e

F. £, NORTON,
PROCESS OF REFRIGERATION,
APPLICATION FILED JAN, 29, 1916,

Patented Jan. 28, 1919.

3 SHEETS—SHEET 1.

{
E
a
|

K EANAS AN NN
N ! i .
\ Y || , ]
S \
'Q A)
N
N
\ 3
N N
. *
Y \
N N
N N
N N
\ | \
\E =L R
N
rad N
N
i‘
N A\
iN ‘i\ i 1 N
; ¢
; N
N 4 L 5-
N
\ Q
\ N
= - /
a——— N
N . . ) N
ML TN . N ]}&venéov
Wsdrecsses. r W

Rﬂ-]ﬂo LYRS.

Ly
Uo. A Loy

LLLL Ll

/4
ﬂééocne‘yﬂ'



F. £, NORTON.
PROCESS OF REFRIGERATION,
APPLICATION FILED JAN, 29, 1915,

Patented Jan. 28, 1919.

3 SHEETS—SHEET 2.,

N
>

\ =4

\ -

N %

N > i

N f

N

NN

\

N

N

N

N

N 30

N

Dy AN SN

Fetresses.

@a@/wmﬂz

NSNN AAANAALANANNS

MR

N
N
Q
N
bc
N
N
22
N
a
\
N Lrneversor
N A C Tk,

2y

Y5k orrecy



F, £. NORTON,
PROCESS OF REFRIGERATION,

APPLICATION FHL.ED JAN. 29, 1916, .
1,298,958, Patented Jan. 28, 1919,

3 SHEETS—SHEET 3.

- 32

i

l

NN RN
1
I‘l Ny

Fdrasses Y
R@E-ZWW | 4 | V_& ’ﬁﬁ" ) El/ W%%
Cluelfrimdsvody, G T f borney




- - =

10

15

20

26

30

$h

40

45

50

56

UNITED STATES _PATENT OFFICE.

FRED E. NOETON, OF WORCESTER, MASSACHUSETTS, ASSIGNOR TO JEFFERIES-NORTON
COBFORATION, OF WORCESTER, MASSACHUSETTS, A CORPORATION OF DELAWARE.

PROCESS OF REFRIGERATION,

1,292,958.

Specification of Letters Patent.

Patented Jan. 28, 1919.

Application fled January 28, 1918. Serial Ko. 75,009,

70 all whom it may concern.:

Be it known that I, Frep E. Norron,
a citizen of the United States, residing at
Worcester, in the county of Worcester and
Commonweslth of Massachusetts, have in-
vented 2 new and useful Improvement in
Processes of Refrigeration, of which the fol-
lowing, together with the accompanying
drawings, is a specification. »

The present invention relates in general
to processes of refrigeration, and has par-
ticular reference to improvements in proc-
esses of this class which, in general, con-
template the attainment of extremely low
temperatures by the use of a gaseous work-
ing fluid. The low temperatures attained
in the present process, in common with the
processes previously practised, mz;y be used,
if desired, in securing extreme refrigerative
effects; or the process may be carried on for
the purpose of liquefying, in whole or in
part, the gas, and if desired, this liquefac-
tion, if the gas be a mixed gas, may be em-
ployed in connection with suitable distilla-
tion agencies to effect the separation of the
gas into its constituent elements. Moreover,
as will be shown, the process may with ad-
vantage be utilized for the cheap and effi-
cient production of power, in a form avail-
able for the production of useful work.

The process of the present invention con-
templates the attainment . of marked im-
provements in efficiency and capacity over
the processes of this class heretofore known
the principles of the invention and the vari-
ous steps employed in the application of
said principles to the accomplishment of the
desired results are fully set forth in the fol-
lowing description and pointed out in the
annexed claims, reference being had to the
accompanying drawings which illustrate,
diagrammatically, three different arrange-
ments of apparatus by means of which the
novel steps of my process may be put into
practice.

Referring to the said drawings, wherein
like reference characters are used to indicate
like parts in the several views

Figure 1 is a diagrammatic representa-
tion of one arrangement of apparatus which
may be employeg, and which is most sus-
ceptible to the explanation of the novel and
useful steps which constitute my invention.

Fig. 2 1s a fragmentary illustration of a
modification of the apparatus shown in Fig.

1, introduced herein for explanatory pur-
poses.

Fig. 3 is a diagrammatic representation of
an arrangement of apparatus illustrative of
what I now contemplate as being a prefer-
able arrangement for the appﬁcation of
the aforesaid novel and useful steps.

Fig. 4 is a diagrammatic representation
of an arrangement of apparatus illustrating
the application of certain of the novel steps
of my invention to a system which may be
said to be typical, in a general way, of the
refrigeration and lique%action systems of
the prior art,

It is to be understood, however, that the
curying out of my invention is not in
any way confined to the employment of
the herein described or any other par-
ticular arrangement of apparatus, nor to
the herein described methods of utilizing
such apparatus, except in so far as speci-
fied in the appended claims; the draw-
ings and description being illustrative
merely, and disclosing only a few specific
applications which I now regard as being
advantageous for the accomplishment of the
novel steps hereinafter set forth.

As heretofore practised, processes of this
class, which may or may not involve the
complete liquefaction of the working fluid,
depending upon the ultimate purpose to
which the refrigeration is to be applied,
have shown extremely low efficiency and
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capacity for refrigeration, by reason of the -

demands made upon the external cooling
agency in attaining the desired low tem-
Feratures, such systems, therefore, requiring
arge expenditures of power for supplying
the necessary refrigerative effect. In such
processes, especially where liquefaction for
the ultimate purpose of separation is con-
templated, preliminary compression of the
lg]as to be separated, and sometimes even
igher compression of the gas used in the
external cooling agency, has Invariably been
employed, in order that condensation may
occur at a fairly high temperature. Since
an expansion device returns useful work in
less and less degree as the temperature of the
fluid to be expanded is lowered, this pre-
liminary compression of the gas has, in the
past, been resorted to in order that the ex-
pansion_devices of such systems may work
at as high a temperature as possible. In
such previous processes, however, this small
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apperent gein in the cfficiency of the ez-
ternal cooling sgency has bean move than

offset by the cost of highly compressing the

=

working fluid, since substentially all the
work of this compression is dissipated in the
system owing to the fact that the release
from pressurs of o large portion of the
working fluid is relied upon to eifect its
liquefaction, and this occurs without any
production of external work. - Thet is fo

in all such prior processes the ges is-
suing from the system in countercurrent to
the incoming compressed gess, Irrespsetive

. of whether it has passed through the liquid
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state, or whether, if it 2
ponents issus in separated form, is invari-
ably under such s low pressure that the re-
covery of any power therefrom is out of

-the question.

Aceording to the present process, the step
of preliminary compression may be whelly
omitted or af least the degres of compression
may be substantially reduced; the gas may
be taken in under substantially atmospheric
conditions, and may be caused to lsave the
system under s much higher pressure, in
such a condition as to be available for fur-
nishing s considerable poréion of the power
required to produce the desired refrigera-
tion and liquefaction of the working fluid.

In this connection, the adapiation of the

principles underlying my process to the ef-
ficient and cheap preduction of power in
addition to the specific utility of said prin-
ciples for the liquefaction and separation of

ases, such ag air, will be readily understood,

1t being clear, from what follows; that the
working fluid employed in the. process is
brought to a high pressure by the miniznum
expenditure of work, and in this condition
is available as o motive fuid, with or with-
out the addition of external heat,

While it is clear that the mechanical im-
perfections of any given apparatus invari-
ably preclude the attainment of a perfect
efficiency, and while it is also apparent that
a process of the character herein st forth
is always limited by such mechanical im-
perfections, still it is nnquestioned that the
fina] efficiency of such a process will attain
the highest degres only when the several ac-
tions occurring therein are reversible in
character, at least in theory. Xt has been
shown that in prior processes of ¢his class,
the actions are irreversible. That iz o say,
the flow of heat from & higherto a lower tem-
perature, or level, without effecting external
work, as by the releass of pressure above de-
scribed, is & characteristic action of prior

rocesses of this class, and as such, i1s an
irreversible action, 4. e., 2 action requiring
an expenditure of work to restore the sub-
stance to its original condition. According
to the present process, the seversl heat ex-
changing actions between different portions

