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' Specification of Letters Patent.
-7 Application filed Jsuuary 13,1801, Serial No, 43,061, -

" Beit known that I, RaouL PIERRE P1OTET,

at New York, in the county of NewYork_ana
Qtate of New York, have invented a new and

useful Apparatus for Lac ue?'ing Air and

other Gases:; and I do hereby declare the fol-

lowing to be a full, clear, and exact descriE-_..

tion of the invention, such as will enable ot

ers skilled in the art to which it appertains to

make and use the same.

My invention relates
apparatus for.
capable. of being
peratures and usu

li(}ueﬁed only at low tem-
lly under pressure.

My invention consists I the novel con-

struction, character, and arrangement of the
cooling devices employed for cooling the en-
tering current of air or other gas, in the novel
means employed for reducing the pressure of
the liquefied gas without the evolution of
heat in the apparatus due to

“of the liquid, in the employment of means for

converting into useful work the energy con-

tained within the liquefied gas prior to its re-

- duction in_pressure,
novel combination, construction,

ﬂnd | &rf

~ rangement of the parts of the apparatus. -

 liquefy air and other gases more efficiently
and with less expense than has been possible

The objects of my invention are, first; to

heretofore; second, to prevent so far as pos-

35

40

sible evaporation of the liquefied gas as an
incident to the opcration of the apparatus;

third, to prevent so far as possible the pro--
“duction of heat in the apparatus; fourth, to
convert into useful work so far as possible

the energy existing in the liquefied gas after

liquefaction and prior to the reduction of the

pressure on the liquid, and generally to make

‘the apparatus as simple, econcmical, effi-

45

cient, and easily operated as possible. These
objects are sattained in the apparatus herein
described, and illustrated in the drawing
which accompanics and forms a part of this

‘application, in which the main portion of the

55

apparatus—viz., the liquefier—is shown in

section, the other portions of the apcrl)ara,tus
id not to

being indicated diagrammatically an
scale. ~ - |

The general method of operation of the ap-
paratus herein illustrated and described is as
follows: Air or other gas to be liquefied
which has first been dried and filtered, if nec-

‘essary, is compresséd. In the case of air the

tb--'-improv'éni'entéé in
liquefying air or other gases

such reduction
in pressure and with minimum evaporation ;

and generally in the,

| degree of %éémpressioﬂ need not be gfeﬁt_er .
fifty-three atmospheres, this pressure

than {
liquefaction of air. The air or other gas so
| compressed is passed through a succession. of
| cooling coils, pipes, or passa
‘cooled by contact with a rapidly-evaporatin

l furous acid, liquefie
-ethyl, or any other volatile liquid used in re-

-acids known as “liquide Pictet.” A com-
‘bined vacuum and compression pump cre-
ates a vacuum above the body of evaporat-
ing refrigerating agent, so as to hasten the

"evaporation; and at the same time com-
presses the gas so drawn off and passes it
through a condenser, so as to liquefy it

” -

Patented Sept. 11,1906,
corresponding to the critical temperature of

| liquid refrigerating agent, such as liquid sul- -
ammonia, chlorid of

| ;fri'geratingjma.chines. I prefer, however, to
|.use the mixture of sulfurous and- carbonic

60

es, themselves -

75

again. ~From these ‘coolini-coils the com-

pressed and cooled air or other entering gas,
which by the treatment just mentioned may

is passed through other cooling coils, pipes, or

a liquid refrigerating agent having a much
lower ‘boiling-point than that liquid which
cools the primary cooling-coils and which 1s
itself evaporated, compressed, condensed,
mary refrigerating agent. By this second
cooling the entering current of air or.other
gas to be liquefied may usually be cooled to
‘such a temperature that under the pressure

‘uefy. For the secondary refrigerating agent
I preferably employ ethylene or protoxid of
nitrogen, either of which agents permits the
‘cooling of air to from — 140° to —150° centi-
grade. The air thusliquefied is under consid-
erable pressure, and to permit it to-be stored
‘economically or to be used for most purposes 1t
muist be relieved of this pressure. This ma,

be accomplished most expeditiously by al-
lowing the liquefied air to escape through a
suitable orifice and fall into a suitable recep-
tacle: but because of the pressure to waich it

