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1. 
This invention relates to the separation of gases 

into their constituents, especially to thie separa 
tion of air into oxygen and nitrogefh. 
The separation of air into its components is 

quite readily accomplished at low temperatures 
by taking advantage of the different boiling 
points of oxygen and nitrogen. This method of 
separation of course requires refrigeration, and 
it is common practice to utilize the low ten 
perature of the products-the separated oxygen 
and nitrogen-to cool the incoming air. This 
method is based on a nice balance between cool 
ing required by inflowing air and refrigeration 
available in the cold products, with losses made 
up by added refrigeration provided by expanding 
some of the air in doing external work. Under 
certain circumstances, it is desirable to produce 
oxygen in the liquid form. When oxygen is taken 
out as liquid, there is...necessarily a substantial 
refrigeration loss which must be made up in 
Soane ale. 

It is an object of this invention to provide an 
apparatus and method for the production of 
oxygen, preferably in the liquid form. This and 
other objects are accomplished in an apparatus 
and method in which a primary circuit comprises 
the main air circuit, the product oxygen, and 
the effluent waste gases, and a secondary circuit 
comprises a refrigeration circuit, preferably 
nitrogen gas being circulated as a refrigerant. 
In the drawings: 
Fig. 1 is a diagram showing apparatus for ac 

complishing the purpose set forth above, in which 
the secondary circuit shows a three-stage ex 
pansion engine; and 

Fig. 2 is and ther embodiment of the invention 
in which the secondary circuit employs a single 
stage expansion engine, and in which the oxygen 
product may be taken out as liquid or in the 
alternative as gas. 

In the embodiment shown in Fig. 1, an air in 
let 2 is shown as a conduit connected to the in 
take of an air compressor 4. The compressor 4. 
is preferably a two-stage compressor having a low 
pressure stage 6, a high pressure stage 8, an inter 
cooler 0, an aftercooler 2, and appropriate con 
necting conduits, as will be understood by those 
skilled in the art. The compressor 4 thus com 
prises a source of air under pressure. 
A reversing valve is shown at 4 connected with 

the source of air under pressure by first-named 
conduit means 6. . A reversing heat exchanger 
is provided as indicated generally at . The 
invention preferably comprises at least&ne re 
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to divide the heat exchanger 8 into three small 
heat exchangers 20, 22 and 24 in order to keep 
the height of the unit to a minimum. Reversing 
heat exchanger 8 is connected with the re 
versing valve 4 by second-named conduit means 
26. Where the heat exchanger 8 is broken down 
into three separate units, similar fluid passages 
in units 20, 22 and 24 are connected together by 
means of conduits 23 and 30, the conduits 28 and 
30 forming with said passages and with the con 
duit 26 one continuous fluid passage. 
A second reversing valve 32 is shown connected 

with the heat exchanger 8 by third-named con 
duit means. 34. The reversing valve 32 may if 
desired be similar to the reversing valve 4 and 
be mechanically operated, 6r the valve 32 may in 
the alternative be a reversing check valve, as 
shown diagrammatically in Fig.1. A reversing 
check valve such as is shown in Fig. 1 may be 
provided with chambers 36,38, 40, and 42, cham 
bers 38-40, 38-42, 40-36, and 42-36 being 
provided with suitable interconnecting openings. 
Check valves 43, 44, 46, and 48 are provided to 
engage suitable seats surrounding the aforesaid 
openings, as will be well understood by those 
skilled in the art. 
A rectification column 50 is shown, the column 

being preferably of the double-column-type pro 
vided with suitable packing which may be any 
rather porotis substance such as stainless steel 
or brass fine mesh screen in the shape of saddles 
or any other suitable shape. As in the case of 
the heat exchanger 8, the column 50 may be 
made of a smaller height by making the upper 
portion of the upper column in two parts. Thus, 
as here shown, the upper column is provided in 
two sections 52 and 52. 
The rectification column has an air inlet 54, 

an oxygen product outlet 53, a nitrogen effluent 
outlet 58, secondary circuit inlet and outlet con 
nections 60 and 62 respectively, and other con 
nections which will be described below. Means 
are provided to connect the second reversing valves with thearinet is risemes in 

45 

50 

clude fourth-named conduit means 64, which 
might be connected directly with the second re 
versing valve 32, but in the preferred form will 
include other elements as will be described below. 
Means are also provided to connect one of the 

product outlets with the second reversing valve; 
in the embodiment shown in Fig. 1 this means 
includes fifth-named conduit means 66 connect 
ing. directly with the nitrogen effluent outlet 58; 
conduit G6 might connect directly with the re 

versing heat exchanger, but it may be desirable 65 versing valve 32, but in the preferred form of the 
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invention connects with valve 32 by Way of add 
tional means as will be described in greater de 
tail below. Sixth-named conduit means 68 are 
provided to connect the second reversing valve 
32 with another passage in heat exchanger 8. 
As was indicated above, in the embodiment 

shown the heat exchanger 8 is broken down into 
three separate units 20, 22 and 24; the sixth 
named conduit means 68 referred to above con 
nects with one end of one of the passages in unit O 
24, and a conduit 70 connects the other end of that 
passage of unit 24 with a similar passage in unit 
22; the other end of that passage in unit 22 con 
municates by way of a conduit 2 with one end of 
a similar passage in unit 20, and the other end of 16 
that passage connects by way of seventh-named 
conduit means 14 with the first-named reversing 
valve 4. Reversing valve 4 is provided with a 
waste gas effluent (or nitrogen product) outlet T6. 

Returning now to the rectification column, in- 20 
dicated generally by the reference character 50, 
the oxygen-rich liquid air outlet at the bottom of 
the lower column is connected by a conduit 78 
with a liquid inlet 80 in the upper column section 

5 

4. 
temperatues encountered-gases in the upper 
portion of the boiler-condenser in the middle of 
the column. Without such a bleed uncondensable 
gases are likely to accumulate and render the 
column inoperative. Bleed line 96 may be of such 
Small conduit as to limit fluid flow therethrough 
to the very small percentage required, to avoid 
wasting gas, or if desired, a variable restriction, 
not shown, may be provided in the bleed line. 

Liquid oxygen product is taken from the boiler 
condenser in the middle of the column by way of 
an outlet 98 connecting through a valve 90 with 
an outlet conduit (02. Outlet conduit G2 con 
nects with a subcooler O4 having a liquid oxygen 
passage therethrough, the other end of which con 
nects with a conduit (06 which receives liquid 
oxygen from any suitable liquid pump f C3; the 
pump in turn is connected with the product outlet 
56 by a conduit to. The subcooler has another 
passage through it and connects with the waste 
gas effluent line 66 and is an additional means 
(additional to the fifth-named conduit means 66 
referred to above) connecting the nitrogen prod 
uct outlet 58 with the second reversing valve 32. 

52'. As will be well understood by those skilled 25. The subcooler 04 serves to cool the liquid 
in the art, the inlet 80 is provided at that point 
in the column section where the equilibrium op 
erating condition provides down-flowing liquid of 
substantially the same composition as the ingoing 
oxygen-rich liquid air. The conduit 8 is pro- 30 
vided with an expansion valve 82. 

Liquid collecting in the botton of the upper 
column section 52' is pumped to the top of the 
upper column portion 52 by way of any suitable 
liquid pump 84 and connecting conduits 86 and 88. 35 
It will of course be understood by those skilled 
in the art that where there are no height inita 
tions imposed upon the apparatus (see the de 
scription of Fig. 2 below), the upper column sec 
tion 52' may if desired be stacked immediately 40 
on top of the upper column section 52, in which 
case liquid trickling downward through the 
column will simply fall the entire length of the 
upper column and there will then be no need for 
the connecting conduits 86 and 88 and the liquid 45 
pump 84. The upper column section 52 discharges its 
vapor reflux by way of a conduit 90 to the lower 
end of the upper column section 52'. Again, it 
will be understood by those skilled in the art, that 50 
an apparatus which has no height limitations 
will not require the conduit 90 if the upper column 
section 62' is stacked immediately on top of the 
column section 52, so that the vapor reflux or 
gaseous effluent may flow directly from the upper 55 
end of the column section 52 into the column 
section 52'. As a matter of fact, there will be 
no dividing boundary or partition between the 
sections 52 and 52', but there will be instead one 
continuous upper column section (as in Fig. 2, de- 60 
scribed below). Nitrogen-rich liquid collecting in the nitrogen 
shelf of the lower column section may be trans 
ferred therefrom to the upper end of the upper 
column section 52' by a suitable conduit 92. A 65 
restriction such as the expansion valve 8 is pro 
vided in the conduit as will be understood by 
those skilled in the art. A rare gas bleed 96 connects the upper portion 
of the boiler-condenser in the middle of the 70 
double-column with the waste gas or nitrogen dentine 6G.it will be understood by those 
skilled in the art that a bleed such as the conduit 
96 shown is provided to prevent the accumulation 
of uncondensahle-i. e., at the normal operating 76 

