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This invention relates to apparatus for storing, 
transporting-and-dispensing a liquified gas from 
a container, and to a method of sub-cooling such 
liquified gas, preferably adjacent"; the point of 
withdrawal from the container...This apparatus as 
and methods are particularly suitable for liquified 
gases: '..having, boiling tripoint temperatures 5-at 
atmospherici pressure below:273°K; one example: 
of which is liquid. Oxygen.... 

Heretofore, liquified gases, such as the kind to plicable to gases having the same charact 
with which this 'invention' is concerned; were : 
stored...and transported.ati relatively low press' " 
sures in insulated containers: However, a certain: 
amount of evaporation is inevitablei because-off 
unavoidable heat leaks-in the insulation. Many 15 a container generally designated 2, adap 

receive and hold a charge 3 of liquified gas, suc times this gas-or: a considerable portion thereof, 
has been exhausted, and lost: when the pressures 
has risen to a predetermined degree. 

Prior to the present time, relatively expensive 

CL 62-1): 

One of the objects of this invention-isitor 
eliminate vapor lock-in an efficient manner by 
employment of the gas of evaporation in the 
liquid gas container from which the liquid gas 
is pumped. - - - - - 

... Other objects and advantages will appea 
the description and in the drawing, and i 
be understood that the invention is not . 
restricted to oxygen gas, since it would be ap 
of liquification at relatively low temp 
"the drawing is diagrammatic, and is illustra 

tive of the invention, ... . . . . . . . . 
In the drawing, represents the inner shell-of 

as oxygen, with a space 4 above the level of the 
liquid in said container in which gas of evapora 
tion is held, and which gas applies a pressure on: and complicated: means has been employed to -20 the charge 3. 

sub-cool the liquid gas before pumping the same 
from the container...in order: to sinsure: proper. 
operation of the pump. ; 

One...of the objects of the present inventionis.'. 
the provision of improved apparatus and an im- 25 container 2 is a pump chamber 7. A passagewa proved method for utilizing the 'gas-of-evapora-s: 
tion for sub-cooling the liquid in the containerto 
insure proper operation of the pump. Thus, the 
gas-of-evaporation.is not wasted; nor is apparatus is 
required for bottling the same in: ordersto: Save":30 
such possible waste; and; at the same time 
liquid gas is sub-cooled. --- 
Another object of the invention is the provision's $ 

of an improved construction and arrangement-of-3' 

ithe. 

component devices in apparatus of the charac- 35 the pressure within said tank. These are con 
ter:describeds whereby the storing, transporting 
and dispensing of liquified gas is more efficiently. 
and simply effected than heretofore. . f 

Another...object of the invention is the provision is 
of simple, and effective means for converting the 40 tainer when a cap f 3 closing said pipe is re. 
gas:of evaporation from liquified gas in a storage." 
or transporting, and dispensing tank back into : 
liquid within said tank in a simple and effective - 
manner, and which means includes structure enrik 
abling the control of gas pressure within Said. 45 
tank to facilitate pumping liquid gas therefrom.", 

It is a well: known fact that:...the standard: 
reciprocating liquid oxygen pumps will not pump : 
liquid oxygen unless the oxygen is cooled down to 
a temperature below its boiling point under what-, 50 
ever pressure is on the liquid oxygen in the pump. ; 
chamber. Thereason...for this is that the liquid 
oxygen keeps evaporating all the time and causes : 
vapor lock in the pump: By sub-cooling the 
liquid oxygen that is delivered to the inlet valve':55 outlet valve is also at the lower end of the pump of the pump, vapor lock is eliminated, ".. 

. 

