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To all whom it may concern:, : .
Be it known that T. Jaxes F. T’rACE, a citl-
zen of the United States, and a resident of

of New j:crse_v. have invented certain new
and useful Tmprovements in Mechanism for
Liquefving -Air and Separating Same into
its Constituent Gases. Oxygen and Nifrogen,

My inveution relates to improvements in
apparatus or mechanism for liquefying at-
mospheric air, and also for separating such
liguid air into its constituent gases, oxygen:
and nitrogen. or c¢ommercial oxygen and
conmercial nitrogeu, oo .

The object of my invention is to reduce the
cost of (he production of Jiquid air, and ‘also:
to reduce the cost of separating such liguid
air into such cominercial gases, and to make

aration of such colnmercia) gases is obtained;
a continuous-opetation:.. & 2L o0

In order that those skilled in the art may
understand and make use of my invention,
will describe it Ly the aid of the accowmpany-.
ing drawings, in which,” " .=
" Figure 1 is'a view in vertical section of
practically the complete apparatus. Fig. 2
18 2 view partly in vertical section, and on a
larger scale, of the liquid air vaporizing ves-

vessel, and liquid aiv rescrvoir, showing the
automatic valves for filling the oxygen tank
froni the liquid air vaporizing vessel, after
the nitrogen liquid has been separated from
the liquid air by fractional distillation; and

from the reservoir, and re-charging the lig-
uiid air vaporizing vessel.  Fig. 3 is a trans-
verse seetional view of the expansion engine
eylinder on the line » x of Fig. 1, not show- .
ing piston. . .

Similar referciice warks refer to similar
pirts throughout the several drawings.

The nmeral 1 represents a suitable inclo-.
sure or case, which incloses the various parts
preferably in a vacumn space 2; this is for
the purpose of iusulating such parts from
the novmal heat of the atmosphere, 2" being
an air tight covering ‘to maintain said

At 3 in Fig. 1, I show a reciprocating air-
expansion engine. This engine should Le

and 4’, and also with snitable exhaust valves
5 and 5’,—all -operated by suitable valve

ear. In. combination with this engine I

ave a counter-current heat interchanger,
which comprises one high-pressure incoming
conduit, or feed pqu 7 (which supplies -the
engine with “live” air, and which is fed
from an outside compressor, or- source of
compressed air supply which has had the
heat of compression 'and moisture removed
therefrom by the:mechanidm shown in niy
U. 8. Patent No. 711,525, or some other suit-
able and effective means), and two low-pres-
sure -outgoing ‘conduits or’ pipes, 8 and 9,
which carry-outside the apparatus, one (9)
the rich nitrogen and the other (8) the rich
‘the liguid* air“in ‘and by “the apparitus as
hereinafter described. The pipes or con-
duitd comprising this interchanger, should be
of‘considerdblelenath aid located or fixed in
longitudinal juxtaposition with each other;
‘the preferred copstruction is shown, one tube -
cinside of ailother, and . these two inclosed by
a third —the whole thoroughly insulated
“from “the heat” of=its environments by the
vacuiim space 2, and-the dead air space filled
with packings 10 of relatively low heat-con-
ductivity, preferably inclosed or surrounded
by the outer protecting case 11. -

At 12 I sliow an exhaust chamber, which
receives the expanded cold exhaust air-from
the engine as delivered from the exhaust

valves 5 and 5. The eéxhaust chaniber is
-connected with and delivers to the condens--
-ing. conduit -or pipe- 13, which is preferably
in form of a helical coil and has an extension

is provided with a pressuve-releasing. .ar.
check valve 14, . :
At 15 I have a liquid air or nitrogen va-
porizing vessel ér receptacle, in which is lo-
cated the helical condensing coil 13, said va-

| porizing vessel having preferably a-down-

wardly - projecting part 14’, of about one-
fifth the size of the whole vessel; and at 16
1 show an oxygen tank, or liquid oxygen va-
orizing vessei!; which is located preferably
elow the vaporizing vessel 15, and in which
is located the extension helical condensing .
coil 187, : : :
At 17 is shown a liquid air reservoir, or
receptacle for receiving and holding the liq-

provided with suitable.cut-off valyes, as at 4

wid air as it condenses from the cold exhaust
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.oxygen gases; which have been distilled from ..
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or cotinuation 13°, and at its delivery end

95.

