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(54) Refrigeration cycle apparatus and unit for refrigeration cycle apparatus

(57) A refrigeration cycle apparatus has a compres-
sor (11), a radiator (12), an expansion device (13), an
evaporator (14), and a variable-speed mechanism (51).
When a rotary shaft (37) of the compressor (11) is rotat-
ed, the compressor (11) increases the pressure of re-
frigerant. The radiator (12) cools refrigerant the pres-
sure of which has been increased by the compressor
(11). The expansion device (13) generates power using

the decompression and expansion and transmits the
power to the rotary shaft (37). The evaporator (14) heats
refrigerant that has been decompressed and expanded
by the expansion device (13). The variable-speed
mechanism (51) is capable of changing the discharge
rate of the expansion device (13) per rotation of the ro-
tary shaft (37). This permits the expansion device (13)
to increase the amount of recovered power.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a refrigeration
cycle apparatus having a refrigerant circulation passage
including a compressor that increases the pressure of
refrigerant, a radiator that cools refrigerant the pressure
of which has been increased by the compressor, an ex-
pansion device that decompresses and expands the re-
frigerant cooled by the radiator to extract power to drive
the compressor, and an evaporator for heating the re-
frigerant that has been decompressed and expanded by
the expansion device. The present invention also per-
tains to a unit for the refrigeration cycle apparatus.
[0002] Japanese Laid-Open Patent Publication No.
2002-22298 discloses such a refrigeration cycle appa-
ratus. The refrigeration cycle apparatus includes a re-
frigerant circulation passage that includes a compres-
sor, a radiator, an expansion device, and an evaporator.
The expansion device and a decompression valve are
located between the outlet of the radiator and the inlet
of the evaporator. The expansion device is located up-
stream of the decompression valve. The expansion de-
vice decompresses and expands refrigerant that has
been cooled by the radiator, thereby generating power.
The expansion device then transmits the power to the
compressor. That is, the expansion device recovers
power.
[0003] To transmit power extracted by the expansion
device to the compressor, a structure may be employed
in which a rotary shaft for transmitting power generated
by the expansion device is connected to a rotary shaft
for driving the compressor, so that the shafts rotate in-
tegrally. However, in this structure, the flow rate of re-
frigerant discharged by the expansion device can fluc-
tuate under the influence of rotation speed of the rotary
shaft of the compressor. The fluctuation influences the
cycle pressure of the refrigerant circulation passage.
The decompression valve, for example, may be con-
structed to adjust the cycle pressure to cancel the influ-
ence.
[0004] Line 101 in Fig. 3 represents the relationship
between the enthalpy and the pressure of the refrigerant
in the above described refrigeration cycle apparatus. In
the line 101, a condition A represents the enthalpy and
the pressure of the refrigerant at the suction inlet of the
compressor (that is, at the outlet of the evaporator). A
condition B represents the enthalpy and the pressure of
the refrigerant at the discharge outlet of the compressor
(that is, at the inlet of the radiator). A condition C repre-
sents the enthalpy and the pressure of the refrigerant at
the inlet of the expansion device (that is, at the outlet of
the radiator). A condition D represents the enthalpy and
the pressure of the refrigerant at the outlet of the expan-
sion device (that is, at the inlet of the decompression
valve). A condition E represents the enthalpy and the
pressure of the refrigerant at the outlet of the decom-

pression valve (that is, at the inlet of the evaporator).
[0005] In the aforementioned refrigeration cycle ap-
paratus, the refrigerant shifts from the condition C to the
condition D due to decompression and expansion by the
expansion device. The difference of enthalpy between
the condition C and the condition D represents the mag-
nitude of power generated by the expansion device. The
refrigerant is shifted from the condition D to the condition
E of a lower pressure by the decompression valve.
[0006] However, although the above configuration is
capable of recovering power with the expansion device
while regulating the cycle pressure, the decompression
valve decreases the pressure of refrigerant by an
amount corresponding to the pressure difference be-
tween the condition D and the condition E in order to
adjust the cycle pressure. Therefore, the amount of
power that corresponds to the decompression cannot
be recovered

