler 1502 and mounting shroud 1590 froxm the upper chassis 1594 at
the places where the mounting shroud 1590 contacts the wpper chassis 1594: the four
mounting bolts. Vibration dampeners 1598 may be made with rubber. For example,
vibration dampeners 1598 may be made with Buna-N rubber. Alternatively, vibration
dampeners 1598 may be made with any other vibration-dampening materials or devices.
For example, vibration dampeners 1598 may comprise a spring dampener assembly.
[0106] Figure 16 depicts a perspective view of a back side of the mounting shroud
1690 and dewar 1620 according to one embodiment of the present invention. The shape
of the inside of the mounting shroud 1690 may be such that it directs airflow over a
cooling fin of a cryocooler. A fan may be mounted in fan housing 1692 to pull air in the
direction indicated by arrow 1675. Consequently, air enters the air intake 1671 in the
direction indicated by arrow 1673, blows over a cooling fin of the cryocooler, and exits

the mounting shroud 1690 through fan housing 1692. Figure 17 shows a partial cutaway
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view of the mounting shroud 1790, revealing cryocooler 1702 and cryocooler cooling fin
1711.

[0107] Figure 18 depicts an interface between a cryocooler flange 1804 and a
dewar flange 1816 according to one embodiment of the present invention. The mounting
shroud 1890 may comprise two separate pieces. The moumting shroud 1890 may
alternatively comprise two halves. Two mounting shroud halves may be bolted together
through bolt holes such as bolt hole 1677. In one embodiment, mounting shroud 1890
comprises a clamp, or clamping element, 1831, 1931. Clamyping element 1831, 1931
encompasses at least a portion of both cryocooler flange 1804 and dewar flange 1816, as
shown in Figure 18. The cryocooler flange 1804 may include a sloped portion surface
leading out from a neck portion 1835 of the cryocooler, as the outer diameter of
cryocooler flange 1804 increases as it approaches dewar flange 1816. Dewar flange 1816
may also include a corresponding sloped portion surface leadin g out from a neck portion
1833 of the dewar, as the outer diameter of dewar flange 1816 increases as it approaches
cryocooler flange 1804. Clamp 1831, 1931 ﬁay be configured to conform to the sloped
portion surfaces of dewar flange 1816 and cryocooler flange 1804, in order to, for
example, apply a normal force thereto. A normal force applied to the sloped portion
surfaces of the cryocooler flange 1804 and the dewar flange 1 816, as two halves of the
clamping element 1831, 1931 are secured around the flanges 1804, 1816 and tightened,
creates a corresponding axial force that pushes the two flanges 1804, 1816 together. The
compression of the O-ring 106 that follows application of the clamping element 1831,
1931 serves to prevent the cryocooler flange 1804 and dewar £lange 1816 interface from
leaking either gaseous or liquid oxygen, even when tipped over.

[0108] With reference to Figure 4, a mechanical, rather than electrical, means for
stalling liquid oxygen production is shown according to ‘one embodiment of the present
invention. A cold finger 408 extends into dewar 420. Cold fimnger 408 has a temperature
gradient. One end 413 of cold finger 408 has a temperature hi gher than the boiling point
of oxygen, and another end 415 has a temperature lower than the boiling point of oxygen.
As oxygen liquefies and fills the dewar 420, the liquid level 4 17 rises only to a level on
the cold finger 408 at which the temperature exceeds the boilin g point of oxygen. At this
level 417, no exposed part of the cold finger 408 is cold enough to liquefy oxygen, so the
liquid level 417 does not rise further; this prevents overfilling o f the dewar 420.
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[0109] Alternatively, a cryogenic liquid level sensor 789 may be used to trigger a
system shutdown when the liquid level in the dewar exceeds a predetermined limit.
Figure 7 depicts a side view of a cryogenic liquid level sensox 789 of one embodiment of
the present invention. Parallel plates 783 may be held together with non-conductive
screws 781 on either side of a mounting plate 785; cryogenic liquid level sensor 789 may
be coupled to top of dewar 820 and extend the length of the dewar 820, as according to
one embodiment of the present invention depicted in Figure 8. A capacitive method of
measuring the level of liquid gas, such as liquid oxygen, in a dewar may be utilized. This
method may use parallel plates 783 or parallel cylinders (not shown). As the liquid level
in the dewar 820 rises, the gaseous oxygen between parallel plates 783 is gradually
replaced with liquid oxygen. The dielectric-constant change b etween gaseous oxygen and
liquid oxygen varies the capacitance measured between parallel plates 783. This
capacitance change corresponds to the liquid level change in the dewar 820, and may be
measured and converted to a usable form for display to a user. In one embodiment, the
liquid 1evel in the dewar is displayed in a bar-lamp format writh a resolution of % dewar
(1/4, 1/2, 3/4, full). In one embodiment, liquid level in the dewar 820 is displayed in a
digital readout.

