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To all whon z-zi mMOY CONCETTL:
Be1it known that we, OsCAR P. OSTERGREN

a subject of the King of Sweden and Norway,

and MORIZ BURGER a citizen of the Confed-
eration of Smtzerla,nd residents of New York,
county of New York, Stete of New York, have

invented certain new and useful Improve-

ments in Apparatus for Liquefaction of Gas,
of which the following is a specification.

Our invention relates toan 1improved appa-
ratus forrefrigerating or liquefying aeriform

- fluids or gases, particularly atmospheficair;
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 to the periphery of the apparatus.
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lector.

and 1t consists in an apparatus adapted to re-
celve air or gasina compressed and partially-
cooled form, the said air or gas being caused
to pass through a spiral coil or spiral coils
from the periphery to the center of the appa-
ratus, where it is received by a suitable col-

by means of the action of the return currents
of partially-expanded air or gas which are ar-

ranged atfer passing through various expan--

elon—chambel sin the mlddle of the apparatus
and having been divided up to return through
spiral channels running g parallel tothe before-
mentioned colls, the currents, however, flow-
Ing in a reverse direction or from the center
After the

gas or alr has passed to the central collector

rents of different pressures by means of a se-
ries of successive expansions, a part of the

gas being conveyed through a return-channel
at each expansion and the remaining part |

agalin expanded until  the final expansion
takes place in a receiver at low pressure,

where a portion of the gas or air becomes lig-

uefied and may be drawn off as desired. As
a result of these successive expansions the in-

. coming air issubjected to a more perfect cool-

ing aetlon thereby increasing refrigeration
end e eetmﬁ' economyin the opera,tlon Each
of the return currents is conveyed to a com-
pressor and through a compressing and cool-

Ing system until they are all again brought

to the inlet end of the apparatus, together
with such fresh supply of air as may be nec-
essary to take the plece of that which has

50 been liquefied.

The obJeet of our mventlon 18 to earr} on

The said air or gas is rendered in-
tensely cold in its passage, as above stated,

i

1% is divided into ‘the several outgoing cur- |

‘tical plane, as shown in the drawings.

a process of refrigeration and liquefaction on
a practical and commercial basis, whereby
gas or air may be liquefied and stored up in
large quantities at a low cost. '

~ Our invention further consists in certain
novel details of construction and combination

55

of parts, as shall he1 emafter be more fully do-

seribed.

We will now proceed to describe our inven-
tion with reference to the accompanying draw-
ings, and will then point out the novel fea-
tures in claims.

00

Iigurelis a vertical section of an 1mp1 oved

epparetus embodying our invention.
18 a horizontal section therethrough. Fig. 3

1s a diagrammatic view ﬂlustra,ting a system
of compressors and coolers which may be em-

ployed. Fig. 4 is a detailed view on an en-
larged scale. Fig. 5 is a detail view of a
shghtly—modlﬁed consm uction.

Similar letters of reference designate corre-
sponding parts in all the figures.

A designatesa stand- -pipe arranged to com-
mumcete withasupplyof air, gas,oraeriform
fluid, which it is adapted to receive in a com-
pressed and partially-cooled state.

B B designate a series of coils arranged in
spiral form and communicating at their. outer

| ends with the stand-pipe A and at the their

inner ends with the central collector-pipe C.
D designates achamber inclosed by a larger

pipe, whieh surrounds the smaller eollector- -

pipe C, the space between the two pipes con-
stituting the said chamber.

- K E designate a second series of coils also
arranged in spiral form and disposed alter-
ne,telv with the coils B, all of the coils being
substantially alike and superposed elter-
nately one above the other in the same ver-
The
inner end of these second series of coils com-
muanicates with the chamber D and the outer

ends with a discharge-pipe O.

As thus far descrlbed it will be seen that
there are two series of coils constituting two
channels, the one leading spirally from the
inlet stand- -pipe to the eolleeter in the mid-
dle of the apparatus and the other leading
5p11ally from the chamber D to the dlscherfre-

ipe.
¥ The alternate series of coils B Band o E,

Kig. 2
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are soldered or otherwise secured together,
and will thus, as shown more fully in detail
Fig. 4, form a continuous spiral vertical wall.
The coils are so disposed that between each
turn of all the series constituting the wall a

- space will be left forming a third spu’-al chan-

I0

20

nel I, which starts from the space G, inclosed
by the first turn of the spiral around the pipe

D, terminating at the end of the said spiral,

and discharges into the collector II. The
collector H is hereshown as comprising a cy-
lindrical casing surrounding all the coils and
supported by a suitable base-plate I. A cap

J is provided to inclose the unper portion.

17 designate packing arranged between the

lowermost coil and the base- plate I and the

topmost coil and the cap J in order to 111su1*e
an air-tight joint.