Said shell is enclosed by heat insulation ma 
terial 5 that is between inner 'shell and ani 
outer shell 6. .." 
Communicating with the interior of the m 

8 connects the chamber 7 with the interior 
container 2 through the bottom of the latter. 
Chamber 7 and passageway 8 are enclosed by heat 
insulation material 9. - 
Connected with the container 2 at the top 

thereof is a safety valve? O and pressure gauge 
i? for respectively effecting a release of gas ( 
evaporation within the containershould the pres 
Sure increase to the danger point, and to indicat 
ventional devices on practically all tanks of this 
general nature. 
A pipe 2 that carries the gauge i? and valve fo 

also constitutes the means for filling the cont 
aOved. - - - - - - - - - - - 

The outer shell 6 of container 2 is also pro 
vided with a conventional relief valve 14 for 
charging any gas that may leak into the space 
containing the insulation 5. . . . . . . . . . . . . . . . . . 

Passageway 8 opens into the upper end of the 
pump chamber 7 so that there will be no spac 
within said chamber at a level above the opening 
of passageway 8 into said chamber. - - - - - - 
A conventional reciprocating or plunger type. 

oxygen pump f 5 has its lower end projecting into 
Said chamber 7. An inlet 6 provided with the 
usual inlet valve is at the lower end of pump 5 
and an outlet f 7 provided with the conventiona 
and in chamber T. 
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An outlet pipe 8 connects with the outlet and 
may lead through any suitable vaporizer 9 for 
evaporation of the liquid oxygen, and from Said 
vaporizer the oxygen may be pumped into the 
conventional containers or piped elsewhere for 
Se. 
From the upper end of container 2 extends a 

conduit 20 that extends spirally around the 
inner shell in a downward direction, being in 
bedded in the insulation material 5, but pro 
gressively moving outwardly from the inner shell 
toward the outer shell 6 from the upper to the 

lower end of the spiral portion thereof that is 
between said shells. At its lower end the Con 
duit 20 passes outwardly through the outer shell 
at a point adjacent the lower end of the con 
tainer 2. 
From the above structure it will be seen that 

the portion of conduit 20 that is between shells 
, 6 progressively moves to a warmer Zone in the 
insulation material as it moves toward the point 
of emergence from the outer shell 6. 
This conduit 20 is adapted to carry the Oxy 

gen of evaporation from the Space 4 above the 
liquid oxygen 3 in container 2, and this Oxygen is : 
progressively warmed as it moves outwardly in 
the insulation material 5. 
Conduit 20 extends from outer shell 6 to a con 

ventional oxygen compressor 2. By the time 
the oxygen reaches the compressor it is at Sub 
stantially room temperature, and said oxygen is 
drawn into the compressor Where it is COIn 
pressed to a medium pressure. 
Inasmuch as there will be an increase in the 

temperature of the oxygen gas due to compres 
sion, the compressed gas is conducted through a 
pipe 25 through any suitable heat eXchanger 26, 
where it is cooled. This heat eXchanger may use 
air or a cooling fluid or any conventional cooling 

a.S. 
From the heat exchanger, the pipe 25 passes 

into the container 6 through conduit 20, being 
spaced within said conduit. By this arrange 
ment there will be a heat exchange between the 
outflowing gas and the incoming compresed gas, 
the latter being progressively cooled as it flows 
back through pipe 25 counter to the flow of gas 
outwardly through conduit 20. 
The pipe 25 passes into container 2 through 

the upper end thereof and then through the 
liquid oxygen 3 within said container to passage 
way 8, and through passageway 8 into the pump 
chamber 7 where it is provided With an eXpan 
sion valve 27. A hand wheel 28 accessible from 
outside the container and chamber T is provided 
for manually manipulating said valve. 
In certain installations the valve 27 may be 

positioned within the body of liquid that is in the 
container, in which case the pipe 25 Would termi 
nate within said container. 
The compressed oxygen from the compreSSOr 

thus flows through the pipe 25 counter or Oppo 
site to the direction of flow of the gas Of WarpOri 
zation in conduit 20. 
From conduit 20 the pipe 25 extends into the 

liquid oxygen, and is gradually cooled down to 
the temperature of the liquid oxygen, becoming 
liquid, and after such liquification it is expanded 
by means of expansive valve 2 and is discharged 
into the pump chamber 7 or within the con 
tainer 2, according to the installation. The use 
of a pump chamber and the discharge of the 
liquid oxygen from pipe, 25 into the liquid oxy 
gen in the pump chamber is preferable. If the 
liquid were discharged into the body of liquid 

O 

20 

2 .5 

25 outside said container. 

