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. This invention. relates to gas supply systems, and par-
ticularly to systems in which gas under pressure is dis-
pensed. from a supply of liquefied gas, as well as to a
method of operating such systems. It is especially effec-
tive in systems for filling containers or otherwise dispens-
ing gaseous oxygen under pressure from a supply of liquid
oxygen.

An: object of the invention is to provide an improved
system of this type in which a liquid: container is auto-
matically refilled as required.

. Another object is to provide a novel arrangement for
building up and maintaining gas dispensing pressure from
gasified liquid at lower pressure.

A further object' is to provide a new container filling
system for volatile liquid, and more specifically a system
for supplying such liquid under pressure to a system in
which gas pressure from volatilized liquid higher than
that of the liquid is developed. A rélated object is to
supply volatile liquid to a container while it is main-
tained in open communication with a system for gasify-

ing liquid from the container; and a specific object is to

utilize’ an' injector arrangement for this purpose.

An: object is to provide an improved arrangement in
which: gas pressure from votatilized liquid is employed to
operate system .control valves, Another purpose is to
utilize such pressure to actuate pressure-stabilizing
means;

An additional object is to provide a novel container
construction. Related specific objects are to provide an
improved liquid feed to the contdinér, novel arrange-
ments for gas discharged therefrom, a new float-actuated
sealing’ construction, means for minimizing the effect of
gas flow on such float construction, and separate arrange-
ments for gas discharge and gas pressure.

A purpose of the invention is also to provide an ar-
rangement for returding gas under pressure to a liguid
source. ‘

The forégoing and otlier objects and advantages of
the invention will appear niore fully from consideration
of the detailed description: which follows, in conjunc-
tion with' the accompanying drawing in which one em-
bodiment of the invention is illustrated. It is to be ex-
pressly understood, however, that the drawing is for the
purposes of illustration and description, and is not to be
construed as’ defining the limits of the invention.

The drawing i$' a diagram of a system embodying the
invention,. with the container shown in central longitudi-
nal section.

In the illustrated embodiment the dispensing container
10 for the highly volatile liquid, such as oxygen, com-
prises a body 11, préferably spherical in shape, having
an: inlet for liquid opening into the lower part, and a
gas’ ottlet’ arrangement at the top. As shown, the inlet
comprises a closed axial vertical tubular feed nozzle 12
having ‘a series of lateral openings 13. The outlet ar-
rangement is formed in cap 14; extending axially through
the top: of contdiner 10 and provided with a’ gas pres-
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sure passage 15 communicating directly with the top of
container 10, as well as a gas discharge outlet 16.

An arrangement is provided for closing discharge out-
let 16 when the liquid in container 10 reaches the proper
level adjacent to the top. As shown, cylindrical float
well 17 with a closed bottom has a laterally extending
top 18 connected to discharge outlet 16. A fioat 19
caged in well 17 has a convex, preferably spherical seat-
ing face 20 and a depending central weight 21 on the op-
posite side, arranged to keep face 20 uppermost when
floating. The float 19 may advantageously be a hollow
ball, as shown; with the weight 21 aftached at any point.
The lower frusto-conical face of well top 17, extend-
ing around outlet 16 and forming the seat for float 19,
should have a sufficiently. obtuse angle between opposité
elements to prevent the float 19 from wedging and stick-
ing, an angle of not less than 120° having been found
to be satisfactory. The float 19 may be a glass ball,
exhausted through a tubular extension which when
sealed off in the usual way forms a pip or projection
that constitutes the positioning weight 21.

An arrangement is provided to prevent violent and
turbulent gas flow from interfering with proper closure
of outlet 16 by float 19. For this purpose the well 17
is connected to the interior of container body 11 through
ports 22 located in the sides of the well near its' top
substantially above the float 19 when restinig on the well
bottom. Ports 22 are advantageously covered with fine
wire screens 23, which reduce turbulence in the well to
a minimum.