[0110] A capacitor cryogenic liquid level sensor 789 m.ay be constructed of two or
more metal electrically conductive plates separated by a non-conductive material having a
fixed dielectric constant, such as a dielectric constant greater than 1.0. Such a cryogenic
liquid 1evel sensor 789 may be used to measure the liquid level of liquid oxygen or nearly
any other cryogenic liquid. Cryogenic oxygen liquid level sensor 789 may measure the
difference of the change in the dielectric constant of oxygen between the gaseous phase
and the liquid phase. This creates a variable capacitance directly related to liquid height.
A number of different displays of liquid level may be possible with the use of cryogenic
liquid 1evel sensor 789.

[0111] Other types of cryogenic liquid level sensors may be used, according to
alternative embodiments of the present invention. For example, a float may be used to
measure cryogenic liquid level in a manner similar to the mamner in which a float may be
used as a common automotive fuel level sensor. In such cases, a float arm moves through
a variable resistance as the float moves up or down on the surface of the desired liquid.
This variable resistance produces a variable voltage from a krnown voltage source, and the

variable voltage may be connected to a voltage meter or the like for display. According
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to other alternative embodiments of cryogenic liquid level sensors, a resistance method
may be used. Such methods may, for example, utilize the thermal conductivity constant
for copper (3.98 watts per centimeter — Kelvin), and the resistivity constant of copper, to
sense the point between the gaseous phase and the liquid phase of the cryogenic liquid.
Such a level point between the gaseous phase and the liquid phase has a differential
temperature change, such as a differential temperature change of a few degrees, and thus
a difference in the thermal conductivity because the gaseous phase conducts more power
than the liquid phase. The liquid height may be calculated based on the level of the
liquid phase as sensed by the amount of power conducted to the gaseous phase; a lower
power conducted to the gaseous phase may correspond to a higher liquid level.
According to yet other alternative embodiments of cryogenic liquid level sensors, semi-
conductor methods may be used. Such methods may employ a special diode construction
whose conduction properties change when exposed to cryogenic temperatures; in some
instances, the special diode construction may be an individual point(s) monitoring device
controlled via a microcontroller/processor. According to further alternative embodiments
of cryogenic liquid level sensors, ultra-sonic methods mmay be used. Such methods may
use a pulsed high or ultra-high frequency ultrasonic transducer to measure the “Doppler
Effect” of the reflected signal from the surface of the measured liquid. A shorter
“Doppler Effect” measurement corresponds to a higher cryogenic liquid level.

[0112] Figure 22 depicts an efficient dewar 2220 design. Liquid oxygen may be
stored in an inner vessel 2217. The inner vessel 2217 is contained by the outer vessel
2215. Between the inner vessel 2217 and outer vessel 2215 is a near-vacuum space to
minimize convective heat transfer. A wrapping material 2219, such as SuperWrap, is
wrapped around the inner vessel 2217 to slow radiant heat transfer. Cold getters 2211
capture errant moisture molecules from within the vacuum space. A warm surface getter
2213 captures hydrogen molecules from within the vacuum space. A transfill tube 2262
reaches through the inner vessel 2217, then wraps several times around the bellows neck
2221, then exits through the outer vessel 2215. By increasing the length of the transfill
tube 2262 within the vacuum space, and by narrowing the cross-sectional area of the tube
2262, conductive heat losses are minimized. Conductive heat losses are also minimized
by the bellows neck 2221. The inner vessel 2217 is coupled to the outer vessel 2215 by
bellows neck 2221. Bellows neck 2221 may have an accordion shape, as depicted in

Figure 22, in order to increase the length of the path that heat must travel to escape.
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Other bellows neck 2221 designs may be employed to increase the length of the path that
heat must travel to escape.