4. 
within the container 2, sub-cooling of Said body 
would occur, but it would be slower. 

In order to provide for a rapid and efficient 
regulation of the pressure in container 2, a Sec 
ond pipe 30 may extend through conduit 20 to 
outside the container 2, and connect With pipe 

A manually manipu 
latable valve 3 in pipe 30 outside the container 
2 is provided to enable gas from pipe 25 to be ad 
mitted into the container 2 through pipe 30. 
The pipe 30 preferably terminates within con 
tainer 2 above the level of the liquid in the latter. 
The pipe 30 may pass directly through the 

container walls to the outside Without passing 
5 through conduit 20, if desired, or in Some instal 

lations, the valve could be connected in pipe 25 
Within the container and above the level of the 
liquid within said container. In any event, when 
and if desired, the above structure is intended to 
provide means for releasing compressed oxygen 
from pipe 25 Within the container 2 and into 
Space 4, which would be helpful when the pump 
5 is in operation by creating some back pres 

Sure for Said pump. 
Compression of the gas phase of the liquid in 

containers similar to that shown herein is known 
to the trade, but for the purpose of reducing the 
pressure in the container, or to produce a cer 

O 

3 5 

40 

45 

5 5 

5 

5 

tain amount of refrigeration by causing the liquid 
in the container to evaporate, or for increasing 
the purity of the liquid oxygen in the system. 
Sometimes this evaporated. Oxygen gas has been 
compressed and either returned to the oxygen 
producing column or it has been delivered to a 
gas holder or to a high pressure oxygen con 
preSSOr to compress it for storing into cylinders. 
However, I am not aWare that anyone has here 
tofore compressed the evaporated gas, precooled, 
and expanded the Sane in the nanner and for 
the purpose described in this invention. 

It is obvious that in certain instances the liqui 
fied gas, after compression and cooling could be 
expanded in the container 2, particularly Where 
the pump is in said container. The pump cham 
ber is preferable, however. 

It is also obvious that the conduit 20, need not 
in all instances be imbedded in the insulation be 
tWeen shells , 6 in its spiral course. In some 
instances the coil could be positioned outside the 
container, although the structure shown is usual 
ly preferable. r 

A drain Valve 32 may also be provided in the 
pump chamber. 

: The evaporator 9 may be of any desired type. 
In Some instances, the heat from the exhaust 
gases from the engine of a vehicle is employed 
for Supplying the heat, particularly where the 
container is mounted on such vehicle, it being 
understood that the present invention is particu 
larly adapted for being mounted on a truck or 
Vehicle during transportation of the liquid gas 
from one place to another. The invention is not, 
however, to be restricted to such use. 

I claim: 
1. Apparatus for dispensing gas material that 

has a boiling point temperature below 273 K. 
which comprises a, thernaally insulated container 
for holding a charge of Said material below its 
boiling point temperature under a predetermined 
pressure of such gas material in said container 
in the gaseous phase, a discharge pump having 
an inlet in communication with such charge in 
Said container, a conduit opening at One end into 
ther upper end of Said container for communicat 
ing With the Said gas in Such gaseous phase and 
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terminating at its opposite end within the charge. 
adapted to be held in said container, said con-i- 
duit extending outwardly of said container be-, 
tween its opposite end sportions and including a 
compressor for . . withdrawing and compressing: 
part of said gas in its gaseous phase, a heat 
exchanger between said compressor and said con 
tainer for cooling the gas compressed by Said's 
compressor, and the end portion of said conduit 
adjacent said opposite end being positioned with-0 
in said charge for a substantial distance and in 
direct heat transfer relation" with such charge . 
for reducing the temperature of the gas therein - 
to below:273°. K., a valve in said conduit and po 
sitioned within said charge for a controlling the i5: 
discharge of liquified gas material therefrom into it 
said charge and under the pressure of said con-r 
preSSOl' 

2. Apparatus for dispensing gas material that 
has a boiling point temperatures below 273 K. 20 

6 : 
in direct heat-transferrelation with the charge: 
for reducing the temperature, of the gas therein. 
to below 273 K. a valve in said conduit for cons. 
trolling the discharge of liquified gas material 
therefrom into said charge, and under the press. 
sure of said compressor, a heat insulated Wellbe 
low said container and in communication...there:: 
with and a passageway communicating between". 
the bottom of said container and said well for: 

: conducting Said material into said well, said inlet. 
and said valve being in said well... . 

