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1

This invention relates to the separation of gases
into their constituents, especlally to the separa-
tion of air into oxygen and nitrogen.

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 tem-
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
some manner.

It is an object of this invention to provide an
apparatus and method for the productlon 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 efluent 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 ancother embodiment of the invention
in which the secondary circuit employs a single-
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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 alr 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§, & high pressure stage 8, an inter-
cooler 10, an aftercooler {2, and appropriate con-
necting conduits, as wiil be understood by those
skilled in the art. The compressor 4 thus com-
prises a source of air undet pressure.

A reversing valve is shown at {4 connected with
the source of air under pressure by first-named
conduit means 16. . A reversing heat exchanger
is provided as indicated generally at |§. The
invention preferably comprises at least "dne re-
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to divide the héat exchanger 18 into three small
heat exchangers 20, 22 and 24 {n order to keep
the height of the unit to & minimum. Reversing
heat exchanger 18 is connected with the re-
versing valve 14 by second-named conduit means
26. Where the heat exchanger 18 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 39, the conduits 28 and
30 forming with said passages and with the con-
duit 26 one continuous fluld passage.

A second reversing valve 32 is shown connected
with the heat exchahgér 18 by third-named con-
duil means- 34. The reversing valve 32 may if

-desired be similar to-the reversing valve 14 and

be mechanically opérated, 6r the valve 32 may in
the alternative be a revérsing check valve, as
shown dlagrammatically in Fig. 1. A reversing
check valve such as is shiown in Flg. 1 may be
provided with chambers 36, 88, 49, and 42, cham-
bers 38—40, 33-—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 porots 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
meade of a smaller helght 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 £9 and 62 respectively, and other con-
nections which will be described below. Means

- are provided to connect-the second reversing

45

50

valve 32 with the air inlet §4. These means in-
clude fourth-named- ¢onduit 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 condult means 66 connect-
ing directly with the nitrogen efuent outlet 58;
conduit §6 might connect directly with the re-

versing heat exchanger, but 1t may be desirable 65 versing valve 32, but {n the preferred form of the
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invention connects with valve 32 by way of addi-
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 1s broken down into
three separate units 20, 22 and 24; the sixth-
named conduit means €8 referred to above con-
nects with one end of one of the passages in unit
24, and a conduit 70 connects the other end of that
passage of unit 24 with a similar passage in unit
12; the other end of that passage in unit 22 com-
municates by way of a condult 12 with one end of
a similar passage in unit 20, and the other end of
that passage connects by way of seventh-named
conduit means 14 with the first-named reversing
valve 14. Reversing valve {4 is provided with &
waste gas efluent (or nitrogen product) outlet 76. -

Returning now to the rectification column, in-
dicated generally by the reference character 50,
the oxygen-rich liquid air outlet at the bottom of
the lower column is connected by a condult 18
with a liquid inlet 80 in the upper column section
52°.
in the art, the inlet 80 is provided at that point
in the column section where the equilibrium op-
erating condition provides down-flowing Hquid of
substantially the same composition as the ingoing
oxygen-rich liquid alr, -The conduit 18 1s pro-
vided with an expansion valve 82.. . :

Liquid collecting in the bottom. of the upper
column section §2° is pumped to the top of the
upper column portion 62 by way of eny suitable
liquid pump 84 and connecting conduits 86 and 89,
It will of course be understood by those skilled
{n the art that, where there are no helght limita-
tions imposed upon the apparatus (see_the de-
scription of Fig. 2 below), the upper column sec-
tion §2° may if desired be stacked immediately
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
pump 84,

The upper column section 52 discharges its
the lower
Again, it
wiubeunder'stoodhythoseskinedintheart.that
an apparatus which has no helght - limitations
will not require the conduit 80 if the upper column
section 52° is stacked immediately. on top of the
column section §2, so that the vapor refiux or
gaseous effiuent may flow directly from the upber
end of the column section §2 into the column
section 52’. As a matter of fact,
no _dividing boundary or partition
sections §2 and §2°, but there will be instead cne
continuous upper ¢column section (as in Fig. 2, de-

seribed below).
Nitrogen-rich liquid collecting in the nitrogen
section may be trans-

shelf of the lower column
ferred therefrom to the upper end of the upper
column sectlon 52° by & suitable condult 92. A
restriction such as the expansion valve ¢i is pro-
vided in the conduit as will be understood by
those skilled in the art. ’
A rare gas bleed 88 connects the upper portion
of the boller-condenser in the middle of the
double-column with the waste gas ot nitrogen
efluent line 66. It will be understood by th
skilled in the art that a bleed such as the conduit
86 shown is provided to prevent the accumulation
of uncondensahle—i. e., 4t the normal operating
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temperatunéa_s 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
co.umn 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 88 connecting through a valve {00 with
an. outlet conduit 102. Outlet conduit 102 con-
nects with a subcooler (04 having a liquid oxygen
passage therethrough, the other end of which con-
nects with & conduit (06 which receives liquid
oxygen from any suitable liquid- pump 1¢3; the
pump in turn is conne¢ted with the product cutlet
$6 by a conduit 110. The subcooler has another
passage through it and connects with the waste
gas efiuent line 66 and is an additional means
(additional to the fifth-named conduit means 41
referred to above) connecting the nitrogen prod-
uct outlet 58 with the second reversing valve 32.

