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Lo all whom it may concern.:

Be it known that I, Georer A. Horng, a
citizen of the United States, residing at
Plainfield, county of Union, and State of
New Jersey, have invented a certain new

and useful Process and Apparatus for Mul-

tiple-Stage Compression for Refrigeration,
of which the following is a specification.

This invention relates more especially to
processes of refrigation in which the com-
pression of a refrigerant, such for example,
as ammonia vapor is compressed by succes-
sive stages from a relatively low pressure
under which it is formed in the evaporator
to a relatively high pressure under which it
is condensed within the condenser.

The primary: object of my invention is
to provide an improved process and ap-
paratus for compressing the refrigerant
vapor whereby the refrigerating process may

- be carried out in a more effe-tive manner
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and a gredter degree of economy secured
than has heretofore been possible in well
known processes of refrigeration. -

"One of the objects of the present inven-

tion is to eliminate heat from the refrig-

erant between successive stages of compres-
sion by means of a cooling medium such as
water, other than the said refrigerant.

My improved process furthermore con-
templates a super-cooling of the condensed
liquid refrigerant below its critical tempera-
ture of ‘boiling in connection with its pas
sage thru a Venturi tube whereby an ac-
curate operating control of the refrigerating
process 1s made possible by a direct and con-
tinuous ‘metering of the liquid refrigerant.

" Another object of invention contemplated
by this process is to reduce the pressure and
corresponding temperature of the liquid re-
frigerant from the pressure and temperature
to which it is subjected in the condenser
down ‘to a pressure and temperature cor-
responding to the pressure and temperature
of the gaseous refrigerant between successive
stages of compression and the mixing of the

- ‘gaseous refrigerant arising from this ex-

55

pansion with the partly compressed gaseous
refrigerant between its successive stages of
compression,

Another’ objéct is to provide suitable
meéans for adapting a Venturi meter to be
employed in a refrigerating system in which
a volatile fluid is employed at or near its
critical temperature of boiling. -~

Another object is to provide suitable

means for reducing the pressure of the en-
tire body of liquid refrigerant to the pres-
sure existing between successive stages of
compression. - . S

Another object is to provide ‘suitable
means for regulating the relative capacities
of high and low pressure compression cylin-
ders for the purpose of properly proportion-
ing the ratio of cylinder volumes.

Other and further objects will appear in
the specification and be pointed out in the
appended claims, reference being had to the

accompanying drawings which exemplify’
‘my invention in a preferred embodiment.

In the drawings:— L

Figure 1 is a diagrammatic plan view of
compound ecompression refrigerating ap-
paratus for carrying out my improved proc-
ess of refrigeration; o

Figure 21s a diagrammatic side elevation
of the Venturi meter on an enlarged scale,
parts being broken away and parts shown
in section; : ’

Figure 8 is an axial section of the H. P.
cylinder at its head end showing the pre-

ferred arrangement of clearance compart-.

ments; ‘

Figure 4 is an end elevation of the H. P.
cylinder showing a modified construction. of
the clearance compartments, the valves and
valve housing caps being removed; -
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Figure 5 is an end elevation of the low -

pressure cylinder with, the valve caps and
valves removed ;

90

Figure 6 is an axial section on an enlarged - :

scale of the high pressure cylinder at its
head end showing the modified arrangement

-of clearance compartments parts being

shown in plan.

95

According to the present invention, mul- -

tiple stage compression may be applied .in
two or more stages. In the embodiment of
my invention shown on the drawings, suit-
able apparatus is illustrated for carrying out
my invention.in a refrigerating process in-
cluding a compound compression of the gas-
eous refrigerant. Referring first to Figure

1 of the drawings, a gaseous refrigerant is.

drawn into the low pressure cylinder thru
pipe 2 from the evaporator 3 having first
passed thru a suction trap to remove any
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entrained liquid. In the low pressure cylin- -

der the gaseous refrigerant is compressed
and passed thru a pipe 4 to an intermediate
gas cooler which 1s cooled by a heat ex-
change into water. In this intermediate gas
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“trap to the condensers.