‘have great velocity; and if the jet be inter-
r‘upteg or deflected downward by a suitable
baffie-plate the energ

particles of liquid willybe converted into heat,
because by reason of this evolution of heat a
needlessly great proportion of the liquid air
will be caused to evaporate, and, second, be-

‘and returned in the same manner as the pri-.

is subjected the liquid air in so.issuing will

of the rapidly-moving

have been cooled to — 80° or — 100°centigrade,

30

passages themselves subject to the action of

Q0

‘to which it has been compressed it will lig-

95
100
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which is objectionable for two reasons—first, .

110
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_cavse the energy so converted into heat is-

wasted. For this reason I preferably locate

in front of the jet a turbine or other suitable

- " fluid-motor operated by the impact upon it
5 of the jet of liquid air. The blades or buck-
ets of this motor are, in effect, yielding spat-

~ ter-plates; but it is the well-known property
of such motors when oper‘a,tin%l efliciently to

.~ absorb the momentum of the fluid by w ich
10 they are operated, the fluid dropping verti-
~caily or.nearly vertically downward upon
leaving the blades or buckets. B this means
the energy of the issuing jet of liquid air is

absorbed without the evolution o any con-

15 siderable amount of heat within the appara-
tus I so0 doing, and the energy so impartéd
to the fluid-motor may be absorbed in op-

- erating machinery of any type, and therefore
may, if desired, be returned to the system.

20  Referring now to the drawing, numeral 1

" designates the outer casj % of the liquefier,
a :

‘which casing is a cylindrical shell. Within it

is & second casing 2, connected to casing 1 at

~ top and bottom and inclosing, with casing 1,
25 & Jacket '3, adapted to contain a volatile fluid
. and also containing pipe-coil 4 and 5. The
central space surrounded by casing 2 is open
attop and bottom. In thisspaceisa seeond

| vessell) formed by casings 6 and 7, together in-
30 closing a jacket adapted to contain a volatile

* fluid and containing a pipe-coil 8. The sec-

ond or inner jacket is numbered 9. This sec-
- ond vessel is open 2t the bottom, but 18 closed
. at the top by a cover-plate 10.° Within the
35 sald vessel is still a third vessel 11, and within
vessel 11 is a tube 12, open at the bottom.
Within the space between the walls of vessel
11 and tube 12 is a helical partition 13, divid-
-ing this chamber so as to make it a helical
40 assa,%e, and within said helical passage are
: helical pipe-coils 14. The vessel 11 has a
conical bottom 15, to which a pipe 16 for car-

- rying off the liquid air is connected. |
- Numerals 17, 18, and 19 designate three
45 compressors. (ompressor 17 draws atmos-
heric air or other gas from a filter and de-
hydrator 20, con%gresses said air to a pressure
of from fifty to fifty-three atmospheres, and
delivers the compressed air to the coils. 4
- 50 within the outer jacket 3. This jacket con-
tains the liquide Pictet, liquid sulfurous
- acid, 'liqueﬁeg smmonia or chlorid of ethyl or
other primary refrigerating agent which may
have 'Eeen selected. Such liquid evaporates
w5 rapidly in the jacket 3, the more 80 because
the compressor 19 is arranged to draw off the
- 'vapars from the jacket 3 through a pipe 21
and-in so doing maintains a considerable
" vacuum in the jacket. The vapors of the
60 primary refrigerant so drawn off are com-

~ Ppressed by compressor 19 to an extent suffi- .
- cient to liquefy them when cooled, and they
~are then passed through pipe 22, condenser

23, wherein they are condensed and cooled,
%5 and pipe 24, back to thej acket. .

l

‘within the jac

~ _The prim ME [refrigerant. in evai)drg;tﬁlg

| acket 3 cools the entering air in
Pipe-coils 4 and also the substance in the cojls

