
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

68
7 

67
4

A
2

(Cont. next page)

TEPZZ 687674A T
(11) EP 2 687 674 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
22.01.2014 Bulletin 2014/04

(21) Application number: 13175487.1

(22) Date of filing: 08.07.2013

(51) Int Cl.:
F01C 1/02 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 10.07.2012 JP 2012154423

(71) Applicant: KABUSHIKI KAISHA TOYOTA 
JIDOSHOKKI
Kariya-shi,
Aichi-ken 448-8671 (JP)

(72) Inventors:  
• Mori, Hidefumi

Kariya-shi, Aichi-ken, 448-8671 (JP)
• Iguchi, Masao

Kariya-shi, Aichi-ken, 448-8671 (JP)
• Enokijima, Fuminobu

Kariya-shi, Aichi-ken, 448-8671 (JP)
• Tamaru, Kojiro

Kariya-shi, Aichi-ken, 448-8671 (JP)

(74) Representative: Winter, Brandl, Fürniss, Hübner, 
Röss, Kaiser, Polte - Partnerschaft
Patent- und Rechtsanwaltskanzlei 
Bavariaring 10
80336 München (DE)

(54) Scroll expander

(57) A scroll expander includes a housing, a main
port, a high-pressure chamber, an operation chamber, a
low-pressure chamber, a subport, a valve portion, an ac-
tuator, and a drive shaft. The high-pressure and low-pres-
sure chambers are separated by a partition wall. The
main port draws working fluid in the high-pressure cham-
ber into the operation chamber. The subport introduces
the working fluid from the high-pressure chamber to the

operation chamber so that the volume of the working fluid
in the operation chamber is variable. The valve portion
selectively opens and closes the subport. The actuator
is arranged in the low-pressure chamber. The drive shaft
extends through the partition wall and connects the ac-
tuator and the valve portion with each other. When the
drive shaft is actuated by the actuator, the subport is se-
lectively opened and closed by the valve portion.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a scroll expand-
er.
[0002] For example, Japanese Laid-Open Patent Pub-
lication No. 2005-30386 discloses a scroll expander of
such a type. The scroll expander includes an expander
portion configured by two spiral scrolls, namely, a fixed
scroll and a moveable scroll engaged with each other.
An operation chamber (expansion chamber) is defined
between the moveable scroll and the fixed scroll. The
volume of the operation chamber varies according to or-
biting motion of the moveable scroll. A suction port (main
port) is formed at a central portion of the housing of the
expander portion.
[0003] Working fluid discharged to a heat exchanger
by a pump portion obtains thermal energy in the heat
exchanger to have a high temperature and a high pres-
sure, and then is drawn by the operation chamber via the
suction port to be expanded. The working fluid is trans-
ferred to an outer circumferential portion, while causing
the moveable scroll to orbit by the expansion in the op-
eration chamber, and is then discharged from the ex-
pander portion. Mechanical energy (drive force) is gen-
erated according to the orbiting motion of the moveable
scroll.
[0004] The above publication also discloses a variable
volume type expander portion with a variable volume of
the working fluid in the operation chamber. As shown in
Fig. 7A, a spool hole 92 is formed in an end plate of a
housing 91. The open end of the spool hole 92 is sealed
by a stop cock 93. A reciprocatable spool 94 and a spring
95 are accommodated in the spool hole 92. Also, a high-
pressure connection passage 91a, which supplies the
spool hole 92 with the working fluid that has obtained the
thermal energy in the heat exchanger to have a high tem-
perature and a high pressure, is formed in the end plate
of the housing 91. A low-pressure communicating pas-
sage 91b, which connects a portion of the spool hole 92
opposite to the open end with the operation chamber 96,
is formed in the housing 91. A control valve 97, which
controls supply of the working fluid from the high pres-
sure-connection passage 91a, is arranged in the expand-
er portion 90. A pair of bypass holes 98 (subports), which
connects the spool hole 92 and the operation chamber
96 with each other, are formed in the housing 91. A pair
of valve portions 94a, which selectively open and close
the pair of bypass holes 98, are formed in the spool 94.
[0005] When the working fluid is supplied from the con-
trol valve 97 through the high-pressure connection pas-
sage 91a, the difference between the pressure in a por-
tion of the spool hole 92 closer to the open end than the
spool 94 and the pressure in a portion of the spool hole
92 closer to the low-pressure communicating passage
91b than the spool 94 moves the spool 94 toward spring
95 against the spring force of the spring 95. Then, the