=2

cooler a large portion of the heat of com-
pression is removed. From the intermedi-
ate gas cooler the ammonia vapor or other
refrigerant passes thru pipe 15 to high
pressure cylinder 5 of the compound com-
pressor. After being compressed the am-
monia vapor passes thru pipe 6 and the oil
The ammonia vapor
or other refrigerant is condensed to a liquid
in the usual manner and drains thru pipe 7
into the receiver. From the receiver the
liguid ammonia or other liquid refrigerant
passes thru a pipe 8 to a double pipe liquid
cooler, the liquid refrigerant passing thru
the inside pipe while the cooling water is be-
ing passed thru the annular space surround-
ing said inside pipe. Said refrigerant
liquid is thus cooled several degrees below
its critical temperature and then passes thru
pipe 9 and a Venturi meter tube which is
connected to a manometer arranged and con-
nected in a peculiar way as hereinafter de-
seribed. From the Venturi tube, the liquid
refrigerant is conveyed by a pipe 10 to an
intermediate liquid cooler into which it dis-
charges thru an expansion valve 11. The
liquid ammonia or other refrigerant is here
reduced from the condenser pressure to the in-
termediate pressure and its temperature cor-
respondingly lowered. As shown in Figure
1, the intermediate liquid cooler is connected
by an equalizing pipe line 14 to the connec-
tion pipe 15 and thereby to the high pressure
cylinder 5. All the liquid ammonia or other
refrigerant is thus cooled in the interme-
diate liquid cooler to its critical tempera-
ture corresponding to the intermediate pres-
sure. Said intermediate cooler is provided
with a gauge glass to enable the height of
the liguid therein to be seen at all times.
Connected to the intermediate liguid cooler
is a valve 16 from which a pipe 17 leads to

the low pressure expansion valve 18 for con-

trolling the admission to the evaporator.
That portion of the liquid ammonia which is
evaporated in the intermediate liquid cooler,
due to the cooling of itself in the pressure
reduction at expansion valve 11, passes thru
equalizing line 14 and mixes with the main
body of the partly compressed gaseous re-
frigerant as i1t passes thru pipe 15 to the
high pressure cylinder 5. In my system the
intermediate gas cooler provides a means of
rejecting heat directly and I can show a di-
rect thermal gain of from 7 to 12% depend-
ing upon conditions and a corresponding re-
duction in power required to operate the
compressor. To the best of my knowledge

and belief an intermediate gas cooler utiliz-

ing a cooling medium derived from a source
outside of the system, has never before been
used in refrigerating machinery. Further-
more, in the intermediate liquid cooler all
the liquid is expanded directly into an open
vessel and reduced therein fo the critical
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temperature corresponding to the interme-
diate pressure, and a gas evaporated.in so
cooling the liquid is released at a compara-
tively high pressure and only requires com-
pressing again in the H. P. cylinder.-

In order to carry on a refrigerating process
in the most effective and economical man-
ner, it is essential to know how much liquid
ammonia is being supplied at any given
time. and to be able to regulate the flow of
liquid refrigerant. As far as I am aware,
no suitable means have even been employed
in refrigerating systems for directly measur-
ing the flow of highly volatile fluids which
have very low boiling points as is the case
with anhydrous ammonia. According to
the present invention .a Venturi meter tube
may be used for this purpose and in con-
nection with a manometer connected thereto
in the manner to be presently described, may
be readily made to indicate the flow of liquid
ammonia in a system of this character. In
order to utilize this means of measuring
volatile fluids, it is necessary to pre-cool the
liquid to be measured several degrees below
its critical temperature or the temperature
corresponding to the boiling point at the
pressure at which it exists. This is for the
reason that any liquid passing thru the Ven-
turi tube is slightly reduced in pressure as it
passes thru the throat of the Venturi tube.
If the liquid be not super-cooled a certain
amount of evaporation takes place as the
liquid passes thru the throat and this in-
terferes with the operation and also pre-
vents a correct reading of the manometer.
The cooling of the liquid ammonia or other
refrigerant is accomplished in the donble
pipe liquid cooler as heretofore described.

As showu in- Figure 2, the Venturi tube
21 1s provided with a restricted throat 22,
the pressure difference between the throat 92
and the unrestricted cross-section 23 of said
Venturi tube providing means for measur-