9, which is the secondary refrigerant, such as

Erotoxid of nitrogen or ethylene. The main
ody of this secondary refrigerant is con-

tained in the second jacket 9, and the vapors
which areformed in said jacket 9 by the evap-
oration of the secondary refrigerant are

1pe 25, are compressed to a pressure of from

Eve to fifteen atmospheres, are cooled by
Ea ssing through the coils 5, themselves cooled

y the primary refrigerant, and are thereby
liquefied, and are then returned through pipe
26 to the jacket 9. :

The gas to "be liquefied after passing
through the pipe-coils 4 immersed in the pri-
mary refrigerant is led by a. pipe 27 to the
pipe-coils 8, immersed in the body of the
secondary refrigerant contained in the second

drawn off by the compressor 18 ¢ rough the’

75

80_

jacket 9. In its passage through these coils |

8 the air or-other gas to be liquefied is cooled
to such an extent that being under consider-
able pressure it is liquefied, but although it is
now a liquid its pressure must be reduced to
that of the atmos here, and likewise its tem-
perature must be lowered to that of liquid air
(or Wh&tpver other gasis being treated) at at-
mospheric pressure. To accomplish this, the
liquid air or other substance is conducted b

& pipe 28 to the pipe-coils 14 within the hel.
ical passages of the vessel 11 and passes

downward through said coils 14, which are

surrounded by an u wardly-moving current

of cold air until the liquid finally passes

through a nozzle 29 and 1mpinges upon the

9o

95

100

buckets of a turbine-wheel 30, mounted upon

a revoluble shaft 31, mounted within the
tube 12. The liquid as it issues from the

nozzle 29 has a high velocity, due to the pres-

sure which impels it; but upon encountering
the turbine 30 the velocity of the liquid is im-

parted to the blades of the turbine, the liquid

 1tself falling downward. A portion of the

i

liquid will evaporate and will pass off through
the helical channels of the vessel 1 1, abstract-
ing heat as it does so from the mcoming air in

the coils 14 and so cooling such incoming gir;

but the proportion of liquid which thus evap-
orates 1s very much less than would other-

‘wise be the case, owing to the use of the tur-

bine 30, for if the energy of the stream of lig-

103,

IIO

11§

uid under pressure were not imparted to the -

turbine it would be converted into heat

“through the impinging of the liquid upon the
sides of the apparatus or otherwise, and thus

¥

turbine is a measure of the energy that other-

wise would be converted into heat in that

part of the apparatus where it is least desir-
able that heat should be produced.

a considerable proportion of the liquid would
be evaporated. The energy imparted to the

I20

125

- 'The shaft 31 may be caused to drive sujt-

able machinery, and thereby the power im-

.30
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manner ¢

- skoels . @

Part,efi to the tu'fbihe' may be utilized and, if 1 a.tmospherfes pmduced by the cﬁripreésor 18
- desired, may be returned to the system in |

thismanner. In the drawing the shaft 31 is

shown as driving an electric dynamo 32; but
of course machinery of any other type may
also be driven therefrom. The shaft 31 may

also drive a meter 33 by which the amount of

liquid air produced may be measured, for af-

ter the apparatus is operating in the normal
| Ee number -of revolutions of the
sha t 31 in a given time will be a measure of
. the amount of liquid air produced in that
- time.’ - .
Such' of the liquid air as evaporates and-
15 passes upward through the helical passages
~ of the vessel 11 passes downward through the
~annular space between casing 7 and vessel 11
and -then upward through the annular space

 between casings 2 and 6. . Such air therefore

20

serves to chill to a considerable extent the en-

tering air. The liquid air which does not.
evaporate passes out through the pipe 16 and

- may be collected as produced. -

25

The operation of the apparatus is as fol-
lows: The three compressors 17, 18, and 19
~ being driven irom any suitable source com- |

~pressor 17 draws in air to be liquefied, com-

- presses it to a suitable pressure, which I pre-
- fer to be from fifty tofifty-three atmospheres,
and delivers it to thecolls 4, immersed in the
body of primary refrigerant within the jacket