SUMMARY OF THE INVENTION

[0007] Accordingly, it is an objective of the present in-
vention to provide a refrigeration cycle apparatus and a
unit for the refrigeration cycle apparatus that permit an
expansion device to increase the amount of recovered
power.
[0008] To achieve the foregoing objective, the present
invention provides a refrigeration cycle apparatus. The
refrigeration cycle apparatus has a compressor, a radi-
ator, an expansion device, an evaporator, and a variable
discharge rate mechanism. The compressor has a rota-
ry shaft. The rotary shaft is rotated by an external drive
source. When the rotary shaft is rotated, the compressor
increases the pressure of refrigerant. The radiator cools
refrigerant the pressure of which has been increased by
the compressor. The expansion device decompresses
and expands refrigerant that has been cooled by the ra-
diator, and then discharges the refrigerant. The expan-
sion device generates power using the decompression
and expansion and transmits the power to the rotary
shaft. The evaporator heats refrigerant that has been
decompressed and expanded by the expansion device.
The variable discharge rate mechanism is capable of
changing the discharge rate of the expansion device per
rotation of the rotary shaft.
[0009] The present invention also provides a unit in-
corporated in a refrigeration cycle apparatus. The refrig-
eration cycle apparatus includes a radiator for cooling
introduced refrigerant, and an evaporator for heating in-
troduced refrigerant. The unit has a compressor, an ex-
pansion device and a variable discharge rate mecha-
nism. The compressor has a rotary shaft. The rotary
shaft is rotated by an external drive source. When the
rotary shaft is rotated, the compressor increases the
pressure of refrigerant and sends the refrigerant to the
radiator. The expansion device decompresses and ex-
pands refrigerant sent from the radiator, and discharges
the refrigerant to the evaporator. The expansion device
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generates power using the decompression and expan-
sion and transmits the power to the rotary shaft. The var-
iable discharge rate mechanism changes the discharge
rate of the expansion device per rotation of the rotary
shaft. The compressor, the expansion device, and the
variable discharge rate mechanism are integrated.
[0010] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, il-
lustrating by way of example the principles of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention, together with objects and ad-
vantages thereof, may best be understood by reference
to the following description of the presently preferred
embodiments together with the accompanying drawings
in which:

Fig. 1 is a cross-sectional view illustrating a unit for
a refrigeration cycle apparatus according a first em-
bodiment of the present invention;
Fig. 2 is a cross-sectional view illustrating an expan-
sion device having a variable-speed mechanism in-
cluded in the refrigerant circulation passage shown
in Fig. 1;
Fig. 3 is a graph showing the relationship between
the enthalpy and the pressure of refrigerant used in
the refrigerant circulation passage of Fig. 1; and
Fig. 4 is a partial cross-sectional view illustrating a
unit for a refrigeration cycle apparatus according to
a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0012] A vehicular refrigeration cycle apparatus and
a unit for the refrigeration cycle apparatus according to
first and second embodiments of the present invention
will be described in the following. In the second embod-
iment, only the components different from the first em-
bodiment are explained. Like or similar components are
given the like numbers and detailed explanations are
omitted.
[0013] First, the refrigeration cycle apparatus will be
described.
[0014] As shown in Fig. 1, the refrigeration cycle ap-
paratus has a refrigerant circulation passage, which in-
cludes a compressor 11, a radiator 12, an expansion de-
vice 13, and an evaporator 14. Carbon dioxide is used
as refrigerant (fluid) in the refrigerant circulation pas-
sage.
[0015] The refrigerant circulation passage has refrig-
erant passages 20, 21. The refrigerant passage 20 in-
cludes a pipe connecting a discharge port 11b of the
compressor 11 with an inlet 12a of the radiator 12. The
refrigerant passage 21 connects an outlet 12b of the ra-