- guarded

o faixed gag, its com- |

of the fiuids in different stages of the process -

will be shown to be substantislly reversible,
at least in theory, in contra-distinction to the

wholly irreversible actions which are char-

_ acteristic of prior processes of this class; as

g consequence, in theory at least, the work

required in order to offect the desived re--
frigevation is simply that work which is -

necessary in order to overcome the mechani-

cal imperfections of the apparatus, it being’

pssumed, for the present purposes, that the
inleakage of external heat is -properly

£ against by the provision of suitable
nsulstion. v ' :

With reference to the appﬁc&tion of thé.
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prineiples above set forth to the attainment - = -

of the objects and advantages hereinbefore

mentioned, the diagrammatic illustration of |
Fig. 1, together with the several steps of

the process which are carried out by the
apparatus therein illustrated, will now be set
forth in detail. : ’

88

Roferring to Fig. 1, the gaseous working |

Aluid used in the process is led, under atmos-
pheric pressure, or under only a nominal
pressure, inte o passage 1 of a heat inter-
changer, designated ss e whole by the nu-
meral 2. This interchanger, which is herein
represented in purely conventional form, has
a ‘countercurrent passage 3, in intimete ther-
mal relation to the passage 1. I have se-
lected, for purposes of illustration, a form
of apparatus in some respects resembling
that shown in my copending application
Serial No. 11,850, filed March 3, 1915; in
common with the invention disclosed in said
copending application, the working fuid,
after liquefaction under low pressure in the

assage 1,'in the manner hercinafter set
forth, is transferred to the passage 3 by a
pump or other pressure increasing device 4,
which maintains i¢ in said passage 3 under
a pressure considerably in excess of the
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pressure prevailing in passege 1. The pres- -

sure prevailing in the passage 3 is obviously
due to the resistance imposed against the

110

outflow of vapor from the upper end of said

passage; in forcing liquid in the bottom of
passage 3, the pump 4 must put it under
sufficient pressure to overcome the pressure
prevailing in said passage, which, as above
stated, is higher than the pressure prevailing
in passage 1. '

115

~In common with the invention set forth

and described in said copeénding applica-
tion, the high pressure liquid in passage 3
is to be evaporated at such increased pressure
and refurned in countercurrent  through
the interchanger for the purpose of extract-
ing heat from the incoming gas in passage
1. The heat exchange between the fluids in
passages 1 and 3, in a manner similar to

120

125

thet well-known in apparatus of this char- -

acter, entails the discharge of high pressure
fluid from the top or warm end of passage

180
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3 at substantially the temperature of the
gas entering the interchanger at the top or
warm end of passage 1; the substantial
equalization of temperatures at any given
level by heat interchange between the two
passuges 1 and 3, is contemplated, and in
common with other apparatus of this char-
acter, the temperatures are lower, the lower
the level reached in said interchanger. To
effect this evaporation in the passage 3, an
expedient, somewhat similar to that em-
ployed in the process of said copending ap-
plication, but differing therefrom in cer-
tain particulars affecting the ultimate re-
sults obtained thereby, is adopted, the same
being herein illustrated as a means for
transferring the latent heat of condensation
from the vapor being condensed just above
the surface @ to evaporate the warmer liquid
at the surface 5. To this end, a coil 5 may
be immersed in the liquid formed within the
passage 1 of the interchanger and a com-
pressor 6 may be interposed between this
cold coil 5 and the warm end of a coil 7
partly immersed in the liquid contained
in the passage 3. Said coil 7 communicates
at its cold end with an expander or nozzle
8, and the latter is connected to the inlet
side of the coil 5, thereby forming a closed
circuit. Said ecircuit may be supplied with
a circulating fluid having a boiling point at
the same, or a lower, temperature than the
fluid to be condensed at the surface a. As-
suming that the compressor 6 works at a
slightly higher pressure than the pump 2,
and that the fluid used in said circuit is the
same as the working fluid, it will be clear
that the circulation by compressor 6, during
a given period, of a weight of fluid equal to
or slightly in excess of the weight of work-
ing fluid entering passage 1 during the same
period, will effect this transfer of heat con-
tents, as follows:—

This circulating fluid passing to the coil
5, after its pressure is released in expander
8, may, under the conditions assumed above,
be mostly liquid, and while condensing the
fluid above the surface @ by extracting the
latent heat of condensation therefrom, it
will be substantially evaporated. The
vapor, or the mixture of liquid and vapor
from the coil 5, passing to the compressor
6, has its. pressure and temperature raised
by said compressor. Passing in substan-
tially gaseous form to the coil 7, it. effects
the evaporation of liquid at the surface b,
by transfer of its heat to said liquid, and
is itself condensed thereby in whole or in
part. . The subsequent release of pressure
from said circulating fluid in the nozzle 8
causes its return to the coil 5 in condition
to repeat the condensation at the surface a
in the manner above described.

The actions, above described, will be car-
ried out, under the conditions assumed, very

8

readily, merely by causing the liquid in coil
5 to be slightly colder than the low pressure
working vapor to be liquefied at this point,
in order to promote the transfer of heat con-
tents in the proper direction, and it will be
seen that the difference in temperature re-
lied upon to effect this transfer of heat units
between the fluids can be made as small as
desired simply by increasing the contact
surfaces of the coil. The same is obviously
truc of the action occurring in the high
pressure passage 8, in which a slightly
greater pressure or temperature within the
coil 7 insures the necessary exchange of
latent heats. It will be clear that other
conditions affecting the pressure, temperu-
ture, composition, and quantity of the cir-
culatory transfer fluid may be adopted,
within a wide range, without departing
from the principles of the actions above sot
forth, since the foregoing assumptions were
made merely for purposes of explanation,
As has been shown, the transfer of the
relatively large quantities of heat between
the working and the circulating fluids oc-
curs in each case with only a. very slight
temperature difference; thus each action as
described above, of itself, therefore, ap-

. proaches reversibility as closely as the me-

chanical imperfections inherent in the ap-
paratus will permit. That is to say, the ab-
sorption and rejection of latent hent by the
working and circulating fluids, as de-
scribed above, takes place under substan-
tially constant temperature and hence with
the highest possible efficiency. Obviously,
the circulating fluid which ‘is alternately
compressed and expanded in the compressor
6 and nozzle 8 need not be confined to the
coils 5 and 7, as above described, but may
be constituted by fluid taken directly from
and returned to the supply of working fluid
present in the passage 3 of the interchanger,
as fully set forth in my aforesaid copending
application, in which case the quantity of
fluid circulated in the heat transfer system
would be in a predetermined proportion
to the quantity of working fluid handled by
pump 4. The above described use of the
circulating coil 7 is adopted simply for the
sake of clearness and to avoid confusion in
the explanation of my process.

As fully set forth in my said copending
application, the high pressure gas thus
evaporated at the surface & has, by reason of
its increased specific heat, a greatly in-
creased heat absorbing capacity; in other
words, it is capable of removing from the
system a greater amount of heat per degree
of temperature than is brought in by the
same weight of fluid entering the passage 1.
In the present process, a portion of this
available excess cooling effect may be uti-
lized in removing from the transfer fluid
any superheat, as would result from the in-
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troduction o the compressor ¢ of said fuid
- e » -z !

in the form of a saturated vapor. As ners-
in shown, the coil 7 extends above the ligmid

- level b in the passage 3, it being assumed,
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for purposes of illusiration, that superheat-
ing of the transfer fuid, to a degree indi-
cated by the temperature lovel ¢ of the imter-
changer, has cccurred. The liquid, there-
fove, does not riss to level ¢, bus boils off s0
as to remain 2t o level somewhat below e,
the exact position of which, b, is obvicusly
dependent wholly on the amount of guper-
heat. Betwesn the levels & and ¢ the high
pressure evaporate with its relatively high
heat absorbing capecity, accomplishes the
removal of this superheat. ) -
As pointed out in said copending applice-
tion, there is s deficioncy in the eooling
effect available for condensing the incoming
low pressure gas near the lower end of pas-
sage 1, notwithstanding the fact that'in the
process of ssid copending application the
temperature of said gas is lowered, by heat
exchange with the high pressure liquid; this
deficiency is due to the fact thai the sub-
stance under low pressurs has greater latent
heat thsn the same substance under high
pressure. In the progess of said copending
application an expansion engine, or other
equivalent cooling agency, Was reguired to
supply this deficiency in ccoling effect and,
as shown, it had to perform its work of