3.  The compressor. 19 draws the vapors of
the primary refrigerant from the jacket 3, in

- so doing producing a partial vacuum in said

ature in the jacket 3. The compressor 19

40

‘Jacket, and thereby hastening the evapora-
‘tion of the primary ref'ri%era;nt and making it

possible to maintain a relatively low temper-

compresses such vapors to the necessary ex-

tent to insure liquefaction. of such vapors

upon cooling, and such -vapors then pass

through the cooler 23, are liqyefied therein, |

| ‘and are then returned to the jacket 3. The

45
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entering compressed air in passing through

the coils 4 is cooled to a temperature of from

—80°to — 100° centigrade if liquide Pictet is

employed as the primary refrigerant. Such

alr so cooled and still under substantially the

initial pressure next passes through the coils
8, immersed in the secondary refrigerant in
the jacket 9. Compressor 18 draws the va-
pors of this secondary refrigerant from the:

jacket 9,1n so doing producing a partial vacu-
umn in said jacket, and thereby hastening the

evaporation of the secondary refrigerant and |
making it possible to maintain a relatively |
low temperature in the jacket 9.. The com-

pressor 18 compresses such vapors to the nec-

“essary extent to insure liquefaction of such

60

vapors upon cooling .in the pipe-coils 5, im-

- mersed in the primary refrigerant within the

jacket 3, and such vapors then pass through

~ the coils 5, are condensed and cooled therein,

63

and are then returned in the liquid state to

the jacket 9. A pressure of from six to eight

y

| soliquefied is neverth

will suffice to cause liquefaction ot protoxid .

of nitrogen or ethylene, the secondary refrig-

erants preferably employed in the coils 5. -
Cooling of the entering air in the coils 8 suf- 7o

fices to reduce its temperature to from — 140°
to —145°centigrade. Theairsocooledisthen

- passed through the pipe-coils 14 in the helical

passagesof the vessel 11. Cooling oftheairto
~140°t0 —145°centigradeinthe coils8 under 73
a pressure of from fifty to fifty-three atmos-
pheres will suffice to liquefy air; but the air
gless cooled to a still
lower temperature in its passage through the
pipe-coils 14 by radiation of heat to the 8o

~colder outgoing current of air passing out-

ward around the pipes 14. Finally the air so
compressed, coole(ﬂ and liquefied emerges
from the nozzle or nozzles 29 as a stream of
liquid air having a high velocity, owing to the 85

pressure behind. tt. . The energy of such jet:

or jets 1s imparted to the turbine 30 and so to
the shaft 31 and the machinery driven there-

by, the liquid falling from the buckets of the
‘turbine. A portion of this liquid will vapo- go

rize, because the temperature of the liquid air

issuing from the nozzles is not yet that of lig-
uid - air at atmospheric pressure; but the

evaporation of this'portion of the liquid air +
will cool the remainder of the liquid to.the ¢g

temperature of liquid air at atmospheric
pressure, and such liquid will be collected by
the. conical bottom 15 and will descend

“through the pipe 16 and may be caught.

The jacket 3 serves both as an initial cooler roo
for the compressor 17 and as a8 condenser for’

‘the secondary refrigerant. It is therefore

unnecessary to employ & separate- initial
cooler for the compressor 17 and a separate

condenser for the secondary refrigerant. 103

The air which passes up through the helical
passages of the vessel 11 passes downward
through the annular space between vessel 11
and casing 7 and then upward through the
annular space between casings 2 and 6. In rio
80 passing it helps to cool the primary and.
secondary refrigerants and also to insulate
the passages 6 and 14 against absorption of
heat from the outside. _

I do not limit myself to conducting the re- 113
frigeration of the entering air in any particu-
lar number of stages or to the use of any par-
ticular refrigerants. Nor do I limit myself to

‘the treatment of air for liquefying it by the =
method herein described. 1 may treat any ‘120

othér gas capable of being liquefied by the
application of cold or of cold and pressure in
the same way. : o

I do not limit myself to the use of the par-

‘ticular econstruction and arrangement of 125

parts herein illustrated. -
Preferably two or more nozzles 27 should

be employed, and these nozzles should be so

spaced around the periphery of the turbine

that side thrust is avoided. In the drawing 130
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two such nozzles are shown, one being indi-

~cated by dotted lines. .