‘As will be well understood by those skilled 25 The subcooler {04 serves to cool the liquid

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
facldties 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 112, which is preferably a two-stage
compressor having & low pressure stage 114, a
high pressure stage (1§, an intercooler t19, and
an aftercooler 120, Compressor (12 has the usual
inlet and discharge connections {22 and 124, re-
spectively.

There Is a second-named heat exchanger which,
again, may if desired be in 2 single unit. but which
in the embodiment show in Fig. 1 consists of a
plurality of units. One such unit is that shown at
126, which has 8 passage connecting with the dis-
charge connection 124 by first-named secondary
circuit conduit means 121, Another unit of the
second-named heat exchanger is shown generally
at 128 and consists of sectlons (30, 132 and (34,

- Units (26 and 128 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
it desired be a single cylinder engine, but in the
preferred form, comprises a three-stage expansion
engine having cylinders (38, (40 and 142. As
usetl here, “three-stage” means that the expan-
slon takes place at three different temperature
levels. The expansion engine stages are prefer-

‘ably provided with any suitable surge capacity

indicated at 144, {46 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
138, 149 and (42 have intake ports 160, 152 and
:glo respectively, and exhaust ports 166, 158 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 138
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 162. A lquefier 164 is provided
and is connected with the second-named heat ex-
changer by third-named secondary circuit con-
duit means 166, If desired, a trap or filter 168
may be provided in the third-named secondary
clrcuit conduit means 166.

A liquid conduit 19 is connected with the
liquefier 154 and with the aforesald secondary
circuit column inlet connection 60. An expansion
valve 111 is provided in the line 178, Means are
~ provided to connect the expansion engine exhaust

port 156 with the compressor inlet connection 122,
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 {74 in the conduit means
{12 permits fluld flow only in the direction away
from the column.

The means provided to connect the expansion
engine exhaust port 156 with the compressor in-
et connection 122 will now be described in greater
detail. As aforesaid, those means include the

liquefier 164 and the heat exchanger 126, (28.
" More specifically, a conduit 176 having a shut~-
off valve 1711 connects at its one end with the
expansion engine exhaust gas outlet i56 and at
its other end connects with one end of a passage
in unit 24 of reversing heat exchanger 18.  Con-
duit {76 is provided with a branch {18 connect-
ing with one end of a passage in liquefier 164; the
other end.of that passage connects by way of &
conduit (89 with section 132 of unit {28 of the
second-named heat exchanger. A check valve
182 in the conduit 188 limits flow in conduilt 180
from the liquefier toward the second-named heat
exchanger 126, 128. A conduit 184 having a nor-
mally-closed shut-off valve {86 connects the
nitrogen efluent line 66 with the conduit 180. An-
other conduit (83 having a normally-closed shut-
oft valve 199 connects the conduit 176 with the
conduit 180. The fourth-named secondary cir-
cuit conduit means (72 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 {716 at
182. Conduit 172 and a part of conduit 176 thus
comprise means to connect the column outlet con-
nection 62 with the heat exchanger i8.

Conduit 116 was referred to above as connect~
" ing at one end with unit 24 of heat exchanger 18,
that connection being with a passage in unit 24.
The other end of that passage in unit 24 con-~
nects with two conduits, 194 which goes to unit
22, and a conduit 196 which connects the afore-
said passage in unit 24 with a passage 196 in unit
128. Conduit 80 is connected 8s aforesaid with
one end of passage [98; passage 128 is continuous
through the unit (28 and connects at its other
end with a conduit 200. Conduit 200 connects
with one end of & passage in unit 126, the other
end of which passage in unit {26 connects with
8 conduit 202, which in turn is connected with
the compressor inlet 122. .

Conduit 194, referred to above as connecting
units 24 and 22 of heat exchanger {8, connects
with one end of & fluid passage in unit 22, the
other end of which connects with a conduit 204
which in turn connects with a fluld passage in
unit 20. The other end of that fluid passage
connects with & conduit 206, which connects ab
207 with the conduit 202 reterred to above.
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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 circult

~may if desired be a single cylinder engine. How-

ever, in the embodiment shown in Fig. 1, expan-
slon of the refrigerant is preferably accomplished
in three stages, this taking place in & 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 126, 128 is connected with the
expansion engine intake. . More specifically, the
nitrogen compressor discharge (24 is connected
as aforesaid by a conduit {21 with-one 'end of a
passage in heat exchanger 126, 128, this passage
being in the unit 126. The other end of the pas-
sage referred {o is connected by & condiit 208
with a fluld passage in the unit 128, more spe-
cifically with a passage 210 in section {34, this
passage being common to sections 134, 132 and
130. The other end of passage 210 1s connected
with the conduit 166 referred to above. A purge
line 21 is provided in unit 126 for the draining
of impurities. RO R ..

