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1

This invention relates to low temperature re-
frigeration- systems, and more particularly to
means for adapting a compressor to a multi-stage
low temperature refrigeration apparatus.

Similar apparatus associated with a multiple
effect refrigeration system has been described in
copending abplication, Serial No. 746,062, filed
May 5, 1947, by R. L. Jones, Jr.

It is a principal object of this invention to pre-
determine the operating pressures in a multi-
stage system by the selection of particular liners
for association with individual pistons in a com-
pressor adapted to handle both stages of the com-
pression.

An additional important object of the invention
is to provide means associated with replaceable
liners for preselecting the operative relation of
individual cylinders of a inulti-stage compressor
with the respective stages of compression.

The substitution of liners in a multi-eylinder
compressor is utilized to vary the effective com-
pression stroke of the piston in individual cyl-
inders thereof and to vary the operative rela-
tionship of individual cylinders relative to the
compression stages of a multi-stage system.
Thus, one compressor may be adapted for use
in conjunction with various multi-stage refrig-
eration systems by adapting individual cylinders
to accommodate different volumes of gas and by
connecting individual ecylinders with different
compression stages in a multi-stage system. The
preselection which is offered by the proper com-
bination of liners in the compressor permits one
motor compressor set to be adapted to various
multi-stage systems.

Further objects and advantages of my inven-
tion reside in the combination and arrangement
of parts hereinafter described and claimed, ref-
erence being had to the accompanying drawings
in which:

Fig. 1 is a diagrammatic showing of a multi-
stage refrigerating system with which the com-
bination of compressor and liners may ke asso-
ciated; .

Fig. 2 is a cross section taken through the com-
pressor so as to pass through the center line
of each cylinder; .

Pig. 3 is an enlargement of one cylinder and its
valve mechanhism as shown in Fig, 2; and
. Figs. 4 through 9 are elevations of various liners
adapted to be inserted in the compressor shown
in Flig. 2.

One type of low temperature refrigeration is
known as multi-staging. In multi-stage appa-
ratus gas from the evaporator is passed first
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through a low stage compressor which is usually
a lightly powered large displacement compressor,
and then through a high stage compressor to a
condenser. Liquid then passes on back to the
evaporator through an expansion valve., Con-
siderable efficiency can be gained by the use of
an intercooler between stages of compression.
Multi-stage refrigeration apparatus is used where
it is desired that one evaporator produce an ex-
tremely low temperature. This necessitates an
extremely great differential in pressure between
the intake and exhaust sides of the system. Per-
forming the compression in two stages offers two
advantages, first, the stroke of the compressor
piston and the compressor design are mechan-
ically simplified and secondly the refrigerant may
ke precooled between stages.

In Fig. 1 a multi-stage refrigeration system
is diagrammatically illustrated. A refrigerant
compressor 18 is provided with a plurality of
cylinders ¢2, {2, 16, {8, 20 and 22. A motor 24
drives the compressor. An evaporator 26 is con-
nected to inlet ports in cylinders 12, 14, 16 and 8.
These cylinders exhaust into a ring 28 which
passes through an intercooler 30. The inter-
cooler is adapted to lower the temperature of
the refrigerant by passing a medium such as cold
water in heat exchange relation therewith., The

ring 28 is connected to intake ports in cylinders

20 and 22. These cylinders exhaust to a line 32
which is operatively connected to a condenser
34. A line 28 connects the condenser 34 and the
evaporator 2§ and has an expansion valve 38 po-
sitioned therein. Cylinders i2, 14, {6 and {8 form
the low stage compression means. Cylinders 29
and 22 form the high stage compression means.
In Fig. 2 a sectional view of a compressor
adapted to provide both low and high sbages is
shown. The compressor illustrated is of the radial
six cylinder type. A cast housing hag radial
portions which are each adapted to have asso-
ciated therewith ecylindrical liners and pistons
and valve mechanism to form the cylinders des-
ignated in Fig. 1 by the numerals (2, {4, 16, 8,
29 and 22. Fig. 3 illustrates the construction of
one radial portion in greater detail. A crank-
shaft 48 is rotatably mounted in the cast housing
ahd adapted to be driven by a motor means such
as an induction type eleciric motor (not shown).
A plurality of piston rods £2 are rotatably mount-
ed on the eccentric portion of the crankshaft 48
and are retained on this eccentric portion by a
cap 44 and a leck nut 6. An annulus 48 is in-
tegrally cast in the housing and operatively con-
nected by passage 50 to an orifice 52 which may
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be operatively connected to the evaporator by line
54. The annulus 48 forms the low pressure an-
nulus of the compressor. - A high pressure annulus
5§ is integrally cast in the housing in concentric
relation to the annulus 48. The high pressure
annulus 56 is operatively connected by a pas-
sage 58 to a ring §6. The ring 80 and passage
5% serve as an inlet means for refrigerant en-
tering the high pressure annulus 58. Ring 66 is
provided with a plurality of branches 62 each of
which connects the ring 88 to the exhaust side
of one of the low stage cylinders {2, 14, 1§ and {8.
The high stage cylinders 28 and 22 are opera-
tively connected to lines €3 and §4 which lead
to condenser 34 and were designated by the nu-
meral 32 in the diagrammatic shewing of Fig. 1.
Ring &0 corresponds to the ring 28 diagrammat-
ically illustrated in ¥ig. 1.

