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To cLZZ whomy it ma,y coﬂcern - -
Be it known that I, FRANK L. DYER a Citi-

zen of the United Sta,tes residing at Mont—

. IO

clair, in the county of Essex and. Stete of New

Jersey, haveinvented certain new and useful
Improvementsin Appel atus for Reducing the

Temperature of Gases or Yapors, of Whmh the
following is a specification.

This 1nvent10n relates to an apparatus for
carrying.-out a method of reducing the tem-

perature of gases set forthin my application

Serial No. 707 599 of which this epphcatlon

is a division.
Theapparatus which I heve invented for the.
carrying out of this method comprises, essen-

- tially, first, a eompressor for compressing the

desired gas or vapor—simple, complex, or

compound——-whereb y the temperature thereof

“will be increased; second, a cooler or con-
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denser fo permit the compressed gas or |
vapor to be cooled and which may be oither
influenced by the atmospheric air or cireu-

lating water or by a separate refrigerating
system third, a primary cooling device

‘wherein the bulk of the compressed gas or

vapor will be subJeeted to a cooling effeet
produced by the expansion of a pOI‘thH there-
of either in .the primary or secondary cool- |
ing device, and, fourth, a secondary cooling

dewee wherein the bulk of the eempreseed*

gas or vapor cooled in the first cooling device
wﬂl be subjected to a second coohnﬂ' effect
produced by the expansion of a portlou of the

gas or vapor cooled in the first cooling device. |
The apparatus may comprise any farther
~additional cooling devices for seeuring fur-

~ ther and additional cooling effects.
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Preterably the epparetns also comprlses &
receiver for supplying the gas or vapor. to the

compressor and which is connected with the

cooling devices, whereby the expanded gas
or vapor from the cooling devices will be re-
turned to the receiverto beagain compressed.

Manifestly the gas or' vapor thus .returned
from the coohnﬂ' devices will beofarelatively.

low temper eture thereby representing en-
ergy which i1s conserved by thus returning it
to the compressor. Since the expanded por-
tion of the gas or vapor which is expandedin

the secondary cooling device is of a lower |

1

l

'wwh the gas or vapor to be cooled.

tempereture then the expa,nded portlen of
the gas- or vapor which is expanded in the

‘primary cooling device, the apparatus pref_f .
.erably consists in providing conduits for 1'e-l__-'

‘turning the expanded gas or vapor from the:
‘secondary cooling device through the prlma,ry
‘eooling device dﬂd thence to the receiver.

In this way efficieney is increased, since the

reduced temperature of the expanded gas or
-vapor from the secondary cooling devxce is
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utilized in reducing the temperature of the =
eompressed gas or vapor in the primary cool-

ing device.

conduits for the expended gas or vapor there-

from extend, preferably, thlouﬂ'h the p1eced-~

ing cooling devices.

“When the apparatus is provided - ';
w1th additional cooling devices, the return-

In erder that the invention may be bette1 o

specification, and in which is illustrated a

1 understood, attention is directed to the aec-
companying drawing, forming a part of this.

diagrammatic view of the preferred form of
a,ppcua,tus embodying my invention and

wherein three cooling devices are shown.
1 18 ‘a receiving - tank which is supphed
When it

s

is deelred to employ the invention for. ‘the .
cooling of air, the entrance-pipe 2 communi-

cates d11 ectly with the atmosphere. .
ably a check-valve 38 is provided in the en-

trance-pipe, which opens downwardly by sue-:

Prefer-.:' |

80

tion to permit the gas or vapor to enter the’ -~ -

receiver 1.