‘The jackets or vessels 3 and 9 may be
termed ‘‘primary’’ and.‘‘secondary’’ cooling
vessels, respectively. _ ~

Having thus completely described my in-
venfion, what 1 claim, and desire to secure
by Letters’ Patent, 1s—

1. In an apparatus for hiquefying air and
other gases the combination with a series of

cooling vessels adapted to contain -liquid |

- refrigerants of successively fower boiling-

: 5

2C

points, each provided with cooling-passages,

for conveying the gas tq be liquefied through
sald cooling vessels, such passages of the said

vessels being connected in series, and the ves-
sel for containing the refrigerant of higher |
“boiling-point having other cooling-passages

connected with the vessel for containing re-
frigerant of lower boiling-point, and forming

- cooling-passages for the refrigerant of lower

30

35

boiling-point, of means for compressing the
vapor of the refrigerant of lower boiling-
point, and for passing it through the corre-
sponding cooling-passages of the vessel con-
taining the refrigerant of higher boiling-
point, back to 1ts corresponding vessel, and

means for compressing the vapor of the re-

frigerant of higher boiling-point, cooling it
and returning 1t to its corresponding vessel.

2. In an apparatus for liquefying air and
other gases, the combination, with primary
and secondary cooling vessels, adapted to
contain, respectively, primary and secondary
hiquid refrigerants of progressively lower boil-

ing-points, sald cooling vessels each provided

with cooling-passages for the gas to be lique-
hied, sald passages of the said vessels being

- connected in series, the primary cooling ves-

.40

45

50

55

sel being also provided with other cooling-

passages connected with the secondary vessel

and forming cooling-passages for the second-

ary refrigerant, of means for compressing the-
vapor of the secondary refrigerant, and for
passing it through the cooling-passages of the

primary vessel back to the secondary vessel,
and means for compressing the vapor of the
primary refrigerant, cooling it, and returning
1t to the primary vessel. |

3. In an apparatus for liquefying air and
other gases the combination with a series of
cooling. vessels adapted to contain liquid re-
frigerants of successively lower boiling-
points, located one within the other, and
each provided with cooling-passages, for con-
veying the gas to be liquefied through said

- cooling vessels, such passages of the said ves-

63

sels being connected in series, and the vessel
for containing the refrigerant of higher boil-
ing-point having other cooling-passages con-
nected with the vessel for containing refrig-
erant of lower boiling-point, and forming

cooling-passages for the refrigerant of lower.

boiling-point, of mesans for compressing the
vapor of . the refrigerant .of lower, boiling-

830,618 . -

| 'point, and for passing it, i:hroﬁ'gh the corre-

sponding cooling-passages of the vessel con-
taining the refrigerant of higher boiling-point,

‘back to its corresponding vessel, and -means

for compressing the vapor of the refrigerant

of higher beiling-point, cooling it, and return-

Ing 1t to its corresponding vessel.

4. In an apparatus for liquefying air and

70

other gases, the combination, with primary

and secondary cooling vessels, located one

within the other, and adapted to contain, re-
spectively, primary and secondary liquid re-
oiling-

frigerants of progressively lower.
points, said cooling vessels each provided

with cooling-passages for the gas to be lique-

75.

30

fied, said passages of the said vessels being . -

connected in series, the primary cooling ves-

sel being also provided with other cooling-
‘passages connected with the secondary vessel

and forming cooling-passages for the second-

ary refrigerant, of means for compressing the
vapor of the secondary refrigerant and for

passing 1t through the cooling-passages of the

and means for compressing the vapor of the

primary refrigerant, cooling it, and returning
‘1t to the primary vessel. - ,

5. In an apparatus for liquef_ying.aif and

cooling vessels adapted to contain liquid re-

primary vessel back to the secondary vessel,

9'0 |

other gases the combination with a series of

95

frigerantsof successively lower boilingq}:;oints, -

located one within the other, and eacl

sels, such passages of the said vessels being

pro- -
vided with cooling-passages, for conveying
gas to be liquefied through said cooling ves-

