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METHOD.OF AND APPARATUS FOR
TREATING GASES

‘Win W. Paget, Michigan City, Iud., -assignor 4o
:Joy: Manufacturing Company, . thtsburgh Pa.,
=a:corperation. of Pennsylvania

‘Application October 18, 1949, vSerial No. 122,079
(CL 62—-2)

10 Claims.

. 1

‘This invention réelates ‘to -improvements in
“methods of ‘and means for treating. gases; this
-application is s :continuation-in=part .of my.co-
‘pending bt now . abandoned application ~Seria1
"No.:31,018, filed June:4, 1948,

T4 will ‘herein “be :described: partmularly in its
“application to fhe  production -of substantially
pure-oxygen from: air, but this is but illustrative,
“beeause the:process and apparatus disclosed may
“beé used, with :appropriate-adaptations, with vari-
‘igus:gases to he processed, to produce various.par-

ticularly desired products which are constltuents
of the gases to-be freated. Under.some.circum-
sstances the desired product.may be delivered at

a relativelyvery: high pressure.and -under.others

“at:a pressure .of-a. few -atmospheres.

It is commonly- desnable, in the production of
soxygen by a. process- 1nvolv1ng ‘cooling and rec-
tification of compressed -air, to have the oxygen
~available in gaseous form at a pressure-substan-
tially above column pressure but, on the“other
hand, much . below cylinder .pressure (cylinder
pressure is on the order of 2000 p."s.-i). “For
~example, oxygen may be ‘desired "at a pressure

-on the order of-50 p. 5. i.; though ‘this isbut ‘illus-_ -

trative and indeed, the reference to ‘oxygen s
-but illustrative also, because other gases-which
“may be obtained by a simildr proeess ‘may’slso be
-desired at . pressures --ghove -‘column ‘pressure.
Taking the -ease ‘of- ‘oXygen for purposes:of:illus-

“tration, -refrigeration ‘can “be ‘saved ‘by “taking ™

gaseous rather than liquid oxygen from:wg: :point
“ina column shove the level of the. liguid- oxygen
“therein-and boosting -the ‘pressure: from the few

“p.s. 1. (perhaps 5)-which exists.at that point.in .
‘ the-column, to the desiréd ‘delivery.pressure by -

the -use-:of -a comipressor. : However, this is ob-
“jectionable because of the ‘additional power:re-
“uired ~and beeause s6f -the: size of ‘the: gaseous
" oxygen cempressor which iwould be required. "It
~is-much preferableto take liguid .oxygen from
“the column and-topump it:at the desired pressure
%0 the oxygen supply line. "This:permits.the use
~of 'much -smaller pumping equipment. Tt ‘would,

‘however, resultin wasted ‘refrigeration. if :some .4;

“provision -were not: made for. using:the ‘heat: of‘
“vaporization-of liquid-exygen it some:manner,
Asis disclosed and-elaimed in the appleation
-of ‘Samuel- €. Collins, Serial No. 122077 filed :Oc-
“fober 18,’ 1949, this heat of :vaporization: may-be
-utilized by condensing an “eguivalent”:amount.of
“gir-on its way:to.the rectifier, as by bringingan
appropriate amount..of :air - atvan :gppropriate
~pressure ~and “femperature -into heat exchange
srélation swith the leaving:oxygen-at ra:pressure

10
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‘discharge: sides.

” demands.

-production.at 2600, pounds.

2

substannally -abovelcolumn’ pressure, and utiliz-

~ing the heéat of: vaporization:to:effect the lique-
- faction of compressed: air.

I have found:that: efficient apparatus which is

-substantially -automatic :may -be made for ‘the
" production -of “substantially :pure oxygen .in:ac-
- cordance -

ith-the foregoing, by the.provision.in
the apparatus of ‘valves which are' responsive:to

- pressure-at selected points in the system. - Agis
set - Torth in'detail -below, twodifferent embodi-
“ments of ‘the invention:are shown herein, both:of
“which are self-regulating: 1o operate:thezsystem

st a substantially constant.compressed:air supply

‘pressure-regardless of: varlatlons dnthe: demand
-for oxygen.

In one of ‘the embodiments, the two expansion
valves, which:al'e inseries, are arranged-:so that

“each valve opens: at a-predetermined upstream

pressure -above.g ‘given “reference -pressure”:of

“the system, the:reference pressurebeing prefer-
“ably:- colimn :pressure.
~each -valve.is-arranged to maintain ‘a:-predeter-

“In: another embodiment,

mined pressure differential:between its inlet-and
“In both. embodiments, the pres-
sure responsive-control valves: serve to.maintain
a substantially - constant ‘back-<pressure.on the
compressed-air supply line, .obviating the neces-
sity of pressuré relief:valves, which are wasteful

—of power.

“Apart from the- feature of mamtammg ‘aLcon-

-stant.hack pressyre-on.the compressor, this-in-
“vention makes'the oxygen production apparatus

and method ' completely - self<regulating, -not-

‘withstanding . variations in the ‘demand: for: 10Xy~

gen ‘and, -in“faet, -in *accordance with -varying
"Thus-the valve structures -provided in
this invention-automatically -adjust-Auid fow: to

-accord -with changed -conditions in various:parts
“of the system-occasioned by-shifts in the:system

between 2000-pound -oxygen productmn and -50-
pound production.

‘Inaddition to pressure’ responsive-expansion
valves, the "invention includes-a-so=called’ “oy=

-pass” valve “which is ‘arrangeq :to ‘respond “to
-demands. on the. system .to by=pass the expansion
-engine .exhaust around . one of the expansion
-valves directly into.the column st the same’ time
that -admission -valve eutof s “shortened, - this
-occurring -automatically -when the apparatus

shifts from production of oxyeen at 50" “pounds to
‘The reverse change

. ds.automatically mdde upon shift the other: way.

55

The by-pass valve . construction’is such as to

-protect the. column. against ‘damage” from ~blast

‘which:might. oceut if the relstively ‘high- pressure
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engine exhaust, at 50 pound oxygen production,
were suddenly released into the comparatively
low pressure column.

It _is thus among the objects of the invention fo
provide a simple, compact, flexible apparatus for
the efficient separation of gases, in which oxygen
can be supplied in accordance with requirements
by a system embodying valves which make the
system self-regulating by quickly responding to
pressure changes at predetermined points in the
system as variations in the demand for oxygen
alter the fluid flow and pressure in the different
parts of the apparatus; and in which a predeter-
mined back pressure is maintained on the com-
pressed air supply source regardless of demands
on the system for gas. It is a further object of
the invention to provide control valves which re-
spond to pressure changes at selected points of
the system to maintain desired flow and pressure

palances, and which effect the desired conirol .

without damage to the system itself.

Tn the obtaining of oxygen by a process in-
volving cooling and rectification of compressed
air (oxygen is again used here merely as illustra-
tive of other gases which may be obtained by
such a type of process), air is supplied at a de-
sired initial pressure, cooled, condensed and rec-
tified, and the end product is delivered for use,
and the pressure at which the air is supplied is
desirably maintained within very close limits
throughout the entire period of processing after
the apparatus has once been brought to the de-
sired working conditions.

The aforesaid and other objects are achieved
in the invention described hereinafter, in which
the maintenance of the desired uniformity of air
supply pressure is obtained by adapting the size
of the compressor closely to the capacity of the
oxygen generator, and by employing two pressure
controlling valves arranged in series, each valve
being set to open at a predefermined pressure of
the supply fAluid above the operating pressure of
the system at a selected pointi, the pressure atb
that point being known as the “reference pres-

- sure.” Alternatively, each valve can be arranged
_to give a predetermined pressure drop between
the upstream and downstream sides thereof.
One valve is disposed between the air source and
an evaporator-condenser in the column, and the
other between the evaporator-condenser and a
point at the top of the column to which liquid air
is to be delivered. The invention is -shown as
applied to a single column system, but a person
skilled in the art will be able to apply it to other
systems, as for example to the double column
systems shown in patent application Serial No.
122,077 filed October
assignee of this invention, in which the single
and double-column systems are disclosed as em-
bodying manually adjustable valves.