diator 12 with an inlet 13a of the expansion device 13.
The refrigerant circulation passage also has refrigerant
passages 22, 23. The refrigerant passage 22 connects
an outlet 13b of the expansion device 13 with an inlet
14a of the evaporator 14. The refrigerant passage 23
connects an outlet 14b of the evaporator 14 with a suc-
tion port 11a of the compressor 11. A pressure sensor
(detection device) 12c and a temperature sensor 12d
are provided at the outlet 12b of the radiator 12. The
pressure sensor 12c detects the pressure of refrigerant
at the outlet 12b, which represents a cycle pressure in
this embodiment. The temperature sensor 12d detects
the temperature of the refrigerant. Detection values of
the sensors 12c, 12d are sent to an air conditioner ECU
15 (see Fig. 2). The air conditioner ECU 15 functions as
a controller.
[0016] The compressor 11 draws refrigerant from the
evaporator 14 through the refrigerant passage 23 and
the suction port 11a. The compressor 11 compresses
the drawn refrigerant, or increases the pressure of the
refrigerant. The compressor 11 then discharges the
compressed gas to the refrigerant passage 20 through
the discharge port 11b. The radiator 12 performs heat
exchange between the refrigerant from the refrigerant
passage 20 and the outside air, thereby cooling the re-
frigerant. The refrigerant in the radiator 12 is drawn to
the expansion device 13 through the refrigerant pas-
sage 21. The expansion device 13 decompresses and
expands the refrigerant, thereby extracting power to be
supplied to the compressor 11. At the same time, the
expansion device 13 discharges the decompressed and
expanded refrigerant to the refrigerant passage 22
through the outlet 13b. The evaporator 14 performs heat
exchange between the refrigerant from the refrigerant
passage 22 and the outside air, thereby heating the re-
frigerant.
[0017] The compressor 11 will now be described. The
left end of the compressor 11 in Fig. 1 is defined as the
front of the compressor 11, and the right end is defined
as the rear of the compressor 11.
[0018] The housing of the compressor 11 includes a
cylinder block 31, a front housing member 32, a cylinder
head 34, and a rear housing member 35. The front hous-
ing member 32 is joined to the front end of the cylinder
block 31. The cylinder head 34 is joined to the rear end
of the cylinder block 31 with a valve assembly 33 in be-
tween. The rear housing member 35 is joined to the rear
end of the cylinder head 34.
[0019] A piston type compression mechanism 36 is
accommodated in the housing of the compressor 11.
The compression mechanism 36 includes a compres-
sion mechanism rotary shaft 37 and a swash plate 38.
The swash plate 38 rotates along rotation of the com-
pression mechanism rotary shaft 37. Pairs of shoes 39
are provided at the peripheral portion of the swash plate
38. Rotation of the swash plate 38 is converted into re-
ciprocation of pistons 40 by the shoes 39. Refrigerant is
compressed accordingly. A suction chamber 41 and a
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discharge chamber 42 are defined in the cylinder head
34. Refrigerant is drawn to the suction chamber 41 from
the refrigerant passage 23 through the suction port 11a.
The refrigerant is then drawn to compression chambers
43 and compressed in the compression chambers 43.
The compressed gas is discharged to the refrigerant
passage 20 through the discharge chamber 42 and the
discharge port 11b.
[0020] A front portion of the compression mechanism
rotary shaft 37 is rotatably supported by the front hous-
ing member 32 and protrudes to the outside of the com-
pressor housing. The front portion of the compression
mechanism rotary shaft 37, which extends to the outside
of the housing, is coupled to and driven by an engine
Eg, which is a drive source of the vehicle, by way of a
power transmission mechanism (not shown). The com-
pression mechanism rotary shaft 37 is rotated by power
of the engine Eg. That is, the engine Eg functions as a
drive source of the compressor 11.
[0021] A rear portion of the compression mechanism
rotary shaft 37 is rotatably supported by the cylinder
block 31. The rear end of the compression mechanism
rotary shaft 37 extends through the valve assembly 33
and projects rearward from the valve assembly 33 to be
located in a through hole 34a formed in the center of the
cylinder head 34.
[0022] The compression mechanism 36 is of a varia-
ble displacement type. That is, the swash plate 38 is
housed in a crank chamber 44 and can be inclined with
respect to the compression mechanism rotary shaft 37.
The pressure in the crank chamber 44 is controlled by
adjusting the opening degree of a control valve 45. Ac-
cordingly, the stroke of the pistons 40 is changed to vary
the compressor displacement.
[0023] The expansion device 13 will now be de-
scribed.
[0024] The expansion device 13 is accommodated in
the rear housing member 35 of the compressor 11. The
housing of the expansion device 13 is integrated with
the housing of the compressor 11.
[0025] In this embodiment, the compressor 11 and the
expansion device 13 accommodated in the housing of
the compressor 11 form a unit for a refrigeration cycle
apparatus.
[0026] A circulation hole 21b is formed in the rear
housing member 35 to communicate with the inlet 13a
of the expansion device 13. A pipe 21a is attached to
the rear housing member 35 to communicate with the
circulation hole 21b. The pipe 21a and the circulation
hole 21b form the refrigerant passage 21. A circulation
hole 22b is formed in the rear housing member 35 to
communicate with the outlet 13b of the expansion de-
vice 13. A pipe 22a is attached to the rear housing mem-
ber 35 to communicate with the circulation hole 22b. The
pipe 22a and the circulation hole 22b form the refrigerant
passage 22.
[0027] As shown in Fig. 2, the expansion device 13
includes a vane type expansion mechanism 50, and a