. ing the flow of a liquid when the interior

diameters of these portions of the tube
are known.. A manometer tube 24 has its
lower end . dipped into a mercury bath 25,
the space above said bath being in open com-
munication with a tube 26 having a valve
controlled outlet 27 at its upper end. The
upper end of the manometer tube 24 is in
open communication thru a port 28 with the
upper end of a tube 29 provided with a
valve controlled outlet 30." A pipe 31 con-
nects the lower end of tube 29 with the con-
tracted throat 22 of the.Venturi tube.
pipe 32 which is connected above to the un-
restricted portion 23 of the Venturi tube,
is provided with a branch 83 which com-
municates with the mercury bath chamber
and lower end of tube 26. Connected to

the pipes 31 and 32 are gauge glasses 34 and

85 for indicating the height-of an interposed
body of oil in the pipes 31 and 32, said body
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of oil constltutmg a pressure transnnttlng
medium between the highly volatile liquid
and the mercury bath 25. An oil pump 36
may be connected up with this apparatus for
maintaining equal weights of oil in the pipes
31 and 32 and the respective connections
so as to enable the mercury in the manometer

‘ tube 21 to accurately indicate the differenice

* in pressures between the points 22 and 23
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- manometer is exiremely accurate.
-the flow of the liquid thru a meter tube by
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of the Venturi tube. For this purpose, the

-height of the mercury column 37.is 1nd1cabed

by a float 38. The ammonia heing lighter
than the oil rests upon the top of the oil in
each of said tubes 31 and 82 so that tle
differential pressure which would otherwise
be exerted by the column of aminonia di-
rectly upon the mercury.bath is thus exerted
thru the interposed columns of oil. The
oil is carried at the same height in each
leg, so that the difference in bpemﬁc gravity
between the oil and the liquid being metered
will not affect the reading. I have found by
exhaustive tests that the measurement of
anhydrous ammonia by the use of this
method of super-cooling and the employ-
ment of o¢il pressure transmission to the
Whereas

the use of pumps sometimes causes a pulsa-
tion, the metering of anhydrous ammonia in.
my apparatus is absolutely without pulsa-
tlon

‘As above- menuoned the metering of the
liquid ammonia is an essential feature of my
system for two reasons.

First—to provide means of a controlled
and uniform feeding of the evaporator or
expansion coils W1th the liquid refrigerant.

‘In any compression system it is obvious
that the velume of vapor handled for a given
machine at constant speed is constant. For
uniformity of operation it is desirable to
maintain the volume of the vapor as uni-
form as possible.

This uniformity is expedited by main-
taining a uniform liquid'level in the evapc-

rator which in turn is made possible by a

" controlled and practically uniform feeding

(%]
[
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of the evaporator.
-Second—this means of metering fhe liquid

ammonia is entirely novel in showing di-

rectly the actual capacity of the refrigerat-
ing system. - With an aCcurate'knowledge of
kpemﬁ(, heats and latent heats and specific
volumes of refrigerants in common use, the
weight of such refrigerant being handled in
the system allows the direct calculation of
the refrigerating output.

Another essential and novel feature of my
system is an arrangement of clearance com-

" partments used on the cylinders of my com-

pressor. The preferred embodiment of- this

.featl}re is shown in-axial sg,otlon in detail -
‘on Figure 3. -Compressor cylinders are made

8

somewhat larger than ordinarily would be
required, thus providing for a clearance com-
partment in the cylinder itself. A secondar

piston 40 is provided as shown which is a

]‘ ustable to any point in the compartment 41
When the secondary piston is entirely closed,
the same becomes equivalent to the head of
the cylinder proper. When it becomes nec-
essary to regulate the actual -volumes' de-
livered by either the high or low pressure
cylinder the secondary pistons in the respec-
tive cylinders may be moved by the hand
wheel 42 to any desired piston. Said wheel
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42 is mounted on a stem 43 which is provided -

with * an enlarged threaded portion 44
threaded into the head plate 45 of the cylin-
der. An enlargenient 46 on the inner end of
stem 43 interengages with a ring nut 47
which screws into the piston 40. It is thus
evident that perfect adjustment of cylinder
volumes and corresponding correct interme-
diate pressures are obtainable for any condi-
_tion of suction and condenser pressures. A
small hole 48 ig drilled through the second-
ary piston to allow the gradual equalization
of pressures on both sides of same. This
allows an easier operation of the secondary
piston and also provides against an undue
pressure which might result from any accu-
-mulation of liquid refrigerant in the com-
partment. The ideal ratio of cylinder vol-
umes is extremely important in giving most
efficient results in a compound refrigerating
system.