Tt will be found in the explanation below that
the second valve in effect maintains & predeter-
mined substantially consfant pressure drop be-
tween its supply and discharge sides, even in the
embodiment shown in Fig. 1, because of the prox-
imity of the valve to that point of the system
which provides the ‘“reference pressure.” The
.characteristics of the columns require, at least in

" some cases, that the second valve provide a pres-
sure drop between its opposite sides of slightly
more than 60 p. s. 1., in order that condensation

of gaseous air in the column shall take place at

o sufficiently high temperature o effect evapo-
ration of oxygen at the pressure prevailing in the
column. (The column pressure, for all practical
purposes, is the “reference pressure” referred to

18, 1949 and assigned to the,
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ahove.) The other of the two valves is designed
to maintain such an air supply pressure as may
be consistent with sound compressor design. In
one embodiment of the invention, the valve pro-
vides an upstream pressure which, when added to
the pressure required to overcome friction losses
in the apparatus to that point, will require com-
pressed air to be supplied to the system at 160
p. s. i. for a column pressure of 7 p. s. i, (all pres-
sures are gauge unless otherwise indicated). In
the other embodiment, said other valve is ar-
ranged to provide a pressure differential between
its supply and discharge sides such that the total
pressure drop through the system equals the de-
sired air supply pressure.

In apparatus like that hereinafter described,
OXygen may be produced at 40 to 50 p. s. 1. or at a
much higher value suited to charging cylinders.
When making oxygen at the lower pressure, the
reduction in pressure across the expansion engine
is equal to that across the valve which is arranged
in the line between the evaporator-condenser and

-the point of induction of compressed air from

the evaporator-condenser to the column. When
charging cylinders, substantially the entire pres-
sure drop from supply to column pressure is taken
by the expansion engine, except for pressure re-
quired to overcome {riction losses in the system to
the point of air intake for the engine. It may
be pointed out here that friction losses in the
system are usually treated herein as being
negligible. ‘

In the accompanying drawings,

TFigure 1 is a diagrammatic view of a single
column embodiment of the invention; o

Figures 1lg and 1b show details of the system
for another embodiment of the invention;

Figure 2 is a longitudinal section through one
of the pressure control valves; )

Figure 3 is a longitudinal section through the
by-pass valve;

Figure 4 is a view in section
line 4—4 of Figure 3;

Figure 5 is a partial view, similar to that of
Figure 3, but showing the valve in its open
position;

Figure 6 is a view in section on the plane of
line 6—§ of Figure 3; and

Figure 7 is a view, with parts broken away and
in section, of the by-pass valve and ifs associated
control. ;

Referring first to the system, air at a tempera-
ture of approximately 300° K. and a pressure of
160 p. s. i. may he delivered, as from a suitable
air compressor (not shown) through a conduit 11
to a valve mechanism generally designated 12,

on the plane of

- and the effluent (mainly nitrogen) leaving the

60

apparatus may be discharged to the atmosphere
through a conduit {3.. The valve mechanism 12
is of the mechanically actuated type, and is

- periodically moved by power, and with a snap

65

70

75

action, to reverse the connections of the conduits
i1 and i3 with a pair of conduits 15 and i6 which
jead from the casing of the valve mechanism {2.
In the Samuel C. Collins application Serial No.
661,253, filed April 11, 1946, there is diagram-
matically shown a reversing valve mechanism
suitable for the performance of the functions of
the valve mechanism {2; and another example of
a mechanism suitable for this purpose is shown
in an application of Win W. Paget, Serial No.
35,092, filed June 25, 1948.

‘The power to shift valve mechanism 12 to
alternately connect air conduit 1{ with conduifs
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15%and '16; and*simultaneously- alternately con-
nect conduit {3 with  conduits 16-and - (5- may- be
taken from-any"suitable source; but is: desirably
taken" from the drive shaft of* an expansion
engine 18, through-any suitable reducing gearing
such: as that* shown’ diagrammaitically in~ said
Collins application, Serial No. 661,253, Reversals
are’ adapted to be effected at relatively short in-
tervals; and suitable intervals- may be-on the
order- of three minutes: _

Heat'exchangers 21 and 22; desirably-vertieally
disposed andformed as separate units instead of
as‘one longer-unit, in order to keep height within
desirable limits, are- arranged in ~series, and
entering air passes: through the heat exchangers
21" and-22-in the order mentioned, while leaving
nitrogen - passes- through these same- heat ex-
changers in the order-22, 21. Heat exchanger 21
has-three-courses, indicated as-coaxial courses

214, 21B.and 21C, the first the innermost course g

and the-latter-the-outermost; and exchanger 22
has’ similarly relatively arranged courses 224,
22B and 22C, and, outside 22C, a’ fourth course
22D. :

Through two’ of the courses in series-in the ,

exchangers 2{ and 22; to wit, courses 2B, 298
and’ courses 21C, 22C, the entering air and the
leaving* nitrogen flow alternately, the entering
air flowing inward through one or the other of
these“pairs - of courses-and- the nitrogen flowing
outward- through the one-of such pairs of courses
not-at any-given moment serving for the infiow
of- the air. Through the third course, 214, of
the-exchanger 21 and through the correspond-
ingcourse, 224A;-0f the exchanger 22, but in the
order 22A, 21A, the leaving oxygen product is
discharged.. Exchanger 22 has, as above noted,
a’‘fourth course 22D, through which a portion of
the air: which' is ‘entering the apparatus by way
of~the exchangers 21, 22 is caused to recirculate
through exchanger 22, the better to effect dep-
osition of  impurities from the entering air

stream and to increase the temperature of the )

air:entering the expansion engine.

It has been noted; with respect to the. ex=

changers.2f and 22, and, it will be noted, with

respect to further heat exchangers 23 and 24
hereinafter to be described, that the courses are
indicated as being coaxial. . It will, however, be
appreciated that the precise form of construction

of. the exchangers is not illustrated in the dia- °

gram -of Fig. 1, since suitable multiple pass ex-
changers may assume various forms, and, in the
Samuel C. Collins apulication above identified,

& suitable form of exchanger is illustrated, and .

other possible types are illustrated in other ap-
plications of said Samuel C. Collins, Serial Nos.
3,217, . filed’ January 20, 1948, and 2,817, filed
January 17,1948, Exchanger 23 will be observed
shortly to be of the four-course type, and ex~
changer 24 of the three-course type.

Conduit 15 communicates with course 2iB of
exchanger 21, and conduit {6 with course 21C of
- exchanger 2{. The leaving oxygen produet
Dasses outward through course 24 A .of exchanger
21 and passes to-a shop.line; to a bank of cylin-
dérs,.or to any other.desired peoint or apparatus,
for use or storage, through a conduit 25. Course
21C of exchanger 21 is connected by a conduit 31

with course 22C of exchanger 22, Course 2{B of’

exchanger 21 is connected by a. conduit 32 with
course 22B. of exchanger 22. A conduit 83 con-
nects course 2{A of exchanger 2! with course 22A
“of "exchanger: 22. These courses are traversed

serially, in the order 224, 214, by the oxygen-

10

product, as later described:. It'will be-appreciated
that-air-will flow alternately-in through-course
21C, conduit 8 and course' 22C or- course-2iB;
conduit” 32 and-course: 228, while concurrently
nitrogen will flow outward-through’ the -ones-of
said courses- and- passages- last mentioned “not
carrying the entering air: - . o :

A guitable- automatic reversing valve mecha-
nism; generally- designated-49; is-provided at’ the
end of heat-exchanger-22 last left by the entering

- air'and first-entered by the-leaving nitrogen; this

15

30

including- four automatic-check valves 41; 42: 43
and. 44. This arrangement- is- disclosed: in-the
Saruel-C. Collins application Serial No: 661,253
The lower end of course-22B has connected with
It aconduit 45 which leadsto the check valve 4f;
and”a branch 46-leads from-conduit 45 to- check
valve 420 A conduit- 41 lesds fromr course -22C
to check valve 44; and a branch 48 connects cons=
duit. 47, at & point between course 22C and the
check valve 44, with the check valve 43: A‘con-
duit 4% connects the other side of check valve 43
with- &’ conduit 56 leading from- the- check-valve
41" to" a suitable :restrictor - device 81, which
creates ‘a slight difference between the pressure
in the conduit 58 and the pressure: beyond- the
device: 5, the latter pressure being on the order
of two pounds less than-the pressure in conduit
500 " A’ conduit’ 52 connects the conduit 59" with
the bottom” of course  22D: A conduit” 53-leads
from the side of check valve 44 opposite the cons
duit .47, to the outermost.course of the heat ex-
changer 23. Nitrogen always. flows outward
through' conduit §3.. A conduit 55 cormects the
side of check valve 42 opposite the conduit' 45to
the conduit 53 Each of the check valves 41, 42,
48 and” 44 opens in the direction indicated - by
its > and prevents opposite flow.