Oxygen product below its boiling point at storage 
pressure sufficiently to prevent excessive loss of 
liquid upon the emptying of such oxygen from the 
column through the valve 100 to such storage 
facilities as may be provided 

Reference will now be made to the secondary 
or refrigeration circuit of this apparatus. In this 
circuit there is a nitrogen compressor indicated 
generally at 2, which is preferably a two-stage 
compressor having a low pressure stage 4, a 
high pressure stage 6, an intercooler 8, and 
an aftercooler (20. Compressor (f2 has the usual 
inlet and discharge connections 22 and 24, re 
spectively. 
There is a second-named heat exchanger which, 

again, may if desired be in a single unit, but which 
in the embodiment show in Fig. 1 consists of a 
plurality of units. One such unit is that shown at 
26, which has a passage connecting with the dis 
charge connection 24 by first-named secondary 
circuit conduit means 27. Another unit of the 
second-named heat exchanger is shown generally 
at 28 and consists of sections 30, 32 and 34. 
Units 26 and 28 are interconnected by suitable 
conduits as will be explained in detail below. 
An expansion engine 36 is provided in the 

Secondary circuit. This expansion engine may 
if desired be a single cylinder engine, but in the 
Preferred form, comprises a three-stage expansion 
engine having cylinders 38, 40 and 42. As 
used here, "three-stage" means that the expan 
sion takes place at three different temperature 
levels. The expansion engine stages are prefer 
ably provided with any suitable surge capacity 
indicated at 44, d6 and 48. Each stage of the 
expansion engine is of course provided with in 
take and exhaust ports. For the purpose of this 
description, it will be assumed that the intakes 
to the surge capacities constitute the intakes for 
the expansion engine cylinders. Thus, the stages 
38, 40 and 42 have intake ports 50, 52 and 

respectively, and exhaust ports 56, 58 and 
A single-stage expansion engine would have 

its intake port connected with the second-named heat exchanger by a single simple conduit. In 
the embodiment shown in Fig. 1, the stage 38 
having the intake port 50 is connected with 
the second-named heat exchanger by means 
which include second-named secondary circuit 
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conduit means 62. A liquefier 64 is provided 
and is connected with the second-named heat ex 
changer by third-named secondary circuit con 
duit neans 66. If desired, a trap or filter 68 
may be provided in the third-named secondary 
circuit conduit means 66. 
A liquid conduit 70 is connected with the 

liquefier 54 and with the aforesaid secondary 
circuit column inlet connection 60. An expansion 
valve T is provided in the line T3. Means are 
provided to connect the expansion engine exhaust 
port 56 with the compressor inlet connection 22, 
those means including the liquefier and the sec 
ond-named heat exchanger. Means, including 
fourth-named secondary circuit conduit means 
72, are provided to connect the secondary circuit 
column outlet connection 62 with the last-named 
means. A check valve T4 in the conduit means 
72 permits fluid flow only in the direction away 

from the column. 
The means provided to connect the expansion 

engine exhaust port 56 with the compressor in 
let connection 22 will now be described in greater 
detail. As aforesaid, those means include the 
liquefier 64 and the heat exchanger 26, 28. 
More specifically, a conduit 76 having a shut 
of valve 77 connects at its one end with the 
expansion engine exhaust gas outlet S6 and at 
its other end connects with one end of a passage 
in unit 24 of reversing heat exchanger 8. Con 
duit G is provided with a branch 78 connect 
ing with one end of a passage in liquefier 64; the 
other end of that passage connects by way of a 
conduit 80 with section 32 of unit 28 of the 
Second-named heat exchanger. A check wave 
82 in the conduit 80 limits flow in conduit 80 
from the liquefler toward the second-named heat 
exchanger 26, 28. A conduit 84 having a nor 
mally-closed shut-of valve 86 connects the 
nitrogen effluentline 66 with the conduit 80. An 
other conduit 88 having a normally-closed shut 
of valve 99 connects the conduit 6 with the 
conduit 80. The fourth-named secondary cir 
cuit conduit means 2 referred to above as part 
of the means connecting the secondary circuit 
Column outlet connection 62 with the means to 
Connect the expansion engine exhaust port and 
the compressor inlet connection accomplishes 
that function by connecting with conduit fs at 
92. Conduit 72 and a part of conduit S thus 
comprise means to connect the column outlet con 
nection 62 with the heat exchanger 8. 
Conduit 6 was referred to above as connect 

ing at one end with unit 24 of heat exchanger 8, 
that connection being with a passage in unit 24. 
The other end of that passage in unit 24 con 
nects with two conduits, 94 which goes to unit 
22, and a conduit 96 which connects the afore 
said passage in unit 24 with a passage 98 in unit 
28. Conduit 80 is connected as aforesaid with 
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One end of passage 98; passage 98 is continuous 
through the unit 28 and connects at its other 
end with a conduit 20. Conduit 200 connects 
with one end of a passage in unit 26, the other 
end of which passage in unit 26 connects with 
a conduit 202, which in turn is connected with 
the compressor inlet 22. 2. 
Conduit 94, referred to above as connecting 

units 24 and 22 of heat exchanger 8, connects 
with one end of a fluid passage in unit 22, the 
other end of which connects with a conduit 204 
which in turn connects with a fluid passage in 
unit 20. The other end of that fluid passage 
connects with a conduit 206, which connects at 
207 with the conduit 202 referred to above. 

5 
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As will be pointed out in the discussion of the 

embodiment of the invention shown in Fig. 2, 
the expansion engine for the secondary circuit 

* may if desired be a single cylinder engine. How 
ever, in the embodiment shown in Fig. 1, expan 
son of the refrigerant is preferably accomplished 
in three stages, this taking place in a three-cyl 
inder expansion engine, or in any other suitable 
manner as will be understood by those skilled in 
the art. 
As was pointed out above, the second-named 

heat exchanger 26, 28 is connected with the 
expansion engine intake. . More specifically, the 
nitrogen compressor discharge 24 is connected 
as aforesaid by a conduit 2 with one end of a 
passage in heat exchanger 26, 28, this passage 
being in the unit 126. The other end of the pas 
sage referred to is connected by a conduit 208 
with a fluid passage in the unit 28, more spe 
cifically with a passage 20 in section 34, this 
passage being common to sections 34, 32 and 
30. The other end of passage 2.0 is connected 
with the conduit? 66 referred to above. A purge 
line 2 ( is provided in unit (26 for the draining 
of impurities. . . . . . . . . . . . . 
A branch conduit-22. connects with the con 

dult 208 and with theirlétport 54 of the first stage of expansion enging 35. The exhaustport (60 of the first stage of thexpansion-engine connects by way of a conduitivithapassage 
2G in section 30 or unit'2Fassage 26 is connected with the passagess's that it A branch passage 218 citiects with passage 
2 and connects at its outlefilteacondit220. 
Conduit 229 is connected at its other end to the intake of the second stage of the expansion-en gine...namely the intakeport'52 poiled in the 
surge capacity 46. The exhaistport SB-of sec 
ond stage 40 is connected by a conduit.222 with 
a passage 224 in section is2. Passage 224 is in 
communication with the passage 93. - 

Reference was made above to the means to 
connect product outlet 5B with the second re 
versing valve 32, those means including the fifth 
named conduit means 66. It was further pointed 
out that those means include a passage in the 
subcooler 04. It will now be noted that a heat 
exchanger 226 is mounted atop the subcooler e4. 
The nitrogen line 66 connects with a passage in 
subcooler C which connects directly with a pas 
sage in heat exchanger 226. The other end of 
that passage connects with a conduit 228, and 
conduit 22e connects with chamber 38 of valve 32. Heat exchanger 226 is provided with another 
passage which is connected at its one end with a 
conduit 230, and at its other end with the 
fourth-named conduit means 64 referred to 
above. Conduit 230 connects the passage re 
ferred to with the chamber 36 of reversing 
valve 32. - . In order to permit the desired balancing of 
flows, variable restrictions 232, 234, and 236 are 
provided in conduits 18O, 96, and 206 respec 
tively. 

Reference is now made to the embodiment of 
the invention shown in Fig. 2, wherein an air in 
take 302 connects with the intake of an air com 
pressor 304. The discharge of the compressor 
30 connects with a reversing wave 34 by means 
of first-named conduit means 3 f6. Reversing 
valve 34 connects with a reversing heat ex 
changer 38 by second-named conduit means 
326. Conduit 326 connects with a fluid passage 
327 in heat exchanger 38. The passage 2 
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connects with a second reversing valve 332 by 
third-named conduit means 334. 
The reversing valve 332 shown in Fig. 2 is sub 

stantially identical with the reversing valve 32 
shown in Fig. 1, both of these valves being shown 
as reversing check valves; however, if desired, 
reversing valve 332 may be identical with revers 
ing valve 34, and mechanically connected to 
operate at the same time that valve 3 is oper 
ated. 
A rectification column 350 is provided, this 

column preferably being of the double-column 
type somewhat similar to the column shown at 
50 in the embodiment of Fig. 1 except that the 
upper column S52 (Fig. 2) is shown in a single 
section integral with the lower column, because 
it is assumed that the embodiment shown in Fig. 
2 does not have the height limitations which are 
imposed on the embodiment shown in Fig. 1. 