[0113] Referring now to Figure 2, a fin temperature sensor 299 may be located in
proximity to a cooling fin of a cryocooler. Additionally, a cold finger temperature sensor
297 may be located in proximity to a cold finger of a cryocooler. The fin temperature
sensor 299 may detect potentially hazardous or damaging conditions; for instance,
sensing a fin temperature that is too high may indicate that the cooling fan has failed and
the cryocooler is overheating. The fin temperature sensor 299 may also detect whether
the liquefaction apparatus has been placed in sunlight, an excessively warm room, or
whether its cooling vents have been obstructed. Cold finger temperature sensor 297 may
detect if a displacer in the cryocooler has seized, causing the cold finger to warm up
rather than cool down. In embodiments that use alternative liquid oxygen barrier 2061
(see Figures 20-21), cold finger temperature sensor 297 may alternatively be located
inside of flow director portion 2065. When either fin temperature sensor 299 or cold
finger temperature sensor 297 senses a temperature that is too high, a circuit latches a
“halt” signal to the cryocooler control and stops the motor. An indicator lamp for the user
may be illuminated during this fault. The “halt” signal may be released by recycling
power to the liquefaction apparatus, unless the excessive temperature condition is still
present.

[0114] Figure 27 depicts a conceptual wiring diagram for a temperature sensing
circuit to turn off electrical components of a liquefaction system, according to various
embodiments of the present invention. A signal conditioner may be coupled with
temperature sensors or.thermocouples 2701, 2702. The signal conditioner outputs a
temperature signal corresponding to one, both, or more of temperature sensors 2701,
2702. As one example, temperature sensor 2701 may be located and/or configured to
measure the temperature near a cooling fin of a cryocooler 2704, also known as the reject
temperature. As yet another example, temperature sensor 2702 may be located and/or
configured to measure the temperature near a cold finger of a cryocooler 2704. The
signal is compared to a reference voltage by a comparator 2707. When either temperature
sensor 2701, 2702 senses a temperature that is too high, the depicted circuit latches a
“halt” signal to the cryocooler PWM control 2706 and stops the motor of cryocooler 2704
by breaking the electrical power circuit supplying power from source 2705 to cryocooler

2704. Power may be removed from cryocooler 2704 when either temperature sensor
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2701 or temperature sensor 2702 senses a temperature that is too high; for example,
according to some embodiments of the present invention, temperature sensor 2701 may
sense a cryocooler cooling fin temperature above sixty-five degrees Celsius, or
temperature sensor 2702 may sense a cold finger temperatur-e above fifty degrees Celsius.
An indicator lamp for the user may be illuminated during this fault. The “halt” signal
may be released by recycling power to the liquefaction apparatus, unless the excessive
temperature condition is still present.

[0115] Figure 25 depicts a conceptual wiring diagram for an impact-sensing
mechanism to turn off electrical components of a liquefaction system, according to
various embodiments of the present invention. Power supplied by source 2506 to a load
2505 is passed through an actuated contact assembly (i.e. cixcuit breaker or relay or semi-
conductor circuit). As long as power is applied to the actuator mechanism 2504, power is
allowed through the contact assembly. During a tip-over condition, the sensing output of
an accelerometer 2501 or other impact sensing device 2501 is amplified into a desired
range by amplifier 2502. This voltage range is input into an analog-to-bit converter and
compared to a known voltage at comparator 2503. The “bit” output triggers a switching
device. = When the switching device is active, a circuit protector device removes the
power to the actuator mechanism 2504 and removes power to the load 2505. Load 2505
may be, but is not limited to, the cryocooler, cryocooler driver, coolihg fan, circuit
boards, and/or any other element that operates via electrical power.

[0116] Figure 26 depicts a conceptual wiring diagram for a tip-over or tilt switch to
turn off electrical components of a liquefaction system, according to various
embodiments of the present invention. Tip/tilt switch 2601 may be any switch capable of
changing states, from “on” to “off” or from “off” to “om,” when tip/tilt switch 2601
experiences a rotation in angle or inclination. Tip/tilt switch 2601 may be affixed to a
dewar, cryocooler, and/or any other element of a gas liquiefaction system to determine
when the element to which it is attached has been tipped and/or tilted. For example,
tip/tilt switch 2601 may be a mercury switch. Tip/tilt switch 2601 may be configured to
change states upon tipping or tilting through a predetermnined angle; for example, the
predetermined angle may be forty-five degrees. Alternatively, the predetermined angle
may be any angle indicative of a tipover or excessive tilting event; for example, the
predetermined angle may be an angle in the range from thirty degrees to sixty degrees.