The restrictor 5§ is connected as at 5§ to a
chainber 57 within the -top of an evaporator-
condenser 89 having a suitably insulated casing
81 and having in the casing an oxygen conduct-
ing conduit or course. 62 and .an air conducting
conduit or course €3in close heat exchange reld-
tion.with-each other. The. conduit or course §3
is connected at 64 with the chamber 57 The
OXygen- conduit or course. §2 is connected .by. a
conduit 65 with the bottom of course 22A of-ex-
changer-22. The top of course 22D of .exchanger
22 is'connected by -a-conduit 66-with a conduit 67
leading: from- the- chamber 53; and: the. reunited
stream ofair:passes to-a conduit 78; which leads
to the-expansion engine- i8-later: more-fully-de~
seribed. .

© When' the. air-entering 'the -system-is- passing

through’ course:22B; it flows through  the check
valve-4t.. When' course: 228 is serving for: out-

" flow of nitrogen, the nitrogen fows.:from: conduit

80

70°

-3
=

53, through conduit 55 and check .valve 42 and
through conduits 48 and 45 to:course 22B. . When
course 22C i§ serving:for inflow of-air; the enter-
ing air flows-through’ the check valve:43. When
course 22C is being used to conduct leaving nitro-

‘gen, the nitfogen flows through check: valve 44

and conduit 47. As the entering airis.at'a much
higher pressure than the leaving ‘nitrogen;  no
check valve subjected on its discharge. side to air
can be opened by- the lower nitrogen .pressure.

The heat exchangers-23 and 24-have been pre-
viously” mentioned. Exchanger 23 has four
courses:- & central one; 234; a- next course 23B,
& third course 23C, and an outer course 23D sur-
rounding, as-shown on the drawings; course 23C.

5 Obviously- the: arrangements:of the courses;  and
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the structure of this exchanger, are subject to
wide structural variations. Exchanger 24 has a
central course 24A, an outer course 28C and an
intermediate course 24B. It too is subject to
wide structural variation. It will be understood
that the several courses will be in good heat ex-
change relation with respect to each other.

It has been noted that the conduit §3 1s con-
nected with the outermost course 23D of ex-
changer 23. This connection is with the top
of such course.
connected by a conduit 63 with the bottom of
course 24C of exchanger 24, and the top of course
24C is connected by a conduit 11 with the nitro-
gen outlet (the effux conneciion) 72 of a single
column 13. The compressed air course 63 of
evaporator-condenser 60 is connected by a con-
duit 74 with the top of course 23B of exchanger
23. The bottom of said course is connected by

a conduit 75 with a suitable pressure reducing g

valve device 16, which is adapted, in the particu-
lar aparatug shown, and when the latter is used
for oxygen production, to open at such a pres-
sure above the reference pressure as to require
compressed air to be supplied to line 14 at a pres-
sure of 160 p. s. i. when the reference pressure is
7 p. s. i. The resulting pressure drop through
valve 15 is substantially the same reduction in
pressure as oceurs in the expansion engine later
described, when the latter is operating with its
longer period of admission, hereinafter fully ex-
plained.

The low pressure side of valve device 16 is
connected with a conduit 71 which leads to a
condenser coil or element 78 in the lower end
of the column 73. The central course (as shown)
23A of exchanger 23 is connected at its top with
2 conduit 79 leading to the oxygen course 62 of
the evaporator-condenser 69, while its bottom
is connected with the bottom of central course
244 of exchanger 24 by a conduit 86. A conduit
8{ leads from the top of the central course 24A.
This is connected with the discharge of a liquid
oxygen pump, later described. The condenser
unit 718 is connected at its other end (from the
conduit 17), by a conduit 82, with the infer-
mediate course 24B of exchanger 24. The top
of course 24B is connected with a conduit 83, of
which more will be shortly said.

Three of the four courses of exchanger 23 ;

have been noted. The fourth course, 23C, is
connected at its top with an expanded air con-
duit 85, and its lower end is connected with a
conduit 86, containing a check valve 81 openable
towards the conduit 77; conduit T7 is eonnected
with valve 87 by a connection 88. The check
valve opens towards the conduit 17, but only
when the pressure in the conduit 86 is sufficient
to effect opening of check valve 81 against the
pressure in conduit 77.

The expansion engine {8 may be of the con-
struction shown in the copending Samuel C. Col-
lins application, Ser. No. 665,206, filed April 26,
1946, provided with suitable means for prede-
terminedly lengthening and shortening the pe-
riod of admission, or of the character of the
expansion engine employing cam follower rollers
one or both of which coact with a cam depending
on whether early or late cutoff is desired, which
expansion engine is illustrated and described in
my application, Ser. No. 31,017, filed June 4, 1948.
The engine includes a cylinder 90 having ad-
mission and exhaust valves, not shown, and to
the admission valve of which air under pressure
is admitted from the conduit 10 through a con-

10

The bottom of course 23D is .

25

40

45

60

65

70
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duit 81 with which an “In” surge tank 92 is con-
nected to minimize fluctuations in flow. A dis-
charge or exhaust connection 93 leads from.the
expansion engine to a “Discharge” surge tank
84, which may have associated with it a strainer
to catch any snow that might otherwise attain
o the column while the heat exchangers 24 and
22 were not fully cooled down during the starting
of the apparatus. :

The expansion engine supports on the top of
its cylinder a jacketed liquid oxygen pump 95
of any suitable construction, the liquid oxygen
pump being for example actuated by the ex-
pansion engine piston as is the pump shown in
my last above mentioned application; and it may
be noted that the conduit 81 is connected with
the discharge of the liquid oxyszen pump 85,
while this pump has a suction connection 96
leading to it from a strainer $T which is cooled
or jacketed by liquid air, the jacket herein heing
represented by a coil 98. To the strainer 97 a
conduit {00 leads from the bottom of the column
73, the conduit 100 communicating with the
condenser-unit-enclosing chamber (0f in the
bottom of the column at a point at the desired
Hquid oxygen level in the latter. )

The “Discharge” surge chamber 94 has con-
nected with it a conduit (85 which is connected
t0 o valve structure 108 hereinafter more fully
described, which valve structure includes a pas-
sage or chamber continuously in communication
with the conduit 85, and another chamber con-
nectable through a conduit 189 directly with the
interior of the column at a point spaced an
appropriate distance from the top of the latter.
The valve structure 106, which may be called a
by-pass valve, is adapted to have the two cham-
bers mentioned connected in communication
with each other, and thus to connect the “Dis-
charge” surge chamber 84 in free communica~-
tion with the upper part of the column through
the conduit 188, valve structure {08, and conduit
{68. In the drawing the constant communica-
tion between the conduits 105 and 85 is indicated
by the passage 167, and the communicability of
the passage or chamber {07 with the conduit
{09 is indicated by the valve 108.

The expansion engine {8 is provided, in the
present particular apparatus, with valve gear
adapted to permit the engine to operate with ad-
mission for a relatively short portion of its work-
ing stroke, or with admission for a considerably
longer portion of its working stroke. When cut~
off is relatively late in the working stroke, the
valve stucture 10§ will prevent communication
between the “Discharge’” surge chamber 94 and
the column through the conduit 109; and when
communication between the “Discharge” surge
chamber 24 and the column is effected by the ap-
propriate adjustment of the valve structure 106,
the expansion engine will be operated with ad-
mission for the aforesaid relatively short portion
of its working stroke.