100

105




2

air in the pipes 13 or 13" and is delivered
through'the valve 14. This reservoir is pref-
erably made of somewhat larger cupacity
than the liquid air vaporizing vessel 15; and

5 it is connected with the vaporizing vessel 15
Ly a tube 18 which tube is open at its deliv-
ery or upper end to the upper part inside of
‘the vessel 15, so that any liquid air in the
vessel 15 caunot run down the tube; and the

10 Jower end of this tube (18) is extended
downwardly as shown, into the reservoir 17,

at 18° to near the bottom of said reservoir,

so that no gas can pass up the tube so long

as the liquid air therein is sufficient to se;ﬁ

15 or cover the lower end or mouth of the tube.

At 19 is shown a branch pipe, connecting
the upper part inside the reservoir 17 with
the tube 18 (outside the reservoir) through
‘the valve 20, the operation of which will be

20 explained farther on. -

At 21 I show what I call'my liquid air
.overflow pipe, for it serves as an outlet from
‘the to o? tﬂg liquid air vaporizing vessel 15,

. and allows any overflow or surplus of liquid
25 air which may be delivered to said vaporiz-
. mﬁl vessel to pass.into the pipe 21, from
- which'it may be drawn off through the out-
_ side delivery cock 22; this overflow pipe is
_ preferably made .in form of a helical coil
30 (21"), so as to give it considerable length,
-~ and theréby niot only make it of larger hold-
ing capacity, but preveit the heat from be-.
-ing conducted from outside . the apparatus
into the vessel 15. . - . v
35  The-piston rod 23 of the expansion’ engine
(8) is connected with a connecting rod and
*_crank, outside the .apparatus, in the usual
" "way, and .the power of the engine may be
. usetf in hielping to compress.the air used in
40_running the engine, or utilized in any other
- manner. The engine $:fixed to 'the frame
- 24, and by the use of the long sleeve 25
around -the piston rod, and of the strength-.
ening ribs 26, the sectional area of conduct-
45 ing material for heat to pass in to the appa-
- ratus from its environments-is reduced to the
. minimum. The liquid ox{gen vaporizing
tank 16 is connected with the liquid air va-
 porizing vessel 15, through the valve 27,
50 which is operated automatically as herein-
after described.” This oxygen vaporizin
tank (16).has an oxygen vapor pipe 8’ which
passes around the engine and is connected.
with and delivers, -preferably, to the inner
65 low-pressure pipe 8 of the counter-current
interchanger. '.Fhe,liqu,id air distilling ves-
sel (15) is connected with-or is open to the
passage ¢8 around the engine, preferably as
shown in Figs. 1 and 3, which passage de-
¢0 livers to the outer low-pressure conduit 9 of
the interchanger. - It will thus be seen that
all the cold gases or vapors distilled, fram
the liquid air charge in the liquid air vapor-
jzing vessel 15, as well as all the oxygen
% gases or cold vapors from the. Fquid aas

© 978,

‘off the rod

9356

charge in the oxygen vaporizing tank 16,
are passed out first around the engine, and
then through the interchanger in a counter-
current to fhe incoming compressed air-sup-
plied te the engine thirough the high-pres-
sure or middle annular conduit 7 of the in-
terchanger; in this way the normal heat of
the compressed air in the supply pipe 7 is
absorbed to the outgoing cos.(k commercial
nitrogen i conduit 9 and to the outgoing
cold commerdial oxygen in pipe 8, so that
the initial temperature of the compressed aiv
supplied to the engine is practically at the