For filling container 10 with liquid, nozzle 12 is con-
nected by a liquid supply circuit and refilling means' to
a source of liquid under pressure. In the form illus-
trated, liquid inlet pipe 25 is connected through check
valve 26 to a liquid supply circuit comprising the jet
27 of an injector 28 directed into an aligned section
of supply pipe 24 which is connected to nozzle 12.

An arrdngement is provided for dispensing under pres-
sure gas vaporized from the liquid in' container 10. As
shown, the outer compartment 29 of injector 28, sur-
rounding jet 27, is coniiected with the inlet end 30 of a
vaporizing coil 31, preferably provided with heat-collect-
ing fins 32. The outlet end 33 of the coil is connected
through' gas feed pipe 34 to gas pressure gauge 35 and
to gds supply control valve 36. This valve is of the
type which opens at a selected pressure, a bellows-op-
erated valve being indicated. The valve connects- feed
pipe 34 with gas dispensing pipe 37 having the requisite
outlet arrangements for the desired type of dispensing.
The illustrated embodiment is designed for filling portable’
containers’ with- gas under pressure, and includes outlet
couplings 38 connected by hand-operated valves 39 to
pipe 37.

An arrangement is provided for building up and main-
taining gas under the requisite pressure in dispensing
pipe 37 by vaporizing liquid from cortainer 10, and for
automatically refilling the container when empty. As
illustrated, the outlet 16 from contdiner 10 connects with
gas discharge passage 40, which passes throtigh container
sealing valve 41, hand-operated shut-off valve 42 and
vent closing valve 43 to gas vent 44. Passages 16 and
40, vent 44, and valves 41, 42 and 43 form & gas outlet
or discharge circuit. Valves 41 and 43 are of the fluid-
operated pressure-closed type, actuated by gds pressure
on bellows. Their bellows-operating compartments are
connected to gas pressuré pipe 45, which is in turn con=
nected to gas préssute outlet 15 of container 10. Pipe
45 is also connected through pressure limiting valve 46,
check valve 47 and pressure supply pipe 48 to'the outlet
end 33 of vaporizing coil 31. Valve 46 is of a similar
pressure-closed type, aiid its bellows-operating compart-
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ment is connected to pressure pipe 45. Valves 41, 43
and 46 may be of the type disclosed in detail in the
patent application of this inventor filed April 22, 1954,
Serial No. 424,959. A relief valve 49 venting to the
atmosphere is connected to pressure supply pipe 48.

Gas discharge passage 40 may be connected at a point
between shut-off valve 42 and vent closing valve 43
through a gas return circuit, here shown to comprise
check valve 58 and return pipe 51, to liquid inlet pipe 25.

In operation, starting with shut-off valve 42 open, dis-
pensing valves 39 closed and no liquid cxygen in con-
tainer 10, the pressure-controlled valves 41, 43 and 46
will be open, with valves 36 and 39 closed and no gas
pressure in the system. The liquid oxygen supply at in-
let pipe 25 is under pressure, 70 p.s.i. being employed in
a type of installation that will be used as an example.
Under these conditions the liquid oxygen will be pro-
jected through injector 28 into supply pipe 24, the aspirat-
ing action in chamber 29 preventing flow of the liquid
into the vaporizing coil 31, connected to said chamber
and will pass through lateral openings 13 in nozzle 12
into the lower part of container 10.

The liquid entering the container will be vigorously
gasified at first by the higher temperature of the container,
and will rush out through ports 22, outlet 16 and dis-
charge pasasge 40 to vent 44. Check valve 47 prevents
gas generated during container filling from exerting back
pressure on the gas-generating and pressure build-up por-
tion of the system. When the container body 11 is suffi-
ciently chilled, the liquid oxygen will begin to fill con-
tainer 10, and when it reaches ports 22, will flow into
well 17, lifting float 19, which will be oriented by weight
21 with spherical face 20 upward. As the liquid level
rises in container 10, face 20 of the float will be seated
against the frusto-conical seat on well top 18, closing
outlet 16.