pair of bypass holes 98 are closed by the valve portions
94a of spool 94 so that the introduction of the working
fluid to operation chamber 96 through the pair of bypass
holes 98 is no longer performed.
[0006] As shown in Fig. 7B, when the supply of the
working fluid from the control valve 97 through the high-
pressure connection passage 91a is stopped, the differ-
ence no longer exists between the pressure in the portion
of the spool hole 92 closer to the open end than the spool
94 and the pressure in the portion of the spool hole 92
closer to the low-pressure communicating passage 91b
than the spool 94 so that the spool 94 is moved toward
the open end apart from the spring 95 by the spring force
of the spring 95. Then, the valve portions 94a of the spool
94 come off the pair of bypass holes 98 so that the work-
ing fluid is introduced from the spool hole 92 into the
operation chambers 96 through the pair of bypass holes
98 in  addition to the suction of the working fluid to the
operation chambers 96 through the suction port 91c. This
increases the volume of the working fluid drawn into the
operation chambers 96, while reducing the expansion
ratio of the working fluid in the operation chambers 96.
Accordingly, the working fluid drawn into the operation
chamber 96 is prevented from being excessively expand-
ed.
[0007] However, the actuator formed of the spool 94
and the spring 95 configured to move the valve portions
94a, which selectively open and close the pair of bypass
holes 98, is arranged in the spool hole 92, to which the
working fluid with a high temeprature and a high pressure
is supplied. Accordingly, the spool 94 and the spring 95
as component parts forming the actuator are exposed to
the working fluid with a high temperature and a high pres-
sure so that the spool 94 and the spring 95 are likely to
deteriorate due to the working fluid with a high tempera-
ture and a high pressure.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to provide
a scroll expander that drives an actuator to move a valve
portion, thereby selectively opening and closing a sub-
port with the valve portion, while limiting deterioration of
the component parts of the actuator.
[0009] To achieve the foregoing object and in accord-
ance with one aspect of the present invention, a scroll
expander including a housing having an inner circumfer-
ential surface, a fixed scroll, a moveable scroll, a high-
pressure chamber, an operation chamber, a low-pres-
sure chamber, a partition wall, a main port, a subport, a
valve portion, and an actuator is provided. The fixed scroll
is accommodated in the housing and fixed to the inner
circumferential surface of the housing. The moveable
scroll is accommodated in the housing and arranged to
face the fixed scroll. The high-pressure chamber, to
which high-pressure working fluid is supplied, is formed
in the housing. The operation chamber, in which working
fluid introduced from the high-pressure chamber is ex-
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panded, is defined by the fixed scroll and the moveable
scroll. The low-pressure chamber, to which working fluid
that has been expanded and decompressed in the oper-
ation chamber is discharged, is formed in the housing.
The partition wall separates a space in the housing into
the high-pressure chamber and the low-pressure cham-
ber. The main port draws the working fluid in the high-
pressure chamber into the operation chamber. The sub-
port introduces the working fluid from the high-pressure
chamber to the operation chamber so that a volume of
the working fluid in the operation chamber is variable.
The valve portion selectively opens and closes the sub-
port. The actuator applies drive force to move the valve
portion. The actuator is arranged in the low-pressure
chamber. The scroll expander includes a drive shaft that
extends through the partition wall and connects the ac-
tuator and the valve portion with each other. When the
drive shaft is actuated by the actuator, the valve portion
is moved by the actuation of the drive shaft so that the
subport is selectively opened and closed.
[0010] Other aspects and advantages of the present
invention will become apparent from the following de-
scription, taken in conjunction with the accompanying
drawings, illustrating by way of example the principles of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Fig. 1 is a diagram illustrating a complex fluid ma-
chine and a Rankine cycle system according to one
embodiment;
Fig. 2 is a cross-sectional view taken along line 2-2
of Fig. 1;
Fig. 3 is a cross-sectional view illustrating the state
where a first subport of two subports is opened;
Fig. 4 is a cross-sectional view illustrating the state
where both of the two subports are opened;
Fig. 5 is a partially enlarged cross-sectional view il-
lustrating an electric motor and its surrounding ac-
cording to another embodiment;
Fig. 6 is a partially enlarged cross-sectional view il-
lustrating an electric motor and its surroundings ac-
cording to yet another embodiment; and
Figs. 7A and 7B are cross-sectional views illustrating
a part of a conventional scroll expander.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0012] Hereinafter, a complex fluid machine 10 to be
installed in a Rankine cycle system 70 according to one
embodiment of the present invention will be described