A branch conduit.212. ‘onneéts with the con-
dult 208 and with the inleét port 154 ‘of ‘the first
stage of expansion ehgiﬁé’fl3_5j,ﬁ;'_t[;1;1‘é;exﬁ_aus"c' port
160 of..the first stage .ofthe gxpansion”engine

connects by way of & sondult 218 wWith’a passage
266 in seéﬂbn'ﬂﬂ'bfunlt“fzs."’ : 216s

connected with the passage 193'Bf thatumilt™ ©

‘A branch ‘passaze*218 conhects with Spassage
75 -and connects kit 1ts vutlet Witk w'condult 220
Conduit 220.1s conriécfed Bt 1t other €ndl fo the
fntake of the sécond stage of the ‘¥xpénsion-en-
gine, namely-the intake port'152 provided in'the
surge capacity 186, “The exhaustport:158-of sec-
ond stage 140 is conni cted by & condult 222 with
a passage 224'In section”152. -Passage 224 1s'in
communication with the passage 188.""~ - S

Reference was made aboveto the means to
connect product outlet §8 with the second re-
versing valve 32, those means incliding the fifth-
named condult means 66. It-was turther pointed
out that those means include a passage In the
subcooler 104, It will now be noted that a heat
exchanger 228 is mounted atop the subcooler 184.
The nitrogen line 66 connects with a passage in
subcooler {88 which connects directly with a pas-—
sage in heat exchanger 226. ‘The ‘other end of
that passage connects with a condult- 229, and
condult 228 connects with chamber 38 of valve
32. Heat exchanger 226 is provided with another
passage which Is connected at its one end with a
condult 230, and at its other end with the
fourth-named conduit means 64 réferred to
above. Conduit 230 connects the passage ‘Te-
ferred to with the chamber 36 -of reversing
valve 32, ) . o

In order to permit the desired ‘balancing ‘of
flows, variable restrictlons 282, 234, and 236 are
provided In conduits 180, 186, and 205 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
304 connects with a reversing valve 314 by means
of first-named conduit means 316. Reversing
valve 318 connects with a reversing heat ex-
changer 318 by second-named conduit means
326. Conduit 326 connects with a fluld passage
327 in heat exchanger 318, The passage 327
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corinects with a second reversing valve 332 by
third-named conduit means 334.

The reversing valve 332 shown in Flg. 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 314, and mechanically connected to
operate at the same time that valve 314 15 oper-
ated.

A rectification column 350 Is provided, this
column preferably being of the double-column
type somewhat similax to the column shown at
50 in the embodiment of Fig. 1, except that the
upper column 352 (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 an air inlet 354,
an oxygen product outlet 356, a nitrogen effluent
outlet 358, secondary circuit inlet and outlet con-
nections 380 and 382 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 means 366 con-
necting directly with the nitrogen efluent outlet
358; conduit 386 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 &s 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 318. The other end of passage
359 is connected with seventh-named conduit
means 374, which connects with the reversing
valve 3i4. Reversing valve 314 is provided with
a waste gas efluent (or nitrogen product) out-
let 376. -

Returning now to the rectification column in-
dicated generally by the reference character 3560,
the oxygen-rich liquid air outlet at the bottom of
the lower column is connected by a conduit 318
with a liquid inlet 380 in the upper column 352.
The conduit 378 may if desired pass through &
heat exchanger $8{, and includes a restriction
such as the expansion valve 332. Nitrogen-rich
liquid collecting in the nitrogen shelf of the lower
colunn may be transferred therefrom. to. the
upper column by a suitable condult 392, this
conduit preferably passing through the heat ex-
changer 38f. A restriction such as the expan-
sion valve 394 is provided in the conduit for
reasons that will be understood by those skilled
in the art. o

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
middie of the double column, the bleed connect-
ing with the waste gas or nitrogen effuent
line 365.

The product oxygen outlet 356 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 s tap or outlet 398 connecting through
a valve 400 with an outlet conduit 402. Outlet
conduit 402 connects with the liquid oxygen
cutlet 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 com-
pressor 412 which may if desired be driven from
the same source of power as the air compressor
294. 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. 1, 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 sscondary circuit
conduit means 829 connects the discharge §24 of
compressor 412 with a passage 431 in heat ex-
changer 428,

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 458 respectively.
Intake port 450 is connected with passage 431
of the second-named heat exchanger 428 by
second-named secondary circult conduit means
452. A liquefier 463 is provided; a passage A67
thereof is also connected with passage 431 of the
second-named heat exchanger 428 by third-
named secondary circuit conduit means 466, and
a portion of the conduit means 462. A liquid
conduit 4§10 is connected with the other end of
passage 467 in liquefier 484 and with the afore-
raid secondary circuit column inlet connection
360. A combined shutofl and expansion valve
471 is preferably provided: in the.line 419..