418 a eomplessor of any smtable type, the-_'" '

suction-pipe 5 of which connects with the re-
] illustrate a simple compressor; -
but obviously it may be provided with two

ceiver 1.

or any greater number of compressing-cylin-
ders. A discharge-pipe 6 from the COMPreossor
connects with a su1teble cooler or condenser

for reducing the temperature of the com-
Ppressed-gas or vapor.

dleeherfre -pipe may be formed into a coil 7,

‘which may be exposed to the air or be im-

mersed in a tank of water 8, having a con-

o

For this purpose the

95

stant mreulatmn through t,he circulating-

pipes: 9 9.

tank 8 may be supphed with cooled brine.
10 represents the primary cooling device,

- Obviously the cooling medium N
may be a separate refrigerating system,or the

,Ioo
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which in its preferred form comprises a re-

ceptacle 11, having a coil 12 therein, which

| eonstltntes a eontmuatmn of the pipes 6 and

IO

7. An expansion-pipe 13 leads into the re-

ceptacle 11 and is provided with an expan-

sion-valve 14 of any suitable type to permit
the proper reduction in pressure of the gas
or vapor. A pipe 15 connects the receptacle

11 with the receiver 1 to convey back to.the

receiver the expanded gas or vapor from the

receptacle. |
with a suitable trap 16, having a valve 17 for
receiving any water which may be condensed

~ out of the gas or vapor, which water may be

I5

drawn off flOlIl time to time.

18 represents a secondary cooling device,

' which also preferably comprises a receptacle

20

19 and a coil 20 therein, which coil forms a
continuation of the coil 1" The coil 20 may
be of a smaller capacity than the coil12. An

- expansion-pipe 21 leads into the receptacle
- 19 and is provided with an expansion-valve

25

30

22 therein.

‘The pipe 23 from the secondary
cooling device leads, preferably, to the pri-
mary cooling device, whereby the expanded

- gas or vapor from the secondary cooling de-

vice will be conveyed to the primary cooling
device, and thence to the receiver 1. Obvi-
ously, however, the pipe 23 may connect di-
rectly with the receiver 1, although I consider

- the former arrangement prefe1 able.
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24- represents a tertiary cooling dewce,
which may or may not be used, as desired.
This preferably comprises a receptecle 25,
having a coil 26 therein, the latter constitut-
ing a continuation of the coil 20.

27 is an expansion-pipe leading into the re-
ceptacle 25 and having an expansion-valve
28 therein. The pipe 29 from the tertiary
cooling device preferably leads to the second-
ary coolmﬂ' device, whereby the expanded gas

' or vapor from the tertiary cooling device will

45

pass successively through the secondary and
primary cooling devices and thence to the

recewel 1.
Anv additional number of eeolmn' devices

. may be employed, 1f desired.
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" The outlet 30 from the final cooling de-
vice—in this case, the tertiary cooling de-

vice—is provided with a valve 31, by which

the cooled gas or vapor may be drawn off.
When the (30011110' is effected to the point of
liquefaction, the llqueﬁed gas or vapor will
be drawn off through this pipe. All of the
pipes, receptacles, d&c., are preferably heav-
ily insulated with an 1nsulatmﬂ*-cove1mw 32,
of any suitable character.

The operation will be as follows: Upou
starting the compressor the gas or vapor will
be drawn into the receiver 1 through the pipe
2 and past the check-valve 3. This gas or

vapor will be compressed by the compressor.
If the gas or vapor which is being compressed
is not etmoepherle air, the valve 81 will be
opened to permit air from the system to be
expelled. 7The compression of the gasor va-
por results in the conversion of the latent

The coil 12 may be provided

11,419

! heat into sensible heat, whereby a rise in tem-

perature is effected. The compressed gasor
vapor will now be cooled in the cooling de-
vice until in its.compressed condition its tem-
perature hasbeen reduced tothe proper point.

A small portion of the compressed and cooled
gas or vapor is now allowed to expand past

| the expansmn-valve 14 and through the ex-

pansion-pipe 13 into the 1eceptacle 11. In
thus expanding its temperature will be re-
duced to an extent proportional to the degree

of expansion and the cooling to which it is

subjected in the cooler. The compressed gas
or vapor in the coil 12 will thus be reduced in
temperature, whereby the gas or vapor.inthe
coil 12 will be of the same pressure as the gas