with reference to Figs. 1 to 4.
[0013] As shown in Fig. 1, the complex fluid machine
10 includes a housing 11. The housing 11 is configured
by a cylindrical center housing member 12, a plate-like
front housing member 13, which is joined to one end of
the center housing member 12, and a rear housing mem-
ber 14, which is shaped as a tube with a closed end and
joined to the other end of the center housing member 12.
A partition wall 12a is formed on an inner circumferential
surface of the center housing member 12. A motor gen-
erator 20 is accommodated in the space defined by the
inner circumferential surface of the center housing mem-
ber 12, the partition wall 12a, and the front housing mem-
ber 13. The motor generator 20 includes a stator 20a
fixed to the inner circumferential surface of the center
housing member 12, and a rotor 20b arranged inside the
stator 20a. The rotor 20b is firmly fixed to a rotary shaft
21 accommodated in the housing 11 to rotate integrally
with the rotary shaft 21.
[0014] One end, namely, the left end of the rotary shaft
21 is rotationally supported by the front housing member
13 via a bearing B1, while a part at the other end, namely,
the right part of the rotary shaft 21 extends through the
partition wall 12a of the center housing member 12. A
bearing B2 is located between the rotary shaft 21 and
the partition wall 12a of the center housing member 12,
and the rotary shaft 21 is rotationally supported by the
partition wall 12a of the center housing member 12 via
the bearing B2. Further, a shaft supporting member 22
is fixed inside the center housing member 12, and the
right end of the rotary shaft 21 is rotationally supported
by the shaft supporting member 22 via a bearing B3.
[0015] An oblong recess 121a is formed to surround
the rotary shaft 21 in a surface of the partition wall 12a
of the center housing member 12 facing the rear housing
member 14. Also, a side plate 17, which closes the recess
121a, is fixed on the surface of the partition wall 12a of
the center housing member 12 facing the rear housing
member 14. A pump chamber 18 is defined by the recess
121a and the side plate 17. A pump portion P is accom-
modated in the pump chamber 18. The pump portion P
includes a driven gear (not shown) rotationally supported
by the pump chamber 18 and a primary drive gear 18a
attached to the rotary shaft 21. The driven gear and the
primary drive gear 18a are located in the state where
they are engaged with each other.
[0016] A suction passage 12d is formed in the partition
wall 12a of the center housing member 12. One end of
the suction passage 12d is opened in the outer surface
of the center housing member 12, while the other end is
connected to the pump chamber 18. A discharge pas-
sage 12e is formed in the partition wall 12a of the center
housing member 12. One end of the discharge passage
12e is connected to the pump chamber 18, while the other
end of the  discharge passage 12e is opened in the outer
surface of the center housing member 12.
[0017] In the space defined by the inner circumferential
surface of the center housing member 12, the partition
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wall 12a, and the rear housing member 14, a scroll ex-
pander portion 30 is accommodated between the shaft
supporting member 22 and a bottom wall 14a of the rear
housing member 14. The expander portion 30 is config-
ured by a fixed scroll 31, which is accommodated in the
center housing member 12 and fixed on the inner circum-
ferential surface of the center housing member 12, and
a moveable scroll 32, which is accommodated in the cent-
er housing member 12, and arranged between the fixed
scroll 31 and the shaft supporting member 22 to face the
fixed scroll 31. The fixed scroll 31 includes a disc-shaped
fixed base plate 31a, and a fixed volute portion 31b stand-
ing from the fixed base plate 31a. The moveable scroll
32 includes a disc-shaped moveable base plate 32a, and
a moveable volute portion 32b standing from the move-
able base plate 32a toward the fixed base plate 31a.
[0018] The fixed volute portion 31b and the moveable
volute portion 32b are engaged with each other. The dis-
tal end surface of the fixed volute portion 31b contacts
the moveable base plate 32a, and the distal end surface
of the moveable volute portion 32b contacts the fixed
base plate 31a. The fixed base plate 31a and the fixed
volute portion 31b, and the moveable base plate 32a and
the moveable volute portion 32b define operation cham-
bers 35.
[0019] An eccentric shaft 21a is provided to protrude
at a position displaced from the axis L of the rotary shaft
21 at the right end of the rotary shaft 21. A bushing 21b
is fixed to the eccentric shaft 21a. On the bushing 21b,
the moveable base plate 32a is supported via a bearing
B4 in a rotational manner relative to the bushing 21b.
[0020] An anti-rotation mechanism 36 is provided be-
tween the moveable base plate 32a and the shaft sup-
porting member 22. The anti-rotation mechanism 36 is
configured by a plurality of annular holes 36a provided
in a surface of the moveable base plate 32a facing the
shaft supporting member 22, and pins 36b, which pro-
trude from an outer circumferential portion of the shaft
supporting member 22 facing the moveable base plate
32a and are fitted into the corresponding annular holes
36a with allowance therebetween.
[0021] In the housing 11, a suction chamber 41 is de-
fined between the fixed base plate 31a and the rear hous-
ing member 14. That is, the suction chamber 41 is formed
in the housing 11. A suction port 41a connected to the
suction chamber 41 is formed in the bottom wall 14a of
the rear housing member 14. A main port 50, which con-
nects the suction chamber 41 to the operation chambers
35 prior to the expansion, is formed in a central portion
of the fixed base plate 31a. The operation chambers 35
are formed in a radially central portion of the expander
portion 30. Further, a first subport 51 and a second sub-
port 52 are formed at positions radially outward of the
main port 50 in the fixed base plate 31a. The first subport
51 connects the suction chamber 41 with one of the two
operation chambers 35 that are located radially outward
of the operation chambers 35 at the radially central por-
tion. The second subport 52 connects the suction cham-