4. Apparatus: for Edispensing liquid gas mater. 
rial...that has a boiling point temperature below : 
273°. K. which comprises a thermally insulated 
container for holding a charge of said material 
below: its boiling point temperature under the 
pressure of the gas of evaporation from Said gaSt. 
material in said, container, a discharge pump. 
having an inlet in communication with such 
'charge in said container, a conduit opening into. . . 

5 

which comprises a thermally insulated container 
for holding a charge of said material below its 
boiling point temperature under a predetermined 
pressure of such gas material in Said container in " 
the gaseous phase, a discharge pump having an 
inlet in communication with such charge in Said 
container, a conduit opening at one end into the 
upper end of said container for 'communicating 
with the said gas in Such gaseous phase and ter 
minating at its opposite end within the charge 
adapted to be held in said container, said conduit 

30 

the upper end of Said, container at one end for 
conducting said...gas of evaporation from said ". 
container, a compressor, connected with said cons. 
duit...fo.compressing the gaSSO conducted from 

- Said container, heat exchange means for cooling . . 
the gas compressed by said connpressor, a pipe 
extending from said: compressor and heat, ex 
changer: into said: container. and ... through... the 
liquid gas material in said container under the . . 
pressure of Said compressor.for reducing the tem 
perature of: said material, in a said pipe to sub-. 
stantially the temperature of the charge in said. 
container- and below the boiling point thereof, 
means comprisings said compressor for applying . . 
a greater pressure: to the liquified gas material . . 
in said pipe than 2. that of the pressure of the . 
gaS:ofievaporation in said container, said pipe. 
extending to a point adjacent said inlet, and a 
valve; in said pipe. and positioned within said . . 

extending outwardly of said container between 
its opposite end portions and including a com 
pressor for withdrawing and compressing part of 
said gas in its gaseous phase, a heat exchanger 
between said compressor and said container for 
cooling the gas compressed by Said compreSSOr, 
and the end portion of said conduit that is ad 
jacent said opposite end being positioned within - 
said charge for a substantial distance and in di 
rect heat transfer relation with the charge for 
reducing the temperature of the gas therein to 
below 273° K., a valve in said conduit and posi 
tioned within said charge for controlling the dis 
charge of liquified gas material therefrom into 
said charge and under the pressure of Said com 
pressor, a substantial length of said conduit be 
tween said valve and said heat eXchanger being 
spaced within and extending longitudinally of a 
corresponding length of the conduit extending 
from the upper end of said container to said com 
pressor, whereby said lengths will be in heat ex 
change relationship to each other. 

3. Apparatus for dispensing gas material that 
has a boiling point, temperature below 273 K. 
which comprises a thermally insulated container 
for holding, a charge of... said material below its 
boiling point temperature under a predetermined 
pressure of such gas material in Said container 
in the gaseous phase, a discharge pump having 
an inlet in communication With Such charge in 
said container, a conduit opening at one end into 
the upper end of said container for communicat 
ing with the said gas in Such gaseous phase and 
terminating at its opposite end Within the charge 
adapted to be held in Said container, Said con 
duit extending outwardly of Said container be 
tween its opposite end portions and including a 
compressor for withdrawing and compressing 
part of said gas in its gaseous phase, a heat ex 
changer between said compressor and Said COn 
tainer for cooling the gas compressed by Said 
compressor, and the end portion of Said conduit 
that is adjacent said opposite end being positioned 
within said charge for a Substantial distance and 

charge for releasing the liquified gas material 
therein into; the liquid-gas material in said con- ; 
tainer: at said point... 

