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SPECIFICATION forming part of Letters Patent No. 710,957, dated October 14, 1902.
Application filed March 3,1899, Serial No. 707,699, {(No specimens,)

To all whom it maiy concermn:
Be it known that I, FRANK L. DYER, a citi-
zen of the United States, residing at Mont-

clair, in the county of Essex and State of New

5 Jersey, have invented a certain new and use-
ful Method of Reducing the Temperature of
(rases or Vapors, of which the following is a
specification. |

Myinventionrelatestoanimproved method
by whieh the temperatures of gases and va-
pors or mixtures of gases and vapors may be
reduced sutfficiently to result in the liguefac-
tion thereof, or to any point above the tem-
perature of liquefaction, and to improved ap-
paratus for carrying out the method commer-
cially.

i0

L5

"The method resides in the fact that when a

gasorvapor—simple,complex,orcompound—
is subjected to pressure the latent heat is con-
verted into sensible heat, resulting in a rise in
temperature, and when the compressed gas or
vaporis then allowed to cool until in its com-
pressed state it has regained, or approxi-
mately regained, its original temperature a
subsequent expansion of the gas or vapor, to
allow 1t to regain its original volume, will re-
sult In a diminution of temperature. The
well - known refrigerating systems - depend
upon this fact. Obviously the degree of cold
which can be secured in this way is limited
to the extent to which the degree of expan-
sion can be effected.
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In the carrying out of my method it is pos-.

sible to secure any degree of cold which may
be desired and without the necessity of em-
ploying prohibitively or uneconomically high
pressures.

My method consists in effecting a series—
two or more—of refrigerating operations
whereby a progressive reduction in tempera-
ture will be effected.
compress the gas or vapor, either simple,
complex, or compound, to raise the tempera-
ture thereof. The compressed gas or vapor
is then cooled in a suitable cooler or con-
denser, whereby heat will be absorbed there-
from. A portion of the compressed and
cooled gas or vapor is now allowed to expand,
whereby a drop in temperature will be ef-
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To this end I first

| sion.
vapor is directed into proximity with the un-

The expanded portion of the gas or

expanded portion thereof, so as to reduce the
temperature of the latter. Dy the first stage
a compressed gas or vapor will be secured
which will be of a lower temperature. A por-
tion of the refrigerated compressed gas or va-
por may be now allowed to expand, whereby
a Turther reduction in temperature will be se-
cured. When thisis done, the second por-
tion, which is thus expanded, is directed into
proximity with the refrigerated compressed
gas or vapor, so as to effect a further reduc-
tion in temperature thereof. '"I'hese opera-
tions may be continued indefinitely until the
desired degree of cold 1s secured.

- The apparatus which I have invented and
which forms the subject-matter of a divisional
application, Serial No. 54,726, filed April 6,
1901, for the carrying out of this method com-
prises, essentially, first, a compressor for
compressing the desired gasor vapor—simple,
complex, or compound-—whereby the tem-
perature thereof will be increased; second, a
cooler or condenser to permit the compressed
oas or vapor to be cooled and which may be
either influenced by the atmospheric air or
circulating water or by a separate refrigerat-
ing system; third, a primary cooling device
wherein the bulk of the compressed gas or
vapor will be subjeeted to a cooling effect pro-
duced by the expansion of a portion thereof,

either in the primary or secondary cooling

device, and, fourth, a secondary cooling de-
vice wherein the bulk of the compressed gas
or vapor cooled in the first cooling device will
be subjected to a second cooling effect pro-
duced by the expansion of a portion of the
oas or vapor cooled in the first cooling device.
The apparatus may comprise any further ad-
ditional cooling devices for securing further
and additional cooling effects. Preferably
the apparatus also comprises a receiver for

- supplying the gas or vapor to the compressor

and which is connected with the cooling de-
vices, whereby the expanded gas or vapor
from the cooling devices will be returnad to
the receiver to be again compressed. Mani-
festly the gas or vapor thus returned from the

