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:9 Claims. (CI. 62-122) 
In the practice of this art as now in general 

use, the air which has been previously freed from 
raoisture and carbon dioxide, is compressed, 
cooled and delivered through a heat-exchanger, 
wherein it is further cooled by the passage of the 
oxygen and nitrogen gases in close proximity 
thereto, to the rectification column wherein the 
air is irst liquefied and then by a process of dis 
tilation the liquefied air is separated into its 
primer constituents, Oxygen and nitrogen, and 
these gases are caused to travel to the botton of 
the heat-exchanger, the oxygen gas reaching the 
heat-exchanger at a pressure slightly above at 
mospheric pressure. The oxygen passes from the 
upper end of the heat-exchanger at a pressure 
sufficient to lift the water-sealed gas-holder. 
As much greater pressures are required for the 

storage or in the use of oxygen gas, such for in 
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stance as in a cylinder where a pressure of ap 
proximately two thousand pounds at 70 Fahr. is 
desirable, compressors are employed in the pres 
ent to produce the desired pressures. . . 

However certain difficulties are encountered in 
this practice. Thus, such compressors are expen 
sive and their operation requires the expenditures 
of considerable power. Again the problem of 
torication of the Inowing partS is a Serious One, 
The use of hydrocarbon lubricants is impossible 
because of the action of oxygen on hydrocarbor). 
especially in the presence of the pressure, tem 
perature and friction conditions encountered in 
compression of this nature. 
Water is frequently used as a lubricant in Such 

compressors but the result is that the compressed 
5 oxygen delivered by the compressors is more or 

less saturated with water vapor and its usefull 
ness for many important purposes is seriously 
impaired. Again such lubrication is imperfect 
and exceSS Wear occurs. 
in my present invention avoid the above men 

tioned difficulties attendant upon the use of corn 
pressors by taking off the liquid oxygen from the 
low pressure side of the rectification column and 
supplying it by forced feed to the bottom or intake 
end of the heat-exchanger, thus maintaining a 
controlled and regulable supply of the Oxygen to 
the heat-exchanger tubes. 
As a result the supply of liquid oxygen to the 

oxygen tubes of the heat-exchanger is main 
tained regardless of the pressure in Said tubes, 
which pressure will vary with the pressure at 
the point of delivery of the oxygen gas, such for 
instance as a cylinder or other high pressure re 
Ceiver. 
On the contrary under the present practice the 

pressure in the oxygen tubes of the heat-ex 
changer must remain below those in the low pres 
Sure side of the rectification column, for other 
Wise the operation of the column would be inter 
fered with and eventually halted. 60: 

I thus avoid the necessity of employing com 
pressors to compress the oxygen to the desired 
pressure for storage or use, after it has left the 
heat-exchanger, 

For the convenient accomplishment of my im- 65. 
proved process. I have invented the hereinafter 
described apparatus which is especially designed 
and adapted for that purpose. 
In the accompanying drawing, wherein I have 

illustrated a practical embodiment of the prin-70 
ciples of my invention, I have illustrated in broken 
vertical Section such apparatus comprising a 
heat-exchanger, a rectification column, and a 
liquid oxygen pump operatively interposed be 
tween the same, all of said elements being en- 75 
closed in an insulated outer enclosure. 

Referring to the drawing, 1 represents the heat 
exchanger, 2 the rectification column, 3 the mois 
ture-tight casing, or tank of the liquid oxygen 
pump, and 4 the outer enclosure. The purified, 80 
dried, compressed and preliminarily cooled air 
travels by means of the pipe 5 to the upper end 
of the bank of helical tubes 6 which extend down 
Wardly within the tubular casing of the heat 
exchanger 1. The lower ends of the tubes 6 con- 85 
nect to the pipe 7 which is covered with suitable. 
heat-insulation and whose other end is connected 
to the boiling coil 8, which is immersed in the 
bath of liquid air in the bottom of the high pres 
Sure side of the rectification column 2. The other 90 
end of the boiling coil 8 is connected to the ex 
pansion valve 9 in the high pressure side of the 
column 2. 
The nitrogen gas is led from the top of the low 

pressure side of the column 2 through a pipe 0 95 
which connects at 11. With the bottom of the cas- . . . 
ing of the heat-exchanger 1. A pipe 12 leads 
from the top of said casing to carry off the nitro 
gen gaS. 
The specific internal construction of the recti- 00: 

fication column is not the subject matter of the 
present invention, and the structure above de 
scribed is well known in the present practice of 
the art. 
The liquid oxygen collects in the bottom 13 of 105 

the low pressure side of the column 2 surround 
ing the condenser tubes 14. From said bottom a 
descending pipe 15 leads to the upper portion of 
the pump casing 3, said pipe being provided with 
a valve 16, Thus the liquid oxygen flows into lic 
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2 
said casing. To relieve the casing 3 from Such 
oxygen gas which may collect in the upper part 
of said casing an escape pipe 17 leads upwardly 
from the top of said casing to the low pressure 
side of the column 2 above the botton 13, Said 
pipe being provided with a valve 18. Thus any 
gas which may collect in the top of the casing 3 
may be relieved, enabling the casing to be kept at 
all times substantially full of liquid Oxygen. 