10C¢

connected in series,and the vessel for contain-
ing the refrigerant of higher boiling-point

having other cooling-passages for the refrig-

ducing circulation in the several cooling-pas-

-erant of lower boiling-point, of means for in- . -

105

sages, means for condensing and returning to ...
the vessel for containing the refrigerant of

higher boiling-poiu®t, the refrigerant which

evaporates therein, and a heat-exchanger, .
‘within the innermost of said vessels, provided

ITIO

with adjacent passages for entering and out- -

going gas, and with an expansion-orifice con-

necting the same.

6. In an apparatus for liquefying air and - :

other gases, the combination with primary

115

and secondary cooling vessels, the latter lo-

cated within the former, said vessels contain-
Ing respectively primary and secondary re.

frigerants, the latter of lower boiling-point .

than the former, said vessels provided with

120

cooling-passages, connected in series, for the, -

gas to be liquefied, the primary vessel being

also provided with other cooling-passages

connected with the secondary vessel and

| forming cooling-passages for the secondary
reirigerant, of means for compressing the va-

por of the secondary refrigerant and for pass-

ing 1t through the corresponding passages of

the primary vessel back to the secondary ves-

4

125

i-sel, and means for compressing the vapor of .130
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- turning it to the primary vessel.

. other gases, the combination with primary

7. In an apparatus for liquefying air and

and secondary cooling vessels, the lattor lo-

cated within the former, and a heat-exchanger

- within the szcondary vessel, spazes for the

10

15

- passages connected with the secondary vessel
“and forming cooling-passages for the second-
the

' 20

circulation of gas being provided between the
primary and secondary vessels and between |

the secondary vessel and the exchanger, seid

secondary refrigerants, the latter of lower
boiling-point than the former, said vessels
provided with cooling-passages, connected in
series, for the gas to be liquefied, the primary

vessel being also provided with other cooling-

ary refrigerant, of means for compressi
vapor of the secondary refrigerant, and for
passing it through the corresponding passages
of the primary vessel back to the secondary

- vessel, and means for compressing the vapor

25

13:‘.}

of the secondary refrigerant, cooling it, and
returning it to the primary vessel, t e heat-
exchanger being arranged to cause unlique-
{ied gas to pass back tﬁmugh the spaces be-
tween the exchanger and the primary and

secondary vessels.

8. In -anappamtus- for liquefying air and
other gases, the combination, with primary

. and secondary cooling vessels, located one

-5 frigerants of progressivel

within the other, and adapted to contain, re-
spectively, primary and secondary liquid re-

points, said cooling Vesse?s each provided
with cooling-passages for the gas to be lique-

fied, said passages of the said vessels being
- connected in series, the primary cooling ves-
40

sel being also provided with other cooling-

pessages connected. with the secondary ves-.

“sel and forming cooling-passages for the sec-

ondary refrigerant, of means for inducing cir-

- culation through the several cooling-passages,

45

means for condensing and returning to the
primary vessel the refrigerant which evapo-
rates therein, and a heat-exchanger within

. ihe innermost of said vessels, provided with
- adjacent passages for entering ahd outgoing

§0

§5

6o

the same.

veying gas to be liquefie _ 1
~ing vessels, such passages of the said vessels
being connected 1n series, and the vessel for

gas, and with an expansion-orifice connecting

9. In _anar;lpm"atus for liquefying air and
other gases, the combination with a series of
cooling vessels adapted to contain liquid re-

frigerants of successivelylower boiling-points, -

each provided with cooling-passages, for con-
dg tﬂrougﬁl sald cool-

containing the refrigerant of higher boiling-
point having other cooling-passages for the

refrigerant of lower boiling-point; of means

- for inducing circulation in the several cool-

. 65

ing-passages, means for condensing and re- |

turning to the vessel for containing the re-

lower boiling-

_ /v ] . ‘through which the outgoin
vessels containing respectively primary and | ﬁ

sald orifice.

sels, provided with adjacent passages for en-
tering and outgoing gas, and with an expan-

| sion-orifice connecting the same, there being
a passage between-the exchanger and the ad-
Jacent cooling vessel, in communication with .