so fected dependent upon the degree of expan- | cooling devices will be of a relatively low tem-
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~ perature, thereby representing onergy which | with a suitable trap 16, having a valve 17 for
is conserved by thus refurning it to the com- | receiving any water which may be condensed
pressor. Since the expanded portion of the | out of the gas or vapor, which water may be
gas or vapor which is expanded in the sec-'| drawn off from time to time. 70
s ondary cooling device is of a lower tempera- 1S represents a secondary cooling device,
~ ture than the expanded portion of the gas or | which also preferably comprises a receptacle
vapor which is expanded in the primary cool- | 19 and a coil 20 therein, which coil forms a
ing device, the apparatus preferably consists | continuation of the coil 12. The eoll 20 may
in providing conduits for returning the ex- | be of a smaller capacity than the coil 12. 75
10 panded gas or vapor from the secondary cool- | An expansion-pipe 21 leads into the recepta-
ing device through the primary cooling de- | cle 19 and is provided with an expansion-
vice, and thence to the receiver. In thisway { valve 22 therein. T'he pipe 23 from the sec-
efficiency is increased, since the reduced tem- | ondary cooling device leads, preferably, to
perature of the expanded gas or vapor from j the primary cooling device, whereby the ex- so
15 the secondary cooling device is utilized in re- | panded gas or vapor {from the secondary cool-
ducing the temperature of the compressed | ing device will be conveyed to the primary
vas or vapor in the primary cooling device. | cooling device and thence to the receiver 1.
When the apparatus is provided with addi- | Obviously, however, the pipe 23 may connect
tional cooling devices, the return-conduits for | direetly with the receiver 1, although I con- 85
20 the expanded gas or vapor therefrom extend | sider the former arrangement preferable.
preferably through the preceding cooling de- ; 24 represents a tertiary cooling device,
vices. | which mayv or may not be used, as desired.
In order that the invention may be better { This preferably comprises a receptacle 25,
understood, attention is directed to the ac- | having a coil 26 therein, the latter constitut- go
25 companying drawing, forming a part of this { ing a continuation of the coil 20. o
specification, and in which is illustrated a | 27 isan expansion-pipe leading into the re-
diagrammatic view of the preferred form of | ceptacle 25 and having an expansion-valve
apparatusadapted for the carrying out of my | 28 therein. The pipe 29 from the tertiary
method and wherein three cooling devices are | cooling device preferably leads to the second- 95
30 shown. | ary cooling device, whereby the expanded
1 is a receiving-tank which is supplied with | gas or vapor from the tertiary cooling device
the gas or vapor to be cooled. When it isde- | will pass successively through the secondary
sired to employ the invention for the cooling { and primary cooling devices and thence to
of air, the entrance-pipe 2 communicates di- | the receiver 1. 100
35 rectly with the atmosphere. Preferably a Any additional number of cooling devices
check-valve 3 is provided in the entrance- | may be employed, if desired. |
pipe, which opens downwardly by suction to The outlet 30 from the final cooling device—
- permit the gasor vaportoenter the receiverl. | in this case the tertiary cooling device—is
4 is a compressor of any suitable type, the | provided with a valve 31, by which the cooled 105
4o suction-pipe 5 of which connects with the | gas or vapor may be drawn off. When the
receiverl. Iillustrate a simple compressor; | cooling is effected to the point of liquefaction,
but obviously it may be provided with two | the liquefied gas or vapor will be drawn off
or any greater number of compressing-cylin- | through this pipe. All of the pipes, recepta-
| ders. A discharge-pipe 6 from the com- | cles, &c., are preferably heavily insulated 110
45 pressor connects with a suitablecooler or con- | with an insulating-covering 32 of any suit-
denser for reducing the temperature of the | able character. | ~
compressed gas or vapor. FKor this puarpose The operation will be as follows: Upon
the discharge-pipe may be formed into a coil | starting the compressor the gas or vapor will
7, which may be exposed to the air or be im- | be drawn into the receiver 1 through the pipe 115
so mersed 1n a tank of water 8, having a con- | 2 and past the check-valve 3. This gasor
stant circulation through the circulating- | vapor will be compressed by the compressor.
pipes 9 9. Obviously the cooling mediam | If the gas or vapor which is being compressed
may be agseparate reirigerating system or the { 18 not atmospheric air, the valve 31 will be
tank 8 may be supplied with cooling-brine. | opened to permit alr from the system to be 120
55 10 represents the primary cooling device, | expelled. The compression of the gas or va-
which, in its preferred form, comprises a re- | por results in the conversion of the latent
ceptacle 11, having a coil 12 therein, which | heatinto sensible heat, whereby a risein tem- -
constitutes a continuation of the pipes 6 and | perature 18 effected. The compressed gas or
7. An expansion-pipe 13 leads into the re- | vapor will now be cooled in the cooling de- 125
6o ceptaclell andis provided with an expansion- | vice until, in its compressed condition,its tem-
valve 14.0f any suitable type to permit the | perature hasbeen reduced to the proper point.
proper reduaction in pressure of the gas or | Asmall portion of the compressed and cooled
vapor. A pipe 15 connects the receptacle 11 | gas or vapor 1s now allowed to expand past
with the receiver 1 to convey back to the re- | the expansion-valve 14 and through the ex- 130 -

pansion-pipe 13 into the receptacle 11. In
thus expanding its temperature will be re-

65 celver the expanded gas or vapor from the
receptacle.