It is pointed out that this arrangement avoids the diffi-
culties previously encountered in providing effective float
closures for liquid oxygen containers because of the turbu-
lence of the gas discharged during filling, as the indicated
construction minimizes turbulence in the float seating
region. The float is not exposed to the gas flow until
the container is nearly filled and the turbulence has sub-
stantially subsided; screens 22 smooth out the gas flow
and the spherical seating face of the float, engaging 2
frusto-conical seat, permits considerable axial deviation
of the float without affecting the seal.

When outlet 16 is closed by float 19, the liquid flow
through injector 28 is arrested, and liquid oxygen from
container 10 and supply pipe 24 starts to flow through
chamber 29 into the inlet end 30 of vaporizing coil 31,
where it gasifies and steadily builds up gas pressure which
is transmitted through pressure supply pipe 48 to pres-
sure pipe 45 and through passage 15 to container 10.
This circuit is known as a pressure build-up circuit. It
comprises a means for generating gas, here coil 31, and
a pressure or pressure return circuit which here com-
prises pipe 48, check valve 47, pressure-closed valve 46,
pipe 45, and passage 15. When the gas pressure reaches
a value slightly above that of the liquid supply, 85 p.s.i.
in the example selected, valve 43 closes, providing a more
effective closure of vent 44, than that produced by float
19, which therefore need not form a perfect seal. This
makes it possible to construct the float of glass, which
will inevitably have a certain amount of surface irregu-
larity and allow slight leakage. When the increasing
build-up circuit pressure, shown on indicator 35, reaches
the minimum dispensing value, 300 p.s.i. in said example,
supply control valve 36 opens, and gas can be dispensed
through couplings 38 by operating hand valves 39. At
the same build-up circuit pressure, or at a pressure some-
what lower, such as 200 p.s.i., container outlet sealing
valve 41 is closed by the pressure, cutting off the con-
nection between container outlet 16 and return pipe 51,
and permitting the slight leakage past float 19 to build up
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pressure above the float to the point where it equals the
gas pressure below the float, so that the latter can descend
as the liquid level falls below the pre-determined level
at which the float closes the outlet.

When the gas pressure reaches the desired dispensing
value, 400 p.si. in the example, pressure limiting valve
46 closes in response to the pressure and holds the pres-
sure in pipe 45 to that value. As pipe 45 is connected
to the space above the liquid in container 10, higher
pressure developed in coil 30 will be applied to the bot-
tom only of the liquid through supply pipe 24, and will
prevent the liquid from flowing into coil 30 and gasifying
until the withdrawal of gas through couplings 38 lowers
the gas pressure, opens limiting valve 46 and allows the
liquid oxygen to flow again from container 10 into coil
31. If, however, thé pressure should build up through
improper functioning of the system to an excessive value,
such as 475 p.s.i. in the example, relief valve 49 will open.

When all of the liquid oxygen from container 10 has
been gasified, the pressure will drop, closing control valve
36 and opening sealing valve 41, allowing the residual
gas in the system to pass check valve 50, which limits
the flow of liquid oxygen from inlet pipe 25, and travel
through return pipe 51 to the oxygen supply tank 52
connected to pipe 25. Tank 52 is of course much larger
than container 19, being shown disproportionately small
for convenience. It is maintained at 70 p.s.i. and kept
at the low temperature required to maintain the oxygen
in liquid condition at this pressure, by well-known means,
so that the gas returned to tank 52 through line 51 is
salvaged for reuse.

When the pressure drops to the refill value, 85 p.s.i.
in the example, valve 43 opens, allowing the residual gas
in the system to pass out through vent 44, so that the
system drops to atmospheric pressure. Liquid oxygen
will start to flow through injector 28 and will refill con-
tainer 1@, repeating the described cycle of operation.
When the system is not in use, shut-off valve 42 is
closed, retaining the gas under pressure in the system.
Under these conditions the gas pressure will prevent liquid
oxygen flow from jet 27, so the system will remain in-
active until further gas dispensing is desired. Upon open-
ing shut-off valve 42 the cycle of operation already
described will be in effect.