Means are provided to connect the expansion
engine exhaust port 456 with the compressor in-
let connection 422, those means including the
liquefier 464 and heat exchangers 318 and #428.
Fourth-named secondary circult conduit means
412 are provided to connect the secondary circuit
column outlet connection 362 with the last-named
means. . . . )

Referring to the “last-named means” in great-
er detafl, a conduit 476 connects with the ex-
pansion engine exhaust gas outlet 45¢ at iis one
end and at its other end connects with a passage
417 in the cold end of reversing heat exchanger
3i8. Conduit 476 is provided with a branch 478
connecting with one end of a passage 479 in
liquefier 464; the other end of passage 418 con-
nects by way of a conduit 480 with the second-
named heat exchanger 428, Variable restric-
tions 481 and 482 in the conduits 480 and 47§
respectively are preferably provided to enable
balancing of the fluid flows in the two lines at
the desired ratio.

A check valve 483'is preferably provided in the
condult 476 to permit fiuid flow only in the di-
rection from the expansion engine toward heat
exchanger 428. A conduit 484 having a normal-
1y closed shutoff valve 486 connects the nitrogen
effuent line 266 with the conduit 416, The
fourth-named secondary circuit conduit means
412 referred to above connects with conduit 476
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at §92. Conduit 476 was referred to above as
connecting at one end with a passage 417 in heat
exchanger 31{8. The other end of passage 4717
conne"!,s, Ly way of a conduit 498 with a passage

498 in heat exchanger 428, Psassage £58 extends
substantially throughout the icngth of heat ex-
changer 423 and is connected at its one end with
the conduit 4806, and at its other end with a con-
duit 562 which connectzs with the inlet 822 of the
uitrogen compressor.

Reference is made above to the means to con-
nect product cutlet 3568 with the second revers-
ing valve 322, those means including the fifth-
named conduit means 356. Those means also
include a passage 505 in liquefler 484, one end
cof which is connected with the effuent line 3$6
and the cther end of which is connected with a
conduit §07.
veversing check valve 332.

The foregoing description referred to the de-
sirability at times to remove oxygen product in
lhe 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 manner shown in Fig, 2,
whereby a conduit 589 is connected to the upper
end of the stack portion 406, and connects with
a passage b5i{ in liquefier 464. A conduit 513
connects the other end of passase §{( with a

rassage 515 in heat exchanger 318. An outlet :

connection 5§17 connects with the passage 515
and may ccnduct the gaseous oxygen to any de-
sired oxygen utilizer, for example a bocster
rump which raises the pressure of the gaseous
oxygen to a high value for the purpose of storing
the oxyzen in bottles, or to some lesser pressure
direct to a shop line.

‘The above description indicates that fourth-
named conduit means 3€4 forms one of the ele-
ments of the means to connect reversing valve
332 with air inlet 354. Another element is pas-
sage 5(9 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 em- .,

bodiment, the practice of the method of this in-
vention will simultaneously be described. Nor-
mal operation under equilibrium conditions
will be described first, after which the operation

to cool down or start the apparatus will be de- ;.

scribed.

Compressed air at apprommately 88 p.s. i g.
and 110° F. is supplied by the air compressor 4.
passing through conduit 18, reversing valve 14,
and conduit 26, to the reversing heat exchanger
{8. The air passes through a passage in unit 26,
from thence fo unit 22 by way of conduit 283,
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 fo the reversing check
valve 32, namely to chamber 40 of valve 32. The
compressed alr lifts valve 43 off its seat, and thus
flows into chamber 36 and out through conduft
230 to the heat exchanger 226. Air enters heat
exchanger 228 at —262° F. and at 87 p. s. i. &
Air leaves the heat exchanger 226 by way of the
conduit 64 and enters the lower column by way
of the air Inlet 64, at —275° F. and at 87 p, s,

10

Conduit 587 is connected with the

20

b

L1

b

Go

63

10
1. g.. &nd approximately 6% of the air by welght
15 liquid.

The efluent gases, mostly nitrogen, leaving the
column by way of conduit 66 are at approximate-
ly 7 p. s. 1. g. and at —314° F. ~ The efluent gases
pass through subcooler 104 and heat exchangers
226 and I8 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 110 at a temperature of —290° F
and a pressure of 7 p. s. i. g., and passes through
the subcooler 104 to storage under pressure, com-
ing out of the subcooler at approximately —298°
F. and 20 p. 5. 1. g. With liquid oxygen product
outlet 66 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 ({0 and is pumped to storage
through the aforesaid path.