ber 41 with the other one of the two operation chambers
35 that radially outward of the operation chambers 35
defined in the radially central portion.
[0022] An annular partition wall 42 protrudes on a sur-
face of the fixed base plate 31a facing the bottom wall
14a of the rear housing member 14 at a position radially
outward of the first and the second subports 51 and 52.
A distal end of the partition wall 42 contacts an inner
surface of the bottom wall 14a of the rear housing mem-
ber 14. An annular sealing member 43 is located between
the distal end of the partition wall 42 and the bottom wall
14a of the rear housing member 14. In the housing 11,
the outermost circumferential surface of the moveable
volute portion 32b, the outer circumferential surface of
the partition wall 42, the center housing member 12, and
the rear housing member 14 define a discharge chamber
44. That is, the  discharge chamber 44 is formed in the
housing 11. Accordingly, the partition wall 42 separates
the inner space between the rear housing member 14
and the fixed scroll 31 into the suction chamber 41 and
the discharge chamber 44. Also, a discharge port 44a
connected to the discharge chamber 44 is formed in the
center housing member 12.
[0023] As shown in Fig. 2, on the surface of the fixed
base plate 31a facing the bottom wall 14a of the rear
housing member 14, a substantially sectoral plate-
shaped valve portion 53, which selectively opens and
closes the first subport 51 and the second subport 52, is
attached at a position radially inward of the partition wall
42. The valve portion 53 is fixed to the fixed base plate
31a by a screw member 531. A slight gap is formed be-
tween the valve portion 53 and the screw member 531
so that the valve portion 53 rotates about the screw mem-
ber 531. A notch portion 53k is formed in the valve portion
53. The main port 50 is located inside the notch portion
53k so that it is not closed by the valve portion 53. A gear
portion 53g is formed in the outer circumferential surface
of the valve portion 53, which curves to be arcuate.
[0024] A fitting recess 42a is formed in the outer cir-
cumferential surface of the partition wall 42. An electric
motor 60 is fixed to the fitting recess 42a. Accordingly,
the electric motor 60 is arranged in the discharge cham-
ber 44. The electric motor 60 has a motor portion 60a
and a case 60b, which accommodates the motor portion
60a. The motor portion 60a is configured by a stator and
a rotor, which are not shown. A drive shaft 61 is connected
to the motor portion 60a. The drive shaft 61 extends
through the partition wall 42. One end of the drive shaft
61 extends through the case 60b to be connected to the
motor portion 60a, and the other end is connected to the
valve portion 53. The drive shaft 61 is rotational by driving
the motor portion 60a. A worm gear 61g is attached to
the distal end of the drive shaft 61. The worm gear 61g
is meshed and engaged with the gear portion 53g of the
valve portion 53. Accordingly, the drive shaft 61 connects
the motor portion 60a (electric motor 60) and the valve
portion 53 with each other.
[0025] A part of the case 60b opposite to the fitting
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recess 42a extends through the rear housing member
14 to be exposed to the outside of the housing 11. A
through hole 60h is formed in the portion of the case 60b
exposed to the outside of the housing 11. The through
hole 60h faces outside the housing 11. A lead 60e ex-
tends from the motor portion 60a such that the lead 60e
extends outside the housing 11 via the through hole 60h
to be electrically connected to an external power supply,
which is not shown. The electricity is supplied from the
external power supply to the motor portion 60a via the
lead 60e to drive the motor portion 60a. Further, the inside
of the case 60b and the outside of the housing 11 com-
municate with each other via the through hole 60h.
[0026] An annular first sealing member S1 is located
between the drive shaft 61 and the partition wall 42. The
first sealing member S1 prevents the working fluid in the
suction chamber 41 from flowing into the discharge
chamber 44 via the space between the drive shaft 61 and
the partition wall 42. Further, an annular second sealing
member S2 as a sealing member is located between the
case 60b and the fitting recess 42a. The second sealing
member S2 prevents the working fluid in the discharge
chamber 44 from flowing into the case 60b via the space
between the case 60b and the fitting recess 42a, and the
space between the case 60b and the drive shaft 61. More-
over, an annular third sealing member S3 is located be-
tween the case 60b and the rear housing member 14.
The third sealing member S3 seals the interface between
the discharge chamber 44 and the outside of the housing
11.
[0027] Next, the Rankine cycle system 70, in which the
complex fluid machine 10 as above configured is installed
will be described below.
[0028] As shown in Fig. 1, a heat absorber 71a of a
heat exchanger 71 is connected to the  discharge pas-
sage 12e via a first channel 70a. The heat exchanger 71
has a heat radiator 71b. The heat radiator 71b is provided
on a cooling water circulation path E1 connected to an
engine E as a source of exhaust heat. A radiator E2 is
provided on the cooling water circulation path E1. The
cooling water circulation path E1 is configured such that
cooling water as fluid for cooling the engine E circulates
therein.
[0029] The suction port 41a is connected to a dis-
charge portion of the heat absorber 71a in the heat ex-
changer 71 via a second channel 70b. Further, a con-
denser 72 is connected to the discharge port 44a via a
third channel 70c. The suction passage 12d is connected
to a discharge portion of the condenser 72 via a fourth
channel 70d. The Rankine cycle system 70 includes a
circuit configured by connecting the pump portion P, the
heat exchanger 71, the expander portion 30, and the con-
denser 72 in this order.
[0030] Next, operation of the present embodiment will
be described.
[0031] When the motor generator 20, when serving as
an electric motor, is driven to drive the pump portion P,
the working fluid in the pump chamber 18 flows into the