70

75

temperature of liquefaction, or so low that &

considerable portion becomes li uefied as it
is expanded and the heat of suc expanded
air is converted into work in the engine, and

80

such liquid air is delivered*to the exhaust

chamber 12, and thence passes down by grav-
ity into the coils 13 and 13* and out through
the pressure-releasing valve 14 into the res-
ervolr 17. - o "

Valve 27 is operated by a float 30 (Fig. 2),
which slips up ‘'and down on the rod 31 fixed
to the valve, but is prevented from getting
}Jy the cross bar 31°. At 32 1
have a socket or casing to hold the valve 27

iin place, and connected with this is the tube

33 which ‘opens to the upper part (see Fig.
9) of the reservoir 17, so that any pressure
in the reservoir 17 will act on the valve 27
and thereby close it. The float 30 will also
close the ‘opening 34, when all the liquid

85

90
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gas runs out of the vessel*15”; and ‘this float -

will hold the valve closed by  pressure
against the. cross bar 31°, ‘whentver the
liguid in the vessel 15 is at or above this
cross bar. : - :
In the preferred location of ;valve 27 as
shown in Fig. 2 the opening 34 is connected
through pipe 34’ and the ports 32’ with the
oxygen vessel 16. In this way when the
valve 27 drops by gravity the tube 34" ‘and
vessel 16 are connected through the open
ports 32’; and any liquid in the vessel 16
seals the ports 327 so_that the vapor there-

100
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from or vaporized liquid rich in oxygen, .

cannot pass into the vessel 154 throngh the
tube 34’ but must pass up into the pipe 8'.
The -valve 20 in the reservoir.17 is alzo au-
tomatically operated;  whenever the reser-
voir (17) is full of liquid. the float 36 which
slides up and down oun the valve rod 37,
presses the valve to its seal; this caiises a
pressure to generate in the reservoir, and the
valve (20) 1s held to its seat until all the
liquid-is forced wp-through the pipes 18" and
18. As the liguid air level falls in the reser-

“voir the float {36) falls also.and when practi-

cally all the liqquid is ant, the {lat (36) en-
gages the Ing 38, and pulls (he valve open;
its own weight keeps it open while the reser-
vaoir is heing {illed.

T aware that attempts have heen neulo
to sepavate atmospheric air into Ats con-

115

120
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stituent gases;-but such attempts have been
usually confined to partially separating one
gas. from the other gas, whilc both are in the
gaseous state, or else partially separating

s the gases during a continuous digliflation
and a continuous condensation—the vapori-
zation of nitrogen and of oxygen going on
both at the same time. ' In my apparatus, as
- preferably constructed, separate and suc-
‘10 cessive charges of liquid air are distilled,
separately, distinct as to time and quantity ;
- and ‘when the nitrogen of each charge is
nearly-distilled, the remaining liquid (which
is practically liquid oxygen) of such charge
"15-is entirely removed or delivered by itself
- automstically inte another and separate dis-
- tilling receptacle, where it is vaporized by
- -i'tselfgnnd tﬁe nearly pure oxygen gas there-
-, from (‘br'{w‘haﬁ is known as comhmercial oxy-
jo:g{‘eﬁx);, 1s conducted into a separate conduit.
.The vaporizition of the nitrog’enwfrom the
Jiquid. air charge in the first instance, and
of -the liquid oxygen or remaindet of the

- charge in the second instance, are both ef-
25 fected by utilizing the lateiit heat of con-
-~ 'depsation of expanded air (but air at a
higher pressure than the liquid charges) in

‘a submerged condensing conduit or surface

- - condenser, and causing such heatto be taken
80 -up ‘as the latent heat of vaporization of the
... liquid air or liquid oxygen charges succes-’
sively, thereby: subjecting these. liquid
.- charges ‘successively to fractional distilla-
" tion, +The heat of.the incoming compressed
95. air is'absorbed by the outgoing cold vapors
" - (both mitrogen and oxygen) by the well-
kmown Siemens heat interchanger, in this
case such interchanger being made with one