It should be understood that although the
compressor shown in Fig. 2 is illustrated as being
used in a two stage system, the plurality of cyl-
inders therein could be grouped to accommodate
a three or more siage system. For simplicity the
discussion will deseribe a two stage system. Re-
ferring to Fig. 3 the construction of a typical radi-
al portion of the cast housing is illustrated. The
cylinder {4 has been arbitrarily chosen for this de~
seription although the construction of each cyl-
inder is similar with the exception that different
liners may be substittited in the housing to form
the cylinder therein. A removable cap 68 is se-
cured to & radial portion of the cast housing.
The cap has besn illustrated as secured to the
housing by boits. A removable cylindrical liner
§8 may be inserfed into the radial portion of the
housing by removal of the cap £6. Aligned open-
ings are provided in the radial portion of the
housing and the walls forming the low pressure
annulus and the high pressure annulus. The
sligned openings are agapted to receive the liner
88. A piston 78 is operatively associated with the
outer end of each piston rod 42, The pistons 70
are each adapied for reciprocation in one of the
liners §8. The liner is formed with a tubular

portion having a flange 72 adjacent one end .

thereof. An intake valve 74 in the form of a
flexible annular ring is positioned concenirically
of the outer portion of the flange 72 of the liner
8. A flange 72 of the liner rests upon the an-
nular shoulder 18 provided within the radial por-
tion of the cast housing. The flange 2 is pro-
vided with a plurality of passages 78 extending
therethrough. The intake valve 74 is adanied
to restrict the passage of refrigerant through the
openings 78. The intake valve T§ rests upon the
liner flange 12 which is recessed for its reception
so that the valve ring 74 may move axially. A
ring 80 rests upon the flange 72 of liner §8& and
suitable springs 82 are provided in ring 80 to
yieldably urge suction valve ring 14 info position
to restrict passage 78. The ring 8§ is provided
with a central opening 84 which is aligned with
the interior of the liner 83. A discharge valve
plate 88§ is positioned across the opening 8% and
seated con the ring 28. Springs 88 urge it to its
closed position.  Valve 88 is adapted to move
off its seat on ring 82 to expose the opsning
24 to a chamber §8 in the radial portion of the
cast compressor housing. Chamber 38 is opera-
tively connected to discharge pipe 62 and ring
§0.

On the suction stroke of the piston 78 which
is jllustrated in Fig. 3 expanded refrigerant gas
from the low pressure annulus 48 enters the
orifice 78 and passes through the suction valve
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14 which is lifted from its seat against the force
of springs 82 when a pressure differential is
created by the retraction of piston 73. On the
compression stroke the greater internal pressure
with the aid of springs 82 seats valve 74 thus clos-
ing off passages 18. Discharge valve 8§ is raised
from its seat against the force of springs 88 and
the compressed gas flows from the opening 84
to chamber 90. - The compressed gas leaves cham-
ber 98 through discharge pipe 62 and ving &8
and is admitted by passage 53 to the high pres-
sure annulus 58. As soon as the piston T8 com-
mences to retract the differential in pressure be-
tween chamber 9% and the exterior of the cyl-
inder aided by springs 88 causes valve 86 to be
seated and suction to be reestablished through
passages 78.