heat exchanger 71 by way of the discharge passage 12e
and the first channel 70a. Then, in the heat exchanger
71, according to the heat exchange between the heat
absorber 71a and the heat radiator 71b, the working fluid
is heated by the exhaust heat from the engine E, and
receives the thermal energy to have a high temperature
and a high pressure.
[0032] The working fluid with a high temperature and
a high pressure due to the heat exchange in the heat
exchanger 71 is drawn into the operation chamber 35 by
way of the second channel 70b, the suction port 41a, the
suction chamber 41, and the main port 50, and expanded.
Therefore, in the present embodiment, the suction cham-
ber 41 corresponds to a high-pressure chamber to which
the working fluid with a high temperature and a high pres-
sure due to the heat exchange in the heat exchanger 71
is supplied.
[0033] According to the expansion of the working fluid
in the operation chamber 35, the expander portion 30
generates, namely, outputs mechanical energy (drive
force). According to the drive force, the moveable scroll
32 orbits about the axis of the fixed scroll 31 (the rotation
axis L of the rotary shaft 21) via the eccentric shaft 21a.
The moveable scroll 32 is prevented from rotating by the
anti-rotation mechanism 36, but is only permitted to orbit.
The volumes of the operation chambers 35 are changed
by the orbiting motion of the moveable scroll 32. When
the rotary shaft 21 is rotated by the orbiting motion of the
moveable scroll 32, the motor generator 20 is rotated to
function as a power generator. At this time, the drive force
of the motor generator 20 is converted into electric power,
and the electric power is charged to a battery (not shown).
[0034] The working fluid that has been expanded and
decompressed in the operation chambers 35 is dis-
charged to the discharge chamber 44. Therefore, in the
present embodiment, the discharge chamber 44 corre-
sponds to a low-pressure chamber to which the working
fluid that has been expanded and decompressed in the
operation chambers is supplied. The working fluid that
has been discharged to the discharge chamber 44 pass-
es through the condenser 72 by way of the discharge
port 44a and the third channel 70c to be liquidized. Then,
the working fluid that has been liquidized in the condenser
72 is returned to the pump chamber 18 by way of the
fourth channel 70d and the suction passage 12d.
[0035] As shown in Fig. 2, when the motor portion 60a
in the state where the first and the second subports 51
and 52 are closed by the valve portion 53 is rotated in
one direction, the drive shaft 61 is driven, namely, rotated
by the rotation force of the motor portion 60a, and the
valve portion 53 is rotated in a direction of arrow A1 about
the screw member 531 via the worm gear 61g and the
gear portion 53g. Therefore, in the present embodiment,
the electric motor  60 (motor portion 60a) functions as an
actuator, which applies the drive force to the valve portion
53 to move the valve portion 53.
[0036] Then, as shown in Fig. 3, the valve portion 53
becomes out of the first subport 51 so that the first subport
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51 connects the suction chamber 41 with one of the two
operation chambers 35 that are located radially outward
of the operation chambers 35 defined in the radially cen-
tral portion of the expander portion 30. Thereby, the work-
ing fluid is introduced from the suction chamber 41 to the
operation chambers 35 connected to the first subport 51
via the first subport 51 so that the volume of the working
fluid in the operation chambers 35 is increased, while the
expansion ratio of the working fluid in the operation cham-
bers 35 is reduced.
[0037] As shown in Fig. 4, when the valve portion 53
is further rotated in the direction of arrow A1, the valve
portion 53 becomes out of the second subport 52 so that
the second subport 52 connects the suction chamber 41
with the other one of the two operation chambers 35 that
are located radially outward of the operation chambers
35 defined in the radially central portion of the expander
portion 30. Thereby, the working fluid is introduced from
the suction chamber 41 to the operation chambers 35
connected to the second subport 52 via the second sub-
port 52 so that the volume of the working fluid in the op-
eration chambers 35 is increased, while the expansion
ratio of the working fluid in the operation chambers 35 is
reduced. Accordingly, the suction volume to the opera-
tion chambers 35 in the expander portion 30 is variable
so that the suction volume to the operation chambers 35
is optimally adjusted to operate the expander portion 30
under the optimal conditions.
[0038] Since the electric motor 60 is arranged in the
discharge chamber 44, it is prevented from being ex-
posed to the working fluid with a high temperature and a
high pressure in the suction chamber 41 in which the
valve portion 53 is arranged. Therefore, deterioration of
the component parts of the electric motor 60 by the work-
ing fluid with a high temperature and a high pressure is
limited. Also, in comparison to the case where the electric
motor 60 is exposed to the working fluid with a high tem-
perature and a high pressure, the cooling performance
of the electric motor 60 is improved.
[0039] The above described embodiment has the fol-
lowing advantages.