.. - incoming high-pressure pipe and two low-
.40 pressure outgoing pipes.
" -Ordinarily an initial charge of liquid air
may be provided in the distilling vessel 15,

by passing it through the conduit 9; by use

of tll’xe expansion’ engine} however, the appa-

45 ratus may be madé to produce its own ini-
tial charges of liquid air. and also to
.counteract any losses which may result from |

. imperfect insulation, arid to recover a good
-part of the power required to compress the

50 air used. This engine is practically an air-
liquefying engine, for T locate it befween the
interchanger and the liquid air vaporizing
“vessel (15), so that the engine takes the com-
1[;ressed air from the interchanger and éx-

55 hausts into the condenser ot submerged con-
densing conduit, which ‘is lecated in or
passes through hoth the successive liquid
air charges in the liquid air vaporizing ves-

sel (15) and the successive liquid oxygen

60 charges in the liquid oxygen vaporizing re-
ceptacle (16). Tn this way the compressed
air in the high-pressure conduit of the inter-
changer is practically cooled to the liquefy-.
ing point hefore being expanded and made
35 to do'work in the engine, which feature in- i

‘surplus as produced, so thiat a uniform

.supplied to the annular condiiit (7) out-

8

sures liquefaction of the maximum amount -
in the engine; and the loss of heat converted
into work cools the unliquefied remainder to
the point of liquefaction before being sub-
jected to the cooling action of the liquid
charges. '
In this class of machines for the sepa-
ration of the gases by fractional distilla-
tion, any heat received by the liquid air or
liquid oxygen charges from any other source
than the latent heat of condensation of the
compressed air supplied to the apparatus
will cause a_gradual diminution in quantity
of the liquid air charge, and a “running
down” of the machine. Cooling the com-
pressed air before it enters the interchanger.
as has been attempted in some cases, will not
prevent this; but liquefaction of a pertion
of ‘the compressed air, by conversien of- its
heat into external work by the engine, is
a clear. gain, and will effectually counteract
such a result. In fact, the operation, with
my apparatus as herein shown, will he con-
tinuous, and with ordinarily good insula-
tion from outside heat a surplus of the 90
liquid air will be produced over and above -
the amount evaporated in the vaporizing
vessels, Provision is made, as wilrbe no-
ticed, for withdrawing from the system such

70

75
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85

95
charge will at all times be delivered to the

_vaporizing vessel (15). and thus successively

uniform_charges of liquid oxygen” will be
delivered to the oxygen. vaporizing. tarl
(18) during the operation. ... P
The operation of the apparatus is as fol-
lowss: Compressed air fromn somre outside.
source from which the moisture jand the
heat of .compression have been removed, is

100

105
side the apparatus (see Fig. 1). This passes
down through the heat interchanger to the
cut-off valve chamber (40) of the engine and
is delivered to the engine through the cut-off
valves 4 and 47, and starts the engine, which’
is made to do scme outside work; as the air
is expanded in the engine, its temperature.
falls according to the amount of work done,
and is ‘then delivered from the exhaust
chamber 12 to the condenser 13 and 137, and
passes thence to-the reservoir 17 throygh the
valve 14, which.is set to open at a trifle Jess
presgure than that of the exhaust or expand-
ed ‘air from the engine; thence it passes

110

115

through the valve 20, and pipe 18 to the 120

liquid air vaporizing vessel 15 and into the
passage 28 around the engine, which con-
nects with the outgoing outer conduit 9 of
the interchanger. This expanded air being
about 200 degrees colder than the first in:
take of incoming compressed air in the con:
duit 7, quickly absorbs the heat from such

125

-compressed air, so that,the next following

charges delivered to the engine are scon so =
cold that the temperature of the expanded 130




10

1

5

A

charges in the engine fall below the conden-
sation point, and are partially liquefied.