Rectification column 350 has a air inlet 35, 
an oxygen product outlet 35, a nitrogen effluent 
outlet 358, secondary circuit inlet and outlet con 
nections 360 and 362 respectively, and other 
connections which will be described below. 
Means are provided to connect the Second re 
versing valve 332 with the air inlet 354. These 
means include fourth-named conduit means 364, 
which may if desired be connected directly with 
the second reversing valve 332, but in the pre 
ferred form will include other elements as will 
be described below. 
Means are also provided to connect one of the 

product outlets with the second reversing valve; 
in the embodiment shown in Fig. 2, this means 
includes fifth-named conduit neas 3G con 
necting directly with the nitrogen effluent outlet 
358; conduit 366 may if desired connect directly 
with the reversing valve 332, but in the preferred 
form of the invention, connects with valve 332 by 
way of additional means sis will be described in 
greater detail below. Sixth-named conduit 
means 368 are provided to connect the second 
reversing valve 832 with another passage 389 in 
heat exchanger 38. The other end of passage 
ss9 is connected with seventh-named conduit 
means 374, which connects. With the reversing 
valve 34. Reversing valve 3 is provided with 
a waste gas effluent (or nitrogen product) out 
let 36. 
Returning now to the rectification column in 

dicated generally by the reference character 35, 
the oxygen-rich liquid air outlet at the botton of 
the lower column is connected by a conduit 38 
with a liquid inlet 880 in the upper column 352. 
The conduit 318 may if desired pass through a 
heat exchanger 38, and includes a restriction 
such as the expansion valve 382. Nitrogen-rich 
liquid collecting in the nitrogen shelf of the Ower 
column may be transferred therefrom-to... the 
upper column by a suitable conduit 392, this 
conduit preferably passing through the heat ex 
changers8. A restriction such as the epit 
sion valve 394 is provided in the conduit for 
reasons that will be understood by those skilled 
in the art. 
As in the embodiment shown in Fig. 1, a rare 

gas bleed 396 is preferably provided from the 
upper portion of the boiler-condenser in the 
middle of the double column, the bleed connect 
ing with the waste gas or nitrogen efuent 
line 365. 
The product oxygen outlet 355 is preferably 

provided in the form of a tap into the liquid 
collecting pot or boiler-condenser in the middle 
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of the column. Where the oxygen product is 
desired in the liquid state, it may be removed 
through a tap or outlet 398 connecting through 
a valve 400 with an outlet conduit 402. Outlet 
conduit 402 connects with the liquid oxygen 
outlet 356 by a connecting conduit 404. When 
it is desired to remove oxygen from the column 
in the vapor state, that is accomplished through 
an outlet 406, that outlet being in the form of a 
substantially vertical stack portion which allows 
droplets to fall out of the vapor stream back into 
the column. 

Reference will now be made to the secondary 
or refrigeration circuit of the apparatus shown 
in Fig. 2. In this circuit there is a nitrogen coln 
pressor 42 which may if desired be driven from 
the same source of power as the air compressor 
304. Compressor 412 has the usual inlet and dis 
charge connections 422 and 424 respectively. 
There is a second-named heat exchanger .428 

which, in the embodiment shown in Fig. , Was 
shown as consisting of a plurality of units, but 
which in the embodiment shown in Fig. 2 now 
being described preferably consists of a single 
unit as shown. First-named secondary circuit 
conduit means 429 connects the discharge 2 of 
compressor 42 with a passage 43 in heat ex 
changer 28. 
An expansion engine 436 is provided in the 

secondary circuit. This expansion engine is de 
sirably a single cylinder engine having intake 
and discharge ports 450 and 456 respectively. 
Intake port 450 is connected with passage 3 
of the second-named heat exchanger 28 by 
second-named secondary circuit conduit means 
4S2. A liquefier 468 is provided; a passage is 
thereof is also connected with passage 43 of the 
second-named heat exchanger 628 by third 
named secondary circuit conduit means 466, and 
a portion of the conduit means 462. A liquid 
conduit 470 is connected with the other end of 
passage 467 in liquefier 46 and with the afore 
faid secondary circuit column inlet connection 
360. A combined shutof. and expansion valve 
47 is preferably provided in the line 4). 
Means are provided to connect the expansion 

engine exhaust port 455 with the compressor in 
let connection 422, those means including the 
liquefier 464 and heat exchangers 38 and 28. 
Fourth-named secondary circuit conduit neans 
872 are provided to connect the secondary circuit 
column outlet connection 362 with the last-named 
eS. 
Referring to the "last-named means' in great 

er detail, a conduit 476 connects with the ex 
pansion engine exhaust gas outlet 456 at its one 
end and at its other end connects with a passage 
47 in the cold end of reversing heat exchanger 
38. Conduit G is provided with a branch 48 
connecting with one end of a passage 49 in 
liquefler, 46; the other end of passage 89 con 
nects by way of a conduit 48 with the second 
named heat exchanger 428. Wariable restric 
tions 48 and 482 in the conduits 680 and 46 
respectively are preferably provided to enable 
balancing of the fluid flows in the two lines at 
the desired ratio. 
A check valve 3 is preferably provided in the 

conduit 476 to permit fluid flow only in the di 
rection from the expansion engine toward heat 
exchanger 428. A conduit 684 having a normal 
ly closed shutoff valve 86 connects the nitrogen 
efluent line 365 with the conduit 476. The 
fourth-named secondary circuit conduit means 

75 472 referred to above connects with conduit 476 
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at 592. Conduit 476 was referred to above as 
connecting at one end with a passage 47 in heat 
exchanger 318. The other end of passage 4. 
connects by way of a conduit 498 with a passage 
498 in heat exchanger 628. Passage 58 extends 
substantially throughout the icingth of heat ex 
changer 623 and is connected at its one end with 
the conduit $80, and at its other end with a con 
duit 562 which connacts with tha inlet 423 of the 
nitrogen compleSSOr. 
Reference is made above to the means to con 

nect product outlet 358 with the second revers 
ing valve 332, those means including the fifth 
named conduit means 356. Those means also 
include a passage 505 in liqueflier 64, one end 
of which is connected with the effluent line 356 

O 
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and the other cnd of which is connected with a . 
conduit 50l. 
eversing check valve 332. 
The foregoing description referred to the de 

sirability at times to remove oxygen product in 
the vapor state. When gaseous oxygen is de 
sired, it is possible to utilize the refrigeration 
present in the cold oxygen product. This may 
be accomplished in the Inanner shown in Fig. 2, 
whereby a conduit 5G9 is connected to the upper 
end of the stack portion 406, and connects with 
a passage 5 in liquefier 464. A conduit 53 
connects the other end of passage 5 f with a 
passage 55 in heat exchanger 38. An outlet :: 
connection 517 connects with the passage 55 
and may conduct the gaseous oxygen to any de 
sired oxygen utilizer, for example a booster 
pump which raises the pressure of the gaseous 
oxygen to a high value for the purpose of storing 
the oxygen in bottles, or to Some lesser pressure 
direct to a shop line. 
The above description indicates that fourth 

named conduit means 364 forms one of the ele 
Jinents of the means to connect reversing valve 
332 with air inlet 354. Another element is pas 
sage 59 in liquefier 464, one end of which con 
nects with conduit 364 and the other end of which 
Connects with still another element, conduit 530, 
which in turn connects with valve 232. 

Operation - 

Reference is now made to the operation of the 
embodiment of the invention shown in Fig. 1. 
In the discussion of the operation of this emi 
bodiment, the practice of the method of this in 
vention will simultaneously be described. Nor 
Inal operation under equilibrium conditions 
will be described first, after which the operation 
to cool down or start the apparatus will be de- i. 
scribed. 
Compressed air at approximately 88 p.s. i. g. 

alld 110' F. is supplied by the air compressor 4, 
passing through conduit 6, reversing valve 4, 
and conduit 26, to the reversing heat exchanger 
8. The air passes through a passage in unit 23, 
from thence to unit 22 by way of conduit 28, 
through a passage in unit 22, from there to a 
passage in unit 24 by Way of conduit 30, and 
leaves the reversing heat exchanger 8 by way 
of conduit 34. 
Conduit 34 conducts air to the reversing check 

valve 32, namely to chamber 40 of valve 32. The 
compressed air lifts valve 43 of its seat, and thus 
flows into chamber 36 and out through conduit 
230 to the heat exchanger 226. Air enters heat 
exchanger 226 at -262 F. and at 87 p. s. i. g. 
Air leaves the heat exchanger 226 by way of the 
conduit 6 and enters the lower column by way 
of the air inlet 54, at -25 F. and at 87 p, s, 

Conduit 507 is connected with the 
20 

it. 

named heat exchanger. 