Power from a source 2606 to a load 2605 is passed through an actuated contact assembly
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(i.e. circuit breaker or relay or semi-conductor circuit). As long as power is applied to the
actuator mechanism 2604, power is allowed through the contact assembly. During a tip-
over condition, tip/tilt switch 2601 triggers to remove power to the actuator mechanism
2604, thereby removing power to the load 2605. Load 2505 may be, but is not limited to,
the cryocooler, cryocooler driver, cooling fan, circuit boards, and/or any other element
that operates via electrical power.

[0117] Figure 28 depicts a conceptual wiring diagram for measurement of oxygen
purity and display options for displaying oxygen purity, according to various
embodiments of the present invention. Several methods of oxygen purity sensing exist;
for example, oxygen purity may be measured with a Galvanic-type micro-“fuel-cell”
method, or with a light refraction method. Each oxygen purity sensing element may
provide a different usable output, and each may require its own conversion circuitry.
Similarly, each possible method for displaying oxygen purity information may requires its
own conversion circuitry and/or method. As illustrated in Figure 6, oxygen purity sensor
568 may be located in feed flow line 512. For example, oxygen purity sensor 568 may be
located in fluid communication with feed flow line 512 and/or inline with feed flow line
512 anywhere prior to liquefaction. If oxygen purity sensor 568 is sensitive to input
pressure, oxygen purity sensor may be placed in feed flow line 512 downstream from
pressure regulator 540 and/or orifice 542.

[0118] According to one embodiment of the present invention, a sensor 2801, such
as a “‘fuel-cell” sensor, may be used to measure oxygen purity. A sensed oxygen purity
may be displayed through various graphical representations, such as, for example,
numerical LED indicators 2803, purity bar LED indicators 2804, and/or colored LEDs
2805. The usable sensing output of the “fuel-cell” may be, but is not limited to, a signal
corresponding to millivolts per percent of oxygen. This signal may be amplified into a
required voltage range. When using a simple pass/fail type of information display, the
amplified signal may be input to a series of analog-to-bit converters. A display driver
2802 may then switch ON independent LED’s or lamps to indicate a pass/fail condition of
the gaseous oxygen purity level. For example, display driver 2802 may display a
numerical purity measurement via numerical LED indicators 2803. According to some
embodiments, display driver 2802 may display a graphical purity measurement via a
purity bar LED indicator 2804. According to yet other embodiments, display driver 2802

may display a pass/fail purity measurement via green, yellow, and/or red LEDs 2805; in
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such cases, activation of a green LED may signal a satisfactory oxygen purity level,
activation of a yellow LED may signal a potential though not necessarily serious problem
with oxygen purity, and activation of a red LED may signal a serious or dangerously low
oxygen purity level. According to some embodiments of the present invention, the
satisfactory oxygen purity range a purity greater than 85% oxygen by volume. _
[0119] Figure 31 depicts a conceptual wiring diagram illustrating a cryocooler low
power mode, according to various embodiments of the present invention. When the
dewar is full in a liquefaction apparatus of embodiments of the present invention, the
cryocooler continues to run, but does not continue to liquefy oxygen. This is due to the
liquid level rising to a point on the cold finger such that no exposed portion of the
cryocooler’s cold finger is colder than the liquefaction temperature of oxygen.
Continuing to run the cryocooler at full power with a full dewar may result in an over-
expenditure of energy. Although electrical power may be removed completely from the
cryocooler when a full dewar is sensed, lowering power instead of removing power may
reduce wear on cryocooler components and eliminate any potential noise associated with
a cryocooler cold start. Potential advantages of implementing a low power mode of the
cryocooler and/or cooling fan include, but are not limited to, a reduced noise level, a
reduction in excess heat generation, reducing liquid boiloff rate for liquid gas within the
dewar, and/or decreasing cryocooler wear. Implementing a low power mode of the
cryocooler and/or cooling fan may reduce power consumption by over fifty percent while
the dewar is full, and may reduce power consumption by thirty to thirty-five percent
overall. According to some embodiments of the present invention, a low power or energy
saving mode may be initiated when the cryogenic liquid level sensor sensed a full liquid
level in the dewar, and may return to a normal mode when the cryogenic liquid level
sensor sensed a predetermined liquid level in the dewar; for example, the low power
mode may return to the normal mode when the cryogenic liquid level sensor senses a
three-fourths full liquid level in the dewar.