I have demonstrated practically that
there is a definite intermediate pressure for
given suction and condenser pressures where
the highest efficiency of the compressor is

obtamed There are two factors that have.

to be considered in determining the ideal
intermediate pressure: ]
First dividing of the work done in the
two stages so that the ratio of compresswn
for each stage is the same.
Second the question of lowest intermedi-
ate pressure consistent with the first factor
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mentioned, which taken together with this -

factor will produce the highest over all
efficiency in the entire process. This is for
the reason that the lower the intermediate
pressure the greater the gain in cooling the
liquid in the intermediate liquid cooler or
in other words the lower will be the temper-
ature of the liquid delivered o the evapo-
rator. The proper cylinder ratios will also
give the lowest discharge temperature to the
gas entering the condenser which reduces
‘the work of the condenser and lessens the
work in pumping condensing water.

I show another arrangement in Figures
4, 5 and 6 for accomplishing similar results.
This arrangement can easily be adapted to
any compressor of ordinary design and

Whlle it does not give the fineness of ad]ust- :

120
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ment shown on Figure 3, above described, it
carries out the same idea and serves to illus-

. trate another means of applying the broad

10

“16

20

principle of controlling the ratio of cylinder
volumes. As shown in Figures 4, 5 and 6,
a plurality of compartments are provided
in each of the cylinder heads for the high
and low pressure compressors. According
to Figures 4 and 6, the high pressure cylin-
der has a cylinder head 50 provided with
compartments 51 and 52 which may be
placed in communication with the piston
chamber thru valve openings 53 and 54
which may be closed by separately movable
valves 55 and 56 carried by valve stems 57
and 58. Said stems 57 and 58 are provided
with hand wheels 59 and 60 to permit these
valves to be opened or closed at will. In
the particular embodiment shown in Figure
5, the low pressure cylinder head is pro-

- vided with valve openings 61, 62 and 63
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corresponding to compartments which may
be opened or closed by suitable valves (not
shown). When the valves 55 and 56 are
closed, the entire volume of the H. P, cylin-
der is discharged thru the regular com-
pressor valves. When valve 55 is open, a
volume of gas equivalent to the capacity
of compartment 51 is admitted thru port
53 into compartment 51. In a similar man-
ner valve 56 may be operated to admit gas
to compartment 52, the displacement vol-

umes of the high and low pressure cylinders

being thus regulated.

LAY
v Y T

where V equals the volumes of the low pres-
sure cylinder, v equals the volumes of the
high pressure cylinder and R equals dis-
charge pressure in pounds per square inch,
absolute, and » equals low pressure suction
in pounds per square inch, absolute. By
opening the clearance compartment on
either cylinder a certain portion of the
gaseous refrigerant is allowed to pass in
and out of the pocket and thus reduce the

actual volume of gas delivered by the cylin-.

der. This operation does not perceptibly
effect the efficiency of the cylinder but it
decreases the capacity and with pockets of
correct proportions, practically any desired

ratio of » T2y be obtained. The arrange-

ment of compartments in Figure 6 provides
for a reduction in volume of approximately
25% of the cylinder volume per revolution.
To illustrate the practical use of my clear-
ance compartment in the every day use of
refrigerating = apparatus where pressure
ratio change, I cite as follows:— -

v

5@2.85
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satisfying the abové formula where
R
o
A test conducted with clearance compart-

ment all closed under conditions of % equals

8, the indicated horsepower per ton of
refrigeration was 1.4. On the second test
by opening of certain compartments on the
low pressure cylinder, the above formula

for 5 Was satisfied for the relation

X_s
r

and in this test with other conditions being
similar, the indicated horsepower per ton of
refrigeration was 1.12. In the range of

ordinary refrigerating practice ~ Vvaries from

6 to-as high as 13 and it is thus obvious
that any compressor with given cylinder
sizes cannot operate efficiently without
means for regulating the displacement vol-
umes of the high and low pressure cylinders.

In order to permit the double compres-
sion with its intermediate cooling of the
gaseous refrigerant to be carried on without
using the intermediate liquid cooler, a by
pass 13 is provided with a normally closed
valve 19 which may be opened when desired
to cut out the intermediate liquid cooler.
At the same time the expansion valve 11

and hand valve 16 which are normally open,

are closed. A normally open valve 14 in
the equalizing pipe extending between the
intermediate liquid cooler and the pipe 15,
is also closed when it is desired to cut out
the intermediate liquid cooler.