With apparatus having, during low pressure
oxygen production, the temperatures and pres-
sures hereinafter mentioned, the relatively late
cutoff of the expansion engine would theoretically
take place at about 70% of the working stroke;
and during high pressure oxygen produciion the
relatively early cutoff would be at theoretically on
the order of 25% of the working stroke, but these
percentages are only illustrative. For example,
there are two factors which in practice would
tend to eall for later cutoff in both modes of op-
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eration, namely, that it'is desirable in practice to
handle at least a little larger:than the theoretical
mass .of.air to.insure adequate refrigeration, and.
moreover, with. actual .apparatus, the expected
temperatures and pressures are not always at-
tained.

“Various .means can be provided for effecting
the desired changes .in period of admission, as,
for example, with a_cam opened adniission valve
as shown.in the Samuel C. Tollins application

10

‘Serial No. 665,206, the provision 6f:selectively op~ -

. erable cams with different dwells, or cams one
rélatively ddjustdble with respect to “the .other.
See. for.an example Ferguson 2,221,790, patented
Noveniber 19, 1940. Or cam-follower rollers one
orboth .cooperating with a cam depending on
whether early or later cutoff’is desired may be
employed, as in the apparatus:of my expanswn
engine application.

..Only such air will ‘flow through the evaporator-
condenser 69-as.cannot pass through the expan-
sion_engine. .By very.precise design, during ‘50~
pound oxygen production, complete condensation
‘of ‘the fraction..of .air passing through the air
course 63 of .the evaporator-condenser 60 might
conceivably be .effected. 'If more air passes
through. this. course, however, than can be con-
densed . by the refrigeration provided by .evap-
oration.of liquid oxygen-at a pressure on the order
0£f.50.p..s. i.in the course 62 of the evaporator-
condenser..60,. the excess unliquefied air will be
‘condensed in evaporator-condenser 18, :50 .some
excess of air wil] logically be permitted.

The conduit 83, previously mentioned, leads

to-a:pressure control:valve: I i8.which.is adapted &

gs-+explained-below, ‘to-effect reduction -on ‘the
‘oider--6f760 p. s.i.:in"the pressure -0f:the fluid
“(liquid:air) -which flows. through it; and the low
-pressure_side of the pressure reducing.valve: ti0
-4is-connected 'by a.conduit [1i with the jacket
88 for ‘the ~strainer 87; -and  the ;top -of “this
Jacket is; connected by.a-conduit. { {2:with-a:jacket
A13-0f the. liquid oxygen:pump 95, there -beinga
cconduit i (4 leading from the jacket 113:{0:a con-
-nection-115 through which liquid air-may be ad-
mitted to the top of the column 73. e

JThe .column .13 may be .of any.suitable.con-
struction; and is illustrated as of-the convention-
al packed type. It may cbviously assume.various
.forms, and. Saniuel C. Collins has filed during
May 1948 two applications, Serial Nos. 26,395 and
28,870, showing columns which are well adapted

“for the purpose for which the present column is
cemployed.
~ ‘Réferring now to Fig. 2, which shows _a: detail
:6f a valve -of the type adapted to be used in the
position of valve 76 or valve 110, the valve is
_Shown as_comprising a_ two-part-casing -or hous-
‘ing, the lower portion 120 being connected by.any
suitable means with a high-pressure inlet 122 and
low-pressure outlet 124. In the. case of the vdlve
76, the inlet 122 is the conduit 75, and the outlet
124 is conduit. 77. “In. the case of the valve 110,
“inlet 122 is.the conduit 83, and outlet {24 is the
~eonduit ({1. The.lower portion 120 of the casing
"has ‘threaded .engagement with a member 125
“hich provides a valve seat 126 and a valve guide
{28. “The member 125 is ported as shown at 180
“toradmit fluid from the inlet, and is further pro-
vided with -an exit passage 132 to pass fluid to
~the-outlet 124.

A closure member {34 consists of .a plunger
‘having finished guide surfaces or collars 136 and
138 which cooperate with the guide member 128
‘to:Keepithe plunger 134:aligned as it reciprocates
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in valve-opening and -closing movement. The
plunger (34 is provided:with-a conical portion
t40 at its one end which coeperates -with ‘the
seat 126 to cut off communication between inlet
122 .and outlet 124, and mors immediately be-
tween -theinlet ports 139 and the outlet: passage
132.

The upper portion 142 of the housing cooper-
ates with the lower portion 428 to hold a septum
144 tightly clamped between the two portions of
the casing. “The portions 28 and {42 are clamped
together by-any suitable mesans, not shown. "The
septum 144 is secured in fluid-tight relationship
t0-a pressure responsive.device such as the bel-
lows'member-{48. At its opposite end, the bellows
46 is provided with & movable wall 1428 -which has

an gpening 158 through it to receive a stem 152

of plunger 134. 'The movable wall {48 is clamped
hetween the upper-face of guide collar 136 and a
nut 154 which hasthreaded engagement with the

- stem~152. A spring 138 bears at one end against
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-ator-is-adapted to produce oxygen at 50 p. s

-pass valve-{08-is closed.
- gen-is to-be the product, the by-pass valve should
‘be-open and-the engine operated with early cut-

-pansion engine operated with late cutof.

the movable wall 148 and is adjustably restrained
at.its other end by a bearing membper 158, screw .
160 and the combination lock nut and_cap {62.
“The upper. portion {42 of the casing-is pro-
vided with an opening 164 which has threaded
engagement with a fitting ({88 to. which is secured
a conduit {68. The conduit 168 need not be. of
large dimensions because there is no fuid flow
through it. "The function of conduit {§8 is simply
to transmit pressure to the outside of bellows 148.
The pressure referred to is the reference pres-

sure-described .above and.is preferably column

pressure. 'For convenience, the conduit (8§ is
merely tapped into the efilux or nitrogen -outlet

11 at a point as close as may be fsasible to the

column. InFig. 1 the conduit 168 is schematically

indicated by a.conduit 110 for valve 76.and by

conduit. 172 for valve.110.
For the sake of cenvenience, the. space sur-
rounding . the expansion engine connecting . rod

and, the liquid oxygen pump rod may be-con-

nected to-the conduit 78 of the valve 718. This

-connection is.shown schematically by the-conduit
114, ’ :

In the embodiment of the:invention:shown:in

‘Figs. 1¢ and 1b, the-valves are arranged to-main-
tdin g :predetermined pressure differential “be-
tween their upstream -and downstream conduits.
‘To.accomplish that - arrangement, the conduit 158

is connected: for.valve 76,.to conduit 77 by con-*

-dnit A 79’, as shown;-and for valve {8, to conduit
414 by conduit 172/, as shown.

It'has been pointed out'that the oxygen gener-
Jior
at- pressures up 40°2000.p. s. i. During produc-
tion- of '50-pound -oxygen, the expansion engine
operates with relatively late cutoff and the by-
‘When 2000-pound oxy-

off. During starting,-for-the first two hours or
sG-the-by-pass valve-should be open and the ex-
Then
during-the-final period preceding the normal pro-
duction, the .expansion engine should be oper-

-ated with-early cutoff. The by-pass valve should
-he-gliowed -to-remain -open during this further

70.

period. - When the-system becomes ready to pro-
‘duce oxygen-on a suitable basis for an-extended

-period, the_control should provide for operation
.either with-the-by-pass valve open and early cut-
-off or.the by=pass valve closed and iate cutoff,
“depending-upon the‘demands of the loadimposed
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by the shop on the shop line, as explained in
copending joint patent .application Serial No.
122,078, filed October 18, 1949. These functions
of normal operation can be accomplished by a
shop line pressure responsive pilot valve control-
ling the supply of fluid alternatively to mecha-
nism for shifting the position of the by-pass
valve, and to mechanism for making the point of
cutoff later in the expansion engine.