~cooling at the extremely low temperacure

86

40

48
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necessary to effect condensation in the low
pressure passage of the system. :

In the present process, not only is the neces-
sity for an external caoiing agency working
gt such a low tempersture wholly avoided,
but, if desired, the high pressure liguid
in passage 8 may nnpart all of its cool-
ing efféct to the transfer fluid in coil 7, since
such cooling effect is not essemtial to the
cooling of the low pressure vapor in passage
i. According to the present invention the
excess of cooling effect present in the high
pressure gas above the level ¢ is employed to
supply the deficiency of cooling effect in the
cold end of the low pressure p2ssage 1, and
to this end the arrangement of apperstus
hereinafier described may be employed,
although it will be apparent that my inven-
tion is not limited in any way to the ugse of
such an srrangement, the particular illus-
tration herein employed being adopted
merely for the sake of clesrness in explana-
tion. :

A compressor 9 is connected with a coil
10 located in the warm end of passage 3.
The coil 10 communicates with an expansion
engine 11, which in turn is connected to a
second coil 12 disposed in the cold end of
low pressure passage L. Seid coil 12 is con-
nected to the inlet side of compressor 9,
thereby forming a closed cireuit. Said cir-
cuit is supplied with e circulating fluid

which may be the same as the working fluid,
ané as in the case of the circulating fluid
in the system 5, 6, 7 and 8, it may, for' iilus-
trative purposes be assumed that the weight
of fluid circulated by the compressor 9, dur-
ing any given period, is the same s, or
slightly in excess of, the weight of the work-
ing fluid entering passage 1 in the same
pericd, the compressor 9 working, as before,
betwesn substantially the same pressures as
the pump 4.

The sction under the conditicns assumed
is approximately as follows:—The fiuid in
coil 10, at substantially the same pressure as
the vapor in passage 3, is progressively
cooled, by heat Interchange therewith, to the
tempéerature prevailing at level ¢; there-
after, said circulating fiuid is expanded to
atmospheric pressure through expander 11,

being cocled thereby to a temperature ap-

prosimately that at the level ¢. Returning
through the coil 12, in countercurrent to the

70

75
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1

incoming mas in passage 1, it progressively -
=] 3

cools said gas to the temperature of low
pressure liguefaction, namely that at level a
and is itsel? warmed up to the temperature
¢. From this point it passes to the com-
pressor 9, and afier its original pressure and
temperature have been restored, it is again
passed_through the cycle above described.
Thus the cooling effect of the escaping high
pressure vapor 15 applied to the incoming
low pressure vapor to cool the latter from ¢
to a; it will be clear that, approximately,
the same conditions prevail with respect to
this transfor of heat contents as prevail with
respect to the transfer of latent heats by the

80

28

100 .

system 5, 6, 7 and 8, above described, namely -

that at any given point, assuming only a
slight difference in temperature in favor of

106

the direction in which it is desired that the

exchange should take place, the actions-

above described occur under substantially
constent temperature, and hence, approacih
reversibility es closely as the mechanieal
imperfections of the apparatus will permit.
Moreover, in the present instance, it will b
clear that owing to the greater cooling effect
available in ithe high pressure vapor of
passage 3, it is highly desirable to apply this
cooling effect at the point where it 1s most
needed, and the fact that this point is at the
cold, rather than at the warm end of the

“interchanger, does not in any way prevent

or retard the transfer of heat contents in the
manner above described, even though it does
necessitate a flow of heat from a lower to a
higher temperature. As in the previously
described circulatory latent heat transfer
system, & wide range is permissible for
variation of the pressure, temperature, com-
position and quantity of the transfer fiuid
from the conditions assumed above, which
were merely for purposes of explanation.
Obviously, slso, the use of the coils 10 and
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12 is not at all essemtial, the same bsing
shown and referred to merely by way o
making the various actions plainer.

In the application of the novel principles
above set forth' to the actual working con-
ditions existing in refrigeration systems of
this class, it will be obvious that as many
circulating systems corresponding to the
system 9, 10, 11 and 12 may be used as is
necessary to effect the drop in temperature
from the warm end of the interchanger to
the cold end where hiquefaction under low
pressure takes place.. For the sake of clear-
ness in illustration, the present process has
been confined to the showing of a. single
circulating system of this character for the
purpose of applying the cooling effect of
the high pressure vapor to the low pressure
vapor at a lower temperature, but it is clear
that for practical working conditions where
the working fluid is brought in under sub-
stantially atmospheric pressure and is lique-
fied. the application of this high pressure
cooling effect will be best served by the pro-
vision of a plurality of circulating systems
corresponding to the system 9, 10, 11 and 12,
each adapted to work within a range of tem-
peratures of less extent than the total tem-
perature drop required. )

The establishment of the conditions illus-
trated in Fig. 1 may be assumed; or it may
be shown that such conditions may be estab-
lished and that after their establishment the
svstem will operate continuously, in the
mannper hereinafter deseribed, to take th_le
working fluid. brought in at atmospheric
pressure, through the liquid state as shown.
Tn order to start the operation, the com-
wessor 9 and expander 11 may be operated
{)y any source of available power and-the
heat of compression above atmospheric tem-
persture during this starting may be radi-
ated or absorbed in any suitable manner.
Under these conditions, provided the com-
pressor 6 is inoperative, or operates only
without pressure, by the opening of nozzle
8, the system will progressively become
colder until the gas begins to be liquefied
at 2, whoereupon the normal working condi-
tions may be established. It has been shown
that the cooling effect of the outgoing sub-
stance can be applied to the refrigeration of
the incoming substance in a highly efficient
manner, und that the resulting condensation
of the low pressure vepor can be applied to
effect the evaporation of the high pressure
liquid. Consequently, the necessity for ex-
ternal refrigerating agencies is confined only
to the overcoming of the mechanical im-
perfections of the apparatus, and to the cool-
ing of the incoming vapor in passage 1 be-
tween substantially atmospheric temperature
and the temperature prevailing at the level
¢ in the interchanger. This cooling effect
may be readily supplied at relatively low

B
expense by any well known type of external
cooling' agency, such as a coll 18, expander
16, water cooler 15, and compressor 14,
which latter, for example, may work be-
tween the same pressures as the other com-
pressors 6 and 9, and may circulate, in a
given time, a weight of working fluid cor-
responding to the weight entering the low
pressure passage 1 during the same time.
In this way the external cooling agency,
which represents, as will be shown, the bulk
of the external power required to operate

70

75

the system, need only attaln a very limited .

degree of coldness, which constitutes only a

small portion of the total temperature drop
required. That the external cooling agency
above described constitutes, in theory at
least, the only external work required to
o]perate the system, is shown as follows:—
Under the conditions assumed, the compres-
sor 6 handling the same quantity of fluid and
working between the same temperatures and
pressures as the expander 11, requires, in
theory, the same amount of external work as
is delivered by said expander. The above
also holds true for the compressor 9 and
the expander 16; that is the work required
by the former is balanced by the work. de-
livered by the latter. Also, the expansion
through nozzle 8, even though at an ex-

tremely low temperature, is sufficient, in

theory at least. to supply the small amount
of work required to operate pump 4, it being
clear that these two devices have also been
assumed to handle substantially equal quan-
tities of fluid, between substantially the same
pressures and at the same temperatures.
Therefore, outside of the power required to
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overcome the losses due to the mechanical .

imperfections of the several pumps, com-
pressors and expanders above referred to,
there remains only the work required to
operate the compressor 14, in order to make
the process continuous. The high pressure
vapor leaving the passage 3 may be heated
by any external source of heat 17, and then
used in a highly efficient manner in an ex-
pansion motor 18 to develop all, or at least
a considerable portion of the power required
to operate the compressor 14. Obviously.
the degree to which this high pressure vapor
is heated, 4. e.. has energy imparted to it, is
a measure of the work which it is possii)le
to develop in the motor 18, in excess of the
amount available due to its pressure at at-
mospheric temperature.