70
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or vapor in the coil 7, but will be of a 1owe1 |

temperature than the latter. The expanded
gas or vapor from the receptaele 11, being
obvmusly cooler than the gas or vaper entel-
ing the receiver 1 thr outrh the pipe 2, is re-
turned to the receiver by the pipe 19, where-
by the energy will beconserved. A portionof
the cooled compressed gas or vapor which has
been cooled in the primary cooler 10 1s now al-
lowed toexpand through the expansion-valve
22 and expansion-pipe 21 into the receptacle
19. Afurtherredunctionintemperatureisthus
secured, which results in the lowering of the

| temperature of the compressed gas or vapor

in the coil 20. The expanded gas or vapor
from the secondary coolerisconveyed through

| the pipe 23 to the primary cooler, where it

assists in the cooling of the compressed gas
or vapor in the coil 12.
through the pipe 15 to the receiver.
tiary or other additional coolers are used, the

'0peremone described are repeated, each cooL—
ing device resulting in a lowering of the tem-

perature of the gas or vapor in its cooling-
coil, but without, eoueepondmwly affectmrr
the pressure.

It is obvious that when the apparatus is
properly operating the only additional gas
or vapor which is supplied to the system will
be that entering throughthe pipe 2 and which
will be only of euﬂiclent quantity to compen-
sate for the diminution in volume of the gas
or vapor in the system due to the lowering of
its temperature or toits actual liquefaction.

It will be obvious that after the apparatus
has started and expanded gas or vapor from
the secondary cooler begins to flow through
the primary cooler and from the tertiary
cooler through thesecondary cooler the quan-
tity of gas or vapor passing through the ex-
pansion-valves 14 and 22 may be reduced to
secure the same cooling effect. DBecause of
this faet I have determined that the method

~can be carried out by closing the valves 14
and 22 at all times or by dispensing with

them, whereby only a single expanding op-
eration will take place. Assuming the ex-
pansion pipes and valves 13 14 and 21 22 to
be dispensed with, the operation of the ap-
paratus illustrated inthe carrying out of the

method will be as follows: The compressed

It is thence carried
If a ter-
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2as or, vapor a,fter having- had' its tempera- |

ture reduced 1n the eeoler or condenser fills

the-coils 12, 20, and 26 nnder the pressure of

the compressor and at the temperature ob-
tained in the cooler or condenser.
allowing for an expansion of the gasor vapor

-thmucrh the expansion-valve 28 a,nd pipe 27

a reduction of temperature in the tertiary
cooler is effected, which will result in the
loweringof the tom peratureof the compressed
gas or vapor in the coil 26. The expanded
ﬂ'es or vapor from the tertiary cooler and
Wthh obviously is of a lower temperature
than the compreseed gas or vapor in the coil
20 will be conducted by the pipe 29 into the
c~ee¢::mde1r'v1;>' c¢ooler, where it results in the low-
ering of the tempemtme of the gas or vapor

‘in the coil 20. From the secondary cooler

the expanded gas or vapor passes into the
primary cooler, where a lowering of the tem-
perature of the gas or vapor in the coil 12 is
effected.

tiary cooler the temperature of the gas or va-

~porin the coil 26 will be less than thatin the

coil 12. The reduction of the temperature of
the gas or vapor in the coil 20 results in a
gradunal diminution in the temperature of the
gas or vapor which passes through the expan-
sion valve 28 and pipe 27, Whleh results in a
gradual diminution in the tem perature of the
gas or vapor in the coil 26 and in the coil 20 of
the secondary cooler and in the coil 12 of the
primary cooler. In this way a gradual and

continned reduction in tempemtureof the

gas or vapor throughout the apparatus will

- be effected until the ultimate tempemture is

40

reached.
In deseribing the operation of my appara-

tus as it will take place when only a single

~expansion is effected I have referred to the
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tertiary cooler. It will be obvious that this

operation may be effectively carried out when |

only a primary and secondary cooler are em-
ployed. The expansion of the gas or vapor

in the secondary cooler results in the lower-

ing of the temperature of the compressed gas
or vapor therein, and the passage of the ex-

panded gas or vapor from the secondary

cooler results in a lowering of the tempera-
ture of the compressed gas or vapor- in the
primary cooler, which in turn resultsin a low-
ering of the temperature of the expanded gas
or vapor in the secondary cooler, and so on.