[0120] According to some embodiments of the present invention, a low power
mode may be entered by simply reducing the power supplied to the cryocooler and/or
cooling fan to a predetermined power level. Figure 31 shows one embodiment of a circuit
operable to reduce power to the cryocooler driver 3102. In normal operation, the full
P'WM setpoint 3101 voltage may be applied to the cryocooler driver 3102. The cryogenic
liquid level sensor supplies a liquid level voltage 3103 that may be amplified and
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compared with a reference voltage to determine when the liquid level is full and thus
when the low power mode should be entered. When the low power operation is initiated,
a switching device provides a ground path through an additional resistance, creating a
voltage divider reducing the voltage applied to the cooler driver 3102 circuitry. The
applied power may be set to a wide range of possible powers, dependiﬁg on the energy
consumption requirements of the cryocooler, and the fluid flow and/or thermodynamic
characteristics of the given liquefaction system. According to some embodiments of the
present invention, the applied power may be selected to keep the piston within the
cryocooler centered but not displacing through its full range.

[0121] Figure 32 depicts a conceptual wiring diagram illustrating an alternating
current cooling fan low power mode, according to various emabodiments of the present
invention. A first circuit diagram 3201 illustrates a low power mode for an alternating
current fan 3203 supplied with power by source 3204. During normal operation, a full
setpoint voltage is applied to a PWM/Random phase controller 3205 having a timer 3206,
and applies full voltage to the cooling fan 3203. When a lower fan speed is desired to
reduce noise and when full LOX production is not required, a switching device may be
activated creating a ground path through a second resistance. Such a switching device
may be activated when a cryogenic liquid level sensor supplies a liquid level voltage 3207
signal that exceeds a reference voltage. This creates a voltage divider circuit and reduces
the voltage setpoint for the PWM/random phase fan driver 3205 and slows the fan speed.
[0122] Figure 33 depicts a conceptual wiring diagram illustrating a direct current
cooling fan low power mode, according to various embodiments of the present invention.
A second circuit diagram 3202 illustrates a low power mode fox a direct current fan 3208.
Rafher than reducing power when the production of liquid gas is no longer required, fan
speed may be automatically reduced or increased to maintain a constant cryocooler reject
temperature (or cooling fin temperature) at a predefined temperature. The reject
temperature may be monitored and compared to a setpoint. Based on this difference, a
switching device may be pulsed at a higher or lower rate by the PWM controller 3209,
controlling the fan 3208 air flow and set temperature of the cryocooler.

[01.23] According to embodiments in which a low power mode is entered by simply
reducing the power supplied to the cryocooler to a predetermined power, the system
eventually arrives at equilibrium, at which the temperature of the cold finger tip may

depend on a combination of factors, including, but not limited to the cooling efficiency of
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the cryocooler and the thermal load to which the cryocooler is subjected. The thermal
load experienced by the cryocooler may depend on factors including, but not limited to,
the flow rate of gas directed across the cold finger, the inlet temperature of the gas, and
the thermal inefficiencies of the dewar and dewar seal flarnge. Because variations may
exist in all of these parameters based on physical differences between separately
manufactured components, an inlet power to the cryocooler should be set high enough to
accommodate for the worst case variation. Such a cryocooler power setting may result in
the cryocooler drawing a power greater than the power necessary to achieve an adequate
liquefaction rate. Such extra power would generally further reduce the temperature of the
cold finger during liquefaction. However, according to some alternative embodiments of
the present invention, instead of simply reducing power stpplied to the cryocooler to a
predetermined level, a low power mode may be entered by ¥monitoring the temperature of
the cold end of the cold finger and adjusting power input to the cryocooler to maintain a
predetermined cold end temperature during a low power mode. In such alternative
embodiments, liquid may be produced until the dewar is filled, then the power supplied to
the cryocooler may be reduced while monitoring the cold finger tip temperature. The
predetermined cold end temperature may be found by experimentally varying the
temperature until a temperature is found that maintains the liquid volume within the
dewar measured by a scale. Such a method may, in some cases, permit a more cost-
effective and energy-saving design of a liquefaction system, and may also compensate for
potential decrease in cryocooler efficiency over time.