This liquefied air drops by gravity from the |

exhaust chamber (12) down through the

condensing condiits, 13, 13", and passes
bl ' b I .

throygh the pressure-releasing valve 14 with
the expande exhaust air which luis not be-

.come liquefied, into the reservoir 17.  As the

engine continues to-rum, this reservoir (17)
becomes filled with liquid ajr. and when it
is full the float 36 engages the valve 20 and
closes it; pressure quickly generates in the

top of the reservoir 17 by vaporization of

the liquid air.and by passage of vapor
‘through the pipe 14" from the release valve

. 14, which pressure holds the vent.valve 20.

20

25

30

L g:g;
19!

40

45

on
i

tightly to its seat, while the Tiquid sir charge
is forced up the siphomr tube 18’.and 18 into
the liquid air vaporizing vessel 15. The
float 86 falls with the level of the liquid, and
presses the lug 38, and pulls open the vent

valve 20, when-the pressureyisaeleased by:
. passage of the vapor :througli valve 20 into.

vessel 15. “The condensing conduit 13 beéing
now  surrounded by. or submerged in. the
liquid air charge, the latent heat of the un-

liquefied but cold expanded exhaust air in

the condenser (being under a suitable ter;
minal pressure), is: absorbed:by and pro-

duces fractional distillation of the liquid air
cha?e 4in vesse]l 135, and said-exhaust ex-
ed air in pipe 13 becomes totally lique-

.- Agithesliquidmirsacharge;bécomesix;

'+ porized, the “hitfogén=evaporates Tirst o
 passes. off through the passage 28, Fig. 3

{thus cooling and insulating-the engine cyl-
inder) .into the outer.interchanger conduit
(9), and- when about ,four-fifths of the

charge has thus vaporized, or most of the.
nitrogen ‘has evaporated, the float 30, Fig. 2.’

falls away from the crossbari3l5:and the
valve 27 (being released from -any pressure
in the tube 33) falls down by gravity in the

socket or case 32, and the whole remainder

of the charge (now commercial liquid oxy-
.i_-_rcn) in the vessel 13 runs down into the

- liquid oxygen \'a[:(orizing receptacle 16— the

- opening 34 then

haust air uuder the termninal pressure-in the
condensing  conduit 13, unliquefied, ‘now

passes into the submerged voil 137, and grives|
up its latent heal of condensation to the.

liquid oxygen, which becoming vaporized
passes off up through the pipe 8 into the

outgoing pipe 8 of the interchunger;. the-
liquid air ¢aporizing vessel 15-is-then re-

charged from the reservoir 17, and the op-
eration is vepeated automaticallv—the cow-
wercial oxygen gas being collected from
pipe S, outside, and the nitrogen from pipe
9. outside. ’

By my apparatus @ very large portion of

the heat of the compressed air used for

liquefaction and separation disappears alto-

ving closed by, the float 30.
The engine continuing to run, the cold ex-

978,035

! gether by being transformed into work out-
side the apparatus; and thus there is that
i much less heat to be absorbed by the ecold
i vapors derived from the charges of liquid
i being vaporized or distilled. Besides, a con-
. siderable portion of the air is liquefied in
the erigine by reasen of its latent heat being
- converted into work, and all of the expanded
exhaust air from the-engine is cooled to the
point, of liquefaction, so that as it is sub-
Jectad to the direct cooling uction of the
liquid charges there remains only the latent

produce total liquefaction. Thus the frac-

“from ‘the.cold expanded exhaust air, and
this’ cxpanded air being at all times less in