19 is the pump barrel mounted within the cas 
ing 3 and immersed in liquid oxygen. Said barrel 
is provided with a depending tubular neck 20 
which extends through the bottom of the casing 
with an air-tight joint. The pump is Supported 
by the frame 21. 22 is a piston rod Working in 
said neck and driven as by the crank shaft 23 
connected to its lower end. The upper end of the 
piston rod is provided with a piston 24. 
The pump barrel is provided with an inwardly 

opening inlet valve 25 communicating with the 
interior of the casing 3 and an outwardly open 
ing discharge valve 26 which is connected by a 
pipe 27, having a valve 28, to a pipe 29 which 
connects at the bottom of the heat-exchanger 1 
with the bank of helical tubes. 30 which extend 
upwardly through the heat-exchanger and are 
connected at the top of the latter with an insu 
lated pipe 31 which in turn is connected by a 
pipe 32 with the header 33 from which lead the 
branch pipes 34 which are detachably coupled to 
the cylinders indicated at 35. Each of the branch 
pipes 34 is provided with a valve 36. 
When the device has been put into operation 

the supply of substantially pure liquid oxygen in 
the bottom 13 of the low pressure side of the 
column 2 is substantially constant, and thus with 
the valve 16 open the casing 3 is kept full of 
liquid oxygen, any gas which may collect being 
relieved through the pipe 17. 
The operation of the pump maintains a con 

stant supply of liquid oxygen to the lower ends 
of the helical oxygen tubes 30, and the action of 
the heat-exchanger, comprising the exchange of 
heat from the compressed air tubes to the Oxygen 
tubes 30, completely gasifies the oxygen during 
its ascent of said tubes 30, thus Supplying oxygen 
gas through the pipes 31 and 32 and header 33 
to the branch pipes 34 which Supply the gas to 
the cylinder 35. 

I encounter no difficulty in the operation of 
the liquid oxygen pump as its valves and the pis 
ton are sufficiently lubricated by the liquid oxygen. 
To enable me to vary the Speed of the pump, 

for the purpose of regulating the supply of liquid 
oxygen to the heat-exchanger, I may drive the 
crank shaft 23 by means of a variable speed motor 
37 through a speed reducer 38. 
By varying the speed of the pump or other 

forced feed device I am able to maintain the 
operation of the rectification column at maximum 
efficiency as I am thus enabled to withdraw the 
liquid oxygen from the column at the proper rate 
to balance its separation. If the liquid oxygen 
be withdrawn from the column in too small quan 
tities, the oxygen not withdrawn tends to pass of 
with the nitrogen, while a withdrawal of the liquid 
oxygen at an excess rate will tend to decrease the 
purity of the oxygen withdrawn. 

I claim:- 
1. In apparatus for producing and delivering 

oxygen gas under pressures substantially in ex 
cess of those under which the oxygen is separated, 
the combination of a heat-exchanger by which 
compressed air is cooled by travelling in proximity 
to the out-going products of the apparatus, a 

1976,888 
rectification column in which the air is liquefied 
and the oxygen and nitrogen are separated, a 
chamber into which the liquid oxygen flows from 
the column, and a forced feed device Submerged 
in the body of liquid oxygen within Said chamber 
having its inlet connected to the interior of the 
chamber and its discharge connected to the 
Oxygen tube of the heat-exchanger whereby 
liquid oxygen is supplied to the heat-exchanger 
and is vaporized therein. 

2. In apparatus for producing and delivering 
oxygen gas under pressures Substantially in ex 
cess of those under which the Oxygen is Sepa 
rated, the combination of a heat-exchanger by 
which compressed air is cooled by travelling in 
proximity to the out-going products of the ap 
paratus, a rectification column in which the air 
is liquefied and the Oxygen and nitrogen are Sepa 
rated, a chamber into which the liquid oxygen 
flows from the column, a forced feed device Sub 
merged in the body of liquid oxygen within Said 
chamber having its inlet connected to the in 
terior of the chamber and its discharge Con 

80 

nected to the oxygen tube of the heat-exchanger 
whereby liquid oxygen is supplied to the heat 
exchanger and is vaporized therein, and a high 
pressure receiver directly connected to the oxygen 
tube of the heat-exchanger and into which 
oxygen gas passes under the pressure of Vaporiza 
tion. 

3. In apparatus for producing and delivering 
oxygen gas under pressures Substantially in ex 
cess of those under which the oxygen is separated, 
the combination of a heat-exchanger by which 
compressed air is cooled by travelling in proximity 
to the out-going products of the apparatus, a 
rectification column in which the air is liquefied 
and the oxygen and nitrogen are Separated, a 
chamber into which the liquid oxygen flows from 
the column, a forced feed device within said cham 
ber having its inlet connected to the interior of 
the chamber and its discharge connected to the 
Oxygen tube of the heat-exchanger whereby liquid 
oxygen is supplied to the heat-exchanger and is 
vaporized therein, and means for returning any 
Oxygen gas in Said chamber to the column. 