K deswnates a valve fitted to the lower end
of the centml collector-pipe C and controlling
the passage of gas or air therefrom. 'T'he

valve may be opemted by a hand-wheel L,

secured to the end-of the valve-rod whleh
passes through the collector-pipe.

- M designates achamber which will receive
the gas or air passing through the valve KK

~and from whence it may pass through the
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ports N into the chamber D.
P designates a valve fitted to the lower end

of the ch&mber M and ecommunicating with

a receiver Q. The valve is opemted by a
hand-wheel secured to the valve-rod which
passes through the 1"ecewel to the exterior
thereof.

R designates a chamber surrounding the
receiver and communicating with the chan-
nel I' through the space . Ports 7 7 con-
nect the lutellor of the l*ecewer with the
chamber R.

The operation of the apparatus is as fol-
lows: Air or other gaseous fluid in a com-
pressed and partially-cooled form is received
in the stand-pipe A, from whence 1t passes
through the coils B B to the collector C.
From the collector C it is expanded into the
chamber M, (through the valve K,) and a por-
tion thereof will then pass throurrh the ports
N into the chamber D and througrh the coils
K to the discharge-pipe O. Upon opening

the valve I’ a certain portion of the highly-

compressed and intensely-cold air or gas will
be expanded into the receiver (); when lique-
faction will take place, and the liquefied
or air will fall to the bottom thereof, to be
drawn off by a suitable cock there provided.
That portion of the air or gas which does not
liquefy after passing the valve P will pass
through the ports » 2 into the chamber R, to
the space G through the spiral channel I¥ into
the collector II. The return passage of the

air or gas through the coils E B and the chan-
nel I will produce an intense coldness, and
theseoutgoing channels completely surround-
ing the incoming spiral and acting through
contact directly on the metal wall of the same
will have an exceedingly effective action on

gas .
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superposed in parallel lines, as before stated, | the incoming current of compressed air or gas

to lower the temperature of same.

By reason of the spiral arrangement of all
the channels the apparatus is rendered per-
fectly seli-insulating, the hottest ends of both
the incoming and outgoing currents being at
the perlpher'y,_ and an enormous cooling-sur-
face is obtained in a compact form Without
any loss through conduction or radiation.

A system of compressors and coolers which

may be employed is shown diagrammatically
in Fig. 3, in which view the arrangement of

thespir al coilsis also shown diagr ammamcally

in an exaggerated manner in “order to more
clearly illustrate same. -

T is intended to represent a compressor
for compressing air or gas at atmospheric
pressure, and T a compressor for drawing the
air or gas from the collector H. U U’ are
thelr 1‘espective coolers. The airor gascom-

ing from the collector II will be at about at-
mosph ericpressure orless. 'T*isacompresor
for drawing the air or gas from the discharge-
pipe O of the coils B K, &e. T'he compressor
T2 receives the air or gas from said discharge-
pipe and compresses 1t together with the par-
tially-compressed air or gas from T U T" U’,

and ‘from thience it passes through the re-

quired coolers and COMPIessors, as U= T8 U3,
to the stand-pipe A. .

It will of course be understood that we do
not limit ourselves to the system of com-
pressors and coolers Just described, as any

“arrangement which will compress and cool to

a, desn*e,d amount the air or gas to be liguefied
and which will draw oft the air or gas from
the collector and coils and recompress same

‘may be used in combination with our im-

proved appwatus

In Fie. 5 we have shown a slightly-modified
constructlon of our . appar atm, in which the
two series of coils I3 B and I£ E are arranged
within the other instead of alternatelv one
above the other.

Further description or illustration of such
an arrangement is unnecessary, as the con-
struction is obvious from a glance at the
drawings.

“‘What we claim is—

1. In acondenser for an airor gas refriger-
ating and liquefying appamtus the combina-
tion of two spiral concentric channels, one
arranged above the other in the same vertlcal

plane one of said channels arranged to carry.
‘the ingoing currents of aemform fluid, and
‘the obher of said chanuels arranged to carry

the outgoing currents of expanded flnid, an-
other spiral channel arranged intermediate
of the coils of the first-mentioned spiral chan-
nels, and arranged to carry outgoing currents
of further expanded fluid, a plu ality of ex-
pansion-chambers with which said channels
are connected, and conunections between said
expansion- _chambers substantmlly as speci-
fied. |

2. In a condenser for.an air or gas refriger-

‘ating and ligquefying apparatus the combina-
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tion of two spiral concentric channels, each | bers, means whereby said air or gas may be

comprising a series of spiral coils, the coils of

each series being arranged alternately with

each other and in thesame vertical plane, and
anotherspiral channel arranged intermediate
of the coils of the first-mentioned spiral chan-
nels, one of said channels arranged to carry
the ingoing currents of aerlform fluid, and
the others ef sald channels arranged to carry
the outgoing currents of expauded aeriform
fluid, a plumlity of expansion-chambers with
whieh said channels are connected, and con-
nection between said expansion-chambers,
substantially as specified.