‘ized if -the insulation from outside heat is
pexfect, there will be a constant accumiula-

amount liquefied in the engine. L

" By regulating or adjusting' the cut-off
valve-gear of .the engine, an earlier or later
cut-off may be given, and thus a higher or
lower:terminal. pressure of the exhaust ex-
panded. air: delivered: to .the .condenser be
-obtained; in ‘this way.also a greater or less
amount of the expanding chatrges may be
{iquefied in the engine, and delivered with
the unliquefied expanded air f{o the con-

of coudensationin the engine cylinder.:. - -

.oxygen vessél 16, by which through the valve
43 the_liquid oxygen, or liquid rich in
oxygen, can be drawn off if desired before
"it is allowed to vaporize; or the valve 43
-may be.set so that as fast as the liquid is
dumped into vessel 16 fi'om the residue in
vessel 15° by the automatic valve 27, it may
be collected from the outside pipe 44 in any
suitable’ insulated receptacle, such for in-
‘stance as that shown in my U. S. Datent
707,634. In this way the liquid commercial
oxygen may be put into air tight tanks, or
_drums, and as it absorbs heat and becomes of
“the temperatwre of-its environments, it will
-vaporize into oxygen gas under préssure.

-, By regulating the cut-off valve gear of
the expansion engine 3, the temperature and
pressure of the. exhaust products. delivered

13 and 13’. may be so regulated that partial
or fractional condensation nwy be secured
of the expanded air therein as delivered to
the vessel 17 through valve 14 (see Fig.
9)—especindly when the liquid conmmercial

pipe 42 wnd the valve 43, instead of being
vaporized in said vessel and passed out

heut to be absorbed or taken up in order to

tional distillution of the liquid charges is
_produced: by the latent heat only derived .

amount than the liquid charges to be vapor-

enseryihejcompression of the air used in.
the enging :and “the adjustment of ‘the cut-
.off should A% such-as to insure a suitable

- At 49 I-have s discharge pipe from the

to the chamber 12 and condensing conduits-

oxygen is drawn from the vessel 16 througly
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stion ‘of thédiquid:charges equivalent to the
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terminal . pressure-and the required amount
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' initial charge of

15

coxyoen gas,  In this way

978,935

through pipe 8’ and the interchanger as
a liquid rich in
oxygen may be deliverced to reervoir 17 in-
stead of liquid air, all the time; and natu-
rvally. after vaporization in veszel 15 of a
portion of the charge therein, a liquid richer
in oxygen will be left as the residue. in ves-
sel 15, and delivered to the tank 16, and
either vaporized therein or drawn off if
desired through pipe 42 and valve 43.

By providing the apparatus with an
liquid " air, then a much
lower pressure may be used in the engine,
or only sufficient to make up for losses due
to_imperfect insulation.

Wherever the term “ commercial oxygen ”

©or “cominercial nitrogen ” is used herein or

20
25

B0

.serve the requirements

in the claims, it means and comprehends in
either case'a’ gas having oxygen or nitrogen
in greater percentage or proportion than
found in the atmosphere at normal condi-
tion, o :

I do not confine myself to the particular
construction ' shown of either the inter-
changer or the case, nor of the - vaporizing
vessels and reservoir, nor of the ‘expansion
engine and its parts, nor of the condensing
conduit or condenser, nor as to the auto-
mati¢ devices” and

and ‘such ‘suitable construction, so as to best
in order to secure
the results sought to be obtained as herein

‘g5’ set forth.

I am aware that the éeI;aration of air into

. its constituents nitrogen and oxygen by the

40
“incoming supply fed to the engine by the

45

fractional distillation: of liquid air, is not
new; and I am also aware that the liquefac-
tion of air by expanding the same against
resistance in an air engine, and cooling the
exhaust therefrom, is in theory not unew,
But the cooling of compressed air supplied
to an engine; by the products of distillation
of liquid air, and the liquefaction of the ex-
panded exhaust air from an engine by caus-
ing-heat. to pass therefrom to liquid air—or

- the evaporation of liquid air by heat de-

50

~ lieve new and original with me

55

rived from the expanded exhaust air of
bigher pressure from an engine—are I be.
; and, there-
fore, such devites and mechanisny as herein
shown, or any similar devices for utilizing
these novel functions herein described,’ are
new and original with me. T am also aware
that the distillation of separate charges of
liquid air intermitlently. is not new in

- theory ; but the distillation intermittently of

60

65

separate charges of liquid air by the devices |

and in the wanner and for the purposes
herein shown, is new; and the distillation
of said separate charges of liquid air inter-
mittencly and automatically 1s new. And

“the eviporation of the residue of separate
air, after partial fractional 4

charges of liquid

other parts. All such
parts. should be of such suitable material.