Although but one embodiment of the invention has
been illustrated and described in detail, it is to be ex-
pressly understood that the invention is not limited
thereto. Varjous changes can be made in the design and
arrangement of the parts without departing from the
spirit and scope of the invention as the same will now
be understood by those skilled in the art.

I claim:

1. A liquid-gas converter system, comprising a con-
tainer for volatile liquid, a liquid phase circuit connected
to the container, means for filling the container with said
liquid, comprising an injector unit including an aspirat-
ing chamber and a jet in the chamber connected to a
source of said liquid under pressure and directed into the
liquid phase circuit, means for cutting off the liquid
supply from said source to said jet when the container
is filled with ligquid, and a gas pressure build-up circuit
having a liquid inlet connected to said aspirating cham-
ber, arranged for the flow of liquid into the inlet through
said chamber when the liquid supply is cut off.

2. A liquid-gas converter system, comprising a con-
tainer for volatile liquid, a gas outlet connected to the
top of the container, a float-operated valve in said outlet
arranged to close the outlet when the liquid in the con-
tainer reaches a predetermined level, a liquid phase cir-
cuit connected to the container, means for filling the con-
tainer with said liquid, comprising an injector unit includ-
ing an aspirating chamber and a jet in the chamber
connected to a source of said liquid under pressure and
directed into the liquid phase circuit, means for cutting
off the liquid from said source when the container is
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filled to said level with liquid, including a check valve
between the source and the jet closed by back pressure
when said gas outlet is closed, and a gas pressure build-
up circuit having a liquid inlet connected to said aspirating
chamber, arranged to receive liquid through said cham-
ber when the check valve is closed.

3. A liquid-gas converter system, comprising a con-
tainer for volatile liquid, a gas outlet connected to the
top of the container, valve means in said outlet for sub-
stantially closing said outlet when the liquid in the con-
tainer reaches a predetermined level, a liquid supply cir-
cuit connected to the container, a pressure build-up circuit
connected from the bottom to the top of the container,
and means comprising a pressure-closed valve in the out-
let responsive to pressure in the build-up circuit for
maintaining said outlet closed when the liquid falls below
said predetermined level.

4. The invention defined in claim 3 including means
for preventing excessive pressure build-up in said con-
tainer comprising a pressure-closed pressure limiting valve
in said build-up circuit responsive to pressure in the
container,

5. The invention defined in claim 3 including means
for connecting said supply circuit to a liquid source, and
a gas return circuit connecting said last-mentioned means
to said outlet between said pressure-closed valve and the
container.

6. A liquid-gas converter system, comprising a con-
tainer for volatile liquid, a gas outlet connected to the
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top of the container, first valve means in said outlet for
substantially closing said outlet when the liquid in the
container reaches a predetermined level and for main-
taining said outlet substantially closed in response to gas
pressure in said container when the liquid falls below
said predetermined level, and means for opening said first
valve means while maintaining said outlet closed until
gas pressure in said container falls below a predetermined
value comprising second pressure-closed valve means in
said outlet downstream from said first valve means for
completely closing said outlet in response to container
pressures exceeding said predetermined value.

‘References Cited in the file of this patent

UNITED STATES PATENTS
1,878,947 Luffet al, eeee Sept. 20, 1932
2,180,090 Mesinger — oo Nov. 14, 1939
2,341,579 Sundstrom .. Feb. 15, 1944
2,454,934 Mathisetal, oo Nov. 30, 1948
2,497,793 Ransome oo Feb. 14, 1950
2,500,320 Peff Mar. 14, 1950
2,544,421 Goddard e Mar. 6, 1951
2,551,501 Mitchell et al, oo May 1, 1951
2,563,244 Holicer e Aug. 7, 1951
2,618,935 Malit Nov. 25, 1952
2,677,939 Clute May 11, 1954
2,777,296 Schilling v cc e Jan. 15, 1957