10 
i. g., and approximately 6% of the air by weight 
is liquid, 
The effluent gases, mostly nitrogen, leaving the 

column by way of conduit 66 are at approximate 
ly 7 p.s. i. g. and at -314 F. The effluent gases 
pass through subcooler 04 and heat exchangers 
226 and 8 in turn, giving up their refrigeration 
and absorbing heat from the incoming air. The 
effluent gases leave heat exchanger 226 and enter 
heat exchanger 8 at -269 F. and 6 p. S. i. g., 
and leave the connection 76 at approximately 
104 F. and atmospheric pressure. 

Liquid oxygen product leaves the Column by 
way of conduit C at a temperature of -290 F. 
and a pressure of 7 p.s. i. g., and passes through 
the subcooler f04.to storage under pressure, com 
ing out of the subcooler at approximately -298 
F. and 20 p.s. l. g. With liquid oxygen product 
outlet 56 located at the normal liquid level, prod 
uct oxygen leaves the column, in the liquid form, 
as liquid tends to build up above the normal 
level. Thus, product oxygen overflows through 
the conduit to and is pumped to storage 
through the aforesaid path. 

Referring now to the secondary circuit, com 
pressed nitrogen leaves the nitrogen compressor 
2 by way of conduit. 27 at approximately 450 

p.s. i. g. and approximately-110 F. This nitro 
gen passes to the unit ?26 of the second heat ex 
changer, and leaves unit 26 by way of conduit 
208 at approximately. 450 p.s. l. g. and 44' F. A 
portion (approximately 14.8%) of the nitrogen 
is taken from conduit 208 by way of conduit 22 
to the first-stage-cylinder 42 of the expansion 
engine, 36. This portion is expanded isentropi 
cally to a pressure of approximately 84.p.s. i. g. 
and a temperature of -70 F., leaving the first 
stage by way of conduit 2 f4 and going to passage 
26 in section 30 of the unit 28 of the second 

In section f30, passage 
26 joins passage f98, and the gases pass by way 
of conduit 200 at 32 F. and 82 p.s. i. g. to the 
unit 26, leaving the unit 26 at 81 p. S. l. g. and 
103 F. 
Reference was made to a portion (14.8%) of 

the nitrogen being taken from conduit 208 by 
way of branch conduit 22. The remainder 
(85.2%) of the gas in conduit 208 passes to the 
section 34, namely passage 20 in section f34, 
and this portion is again divided. Some (29.8%) 
of the remaining nitrogen is taken from the pass 
sage 20 by way of passage 28 and conduit 22 
at -73 F. and 450 p.s. i. g. This portion is ex 
panded isentropically to 85 p.s. i. g. in the second 
stage 40 of the expansion engine f36, and leaves 
the second stage at -168 F. by way of conduit 
222, passing to unit f 28. More specifically, con 
duit 222 connects with passage 224 in section 
32, and passage 224 connects with passage 98. 
Reference is made to the above discussion of 

the passage 2fO and the branch 28 which takes 
some 29.8% of the nitrogen from passage 20. 
The remainder (about 0.2%) of the nitrogen 
from passage 2 to leaves the unit 28 by way of 
conduit 66 at -199 F. and 450 p.s. i. g. A por 
tion thereof (85%) is tapped off by way of con 
duit f62 for the third stage of sentropic expan 
sion in cylinder f38 of expansion engine f36. 
Here the nitrogen expands from approximately 
450 p.s. i. g. and -199 F. to 8 p. s. i. g. and 
-280 F. 
The exhaust from cylinder 38 passes to 

liquefler f64 by way of conduits 6 and f T8, 
being joined in T8 by a portion of the gas from 
connection 62. The exhaust from stage 38 is 
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at -280' F. and 87 p.s. i. g. Gas from connec 
tion 62 and flowing downward in conduit T6 is 
at -282 F. and 87 p.s. i. g. They mix in con 
dit f8 and enter the liquefier at close to -280 
F. (over 96.9% of the gas in conduit f T8 comes 
from cylinder 38) and at 87 p. s. 1. g. The re 
Sultant mixture enters liquefier 64 from conduit 
T8 and gives up its refrigeration to the remain 

ing nitrogen from conduit 66 which enters the 
liquefler as a gas at approximately -199 F. and 
450 p. s. . g. and leaves the liquefler as liquid 
at -271 F. Nitrogen gas leaves liquefler f34 by 
way of conduit 80 at -238 F. and 85 p.s. i. g. 
and flows to passage 98 in unit 28 of the 
second-named heat exchanger. 

Reference is made again to connection 62 and 
the fact that a portion (18%) of the gas in con 
nection 62 is tapped off for liquefier 64, going by 
way of conduits 76 and T8. The remainder of 
the gas in connection 62 passes to the unit 24 
of heat exchanger 8, at -282 F. and 87 p.s. i. g. 
In unit 24, the gas gives up its refrigeration to 
supply part of the refrigeration which is lost by 
the removal of liquid oxygen. Secondary circuit 
nitrogen gas-leaves unit 24 by way of two con 
duits 94 and 96. Conduit f$96 connects with 
passage 98, and secondary circuit nitrogen leaves 
unit 24 of heat exchanger 8 at -165 F. and 
86 p. s. ... g. The remainder (82.3%) of the gas 
from unit 2 passes to units 22 and 20 by way 
of conduits 94 and 204 respectively, leaving the 
unit 20 by way of conduit 206 at 103 F. and 81 
p. s. i. g. Conduit 206 joins conduit 202 at 207. 

Liquid nitrogen from liquefier 64 leaves by 
conduit 70 at -271 F. and 450 p.s. l. g., and 
undergoes substantially isenthalpic expansion in 
expansion valve 7, entering the column as a 
mixture of gas and liquid by way of the second 
ary circuit net connection 60 at -282 F. and 
87 p. s. . g. The liquid nitrogen thus put into 
the column supplies additional refrigeration for 
the column. An equal quantity of gaseous nitro 
gen leaves the couran as aforesaid at -282 F. 
and 87 p. s. i. g. by way of secondary circuit 
column outlet connection 62, check valve T4, 
and conduit 2. As raw air passes through the conduit 26 and 
the appropriate passages in units 20, 22 and 24 
of heat exchanger 8, it is cooled by nitrogen 
from the column passing through other passages 
in units 24, 22 and 20, leaving heat exchanger 8 
by way of conduit 4. After a time lapse of ap 
proximately two and one-half minutes, valve f4 
is reversed. This reversal may be accomplished 
in any desired way, as for example by a cam con 
nected to be driven by the compressor motor. 
Reversal of valve 4 as shown diagrammatically 
merely constitutes turning the valve through 
90". Entering raw air thereupon switches from 
the conduit 26 to the conduit T4, and of course 
enters the system by way of the passages which 
have just been used by the outgoing nitrogen. 
Conversely, the outgoing nitrogen passes outward 
through heat exchanger 8 in the passages which 
have just been used by the inflowing air. 
The inflowing air during its passage through 

conduit 26 and the connected passages in heat 
exchanger 8 leaves its water and carbon di 
oxide in the form of deposits in the heat ex 
changer f. Those impurities are carried out by 
the effluent nitrogen during the next part of the 
cycle in which the effluent nitrogen is in the pas 
sages which were just occupied by inflowing air. 
Thus, the raw air deposits its water, carbon di 
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of heat exchanger 8 during one portion of the 
cycle which lasts about two and one-half min 
utes, after which the air and nitrogen passages 
are interchanged, and during the next portion 
of the cycle lasting also approximately two and 
one-half minutes, the nitrogen sweeps out the 
impurities. 
The reversing check valve 32 operates in such 

a manner as to prevent mixture of the inflowing 
air and effluent nitrogen. Thus, in the position 
of the parts shown in Fig. 1, the chamber 40 is 
at approximately 87 p.s. i. g. while the chamber 
38 is approximately at column pressure (7 
p. S. i. g.). The column pressure is so much less 
than the pressure of the inflowing air that the 
inflowing air easily holds valve 46 on its seat 
and prevents communication between chambers 
38 and 40. Similarly, valve 44 is held on its seat 
by the difference in pressure between the inflow 
ing air and the effluent nitrogen, so that there is 
no communication between chambers 36 and 42. 