The cooling devices of my apparatus con-
s1st, preferably, of a coil, in which the gas or

vapor is maintained under pressure, 1oeeted'

in a receptacle in which the circulation of the
expanded gas or vapor is effected.
understood, however,that these elements may
be reversed and that the gasor vapor under
pressure may be ma,mta,lned in the recepta-
cle, while the expanded gas or vapor may be
circulated through the coils.

Having now deeerlbed my 1nvent10n the

By now

It “111 be seen that under the ef-
fect of the expanded gas or vaporfrom the ter-

It will be

&

1. An apparatus for refrigerating and lig-

uefying air or other gas, comprising a eom-.
pressor with means for abeerbmﬂ' the heat

7°

generated by compression,a refr wemtmﬂ-eon—-f
_d uit connected to the compressor, a series of -
expansion deviees-having--supply.eenneetiens L

‘to successive points along the conduit of suc-
cessively lower temperature, and exhaust.

connections from such expansion devices ar-
ranged In conducting proximity to portions
of t.he r'efrlﬂ'emblnﬂ'-eondulb of suceesewely
lower temperature

2. In an apparatus for reduemﬂ' the tem-
perature of a’'gas or vapor, the eembl_natlon |
with a compressor for compressing the gas

75
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or vapor, of a cooler for reducing the tem-

perature due tocompression, a primary cooler
having a closed conduit for containing the’
a secondary cooler

com preesed gas or vapor, a

having a elos**d conduit for containing: the

com preseed gas or vapor, an expansion devlce
between the secondary and primary coolers
to permit the expansion of ‘the compressed
gas or vapor from the closed conduit of the

90

primary cooler into proximity with the closed
conduit of the secondary cooler, and means

for reducing the temperature of the com-

pressed gas or vapor in the closed conduit of

the primary cooler, substantially as set forth.
‘3. In an apparatas for reducing the tem-

| perature of a gas or vapor, the combination

with a compressor for compressing the gas

or vapor, of a cooler for reducing the tem-
perature due to compression, a primary cooler

having:a closed conduit for containing the

having a elosed conduit for containing the
compressed gas or vapor, an expansion device
between the seeondery’ and primary coolers

05
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| eempressed oas or vapor, a secondary cooler

Log

to permit the expansion of the compressed '

' gas or vapor from the closed conduit of the
primary cooler into proximity with the closed

conduit of the secondary cooler, and a return-
pipe for directing the expanded oas or vapor
from the secondar; cooler mto proximity

‘with the closed conduit of the pmmar; eooler

substantially as set forth.
4. In an apparatus for 1*eduem0' the tem-

I10°
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perature of a gas or vapor, the combination

with a compressor means-for reducing the
temperature due to compression, of a primary

cooling device, a secondary cooling device,
closed conduits in the cooling devices for con-

120

taining the compressed gas or vapor, an ex-

pansion device between the two cooling de-
vices for permitting an expansion of the gas

or vapor from the closed conduit of the first
cooling deviee into proximity with the closed
eondmt of the second cooling device, a re-

| ceiver connected to the compressor, and con-

duits for conducting the expanded gas or
vapor from the eeeond cooling device to the
receiver, substantially as set ferth

5. In an apparatus for reducing the tem-

perature of a gas or vapor, the eombmetmn'

125
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followmn 1s what I claim as new thelem and | with a compressor for compressing the gas

desire 0. secure by Lettels Patent:

L or vapor,

of a cooler for reduemn‘ the tem-

nA
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perature due to compression, a primary cool- | connected to the compressor, and conduits 10
ing device, a secondary cooling device, closed | for conducting the expanded gas or vapor
conduits in the cooling devices for containing | from the secondary cooling device through
the ecompressed gas or vapor, an expansion | the primary cooling device and thence to the

g device between the two cooling devices for | receiver, substantially as set forth.

permitting an expansion of the gas or vapor 'FRANK L. DYER.
from the closed conduit of the first cooling Witnesses: | S - "
device into proximity with the closed conduit JNO. R. TAYLOR,

of the secondary cooling device, a receiver | ARCHIBALD (. REESE.
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