[0124] A liquefaction apparatus may also employ other electronic systems to
improve safety, efficiency, and cost. For instance, when power is first applied to the
system, all the user indicator lamps may be activated to allow a user to verify that all
lamps work properly; after a short peridd of time, the lampys, except for the power lamp,
may be deactivated and the system may enter normal operation.

[0125] Additionally, various electronic means may be employed to control the

~ cryocooler. The cryocooler firing angle may be varied so that the proper RMS voltage is

applied to the linear motor, maintaining the desired pistora stroke, as external operating
conditions change. A piston stroke control loop compares the stroke set-point to the
piston amplitude from a re-construction circuit. This may be accomplished by controlling
the firing angle to a random-phase, opto-isolation Triac-di-iver. The firing Triac device

and the front-end re-construction circuit may be electrically” isolated from the control and
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feed-back circuitry. Also, the stroke of the cryocooler piston may be estimated using an
isolated back-EMF of the motor and an isolated monitoring of the motor current.
Integration of the resultant motor velocity results in a real-time, sensor-less measurement
of piston stroke. At the start of the cryocooler power-up sequence, the cryocooler piston
is lifted to its maximum state by rectifying the AC voltage and controlling the resultant
DC power to the cooler. This is accomplished by controlling the firing angle to a
random-phase, opto-isolation Triac-driver and the use of a full-wave Diode-Bridge and a
Triac combination.

[0126] Figure 34 depicts a flow diagram 3400 illustrating a method for maintaining
oxygen purity in liquefaction of gas for residential oxygen therapy, according to various
embodiments of the present invention. A feed stream of gas is received from an oxygen
concentrator (block 3402). A cryocooler is provided, the cryocooler including a cold
finger, and the cold finger extending within a container and operable to liquefy the gas for
containment in the container (block 3404). The cold finger may be maintained at a
substantially constant temperature at or below the liquefaction temperature of oxygen
(block 3406). At least part of the feed stream of gas is liquefied, the oxygen purity of
liquefied gas being substantially at or greater than the oxygen purity of the feed stream of
gas (block 3408). The feed stream of gas may be drawn to the cold finger at least in part
with a low pressure created by liquefaction of the feed stream of gas at a surface of the
cold finger (block 3410). Liquefied gas may be accumulated in the container (block
3412). According to some embodiments of the present invention, a portable dewar may
be provided to store the liquefied gas for ambulatory medical gas therapy (block 3414),
and the liquefied gas may be transferred from the container to the portable dewar (block
3416).

[0127] Figure 35 depicts flow diagrams illustrating a method for reducing power
consumption in residential medical gas liquefaction and storage and a method for
initiating a low power mode of a cryocooler, according to various embodiments of the
present invention. Flow diagram 3500 illustrates a method for reducing power
consumption in residential medical gas liquefaction and storage. A feed stream of gas
may be received from an oxygen concentrator (block 3502). A cryocooler may be
provided, the cryocooler including a cold finger, and the cold finger extending within a
container and operable to liquefy at least part of the feed stream of gas for containment in

the container (block 3504). A liquid level sensor may be mounted within the container,
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the liquid level sensor operable to detect a liquid level in the container (block 3506). A
determination is made whether the detected liquid level is at or greater than the first
predetermined liquid level (block 3508). If not, then the liquid level sensor continues to
detect the liquid level (block 3508). If the detected liquid level is at or greater than the
first predetermined liquid level, such as a full liquid level, then a low power mode of the
cryocooler may be initiated (block 3510).

[0128] Flow diagram 3501 illustrates a method for initiating a low power mode of a
cryocooler. A maintenance temperature may be selected (block 3512), and the
temperature of the cold finger may be monitored (block 3514). The power supply to the
cryocooler may be varied in order to maintain the temperature of the cold finger at the
maintenance temperature (block 3516).