hile I have shown a high pressure vapor
from the passage 3 as being used to develop
a portion of the power required to operate
the process, by expansion 1n the motor 18,
it will be clear that this vapor, if desired,
niay be apf)lied to the refrigeration of the
incoming low pressure vapor between at-
mospheric temperature and the temperature
of the level ¢ by allawing it to expand in a
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suitable expansion engine 19, Fig. 2, snd
by returning gaid expanded and cooled fluid
through a coil 20 or other hest sxchanging
agency disposed in the warm end of passage
i. The foregoing has been pointed cub sim-
ply for the purpose of showing that im
theory the heat removed from the incoming
vapor on the low pressure side of the coun-
tercurrent apparatus substantially balances
the heat absorbed by outgoing vapor in the
high pressure side of the countercurrent ap-
paratus. In other words, exzcluding the ex-
ternal work required ¢o overcoms the me-
chanicel imperiections of the eapparaius,
and that required to abgorb the inleakage
of external heat, no other work mneed be
supplied since the expander 19, replacing
expander 16, delivers enough power to op-
erate the compreseor 9. 'Whis is obvious
since said expander 19 and said compressor
9 handle the same quantity of fiuid at the
same temperature and pressure,

Tt has been shown above that the process
is workable under the spesific comnditions
assumed, where the total temperature range
#rora that at the level ¢ {o atmospheric is
that of two or more successive substantially

adisbatic compressions of a dry gas or.

vapor, whereby the temperature at the level
¢ is fized, once the pressures are assumed.
The process, however is not in any way lim-
ited to this restriction. Heretofore it has
been assumed that the vepor drawn into the
compressor 6 is dry, but it is cbvious that
there is always some condition or steie of
moisture at the lower pressure, which will
result in this vapor being just saturated
after adiabatic compressicn, and it may be
assumed that the fuid leaving the compres-
sor 6 is in such & dry or satursted state that
is, without superheat. Under such condi-

tioms, the liquid in pessage 8 mey riss fo.

the level ¢ in the interchanger; and under
this condition the difference in femperature
between ¢ and « is less than uwnder the con-
ditions heretofore assumed, although the
pressure will remain the seme. It follows,
sirice the compressor 6 may taks in & wet
vapor and discherge & dry saturaisd vapor
at higher pressure, the expender 11 like-
wise may take in a dry ssturated vapor and
discharge fluid which is partly liguid; the
latter, while evaporating in coil 12, mey
cause the condensation of just sutficient
working fluid at @, so that the full weight
of vapor need not be evaporated in coil 5,
but may pass to the compressor 8 as part
liquid ané) pert vapor, in such proportions
as will finally give saturated dry transfer
vapor at level o. .

rom the foregoing it will bs seen that
the operation of my process with the ap-
paratus shown in Fig. 1 is not in eny way
limited to the prevalence of paviicular tem-
perature and pressurs conditions in the heat

= J ﬁi”@%,@@@

transfer systems, nor to the maintensnce of
any definite reletions between the tempera-
tures at the levels ¢ and ¢, and that at the
warm end of the interchanger. It will be
clear, therefors, that any temperatures at «
and ¢ may be assumed, and any correspond-
ing pressure ranges within the heat transfer
systems may be adopted. It will also be seen
that the cooling efiect of the high pressure
vapor in passage 3, between the tempera-
tures prevailing at the level ¢ and at the at-
mosphere, is always sufficient, if collected in
a substantially reversible meanner and ap-
plied in a substantially reversible manner,
to cool the low pressure vapor in passage 1 80
from the temperature at ¢ to that at g, even
though the specific mesns, as heretofore
shown and deseribed, be varied over a wide
range of pressures and temperatures. It
will also be evident thab these resuits de-
pend in no way on the specific substance
employed except that it be 2 fluid.

The foregoing detailed explanation of the
operation of my process, in connection with
the particular type of apparatus shown in
Fig. 1, is chiefly useful in graphically dem-
onstrating the principles underlying my in-
vention, by virtue of which all of the sev-
eral heat exchanging actions are caused to
take place in a substantially reversible man-
ner, whereby the process can be carried out
with 2 minimum expenditure of power. Ob-
vigusly, I am in no sense limited to the use
of apparatus of this character, nor even re-
motely resembling the same, in the sense that.
the various heat exchanging actions may be as
clearly and definitely traced out and shown to
be substantially reversible in character. In
fact, I now contemplate, 2s 2 much simpler
and more practical form of apparatus suit-
able for the application of the aforesaid
principles, the modified form of apparatus
shown in Fig. 8 of the drawings, which will
be shown to be substantially the equivalent,
in all respects, of the apparatus shown in
Fig. 1, al&ough not as susceptible to actual
demonstrative proof of the actions occur-
ring therein, as is said first described ap-
parstus. The final result as regards the
working fiuid, however, is the same in both 115
cases :

Referring to Fig. 3, the incoming gase-
ous fluid is taken into the passage 1 of an
interchanger 2 at atmospheric, or only a
nominal, pressure, as before, and is passed 120
through the liquid state with an increase of
pressure by the pump 4 before being evap-
orated in the passage 3 at the level b—c.
The apparatus herein shown for effecting
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. the transfer of heat from the level ¢ to the 125

level —c in order to evaporate the liquid
at said upper level and to condense the
vapor near the lower level is substantially
the same as gmviously desecribed in con-

nection with Kig. 1, although it will be ap- 130
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garent that the circulation of the ‘ransfer
uid, and the weight of said fluid passing
through a part of the system is to some ex-
tent varied, owing to the particular rela-
tions existing between said system and other
portions of the apparatus, as hereinafter
pointed out. The coil 21 corresponds to the
coil 5 of the first described form (but is ex-
tended above the level a up to the level b—v,
so that its cooling effect may bs applied to
the low pressure vapor between the levels o
and d—¢. The heat éransfer fluid, which
may be assumed to be of the same nature
as the working fluid, after circulation
through this coil, is led to the compressor
22, working at substantially the same pres-
sure as pump 4, and thence through a coil
23, leaving which it is expanded through
a neczzle 24 and returned to the coil 21 in
the manner previously described. The
evaporation of the high pressure liquid at
the level d—c is thus effected. As in the
former case the coils 21 and 23 are shown
merely for the sake of clearness, it being
obvious that the circulating fiuid could be
withdrawn directly from the fluid in the

passages 1 and 3 of the interchenger.
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In order to apply the excess coolin
effect of the high pressure vapor, s col
25, corresponding substantially to the coil
10 of Fig. 1, may be disposed in the
passage 3. The fiuid circulating through
coil 25 may come from a high pressure
compressor 26, working at a pressure
corresponding substantiaily to the criti-
cal pressure of ssid fluid; leaving the
compressor, it is cooled to atmospheric tem-
perature by a water cooler 27, befors enter-

ing the coil 25. From the coil 25 the com-

pressed and cooled circuliting fluid expands
In an expansion engine 28, and the low pres-
sure exhaust from said engine is led to the
inlet side of the compressor 22, where it is
mixed at 30 with the fluid drawn in by said
compressor from the coil 21. The fluid thus

-circulated by compressor 26 is returned

thereto through a coil 29 in the low pressure
passage 1 of the interchanger, which is con-
nected at 31 with the exhaust side of com-
pressor 22. The system above described,
comprising the compressor 26, coils 25 and
29, and expander 28 may handle in a given
period of time a weight of fluid somewhat
greater than the weights of working fluid

entering the passage 1 during the same time, |

at atmospheric pressure and temperature;
obyiously, as previously pointed out, the
coils 25 and 29 are shown merely for the
sake of clearness, since the fluid thus cir-
culated could, with suitable pressure condi-
tions; be taken from and discharged directly
into the two passages 1 and 3 of the inter-
changer without varying in any way the
ultimate result. ,
In the operation of the above described

4

apperatus, the conditions illustrated in Fig.
3 may be assumed, or if desired, they may
be crested, simply by operating the com-
pressor 26 so as to produce & pressure equal
to or higher than the critical pressure of the
transfer fluid. The said compressor and
the other elements of the circulatory system
connected thereto, thereby becomes an: ex-
ternal cooling agency sufficient, in time, to
effect the desired liquefaction under low
pressure at the surface . During this
starting period the motor 18, which, guring
actual operation of the process,
by the heated high pressure evaporate from
the passege 3, as in the previously described
system, may be driven by steam or other
external means to effect the above described
operation of the compressor 26. Owing to
the phenomena that a gas when approach-
ing critical pressure becomes more and more
remote from the so-called perfect state, its
action being characterized by decrease in
volume 2t & much more rapid rate than the
pressure is increased, while at constant
temperature, it is known that under its criti-
cal pressure a given weight of gas contains
less heat than when under a much lower
ipressure, say atmospheric pressure. This
1s due to the internal energy given off by
the highly compressed gas in the form of
heat, in excess of that energy imparted
thereto by the compressor. In the present
case, therefore, the water-cooling of the fluid
from the high pressure compressor 26 re-
moves actually more heat therefrom than was

%\wen to the gas during compression, with.
t

is driven.