After the valve 4 is turned through 90°, air 
under pressure is admitted to the chamber 42 
and holds valve 48 tight on its seat, thus pre 
venting communication between chambers 42 
and 38. At the same time, air flows into cham 
ber 36 by lifting valve 44 of its seat and the air 
pressure in chamber 36 serves to hold valve 43 
on its seat and prevents communication between 
chambers 36 and 40. The method of air separation thus involves 
cooling the compressed air in the reversing heat 
exchanger f3 by heat exchange with at least one 
of the products of rectification, the product in 
this case being the effluent waste gases (largely 
nitrogen). The cooling referred to effects depo 
sition in the reversing exchanger 8 of the in 
purities, mostly water and carbon dioxide. The 
passages carrying effluent waste gases and in 
flowing air are periodically alternated in order 
that the effluent waste gases may carry off the 
accumulated deposits of impurities, thus peri 
odically purging or cleaning out the heat ex 
changer and preventing the accumulation of de 

5 posits of impurities which would otherwise clog 
the heat exchanger. 
The compressed air is further cooled by heat 

exchange with the same product, namely effluent 
waste gases (largely nitrogen), this cooling tak 
ing place in the heat exchanger 226. The mix 
ture is then passed to the column and is rectified 
therein. The rectification of the air in the dou 
ble column will be well understood by those skilled 
in the art and need not be detailed here. 
A gas rich in the aforesaid one product (nitro 

gen) is compressed in the compressor 2, and 
is cooled in a second heat exchanger 26, 28 by 
heat exchange with expanded gas. At least a 
portion of the thus cooled gas is divided into two 
streams. Thus, the portion leaving section 34 
of unit 28 of the second heat exchanger in con 
duit 66 is divided, a portion of the gas continu 
ing through the filter 68 on to liquefier 64 and 
the remaining portion branching off by way of 
conduit 62 to the expansion cylinder 38. If it 
be assumed for the time being that all the ex 
pansion to do external work is accomplished in 
One cylinder, it will be seen that the gas after ex 
pansion leaves the cylinder 38 by way of conduit 
76. Thus, one of the aforesaid two streams 

passes to the expansion engine and is expanded 
with the performance of external work, while the 
other portion, namely the portion of gas continu 
ing on in conduit 66 to liquefler 64, is liquefied 

oxide, and other impurities in certain passages 75 by heat exchange with expanded gas from the 
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cylinder 38 passing to liquefier 64 by way of'. 
conduits 6 and f 8. 

Liquid nitrogen passes from liquefler 64 by 
way of conduit f O and is expanded substantially 
isenthalpically through the expansion valve 
and passes on to the column by way of the con 
nection 60. 
The stream of nitrogen passing into the column 

by way of connection 6 is mixed liquid and gas. 
A stream of gaseous nitrogen is withdrawn from 
the column by way of the connection 62 and 
passes to the conduit 76 by way of check valve 
74, entering the conduit 6 at the intersec 

tion 92. 
The stream of expansion engine exhaust re 

turns to the compressor inlet 22 by way of the 
liquefler 64 and the second-named heat ex 
changer, and the withdrawn stream of gas leav 
ing the Column by way of the outlet connection 
62 divides and passes into the stream of expan- ; 
sion engine exhaust by way of conduit 78 and 
passes to heat exchanger f3 by way of con 
duit S. 
More specifically, in the embodiment of the 

invention shown in Fig. 1, the secondary circuit 
nitrogen is expanded isentropically at three 
levels, namely in the three-stage expansion en 
gine having cylinders 42, 40 and 38. The ex 
haust from the first stage 42 returns to the con 
pressor inlet by way of a portion of the second 
heat exchanger 26, 28 and heps to further cooi 
the remaining gas passing to the second and 
third stages of the expansion engine. The ex 
haust from the second stage passes through a 
greater portion of the second heat exchanger 
and additionally cools the remainder of the gas 
passing to the third stage. Finally, the engine 
exhaust from the third stage passes to the lique 
fier 64 and thus through the second heat ex 
changer. Secondary circuit nitrogen also sup 
plies additional refrigeration to heat exchanger 
8, by way of liquefier 64, conduit fo, the col 
unn, and conduits 72 and 76. 
Thus the secondary circuit provides a refrig 

erant, namely liquid nitrogen and cold gaseous 
nitrogen, to supply refrigeration to the system 
which is lost by the fact that oxygen is taken 
from the System in the liquid form. 
Oxygen withdrawn by the opening of valve 90 

leaves the line 98 by way of Subcooler f4 and is 
thus subcooled to Some extent to minimize loss 
of oxygen product in storage. 
The foregoing description of the operation pre 

sumes equilibrium operating conditions. The de 
scription of the operation for starting up a warm 
unit will now be described. To start up and cool 
a warm unit, the normally closed valves 86 and 
90 are kept open, and normally open valve 7 

is closed. 
Compressed air is supplied by the air Com 

pressor 4, and enters the system in the usual 
manner, passing into the lower column by way of 
conduit 64 and air inlet 54. The compressed 
warn air leaves the column by way of connec 
tion 62 and passes through check valve 74 and 
conduit 72 into the conduit 16, whence it passes 
through conduit 88 by way of valve 90, which is 
now open. The compressed air then passes into 
conduit 80, closing the check valve 82. Air 
flows in conduit 80 to passage 98, thus flowing 
through the unit 28, through conduit 200, unit 
26 and conduit 202 to the inlet 22 of the nitro 

gen compressor f2. The nitrogen compressor is 
now handling air. 
Air is compressed in the nitrogen compressor 
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14 
to approximately 450 p., S. i. g., and passes to the 
three stages of the expansion engine 36. The 
expansion in the three cylinders 42, 43 and 38 
is substantially the same as during hormal op 
eration, except that expansion in cylinder 38 
takes place over a greater lange than during 
equilibrium operation. With valve closed and 
valve f 86 open, the exhaust of the third cylinder 
or stage 38 is connected to nearly atmospheric 
pressure by way of conduits 76 and 3, liquefiel' 
64, conduits 80, 84 (valve 86 being open) and 

66, subcooler 04, heat exchanger 226, conduit 
228, reversing valve 32, conduit 38, the 'evel'sing 
heat exchanger 8, and out to atmosphere by 
way of conduit 74, for the position of the valves 
4 and 32 shown in Fig. 1. 
The indicated expansion to a lower pressure 

(substantially atmospheric) of the tird stage 38 
of the expansion engine provides greater refrig 
eration than would be provided if the third stage 
were allowed to expand only to the pressure nor 
mally existing during equilibrium operation. 
At the same time that air leaves the collinth 

by way of secondary circuit outlet, connection 62, 
air also flows into the upper collinn by Way of 
conduits 78 and S2, through expansion valves 32 
and 94 respectively, and out by way of effluent 
line 66. 
The system operates in the manner indigated, 

quickly cooling down the various pieces of Wain 
apparatus, until liquid begins to accumulate in 
the column. When liquid begins to accultuate 
in the column, the composition of the second 
ary circuit gas changes gradually from Su:3Star 
tially air to substantially nitrogen, the conio:i- 
tion of this secondary circuit gas being ultimately 
the same as the composition of the gas above 
the nitrogen shelf of the lower courtin, ihis 
the composition cf the secondary circuit, gas will 
be substantially 98% nitrogen with about 2' of 
oxygen present. 
The operator Watches the lic aid level in the 

boiler-condenser in the liniddle of the double 
coiumn by means of a liquid level gage, not 
shown. When he sees that the liquid has at 
tained a predetermined level which will be such 
as to cover the nitrogen coils in the boiler-con 
denser), he closes valves 9 and 86, and opens 
valve TT. The apparatus is then in condition 
for normal operation, althougin it nay take an 
other short time period of from five to fifteen 
minutes to get the apparatus in coniaplete condi 
tion for the production of oxygen of naxianun 
purity. The normal or equilibriuin operation of 
the apparatus is set forth above. 

Reference is now made to Fig. 2 for a descrip 
tion of the normal operation of the cn bodiment, 
of the invention shown therein. CCnpreissed air 
anters heat exchanger 38 through the 'evel'sing 
valve 34 at substantially 110° F. and 88 p.s. i. g. 
Air leaves heat exchanger 358 by way of jewers 
ing check valve 332 and conduit 530 on its way 
to liquefier 464 at substantially --250 F. Air 
leaves liquefier 464 by way of conduit 364 and 
goes into the botton of the collinn at - -25 F. 
and 87 p.s. i. g. 

Nitrogen effluent leaves the column from the 
connection 353 at approximately -314 F. and 
7 p.s. i. g. With the valve 486 closed, the nitro 
gen goes into liquefier 464 (through passage 505) 
and leaves liquefier 4 Eli by way of conduit 527 
at substantially -275 F. The nitrogen effluent 
passes by Way of reversing check valve 332 to 
passage 369 of heat exchanger 38, entering pas 
sage 369 at substantially the aforesaid -275 F., 
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and leaves exchanger 38, discharging to atmos 
phere at approximately 104°F. 