[0129] Figure 36 depicts flow diagrams 3600, 3601 illustrating methods for
initiating a low power mode of a cryocooler, according to various embodiments of the
present invention. Flow diagram 3600 illustrates a method for initiating the low power
mode of the cryocooler. The power supply of the cryocooler may be reduced to a low
power setting (block 3612). A determination may be made whether the liquid level in the
dewar is at or below the second predetermined liquid level (block 3614). If not, then the
liquid level detection may continue (block 3614). If the liquid level in the dewar is at or
below the second predetermined liquid level, such as at a three-fourths full level, then the
power supply to the cryocooler may be restored to a full power setting (block 3616).
Flow diagram 3601 illustrates further elements of a method for initiating a low power
mode. A cooling fan may be provided (block 3618). The power supply of the cooling
fan may be reduced to a low power setting (block 3620). A determination may be made
whether the liquid level in the dewar is at or below the second predetermined liquid level
(block 3622). If not, then the liquid level detection may continue (block 3622). If the
liquid level in the dewar is at or below the second predetermined liquid level, such as at a
three-fourths full level, then the power supply to the cooling fan may be restored to a full
power setting (block 3624).

[0130] While the preferred embodiments of the invention have been illustrated and
described, it will be clear that the invention is not limited to these embodiments only.
Numerous modifications, changes, variations, substitutions, and equivalents will be
apparent to those skilled in the art, without departing from the spirit and scope of the

invention, as described in the claims. For example, use of the term “oxygen” in this
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disclosure may generally be substituted with any liquefiable medically-useful gas, such as
nitrogen, oxygen, argon, air, and/or a mixture thereof. In addition, although reference is
made to medically-useful gas, embodiments of the present invention may be used to

produce liquid gas useful for industrial or other purposes.
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CLAIMS
What is claimed is:
1. A device for transferring liquid gas from a storage dewar to a portable

dewar, the device comprising;:

a storage dewar operable to contain a liquid gas for portable medical gas
therapy;

a transfill tube having a first end and a second end, the first end extending
within the storage dewar, the second end opening outside of the storage dewar;

a valve coupled to the second end;

a means for pressurizing the storage dewar to push the liquid gas tharough
the transfill tube; and

a switch electrically coupled to the means for pressurizing the storage
dewar, the switch located relative to the valve so as to automatically activate the ameans
for pressurizing the storage dewar upon engagement of a portable dewar to the valve.

2. The device of claim 1, wherein the means for pressurizing the storage
dewar is a compressor in fluid communication with the storage dewar.

3. The device of claim 2, wherein the compressor pressurizes the storage
dewar with ambient air.

4. The device of claim 2, further comprising:

a vent tube in fluid communication with the storage dewar and configured
to permit gases to exit the storage dewar, the vent tube comprising a solenoid valve, the
switch configured to close the solenoid valve upon activating the compressor.

5. The device of claim 2, further comprising:

a timing device operable to deactivate the compressor after a
predetermined time.

6. The device of claim 5, wherein the predetermined time is approxiomately
two minutes.

7. The device of claim 1, wherein the valve and the switch are mounted on a
housing, the housing having formed therein a depression shaped to fit a valve interface
surface of the portable dewar.

8. The device of claim 1, wherein the switch is a push-button switch
configured to be pressed by the portable dewar when the portable dewar has been

engaged with the valve.
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9. The device of claim 1, wherein the switch is a proximity detection switch
configured to trigger when the portable dewar is close enough to be engaged with the
valve.

10.  The device of claim 1, wherein the valve is a first valve and th.e portable
stroller comprises a second valve, and wherein the first valve is configured to engage the
second valve such that pushing the second valve onto the first valve opens the first and
second valves.

11.  The device of claim 1, further comprising:

a cryocooler comprising a cold finger, the cold finger extending within the
storage dewar and operable to liquefy gas for containment in the storage dewar.

12. A method of maintaining oxygen purity in liquefaction of gas for
residential oxygen therapy, the method comprising:

receiving a feed stream of gas from an oxygen concentrator;

providing a cryocooler comprising a cold finger, the cold finger extending
within a container and operable to liquefy the gas for containment in the contairver;

maintaining the cold finger at a substantially constant temperature at or
below the liquefaction temperature of oxygen;

liquefying at least part of the feed stream of gas, the oxygen purity of
liquefied gas being substantially at or greater than the oxygen purity of the feed stream of
gas;

drawing the feed stream of gas to the cold finger at least in part ‘with a low
pressure created by liquefaction of the feed stream of gas at a surface of the cold finger;
and

accumulating the liquefied gas in the container.