I claim »— _

1. The combination with a refrigerating

system comprising an evaporator, means for-

compressing a refrigerant, and means for
condensing said refrigerant. of a Venturi

meter. connected up in jsaid system, and

means interposed between said refrigerant-
condensing means and said Venturi meter
for supercooling all of the condensed refrig-
erant to a temperature below the critical
temperature of boiling corresponding to the
lowest pressure attained by said refrigerant
in the Venturi meter whereby evaporation
due to reduction in pressure in the Venturi
tube is prevented. : ,

2. The process of refrigeration cousisting
in ‘partially compressing a refrigerant in
its gaseous\ state, in cooling the partially
compressed refrigerant, in finally compress-
ing the cooled partially compressed refrig-
erant; in condensing the same, and in ex-
panding the condensed refrigerant to the
pressure substantially the same as that of
the partially compressed refrigerant.
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8. In a refrigerating system, the combi-
nation of -an evaporator, means for com-
pressing a refrigerant, means for condensing
said refrigerant, a Venturi meter, and means
connected to said Venturi meter for super-
cooling said refrigerant to a temperature
below the critical temperature of boiling
corresponding to the lowest pressure at-
tained by the refrigerant in the Venturi
meter whereby evaporation. due to reduc-
tion in pressure in the Venturi tube is pre-
vented.

4. The process of refrigeration which
consists in partially compressing a refrig-

erant in its gaseous state, in cooling. the’

partially ‘compressed refrigerant, in com-
pleting the compression of the partly com-
pressed refrigerant, in condensing said re-
frigerant, in super-cooling all of the con-
densed refrigerant to a temperature below
its boiling peint corresponding to the low-
est pressure attained while it is being me-

tered, in metering the super-cooled con-

densed refrigerant, in reducing the tempera-
ture of the refrigerant to that corresponding
to the partially compressed refrigerant, and
in adding the gaseous refrigerant arising
from reduction in pressure last mentioned,
to the partially compréssed refrigerant.

5. The combination with a refrigerating
system including refrigerant-evaporating
means, refrigerant compressing means, and
refrigerant condensing means, of a meter,
and means for super-cooling the condensed
refrigerant to a temperature helow its boiling
point corresponding to the lowest pressure
attained during its passage thru said meter,
sald super-cooling means and meter being
connected up in series within the refrig-
erating system.

6. In a refrigerating system, an evapo-
rator, a low pressure compressor connected
to said evaporator, a high pressure compres-
sor provided with connections extending
from the low pressure compressor, a con-
denser-connected to said high pressure com-
pressor, and a liquid refrigerant expansion
cooler In which the entire body of liquid
refrigerant is expanded to a pressure cor-
responding to that in the connection. be-
tween the low pressure and high pressure
compressors, said liquid cooler being con-
nected to said condenser, said liguid refrig-
erant expansion cooler having a liquid con-
nection with said evaporator and a vapor
connection with said connection extending
between the low pressure and high pressure
COMPressors. ‘

7. A refrigerating system comprising an
evaporator, means for compressing refrig-
erant from said evaporator. means for con-
densing said compressed refrigerant. and a
Venturi tube interposed between said con-
densing means and said evaporator, a ma-
nometer connected to the large and small

-ing the variation of

s

diameters of said Venturi tube for measur-
ing variations of pressure therein, and
means interposed between said condensing
means and said Venturi tube for supercool-
ing all of the condensed refrigerant to a
sufficient degree to prevent evaporation dur-
pressure in said Ven-

turi tube. ‘ T
8. In a refrigerating system, an evapo-
rator, a low pressure compressor connected
to said evaporator, an intermediate gas
cooler connected to said low pressure com-

pressor, a high pressure compressor con- .

nected to said intermediate gas cooler, a
condenser connected to said high pressure
compressor, a liquid refrigerant cooler in
which- the entire body of the liquid refrig-
erant is expanded to a pressure substan-
tially corresponding to the pressure in said
intermediate gas cooler, said liquid refrig-
erant cooler being connected to said con-
denser, and provided with a connection for
vaporized refrigerant leading to the con-
nection between said intermediate gas cooler
and said high pressure compressor, and a
connection extending from said liquid re-
frigerant cooler to said evaporator.

9. In a refrigerating system. the combi-
nation with an evaporator, of a low pres-
sure compressor, a high pressure compressor,
an interediate gas cooler provided with con-
nections with said low pressure and high
pressure compressors respectively, a con-
denser connected to said high pressure com-
pressor. an intermediate liquid cooler inter-
posed between said condenser and said evap-
orator, a connection for vapor leading from
the intermediate liquid cooler to said con-
nection from the intermediate gas cooler to
said high pressure compressor, and an ex-
pansion valve in the connection between said
condenser and said intermediate liquid
cooler whereby all of the condensed refrig-
erant is reduced to the pressure and corre-
sponding temperature of the partially com-
pressed refrigerant passing thru said inter-
mediate gas cooler.