Reference is now made to the valve 10§ and
more particularly to Figs. 3 to 6 inclusive for the
details thereof. This valve shows a lower casing
or body portion 176 which is provided with a
cover 118 secured thereto by any suitable means
such as threaded members {80, The body portion
{16 has a threaded opening 182 to receive a plug
or valve seat member 184. The valve seat mem-
ber 184 has a central passage 186 therethrough
and a plurality of circumferential ports {88. A
seat 190 is provided on the valve seat member 184
and cooperates with the valve disc 108 to cut off
communication between the circumferential
ports 188 and the central passage 186. The valve
seat member 184 has threaded engagement with
a removable spring retainer {92 which has
wrench openings £93. A spring 194 is disposed
in a cup-shaped recess 195 between the spring
retainer 192 and the valve disc {08, as shown.

The conduit 85 of Fig. 1 communicates di-
rectly with an opening {96 in the valve body {7%
(see especially Fig. 4). Opening 186 is constant-
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ly in communication with the chamber 107, which -

in turn is constantly in communication with the
conduit 105 of Fig. 1. A cover plate {98 is re-
movably secured to valve body {76 by means of
threaded members 2080 in order to provide access
to the spring retainer and valve disc assembly.

Valve body 176 is provided with a cylindrical
opening 202 which is from twenty to thirty
thousandths greater in diameter than the di-
ameter of the disc of a valve 204. The valve
204 is provided with a finger portion 266 which
is adapted to engage the valve disc 108 to open
it. A chamber 208 in the cover member {78 is
in constant communication with conduit
through a passage 218. When the valve 204 has
been moved down into position to communicate
conduit 1805 with the column 73 by moving valve
disc 108 away from its seat (see Fig. 5), the
chamber 208 is in communication with a groove
? 212 which forms a chamber for valve 264.

Valve 204 is threadedly engaged by a plunger
or push rod 2{4 which is reciprocable in sleeve
216, secured in any suitable manner in opening

218 in the cover member i18. As is more readily’

seen in Fig. 7, sleeve 216 provides a fluid seal
and protective covering for the plunger or rod
214 of piston 220. The piston 220 is reciprocable

in a cylinder 222 which is subjected to the pres-
sure of a control fluid through a conduit 224 at’

one end and is vented to atmosphere through an
opening 226 at its other end.

Before describing in detail the mode of opera-
tion of the apparatus shown in Fig, 1, it is desired
to point out that the column may normally be
operated with a pressure on the order of 6 or 7
p. 8. i, and in order fto evaporate liquid oxygen
with the latent heat of condensation of air under
pressure in the condenser 18, the pressure of the
air in the condenser should be on the order of
70 p. s. i. Accordingly, the valve 110 is adapted
to open when the pressure in conduit 83 reaches
70 p. s. i, for a reference pressure of 7 p. s. i.
The expansion engine, when working with the
later cutoff, has an expansion through it ab
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least substantially equal to the difference between
158 p. s. i., the pressure in line 70, and the pres-
Thus the expansion engine
provides a pressure drop on the order of 88 p. s. i.
This 88 p. s. i. drop, plus the 70 p. s. i. pressure
previously mentioned, plus the differential in
pressure of about 2 p. s. i. provided by the re-
sistor bi, gives a cumulative pressure of 160
p. s. i.; and that is the pressure at which the
two-stage compressor, not shown, delivers air as
Iong as the reference pressure is 7 p. s. i.- The
reference pressure is substantially identical with
column pressure, so that when the column pres-
sure rises, the pressure which opposes expansion
of the bellows rises, and an increase in the supply
of upstream pressure is necessary to open the
valve or keep it open.

Another valuable function of passing a portion
of the enfering air through the evaporator-
condenser resides in the fact that under varying
conditions, the expansion engine, though it may
normally take a certain percentage of the air
to be processed, may at ftimes take somewhat
larger quantities; by having a substantial stream
of air normally passing through the evaporator-
condenser, there is available, in the event the
expansion engine requires more air by virtue of
fortuitous changes in operating conditions, air
in’the system which can be diverted and sup-
plied to the expansion engine and so enable the
supply pressure to the latter to be maintaine
constant. . :

Operation

" The mode of operation of the described appa-
ratus during the production of oxygen is dif-
ferent, depending upon whether 50-pound oxy-
gen or oxygen suitable for cylinder charging (say
at 2000 p. 5. 1) is being produced. Oxygen at ei-
ther pressure may be delivered. The mode of op-
eration for the production of oxygen at 50 p. s. i.
pressure will be described first, and then the
differences when oxygen at 2000 p. s. i. is to be
the product will be explained. Following this,
a procedure to set the plant in operation will be
described.

‘Alr is supplied continuously, as above noted,
through the conduit 1§ at 300° K. and 160 p. s. i.,
from any suitable compressor. Ordinarily a two-
stage compressor with an after-cooler may be
used as the source of air supply.

The entering air contains water vapor and
carbon dioxide. These are precipitated out of
the air stream by cold supplied by the leaving
streams of oxygen product and nitrogen. The
carbon dioxide is largely deposited in the heat
exchanger 22 upon the walls of the courses 22B
and 22C, and the water vapor, as liquid water
and as ice, in the courses 2iB and 2{C of ex-
changer Z{; and it may be of interest at the
present moment to point out that the liquid
oxygen drawn from the chamber {01 in the col-
umn 12 through conduit (00, the strainer 91,
and conduit 8§, is pumped by the liquid oxygen
pump 985 through the conduit 8i, through the
course 24A of heat exchanger 24, through the
conduit 80, the course 23A of heat exchanger 23,
conduit 18, the oxygen course 62 of the evapo-
rator-condenser 68, the conduit €5, course 22A
of heat exchanger 22, conduit 33, and the course
21A of the heat exchanger 21, and finally is de-
livered at the desired terminal pressure through
the product delivery pipe 25.

As has been previously pointed out, the nitro-
gen leaving the column by way of the connection
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J2Zpassesithrongh:therconduit 11, throuzh: course
‘Z8C:6f heatexchanger:24,: through ‘conduit 68,
‘tirough -course 23D -6f heat sexchanger /23,
hreugh conduitis3, through. one or:the:other: ¢f
the-courses :22B wor 222C "6f ‘heat :exchanger :22,
“through. .one: or ‘therother of :the:conduits 3! ‘or
:32; thraugh one:or.the other.of the:courses 218 or
“21C0f “heat:exchanger 24, through -one. or the
‘other-of. the-conduits - k5..or 18,cand through the

~gscape 13, having passed :through :appropriate :

passage:means-inithe: valve.mechanism 12.
“Thus'it will-be evident that:the streams of oxy-

~gen-and - nitrogen passing ‘through the. hegt:ex-

-thangers 22:and 2{ will'cause the carbon dioxide

“rand-water:vapor to be condensed, or condensed .1:

<and’ frozen, on the-walls of the passages.in:these
rexehangers_through which:the entering-air may
=atrany-given -moment be flowing, -and that liquid
“water will be-evaporated, -and:deposits of: ice’and

<carbon ‘dioxide ' snow “sublimed, mand be ‘carried..

~out, -by “the leaving 'nitrogen .stream, "6f :the

“passages in which:they have been deposited.
CAsportion - ofthe air which is:passed ‘through

‘fheheat:exchangers:2{-and 22:is caused:-to pass

2again through the heat:exchanger:22, through:a 2

“course 22D thereof, as previously explained, flow-
“ing:through-the conduit 52, course 22D, and con-

duit 66 and rejoining the main mass of air -which
spasses, -during :the production of ‘low pressure

coxygen, through ~conduit+67; -and the ‘reunited .

:streams pass through the:conduit 70 and the con-
cduit-91:into the expansion engine to be -expanded
zthereinand to be cooled by the performance of
-work: during .the-adiabatic. expansion: of -the fluid
-in -the - expansion ' engine.
sgonduit 52, course 22D of heat'exchanger 22, and
-conduit-66 -is. caused. by the valve 54, which pro-
‘vides.approximately a 2 pound difference in pres-
.sure at its.opposite.sides.