3. In acondenser for an air or gas refrwel-
ating and liquefying apparatus 13116 combina-
tion of two series of spiral channels consist-
ing of coils, the coils of each series arranged
elternetely With each other, a spiral channel
arranged intermediate of the coils of the first-
men‘moned spiral channels, a plurality of ex-
pansion-chambers with which the said chan-
nels are connected, and valves controlling the
connection between the said expansion-cham-
bers substantially as specified.

4. In acondenser for an air or gas refriger-

ating and liquefying apparatus, the combina-
tion with a spiral channel for incoming cur-
rents of aeriform fluid under pressure and a
plurality of expansion-chambers, connected
together, and with one of which the inner end
of said channel is connected, of a plurality of
spiral channels, concentfric with the first-

mentioned spiral channel, for outgoing ex-

panded air of sueeesswely lower pressures,
sald spiral channels being connected with suc-

cessilve expansion- chembels substantially as

speelﬁed |
5. In a condenser for an air or gas refriger-
ating apparatus, the eembmetlen with a spi-
ral ehennel for incoming currents of aeri-
form fluid under pressure, a plurality of ex-
pansion -chambers eonneeted together, and
with one of which the inner end of said chan-
nel is connected, and valves for controlling
the connection between the sald expansion-

chambers, of a plurality of spiral channels,

concentric with the first-mentioned spir al
channel for outgoing expanded air of succes-
sively lower pressures, said SplI’&l channels
being connected with successive expansion-
ehembere substantially as speelﬁed

6. In a eondeneer for an air orgas refriger-

ating apparatus, the combination Wlbh a splral
eha,nnel for incoming current of aeriform
fluid under pressure, a plurality of expan-

sion-chambers, connected together, and with

one of which the inner end of said channel
18 connected, and valves for controlling the
connection between the said expansion-chams-

bers, of a plurality of spiral channels concen-

tric with the first-mentioned spiral channel
for outgoing expanded air of successively
lower pressures, said spiral channels being
connected with successive expansion- -cham-

| rality of successive expansion- _chambers for

|

collected as lique:
sired, substantially as specified.

7. Tn an apparatus for refrigerating and
liquefying gas or air the combmetwn with a
spiral channel for incoming currents of aeri-
form fluid under pressure, a plurality of ex-
pansion-chambers connected together, and
with one of which the inner end of said chan-
nel is connected, and a plurality of spiral
channels concentric with the first-mentioned
spiral channel for outgoing gas or air of suc-
cessively lower pressures said spiral channels
being connected at their inner ends with suc-
cessive expansion-chambers of a system of
compressors and coolers whereby the expand-
ed gas or airis conducted away from the last-
mentioned channels, compressed and cooled
and returned to the first-mentioned channel
and means for compressing and cooling fresh

oas or air to take the pleee of that llqueﬁed
'substa,ntlelly as specified. |

8. In a condenser for an air or gas refriger-
ating and 11quefy1nn' apparatus the eembma-—
tion W1th a series of spiral channels for in-
coming currents of compressed aeriform fluid,
of a series of spiral channels for outgoing cur-
rents of expanded aeriform fi 111d the. sald

| channels carrying the outgoing eumente be-

ing arranged to eompletely surround the chan-
nels car ryinﬂ' the incoming currents, a plu-

different pressures connected together, and
to the inner ends of the several channels, sub-
stantially as set forth. |

9. In a condenser for an air or gas refriger-

ating and liguefying apparatus the combina-
| tion of a stand-pipe, a central collector,aseries

ied and -drawn off when de-
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of spiral coils connected at their outer ends

with the stand-pipe and at their inner ends
with the collector, an expansion-chamber, a

communication between the collector and the

expansion-chamber, another series of spiral
collsarrangedalternately with the first series,
and in the same vertical plane therewith, said

colls being connected at their inner ends with

sald expansion-chamber and at their outer
ends with a common return-pipe, another ex-
pansion - chamber, communicating with the
aforesald expansion - chamber, and another
spiral channel arranged inter mediate of each

turn of the spiral cells the inner end of said

channel being cenneeted to the last - men-
tioned expansion-chamber, eubstentlelly as
specitied.
Signed at New York, N. Y., thle 30th day
of September 1898.
OSCAR P. OSTERGREN
MORIZ BURGER.
Witnesses as to Ostergren:
J. C. CHAPIN,
S. M. GARDENHUE.
Witnesses as to Burger:
B. BERNNARD,
S. W. VANDIVERT.
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