5. Apparatus for dispensing liquid gas material 
that has a boiling point temperature below 273° 
K. Which comprises a thermally insulated con 
tainer for holding a charge of said material be 
low its boiling point temperature under the pres 
Sure of the gas of evaporation from said gas 
material in said container, a discharge pump 
having an inlet in communication with such 
charge in said container, a conduit opening into 
the upper end of said container at one end for 
conducting - said gas of evaporation from said 
container, a compressor connected with said con 

55 

60 

65 

70 

75 

duit for compressing the gas so conducted from 
said container, heat exchange means for cooling 
the gas compressed by said compressor, a pipe 
extending from said compressor and heat ex 
changer into said container and through the 
liquid gas material in Said container under the 
preSSure of Said compressor for reducing the tem 
perature of said material in said pipe to sub 
stantially the temperature of the charge in said 
container and below the boiling point thereof, 
means comprising said compressor for applying 
a greater pressure to the liquified gas material 
in said pipe than that of the pressure of the gas 
of evaporation in Said container, a branch from 
Said pipe Opening into said container, and a walve 
in Said pipe and positioned within said charge 
for releasing the liquified gas material therein 
into the liquid gas material in said container, a 
valve in said branch to permit release of gas 
material gaseous phase in said branch into said 
container for increasing the gas pressure on said   
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charge as desired, said branch being connected 
with said pipe at a point where the material in 
said pipe is still in the gaseous phase. 

6. Apparatus for dispensing gas material that 
has a boiling point temperature below 273 K. 
which comprises a thermally insulated container 
for holding a charge of said material below its 
boiling point temperature under a predetermined 
pressure of such gas material in said container 
in the gaseous phase, a discharge pump having 
an inlet in communication with Such charge in 
said container, a conduit opening at one end into 
the upper end of said container for communi 
cating with the said gas in such gaseous phase 
and terminating at its opposite end adjacent Said 
inlet and in communication with a charge adapted 
to be held in said container, said conduit extend 
ing outwardly of said container between its op 
posite end portions and including a compreSSOr 
for withdrawing and compressing part of Said gas 
in its gaseous phase, a heat exchanger between 
said compressor and said container for cooling 
the gas compressed by said compressor, and the 
end portion of said conduit that is adjacent Said 
inlet being positioned within Said charge for a 
substantial distance and in direct heat transfer 
relation with the charge for reducing the temper 
ature of the gas therein to below 273 K., a valve 
in said conduit adjacent said inlet for controlling 
the discharge of liquified gas material therefrom 
into said charge and under the pressure of Said 
CompressOr. 

7. Apparatus for dispensing gas material that 
has a boiling point temperature below 273 K. 
which comprises a thermally insulated container 
for holding a charge of said material below its 
boiling point temperature under a predetermined 
pressure of such gas material in said container 
in the gaseous phase, a discharge pump having 
an inlet in communication. With Such charge in 
said container, a conduit opening at one end into 
the upper end of Said container for communicat 

10 

15 

20 
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40 

8 
ing with the said gas in such gaseous phase and 
terminating at its opposite end adjacent said in 
let and in communication with a charge adapted 
to be held in said container, said conduit extend 
ing outwardly of said container between its op 
posite end portions and including a compressor 
for withdrawing and compressing part of said 
gas in its gaseous phase, a heat exchanger be 
tween said compressor and said container for 
cooling the gas compressed by said compressor, 
and the end portion of said conduit that is ad 
jacent said inlet being positioned within said 
charge for a Substantial distance and in direct 
heat transfer relation with the charge for re 
ducing the temperature of the gas therein to be 
low 273 K., a valve in said conduit adjacent said 
inlet for controlling the discharge of liquified gas 
material therefrom into said charge and under 
the pressure of Said compressor, a heat insulated 
Well in communication with said container and a 
paSSageway Communicating between the bottom 
of Said container and said well for conducting 
Said material into said well, said inlet and said 
Valve being in said well. 

PETER PEFF. 
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