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(54) Refrigeration circuit for vehicular air conditioning systems

(57) A vehicular air conditioning system (10) in-
cludes a compressor (110) having a crank chamber
(138), a suction chamber (120), and a discharge cham-
ber (122). A refrigerant mixture includes carbon dioxide
and oil. A conduit (13) connects the discharge chamber
(122) of the compressor (110) directly with an oil sepa-

rator (14) to route the refrigerant mixture directly to the
oil separator (14). Only a restricted orifice (16) is provid-
ed between the oil separator (14) and the crank cham-
ber (138) of the compressor (110) to throttle oil as it trav-
els directly to the crank chamber (138) of the compres-
sor (110).



EP 1 130 261 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

[0001] This invention relates in general to vehicular
air-conditioning systems. In particular, this invention is
concerned with a refrigeration circuit that uses carbon
dioxide as a refrigerant and includes an oil separator.
[0002] Air-conditioning systems are provided in vehi-
cles for maintaining interior air at desired temperatures.
Conventional vehicular systems include a compressor,
a condenser, an expansion valve (or orifice tube), and
an evaporator. A refrigerant is repeatedly circulated
through the cycle of compressor, condenser, expansion
valve, and evaporator to maintain interior air at desired
temperatures.
[0003] A typical refrigerant cycle operates in the fol-
lowing manner. A refrigerant is first compressed by a
compressor to a high temperature and high pressure
gas and then directed to a condenser. In the condenser,
the gas is changed to a lower temperature, high pres-
sure liquid as it is cooled by a heat exchanger operating
with the surrounding atmosphere or cooling water. The
high pressure liquid loses pressure and becomes chilled
when it passes through an expansion valve. When the
low pressure liquid passes through an evaporator, it
evaporates as it absorbs ambient heat. The evaporated
refrigerant, i.e., a gas, flows into the compressor and
the process is repeated.
[0004] Oil is mixed with the refrigerant gas for lubri-
cating and cooling the compressor. The refrigerant mix-
ture of gas and oil is circulated inside the compressor.
When the gaseous mixture is discharged from the com-
pressor, oil remains suspended in the gas. Unless re-
moved, the oil can travel through the condenser, expan-
sion valve, and evaporator and adversely affect the per-
formance of the system. Oil traveling with the refrigerant
displaces refrigerant, and the efficiency of the air condi-
tioning system decreases.
[0005] When discharged oil is not returned to the com-
pressor, or when the return time is lengthened, a short-
age of oil can occur in the compressor. Such a shortage
can adversely affect operation of the compressor.

SUMMARY OF THE INVENTION

[0006] The present invention includes a vehicular re-
frigeration circuit using carbon dioxide and an oil sepa-
rator. The oil separator is positioned directly down-
stream of the discharged refrigerant mixture exiting a
compressor. Separated oil is routed through a restricted
orifice that throttles the oil. The reduced pressure oil is
routed directly back to the compressor to provide lubri-
cation of the compressor and pressure regulation of a
crank chamber inside the compressor. While the
present invention is particularly adapted for carbon di-
oxide, CO2, other refrigerants can be used with the sys-
tem.

[0007] In a preferred embodiment, a vehicular air con-
ditioning system includes a compressor having a crank
chamber, a suction chamber, and a discharge chamber.
A refrigerant mixture includes carbon dioxide and oil. A
conduit connects the discharge chamber of the com-
pressor directly with an oil separator to route the refrig-
erant mixture directly to the oil separator. Only a restrict-
ed orifice is provided between the oil separator and the
crank chamber of the compressor to throttle oil as it trav-
els directly to the crank chamber of the compressor with-
out passing through a cooling element.
[0008] Various objects and advantages of this inven-
tion will become apparent to those skilled in the art from
the following detailed description of the preferred em-
bodiment, when read in light of the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Figure 1 is a schematic diagram of a refrigeration
circuit of a vehicular air-conditioning sys-
tem according to this invention.

Figure 2 is a sectional view of a controllable swash
plate compressor that can be used in the
system of Figure 1 including a schematical-
ly illustrated external supply line.