13)  The method of claim 12, wherein maintaining the cold finger at a
substantially constant temperature comprises supplying a constant electrical power to the
cryocooler and receiving the feed stream of gas at a substantially constant rate.

14.  The method of claim 12, wherein the oxygen purity of the liquefied gas is
ninety to ninety-six percent by volume.

15.  The method of claim 14, further comprising:

providing a portable dewar operable to store the liquefied gas for
ambulatory medical gas therapy; and

transferring the liquefied gas from the container to the portable dewar.
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16.  The method of claim 14, wherein the oxygen purity of the liquefied gas is
approximately ninety-three percent by volume.

17. The method of claim 12, wherein the oxygen purity of the liquefied gas is
at least ninety-nine percent by volume.

18. The method of claim 12, wherein the substantially constant temperature is
approximately equal to eighty-seven degrees Kelvin.

19. A method for reducing power consumption in residential medical gas
liquefaction and storage, the method comprising:

receiving a feed stream of gas from an oxygen concentrator;

providing a cryocooler comprising a cold finger, the cold finger extending
within a container and operable to liquefy at least part of the feed strearm of gas for
containment in the container;

mounting a liquid level sensor within the container, the liquid level sensor
operable to detect a liquid level in the container; and

initiating a low power mode of the cryocooler when the liquid level
reaches a predetermined liquid level.

20.  The method of claim 19, wherein the predetermined liquid 1evel is a full
liquid level. ‘

21.  The method of claim 19, wherein the predetermined liquid level is a first
predetermined liquid level, and wherein initiating the low power mode of thie cryocooler
comprises:

reducing a power supply of the cryocooler to a predetermined low power
setting; and

restoring the power supply of the cryocooler to a predetermined full power
setting when the liquid level has dropped to a second predetermined liquid level.

22.  The method of claim 21, wherein the second predetermined liquid level is
a three-fourths full liquid level.

23.  The method of claim 21, wherein initiating the low power mode of the
cryocooler further comprises: |

providing a cooling fan operable to remove heat from the cryocooler;
reducing a power supply of the cooling fan to another predetermined low

power setting; and
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restoring the power supply of the cooling fan to another predetermined full
power setting when the liquid level has dropped to the second predetermined liquid level.

24.  The method of claim 19, wherein initiating the low power mode of the
cryocooler comprises:

selecting a maintenance temperature for the cold finger needed to maintain
the liquid level at full;

monitoring a temperature of the cold finger; and

varying a power supply of the cryocooler to maintain the temperature at
the maintenance temperature.

25. The method of claim 19, the method excluding:

varying pressure within the container or flow rate of the feed stream of gas
during liquefaction.

26.  The method of claim 19, wherein the liquid level sensor is a capacitive-
type liquid level sensor.

27.  Anapparatus for passively stalling liquefaction, the apparatus comprising:

a container operable to contain liquid oxygen for portable oxygen therapy;
and

a cryocooler comprising a cold finger, the cold finger extennding vertically
within the container and operable to liquefy oxygen gas for containment im the container,
the cold finger comprising a cold end portion cold enough to liquefy the oxygen gas and a
second portion too warm to liquefy the oxygen gas, the cold end portion extending
entirely within the container and the second portion extending at least partially within the
container such that liquefaction stalls as soon as the liquid oxygen gas in the container
submerges the cold end portion.

28.  The apparatus of claim 27, wherein temperature along the cold finger
varies according to a temperature gradient, the cold finger having a highest temperature
closest to the cryocooler and a lowest temperature furthest from the cryoco oler.

29. A device for transferring liquid gas from a storage dewar to a portable
dewar, the device comprising:

a first dewar configured to contain a liquid gas of a certain purity range for
portable medical gas therapy;

a female transfill valve associated with the first dewar;
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a second dewar configured to contain a liquid gas of the certain purity
range for portable medical gas therapy;

amale transfill valve associated with the second dewar; and

a transfill tube having a first end and a second end, thee first end extending
within the second dewar, the second end in fluid communication w-ith the male transfill
valve;

wherein the male transfill valve is configured to be incompatible with an

other dewar not configured to contain a liquid gas of the certain purity range.
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