variable-speed mechanism 51 forming a variable dis-
charge rate mechanism. The housing of the expansion
device 13 is formed of a front housing member 52 and
a rear housing member 54, which is joined to the rear
end of the front housing member 52 with a wall plate 53
in between. The front housing member 52 and the wall
plate 53 serve as the housing of the variable-speed
mechanism 51. That is, in this embodiment, the housing
of the variable-speed mechanism 51 forms part of the
housing of the expansion device 13.
[0028] The expansion mechanism 50 includes a sub-
stantially cylindrical rotor 56. Vane grooves are formed
in radial directions on the outer circumferential surface
of the rotor 56. The expansion mechanism 50 also has
vanes each of which received by one of the vane
grooves to reciprocate therein.
[0029] A rotor chamber 57 is defined between the wall
plate 53 and the rear housing member 54. The rotor 56
is fixed to an expansion mechanism rotary shaft 55 to
rotate integrally with the expansion mechanism rotary
shaft 55. The expansion mechanism rotary shaft 55 ex-
tends through the rotor chamber 57 and rotatably sup-
ported by the wall plate 53 and the rear housing member
54 with bearings. A space defined by the inner circum-
ferential surface of the rotor chamber 57, the outer cir-
cumferential surface of the rotor 56, and each adjacent
pair of the vanes consists a refrigerant chamber 57a to
decompress and expand refrigerant. Refrigerant is
drawn into each refrigerant chamber 57a through the in-
let 13a. The refrigerant is then decompressed and ex-
panded, which generates rotational force of the rotor 56.
The rotational force is extracted as power by way of the
expansion mechanism rotary shaft 55. When the refrig-
erant chamber 57a is moved to a downstream side, the
decompressed and expanded refrigerant is discharged
to the refrigerant passage 22 from the refrigerant cham-
ber 57a through the outlet 13b.
[0030] In the expansion device 13, a variable-speed
mechanism chamber 58 is defined between the front
housing member 52 and the wall plate 53 to accommo-
date the variable-speed mechanism 51. A through hole
53a is formed in the wall plate 53. The expansion mech-
anism rotary shaft 55 protrudes into the variable-speed
mechanism chamber 58 through the through hole 53a.
The variable-speed mechanism 51 is a planetary gear
train. An internal gear 60, which is part of the variable-
speed mechanism 51, is fixed to the front end portion of
the expansion mechanism rotary shaft 55, which pro-
trudes into the variable-speed mechanism chamber 58.
The internal gear 60 rotates integrally with the expan-
sion mechanism rotary shaft 55.
[0031] A variable-speed mechanism rotary shaft 61 is
rotatably supported by the front wall of the front housing
member 52 with bearings. A front end portion of the var-
iable-speed mechanism rotary shaft 61 protrudes front-
ward of the front housing member 52 through a through
hole 52a formed in the front wall of the front housing
member 52. A sun gear 62 is fixed to the rear end of the
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variable-speed mechanism rotary shaft 61 to rotate in-
tegrally with the shaft 61.
[0032] Three planetary gears 63 (only two of which
are shown in Fig. 2) are located between and meshed
with the internal gear 60 and the sun gear 62.
[0033] A gear carrier 64 is supported on the outer cir-
cumferential surface of the variable-speed mechanism
rotary shaft 61 to rotate relative to the variable-speed
mechanism rotary shaft 61. Three support shafts 64b
projects from the gear carrier 64. Each planetary gear
63 is rotatably supported by the gear carrier 64 with one
of the support shafts 64b. A main body 64a of the gear
carrier 64 is formed as a spur gear. A teeth portion 64c
of the main body 64a is meshed with a gear (not shown)
fixed to an output shaft of an electric motor 65. The ro-
tation speed of the gear carrier 64 about the axis of the
variable-speed mechanism rotary shaft 61 is adjusted
by controlling the electric motor 65, that is by controlling
the rotation speed and the rotation direction of the elec-
tric motor 65.
[0034] An engagement recess 61a is formed in the
front end face of the variable-speed mechanism rotary
shaft 61. The engagement recess 61a is engaged with
an engagement projection 37a formed on the rear end
face of the compression mechanism rotary shaft 37 (see
Fig. 1). The engagement permits power to be transmit-
ted between the compression mechanism rotary shaft
37 and the variable-speed mechanism rotary shaft 61.
That is, the variable-speed mechanism 51 is located in
the power transmission path between the compression
mechanism rotary shaft 37 and the expansion mecha-
nism rotary shaft 55.
[0035] Control of the electric motor 65 permits the var-
iable-speed mechanism 51 to continuously change the
ratio of the rotation speed, or the gear ratio, between the
compression mechanism rotary shaft 37 and the expan-
sion mechanism rotary shaft 55. Adjusting the rotation
speed ratio between the compression mechanism rota-
ry shaft 37 and the expansion mechanism rotary shaft
55 permits the discharge rate of the expansion device
13 per rotation of the compression mechanism rotary
shaft 37 to be adjusted.
[0036] The air conditioner ECU 15 controls the elec-
tric motor 65 based on a detection value of the pressure
sensor 12c and a detection value of the temperature
sensor 12d such that the refrigerant pressure at the out-
let 12b of the radiator 12 corresponds to the refrigerant
temperature, thereby maintaining a coefficient of per-
formance (COP) at a high level. That is, based on a de-
tection value of the temperature sensor 12d, the air con-
ditioner ECU 15 computes a target value of the cycle
pressure that maintains the COP at a high level. The air
conditioner ECU 15 controls the electric motor 65 to
eliminate the difference between the detection value of
the pressure sensor 12c and the target value.
[0037] When the detection value of the pressure sen-
sor 12c is lower than the target value, the air conditioner
ECU 15 controls the electric motor 65 to reduce the ro-

tation speed of the expansion mechanism rotary shaft
55. Reduction of the rotation speed of the expansion
mechanism rotary shaft 55 decreases the rate of refrig-
erant discharged by the expansion device 13, which in-
creases the refrigerant pressure at the outlet 12b of the
radiator 12. In contrast, when the detection value of the
pressure sensor 12c is higher than the target value, the
air conditioner ECU 15 controls the electric motor 65 to
increase the rotation speed of the expansion mecha-
nism rotary shaft 55. An increase of the rotation speed
of the expansion mechanism rotary shaft 55 increases
the rate of refrigerant discharged by the expansion de-
vice 13, which lowers the refrigerant pressure at the out-
let 12b of the radiator 12.
[0038] This embodiment provides the following ad-
vantages.