DETAILED DESCRIPTION

[0010] A refrigeration circuit according to this inven-
tion is indicated generally at 10 in Figure 1. The refrig-
eration circuit 10 is a closed circuit and is particular
adapted for automotive or vehicular applications. A re-
frigerant that changes states from a gas to a liquid and
back to a gas is used with the refrigeration circuit 10. A
preferred refrigerant for the circuit 10 is carbon dioxide,
CO2.
[0011] The refrigeration circuit 10 includes a com-
pressor 12. The compressor 12 can be of any suitable
type including a variable displacement swash plate
compressor. A conduit or tubing 13 is connected be-
tween the compressor 12 and an oil separator 14 to pro-
vide a direct route between the components. A refriger-
ant mixture (a mixture of gaseous carbon dioxide and
suspended oil) at a relatively high pressure and a rela-
tively high temperature in a discharge chamber of the
compressor 12 exits through an outlet port and is routed
directly to the oil separator 14 by conduit 13. As clearly
shown in Figure 1, discharged refrigerant mixture trav-
els directly to the oil separator 14 without passing
through a gas cooler or other element of the circuit 10.
The oil separator 14 separates a majority of the oil (a
liquid) from the refrigerant, which is in a gaseous phase
at this point of the circuit 10.
[0012] Oil from the oil separator 14 passes directly
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through a restricted orifice 16 only, without passing
through a cooling element, and then back to the com-
pressor 12. Separated oil is throttled or reduced from a
relatively high pressure of the oil/gas mixture to a rela-
tively low pressure. The diameter and area of the re-
stricted orifice 16 are sized so that the pressure of the
oil that has passed through the orifice 16 is greater than
the pressure in a suction chamber of the compressor
12. As clearly shown in Figure 1, oil travels from the oil
separator 14 directly to the orifice 16 without traveling
through a cooling element or other element of the circuit
10. Oil then travels directly to the compressor 12 without
traveling through a cooling element or other element of
the circuit 10.
[0013] The throttled oil is directed back to the com-
pressor 12 to provide lubrication of internal components
of the compressor 12 and to regulate pressure in a crank
chamber of the compressor 12. A return passage or con-
duit 17 containing the restricted orifice 16 provides a rel-
atively short distance for the return of oil back to the
compressor 12 when compared to prior art refrigeration
circuits.
[0014] The gaseous refrigerant at the oil separator 14
is directed by conduit 19 to a gas cooler (condenser) 18
for cooling. The cooled gas refrigerant can then travel
to an internal heat exchanger 20 for additional cooling
to enhance system efficiency. Next, the gas refrigerant
travels through a throttle valve 22 to an evaporator 24.
Refrigerant from the evaporator 24 can then travel
through the internal heat exchanger 20 and is intro-
duced to an input port of the compressor 12 through con-
duit 25. Air surrounding the evaporator 24 is cooled and
circulated in a passenger compartment as desired.
[0015] A supply line 26 having a control valve 28 di-
rects refrigerant mixture from a crank chamber in the
compressor 12 to a suction chamber in the compressor
12. The control valve 28 regulates pressure in the crank
chamber relative to pressure in the suction chamber.
[0016] The present refrigeration circuit 10 provides a
direct route between the compressor 12 and the oil sep-
arator 14. Oil is separated from the refrigerant early in
the cycle so that the oil does not impact the thermody-
namic and heat transfer performance of the refrigerant
later in the cycle. Furthermore, the oil is quickly returned
to the compressor 12 to provide lubrication of internal
parts and regulation of the crankcase pressure. The re-
stricted orifice 16 in the return line 17 throttles the sep-
arated oil prior to its return to the compressor 12. The
restricted orifice 16 is the only element provided in the
return line 17.
[0017] A variable displacement swash plate compres-
sor is indicated generally at 110 in Figure 2. Compressor
110 can be used in the refrigeration circuit 10 of Figure
1. When used in circuit 10, compressor 110 replaces
compressor 12.
[0018] The compressor 110 includes a cylinder block
112 having a plurality of cylinders 114. A cylinder head
116 is disposed adjacent one end of the cylinder block