70

75

80

85

90

95

100

e result that a given weight of fluid enter-

ing the coil 25 carries into the system con-
siderably less heat than the same weight car-
ries out of the system from the coil 29, not-
withstanding the fact that the temperatures
at these points are the same. As'a conse-
quence, the circulating system 25, 26, 28, 29,
in addition to its function as a means for
applying the cooling effect of the high pres-
sure gases in passage 3 between the atmos-
ghere and the level %.;c to the low pressure

uid between levels ¢ and 5—c, as will be
hereinafter more specifically set forth, also
acts as a refrigerating agency to cool the in-
coming low pressure between the at-
mosphere and the level , and to that ex-
tent constitutes the equivalent of the ex-
ternal refrigerating agency 138, 14, 15, 16
which is illustrated in Fig. 1. During the
starting period the actions forming the es-
sential part of the process may be realized
in some degree, depending on the adjust-
ment of the apparatus ang it is not neces-
sary to depend entirely on the fact that the
ileat contents of the high pressure gas is
ess,

When the conditions illustrated in Fig. 3
have been established, as above descri d,
the motor 18, in the manner heretofore fully
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set forth, mey recover wn LIACUNE of power
from the Ligh pressure exheust gasas suf-
ficiens, if desived, to operats the compreswor
28, in such o menner a5 1o effect the compres-
sion of the tremsfer fuid from {he pressure
delivered by compressor 22 to iz eritical
pressure, or above, thus making the opore-
tion of the system comiinuous. The high
pressurs fuid in coil 25 will be conled by e
escaping high pressure Yapor in poassage B,
and sincs this fuid in coll 25 s at the criticel
pressure, or above, it may be cooled 4o the

- temperature provailing af level —v withous

latent heat, snd thersfore in o continuous
and substentielly reversible manner, simce
there is no point Whers the heat raust be made
to flow from 2 substance at o stetionery tem-
perature to one which is rising in temxpers-
ture. As shown in the drowing, hetwesn ob-
mospheric temperature and thel st b—o, the
fAmid in the transfer system fows counterour-
vent; however, since i

2

the working
the passeges 1 snd 3 slso flows ¢
rent, batween these tempevatures, i is ovi
that i? the high pressure working fuid in 3
requires more heat to warm it from 5—o 10
atmospheric than the low pressure fuid in 1
must lose o be cosled from stmospheric to
b—o, this difference is compensated for by
{he countercurrent fow of the transfer fuid.
ks pointed out in my copending application
Serial No. 11,850, this difference in heal ca~
pacity between the countercurvent fuids in
passages 1 end 3 is preseni, being due te the
increased specific hest of the vapor in pas-
sage 8. Being also present in the corobined
externsl cooling agency and vepor heab

¢ransfer system herein described, it is clear

that, considered between the level b0 and
the stmospheric level, the difference cbove
set forth balances any differemce in the op-
sosite direction bettwesn’ the fluids in the
cotls 25 and 29. , ‘

Tt having been shown theat the excess cool-
ing effect of the high pressure vapor in pes-
sags 3 can be transferred to the fluid in sys-
tem 25, 28, 28, 29, it remains only o apply
this cooling efect where it is most nesded,
namely, to the low pressure incoming gases
between the levels ¢ and b—e¢. The fiuid in
the vapor hest transfer system having been
expauded from the critical pressure to the
low pressure provailing in pessage 1, by
mesns of the expander 28, snd having been
cooled in coil 25 below the critical tempera-
ture, it will become wet during expansion,
and if this expansion is adiabatic with the
production of external work in the expander
28 sbout half of the fuid will be liquid
after the sxpansion, st 2 temperature cor-
responding to the temperature at level a.
When mixed with the vapor passing from
the coil 21 {0 the compressor 22, the whole
may reach n composition just corresponding
to the sstorated state affer an edicbatie

compression by the compressor 22. In other-

words, superheating of the transfer fuid
used in gystem 21, 92, 28, 24 is prevented by
¢this admixturs; thet portion of the mixture
pessing to coil 23 effecis the evaporation of
liguid ot level 6—c and is itself condensed;
its further cooling, by expansion in the noz-
gle 24, not enly causes it, in the coil 21, to
condenes & like weight of finid in passage 1,

but also enables it o effect the cooling of

said fuid in passage 1 from the temperature
p—e to the temperature a.

By anslogy with the apparatus shown in
Fig. 1, with reference to the two independent
circalatory systems therein shown, it will be
spparent that if the cooling effect of the
Fuid from coil 10 after expansion through
oxpander 11 were applied, as by heat inter-
change but without admixzture, to the trans-
fer fiuid on the suction side of compressor 6§,
then the two coils § and 12 of Fig. 1 could
be combined, thus applying this cooling ef-
fect to the cooling of the low pressure work-
ing fluid between the levels @ and o. The
action teking plece in the apparatus shown
in Fig. 3-closely approximates the action
which would take place under the conditions
assumed sbove, which, clearly, correspond
exectly to the actual working conditions here-
tofore described with reference to the appa-
tatus of Fig. 1. It will be seen, therefore,
that the admixzture of these two circulating
transfar Auids in effect imparts & portion of
the refrigeretive sction of the system 235, 26,
98, 99 to the system 21, 22, 23, 24, this being
evident since the cooling effect -of the first
mentioned system is greatly increased owing
to the wide pressure range through which
it operates. o

As will be apparent, the remainder of the
discherge from compressor 22, consisting of
saturated compressed vapor &t a temperature
corresponding to the level d—c in passing
¢through coil 29, cools the incoming low pres-
sure working fiuid from atmospheric tem-
perature to the temperature d—c, thus re-
placing the external cooling agency 18, 14,
15, 18 of Fig. 1. ’ -

Whils in t%w present sage it is not pessible
to demonstrate or prove’graphically that the
actions above described actually take place,
25 was the case in the system illustrated in
Fig. 1, yet it is clear that the two systems,
29 above described, are based on precisely
the same principles, and it is equally true
thet, by properly proportioning the weights,
pressures and temperatures of the circulat-
ing and working fluids, all the actions here-
in described ss taking place can be made
substantially reversible, as was the case with

- the system shown in Fig. L. It will be ob-

vious that by increasing to the necessary ex-
tenb the weight of transfor fluid circulated
by the combined heat ¢ransfer and refrig:

erating system 25, 96, 28, 20, the mecessary
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cooling to meke up for the mechenical jm-
perfections of the system may be supplied,
1t being assumed, as in the former case, that
the apparatus is effectually insulated- from
the inleakage of external heat. The power
required to operate the transfer compressor
92'is furnished, in part at least, by the ex-
pander 28, woridng at the same lower tem-
perature as said compressor and between o
much greater range of pressures. The mo-
tor 18, utilizing the high pressurs gases
which have been increased in their avaﬂg.ble
power by heating in the heater 17, mey iur-.
nish the power for the compregsor 23, it being
clear that whatever external work is re-
quired can be supplied by the heat added at
17. As in the previouscase, the nozzle 24,in
theory at least, will furnish the power to
drive the pump 4. .

With reference to the applicability of the
process, as above described, to the efficient
production of power, and irrespective of its
utility for refrigeration, liquefaction and
separation purposes, it will be seen that since
the gaseous motive fluid is enabled to issue
from the prime mover 18 in the same condi-
tion as that at which it entered the imter-
changer, viz.,, at atmospheric temperature
and pressure, the tremendous losses of effi-'
ciency, which characterize other vapor ex-
pansion power cycles, are avoided; in com-

. parison, for instance, with the usual steam
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cycle, the present process is far more eficient,
since the former necessarily labors under the
handicap of being unable to restore the mo-~
tive fluid to its original condition with a
corresponding extraction of power, <. e., the
latent hezt of evaporation is largely irre-
coverasble. In the. present system, how-
ever, the latent heats substaniially balance;
most of the heat added at 17 is converted
into work.

