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"+ 14 Claims.
This invention relates to refrigerating appara-

tus' and more particularly to an improved re-

Irigerating system of the reverse cycle type for
use in air conditioning.

It has long been known that a refrigerating
system may be used for either heating or cool-
ing the air for an enclosure by reversing the cycle
of operation in some manner or the other. A
large number of arrangements have been pro-
posed for reversing the cycle of operation of re-
frigerating systems but none have gone into ex-
tensive use either because of the complicated con-
trols which have been required or because of
other difficulties. - :

10

One object of this invention is to provide a5

simplified reverse cycle system in which all of
the refrigerant controls are mounted wholly
within the sealed refrigerant circuit. .

Another object is t6 provide a system in. which

the cycle of operation may be reversed merely by
_reversing the direction of rotation of the com-
Pressor. . - “ o T

Another object of this invention is to provide
an improved and simplified means for-controlling
the flow of condenser cooling water which may
also be used for controlling the flow of .water over
the evaporator during the heating cycle,

A further object of this invention is to provide
an improved oil sump arrangement in which the
main supply of lubricant is subjected to the high
side pressure at all times {rrespective of the di-
rection of rotation -of the COMpressor.

A further object of this invention is to pro-
vide an improved means for separating the lu-

“bricant from the compressed refrigerant.

A further object of this invention is to provide
an improved rotary compressor especially adapted
for use in a reverse cycle system. o

" Further objects and advantages of the present
invention will be apparent from the following
description, reference being had to the accom-
panying drawings, wherein a preferred form of
the present invention is clearly shown. L

Inthedrawings: = ’

. Fig, 1 is a vertical sectional
motor-compressor construction;

Fig, 2 is a sectional
2—20f Fig.1; SR

Fig. 3 is a sectional view taken on the line
3—3of Fig. 1; ) o

Fig. 4 is a fragmentary sectional view taken on
the line 4—4 of Fig. 3;

Fig. 51s a diagrammatic
system embodying my invention; and

view showing the

view taken on the line;
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- Fig. 6 is an enlarged sectional view showing one
of the refrigerant valves.

Referring now to the drawings, reference char-
acter 10 designates a sealed unit which functions
as a motor-compressor-condenser unit during
the cooling cycle and functions as a motor-com-
pressor-evaporator unit during the heating cycle,
The fan unit 1§ circulates air to be conditioned
in thermal exchange relationship with a heat ex-
change unit {I arranged in refrigerant flow re-
lationship with -the unit 10. The flow of re-
frigerant between the units 10 and {{ is con-
trolled by a fixed restrictor diagrammatically
shown at (3. ‘The fixed restrictor may be of any-
conventional construction such as a smal}l bore
capillary tube, The unit 10 comprises an upper
shell 12 within which is mounted a motor 14,
having a field winding 16 and an armature (8.
‘The motor 14 shown herein is merely intended to
represent a conventional motor of the type which
may be caused to operate in either direction de-
sired. Electrical energy is supplied to the motor
through the leads 20. .

A finned water coil 22 is mounted within the
casing 12 between the motor stator and the lower
portion of the casing 12 as shown in the draw-
ings. Water enters the coil 22 through the inlet
24 and leaves the coil through the outlet 26. Dur-
ing the cooling cycle the water flowing through
the coil 22 serves to condense the compressed re-
frigerant discharged from the compressor and
during the heating cycle the water gives up heat

+to the low pressure liquid refrigerant supplied to

the unit 10 from the heat exchange unit {{. The
coil 22 is held in place by means of one or more

- bolts such as the bolt 28, Spacer washers 30 are

provided on each of the bolts 28 so as to hold i

. the various convolutions of the coil 22 in proper
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spaced relationship. As shown in the drawings,.
the bolt 28 is provided with an elongated head
32 which serves to space the lowermost convolu- ‘
tions of the coil 22 from the ring 38. As .shown
in Fig. 1, the coil 22 is provided with fins such

‘as 23 so as to in¢rease the heat transfer surface

.of the coil. The motor stator 16 is supported by -
the main frame 36 which also includes a bearing

.extension 38 within which is journalled the main

' -motor-compressor shaft 40. The frame 36 is

50

view of a reverse cycle .
-1

bolted or otherwise secured to the casing 44 which
encloses the main compressor mechanism and
which serves as a lubricant reservoir. The cas-
ing 44 is provided with a flange 42 to which the
ring 34 and the main frame 36 are secured as
shown. ' . : :