(1) The electric motor 60 is arranged in the discharge
chamber 44. Further, the expander portion 30 is pro-
vided with the drive shaft 61, which extends through
the partition wall 42, and connects the electric motor
60 and the valve portion 53 with each other. When
the drive shaft 61 is driven by the electric motor 60,
the valve portion 53 is moved by the driving of the
drive shaft 61 so that the first and the second sub-
ports 51 and 52 are selectively opened and closed.
Therefore, the electric motor 60 is prevented from
being exposed to the working fluid with a high tem-
perature and a high pressure. The valve portion 53
is moved by driving the electric motor 60 to drive the
drive shaft 61. Therefore, the reduction of the quality
of the component parts of the electric motor 60 is
limited, while the first and the second subports 51

and 52 are selectively opened and closed by the
valve portion 53 by driving the electric motor 60 to
move the valve portion 53.
(2) According to the present embodiment, since the
electric motor 60 is prevented from being exposed
to the working fluid with a high temperature and a
high pressure, in comparison to the case where the
electric motor 60 is exposed to the working fluid with
a high temperature and a high pressure, the cooling
performance of the electric motor 60 is improved.
(3) A part of the case 60b of the electric motor 60
extends through the housing 11 to be exposed to the
outside of the housing 11. The through hole 60h is
formed at a position of the case 60b exposed to the
outside of the housing 11 so that the through hole
60h connects  the inside of the case 60b with the
outside of the housing 11. Accordingly, the pressure
inside the case 60b is the same as the pressure out-
side the housing 11 so that it is not necessary to
provide a sealing member between the lead 60e and
the through hole 60h to seal the interface between
the inside of the case 60b and the outside of the
housing 11. Therefore, the number of parts is re-
duced.
(4) The worm gear 61g g is attached to the distal end
of the drive shaft 61. The worm gear 61g is meshed
and engaged with the gear portion 53g of the valve
portion 53. When the drive shaft 61 is rotated by the
rotation force of the motor portion 60a, the valve por-
tion 53 is moved via the worm gear 61g and the gear
portion 53g. Accordingly, even if the valve portion 53
tends to vibrate, the position of the valve portion 53
is easily maintained by the engagement through
meshing between the worm gear 61g and the gear
portion 53g. Therefore, the vibration of the valve por-
tion 53 is limited.

[0040] The above described embodiments may be
modified as follows.
[0041] As shown in Fig. 5, the second sealing member
S2 may be omitted, and an annular fourth sealing mem-
ber S4 may be located between the through hole 60h
and the lead 60e to prevent the inside of the case 60b
and the outside of the housing 11 from being connected
to each other. According to such a configuration, the
working fluid in the discharge chamber 44 flows into the
case 60b through the interface between the case 60b
and the fitting recess 42a, and the interface between the
case 60b and the drive shaft 61 so that the pressure
inside the case 60b is the same as the pressure in the
discharge chamber 44. This configuration eliminates the
problem that a difference is generated between the pres-
sure inside the case 60b and the pressure in the dis-