In order that any entrained glcbules of liquid
refrigerant or oil may be dispersed a mechanical
relief valve is provided. A memkter 82 is bolted
to the ring 85. The springs 88 previously referred
to are positioned in recesses in the member 82.
The assembly comprising member 82 and ring 80
is urged sgainst the flange 72 by a spring &4
bearing against this assembly and against cap §8.
The spring 84 is of sufficient strength to keep the
valve assembly seated but is desighed to permit
relief against accidental overpressure. :

The description of the operation of cylinder {8
which was made with reference to Tig. 3 herein
is typical of the cperation of cylinders {2, {4, 1§
and 8. These cylinders possess the common
feature that the inlet openings are operatively
connected with the low pressure: annulus 48
which is connected in fluid flow relationship
with the evaporator. These cyiinders discharge
compressed gas into the high pressure annulus
of the compressor. Because of the requirement
that these cylinders take gas from the low pres-
sure annulus and discharge it to the high pres-
sure annulus they are provided with liners which
will hereinafter be described as the fdrsi type of
liner. - The cylinders 28 and 22 of the compres-
sor have mechanical valving that is similar to
that described with reference to Fig. 3 but the
liners §8 associated therewith are of a different
type ‘which will hereinafter be referred to as
the second type of liner. This second type of
liner is so designed that it operatively connscts
the intake ports of cylinders 2 and 27 with the
high pressure annulus §8 of the compressor.,” The
chambers 88 associated with the cylinders 28 and
22 are connected by lines 63 and &% to the con-
denser of the refrigerating system. The cyl-.
inders illustrated in Fig. 2 are therefore divided
into the low stage cylinders {2, {4, {6 and i8
which receive gas irom the evaporstor and dis-
charge the gas to high pressure cylinders 23 and
22 which in turn discharge the gas to the con-
denser of the refrigerating system.

Figs. 4, 5 and 6 illusirate liners which are
adapted to be assembled in the compressor.
These liners are of the type which was previously
referred to herein as the frst type of liner.
Each of these liners €& is provided with a flange
i2. However, a cylindrical skirt 25 having a
greater diameter than the body portion of the
liner 68 is provided. Each skirt 88§ is secured
to and depends from flange i2. It will thus he
apparent that a path for gas is provided he-
tween the skirt 98 and the body portion of the
liner 88. When liners of this type are assembled
in the cylinders a gasket 88 is used to seal the
lower portion of the skirt 98 against the partition
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separating the high pressure annulus of the com-
pressor from the low pressure annulus. The
passages previously referred to herein which lead
to the suction ports of the cylinder are aligned
with the space between the skirt and the body
portion of the liners so that gas may pass from
the low pressure annulus up between the skirt
and the body portion of the liner and into pas-
sages 18.

Figs. 7, 8 and 9 illustrate the second type of
liner. Each of these liners is provided with a
skirt 160. The skirt 100 is of frusto-conical shape
having the smaller end thereof secured to the
liner as by welding. The widest portion of the
skirt is provided with a groove adapted to receive
a gasket similar to the gasket 98 referred to
above. The skirt {00 is assembled with the liners
in inverfed relationship so that the small por-
tion of the skirt is welded to that portion of the
liner which is remote fiom the flange 72. By
referring to Fig. 2 it will become evident that the
skirts 100 serve to seal the intake ports of the
compressor cylinders from the low pressure an-
nulus 48 and to provide a fluid flow connection
between the high pressure annulus 56 and the
passages 78 in the liner flange 712,

The body portion of the liner of either type
may be provided with ports 102. Pigs. 4, 5 and 6
illustrate isolated liners of the first type which
are similar with the exception that the presence
and spacing of ports 102 is varied. In Fig. 4
the ports 102 have been omitted. In Fig. 5 the
ports have been located so that they are not un-
covered until the piston is near the end of its
suction stroke. In Fig. 6 the ports have been
located so that they are uncovered when part of
the suction stroke has been completed. By re-
moving the cap 66 and substituting a different
liner which has the ports 102 positioned at a
different location the volumetric capacity of an
individual cylinder may be radically changed.
The ports 102 permit gas to bypass the suction
valve T4 when they are uncovered by the piston
710. No compression will be effected until the

ports 102 are closed by being covered by the .

piston. The particular axial location of the ports
102 will determine the volume of refrigerant to
be compressed within the cylinder. A minimum
volume of refrigerant is compressed when the
liner of Fig. 6 is used. A maximum volume of
refrigerant may be compressed by using the liner
of Fig. 4 which permits the entire stroke of the
piston to be used to compress gas. An inter-
mediate volume of refrigerant may be com-
pressed by using the liner of Fig. 5.

The axial spacing of openings 102 is similarly
varied in liners of the second type which are il-
lustrated in Figs. 7, 8 and 9. The. volumetric
capacity of the cylinders 20 and 22 may also be
predetermined by the selection of porting in the
liners.