<At this. point it -may be: noted that, regard-

of the air supplied to the apparatus for treatment
‘therein always passes through the expansion
‘engine {8, and some of the air -always passes
‘through ‘evaporator-coridenser 69, the-quantity
.of "air-passing through “evaporator-condenser "§9
~being determined by’ the cutoff of the expansion
engine. "When the -expansion “engine operates
‘with -early -cutoff, -more ~air necessarily “passes
‘through "evaporator-rondenser -64. During :the

“production -of oxygen at 50-p.-s. i.,-about 12%-6f

“the total mass of entering air passes through-the
“air course 63 -of ‘evaporator<condenser 60 in heat
“exchange relation with the leaving oxygen:prod-
~uct. “When-oxygen at 2000-p. s. i. is-the 'desired

The .flow through :
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-‘product,;-as much-as 60% of-all the air may:pass -

“through 'the -air ‘course .63 of evaporator-con-
‘denser. 60.

"The air which'leaves:the heat exchanger:22 ‘on
sits way-to pass-throtigh - the conduit 67 is.at'a

+temperature -of ‘115° K. and a pressure of 160 .

P. s. 1. gauge. -At the downstream side of the re-
strictor device-51.the pressure-is 158 p. s.'i gauge.
The recirculated air which. . flows through the
~eonduit 66.is at a pressure on the order of 158
. s.1.and a temperature of 180° K. just before. it

“joins the fiuid stream in conduit-67. When: the -

-streams. have been mingled.in the:conduit 19, all

“the:airis-at.a temperature:0f 135°. K..and:a pres- -
:The portion.of the air which -

:sure.of:158:-p. s..1.
-flows :through .the conduit 76.and does work:in
ithe:expansion.engine leaves. the:latter.at:a tem-
sperature of 110° K. and-a:pressure-of 70 p.<s. i.
when 50-pound oxygen. is to-ke produced.

60 .,
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83, -through:course:23C:of: hieat:exchanger.23;and
emerges ab-atemperature-of-105° K. -and:a. pres-
-sure.of 70:p. s.:1.gauge;-and:passes: through -the
~check valver8T: to mix -with Jiquid air which has
“passed :through- valve 16, and-there-is formed-a
-stream:partially:of diguid air-and partially of. ex-
‘panded rair cat-a-temperature ‘of 1100° K. .and:a
pressure of 70 p. s. i. It may be observed that the
~air-from:thre air.course 63: of the evaporator-con-
-denser (60 -emerges-from: heat ‘exchanger 23-and
zenters: the:conduit 75-at-a temperature of 112° K.
“and .a:pressure.of 158 p.-s. “i. -After passing
‘thirough'the expansion valve 'T6:and undergoing
sazdropdnspressure-of:about:88:p. s, i.,- the liquid
wgirviscatthe samer-pressure as the:expanded air
ccoming through -conduit- §8.
“The:mixture-of diquid-air:and expanded-air-at
“atemperature: of:100° -K. rand-a pressure ‘of 70
p. s. i. enters the condenser.coil ‘78 and:is:con-
Jdensed by.reasonofithe-giving up:-of-heat in‘the
“process ‘of wwaporizing toxygen in- the -bottom rof
“the:column. The:ligquid-gdir emerging from:the
~eondenser?l8 s at:a:temperature of 96°-K.:and
“gpressure’of70 p.-s.i.,;and after this-liquid=air
“hias passed through-valve I 0 and-has its-pres-
-sure i reduced :by ~approximately <60 p.-s. -i.,-the
liquid:air: will-besat-a temperature of 83° K.zand
Lacpressuresofi9-p. .s.i.
" Following:the: jacketingof the oxygen strainer
-9T:and the:ligiid-oxygen nump:95;the: still Yiquid

sairwill.enter the top of the column at.a tempera-

ture:of:83°:K.sand:a pressure of 7-p:-s. i, and it

swillihesrectified:therein so: thatsubstanually pure

exygen (99.59 pure;at:least):can:be drawnfrom
ansappropriatepoint in-the evaporatorscondenser
~arvanged in thelbottom of ;the-column:-gt-a-tem-
‘perature 695K -and a pressure.of 7-p.s:1. ' This
liguid oxygen will flow rthrough -the :strainer
#81,vconduit 88, “the liquid-oxygen ~pump: 95, the
conduit<8i,:and-the central:courses, in:series, of
fheat:excha;nger 224, heat exchanger 23, evapora-
“tor<coridenser:60, heat exchanger:22,: and heat
‘exChanger2f,-and emerge, When:50-pound OXy-
‘gen s being-produced, inthe form.of gaseous
~oxygen-at the-mouth-of the:product:pipe: 25.
“When-oxygen “for ‘cylinder - ¢harging “is to’ be
“produced;-the-valve structure +86- will:be operated,
a8 described-in-‘detail below, to-connect the con-
‘duits +05-and 199, and the-expanded ‘air leaving
“the-expansion: engine-will then-pass through“the
-couduit*+05; the-valve structure* {06, and thecon-
“duit-t89 into the column, and-the-pressure of the
“air in“the conduit 185 will*be. reduced ‘substan-
tially-to that within the.column; accordingly; no

~moreexpanded air will be discharged through the

“chieck ‘valve 87, because: this ‘valve will be held
‘closed by the pressure, on the:order of 70 p. 5.7i.,
‘which subsists in the conduit 17,

At 'the time:the valve structure {06 is operated
“to.permit the exhaust from the expansion engine
-to .pass substantidlly directly into the column
“through the.conduit 109, the point.of cutoff.of the

- expansion..engine .- 18 . will be .changed to make.it

much earlier in the.working.stroke-as aforesaid.
Since the speed of:the:expansion engine remains
~unaltered, much less—roughly: half:as much~—air
can;go.through .the:.expansion engine.  .Conse-

~quently,.the air-which-.eannet flow through the

-This-expanded:air pesses.through'the.conduit . ..

conduif 67 and be passed through the: expansion

-engine will of necessity. go.through.the air course:

.63.0f evaporator-condenser.§8, and, having passed
through courss.23B of heat exchanger 23, this now
smueh larger-mass.of air, perhaps 60% of the total

=mass, will;pass-dhrough . valve .16 ~and:enter .the
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condenser coil 18 of the evaporator-condenser
at the bottom of the column 73 and be liquefied
therein. This larger volume could not be lique-
fied in the evaporator-condenser 60 and the heat
exchanger 23 because the oxysen product, now
at 2 much higher pressure, cannot be vaporized
at the condensation temperature for air at 158
p.s. i

The reduced volume of liquid air from con-
denser coil 78 will pass through the heat ex-
changer 24 by way of course 24B and next pass
through conduit 83 and valve 110 and then, after
jacketing the sirainer §1 and the liguid oxygen
pump 95, will be passed into the top of the column
for rectification. A much smaller percentage of
the total oxygen content of the air entering the
apparatus will be delivered during the production
of 2000~-pound oxygen than during the production
of 50-pound oxygen. :

In starting up the apparatus, the valve 108 will
be open and for s considerable period, on the
order of two hours, the expansion engine will be
operated with the relatively late cutofl. This will
mean that most of the air will pass through the
expansion engine, a desirable thing at this time
pecause there would be no oxygen to effect con-
densation of air in evaporator-condenser 80.
About 12% of the entering air will flow through
the evaporator-condenser 60, heat exchanger 23,
valve 16, condensing unit 18, exchanger 24, con-
duit 83, and through valve #18 through the jacket
for the oxygen strainer 97, the jacket 113 for the
liquid oxygen pump 95, and then through the
conduit 114 and connection {i5 into the top of
the column 73. During a considerable portion of
the starting operation—the cooling down period—
this air will simply flow out through the conduit
11, ete. and be discharged.

The relatively large amount, about 88%, of the
air which passes through the expansion engine
I8 will pass into the column through the conduit
109, and it too will discharge through the conduit
1i to the atmosphere. As the unit cools down, a
little liquid will commence to form, and as soon
as this stage is reached, the expansion engine will
be shifted to early cutoff, thus increasing the re-
frigeration, and for another period, perhaps an
hour, the exhaust from the expansion engine will
still continue to be discharged through the con-

nection 109 into the column, When the liquid ,

finally builds up high enough so that oxygen can
pe drawn through the conduit {00, the apparatus
will be all ready to go to 2000-pound oxygen pro-
duction; or, by closing the valve 108 and making
the point of cutoff in the expansion engine much
later, 50-pound oxygen can be produced. It will
be noted that during the later stages of the cool-
ing down operations, the by-pass valve {98 will
still be open and the expansion engine will be
working with an early cutoff, and that when the
liquid level in the column reaches the overflow
point, the machine will be ready to fill cylinders;
but if 50-pound oxygen is desired, the by-pass
valve can be closed and the cams arranged in the
expansion engine for late cutoff.