Referring now to.the secondary circuit, com-
pressed nitrogen leaves the nitrogen compressor
112 by way of conduit {21 at approximately 450
p. s. i. g. and approximately..110° F.. This nitro-
gen passes to the unit 126 of the second heat ex-
changer, and leaves unit {26 by way of conduit
208 at approximately 450 p..s. 1. g. and 44° F, A
portion (approximately 14.8%) of the nitrogen
is taken from conduit 208 by way of conduit 212
to the first-stage. -cylinder 142 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 —770 P., leaving the first
stage by way of conduit 214 :and going to passage
2(6 in section 130 of the unit (28 of the second-
named heat exchanger. In section (308, passage
216 joins passage (98, and the gases pass by way
of conduit 200 at 32° F. and 82 p. s. 1. g. to the
unit 126, leaving the unit {26 &t 81 p. 5. 1. g. and
103° F.

Reference was made to a portlon (14.8%) of
the nitrogen being taken from conduit 208 by
way of branch conduit 212. The remainder
(85.2%) of the gas in conduit 208 passes to the
section (34, namely passage 210 in section (34,
and this portion is again divided. Some (29.8%)
of the remaining nitrogen is taken from the pas-
sage 210 by way of passage 218 and conduit 227
at —73° F. and 450 p. 5. 1. g. This portion is ex-
panded isentropically to 85 p. s. . g. in the second
stage (40 of the expansion engine {36, and leaves
the second stage at —168° F. by way of conduit
222, passing to unit 128. More specifically, con-
duit 222 connects with passage 224 in section
132, and passage 224 connects with passage (98.

Reference is made to the above discussion of
the passage 210 and the branch 2(8 which takes
some 29.8% of the nitrogen from passage 21{0.

_The remainder (about 70.2%) of the nitrogen

from passage 210 leaves the unit 128 by way of
conduit {66 at —199° F, and 450 p. 5. 1. g. A por-
tlon thereof (85%) Is tapped off by way of con-
duit {62 for the third stage of isentropic expan-
sion in cylinder (38 of expansion engine 136.
Here the nitrogen expands from approximately
450 p. 5. 1. g. and —199° F. to 87 p. &. i. g. and
—280° P.

The exhaust from cylinder 138 passes to
liquefler (64 by way of conduits IT6 and (78,
being joined in (18 by a portion of the gas from
connection 62. The exhaust from stage (38 is



L
2,667,044

11

at —280° F. and 87 p.s. 1. g. Gas from connec-
tion 62 and flowing downward in conduit 176 is
at —282° F. and 87 p. 8. 1. g. They mix in con-
drit 178 and enter the liquefier at close to —280°
F. (over 96.9% of the gas in conduit 178 comes
from cylinder 138) and at 87 p. 5. 1. g. The re-
sultant mixture enters liquefier 164 from conduit
178 and gives up fits refrigeration to the remain-
ing nftrogen from condult 166 which enters the
liquefier as a gas at approximately —189° ¥. and
450 p. 8. 1. g. end leaves the liquefler as liquid
at —271* F. Nitrogen gas leaves liquefler 164 by
way of conduit {80 at —238° F. and 85 p. 5. i. B..
and flows to passage (98 in unit 128 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 §2 is tapped off for liquefier 164, going by
way of conduits 176 and 178. ‘The remainder of
the gas in connection 62 passes
of heat exchanger 18, at —282° F. and 87p.5. 1. 8.
In unit 24, the gas glves 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-
dults 184 and (96, Conduit 196 connects with
passace (98, and secondary circuit nitrogen leaves
unit 24 of heat exchanger 18 at —165° F. and
86 p. s. L. g. The remainder (82 3%) of the gas
from unit 28 passes to units 22 and 20 by way
of conduits 194 and 204 respectively, leaving the
unit 20 by wav of conduit 206 at 103° F. and 81
p. 5. 1. g. Conduit 206 joins conduit 202 at 207.

Liquid nitrogen from liquefier 164 leaves by
conduit 170 at —271° F. and 450 p. s. 1. g., and
undergoes substantially isenthalpic expansion in
expansion valve |71, entering the column as a
mixture of gas and liquid by way of the second-
ary circuit inlet connection 60 at —282° F. and
87 p. s. 1. g. The liguid nitrogen thus put into
the column supplies additional refrigeration for
the column. An equal quantity of gaseous nitro-
gen leaves the column as aforesald at —282° F.
and 87 p. s. L. g. by way of secondary circuit
column outlet connection §2, check valve iT4,
and conduit 172.

As raw alr passes through the conduit 26 and
the appropriate passages {n units 20, 22 and 24
of heat exchanger 18, 1t 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 74. After a time lapse of ap-
proximately two and one-half minutes, valve (4
1s 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 14 as shown diagrammatically
merely constitutes turning the valve through
80°. Entering raw air thereupon switches from
the conduit 26 to the conduit 14, and of course
enters the system by way of the passages which
have just been used by the outgoing nitrogen.
Convereely, the outgoing nitrogen passes outward
throush heat exchanger I8 in the passages which
have just been used by the inflowing alr.