(1) The refrigeration cycle apparatus of this embod-
iment has a variable discharge rate mechanism (the
variable-speed mechanism 51), which is capable of
changing the discharge rate of the expansion de-
vice 13 per rotation of the compression mechanism
rotary shaft 37. Accordingly, even if the rotation
speed of the compression mechanism rotary shaft
37 fluctuates, the cycle pressure is adjusted by
changing the discharge rate of the expansion de-
vice 13 per rotation of the compression mechanism
rotary shaft 37. Therefore, the configuration of this
embodiment permits the expansion device 13 to re-
cover power while adjusting the cycle pressure
without a decompression valve for adjusting the cy-
cle pressure between the outlet 13b of the expan-
sion device 13 and the inlet 14a of the evaporator
14 in the refrigerant circulation passage.

Using the recovered power to drive the com-
pressor 11 improves the COP of the refrigeration
cycle apparatus.

Line 111 of Fig. 3 represents the relationship
between the enthalpy and the pressure of the refrig-
erant in the refrigeration cycle apparatus according
to this embodiment. In this embodiment, the state
of the relationship between the enthalpy and the
pressure shifts in the order of a state A, a state B,
a state C, a state F, and then the state A. The state
F represents the state at the outlet 13b of the ex-
pansion device, 13, that is, at the inlet 14a of the
evaporator 14. Unlike the prior art configuration with
the decompression valve described in the prior art
section, the expansion device 13 is capable of de-
compress refrigerant such that the pressure of the
refrigerant drops from the state C to the state F with-
out preserving the amount of pressure that corre-
sponds to the decompression by the decompres-
sion valve (the pressure difference between the
state D and the state E). In this embodiment, in ad-
dition to the power generated by the expansion de-
vice 13 as the state shifts from the state C to the
state D, power generated by the expansion device
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13 as the state shifts from the state D to the state F
(power corresponding to the enthalpy difference be-
tween the state D and the sate F) is recovered. Ac-
cordingly, the amount of the recovered power is in-
creased.

(2) The expansion device 13 is incorporated in the
compressor 11, and the housing of the compressor
11 and the housing of the expansion device 13 are
integrated. The housing of the expansion device 13
forms part of the housing of the variable-speed
mechanism 51. Accordingly, compared to, for ex-
ample, a case where the housings are separately
formed and not fixed to one another, the piping be-
tween the compressor 11 and the expansion device
13 in the refrigerant circulation passage is facilitat-
ed. Further, compared to a case where the housing
of the variable-speed mechanism 51 is separate
and spaced from the housing of the expansion de-
vice 13 and the housing of the compressor 11, the
structure for transmitting power generated by the
expansion device 13 to the compressor 11 is easily
simplified and downsized.

(3) The variable-speed mechanism 51 is located in
the power transmission path between the compres-
sion mechanism rotary shaft 37 and the expansion
mechanism rotary shaft 55, and the variable-speed
mechanism 51 is capable of changing the rotation
speed ratio between the compression mechanism
rotary shaft 37 and the expansion mechanism rota-
ry shaft 55. Therefore, by adjusting the rotation
speed ratio between the compression mechanism
rotary shaft 37 and the expansion mechanism rota-
ry shaft 55 in the variable-speed mechanism 51, the
discharge rate of the expansion device 13 per rota-
tion of the compression mechanism rotary shaft 37
is controlled. Accordingly, the flow rate of refrigerant
discharged by the expansion device 13 is control-
led.

(4) The variable-speed mechanism 51 is a plane-
tary gear train. Since the planetary gear train per-
mits the rotation speed ratio between the compres-
sion mechanism rotary shaft 37 and the expansion
mechanism rotary shaft 55 to be continuously
changed, the discharge rate of the expansion de-
vice 13 per rotation of the compression mechanism
rotary shaft 37 can be finely adjusted.

(5) The air conditioner ECU 15 drives the variable
discharge rate mechanism (the variable-speed
mechanism 51) in a direction to cancel the differ-
ence between the detection value of the pressure
sensor 12c and the target value, thereby adjusting
the discharge amount of the expansion device 13.
This configuration permits the COP of the refriger-
ant circulation passage to be accurately maintained

at a high level.

(6) The refrigerant is carbon dioxide. The COP of a
refrigeration cycle apparatus using carbon dioxide
as refrigerant is lower than that of a refrigeration cy-
cle apparatus using chlorofluorocarbon as refriger-
ant. Therefore, use of the power generated by the
expansion device 13 as drive force of the compres-
sor 11 is particularly effective for the refrigeration
cycle apparatus using carbon dioxide as refrigerant
since the COP is maintained at a high level.

(7) The engine Eg, which is the drive source of the
vehicle, is used as the drive source of the compres-
sor 11. In such a refrigeration cycle apparatus for a
vehicle, the rotation speed of the compression
mechanism rotary shaft 37 is likely to be influenced
by the rotation speed of the engine Eg. Therefore,
the configuration for increasing the amount of re-
covered power by the expansion device 13, which
is capable of changing the discharge rate per rota-
tion of the compression mechanism rotary shaft 37,
while adjusting the cycle pressure is particularly ef-
fective for improving the COP of the refrigeration cy-
cle apparatus.