112 and sealingly closes the end of the cylinder block
112. A valve plate 118 is disposed between the cylinder
block 112 and the cylinder head 116.
[0019] The cylinder head 116 includes a suction
chamber 120 and a discharge chamber 122. The dis-
charge chamber 122 has an outlet port 124. Conduit 13
provides direct fluid communication between the outlet
port 124 and the oil separator 14 of the circuit 10. Con-
duit 13 can be formed of any suitable material such as
steel tubing or flexible hose.
[0020] The suction chamber 120 communicates with
each of the cylinders 114 through a respective suction
port 126 disposed in the valve plate 118. Conduit 25 de-
livers refrigerant from the evaporator 24 to the suction
chamber 120 through an inlet port 125. Conduit 25 can
be formed of any suitable material, such as steel tubing
or flexible hose. Each of the suction ports 126 is opened
and closed by a suction valve 128. Each of the cylinders
114 communicate with the discharge chamber 122
through a respective discharge port 130 disposed in the
valve plate 118. Each of the discharge ports 130 is
opened and closed by a discharge valve 132. A retainer
134 restricts the opening of the discharge valve 132.
[0021] A crankcase 136 is sealingly disposed at the
other end of the cylinder block 112 opposite the cylinder
head 116. The crankcase 136 and cylinder block 112
cooperate to form an airtight crank chamber 138. An in-
let port 140 is provided to the crank chamber 138. Con-
duit 17 routes separated oil from the oil separator 14 to
the crank chamber 138. Conduit 17 can be formed as
an external passage (as illustrated) or an internal pas-
sage. An external conduit 17 can be formed of any suit-
able material such as, for example, steel tubing or flex-
ible hose.
[0022] Supply line 26, schematically illustrated in Fig-
ure 2, is disposed between the crank chamber 138 and
the suction chamber 120. The supply line 26 can be
formed as an external line, as illustrated, connected to
conduit 25 to communicate with the suction chamber
120. An external supply line 26 can be formed of any
suitable material such as, for example, steel tubing or
flexible hose. In other embodiments, the supply line 26
can be formed as an internal passage between the
crank chamber 138 and the suction chamber 120.
[0023] Supply line 26 provides fluid communication
between the crank chamber 38 and the suction chamber
120. Control valve 28 is disposed in the supply line 26
for controlling the flow of refrigerant gas from the crank
chamber 138 to the suction chamber 120. The control
valve 28 can be of any conventional type, such as a ball
type valve or a solenoid valve. The control valve 28 can
be adapted to receive a signal from a remote source to
vary the flow of the refrigerant gas therethrough. Either
a mechanical or electronic type control valve can be pro-
vided. A mechanical type control valve can be arranged
to receive either a temperature or pressure control sig-
nal from an evaporator in an air conditioning system to
control the flow of refrigerant gas from the crank cham-
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ber 138 to the suction chamber 120 so as to regulate
the pressure in crank chamber 138. An electronic type
control valve can be arranged to receive an electrical
signal from a microprocessor (not shown). The micro-
processor for the electronic type control valve can mon-
itor the discharge pressure of the compressor, the RPM
of the vehicle engine, temperature differences, humidity,
etc., to control the flow of refrigerant gas from the crank
chamber 138 to the suction chamber 120.
[0024] When the control valve 28 is closed or restrict-
ed, pressure in the crank chamber 138 increases, thus
reducing the stroke of the pistons in the compressor and
displacement of a refrigerant mixture from the discharge
chamber 122. When the control valve 28 is open, pres-
sure in the crank chamber 138 decrease, thus increas-
ing the stroke of the pistons and displacement of the re-
frigerant mixture from the discharge chamber 122.
[0025] A drive shaft 144 is centrally disposed within
and arranged to extend through the crankcase 136. One
end of the drive shaft 144 is rotatably supported by a
bearing 146 mounted in the crankcase 136 and the op-
posite end is rotatably supported in a bearing 148
mounted in the cylinder block 112. Longitudinal move-
ment of the drive shaft 144 is restricted by a thrust bear-
ing 150 mounted in the cylinder block 112.
[0026] A rotor 152 is fixedly mounted on an outer sur-
face of the drive shaft 144 adjacent one end of the crank-
case 136 within the crank chamber 138. A thrust bearing
154 is mounted on an inner wall of the crankcase 136
in the crank chamber 138 disposed between the crank-
case 136 and the rotor 152 and provides a bearing sur-
face for the rotor 152. An arm 156 extends laterally from
a surface of the rotor 152 opposite the surface of the
rotor 152 that contacts the thrust bearing 154. A rectan-
gular slot 158 is formed in the distal end of the arm 156.
A pin 160 has one end slidingly disposed in the slot 158
of the arm 156 of the rotor 152.
[0027] A swash plate assembly is formed to include a
hub 162 and an annular plate 164. The hub 162 includes
arm 166 that extends outwardly and laterally from the
surface of the hub 162. A hole 168 is formed in the distal
end of the arm 166. One end of the pin 160 is slidingly
disposed in the slot 158 of the arm 156 of the rotor 152,
while the other end of the pin 160 is fixedly disposed in
the hole 168 of the arm 166.
[0028] A hollow annular extension 170 extends from
the surface of the hub 162 opposite from the arm 166.
Two pins 172, 174 are disposed in the hub 162 diamet-
rically opposed to one another with a portion of the outer
surface of the pins 172, 174 exposed in the aperture of
the annular extension 170 of the hub 162.
[0029] The annular plate 164 has a centrally disposed
aperture adapted to receive the annular extension 170
of the hub 162, which extends therethrough. The drive
shaft 144 is slidably received within the aperture formed
in the hub 162 of the swash plate assembly.
[0030] A spring 176 is disposed to extend around the
outer surface of the drive shaft 144. One end of the