The inflowing alr during its passage through
conduit 26 and the connected passages in heat
exchanger 18 leaves its water and carbon di-
oxide in the form of deposits in the heat ex-
changer (8. Those impurities are carried out by
the effiuent nitrogen during the next part of the
cycle in which the effluent nitrogen is in the pas~-
sazes which were just occupled by inflowing alr.
Thus, the raw air deposits its water, carbon di-

to thHe unit 24 :
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of heat exchanger 18 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 efuent nitrogen. Thus, in the position
of the parts shown in Fig. 1, the chamber 40 is
at approximately 87 p. 8. 1 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 seal
and prevents communication between chambers
28 and 40. Similarly, valve 44 Is held on its seat
by the difference in pressure between the inflow-
ing air and the effuent 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 off Its seat and the alr
pressure in chamber 36 serves to holg valve 43
on its seat and prevents communication between
chambers 3€ and 40,

The method of air separation thus involves
cooling the compressed air in the reversing heat
exchanger {8 by heat exchange with at least one
of the products of rectification, the product in
this case being the efuent waste gases (largely
nitrogen). The cooling referred to effects depo-
sition in the reversing exchanger I8 of the im-
purities, mostly water and carbon dioxide. The
passages carrying effuent waste gases and In-
flowing alr are periodically alternated in order
that the efiluent 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-
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 112, and
is cooled in & second heat exchanger 126, 128 by
heat exchange with expanded gas. At least &
portion of the thus cooled gas s divided into two
streams. Thus, the portion leaving section (34
of unit (28 of the second heat exchanger in con-
dult 166 is divided, a portion of the gas continu-
ing through the filter 168 on to liquefier 164 and
the remaining portion branching off by way of
condnit 162 to the expansion cylinder 188, 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
176. Thus, one of the aforesald 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 lquefier 164, is liquefied

oxide, and other impurities in certain passages 76 by heat exchange with expanded gas from the



2,867,044

13

cylinder 138 passing to liquefier (64 by way ofy-

conduits 116 and 178.

Liguid nitrogen passes from liquefler {64 by
way of conduit 170 and is expanded substantially
isenthalpically through the expansion valve i7¢
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 €3 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 cheek valve
174, entering the conduit {16 at the intersec-
tion 192.

The stream of expansion engine exhaust re-
turns to the compressor inlet 122 by way of the
liquefler 164 and the second-named heat ex-
changer, and the withdrawn stream of gas leav-
ing the column by way of the outlet connection

€2 divides and passes into the stream of expan- :

sion engine exhaust by way of conduit 118 and
passes to heat exchanger I8 by way of con-
duit 1785, .

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 142, 140 and 138. The ex-
haust from the first stage 142 returng to the com-
pressor inlet by way of a portion of the second
heat exchanger 128, 128 and heps to furiher cool
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 164 and thus through the second heat ex-
changer. Secondary circuit nitrogen also sup-~
plies additional refrigeration to heat exchanger
18, by way of liquefier 164, conduit {70, the col-
umn, and conduits (72 and 176.

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
irom the system in the liquid form.

Oxygen withdrawn by the opening of valve (80

leaves the line 88 by way of subcooler 104 and is .

thus subcooled to some extent to minimize loss
of oxygen product in storage.

The foregoing description of the cperation 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 185 and
190 are kept open, and normally open valve 177
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 §4. The compressed
warm &air leaves the column by way of connec-
tion 62 and passes through check valve 174 and
conduit 172 into the conduit (16, whence it passes
through conduit 188 by way of valve 190, which is
now open. The compressed air then passes into
conduit 180, closing the check valve 182. Air
flows in conduit 180 to passage (98, thus flowing
through the unit 128, through conduit 206, unit
126 and conduit 202 to the inlet {22 of the nitro-
gen compressor {i2. 'The nitrogen compressor is
now handling air.

Air is compressed in the nitrogen compressor
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to approximately 450 p, s. 1. g., and passes to the
three stages of the expansion engine {36. The
expansion in the three cylinders {42, {49 and 138
is substantially the same as during normal ap-
eration, except that expansion in cylinder 2§
takes place over a greater range than during
equilibrium operation. With valve 117 closed anid
valve 86 open, the exhaust of ths third cylinder
or stage 138 is connected to nearly atmospheric
pressure by way of conduits {168 ana {12, liquefier
164, conduits 180, 184 (valve {86 being cpen) and
66, subcooler 184, heat exchanger 2z6, conduit
228, reversing valve 32, conduit §8, the reversinz
heat exchanger I8, 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 thirg stage {58
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 column
by way of secondary circuit outlet connection 62,
air also flows into the upper column by way of
conduits 18 and 52, through expansion valves §2
and 94 respectively, and out by way of efiluent
line 6%.

The system operates in the manner indicated,
quickly ccoling down the various picces 6f warm
apparatus, until liquid begins to zccumulate in
the column. When liquid begins o accumulste
in the column, the composition of the second-
ary cireuit gas changes gradually from suostan-
tially air to substantially nitrogen, the composi-
tion of this secondary circuit gas being ultimately
the same as the composition of the gas above
the nitrogen shel!f of the lower column. Thus
the cemposition ¢f the secondary cireuit gos will
be substantially 289% nitrogen with about 275 of

‘oxygen present.