Certain points not previously mentioned, or per-
haps deserving reemphasizing, may be noted now
with respect to the embodiment of the invention,
from its apparatus aspect, which has so far been
described.

As a portion—a minimum of about 12%—of the
entering air always passes during normal opera-
tion through the evaporator-condenser 60 in heat
exchange relation with the fluid flowing through
the oxygen product line, there will always, as socon
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as soon as low enough temperatures are attained,
be some liquid passing into the top of the column.

During the cooling down period, and also when
oxygen af 2000 p. s. i. is the desired product, the
expanded air may enter the column through the
valve controlled connection 189 at a point perhaps
three-quarters of the way up the column, instead
of having to pass around through heat exchanger
22, the conduit 86 and the check valve 8§7. Indeed,
1o air can then pass through the circuit last men-
ioned, because the air in the conduit 77 will be at
3 pressure so much greater than the pressure in
conduii 88, as to maintain the check valve closed.

During the production of 50-pound oxygen,
the main flow of expanded air (about 88%)
passes intc the top of course 23C of heat ex-
changer 23 and passes down through this heat
exchanger in heat exchange relation both with
liquid oxysen produced in the system and with
the leaving nitrogen stream. The expanded air,
at 105° X, and 70 p. s. i. pressure—the same pres-
sure as ab release from the expansion engine—
then passes through the one-way check valve 81
and enters the condenser unit 78 in the bottom
of the column, where it is condensed, its latent
heat of condensation serving to evaporate liguid
oxygen at a lower pressure in the bottom of the
column.

The liguefied air goes into the bottom of heat
exchanger 24 and gives up some of its heat to
the nitrozen and to the liquid oxygen which also
flow through exchanger 24, and then passes
through valve 118, where there is a reduction in
pressure on the order of 60 p. s. i, this resulting in
a further cooling of the liquid air and some
vaporization. After passing around the liquid
oxyegen filter which it jackets, the liquid air is
used, as will be recalled, to jacket the liquid oxy-
gen pump also, and it then enters the top of the
column at a temperature of 83° K. and at a pres-
sure of 7 p. s.i. gauge.

The process of rectification in the column re-
sults in there being available liquid oxygen in
the evaporator-condenser ab the boitom of the
column, specifically in the chamber {01 surround-~
ing the condenser unit I8, at a temperature of
about 95° K. and a pressure of 7 p. s. i, while
nitrogen, with a single column rectifier, contain-
ing from 7 to 10% oxygen, and at a temperature
of 83° K. and a pressure of 7 p. s. i., passes out
through the top of the column. The liguid oxy-
gen is filtered as it passes to the liquid- oxy-
gen pump and is forced by the latter at a pres-
sure commensurate with the desired product
pressure suceessively through heat exchanger 24,
heat exechanger 23, evaporator-condenser 68, heat
exchanger 22, and heat exchanger 21 to the point
of product delivery, absorbing from the entering
air stream the heat necessary to vaporize it, when
50-pound oxygen is being produced, while pass-
ing through evaporator-condenser 60, and the
absorbed heat resulting in a change of state of
the entering air from gaseocus to liquid form.

When 2000-pound oxygen is being produced,
the liquid oxygen cannot be evaporated in the
svaporator-condenser §8 and so there is simply
a temperature increase of a few degrees in the
oxygen passing through evaporator-condenser §0,
the evaporator-condenser §6 then operating sim-
ply as a heai exchanger. Nevertheless, when

- oxygen ab 2000 p. s. i. pressure reaches the cyl-

76

inders to which product line 25 may be connected,
this oxygen is in a vapor state. '
It has been pointed-out that valves 76 and ({0
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‘are pressure control valves, being adapted to
maintain a given upstream or supply pressure at
a given reference pressure. As is readily seen
in Fig. 2, the upstream or supply pressure cperates
on the inside of the bellows, opposing the spring
156 and tending to open the valve. ‘The reference
pressure applies to the cutside of the bellows and
opposes opening of the valve. Tt can thus be
seen that a predetermined differential of the up-
“stream or supply pressure over the reference pres-
sure is required, in order to open the valve, Valve
16 is thus entirely indifferent to the pressure on
‘its downstream side. Therefore, so0 long as the
‘upstream pressure on valve 7§ does not change,

"its downstream pressure and the pressure redue-

tion across valve 76 are wholly determined by the
“operation of valve {10, and the operation of valve
1480 depends on its spring setting and column
pressure.

Inasmuch as the supply or upstream pressures
desired in the conduits 75 and 82 are not identical,
it may be pointed out here that the different
valve-opening pressures may be Pprovided for by
using different sized springs for the two different
valves where the spring 156 is indicated in Fie.
2. It is desirable that the upstream or supply

pressure be regulated according to column pres-

sure, because an increased column pressure will
result in an increased boiling point for the oxy~
gen in the lower end 8¢ of the column, neces-
sitating a greater pressure in the coil 8, in order
that air may be condensed at the now increased
pressure of vaporizing oxygen. This increased
pressure in coil 18 is provided by subjecting the
outside of the bellows of valve 148 to the column
pressure by means of the pressure conduit 472
which taps into the nitrogen line at a point close
enough to the column #o give a reference pres-
sure substantially identical with column pres-
sure.

With the upstream pressure on valve 110 in-
creased, in order to increase the pressure in coil
18, it is also desirable to increase the upstream
pressure on valve 16, in order to maintain ap-
proximately constant the pressure drop through
valve T8. This effect is obtained by subjecting
the outside of the bellows of valve 76 to column
pressure by means of the pressure conduit (78.

During the preduction of 50-pound oxygen,
the portion of the air that splits off the main
stream in the heagder of evaporator-condenser
§0—an amount which may ke 12% of the whole
during normal 59-pound 0Xygen production—is
largely condensed in evaporator-condenser §0
and any excess that may pass through the evap-
orator-condenser 68 without liquefaction will be
liguefied in the evaporator coil 18. .

I 2000-pound oxvgen is the product, no ex-
panded air enters the evaporator-condenser 18
with the air going by way of exchanger 23 from
the evaporator-condenser 69, as the low pressure
of the expanded air—this air has been expanded
through a much greater range of expansion when
the expander is working with early cutoff—will
not permit it to effect opening of the check valve
87. Notie that the exhaust from the expansion
engine communicates freely through the conduit
188 with the column at this time. ‘The larger
quantity of air going through the evaporator-
condenser 88 and heat exchanger 23 and entering
the condenser 8, even though little of it may have
been condensed before the arrival at the cone
denser 18, is at a pressure of 70 p. s. i, which pres-
sure Is high enough to permit condensation of the
air by the vaporization of oxygen at 7'p. s. i’ in
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chamber 101. The total quantity of oxygen pro-
duced when 2000-pound oxygen is being suppiied
will be proportionately much less than when 50-
pound oxygen is the end product.

Roughly, during cylinder charging (2000~
bound production) 40% of the air goes through
the expansion engine and directly into the coi-
umn, while the other 60% fotlows the course nox-
mally taken during 50-pound oxysgen production
by but 12% of the air supply to the sppafhius.
This change in the air flow distribusion is due to
the much earlier cutoff which oceurs during 2000~
bound oxygen production. It will be understood
that the expansion engine operates at a prede~
termined speed, that the quantity of fluid which
can pass through it is accordingly determined by
the point of cutoff, and tuiat, accordingly, with
late cutoff, a much larger percentage of the total
entering air stream can pass through the expan-
sion engine than when cutoff is made early.