The same compressor housing crankshaft and
piston components may be used with different
liners te produce a compressor having stages
therein of radically different capacity. The
capacity is determined by the selection of liners
and may be altered to adapt the same compressor
to the requirements of different multi-stage re-
frigerating systems. When the operating re-
quirements of pressure and temperature in a
given installation change or where it is desired
to use one compressor in a different installation
a conversion of the capacity of the compressor
relative to each stage of the multi-stage refriger-
-ating system may be effected by interchanging
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Iiners in the compressor housing. Thus, the
combindtion of interchangeable liners with a
compressor housing adapted to receive them and
the proper selection of ports, skirts for the liners
and external connections on the compressor hous-
ing provides a means for preselecting the number
of cylinders operating in each stage and the dis-
placement of each cylinder. The pressures to
which the refrigerant will be compressed and
the volume to be compressed in each stage of the
refrigeration system may thus be predetermined
with an accuracy not heretofore obtainable.

Iclaim:

1. A refrigerant compressor apparatus com-
prising a housing, a plurality of pistons, driving
means to reciprocate said pistons, a plurality of
cylindrical liners assembled in said housing, one
of said liners being assembled in operative re-
lationship with each of said pistons and receiv-
ing said piston for reciprocation therein, first
means forming a refrigerant inlet passage in
said housing, second means associated with said
housing and forming a refrigerant discharge pas-
sage, a third means forming an intermediate
fluid flow passage in said housing, a first valve
means to control the admission of refrigerant
to each of said liners, a second valve means to
control the discharge of refrigerant from each
of said liners, a skirt associated with each of a
first group of said liners and adapted to co-
operate with said housing to provide g fluid flow
connection between the first valve means of
said first group of liners and said inlet passage,
a skirt associated with each of a second group
of said liners and adapted to cooperate with said
housing to provide a fluid flow connection be-
tween the first valve means of said second group
of liners and said intermediate passage, means
associated with said compressor and adapted to
provide a fluid flow communication between the
second valve means of said first group of liners
and said intermediate passage and means as-
sociated with said compressor and adapted to
provide a fluid flow communication between the
second valve means of said second group of liners
and said discharge passage.

2. The combination of a refrigerant com-
pressor adapted for use in a multi-stage refriger-
ation system and a plurality of interchangeable
liners, said liners being adapted to be assembled
in said compressor to form a plurality of cyl-
inders therein for cooperation with pistons of
said compressor, means forming a plurality of
passages for refrigerant in said compressor, in-
take and exhaust valves associated with said cyl-
inders, a first type of skirt carried by some of
said liners and adapted to operatively connect
the intake valves of cylinders formed by these
liners with one of said passages, a second type
of skir{ carried by other of said liners and
adapted to operatively connect the intake valves
of cylinders formed by said other liners with
another of said passages and means forming a
fluid flow connection hetween the exhaust valves
of some of said cylinders with one of said pas-
sages. i '

3. A refrigerant compressor apparatus com-~
prising a housing, a plurality of pistons, driving
means to reciprocate said pistons, a plurality of
cylindrical liners assembled in said housing, one
of said liners being assembled in operative re-
lationship with each of said pistons and receiv-
ing said piston for reciprocation therein, means
associated with said housing and forming first,
second and third refrigerant passages, said first
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and second passages being formed in said hous-
ing, a first valve means to control the admission
of refrigerant to each of said liners, a second
valve means to control the discharge of refrig-
erant from each of said liners, means connecting
the discharge valve means of -some of ‘said liners
with said second passage, means connecting the
discharge valve means of other of said liners with
said third passage, attachiments carried by some
of said liners and adapted to form a refrigerant
flow connection between some of said first valve
means and said first passage and attachments
carried by other of said liners and adapted to
form a refrigerant flow connection between other
of said first valve means and -said second pas-
sage, at least some of said liners having an open-
ing in the wall thereof to expose the-inferior of
said some liners to said first passage ‘during a
portion of the stroke of the pistons reciprocating
in these liners and other liners having an open-
ing in the wall thereof exposing the interior of
said other liners to said second passage.

4, A refrigerant compressor apparatus com-
prising a housing, ‘a plurality of pistons, driving
means to reciprocate said pistons, a plurality of
cylindrical liners assembled in said housing, one
of said liners being assembled in operative re-
latonship with each of said pistons and receiv-
ing said piston for reciprocation therein, means
associated with said housing and forming first,
second and third refrigerant passages, each of
said liners having a port means to control the
“admission of refrigerant thereto, a valve means
‘to -control the discharge of refrigerant from each
of said liners, means connecting the discharge
valve means of some of said liners with said
second passage, means connecting the discharge
valve means of other of said liners with said
third passage, attachments carried by some of
said-liners and adapted to form a refrigerant flow
connection between the associated port means
and said first passage, attachments carried by
other of said liners and adapted to form a refrig-
erant flow connection between their associated
port means angd said second passage, said port
means being so located in said liners that at a
predetermined position in the compression stroke
of the associated piston, said piston covers the
associated port and the effective length of the
compression stroke is predetermined by the loca-
tion . of the port relative to the limits of ths
mechanical movement of said piston so that de-
viations in the locations of the ports in different
liners determines the effective length of the com-
pression strokes of the individual pistons -as-
sociated with each of the liners.