charge chamber 44 to cause the case 60b to be de-
formed.
[0042] As shown in Fig. 6, the first sealing member S1
may be omitted, and an annular fourth sealing member
S4 may be located between the through hole 60h and
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the lead 60e to prevent the inside of the case 60b and
the outside of the housing 11 from being connected to
each other. According to such a configuration, the work-
ing fluid in the suction chamber 41 flows into the case
60b through the interface between the drive shaft 61 and
the partition wall 42, and the interface between the case
60b and the drive shaft 61 so that the pressure inside the
case 60b is the same as the pressure in the suction cham-
ber 41. As a result, the inside of the case 60b is heated
by the working fluid with a high temperature and a high
pressure so that a difference is generated between the
temperature inside the case 60b and the temperature of
the working fluid in the discharge chamber 44. According
to the difference in temperature, the heat inside the case
60b is likely to be dissipated to the working fluid in the
discharge chamber 44 since the temperature of the fluid
is lower than the temperature inside the case 60b. Ac-
cordingly, the cooling performance of the electric motor
60 is further improved. Further, since it is not necessary
to provide the first sealing member S1 in the interface
between the partition wall 42 and the drive shaft 61, slid-
ing resistance between the drive shaft 61 and the first
sealing member S1 to be caused when the first sealing
member S1 is located between the partition wall 42 and
the drive shaft 61 is prevented from being generated.
Accordingly, the drive shaft 61 is smoothly driven so that
the valve portion 53 is smoothly moved.
[0043] In the embodiment, the number of the subports
is not particularly limited.
[0044] In the embodiment, as for the fluid from the
source of exhaust heat, exhaust gas of the engine E may
be used, for example.
[0045] In the embodiment, the electric motor 60 is
adopted as an actuator. The configuration is not limited
to this. For example, a fluid pressure cylinder that directly
drives the drive shaft by fluid may be adopted. The valve
portion, which selectively opens and closes the subports,
may be moved by directly driving the drive shaft.
[0046] In the embodiment, the suction chamber 41 is
used as a high-pressure chamber, and the discharge
chamber 44 is used as a low-pressure chamber. How-
ever, a portion with a high pressure other than the suction
chamber 41 may be used as a high-pressure chamber,
and a portion with a low pressure other than the discharge
chamber 44 may be used as a low-pressure chamber so
that the valve portion 53 and the electric motor 60 may
be provided therein, respectively.
[0047] Although the present invention is embodied by
the complex fluid machine 10 installed in the Rankine
cycle system 70, the configuration is not limited to this.
The present invention may be embodied by a scroll ex-
pander that is used independently. The present invention
may be embodied by a scroll expander in which a com-
pressor and a clutch mechanism are provided integrally
with each other to be installed on a refrigeration circuit.
[0048] Therefore, the present examples and embodi-
ments are to be considered as illustrative and not restric-
tive and the invention is not to be limited to the details