(8) The power generated by the expansion mecha-
nism 50 of the expansion device 13 is not converted
into electricity, but is transmitted to the compression
mechanism rotary shaft 37 as rotational force from
the expansion mechanism rotary shaft 55 of the ex-
pansion mechanism 50 through the variable-speed
mechanism 51, and is used as drive force of the
compression mechanism 36. Therefore, when com-
pared to, for example, a configuration in which pow-
er generated by an expansion device is converted
into electricity and a compression mechanism is
driven by power of an electric motor using the elec-
tricity, recovered power is effectively used as drive
force of the compression mechanism without being
wasted.

A second embodiment of the present invention
will now be described. In the first embodiment, the
discharge rate of the expansion device 13 per rota-
tion of the compression mechanism rotary shaft 37
is adjusted by adjusting the rotation speed ratio be-
tween the compression mechanism rotary shaft 37
and the expansion mechanism rotary shaft 55 with
the variable-speed mechanism 51 provided on the
power transmission path between the compression
mechanism rotary shaft 37 and the expansion
mechanism rotary shaft 55. In contrast to this, in the
second embodiment, the variable-speed mecha-
nism 51 is omitted, and the expansion device 13 is
capable of changing the displacement. The dis-
placement of the expansion device 13 is adjusted
to adjust the discharge rate of the expansion device
13 per rotation of the compression mechanism ro-
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tary shaft 37.
As shown in Fig. 4, an expansion device cham-

ber 71 is defined in the rear housing member 35
joined to the rear end of the cylinder head 34 of the
compressor 11. An expansion mechanism 70 of the
expansion device 13 of this embodiment is accom-
modated in the expansion device chamber 71. The
rear housing member 35 is used as the housing of
the expansion device 13. In this embodiment, the
compressor 11 and the expansion device 13 provid-
ed at the rear of the compressor 11 form a unit for
a refrigeration cycle apparatus.

In the rear housing member 35, the expansion
mechanism rotary shaft 55 is rotatably supported
with a bearing and extends through the expansion
device chamber 71. A front end portion of the ex-
pansion mechanism rotary shaft 55 is inserted in the
through hole 34a of the cylinder head 34. An en-
gagement recess 55a is formed in the front end face
of the expansion mechanism rotary shaft 55. En-
gagement of the recess 55a and the projection 37a
on the compression mechanism rotary shaft 37 per-
mits power transmission between the compression
mechanism rotary shaft 37 and the expansion
mechanism rotary shaft 55.

The expansion mechanism 70 accommodated
in the expansion device chamber 71 is of an axial
piston type. In the expansion device chamber 71, a
swash plate 72 having a cam surface 72a is sup-
ported by the circumferential wall of the rear hous-
ing 35. The swash plate 72 can be inclined with re-
spect to the axis of the expansion mechanism rotary
shaft 55. A shaft hole 72b is formed in the center of
the swash plate 72 to receive the expansion mech-
anism rotary shaft 55. The inclination angle the
swash plate 72 (the cam surface 72a) with respect
to the axis of the expansion mechanism rotary shaft
55 is changed by an actuator 79. The actuator 79
changes the inclination angle in response to a con-
trol signal from the air conditioner ECU 15 (not il-
lustrated in Fig. 4). The swash plate 72 and the ac-
tuator 79 form a variable displacement mechanism
that is capable of changing the discharge amount
of the expansion mechanism 13.

The expansion mechanism 70 includes a cylin-
der block 73 located in the expansion device cham-
ber 71. The cylinder block 73 is fitted about the ex-
pansion mechanism rotary shaft 55 to rotate inte-
grally with the shaft 55. Cylinder bores 74 are
formed in the cylinder block 73 about the expansion
mechanism rotary shaft 55. Although only two of
them are shown in Fig. 4, the number of the cylinder
bores 74 is not limited to two. A piston 75 is accom-
modated in each cylinder bore 74. Each piston 75
reciprocates in the associated cylinder bore 74.

A shoe 76 is connected to each piston 75 with
a spherical joint 77. Each shoe 76 slides on the cam
surface 72a of the swash plate 72.

A valve plate 78 is fixed to a front surface 35a
of the rear wall of the rear housing member 35. The
front surface of the valve plate 78 and the rear sur-
face of the cylinder 73 closely contact each other
and slide on each other.

An inlet port 78a and an outlet port 78b are
formed in the valve plate 78. The ports 78a, 78b ex-
tend between the front and rear surfaces the valve
plate 78. The inlet port 78a is connected to the re-
frigerant passage 21 (the pipe 21a) through an inlet
passage 35b formed in the rear wall of the rear
housing member 35. That is, an opening of the inlet
passage 35b that is connected to the refrigerant
passage 21 is the inlet 13a. Likewise, the outlet port
78b is connected to the refrigerant passage 22 (the
pipe 22a) through an outlet passage 35c formed in
the rear wall of the rear housing member 35. That
is, an opening of the outlet passage 35c that is con-
nected to the refrigerant passage 22 is the outlet
13b.