5. A refrigerant compresser apparatus comi-
prising a housing, a plurality of pistons, ériving
means to reciprocate said pistons, a plurality of
svlindrical liners assembled in said-housing, one
of -said liners being assembled in cperative rela-
tionship with each of said pistons and receiving
said piston for reciprocation therein, means-as-
sociated with - said housing and forming first, sec-
ond and third refrigerant passages, a first-valve
means to control the admission of refrigerant to
each of said liners, a second valve means tc con-
trol the discharge of refrigerant from each -of
said liners, means connecting the discharge valve
means of some of said liners with said second
passage, means connecting the discharge valve
means of other of said liners with said third
passage, an attachment carried by a first one of
-said liners and adapted to form ‘a refrigerant
flow connection between said first valve means
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and said first passage, an attachment carried by
a second one of said liners and adapted to form
2 refrigerant fiow connection between its first
valve means and said second passage, said first
liner having a port therein forming the first
valve means therecf so that at a predetermined
position in the compression stroke of the associ-
ated piston, the piston covers the port and the
effective length of the compression stroke is pre-
determined by the lccation of said port relative
to the limits of the mechanical movement of said
piston and said second liner having vorts at
other locations to form the first valve means
thereof whereby different effective compression
strokes are obtained by the pistons associated
with ‘said first and said second liners and the
porting of said liners is operatively connected to
different passages by said attachments.

6. ‘A refrigerant compressor apparatus com-
prising a housing, a plurality of pistons, driving
means to reciprocate said pistons, a plurality of
cylindrical liners assembled in said housing, one
of said liners heing assembled in operative rela-
tionship with each of said pistons and receiving
said piston for reciprocation therein, means as-
sociated with said housing and forming first, sec-
ond and third refrigerant passages, a first valve
means to control the admission of reirigerant to
each of said liners, a second valve means to con-
trol the discharge of refrigerant from each of
said liners, means connecting the discharge valve
means of some of said liners with said second
passage, means connecting the discharge valve
means of other of said liners with said third
passage, attachments carried by some of said
liners and adapted to form a refrigerant flow
connection between some of said first valve
means and said first passage, attachments car-
ried by other of said liners and adapted to form
a refrigerant flow connection petween other of
said first valve means and said second passage,
at least some of said plurality of liners having
ports therein, the arrangement of ports being
varied between some of said liners whereby varied
effective compression strokes are obtained by
pistons having the same mechanical movement,
said attachments carried by said some liners be-
ing adapted to direct the flow of refrigerant from
said first passage to the ports associated with
said some liners, and said attachments carried
by said other liners heing adapted to direct the
flow of refrigerant from said second passage to
the ports of said other liners.

7. A fiuid compressor comprising a housing, a
plurality of reciprocable pistons in the housing,
a eylinder for each of said pistons having an inlet
opening, means forming a plurality of fluid pas-
sageways in said housing, a skirt for each of said

eylinders, the skirt for a first one of said cylin-

ders limiting fluid flow from one of said passage-
ways. to the inlet opening of said first cylinder
and the skirt for a second one of said cylinders
limiting fluid fiew from the other of said passage-
ways to the inlet opening of said second cylin-
der, means forming a discharge passage for dis-
charging fluid fromy said first cylinder info said
second passageway and means forming a dis-
charge passage for discharging fiuid -from said
second cylinder to the exterior of said com-
pressor.

8. A refrigerant compressor apparatus com-
prising a -housing, a plurality of pistons, driving
means to reciprocate said pistons, a plurality of
cylindrical liners assembled in said housing, one
of said liners being assembled in operative rela-
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tionship with each of said pistons and receiving
said piston for reciprecation therein, means as-
sociated with said housing and forming first, sec-
ond and third refrigerant passages, said first and
second passages being forimed in said housing, a
first valve means to confrol the admission of re-
frigerant to each of said liners, a second valve
means to conirol the discharge of refrigerant
from each of said liners, means connecting the
discharge valve means of some of said liners with
said second passage, means connecting the dis-
charge valve means of other of said liners with
said third passage, attachments carried by some
of said liners and adapted to form a refrigerant
flow connection between scme of said first valve
means and said first passage and attachments
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carried by other of said liners and adapted to
form a refrigerant flow connection between other
of said first valve means and said second passage.
ALWIN B. NEWTON.
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