The coil 12 may be provided |
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duced to an extent proportional to the de-
gree of expansion and the cooling f{o which
1t 1ssubjected 1in the cooler. The compressed
gas or vapor in the coil 12 will thus be re-
duced in temperature, whereby the gas or
vapor in the coil 12 will be of the same pres-
sure as the gas or vapor in the coil 7, but will
be of a lower temperature than the latter.
The expanded gas or vapor from the recep-
tacle 11 being obviously cooler than the gas
or vapor entering the receiver 1 through the
pipe 2 18 returned to the receiver by the pipe
15, whereby the energy will be conserved. A
portion of the cooled compressed gas or va-
por which has been cooled in the primary
cooler 10 is now allowed to expand through
the expansion-valve 22 and expansion-pipe
21 into the receptacle 19. A further reduec-
tion 1n temperature is thus secured, which
restutlts in the lowering of the temperature of

the compressed gas or vapor in the coil 20. |

'The expanded gas or vapor from the second-
ary cooler 1s conveyed through the pipe 23
to the primary cooler, where it assists in the
cooling of the compressed gas or vapor in the
coil 12. 1t isthence carried through the pipe
If atertiary or other ad-
ditional coolers are used, the operations de-
scribed are repeated, each cooling device re-
sulting in a lowering of the temperature of
the gas or vapor in its cooling-coil, but with-
out correspondingly affecting the pressure.

It is obvious that when the apparatus is
properly operating the onlyadditional gas or
vapor which is supplied to the sybtem will

be that entering through the pipe 2 and which

(18

will be only of suil clent quantity to compen-
saleforthe diminutionin volume of the gas or
vapor in the system due to the 10wer1nﬂ' of
1ts temperature or to 1ts actual liquefaetion.

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 coolerand from the tertiary cooler
through the secondary cooler the quantity
of gas or vapor passing through the expan-
sion-valves 14 and 22 may be reduced to se-
cure the same cooling effect. Because of this
fact 1 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 operation
will take place. Assuming the expansion
pipes and valves 13 14 and 21 22 to be dis-
pensed with the operation of the apparatus
illustrated in the carrying out of the method
will be as follows: The compressed gas or
vapor after having had its temperature re-
duced 1n the cooleror condenser fills the coils
12, 20, and 26 under the pressure of the com-
pressor and at the temperature obtained in
the cooler or condenser. DBy now allowing
for an expansion of the gasor vapor through
the expansion-valve 28 and pipe 27 a redue-

3

effected whieh will result in the lowering of
the temperature of the compressed gas orva-
por in the coil 26. The expanded gas or va-
por from the tertiary cooler, and which obvi-
ously is of a lower temperature than the com-

pressed gas or vapor in the coil 20, will be

conducted by the pipe 29 into the secondary
cooler, where 1t results in the lowering of the
temperature of the gas or vapor in the coil
20. From the secondary cooler the expanded
gas or vapor passes into the primary cooler,
whele a lowering of the temperature of the
gas Or vapor 1n the coll 12 is effected. It will
be seen that under the effect of the expanded
gas or vapor from the tertiary cooler the tem-
perature of thegasor vapor in the coil 26 will
be less than that in the coil 12. The reduc-
tion of the temperature of the gasor vaporin
the coil 20 results in a gradual diminution in
the temperature of the gas or vapor which
passes through the expansion-valve 28 and
pipe 27, which results in a gradual diminu-
tion in ‘the temperature of the gas or vaporin
the coil 26 and in the coil 20 of thesecondmy
cooler and in the coil 12 of the primary cooler.

In this way a gradual and continued reduec-
tion in temperature of the gas or wvapor
throughout the apparatus will be effected un-
til the ultimate temperature is reached.

In describing the operation of my appa-
ratus as 1t will take place when only a single
expansion is effected I have referred to the
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 the lowering of the tempera-
ture of the compressed gas or vapor in the
primary cooler, which in turn results in a

lowering 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 18 maintained under pressure located -

in a receptacle in which the circulation of the
expanded gas or vapor iseffected. It willbe
understood, however, that these elements
may be reversed and that the gas or vapor
under pressure may be maintained in the.re-
ceptacle,while the expanded gas or vapormay
be circulated through the coils.

Having now described my invention, what
I claim asnew, and desire tosecureby Letter S
Patent, is as follows

The method of refrigerating and ligquefy-
ing atmospheric air or other gas, which con-
$ists in compressing such gas, absorbing and
removing by a cooling medium the heat gen-
erated in compression, and subjecting a por-

65 tion of temperature in the tertiary cooler is | tion of the cooled compressed gas to a series
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of successive refrigerations at substantially l Thisspecification signed and witnessed this
constant pressure, by allowing other portions | 2d day of March, 1899.

of the compressed gas toexpand from condi- l ‘ -

tionsof successively-increasing refrigeration, FREANK L. DYER.
5 and applying the suceessive expanded por- Witnesses:

tions of gas to the refrigeration of the unex- ARCHIBALD G. REESE,

panded portions. JNO. R. TAYLOR.




	Drawings
	Front Page
	Specification
	Claims