In a state where the inlet port 78a of the valve
plate 78 communicates with one of the cylinder
bores 74, refrigerant is drawn to the cylinder bore
74 from the radiator 12 through the inlet passage
35b. The refrigerant expands in the cylinder bore 74
and generates frontward thrust applied to the cor-
responding piston 75. The thrust presses the corre-
sponding shoe 76 against the cam surface 72a of
the swash plate 72 with the corresponding spherical
joint 77. This generates a rotational force in the cyl-
inder block 73 about the expansion mechanism ro-
tary shaft 55. The expansion device 13 extracts the
rotational force as power and transmits the power
to the compression mechanism rotary shaft 37.

When the cylinder bore 74 communicates with
the outlet port 78b as the cylinder block 73 rotates,
the expanded refrigerant in the cylinder bore 74 is
discharged to the refrigerant passage 22 through
the outlet port 78b and the outlet passage 35c.

In the expansion device 13 of this embodiment,
the stroke of the pistons 75 is changed according
to the inclination angle of the swash plate 72. The
displacement is changed accordingly. As the dis-
placement is changed, the discharge rate of the ex-
pansion device 13 per rotation of the compression
mechanism rotary shaft 37 is adjusted. In other
words, the variable displacement mechanism of the
expansion device 13 forms a variable discharge
rate mechanism.

The air conditioner ECU 15 controls the incli-
nation angle of the swash plate 72 (the cam surface
72a) with the actuator 79 based on a detection value
of the pressure sensor 12c and a detection value of
the temperature sensor 12d. To decrease the dis-
placement of the expansion device 13, the air con-
ditioner ECU 15 inclines the swash plate 72 in a di-
rection decreasing the stroke of the pistons 75.
Conversely, to increase the displacement, the air
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conditioner ECU 15 inclines the swash plate 72 in
a direction increasing the stroke of the pistons 75.

The air conditioner ECU 15 controls the incli-
nation angle of the swash plate 72 such that the re-
frigerant pressure at the outlet 12b of the radiator
12 corresponds to the refrigerant temperature,
thereby maintaining the COP at a high level. That
is, the air conditioner ECU 15 computes a target val-
ue of the cycle pressure suitable for maintaining the
COP at a high level based on a detection value of
the temperature sensor 12d, then controls the incli-
nation angle such that the difference between the
detection value of the pressure sensor 12c and the
target value is eliminated.

When the detection value of the pressure sen-
sor 12c is lower than the target value, the air con-
ditioner ECU 15 reduces the inclination angle of the
swash plate 72 such that the refrigerant discharge
amount of the expansion device 13 is reduced. In
contrast, when the detection value of the pressure
sensor 12c is higher than the target value, the air
conditioner ECU 15 increases the inclination angle
of the swash plate 72 so that the refrigerant dis-
charge amount is increased.

In addition to the advantages (1), (2) and (5) to
(8), the second embodiment has the following ad-
vantage.

(9) The expansion device 13 of this embodiment is
capable of changing the displacement. This config-
uration permits the displacement of the expansion
device 13 per rotation of the compression mecha-
nism rotary shaft 37 to be adjusted by adjusting the
displacement of the expansion device 13. Accord-
ingly, the discharge rate of refrigerant discharged
by the expansion device 13 is adjusted.

[0039] The invention may be embodied in the follow-
ing forms.
[0040] In the first embodiment, the housing of the
compressor 11 and the housing of the expansion device
13 are separate. However, the housing of the expansion
device 13 may be omitted, and the rear housing member
35 of the compressor 11 may be used as the housing of
the expansion device 13.
[0041] In the illustrated embodiments, the expansion
mechanism 50, the variable-speed mechanism 51, and
the compressor 11 are integrated. However, at least one
of the expansion mechanism 50 and the variable-speed
mechanism 51 may be separate and spaced from the
compressor 11.
[0042] In the first embodiment, the variable-speed
mechanism 51 is capable of continuously varying the
rotation speed ratio between the compression mecha-
nism rotary shaft 37 and the expansion mechanism ro-
tary shaft 55. However, the variable-speed mechanism
51 need not be capable of continuously varying the ro-
tation speed ratio as long as the variable-speed mech-