If oxygen product is taken from the appala 
tus in the liquid form, it may be removed by Way 
of the tap 398 at substantially -290 F. If de 
sired, of course, the oxygen may be pumped to 
storage under pressure, as shown in the embodi 
ment of Fig. 1. If oxygen is taken from the 
system in the gaseous form, it comes from the 
column through the vertical stack portion 406 
and conduit 509 at -290 F. and 7 p. s. i. g. The 
oxygen passes through liquefler 464 (passage 5 
thereof), giving up its refrigeration to the in 
coming air, and leaving liquefier at -262 F. 
The oxygen then passes through passage 55 of 
reversing heat exchanger 38 and leaves by Way 
of a gaseous oxygen connection 5 at 104 F. 

Passing now to the secondary circuit of the 
embodiment shown in Fig. 2, compressed nitro 
gen enters the heat exchanger 428 at 110' F. and 
200 p.s. i. g. Nitrogen leaves heat exchanger 
428 by way of conduit 462 at -237 F. and 200 
p.s. i. g. During normal or equilibrium opera 
tion, valve 4 will preferably be closed, or at 
most 'cracked' open, so all or nearly all the 
nitrogen from heat, exchanger 428 passes to the 
expansion engine, discharging from the expan 
sion engine at -275 F. and 87 p.s. i. g. If valve 
47 is kept open at all, a small amount (less than 
5%) of the secondary circuit nitrogen is lique 
fied in 464. This liquid expands in valve 4 
and goes to the column by way of connection 
360 as a gas and liquid mixture. 
The expansion engine exhaust passes by Way 

of conduit 476, check valve 483, and conduit 478 
to liquefier 464, passing through passage 479 of 
liquefier 464 and leaving the liquefier at -268 
F., and passing at that temperature to the pas 
sage 498 in heat exchanger 428. The portion 
of the expansion engine exhaust which passes 
through liquefier 4G4 and then through the full 
length of passage 498 in heat exchanger 426 is 
approximately 88% of the total expansion en 
gine exhaust. The remainder, approximately 
12%, continues on and passes through the cold 
end of reversing heat exchanger 38, namely 
passage 477, leaving the cold end of heat ex 
changer 318 by way of conduit 496 at -163 F., 
and going at that temperature into heat ex 
changer 428 where it joins with the other expan 
sion engine exhaust in passage 498. Nitrogen 
leaves the exchanger 428 by way of conduit 562 
and enters the compressor inlet 422 at 104 F. 
Make-up gas, if required, is supplied to the 

secondary circuit by way of connection 362. If 
the unit is operated with valve 4f closed, such 
make-up will be only what is needed to replace 
gas lost through leaks. If valve 47 is open dur 
ing normal operation, the weight of gas passing 
through it must be replaced by an equal weight 
passing through connection 362. 
The method practiced in the apparatus in Fig. 

2 thus involves cooling the compressed air in 
the reversing heat exchanger 38 by heat ex 
change with at least one of the products of rec 
tification, that product being the effluent waste 
gases (largely nitrogen) when oxygen is taken 
from the system as a liquid. When oxygen is 
taken as a vapor product, the inflowing air is 
cooled also by the outflowing oxygen product. 
The cooling referred to effects deposition from 

the air in the reversing exchanger 3f 8 of the 
impurities, mostly water and carbon dioxide. 
The passages carrying effluent waste gases and 
inflowing air are periodically alternated in order 

0. 

5 

20 

25 

30 

40 

50 

(50 

65 

70 

75 

16 
that the effluent waste gases may carry of the 
accumulated deposits of impurities, thus peri 
Odically purging out the heat exchanger and pre 
venting the accumulation of deposits of impuri 
ties which would otherwise clog the heat ex 
changer. 
The compressed air is further cooled in lique 

fier 464 by heat exchange with the same product 
or products depending upon whether oxygen is 
taken out as a liquid product or a vapor product, 
Furthermore, lowever, the inflowing air is also 
cooled in liquefier 464 by a large percentage of 
the nitrogen exhaust from the expansion engine, 
this nitrogen being secondary circuit nitrogen. 
The air mixture leaves liquefier 464 with very 
little liquid in it and passes into the column by 
way of conduit 364 and air inlet 354 in the con 
dition of a Saturated vapor with a very small 
percentage by volume of liquid. The percentage 
of liquid by weight entering the column by way 
of inlet 354 will normally probably not exceed 
6%, so it will be seen by those skilled in the art 
that the percentage of liquid by volume is almost 
negligible. 
The air is rectified in the double column 350 

ill a nanner which is well understood by those 
Skilled in the art and need not be detailed here. 
The gas circulating in the secondary circuit, 

after normal equilibrium operations have been 
established, is rich in the nitrogen product; is in 
fact Substantially the same composition as the 
gas in equilibrium with the liquid on the nitrogen 
shelf of the lower column. This gas may con 
tain as much as 2% of oxygen, and is compressed 
in compressor 42, after which it is cooled in a 
second heat exchanger 428 by heat exchange with 
expanded gas returning to the compressor. 
The cooled gas leaving heat exchanger 428 

passes to the expansion engine 436 where it ex 
pands in doing external Work. The thus 
expanded gas is used to refrigerate the liquefier 
and also the cold end of the reversing heat ex 
changer 38, as well as cooling the compressed 
nitrogen from the compressor 42. It will be 
noted that the secondary circuit is at all times 
connected with the nitrogen shelf of the lower 
column by way of the secondary circuit column 
outlet connection 362 and conduit 472. Thus, 
the secondary system is always ready to be re 
plenished by make-up gas from the nitrogen 
shelf. 
The description of the operation of the en 

bodiment shown in Fig. 2 during the cool-down 
period will now be discussed. For cooling down 
the warm apparatus after a shut-down, normally 
open valves 382 and 394 are closed, while valves 
4T and 486 are opened. Compressed air thus 
enters the system from the air compressor 30s, 
passing through the reversing heat, exchanger 
38 and into the column by way of conduit 3G4 
and inlet 354. The corpressed air leaves the 
lower column by way of conduit 362, passing 
through conduits 472 and 476 to the nitrogen 
compressor inlet by way of liquefier 464 and heat 
exchangers 38 and 428. 
The air is compressed in the nitrogen com 

preSSO", is cooled in heat exchanger 428, and 
divides; one branch passes to the expansion 
engine 436 and the other through liquefier 464 
to the column by way of the conduit 47, ex 
pension valve 47, and connection 360. 
With by-pass valve 486 open, expansion engine 

exhaust passes to the effluent line 366 through 
valve 486, and out to the atmosphere, cooling 
down exchangers 464 and 3 8. The cooling is 
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regenerative, until ultimately liquid accumulates 
in the nitrogen shelf immediately below the 
boiler-condenser in the middle of the column. 
This liquid overflows and falls to the bottom of 
the lower column. 
As Soon as it is observed by the liquid level 

gage (not shown) that the liquid in the botton 
of the column has reached a predetermined level, 
valves Aff and 486 will be closed, and valves 382 
and 394 will be opened, and the apparatus is 
ready for normal operation, except that it may 
take up to fifteen minutes of additional Opera 
tion, while rectification gets started in the upper 
column, for the apparatus to produce the desired 
purity of oxygen. 
As to both of the embodiments, namely that 

shown in Fig. 1 and that showin in Fig. 2, it may 
be pointed out that there is considerable flex 
ibility possible in the operation of the Seconday 
circuit. The quantity of nitrogen circulated in 
the secondary circuit can be varied. If the sec 
Ondary circuit, is operated at a low preSSule, 
nore nitrogen Will be circulated. On the other 
hand, if the secondary circuit is operated at a 
higher pressure, it may be operated with the 
circulation of a lesser quantity of nitrogen. 
As to the embodiment shown in Fig. 2, it may 

be pointed out that the high preSSure of 200 
p. S. i. g. for the nitrogen in the secondary cir 
cuit is contemplated for the production of liquid 
Oxygen. If gaseous OXygen is produced, the unit 
may be operated at a lesser high pressure in the 
secondary circuit-on the order of 160 p.s. i. g. 

Further as to the embodiment shown in Fig. 2, 
it will be understood by those skilled in the art 
that, during operation with valve 47 fully closed, 
the member 464 will serve as a "liquefier' only 
as to a very small quantity of the entering air. 
Under such circumstances, member 464 may 
more properly be termed a third heat exchanger. 
While there are in this application specifically 

described two forms which the invention may 
assume in practice, it will be understood that 
these forms of the same are shown for purposes 
of illustration, and that the invention may be 
modified and embodied in various other forms 
without departing from its spirit or the scope of 
the appended claims. 