The detailed operation of the bypass valve of
Figs. 4 through 7 may now be briefly reviewed.
When fluid is admitted to cylinder 233 by way of
conduit 224 in accordance with system require-
ments as explained in copending patent appiica-
tion Serial No. 122,078, filed Octoper 15, 1949, and
assigned to the assignee of this invention, piston
220 and rod 214 move downward as seen in Fig. 7,
and protruding finger 266 moves the vaive dise 168
off its seat, allowing fluid pressure from the cham-
ber {07 to pass into the groove or chamber 2 12,

It will be noted that fiuid at the pressure ob-
taining in conduit 105 is admitted to chamber
212 before valve 204 clears the cylindrical open-~
ing 202. Air starting to flow from chamber {671
through the central passage 185 will -act on the
relatively large valve member 284 and deiay its
downward movement sufficiently to prevent a
blast of expanded air entering column 73 by way

-of chamber 208, passage 248 and conduit 169 with

such force as to damage the column. In a very
brief time the valve 204 will take the position

shown in Fig. 5, in which position the valve i#8

is completely open and permits free cominunica-
tion between conduit 105 and the column by way
of circumferential ports 188, ceniral passage 184,
groove or chamber 212, cylindrical opening 292,
-chamber 208, passage 240; and conduit 123 into
the -column 73.

The foregoing deseription of the operation has
‘been based -on valves 76 and {i6 arranged to be
partially responsive to columan bressure, as shown
in Fig. 1. Consider now the embodiment shown
in Pigs. 1 and 1b, in which valves 18 and {18 are
fixed-pressure-drop pressure reducing valves, one
Yo effect 4 pressure reduction between its up-and
‘downstream sides of €8 p. 5. i. and the other of
60 p. s. i. ‘The characteristic of these valves is
that they provide a fixed difference in pressure
between their up-and downstream sides. Unless
it is ‘possible to have such g differential in pres-
sure, no fluid will flow past them. If the down-
stream pressure, say of the valve £449, 1s predeter-
mined by the column pressure, then no pressure
can flow thirough the valive i19 unless the pressure
at its upstream side is at least equal to the col-
umn pressute plus the differential provided by the
valve 110. And since the valve {18 will permit no
flow past it until the 60 p. s. 1. differential men-
tioned exists between the column pressure and
the pressure at the upstream side of the valve
110, no fluid can be discharged past the valve 15
unless and until the pressure at its upstream side
exceeds (by its pressure differential, 88 p. 5.1
the required pressure of 7 (eolumn pressure) and

.
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60 (pressure reducing valve [10’s differential).
The restrictor 5{ adds 2 more p. s. i. to the accu-
mulative pressure resulting from the addition of
7 p. 8. i. plus 60 p. 5. i. plus 88 p. s. i., and accord-
ingly the compressor supplying air to the oxygen
generator will discharge against a fixed minimum
of pressure. More or less air can pass through
the senerator, but regardless of the quantity—
there will be relatively little fluctuation with a
compressor designed for use with the genera-
tor—the supply pressure will be maintained at
on the order of 160 p. s. i., which allows about 3
p. s. i. for losses due to friction throughout the
system.

The inventions disclosed herein are shown as
applied to a single column rectifier. The appli-
cation of these inventions to a double column rec-
tifier may be understood by reference to the
aforesaid patent application Serial No. 122,077
filed October 18, 1949,

The advantages of this invention lie in the pro-
vision of apparatus to produce oxygen or cther
gases which is self-regulating and well adapted
to meet varying demands. The system provides
for automatic operation with a great degree of
flexibility, and assures that variations in column
pressure will effect desired changes in the pres-
sure of compressed air supplied to the system.

While there are in this application specifically
described two forms which the invention may,
from its system aspect, assume in practice, it will
be understood that these forms of the same ave
shown for purposes of illustration, and that the
invention, from the system aspect, may be modi-
fied and embodied in various other forms without
departing from its spirit or the scope of the ap-
pended claims.

Iclaim: -

1. In apparatus for producing substantially
pure oxygen from compressed air, a rectifier col-
umn, a waste gas conduit, 2 connection for the
waste gas conduit to the ecolumn, the connection
being at column pressure, an expansion engine,
a conduit connected to supply compressed air to
the expansion engine, a pressure responsive ex-
pansion valve, a conduit connected to supply
compressed air to the valve, an evaporator-con-
denser in the column, a conduit connected to con-
duct expanded air from. the engine to the evap-
orator-condenser, a conduit connected to con-
duct expanded air from the valve to the evapo-
rator-condenser, a second pressure responsive ex-
pansion valve, g conduit connected to conduct air
from the evaporator-condenser to said second

valve, 2 conduit connected to conduct air from

the second valve to the column, and a pressure
connection from each of the expansion valves to
the waste gas conduit whereby the valves are re-
sponsive to the pressure in the waste gas conduit.

9. The apparatus of claim 1, in which the con-
nections to the waste gas conduit are adjacent
its connection to the column.

3. In apparatus for producing substantially
pure oxygen from compressed air, a rectifier col-
umn, an expansion engine, an expansion valve
having a pressure responsive member connected
to actuate a closure member and arranged to be
biased toward its open position by upstream pres-
sure, means to conduct compressed air to the
engine and expansion valve simultaneously, an
evaporator-condenser in the column, means to
‘conduct expanded sir from the engine to the
evaporator-condenser, means to conduct expand-
ed air from the valve to the evaporator-condenser,
a second expansion valve having a pressure re-
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sponsive member connected to actuate a closure
member and arranged to be biased toward its
open position by upstream pressure, means to
conduct air from the evaporator-condenser to the
second valve, means to conduct expanded air
from the second valve to the column for recti-
fication, and a pressure conduit from a predeter-
mined point in the apparatus to that side of the
pressure responsive member of each valve oppo-
site the side exposed to upstream pressure, where-
by the pressure at that point opposes opening of
the valve. i

4. In the apparatus of claim 3, means alter-
natively to conduct expanded air from the ex-
pansion engine to the column by by-passing the
evaporator-condenser.

5. The apparatus of claim 4, in which the pre-
determined point of claim 3 is substantially at
column pressure.

6. The apparatus of claim 3, in which the pre-
determined point is substantially at column pres-
sure.

7. In oxygen production apparatus having a
compressed air source, a rectifier column, an
evaporator-condenser in the column, an expan-
sion engine connected to receive air from the
compressed air source and having an exhaust
connection into the evaporafor-condenser: a by~
pass valve comprising a casing having an outlet
connection to the column and including a pas-
sage forming a part of said engine exhaust con-
nection to the evaporator-condenser, passage
means arranged to connect the engine exhaust
with the column, a valve in the passage means
adapted to close the passage against fluid flow,
means to open the valve, and pressure responsive
means associated with the valve opening means
and exposed upon valve opening to engine ex-
haust pressure and connected to delay complete
opening of the valve.

8. In oxygen production apparatus having a
compressed air supply source and a column, &
pair of expansion valves arranged in series be-
tween the air supply source and the colurnm, each
valve having a pressure responsive closure opera-
tor which is arranged to be biased toward valve-
opening position by upstream pressure, and a
pressure conduit substantially at column pressure
connected to each valve to oppose the upstream
pressure.

9. In oxygen production apparatus having a
compressed air supply source and a column, &
pair of expansion valves arranged in series be-
tween the air supply source and the column, each
valve having a bellows operated closure member
in which one side of the bellows is subjected to
upstream pressure and is arranged to have up-
stream pressure bias the bellows toward valve
opening position, and a conduit substantially at
column pressure connected to the valve to sub-
ject the opposite side of the bellows to column
pressure. )

10. Tn oxygen production apparatus having a
compressed air source, a rectifier column, an
evaporator-condenser in the column, an expan-
sion engine connected to receive air from the
compressed air. source and having an exhaust
connection into the evaporator-condenser: a by-
pass valve comprising a casing having an outlet
connection to the column and including a pas-
sage forming a part of said engine exhaust con-
nection to the evaporator-condenser and passage
means arranged to connect the engine exhaust
with the column, the passage means including a
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valve seat member having a passage therethrough
and a cylindrical opening, g valve cooperable with
the valve seat member and movable to open and
close the passage against fluid flow, means to
open the valve, and a member associated with the 5
valve opening means and being reciprocable in
the cylindrical opening, the last-named member
being exposed to engine exhaust pressure upon
opening of the valve and being connected with
the valve to delay complete opening thereof up- 19
on initial exposure to the engine exhaust pressure,
WIN W. PAGET.
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