While the steps of the process, as applied
to the liquefaction of the working fiuid,
have been so far described as applying to the
taking in of the working fluid at low pres-
sure, and its delivery at high pressure, it is
obvious that the process as a whole possesses
the characteristic of reversibility. In this
connection, referring again to Fig. 1, if it be
assumed that fluid under high pressure en-
ters passage 8, and discharges from 1 at af-
mospheric pressure; that the external cool-
ing agency 13, 14, 15 and 16 be omitted;
and that each expansion device 8 and 11
works as a compressor and each com-
pressor 4, 6 and 9 becomes an expander ; then
clearly there is an increase in the amount of
work delivered by 9, working at relatively
high temperature, over the corresponding ele-
ment present in liquefaction systems of the
prior art, and there is a net cooling effect
produced between the temperature at ¢ and
that of the atmosphere. It will be seen
therefore, that certain of the actions and

i

steps characteristic of the process may with
advantage be applied to the liquefaction and
separation systems of the prior art, and it is
to be understood that my invention clearly
contemplates the foregoing, and is not in

70

any sense limited to a system wherein the

outgoing fluid is at higher pressure than the
incoming fluid.
"~ In Fig. 4 1 have illustrated diagrammati-
cally the application of certain of the novel
steps hereinbefore mentioned to a liquefac-
tion cycle of the usual type, wherein the
working fluid undergoes glgh initial com-
pression by a2 compressor 32, and by means
of & water cooler 33 is caused to enter the
interchanger passage 34 at atrospheric tem-
perature, but under such high pressure. In
the manner common to such prior systems,
a portion of this high pressure vapor is ex-
panded through an expander 85 and, after
such expansion, is returned in countercur-
rent through interchanger passage 36, issu-
ing from the warm end thereof at atmos-
heric temperature and pressure. The cool-
ing effect of this expanded vapor portion is
thus applied to assist in the liquefaction of
the high pressure fluid in passage 84, as in-
dicated in said figure. In the manner com-
mon to such prior systems, expansion of the
high pressure liquid through a nozzle 37, or
equivalent device, enables the low pressure
liquid thus formed in passage 36, when evap-
orated, to afford the necessary cooling effect
by heat interchange, to render the process
continuous. The apparatus thus far de-
scribed, while wholly diagrammatic in char-
acter, and therefore obviously susceptible
to wide variation, is typical of prior art
liquefaction cycles in so far as it may be said
to illustrate the basic principles and actions
underlying their operation; and it will be
apparent that due to the much greater
specific heat of the incoming high pres-
sure fluid, between atmospheric temperature
and the temperature at ¢ where condensa-
tion occurs, & given weight of countercur-
rent low pressure vapor in passage 36 is
called upon to take out from the same
weight of high pressure incoming fluid more
heat ger degree of temperature than it can
absorb. Notwithstanding this deficiency of
cooling effect between the above tempera-
tures, there is an excess cooling effect be-
tween the levels d and ¢; therefore, in ac-
cordance with my invention a circulatory
system, or other equivalent heat transfer-
rmg agency, in the present instance shown
as consisting of coils 38 and 39, compressor
40 and expander 41, connected as shown,
may with advantage be employed to supple-
ment the cooling effect upon the incoming
fluid between the temperature ¢ and the at-
mosphere. The compressor 40 may handle
an amount of fluid equivalent to tﬁe work-
ing fluid handled by compressor 32 and may
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work at the same preszure a

32.  The circulating Huid,
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and cooling in expandsr 41, | t
: ) N ¥ - s
suctlon of compressor £0 through coil 88,

o o’

and may be sub-cocled thersin, to such 2
point that its subsequent compression will

e without superhesting, 4. e., the exhauvst
from the compressor will be a6 temperature
a. In passing under high pressure through
the coil 89, it cools the incoming high pres-
sure vapor in passage 34 and is itesif
warmed thersby to stmospheric tempera-
ture; and thereafter iz expsnded for the
purpose of repeating the above described
cycle. In this way the cooling and ligue-
faction of the high pressure incoming fluid
is promoted; and the expsnder 41, since it
works at atmospheric temp re, actually
returns & wuch greater sinouni of work
than the low tempersiure supander 85, or
the expander 11 of Fig. L

The refrigerative eifect of the process may
be utilized in varicus ways, in the manner
Hor oz-
ample, the low pressure liguefed working
fiuid may be withdrawn through & valve 49,
or the high pressure Hguid mey be with-
drawn through a valve 48, as shown clearly
in Figs. 1 and 3. : '

i)

5

An essemiaﬂy valuable feature of the

process nerein deseribed in connection with
Figs. 1 and 8, as compared 0 proesssss here-
totore known, resides in the fact that the
working fluid may be condensed and sepa-
rated, if desired, under high pressure; more-
over if the outgoing fluid frem a liquefac-
tion or separation system using my process
were expanded through an exzpander, such
as the expander 19 of Wig. %, the system
would require for ite operaiion the expendi-
ture of only a very small proporiion of the
power required to operate ordimary systems

© of the same capacity. Obviously, the power
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thus required would be entirvely independent
of any power recovered, as above described,
by the use of exiernal heat.

As applied to the simpls compression of a
gas, for any purpoese whatscever, the pres-
ent process permiis the use of sm.ésmm;mﬁy
adiabatic compressors and expanders work-
ing below atmospheric temperature, In the
form of apparatus shown in Fig. §, the com-
pressor-26 may be made very small, since
1t operates with a fluid alrezdy under high
compression, and thus it may be much more
nearly isothermal in its action than the high
pressure compressors used in the ordinary
processes for the dirvect preliminary com-
pression of the fiuids therein used. The ex-

-haust from motor 18 may, if desired, be re-

turned through the interchanger for use over
and over in the system, as indicatsd in
Fig. 3.

I claim: )

1. A process of the character set forth,

SRR Ry G
365,06

comaprising the circulation of s gaseous
working fluid in countercurrent to effect
heat interchange betwesn heat absorbing and
heat rejecting portions thereof, and the ap-
plication of the cooling effect of the heat
absorbing portion between given tempers-

7@

tures to effect the cooling of the heat re- .
jecting portion between other temperatures. .

2. 4. process of the character set forth,
comaprising the circulation of a us
working Huid in countercurrent to effect
heat interchange between heat absorbing and
heat rejecting portions therecf, and the ap-
plication of the cocling eflect of the heat
absorbing portion at a %igb tempersture to
cool the heat rejecting portion at a lower
temperaturs. :

8. 4 process of the character set forth,

eompri@mg the circulation of & gaseous

working flnid in countercurrent to effect
heat interchange between incoming and out-
going portions thereof, the cooling of the
ieoming duid between given temperatures
by heat exchange with s circulatin,
and the cooling of said circulating fuid by
heat exchange with the outgoing fluid be-
tween other temperatures. : '

4. ‘A process of the character set forth,
comprising the circulation of a gaseous
working fuid in countercurrent to effect
heat interchange between incoming and out-
going portions thereof, the cooling of the
meoming fluid between lower temperatures
by heat exchange with a circulating fluid,
and the cooling of said circulating fiuid by
heet exchange with the outgoing fiuid be-
tween higher temperatures, ,

8. A process of the claracter set forth,
comprising the countercurrént circulation
of & worlang fluid to effect heat interchange
between heat absorbing and heat rejecting
portions thereof, and the liquefaction of
seid heat rejecting portion under atmos-
pheric pressure, by transfer of its heat con-
tents to said heat absorbing portion under
a higher pressure.

6. A process of the charzcter set forth
comprising the circulation of a gaseous

working filuid in countgrcurrent to effect

hest; interchange betwper! incoming and out-
going portions thereof, and . the transfer of
heat extracted at low temperature from one
of said portions to the other of said por-
tions 2t s higher temperature.

7. A process of the character set forth,
comprising the circulation of a gaseous
working fuid in countercurrent to effect
heat interchange between heat absorbing and
heat rejecting portions thereof, and the
transfer of heat extracted at a given tem-
perature from said heat rejecting portion
to said heat absorbing portion at a different
temperstiure.

8. A process of the character set forth,

comprising the extraction of latent heat of

fluid, -
96

7.
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condensation from the working fluid by heat
exchange with a circulating fluid, raising
the pressure of said circulating fluid after
such extraction, removing the superheat
from said circulating fluid, and transferring
said extracted heat to the liquefied working
fluid after the
raised.