The compressor comprises & conventional four
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vane rotor 48 operated by the shaft 48 in the
usual and well-known manner. During the‘cool-
ing cycle, refrigerant vaporized in the heat ex-
change coil {1 leaves the coil {1 through the line
66 and enters the compressor through the port
§0. The compressed refrigerant discharges from
the compressor through the port 52 as best shown
in Figs. 2 and 4. Lubricant is supplied to the
. motor-compressor bearing through the central
bore 54 provided in the main shaft 40. In order
to avold the necessity for a mechanical lubricant
pump, I make use of the difference in pressure
between the suction side and the discharge side
of the compressor for forcibly feeding lubricant
to the bearing surfaces in the manner explained
more fully hereinafter. Since the direction of
rotation of the compressor is reversed when the
cycle of operation of the refrigerating system
is reversed, it is necessary to provide some means

for maintaining the pressure within the lubricant ;

supply chamber substantially equal to the high
side pressure irrespective of the direction of ro-
tation of the compressor. It is-also desirable to
~ provide some means for returning to the lubricant

sump that lubricant which is discharged from -

the compressor along with the compressed gas.
In order to maintain the pressure within the
lubricant chamber &4 substantially equal to the
high side pressure at all times, I have provided
a pair of pressure operated valves §8 and 68 which
tend to equalize the pressure between the lubri-
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cant chamber 44 and the high side of the refrig- -

erant system. Valve 88 is arranged. in the pas-
sage 56 provided in the main frame 36 and valve
68 is arranged in the passage 64 which connects
the lubricant chamber with the refrigerant line
66. Theipassages 56 and &4 also serve as return
passages for the lubricant discharged by the
compressor. -

Since a certain amount of lubricant is at all
times discharged from the compressor along with
the compressed gas, it Is desirable to provide
some means for separating the lubricant from
the compressed gas. As shown in Fig. 4, the gas
and lubricant discharged by the compressor
through the port §2 is required to flow through
a porous sintered bronze plate §3. In passing
through the porous bronze plate 53, the lubricant
separates from the refrigerant and drains into
the lowermost portion of the motor housing with
the result that upon opening of valve 58 the
lubricant returns to the lubricant sump 44. Upon
~ reversal of the direction of rotation of the com-
pressor, the port 58 serves as the discharge port.
In order to separate the lubricant from the re-
frigerant discharged through the port §0, I have
provided a second porous sintered bronze element
55 which serves to collect the lubricant adjacent
the inlet to the valve 68 whereby upon opening
‘of the valve 68 the lubricant returns to the main

33

main compression chamber
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lubricant sump 44. In order to insure the con- ’

- tinuous return of lubricant to the main lubricant
- sump, I have provided a small capillary tube ] ]
which has its one end opening into the lubricant
- chamber above the lubricant level therein and

its other end communicating with the interior

of the compression chamber §2. Since the one

. end of the tube is open to the high side pressure

and the other end is open to the compression
chamber §2, at a point where the pressure therein
is very nearly equal to the low side pressure,
enough refrigerant vapor will flow from the
- lubricant chamber into the compression chamber

to make room for the lubricant returning to the
lubricant sump. ‘The size of the capillary tube

70
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.ing water in response

‘not only serve to return
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60 is such that only enough vapor. will leak there-
through to cause the desired amount of flow
through the valves 58 and €8.

During operation of the compressor, lubricant
from the high pressure lubricant reservoir 44

‘flows upwardly through the passage 58 in the

shaft 40 and is fed to the bearing surface
through one or more passages such as 18 shown
in Fig. 1. The passage 18 feeds the lubricant to
the groove 80 provided in the shaft 40 at the
upper end of the bearing 38.. The high pres-
sure lubricant is prevented from escaping from
the upper end of the bearing by means of a shaft
seal 81 which may be of any conventional con-
struction. The seal 81 also prevents high pres-
sure gas from the motor compartment from inter-
fering with proper lubrication of the upper end
of the bearing. A lubricant return passage 10 is
provided which has its lower end communicat-
ing with the compressor chamber 62 at a point
midway between the inlet and outlet parts where-
by the pressure at the outlet of the passage is
very nearly equal to the low side pressure regard-
less of direction of rotation. By virtue of this
arrangement, the lubricant which is under high
pressure at 80 is caused to flow along the shaft
bearing and into the groove 12 which communi-
cates with the passage 18. A certain amount of
lubricant will aiso find its way to the groove 12
from the main compression chamber whereby
the entire upper bearing is lubricated. - The
lower bearing is also lupricated in much the
same manner. Thus a lubricant return passage
14 is provided which corresponds to the passage
70 whereby lubricant under high pressure in the
and in the lubricant
sump 44 finds its way along the lower bearing
into the groove 16 which communicates with the
passage T4. : .

The flow of water through the coil 22 is con-
trolled by the pressure operated valve 90 which
varies the fiow of water in accordance with the
variations in the pressure within the lubricant
sump #4. Line 82 connects the sump 44 with
the valve 80. The valve 90 is of the type now
used extensively for controlling the flow of cool-
to variations in head pres-
sure and needs no further description.