The operator watches the liquid level in the
boiler-condenser in the middle of the double
column by means of a licuid level gage, not
shown. When he sees that the licuid has at-
tained a predetermined level (which will be such
as to cover the nitrogen coils in the boiicr-con-
denser), he closes valves 129 and (86, and opens
valve {11. The apparatus is then in condition
for nermal operation, although it may take an-
other short time period of from five to fifteen
minutes to get the apparatus in ecomplete condi-
tion for the production of oxygen of maximum
purity. The normal or ecuilibrium operation of
the apparatus is set forth above.

Reference is now made to Fig. 2 for a deserip-
tion of the normal operation of the cmbodiment
of the invention shown therein. Comrpressed air
enters heat exchanger 318 threugh the reversing
valve 344 at substantially 110° F. and 88 p. 5. i. g.
Air leaves heat exchanger 3{8 by way of revers-
ing check valve 832 and conduit 530 on its way
to liquefier 464 at substantially -—250° . Air
leaves liquefier 464 by way of conduit 354 and
goes into the bottom of the column at --275° F.
and 87 p.s.i. g,

Nitrogen efiluent leaves the column from the
connection 353 at approximately —314° F. and
7 p. s i g. With the valve 485 closed, the nitro-

. gén goes into lizuefier 464 (through passage 505)

and leaves lquefier 454 by way of conduit 507
at substantially —275° F. The nitrogen efluent
passes by way of reversing check valve 332 to
passage 369 of heat exchanger 312, entering pas-
sage 369 at substantially the aforesaid —275° P,
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and leaves exchanger 318, discharging to atmos-
phere at approximately 104° F.

It oxygen product is taken from the appara-
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. 1. 8. The
oxygen passes through liquefler 454 (passage 611
thereof), giving up its refrigeration to the in-
coming air, and leaving liquefier at —262° F.
The oxygen then passes through passage 515 of
reversing heat exchanger 318 and leaves by way
of a gaseous oxygen connection 517 at 104° P.

Fassing 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 471 will preferably be closed, or at
most “ecracked” 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. B. 1If valve
411 is kept open at all, a small amount (less than
59%) of the secondary circuit nitrogen is lique-
fied in 464. This liquid expands in valve 47/
and goes to the column by way of connection
360 as a gas and liquid mixture.

The expansion engine exhaust rasses by way
of conduit 476, check valve 483, and conduit 478
to liquefier 464, passing through passage 419 of
liguefier 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 464 and then through the full
length of passage 493 in heat exchanger 428 is
approximately 88% of the total expansion en-
gine exhaust. The remainder, approximately
1295, continues on and passes through the cold
end of reversing heat exchanger 218, namely
passage 411, leaving the cold end of heat ex-
changer 318 by way of conduit 436 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 471 closed, such
make-up will be bnly 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 318 by heat ex-
change with at least one of the products of rec-
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gases (largely nitrogen) when oxygen is taken
from the system as a liguid. 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 3{8 of the
impurities, mostly water and carbon dioxide.
The passages carrying efluent waste gases and
inflowlng air are perlodically alternated in order
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that the efluent waste gases may carry off the
acdumulated 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 ligue-
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, however, the inflowing air is also
cooled in liquefier 464 by & 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 lt 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 liqguid. The percentage
of liquid by weight entering the column hy 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 liguid by volume is almost
negligible.

The air is rectified in the double column 350
in a manner 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
zas in equilibriumn with the liquid on the nitrogen
shelf of the lower column. This gas may con-
tain as much as 2% of oxygen, and is compressad
in compressor 412, 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 iIs used to refrigerate the liquefier
and also the cold end of the reversing heat ex-
changer 318, as well as cooling the compressed
nitrogen from the compressor 412. 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 em-
bodiment shown in Fig. 2 during the cool-down
period will now be discussed. For cooling down
the warm apparatus after a shut-dewn, normally
open valves 382 and 394 are closed, while valves
471 and 486 are opened. Compressed air thus
enters the system from the alr compressor 304§,
passing through the reversing heat exchanger
318 and into the column by way of conduit 364
and inlet 354. The compressed air leaves the
lower column by way of conduit 362, passing
through conduits 472 and 4716 to the nitrogen
compressor inlet by way of liquefier 464 and heat
exchangers 318 and 428.

The air is compressed in the nitrogen com-
pressor, 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 478, ex-
pension valve 471, and connection 3€0.