I claim: 
1. In a method of separating a gaseous mix 

ture into its components, wherein the com 
pressed gaseous mixture is rectified in a rectifi 
cation column, the improvement comprising: 
cooling the compressed gaseous mixture in a first 
heat exchanger by heat exchange with at least 
one of the products of rectification, passing the 
mixture to the column for rectification therein, 
Compressing a gaS. rich in said one product in a 
compressor, cooling said compressed gas in a 
Second heat exchanger by heat exchange with 
expanded gas, dividing at least a portion of the 
thus cooled gas into two streams, passing one of 
Said two streams to an expansion engine, ex 
panding said one stream with the performance 
of external work, liquefying the other of Said two 
streams in a liquefier by heat exchange with ex 
panded gas, passing the thus liquefied stream to 
the column, dividing the stream of expansion 
engine exhaust, passing a portion of the exhaust 
to the compressor by way of the liquefier and 
the second heat exchanger, passing another por 
tion of the exhaust to the compressor by way of 
a passage in at least the cold end of the first 
heat exchanger, withdrawing a stream of gas in 
the vapor state from the column, and passing 
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the withdrawn stream of gas into the expansion 
engine exhaust. 

2. In a Inlethod of separating a gaseous mix 
ture into its Components, winerein the on 
pleSSed gaSeOuS milxture is rectlled in a retlii 
catlon column, the improveinent comprising: 
COolling the coll pressed gaseous milxture in a urs, 
heat exchanger by heat exchange with at least 
One of the products of recCl11uation, passing the 
mixture to the column for rectification there In, 
(Oliph'eSSling a gaS rich in Said one produut in a 
conpressor, cooling Saud compressed gas in a 
Second heat exchanger by heat exchange With 
expanded gas, dividing at least a portion of Line 
thus cooled gas into two streams, passing one of 
said two streans to an expansion engliae, ex 
panding Said one stream with the periorinance 
of external work, liquefying the one of said 
two streans in a liqueller toy heat exulange with 
expanded gas, paSSung the last-named suream to 
the column, passing the expansion engine ex 
inaust to the Coimpressor by Way of tine liquener 
alid the Second heat exchanger, witnuraving a 
strealin of gas in the vapor state froin ne col 
unn, dividing said witndrawn stream into at 
least two portions, separately warmung sala two 
portions by heat excnange with separate neat 
Sources, further warning at least a part of sald 
two portions by heat exchange with coliapiressed 
gas, and finally passing all of the witnurawn 
stream to the compressor for coil pressung as 
aforesaid. 

3. A method as in claim 2, in which one of 
Said portions is warmed before compressing by 
heat exchange with compressed gaseous Inix 
ture. 

4. In a method of separating a gaseous mix 
ture into its components, wherein the com 
pressed gaseous mixture is rectified in a rectifi 
cation column, the improvement comprising: 
cooling the coil pressed gaseous mixture in a first 
heat eXchanger by heat exchange with at least 
one of the products of rectification, passing the 
mixture to the column for rectification therein, 
compressing a gas rich in said one product in a 
compressor, cooling Said compressed gas by heat 
exchange with expanded gas, dividing the thus 
cooled gas into two streams, passing one of said 
two streams to a first expansion engine, expand 
ing said one stream in said first expansion en 
gine with the performance of external work, 
warming the thus expanded gas by heat ex 
change with compressed gas, further cooing the 
remaining stream of thus cooled gas by further 
heat exchange with expanded gas, dividing the 
thus further cooled compressed gas into two 
Streams, passing one of said two streams of 
further cooled gas to a second expansion engine, 
expanding said one stream of further cooled gas 
in the Second expansion engine with the per 
foi'nance of external work, warming said streal 
of further cooled expanded gas by heat exchange 
with compressed gas, still further cooling the re 
maining stream of further cooled gas by still 
further heat exchange with expanded gas, di 
viding the still further cooled gas into two 
streams, expanding one of said streams of still 
further cooled gas in a third expansion engine 
With the periormance of external work, warming 
the thus expanded stream of still further cooled 
gas by heat exchange with the remaining stream 
of still further cooled gas, further warming the 
still further cooled stream of expanded gas by 
heat exchange with compressed gas, passing all 
of the warmed streams of expanded gas back to 
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the compressor, liquefying said remaining stream 
of still further cooled gas by the aforesaid heat 
exchange with the stream of expanded gas fron 
the third expansion engine, and using the lique 
fied stream of gas to provide needed refrigera 
tion in the separation process. 

5. Apparatus for separating air into an oxygen 
product and another product, comprising: a 
source of air under pressure; a reversing valve; 
first-named conduit means connecting Said Source 
with said valve; at least one reversing heat ex 
changer having two reversing fluid passages; 
second-named conduit means connecting the 
valve with one reversing passage of Said heat 
exchanger; a second reversing valve; third 
named conduit means connecting Said one revers 
ing passage of the heat exchanger with the Sec 
ond reversing valve; a rectification column hav 
ing at least an air inlet, two product outlets, and 
secondary circuit inlet and outlet connections; 
means, including fourth-named conduit means, to 
connect the second reversing valve with the col 
unn air inlet; means, including fifth-named con 
duit means, to connect one of the column product 
outlets with the Second reversing valve; sixth 
named conduit means to connect the Second re 
versing valve with the other one of the reversing 
passages of the heat exchanger; Seventh-named 
conduit means to connect Said other One of the 
reversing passages of the heat exchanger with 
the first-named reversing valve; a product outlet 
connected to the first-named reversing valve; a 
secondary circuit compressor having inlet and 
disalarge connections; a second-named at least 
one heat exchanger having two fluid passages; 
means, including first-named Secondary circuit 
conduit means, to connect the discharge connec 
tion of the secondary circuit compressor with one 
passage of the second-named heat eXchanger; 
means to expand an elastic fluid with the per 
formance of external work; means, including 
second-named secondary circuit conduit means, 
to connect said one passage of the Second-named 
heat exchanger with the fluid expanding means 
to supply fluid thereto; a liquefier having two 
fiuid passages therethrough; means, including 
third-named secondary circuit conduit means, to 
connect the second-named secondary circuit con 
duit means with one passage of the liquefier; a 
liquid conduit connecting said one passage of the 
liquefier with said column secondary circuit inlet 
connection; means to conduct expanded fluid 
from the fluid expanding means to the compressor 
inlet connection, said means including the other 
passage of the liquefier and the other passage of 
the second-named heat exchanger; means, in 
cluding fourth-named secondary circuit conduit 
means, to connect said column secondary circuit 
outlet connection with said expanded fluid con 
ducting means; and other means to conduct ex 
panded fluid from the fluid expanding means to 
the compressor inlet connection, said means by 
passing the liqueflier and including at least a por 
tion of one passage in the Second-named heat 
exchanger. 

6. Apparatus as in claim 5, in which the means 
to expand an elastic fluid comprises an expansion 
engine having a plurality of cylinders of which 
only one exhausts to the liquefier. 

7. Apparatus as in claim 5, in which the means 
to expand an elastic fluid comprises an expansion 
engine having a plurality of cylinders, all of the 
cylinders being connected to receive fluid at sub 
stantially secondary circuit compressor discharge 
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20 
pressure and to exhaust fluid at substantially 
Secondary circuit compressor inlet pressure. 

8. Apparatus as in claim 7, in which the sev 
eral cylinders are connected to expand fluid 
through different temperature ranges. 

9. Apparatus as in claim 5, in which the means 
to expand an elastic fluid comprises an expan 
Sion engine having a plurality of cylinders con 
nected to expand fluid through different ten 
perature ranges. 

10. Apparatus for separating air into an oxygen 
product and another product, comprising: a 
Source of air under pressure; a reversing valve; 
first-named conduit means connecting said source 
With said valve; at least one reversing heat ex 
changer having two reversing fluid passages and 
a third passage, the third passage lying in at 
least the cold end of the reversing heat ex 
changer; Second-named conduit means connect 
ing the valve with one reversing passage of said 
heat exchanger; a second reversing valve; third 
named conduit means connecting said one revers 
ing passage of the heat exchanger with the 
Second reversing valve; a rectification column 
having at least an air inlet, two product outlets, 
and Secondary circuit inlet and outlet connec 
tions; means, including fourth-named conduit 
means, to connect the second reversing valve with 
the column air inlet; means, including fifth 
named conduit means, to connect one of the co 
lumn product outlets with the second reversing 
valve; sixth-named conduit means to connect 
the Second reversing valve with the other one of 
the reversing passages of the heat exchanger; 
Seventh-named conduit means to connect said 
other one of the reversing passages of the heat 
exchanger with the first-named reversing valve; 
a product outlet connected to the first-named 
reversing valve; a secondary circuit compressor 
having inlet and discharge connection; a second 
named at least one heat exchanger having two 
fluid passages; means, including first-named sec 
Ondary circuit conduit means, to connect the dis 
charge connection of the secondary circuit com 
pressor with one passage of the second-named 
heat exchanger; an expansion engine having in 
take and exhaust ports; means, including second 
named Secondary circuit conduit means, to con 
nect said one passage of the second-named heat 
exchanger with the intake port of the expansion 
engine; a liquefier having two fluid passages 
therethrough; means, including third-named sec 
Ondary circuit conduit means, to connect the 
Second-named Secondary circuit conduit means 
with one passage of the liquefier; a liquid conduit 
connecting said one passage of the liquefier with 
said column secondary circuit inlet connection; 
means to connect the expansion engine exhaust 
port with the compressor inlet connection, said 
means including the other passage of the liquefier 
and the other passage of the second-named heat 
exchanger; means, including fourth-named sec 
Ondary circuit conduit means, to connect the sec 
Ondary circuit column outlet connection with 
the last-named means; means to connect the 
Secondary circuit column outlet connection with 
the third passage of the reversing heat exchanger; 
and means to connect said third passage with 
the secondary circuit compressor inlet connection. 