spring 176 abuts the rotor 152. The opposite end of the
spring 176 abuts the hub 162 of the swash plate assem-
bly.
[0031] A plurality of pistons 178 is slidably disposed
in the cylinders 114 in the cylinder block 112. The pistons
178 each include a head 180, a dependent skirt portion
182, and a bridge portion 184. The skirt portion 182 ter-
minates in the bridge portion 184. A pair of concave
shoe pockets 186 are formed in the bridge portion 184
of each piston 178 for rotatably supporting a pair of sem-
ispherical shoes 188. The spherical surfaces of the
shoes 188 are disposed in the shoe pockets 186 with a
flat bearing surface disposed opposite the spherical sur-
face for slidable engagement with opposite surfaces of
the annular plate 64 of the swash plate assembly.
[0032] In accordance with the provisions of the patent
statutes, the principle and mode of operation of this in-
vention have been explained and illustrated in its pre-
ferred embodiment. However, it must be understood
that this invention may be practiced otherwise than as
specifically explained and illustrated without departing
from its spirit or scope.

Claims

1. A vehicular air conditioning system comprising:

a compressor having a crank chamber, a suc-
tion chamber, and a discharge chamber;
a refrigerant mixture of carbon dioxide and oil;
an oil separator;
a conduit connecting the discharge chamber of
the compressor directly with the oil separator
to route the refrigerant mixture directly to the oil
separator; and
only a restricted orifice provided between the
oil separator and the crank chamber of the com-
pressor to throttle oil as it travels directly to the
crank chamber of the compressor.

2. The vehicular air conditioning system specified in
claim 1 wherein the pressure of oil passing through
the restricted orifice is greater than pressure at the
suction chamber of the compressor.

3. The vehicular air conditioning system specified in
claim 2 including a supply line connected between
the crank chamber and the suction chamber.

4. The vehicular air conditioning system specified in
claim 3 including a control valve in the supply line.

5. The vehicular air conditioning system specified in
claim 3 wherein the supply line is external to the
compressor.

6. The vehicular air conditioning system specified in
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claim 3 wherein the supply line is internal to the
compressor.

7. The vehicular air conditioning system specified in
claim 1 wherein the restricted orifice is provided in
a return passage between the oil separator and the
compressor.

8. The vehicular air conditioning system specified in
claim 7 wherein the return passage is in fluid com-
munication with the crank chamber of the compres-
sor.

9. The vehicular air conditioning system specified in
claim 1 including a second conduit directing fluid
from an evaporator to a suction chamber of the
compressor.

10. The vehicular air conditioning system specified in
claim 9 including a supply line in fluid communica-
tion with the second conduit and the crank chamber.

11. A vehicular air conditioning system comprising:

a compressor having an inlet to a suction cham-
ber, an outlet to a discharge chamber, and an
inlet and an outlet to a crank chamber;
a refrigerant mixture including oil;
a first conduit connecting the outlet of the dis-
charge chamber directly with an oil separator;
a second conduit routing the refrigerant mixture
to the inlet of the suction chamber; and
a restricted orifice provided between the oil
separator and the inlet of the crank chamber for
throttling separated oil discharged from the oil
separator, wherein oil travels directly from the
oil separator to the restricted orifice without
passing through a cooling element.

12. The vehicular air conditioning system specified in
claim 11 wherein the compressor is a variable dis-
placement swash plate compressor.

13. The vehicular air conditioning system specified in
claim 11 including a supply line connected between
the outlet of the crank chamber and the suction
chamber.

14. The vehicular air conditioning system specified in
claim 13 including a control valve in the supply line
to regulate pressure in the crank chamber.

15. The vehicular air conditioning system specified in
claim 13 wherein the supply line is connected be-
tween the crank chamber and the second conduit.

16. The vehicular air conditioning system specified in
claim 13 wherein pressure of oil that has passed

through the restricted orifice is greater than pres-
sure in the second conduit.

17. The vehicular air conditioning system specified in
claim 11 wherein the refrigerant in carbon dioxide.
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