given herein, but may be modified within the scope and
equivalence of the appended claims.

Claims

1. A scroll expander comprising:

a housing (11) having an inner circumferential
surface;
a fixed scroll (31), which is accommodated in
the housing (11) and fixed to the inner circum-
ferential surface of the housing (11);
a moveable scroll (32), which is accommodated
in the housing (11) and arranged to face the fixed
scroll (31);
a high-pressure chamber formed in the housing,
to which high-pressure working fluid is supplied;
an operation chamber (35) defined by the fixed
scroll and the moveable scroll, in which working
fluid introduced from the high-pressure chamber
(41) is expanded;
a low-pressure chamber (44) formed in the
housing, to which working fluid that has been
expanded and decompressed in the operation
chamber (35) is discharged;
a partition wall (42) that separates a space in
the housing (11) into the high-pressure chamber
(41) and the low-pressure chamber (44);
a main port (50), which draws the working fluid
in the high-pressure chamber (41) into the op-
eration chamber (35);
a subport (51, 52), which introduces the working
fluid from the high-pressure chamber (41) to the
operation chamber (35) so that a volume of the
working fluid in the operation chamber (35) is
variable;
a valve portion (53), which selectively opens and
closes the subport (51, 52); and
an actuator (60), which applies drive force to
move the valve portion (53), wherein
the scroll expander being characterized in that
the actuator (60) is arranged in the low-pressure
chamber (44),
the scroll expander includes a drive shaft (61)
that extends through the partition wall (42) and
connects the actuator (60) and the valve portion
(53) with each other, and
when the drive shaft (61) is actuated by the ac-
tuator (60), the valve portion (53) is moved by
the actuation of the drive shaft (61) so that the
subport (51, 52) is selectively opened and
closed.

2. The scroll expander according to claim 1, wherein
the actuator includes an electric motor (60).

3. The scroll expander according to claim 2, wherein
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the electric motor (60) includes a motor portion (60a)
and a case (60b) that accommodates the motor por-
tion (60a) therein,
a part of the case (60b) extends through the housing
(11) to be exposed to an outside of the housing (11),
the case (60b) has a through hole (60h) in the portion
exposed to the outside of the housing (11), and
the inside of the case (60b) and the outside of the
housing (11) are connected with each other via the
through hole (60h).

4. The scroll expander according to claim 2, wherein
the electric motor (60) includes a motor portion (60a)
and a case (60b) that accommodates the motor por-
tion (60a) therein,
the drive shaft (61) extends through the case (60b)
to be connected to the motor  portion (60a), and
the inside of the case (60b) and the low-pressure
chamber (44) are connected with each other via an
interface between the case (60b) and the drive shaft
(61).

5. The scroll expander according to claim 2, wherein
the electric motor (60) includes a motor portion (60a)
and a case (60b) that accommodates the motor por-
tion (60a) therein,
the drive shaft (61) extends through the case (60b)
to be connected to the motor portion (60a),
a sealing member (S2) is arranged between the case
(60b) and the partition wall (42), and
the inside of the case (60b) and the high-pressure
chamber (41) are connected with each other via an
interface between the partition wall (42) and the drive
shaft (61) and an interface between the case (60b)
and the drive shaft (61).
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