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 overfiows 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 bottom
of the column has reached a predetermined level,
valves 47f and 486 will be closed, and valves 282
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 shown in Fig. 2, it may
be pointed out that there is considerable flex-
ibility possible in the operation of the secondary
circuit. The guantity of nitrogen circulated in
the secondary circuit can be varied. If the sec-
ondary circuit is operated at a low pressure,
more 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 471 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 454 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 cf the
thus cooled gas into two streams, passing one of
said two sireams to an expansion engine, cx-
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
& passage in at least the cold end of the first
heat exchanger, withdrawing a stream of gas in
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e withdrawn stream of gas into the expansion
engine exhaust,

4. In a metnod of separating a gaseous mix-
ture into ils components, wneremn the .om-
pressed gaseous mixture is rectinied in a rectifi-
cation column, the improveinent COUIPLISI1YE :
cooching the coiapressed gaseous MIxture 1a a ars;
heat exchanger by hea: exchange with ag least
one of the products of recvilicascion, passitiy viae
mixture to the column for reciificanion vheretn,
compressing a gas rich in said one product in a
compressor, cooling said compressed gas 1o a
second heat excnanger by heat exchange with
expanded gas, dividing at least a porvion 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 perrorinance
of external work, liquetying the owner or said
two streams in a ligueaer vy heag excnange wigh
expandeaq gas, passing the last-named sweam to
the column, passing the expansion engine ex-
haust to the coinpressor by way oi tne liquener
and the second heay exchanger, withdrawing a
streain of gas in the vapor siate froun the col-
umn, dividing said witnarawn siream inic at
least two portions, separately warming sala two
portions by heat excnange with separate neatg
sources, turther warming at least a parc of said
two portions by heat exchange with coupressed
gas, and finally passing all of the witnurawn
stream G0 the compressor ior compressaly as
aforesaid,

3. A method as in claim 2, in which one of
said portions is warmed before compressing by
heai exchange with compressed gaseous mix-
ture.

4. In a method of separating a gaseous mix-
ture into its components, wherein the com-
pressed gaseous mixture is rectitied in a rectifi-
cation column, the improvement comprising :
cooling the conipressed gaseous mixture 1 a tirst
heat exchanger by heat exchange with at least
one of the products of rectificavion, 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 cooiing 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-
formance of external work, warming said stream
of further cooled expanded gas by heat exchiange
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 iwo
streams, expanding one of said streams of still
further cooled gas in a third expansion engine
with the periormance of external work, warnung
the thus expanded stréam 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

the vapor state from the column, and passing 76 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 from
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 alr 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-
umn 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
distTiarge 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
fluid 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 cireuit
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 liquefier 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 ¢laim 5, in which the means
to expand an elastic fluid comprises an expansion
engine having s plurality of cylinders, all of the
cylinders being connected to receive fluid at sub-
stantially secondary circuit compressor discharge
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pressure and to exhaust fluld 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 tem-
perature ranges.

10. Apparatus for separating air into an oxygen
product and another product, comprising: a
source of alr 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 col-
umn 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 heal
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 sald 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; g 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-named conduit means connecting the valve
with cne reversing passage of said heat exchang-
er; a secend reversing valve; third-named con-
duit mesns connecting said one reversing passage
of the heat exchanger with the second reversing
velve: a rectification eolumn having at least an
air inlet, two product outlets, and secondary cir-
cuit inlef 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; gixth-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
compresscr having inlet and discharge connec-
tions; s second-named st 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 ohe passage of
the seond-named heat exchanger; means to ex-
band an elastic fuid 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 fluig expanding means to supply fluid
thereto; a liguefier having two fluid passages
therethrough; means, including third-named sec-
ocndary circeuit conduit means, to connect the sec-
ond-named secondary circuit conduit means with
one passage of the liquefier; 3 liquid conduit con-
hecting said one bagsage of the liquefier with said
column secondary circuit inlet connection; means
to conduct expanded fluid from the fluid ex-
banding 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 €xpanded fluid conducting
means; other means to conduct expanded fluid
from the fluid €xpanding means to the compres-
sor jnlet connection, said means by-passing the
liquefier and including at least a portion of one
bassage in the second-named heat exchanger;
means to connect the column secondary circuit
outlet connection with the third Dassage of the
reversing heat exchanger; and means to connect
said third passage with the secondary circuit com-
pressor intake.

12, Apparatus for separating
ture into a desired product and

2 gaseous mix-
waste gases, com-

column connected in g rectification circuit; g fluid
compressor, a heat exchanger, fluid expanding
means, and a liquefier connec ted in a refrigeration
cireuit; means to conduct liquid from the liquefier
to the column; and means to conduct fluid from
the column to the fluid compressor including g
bassage in the reversing hegt exchanger,

13, Apparatus as in claim 12, in which the
fluid expanding means comprises an expansion
engine having g plurality of cylinders of which
one is connected to exhaust to the liquefier.
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5. 14. Apparatus as in claim 12, in which the fluid
expanding means comprises an expansion en-
gine having 3 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 com-
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 paralle] 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.

18. Apparatus for separating a gaseous mix-
ture into a desired product and waste gases, com-
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 liguefier,
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 fiuid 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 g 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 com-
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 s 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
bassing 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



2,667,044

23

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 sald exhaust
through the liquefier.

29. 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 8 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-
ricdically 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 exchanger 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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