anism 51 is capable of varying the rotation speed ratio
in multiple stages.
[0043] In the first embodiment, a scroll type expansion
device may be employed.
[0044] In the first embodiment, the variable-speed
mechanism 51 has the three planetary gears 63. How-
ever, this configuration may be modified.
[0045] In the illustrated embodiments, the piston type
compression mechanism 36 that is capable of changing
the displacement is used. However, other types of com-
pression mechanism may be used. A piston type com-
pression mechanism of fixed displacement may be em-
ployed. Compression mechanisms other than piston
type, for example, a scroll type compression mechanism
or a vane type compression mechanism may be em-
ployed.
[0046] The present invention may be applied to a re-
frigeration cycle apparatus that is not used in vehicles.
[0047] Refrigerant other than carbon dioxide may be
used. For example, chlorofluorocarbon may be used.
When chlorofluorocarbon is used as the refrigerant, for
example, the pressure sensor 12c and the temperature
sensor 12d provided at the outlet of the radiator 12 are
omitted. Instead, a pressure sensor (detection means)
and a temperature sensor are provided at the outlet 14b
of the evaporator 14 to detect the refrigerant pressure
(the cycle pressure) and the refrigerant temperature at
the outlet 14b. In this case, the air conditioner ECU com-
putes a target value of the cycle pressure suitable for
maintaining the COP at a high level based, for example,
on a detection value of the temperature sensor. Then,
the air conditioner ECU adjusts the discharge rate of the
expansion device 13 by driving the variable discharge
rate mechanism in a direction minimizing the difference
between the detection value of the pressure sensor and
the target value.
[0048] The present examples and embodiments are
to be considered as illustrative and not restrictive and
the invention is not to be limited to the details given here-
in, but may be modified within the scope and equiva-
lence of the appended claims.

Claims

1. A refrigeration cycle apparatus, comprising:

a compressor having a rotary shaft, wherein the
rotary shaft is rotated by an external drive
source, wherein, when the rotary shaft is rotat-
ed, the compressor increases the pressure of
refrigerant;
a radiator for cooling refrigerant the pressure of
which has been increased by the compressor;
an expansion device, wherein the expansion
device decompresses and expands refrigerant
that has been cooled by the radiator, and then
discharges the refrigerant, and wherein the ex-

13 14



EP 1 464 900 A2

9

5

10

15

20

25

30

35

40

45

50

55

pansion device generates power using the de-
compression and expansion and transmits the
power to the rotary shaft;
an evaporator, wherein the evaporator heats
refrigerant that has been decompressed and
expanded by the expansion device, the appa-
ratus being characterized by:

a variable discharge rate mechanism,
which is capable of changing the discharge
rate of the expansion device per rotation of
the rotary shaft.

2. The refrigeration cycle apparatus according to
claim 1, characterized in that the expansion de-
vice has a rotary shaft, wherein the variable dis-
charge rate mechanism is a variable-speed mech-
anism located between the rotary shaft of the com-
pressor and the rotary shaft of the expansion de-
vice, and wherein the variable-speed mechanism
changes the ratio of rotation speed between the ro-
tary shaft of the compressor and the rotary shaft of
the expansion device.

3. The refrigeration cycle apparatus according to
claim 2, characterized in that the variable-speed
mechanism is a planetary gear train.

4. The refrigeration cycle apparatus according to
claim 1, characterized in that the variable dis-
charge rate mechanism is a variable displacement
mechanism, wherein the variable displacement
mechanism is incorporated in the expansion device
and is capable of changing the displacement of the
expansion device.

5. The refrigeration cycle apparatus according to
claim 4, characterized in that the variable dis-
placement mechanism includes a piston, a swash
plate that converts rotation of the rotary shaft into
reciprocation of the piston, and an actuator that
changes the inclination angle of the swash plate,
and wherein the displacement of the expansion de-
vice is changed according to the inclination angle
of the swash plate.

6. The refrigeration cycle apparatus according to any
one of claims 1 to 5, further being characterized by:

a refrigerant circulation passage that includes
the radiator, the evaporator, the compressor,
and the expansion device;
a detection device that detects the pressure at
an arbitrary section in the refrigerant circulation
passage; and
a controller that controls the variable discharge
rate mechanism such that the difference be-
tween a detection value of the detection device

and a predetermined target value is eliminated.

7. The refrigeration cycle apparatus according to
claim 6, characterized in that the detection device
detects the pressure at a section of the refrigerant
circulation passage in the vicinity of an outlet of the
radiator.

8. The refrigeration cycle apparatus according to
claim 6, characterized in that the controller deter-
mines the target value based on the temperature of
the refrigerant at an outlet of the radiator.

9. The refrigeration cycle apparatus according to any
one of claims 1 to 8, characterized in that the re-
frigerant is carbon dioxide.

10. The refrigeration cycle apparatus according to any
one of claims 1 to 9, characterized in that the ap-
paratus is mounted on a vehicle, and wherein the
external drive source is a drive source of the vehi-
cle.

11. The refrigeration cycle apparatus according to any
one of claims 1 to 10, characterized in that the
compressor, the expansion device, and the variable
discharge rate mechanism are integrated.

12. The refrigeration cycle apparatus according to
claim 11, characterized in that the expansion de-
vice and the variable discharge rate mechanism are
incorporated in the housing of the compressor.

13. A unit forming a part of the refrigeration cycle appa-
ratus according to any one of claims 1 to 10, char-
acterized in that the compressor, the expansion
device, and the variable discharge are integrated.

14. The unit according to claim 13, characterized in
that the expansion device and the variable dis-
charge rate mechanism are incorporated in a hous-
ing of the compressor.
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