4. In apparatus for producing and delivering 
Oxygen gas under preSSures Substantially in ex 
cess of those under which the Oxygen is separated, 
the combination of a heat-exchanger by which 
compressed air is cooled by travelling in proximity 
to the Out-going products of the apparatus, a 
rectification column in which the air is liquefied 
and the oxygen and nitrogen are separated, a 
gravity-filled chamber into which the liquid 
oxygen flows from the column, and a forced feed 
device submerged in the body of liquid oxygen 
within said chamber having its inlet connected to 
the interior of the chamber and its discharge con 
nected to the oxygen tube of the heat-exchanger 
whereby liquid oxygen is supplied to the heat 
exchanger and is vaporized therein. 

5. In apparatus for producing and delivering 
Oxygen gas under pressures Substantially in ex 
cess of those under which the oxygen is separated, 
the combination of a heat-exchanger by which 
compressed airis cooled by travelling in proximity 
to the out-going products of the apparatus, a rec 
tification column in which the air is liquefied and 
the oxygen and nitrogen are separated, a gravity 
filled chamber into which the liquid oxygen flows 
from the column, a forced feed device within said 
chamber having its inlet connected to the in 
terior of the chamber and its discharge connected 

100 

105 

110 

5 

120 

125 

30 

135 

40 

45 

150 



0 

25 

35 

40 

45 

50 

6) 

85 

O 

1,976,888 
to the oxygen tube of the heat-exchanger whereby 
liquid oxygen is supplied to the heat-exchanger 
and is Vaporized therein, and means for returning 
any Oxygen gas in Said chamber to the Column. 

6. In apparatus for producing and delivering 
OXygen gas under pressures Substantially in excess 
of those under which the oxygen is separated, the 
combination of a heat-exchanger by which com 
pressed air is cooled by travelling in proximity to 
the out-going products of the apparatus, a rectifi 
cation Column in Which the air is liquefied and the 
oxygen and nitrogen are separated, a low level 
chamber into which liquid oxygen flows by gravity 
from the column, a passage for the escape of gasi 
fied Oxygen from the chamber to the column, and 
a force-feed device having its intake connected 
to the chamber and its discharge connected to the 
Oxygen tube of the heat-exchanger whereby liquid 
Oxygen is Supplied to the heat-exchanger to be 
gasified therein. 

7. In apparatus for producing and delivering 
Oxygen gaS under preSSures Substantially in excess 
of those under which the oxygen is separated, 
the combination of a heat-exchanger by which 
compressed air is cooled by travelling in proximity 
to the out-going products of the apparatus, a rec 
tification column in which the air is liquefied and 
the Oxygen and nitrogen are separated, a low level 
chamber into which liquid oxygen flows by gravity 
from the column, a passage for the escape of 
gasified oxygen from the chamber to the column, 
a force-feed device having its intake connected 
to the chamber and its discharge connected to 
the oxygen tube of the heat-exchanger whereby 
liquid oxygen is supplied to the heat-exchanger 
to be gasified therein, and means for varying the 
discharge of the force-feed device whereby to 

3 
maintain the rate at which the liquid oxygen is 
efficiently produced by the column. 

8. In apparatus for producing and delivering 
Oxygen gas under pressures Substantially in excess 
of those under which the oxygen is separated, the 
combination of a heat-exchanger by which com 
pressed air is cooled by travelling in proximity to 
the out-going products of the apparatus, a rectifi 
cation column in which the air is liquefied and 
the oxygen and nitrogen are separated, a low level 
chamber into which liquid oxygen flows by gravity 
from the column, a valved passage for the escape 
of gasified oxygen from the chamber to the col 
lumn, and a force-feed device having its intake 
connected to the chamber and its discharge con 
nected to the oxygen tube of the heat-exchanger 
whereby liquid oxygen is supplied to the heat 
exchanger to be gasified therein. 

9. In apparatus for producing and delivering 
Oxygen gaS under pressures Substantially in excess 
of those under which the oxygen is separated, 
the combination of a heat-exchanger by which 
compressed air is cooled by travelling in proximity 
to the out-going products of the apparatus, a rec 
tification column in which the air is liquefied and 
the oxygen and nitrogen are separated, a low level 
chamber into which liquid oxygen flows by gravity 
from the column, a valved passage for the escape 
of gasified oxygen from the chamber to the col 
unn, a force-feed device having its intake con 
nected to the chamber and its discharge con 
nected to the oxygen tube of the heat-exchanger 
whereby liquid oxygen is supplied to the heat 
exchanger to be gasified therein, and means for 
Varying the discharge of the force-feed device 
whereby to maintain the rate at which the liquid 
Oxygen is efficiently produced by the column. 

FRANCIS J. EICHELMAN. 
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