3

distillation, or the

_evaporation of liquid
OXYaen, or substanti

ally liquid oxygen, by
heat derived from cooled compressed air,
about to be liquefied. iy new; and especially
i+ it new and oviginal with me to evaporate 7o

-separate and intermittent charges of either

1.

liquid air, or liquid nitrogen or liquid oxy-
gen, by heat derived from the expanded air
of higher pressure exhausted from an ajr ex-
pansion engine—uwhich is supplied with and
operated by compressed air cooled before
expansion in said engine. by the cold gaseous
products of said evaporation. So also, so
far as I know, it is'new and original with
me, to arrange devices to draw off and util-
ize for purposes outside the apparatus, the
surplus liquid air produced therein, and the
sirplus liguid oxvgen, or products of dis.
tillation of liquid air, therefrom, while in -
liquid form. Therefore the devices and
combinations herein shown and deseribed
produce valuable results not heretofore at-
tained, and are new and useful improve-
ments. © - .

Having thus described my invention what
I claim as new and original and desire to
secure by Letters Patent, is:—

1. The combination of an air-li
reciprocating expansion engine wit
uid-air vaporizing vessel, means for auto-
matically supplying said vessel with' inter-
mittent charges of liquid air, and means for ‘
liquefying the exhaust air from said engine
by the fractional distillation of.said auto. .
matically delivered intermittent charges of 100.
liquid air in said vessel; and a receiver for . .
said liquefied exhaust air, arranged to mdin-
tain said exhaust air in heat-interchanging
relation with the intermittent charges of
liquid ajr. _ ’ B

2. The combination of an air-li uefying
reciprocating expansion engine with a lig-
uid-air vaporizing vessel, means for auto-
matically supplying said vessel with inter-
mittent charges of%iquid air and for lique- 110
fying the exhaust air from said engine by
the fractional distillation of ‘sai(f - auto-
matically delivered intermittent liquid - air
charges; a receiver for the liquefied air ar- )
ranged to waintain said exhaust air in heat- 115
interchanging relation with the intermittent
charges of liquefied air, and means for cool-

75

80

%0

uefying
L a lig-
95

108

‘ug the compressed air supglied to said en-

gine by the products of said distillation. -

4. In an apparatus for liquefying air and 120
separating the same, the combination of a i
liquid-air evaporating vessel, with a recip-
rocating air-cxpanding engine, having an
exhaust” conduit within “said evaporating
vessel and means for automatically supply- 125
ing said vessel with internyittent charges of
liquid air of less pressure than the expanded
air in said exhaust conduit. - .

4. Tn an apparatus for liquefying air and
separating the same into its constituent 130-
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gases, the combination of a liquid-air evap-
orating vessel with a reciprocating air-ex-

panding engine having an exhaust conduit.

within said evaparating vessel, and means
for automatically supplying said vessel with
Inferiittent charges of lignid air previously

liquefied as aforesaid in said exhaust con.

duit. )

5. The combination of a low - pressure
liquid-air evaporating vessel, with a recipro-
cating air-expanding engine, means for an-
tomatically evaporating by fractional dis-
tillation intérmittent charges of low-pres-

_sure liquid air in said vessel by heat derived |

978,035

[ from the exhalst wir of higher pressure 15

from said engine during the process of lgae-

faction thereof, and means for automati-

.cally delivering intermittent charges to said

vessel. of low-pressure liquid air previously
liquefied as the exhaust atr from said engine 29
as aforesaid. :

Signed at New York, in the county of
New York'and State of New York, this 16th -
-day of May A. D. 1903, : :

JAMES T PLACT,

Witnesses:

Crarexce Prace,

J.E. Du Bois.