11. Apparatus for separating air into an oxygen 
product and another product, comprising: a 
source of air under pressure; a reversing valve; 
first-named conduit means connecting said source 
with said valve; at least one reversing heat ex 
changer having two reversing fluid passages and a 
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third passage, the third passage lying in at least 
the cold end of the reversing heat exchanger; Sec 
ond-harned conduit means connecting the valve 
with Cne reversing passage of Said heat eXchang 
er; a second reversing valve; third-named Con 
duit, imagins connecting said One reverSing paSSage 
of thig teat, exchanger with the Second reversing 
8a; a 'sectification column having at least an 

air iiiet, two product outlets, and Secondary cir 
cuit ille, and outlet connections, means, includ 
ing fourth-named conduit means, to connect the 
second reversing valve with the column air inlet, 
means, including fifth-named conduit means, to 
connect one of the column product Outlets with 
the second reversing valve; sixth-named conduit 
means to connect the Second reversing valve with 
the other One of the reversing passages of the 
heat exchanger; Seventh-named conduit means 
to connect said other one of the reversing pas 
sages of the heat exchanger with the first-named 
reversing valve; a product outlet connected to the 
first-named reversing valve; a secondary circuit 
conpressor having inlet and discharge connec 
tions; a second-named at least one heat ex 
changer having two fluid passages; means, in 
cluding first-named Secondary circuit conduit 
means, to connect the discharge connection of the 
Secondary circuit compressor with one passage of 
the Seond-hained heat exchanger; means to ex 
parad an elastic filiid with the performance of ex 
ternal work; means, including second-named 
Secondary circuit conduit means, to connect said 
one passage of the Second-named heat exchanger 
with the fluid expanding means to supply fluid 
thereto; a liquefier having two fluid passages 
therethrough, means, including third-named sec 
ondary circuit conduit means, to connect the sec 
Ond-named Secondary circuit conduit means with 
One passage of the liquefier; a liquid conduit con 
necting Said one passage of the liquefier with said 
column secondary circuit inlet connection; means 
to conduct expanded fluid from the fluid ex 
panding means to the compressor inlet connec 
tion, said means including the other passage of 
the liquefier and the other passage of the sec 
Ond-named heat exchanger; means, including 
fourth-named secondary circuit conduit means, 
to connect Said column secondary circuit outlet 
connection with Said expanded fluid conducting 
means; other means to conduct expanded fluid 
from the fluid expanding means to the compres 
Sor inlet connection, said means by-passing the 
liquefier and including at least a portion of one 
passage in the second-named heat exchanger; 
means to connect the column secondary circuit 
outlet connection with the third passage of the 
reversing heat exchanger; and means to connect 
Said third passage with the secondary circuit com pressor intake. 

12. Apparatus for separating a gaseous mix 
ture into a desired product and waste gaSeS, COIn 
prising: a Source of compressed gaseous mixture, 
a reversing heat exchanger, and a rectification 
column connected in a rectification circuit; a fluid 
compressor, a heat exchanger, fluid expanding 
means, and a liquefier connected in a refrigeration 
circuit; means to conduct liquid from the liquefier 
to the column; and means to conduct fiuid from 
the column to the fluid compressor including a 
passage in the reversing heat exchanger. 

13. Apparatus as in claim 12, in which the 
fluid expanding means comprises an expansion 
engine having a plurality of cylinders of which 
one is connected to exhaust to the liquefier. 
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22 
'', 14. Apparatus as in claim 12, in which the fluid 
expanding means comprises an expansion en 
gine having a plurality of cylinders, all of the 
cylinders being connected to receive fluid at Sub 
stantially fluid compressor discharge pressure 
and to exhaust fluid at Substantially fluid con 
pressor inlet pressure. 

15. Apparatus as in claim 12, in which the 
fluid expanding means comprises an expansion 
engine having a plurality of cylinders Connected 
to expand fluid through different temperature 
ranges. 

16. Apparatus as in claim 12, in which the last 
named means includes a conduit connected to 
conduct expanded fluid from the fluid expand 
ing means to the compressor inlet. 

17. Apparatus as in claim 12, in which the last 
named means also includes a conduit connected 
to conduct expanded fluid from the fluid expand 
ing means to the compressor inlet, said conduit 
having two parallel branches, one of which in 
cludes a passage in the liquefier and a passage 
in the second-named heat exchanger, and the 
other of which includes said passage in the re 
versing heat exchanger. 

18. Apparatus as in claim 17, in which the 
two branches are joined at their downstream end 
in the aforesaid passage in the second-named heat exchanger. 

19. Apparatus for separating a gaseous mix 
ture into a desired product and waste gases, con 
prising: a source of compressed gaseous mixture, 
a reversing heat exchanger having a non-revers 
ing passage through at least the cold end there 
of, and a rectification column, connected in a 
rectification circuit; a fluid compressor, a heat 
exchanger, fluid expanding means, and a liquefier, 
connected in a refrigeration circuit; means to 
conduct liquid from the liquefier to the column; 
and means to conduct fluid from the column 
to the fluid compressor including the non-revers 
ing passage in the reversing heat exchanger. 

20. In a method of separating a gaseous mix 
ture into its components, wherein the compressed 
gaseous mixture is rectified in a rectification 
column, the improvement comprising: cooling the 
compressed gaseous mixture in a reversing heat 
exchanger by heat exchange with at least one of 
the products of rectification to effect deposition 
in the heat exchanger of impurities, periodically 
alternating the flow of mixture and product to 
effect removal of the impurities from the heat 
exchanger, further cooling said mixture by heat 
exchange with said one product, passing the mix 
ture to the column for rectification therein, com 
pressing a gas rich in Said one product in a con 
pressor, cooling Said compressed gas in a second 
heat exchanger by heat exchange with expanded 
gas, dividing at least a portion of the thus cooled 
gas into two streams, passing one of Said two 
streams to an expansion engine, expanding said 
stream of gas with the performance of external 
Work, liquefying the other of said two streams 
in a liquefier by heat exchange with expanded 
gas, passing the liquefied stream of gas to the 
column, withdrawing a stream of gas in the vapor 
state from the column, passing the stream of 
expansion engine exhaust to the compressor by 
way of means which include the liquefier and the 
second heat exchanger, dividing said withdrawn 
stream of gas into at least two streams, and 
passing the two streams of withdrawn gas into 
the stream of expansion engine exhaust at dif 
ferent points. 

21. A method according to claim 20, in which 
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one of the two withdrawn streams is subjected 
to heat exchange with the compressed gaseous 
mixture before passing into the stream of expan 
sion engine exhaust and the other of the two 
withdrawn streams joins the expansion engine 
exhaust just prior to passage of said exhaust 
through the liquefier. 

22. In a method of separating a gaseous mix 
ture into its components, wherein the compressed 
gaseous mixture is rectified in a rectification col 
umn, the improvement comprising: cooling the 
compressed gaseous mixture in a reversing heat 
exchanger by heat exchange with at least One 
of the products of rectification to effect deposi 
tion in the heat exchanger of impurities, pe 
riodically alternating the flow of mixture and 
product to effect removal of the impurities from 
the heat exchanger, further cooling said mixture 
by heat exchange with said one product, pass 
ing the mixture to the column for rectification 
therein, compressing a gas rich in said one prod 
uct in a compressor, cooling said compressed gas 
in a second heat exclhanger by heat exchange 
with expanded gas, passing the thus cooled com 
pressed gas to an expansion engine, expanding 
the thus cooled compressed gas with the per 
formance of external work, passing the expan 
sion engine exhaust to the compressor in at least 
two streams, one of which passes to the com 
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pressor by way of a third heat exchanger and 
the second heat exchanger in series and the 
other of which passes to the compressor inlet 
by way of at least portions of the first heat 
exchanger and the Second heat exchanger in 
series, withdrawing a stream of make-up gas 
rich in Said one product in the vapor state from 
the column as needed, and passing the withdrawn 
stream of make-up gas into the stream of ex 
pansion engine exhaust. 

SAMUEL C. COLLINS, 
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