9. A process of the character set forth,
comprising the extraction of latent heat of
condensation from the working fluid by heat
exchange with a circulating fluid, raising
the pressure of said circulating fluid after
such extraction, cooling said circulating
fluid before raising the pressure thereon, to
prevent its superheating, and transferring
said extracted heat to the liquefied working
fluid after the pressure thereon has been
raised.

10. A process of the character set forth,

comprising the extraction of latent heat of
condensation from the working fluid by heat
exchange with a circulating fluid, raising
the pressure of said circulating fluid after
such extraction, removing the superheat
from said circulating fluid, condensing said
circulating fluid by transfer of said extract-
ed heat to the liquefied working fluid after
the pressure thereon has been raised, and re-
ducing the pressure on said circulating
fluid.

11. A process of the character set forth,
comprising the extraction of latent heat of

-condensation from the working fluid by

heat exchange with a circulating fluid, rais-
ing the pressure of said circulating fluid
after such extraction, cooling said circulat-
ing fluid before raising the pressure there-
on, to prevent its superheating, condensing
said circulating fluid by transfer of said ex-
tracted heat to the liquefied working fluid
after the pressure thereon has been raised,
and reducing the pressure on said circulat-
ing fluid. '

12. In the herein described process of re-
frigeration, employing a liquefied gas, the
extraction of the latent heat of condensa-
tion from the gas undergoing liquefaction
by heat exchange with a circulating fluid,
raising the pressuie of said circulating fluid
after said extraction, removing the super-
heat of compression from said circulating
flnid, and transferring the heat previously
absorbed by said circolating fluid to the
liquid produced by the process after the pres-
sure in said liquid has been raised.

13. In the herein described process of re-
frigeration, employing a liquefied gas, the
extraction of the latent heat of condensation
from the gas undergoing liquefaction by
heat exchange with a cireulating fluid, rais-
ing the pressure of said circulating fluid
after said extraction, cooling said civeu-
lating fluid before raising the pressure
thereon, to prevent its superheating, and

pressure thereon has been-

3.5

transferring the heat previously absorbed
by said circulating fluid to the liquid pro-
duced by the process after the pressure of
said liquid has been raised.

14. A process of the character set forth,
comprising the liquefaction of a gascous
working fluid under atmospheric pressure,
the raising of the pressure on the liquid thus
formed, tl%e evaporation of said liquid under
its increased pressure and the transfer of
heat from the gaseous working fluid under-
going liquefaction at a low temperature to
said high pressure evaporate at a higher
temperature.

15. A process of the character set forth,
comprising the liquefaction of a gaseous
working fluid, the circulation of the evapo-
rate from the liquefied fluid in countercur-
rent to the gaseous fluid undergoing lique-
faction and the transfer of heat from the
latter, between given temperatures, to said
evaporate between other temperatures.

16. A process of the character set forth,
comErising the liquefaction of a gaseous
working fluid, increasing the pressure on the
liquid thus formed, transferring the latent
heat of condensation of the fluid being lique-

- fied to the liquid under such increased pres-

sure to effect its evaporation, and applying
the cooling effect of said evaporate at higher
temperature to cool the gaseous working
fluid at a lower temperature.

17. A process of the character set forth.
comprising the liquefaction of a gaseous
working fluid, increasing the pressure on the
liquid thus formed, transferring the latent
heat of condensation of the fluid being lique-
fied to the liquid under such increased pres-
sure to effect its evaporation, transferring
to said evaporate, at a higher temperature,
the heat extracted from the gaseous working
fluid at a lower temperature, and expanding
said evaporate in an expansion engine. '

18. A process of the character set forth,
comprising the liquefaction of a gaseous
working fluid under low pressure, increasing
the pressure on the liquid thus formed, trans.
ferring the latent heat of condensation of
the fluid being liquefied to the liquid under
such increased pressure to effect its evapora-
tion, and cooling the low pressure gaseous
worf{ing fluid to the temperature of low
pressure liquefaction by means of said high
pressure evaporate.

19. A process of the character set forth,
comprising the liquefaction of a gaseous
working fluid under low pressure, increas-
ing the pressure on the liquid thus formed,
transferring the latent heat of condensation

of the fluid being liquefied to the liquid -

under such increased pressure to effect its
evaporation, cooling the low pressure gns-
eous working fluid to the temperature of
low pressure liquefaction by means of said
high pressure evaporate, adding external
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heat to said high pressure avaporate, and
expanding the same to perform useful work.

20. A process of the charncter set forth,
comprising the liquefaction of & gaseous
working fiuid, the vaising of the pressuie
on the liquid thus formed, the evaporation
of said high pressure liquid by heat ex-
change with 2 circulating fluid, the appli-
cation of the cooling effect of said evaporate
to said circulating fuid, and the cooling and
condensation of the gaseous working fuid
by means of said circulating fwid.

21. A process of the character set forth,
comprising the liguefaction of a gaseous
working fuid, the raising of the pressure
on the liquid thus formed, the evaporation
of such high pressure liguid by heat ex-
change with o circulating fiuid uncer pres-
sure, the release of pressure Irom said cureu-
lating fiuid, the circulation thereof in heat
exchanging relation o the fluid being con-
densed, and the application 0X the cooling
effect of the high pressure evaporate {0 s21C
circulating fluid. : :

292, A process of the character st farth,
comprising the liquefaction of a gaseous
working fluid, the raising of the pressure
on the liquid thus formed, the transfer of
latent heat from said gaseous working fluid
undergoing liquefaction to the liquid under-
increased pressure, to effect its evaporation,
ihe extraction of the cooling effect of said
high pressure evaporate by heat exchange
with a cireulating fiuid, the further cooling
of said cireulating fluid by expansion, an

the application of iis cooling effect to the

cooling and condensation of ‘the gaseous.
working fluid by the aforesaid transfer of
latent hest. i

98, A process of the characier seb forth,
comprising the liguefaction of a gaseous
working fluid, the raising of the pressure on
the liquid thus formed, the transier of latent
heat from said gaseous working fiuid under-
going liquefaction to & pircgﬂa_timg flnid, the
compression of said circuizting fluid, the
transfer of the heat sbsorbed theveby to
effect the evaporation of the liquid under in-
creased pressure, the extraction of the cool-
ing effect of said high pressure gvaporate by

hest exchange with a sgecond circulating

fiuid, and the cooling of the first circulating
fuid, before compression thersof, by said
second circulating fuid.
94, A process of the character set forth,
compris'mg the liquefaction of a gaseous
fluid, the raising of the pressure on
the liquid thus formed, the ¢transfer of latent
heat from said gaseous working fiuid under-
going liquefaction to a circulating fluid, the

compression of said circulating fluid, the
transfer of the heat absorbed thereby to
effect the evaporation of the liguid under
increased pressure, the extraction of the
cooling effect of said bhigh pressure evapo-

£y T
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rate by heat exchange with a second circu-
leting fuid, and the admixture of said sec-
ond circulating fuid with said first circulat-
ing fluid, before compression of the latter.
$5. In a process of the character set forth,
the circulation of a portion of the working
fluid under atmospheric pressure, coumier-
current to another portion under high pres-
sure, the cooling and liquefaction of ‘said
fivst portion by heat exchange with circulat-
ing fiuids, and the transfer of the heat ab-
sorbed by said circulating fluids to said high
pregsure portion. . '
96. A process of the character set forth,
comprising the liquefaction of a gaseous
working fiuid, the raising of the pressure
on the iiqui& thus formed, the transier of
iatent heat from said gaseous working fiuid
undergoing liquefaction to a circulating
fluid, the compression of said circulating
fluid, the transfer of the heat absorbed there-
by to effect the evaporation of the liquid
under increased pressure, the extraction of
the cooling effect of said high pressure
evaporate by heat exchange with a second
circulating finid, and the cooling of the first
circulating fluid by said second circulating
fuid. ‘ '
-27. A process of the character set forth,
comprising the countercurrent circulation of
a gaseous working fluid, to effect heat inter-
change between incoming and outgoing por-
sions thereof, the discharge of said outgoing
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portion at a higher pressure than said in-

coming portion, the circulation of a fluid in

heat exchanging relation to said incoming
and outgoing portions, the compression of
said last named fluid at a temperature below
stmospheric, and the further compression of
a portion of said last named fluid at a tem-
parature above atmospheric.