By virtue of the above described arrangemerit,
the valves 58 and 68 serve a triple purpose. They
the lubricant discharged
from the compressor to the jubricant sump, but
also serve to maintain the lubricant sump under
high pressure irrespective of direction of rotation
of the compressor. Two distinct advantages re-
sult from maintaining the lubricant sump under
pressure. In the first-place, it provides forced
lubrication and in the second place, the pressure
within - the lubricant chamber may be used in
controlling the flow of water through the coil 22
during both cycles of operation.

It will also be noted that each of the porous

sintered bronze elements 53 and §5 serves a dual
purpose. Thus each element serves as a filter for
the suction gas a portion of the time and as an
oil separator for the discharge gas another por- .
tion of the time depending upon the direction
of rotation of the compressor. ,
" While the form of embodiment of the inven-
tion as herein disclosed, constitutes a preferred
form, it is to be understood that other forms
might be adopted, all coming within the scope
of the claims which follow. _

What is claimed is as follows:

1..In a reverse cycle refrigeration system in
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- which refrigerant may flow in either of two di-
rections, a first heat exchange unit, a second heat
‘exchange unit, refrigerant compressing mecha-
nism, refrigerant flow connections between said
heat exchange units and said compressing mech-
anism, means forming a lubricant sump from
which lubricant is supplied to said compressing
mechanism, means for so driving the compressing
mechanism as to cause flow of refrigerant in
either direction through said- system, means for
" maintaining lubricant in said sump at a pres-
sure substantially equal to the pressure at the
discharge side of said compressor, means for re-

stricting, the flow of refrigerant from one of said_

heat exchange units to the other of said heat ex-

[~
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change units, means for flowing air to be con-

ditioned over one of said heat exchange units,
means for flowing an extraneous medium in ther-
mal exchange with refrigerant in the other of
said heat exchange units and means responsive
to the pressure within said lubricant sump con-
trolling the flow of said extraneous medium,

2. Refrigerating apparatus comprising in com-
bination, a first heat exchanger, a second heat
exchanger, a rotary compressor, refrigerant flow
connections between said heat exchangers and
sald compressor, means for operating said com-
pressor to cause flow of refrigerant in either of
two directions, said refrigerant flow connections
including a lubricant sump, means for supplying
lubricant from said sump to said compressor, and
means for maintaining the lubricant in said
sump at g pressure higher than the compressor
suction pressure irrespective of the direction of
rotation of said compressor.

< +3. In combination, a first heat exchange unit,
a second Heat exchange unit, means for flowing
air to be conditioned in thermal exchange with

- one of said units, means for circulating an ex-:

- traneous medium in thermal exchange with the
other of said units, compressor mechanism, re-
frigerant flow connections between said heat ex-
change units and said compressor mechanism,
means for so driving the compressor mechanism
as to cause flow of refrigerant in either of two
directions through said compressor and said heat
exchange units, means for maintaining one por-
tion of said refrigerant flow connections under

20
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condensing means, a lubncant sump withm said
casing, means for maintaining said lubricant
sump at a pressure substantially equal to the
pressure at the outlet of said compressor, and a -
bleeder port between said lubricant sump and
the compression chamber of said compressor, said
bleeder port terminating above the liquid level

-in said sump, said motor including means for re-

versing the dlrection of rotation of said com-
pressor.

6. In combination, a casing, partition means
within said casing, a compressor within said cas-
ing, said compressor having an outlet on one
side of said partition means and a lubricant sup-
ply sump -on the other side of said partition
means, means for supplying lubricant from said
sump to said compressor, an opening in said par-
tition means for returning lubricant from said
compressor outlet to said sump, a valve for said
opening, means for withdrawing refrigerant va-
por from said lubricant sump into said compres-
sor, and a porous metal plate adjacent the outlet

. of said compressor .for separating the lubncant

25

from the refrigerant.

7. In combination, a reversible compressor hav-
ing a pair of ports adapted to serve as inlet and
outlet ports, a lubricant sump for said compres-
sor, means for supplying lubricant from said sump

. to said compressor, a first passage leading. from

30
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one of said ports to said lubricant sump, a second -
passage leading from another of said ports to said
sump, and means cooperating with said passages _
for maintaining said lubricant in said sump at a

pressure substantially equal to the discharge
35 ‘

pressure of said compressor. . :
. 8. In combination, a reversible compressor hav-

‘ing a pair of ports adapted to serve as inlet and

outlet ports, a lubricant sump for said compres-

- sor; means for supplying lubricant from said sump

40

high side pressure irrespective of the direction

of flow of refrigerant through said heat exchange
units,” and means responsive to the pressure in
said one portion controlling the flow of said ex-
traneous medium,

4, In combination, a casing, means forming a
plurality of .chambers within said casing, a ro-
tary compressor within said casing, inlet and

to said compressor, a first passage leading from
one of said ports to said lubricant sump, a sec-
ond passage leading from another of said ports
to said sump, means cooperating with said pas-
sages for maintaining said lubricant in said sump -
al a pressure substantially equal to the discharge
pressure of said compressor, and oil separating .
means adjacent each of said ports.