10. The combination with a refrigerating
system including an evaporator, means for
compressing and condensing refrigerant
from said evaporator, and a Venturi meter,
of means for cooling all of the condensed
refrigerant to a temperature substantially
below the critical temperature of boiling
corresponding to the lowest pressure attained
in the Venturi meter, and means for con-
veying the refrigerant passing thru said
Venturi meter to said evaporator.

11. A refrigerating system comprising an
evaporator, means for compressing refrig-
erant from said evaporator, means for con-
densing said compressed refrigerant, a Ven-
turi tube interposed between said condens-
ing means and said evaporator, a manometer
connected at opposite ends to the large and
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small diameters respectively of said:Venturi
tube for measuring variations of pressure
therein, and means interposed between said
condensing means and said Venturi tube for
supercooling all of the condensed refriger-
ant to a suflicient degree to prevent vapori-
zation in the hquld refrigerant under the
variation of pressure in said Venturi tube,
sald manometer being provided with con-
nections extending between said Venturi tube
and opposite ends of said manometer, said
connections containing non-volatile fluids as
pressure-transmitting mediums.

12. In a refrigerating system, the combi-
nation with an evaporator of low pressure
and high pressure compressors connected in
series with said evaporator, a condenser con-
nected to said high pressure compressor,
means for connecting said condenser to said
evaporator, and means for varying the dis-
placement volume of each of said compres-
sors whereby the work of compression may
be equally divided between said compressors.

13. In a refrigerating system, an evapora-

‘tor, a low pressure compressor connected

thereto, an intermediate gas cooler, a con-
nection leading from said compressor to said
gas cooler, a high pressure compressor, a
connection leading from said gas cooler to
said high pressure compressor, and means
for connectmg said high pressure compres-
sor to said evaporator including an inter-
mediate ‘liquid cooler, said intermediate
liguid cooler being provided with an ex-

pansion valve for reducing the pressure of

the compressed refrigerant and a connection
extending from said hqu1d cooler to the con-
nection between said gas.cooler and high
pressure compressor for vapor derived from-
said refrigerant passing said expansion
valve.

14. In a refrigerating system, the combi-
nation with an evaporator, of a low pres-
sure compressor cylinder connected to said
evaporator, said compressor cylinder being
provided with an adjustable wall for vary-
ing the displacement volume thereof, a high
pressure compressor cylinder prov1ded with

1,471,732

an adjustable wall for varying the displace-
ment volume thereof and a condenser con-
nected to said high pressure cylinder and

provided with connections leading to said.

evaporator.

15. In a refrlgelatm«r system, the combi-
nation with an evaporator, of low pressure
and high pressure compressors connected in
series with said evaporator, means connect-
ed to said high pressure compressor for con-
densing a refrigerant, means for varying
the displacement volume of each of said
compressors whereby the work of compres-
sion may be equally divided between said
compressors, means for connecting said con-

~densing means to said evaporator, a Ven-

turi meter connected up in said system be-
tween said condensmg means and said evap-
orator, and means interposed between said
condensing means and said Venturi meter
for supercooling all of the condensed refrig-
erant to a temperature below the critical
temperature of boiling corresponding to the
lowest pressure attained in. the Venturi
meter whereby evaporation due to reduction
in pressure in the Venturi tube is prevented.

16. In a refrigerating system, the combi-
nation with an evaporator, of a low pressure
compressor cylinder, connected to said evap-
orator, said compressor cylinder being pro-
vided with an adjustable wall for varying

‘the displacement volume thereof, a high

pressure compressor cylinder provided with
an adjustable wall for varying the displace-
ment, volume thereof, a condenser connected
to said high pressure cylinder and provided
with connections leading to said evaporator,
a Venturi meter connected dp in said con-
nections between said condenser and evapo-
rator, and means interposed between said
condenser and said Venturi meter for super-
cooling all of the condensed refrigerant to
a temperature below the critical tempemture
of boiling corresponding to the lowest pres-
sure attained in the Venturi meter whereby
evaporatlon due to reduction in pressure in
the Venturi tube is prevented.
: GEO A. HORNE.
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