28. A process of the character set forth,
comprising.the countercurrent circulation of
a gaseous working fluid, to effect heat inter-
chemge between incoming and outgoing por-
tions thereof, the discharge of said outgoing
portion at a higher pressure than said in-
coming portion, end the. transfer of heat
from one portion to the other by successive
compressions of a circulating fluid, below
and above atmospheric temperature.

29, In a process of the character set forth,
the countercurrent civculation of incoming
and outgoing portions of a gaseous working

‘fluid, the circulation of a fluid in heat ex-

changing relation to both of said portions,
and the successive compression of said cir-
culating fluid below and above atmospheric

temperatare, to effect the compression of -

said outgoing portion.

30. A process of the character set forth,
comprising the circulation of a working
fluid in countercurrent to itself to effect
heat interchange between heat absorbing
and heat rejecting portions thereof, and the
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liquefaction of said heat rejecting portion
under low pressure by transfer oi is heat
contents to said heat absorbing portion.

31. A process of the eharacter set forth,
comprising the cirzulation of 2 working
fluid in countercurrent to itself to efiect heat
interchange between heat absorbing and heat
rejecting portions thereof, and the- ligue-
faction of said heat rejecting portion under
atmospheric pressure by transter of its heat
contents to said heat absorbing poriton.

32. A process of the character set forth,
comprising the circulation of a working
fluid in countercurrent to itself to effect
heat interchange between heat absorbing
and heat rejecting portions thereof, and the
liquefaction of said heat rejecting vortion
under low pressure by transfer of ifs heat
contents to said heat absorbing poriion
under a higher pressure.

33. A process of the character set forth.
comprising the extraction of latent heat of
condensation from a gaseous working fluid
by heat exchange with a circulating fluid,
raising the pressure of said circulating fuid
after such extraction, removing the super-
heat from said circulating fluid, and trans-
ferring said extracted heat to the liquefied
working fluid.

34. A process of the character set forth,
comprising the extraction of latent heat of
condensation from a gasecus working fluid,
by heat exchange with a circulating fluid,
raising the pressure of said circuiating fluid
after such exiraction, cooling said cireulat-
ing fluid before raising the pressurs thereon,
to prevent its superheating, and transferring
said extracted heat to the liquefied working
fluid.

35. A process of the character set forth,
comprising the extraction of latent heat of
condensation from a gaseous working fluid,
by heat exchange with a circulating fluid,
raising the pressure of sald circulating fluid
after such extraction, removing the super-
heat from said circulating fluid, condensing
said circulating fluid by transfer of said
extracted heat to the liquefied working fluid,
and reducing the pressure on said ecirculat-
ing fluid before its return into heat exchang-
ing relation to the working fiuid undergo-
ing liquefaction.

36. In the herein described process of re-
frigeration, employing a liquefied gas, the
extraction of the latent heat of condensation
from the gas undergoing liguefaction by
heat exchange with a circulating fluid, rais-
ing "the gressure of said circulating fiuid
after said extraction, removing the super-
heat of compression {rom said circulating
fluid, and ¢ransferring the heat previously
absorbed by saild circulating fluid to the
liquid produced by the process.

37. A process pf the character set forth,
comprising the liquefaction of & gaseous

k>

working fiuid, the evaporation of said lique-
fied working fluid, and the transfer of heat
irom the gaseous working fluid undergo-
ing liquefaction at a low temperature to said
evaporate at a higher temperature.

38. A process of the character set forth,
comprising the liquefaction of a gaseous
working fluid under atimospheric pressure,
the ovaporation of said liquefied working
fluid, and the transfer of heat from the
gaseous working fluid undergoing liquefac-
tion at & low temperature to said evaporate
at a higher temperature.

89. A process of the character set forth,
comprising the liquefaction of a gaseous
working fluid under a low pressure, the
evaporation of said liquefied fluid without
releasing the pressure thereon, and the
transfer of heat from the gaseous working
fluid undergoing liquefaction, between given
temperatures, to said evaporate between
other temperatures. '

40. A process of the character set forth,
comprising the liquefaction of a gaseous

working fluid, the evaporation of the liquid !

thus produced, and the application of the
cooling effect of said evaporate, between
given temperatures, to cool the gaseous
working fluid undergoing liquefaction be-
tween other temperatures,

41. A process of the character set forth,
comprising the liquefaction of a gaseous
working fluid, the evaporation of the liquid
thus produced, and the transfer of heat ex-
tracted from the gaseous working fluid at
a low temperature to said evaporate at a
higher temperature.

42. A process of the character set forth,
comprising the liquefaction of a gaseous
working fluid, evaporating the liquid thus
produced, and cooling the gaseous working
fluid to the liquefaction temperature by
means of said evaporate at a higher tem-
perature,

43. A process of the character set forth,
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comprising the liquefaction of a gaseous -

working fluid, the evaporation of the lique-
fied portion thus produced, and the transfer
of heat extracted from the gaseous working
fluid at a low temperature to said evaporate
at a higher temperature. '

44. A process of the character set forth,
comprising the liquefaction of a gaseous
working fluid, the evaporation of the liquid
thus produced by heat exchange with a cir-
culating fluid, the application of the cooling
effect of said evaporate to said circulating
fiuid, and the cooling and condensation of
the gaseous working fiuid by means of said
circulating fluid.

45. A process of the character set forth,
comprising the liquefaction of & gaseous
working filuid under low pressure, the evap-
oration of the liguid thus formed without
release of pressure by heat exchange with a
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48. In g process ter set Torth,
the circulation of 2 portion of the working
fiuid under low pressure in countercurrent to
another porvion under higher pressure, the
cooling and liquefaction of said first por-
tion by heat exchange with a plurality of
circulating fluids, and the transfer of the
heat sbsorbed by ssid ci ting fuids fo
said high pressure portion.

47. In a process of the character st forth,
comprising coundercurrent circulation %e-
tween heat ab = por-

sorbing and heat rejecting
tions of & gassous working fluid, the cooling
and liquefaction of the heat rejecting por-

tion by heat exchange with circulating fuids,
and the transfer of the heat shsorbed by
said eirculating fluids to said heat absorb-
ng portion.

48. In @ process of |

ft v

)

e chavacter set forth,
the countercurremi circulation of heat ab-
sorbing end heal rejecting portions of a
gaseous working fulc, the cirenlation of
heat transfer fluid in heat exchanging ve-
lation to both of said portions, and the com-
pression of said heal transfer fiuid above
and below atmospheric temperature, to add
heat to sald heat absorbing poriion and
thersby to increase the pre

i
ssure thereof,

49. In a process of the character set forth,
the passing of a gaseous working funid
through the liguid stats, by the successive
compression and expansion of a heat trans-
fer fiuid circulating in heat exchanging re-
lation to heat absorbing snd heat rejecting
portions of said working fiuid.

50. In a process of the character set forth,
the passing of a gaseous. working fuid
through the liguid state, by the successive

- and to the fiuid undergoing

compression and expension of a portion
thereof circulating in heat exchanging rela-
tion fo gaseous portions before and after
liguefaction,

51. In a process of the character set forth,
the passing of a gaseous working fluid
threugh the liquid staie, and the mainte-
nance of pressure on the evaporate there-
from, by the successive compression and ex-
pension of a heat transfer fluid circulating
1n heat exchanging relation to said evaporate
liquefaction.

52. In a process of the character set forth,
the “passing of a gaseous working fluid
through the liguid state, and the incresse of

pressure on the evaporate therefrom, by the.

suecessive compression and expansion of a
heat transfer fluld circulating in heat ex-
chenging relation to said evaporate and to
the fivid undergoing liquefaction. :

53. In 2 process of the character set forth,
the passing of a gasecous working fluid
through the liquid state, and the mainte-
nence of pressure on the evaporate there-
from, by the successive compression and ex-
pansion of a portion thereof circulating in
heat exchanging relation to said evaporate
and to the fluid undergoing liquefaction.

B4, In @ process of the character set forth,
the passing of a gaseous working fluid
through the liguid state, and the increase
of pressure on the evaporate therefrom, by
the successive con}epression and expansion of
a portion thereof circulating in heat ex-
changing relation to said evaporate and to
the finid undergoing liquefaction.

Dated this 27th day of January, 1916.

FRED E. NORTON.

Witnesses:
Prwerore Compereacs,
Nupres Weanew,
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