9. In a refrigerating system, a casing, a wall
member dividing said casing into a motor com-
partment and a compressor compartment, a bear-
ing in said wall member, a shaft journalled in
said bearing, a motor in said motor compart-
ment for rotating said shaft, a compressor with-
'in said compressor compartfnent driven by said

55-shaft said compressor comprising an inlet port

outlet ports for said compressor, means for driv- -

ing said compressor including means for revers-
ing the direction of rotation of said compressor
whereby the inlet and outlet ports are inter-
changed in function, one of said ports commu-

nicating with one of said chambers and the other

"'of said ports communicating with another of said’

chambers, means for supplying lubricant to said
‘compressor, porous sintered bronze filter ele-
ments provided for each of said ports adapted to

separate lubricant’ from the refrigerant dis-

ocharged by said compressor, and means for re-
turning the lubricant, thus separated to the means
for supplying lubricant to said compressor.

.~ 5. In combination, a casing, refrigerant con-
- densing means within said casing, a motor with-

~...in said casing, & rotary compressor within said

. casing, a refrigerant evaporator in refrigerant
flow relationship with said. compressor and said

communicating with sald motor compartment
and an outlet port communicating with said com-
pressor compartment, a body of lubricant within
said compressor compartment, means utilizing
the difference in pressure between said com-
bressor compartment and said motor com-
partment for supplying lubricant to-said bearing,

. and means for preventing the escape of lubri-

a5
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cant from said bearing into said motor compart-
ment.

10. In a retrigerating system, a ﬂrst heat ex-
change unit, a second Heat exchange unit, means
for flowing a fluid to be tireated in thermal ex-
change with one of said units, means for circu-
lating an extraneous medium in thermal ex-
change with the other of said unlts compressor

' mechanism, refrigerant flow connections be-

7

tween said heat exchange units and said com-
pressor mechanism, means for so-driving the -
‘compressor mechanism as to cause flow of refrig- -

A
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erant in either of two directions to reverse the
functions of said heat exchange units, means
for maintaining one portion of said refrigerant
flow connections under high side pressure at all
times when said compressor mechanism is in op-
eration, and means responsive to the pressure in
said one portion controlling the flow of said ex-
traneous medium.

11, In combination, a casing, means forming
a plurality of chambers within said casing, a ro-
tary compressor within said casing, inlet and
outlet ports for said compressor, means for so
driving the compressor as to cause flow of re-
frigerant in either of two directions whereby the
inlet and outlet ports are interchanged in func-
tipn, one of said ports communicating with one
of said chambers and the other of said ports com-
municating with another of said chambers, means
for supplying lubricant to said compressor, po-
rous §intered filter elements provided for one of
said ports adapted to separate lubricant from the
refrigerant discharged by said compressor, and
means for returning the lubricant thus separated
to the means for supplying lubricant fo said com-
Pressor. -

12. In combination, a reversible compressor
having a pair of ports adapted to serve as inlet
and outlet ports, a lubricant sump for said com-
pressor, means for supplying lubricant from said
sump to said compressor, first passage means from
one of said ports to said lubricant sump, second
passage means from another of said ports to said

10
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sump, and means cooperating with sald passage
means for maintaining said lubricant in sajd sump
at a pressure substantially equal to the discharge
pressure of said compressor jrrespective of direc-
tion of rotation of said compressor.

13. In combination, a casing, partition means
within said casing, a compressor within said cas-
ing, said compressor having an outlet on one side
of said partition means and a lubricant supply
sump on the other side of said partition means,
means for supplying lubricant from said sump
to said compressor, & by-pass opening in said
partition means for returning lubricant directly
from said compressor outlet to said sump, & valve
for said opening, and means for withdrawing
refrigerant vapor from said lubricant sump into
said compressor,

14. In combination, a casing, a rotary com-
pressor within said casing, inlet and outlet ports
for said compressor, means for so driving:the
compressor as to cause flow of refrigerant in either
of two directions whereby. the inlet and outlet
ports are interchanged in function, means for
supplying lubricant to said compressor, porous
sintered filter elements provided for one of said
ports adapted to separate lubricant from the re-
frigerant discharged by said compressor, and
means for returning the lubricant thus separated
to the means for supplying lubricant to said com-

- pressor.

ALEX A. McCORMACK.