-
the primary refrigerant, cooling it, and re- | frigerant of higher ’boilinﬁ—p;int, the refrig-
' o | erant which evaporates there:

_ ic erein, and a heat-
i exchanger within the innermost of said ves-

75

the outgoing passage of said exchanger, -

. oas may flow.
10. In an apparatus for liquefying air and

other.gases, the combination, with primary

and secondary cooling vessels, located one

within the other, and adapted to contain, re-

spectively, ‘primary and secondary liquid re-
frigerants of progressively lower boiling-
points, said cooling vesse{% each provided
with cooling-passages for the gas to be ique-

75

89-

fied, said passages of the said vessels being -

connected in series, the primary cooling ves-
sel being provided also with other cooling-

passages connected with the secondary ves-
sel and forming cooling-passages for the sec-
ondary refrigerant, of

circulation through the several cooling - pas-
sages, means for condensing and returning to
the primary vessel the refrigerant which
evaporates therein, and a heat-exchanger
within the innermost of said vessels, provided

with adjacent passages for entering and out-
going gas, and with an éxpansion-orifice con-.
‘necting the same, there being a passage be-

tween the exchanger and.the adjacent cool-

ing vessel, in-.communication with the outgo-

ing passage of sald exchanger, through which

the outgoing gas may flow, .
11, In an apparatus for liquef‘s;ing air and

other gases the combination with a series of

‘cooling vessels, located one within the other,
and adapted to contain liquid refrigerants of
successively lower boiling-points, each vessel -

provided with.cooling-passages, for convey-
ing gas to be liquefied through said cooling
vessels, such passages of the said vessels be-
ing connected in series, and the vessel for
containing the refrigerant of higher boiling-
point having other cooling-passagés for the

means for inducing -
90

95 .

100

105

I10

refrigerant of lower boiling—Fomt, of means °

for compressing the vapor of the
of lower boiling-point, and. for passing it,
through the corresponding cooling-passages

higher boiling-point, back to its correspond-
ing vessel, means for compressing the vapor
of the refrigerant of higher boiling-point,

cooling it, and returning it to its correspond-

ing vessef, and a heat-exchanger within the
last of sald vessels, provided with adjacent

the refrigerant.

I1L5

of the vessel containing.the refrigerant of -

120

passages for entering and outgoing gas, and .

‘with an expansion-orifice connecting the

I12¢

same, and a motor within the heat-exchanger
arranged to be actuated by fluid issuing from -

12. In an apparatus for liquefying air and

other gases the combination with a sertes of

130



T

evoling vessels, located one within the other, '

880:618° . .

-inea,ns 'for"‘-’f@mliress"ing th.le"'{r_'a_'.por of tlie__re;"

- and adapted to contain liquid refrigerants of ! frigerant.of higher boiling-point, cooling it,

successively lower boiling-points, each vessel
“provided with cooling-passages, for convey-

5 ing gas to-be liquefied fromsaid cooling ves- .

~ sels, such passages of the said vessels being
connected m series, and tHe vessel for con-
taining the refrigerant of higher boiling-point

having other cooling-passages for the refrig--

10 erant of lower boiling-point, of means for
compressing the vapor of the refrigerant of
lower boiling-point, and for passing it, through
the corresponding cooling-passages of the ves-

- sel coritaining the refrigerant of higher boil- |
15 1g-point, back to its corresponding vessel, |

and returning it to its corresponding vessel, &
heat-exchanger within thelast of sald vessels,
provided with adjacent passagesfor entering zo

‘and outgoing gas, and with an expansion-ori-

fice connecting the same, and a turbine-mo-
tor within the heat-exchanger arranged to be
actuated by fluid issuing from said orifice.
 In'testimony whereof I affix my signature 23

in the presence of two'witnesses. = -
o - RAOUL PIERRE PICTET.
- Witnesses: = . o

| ErNEsT H. DE VINE, .

D, Howarp Havywoob,
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