
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

16
9 

18
0

A
1

��&��
���������
(11) EP 2 169 180 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
31.03.2010 Bulletin 2010/13

(21) Application number: 08751706.6

(22) Date of filing: 12.05.2008

(51) Int Cl.:
F01C 21/06 (2006.01) F01C 13/04 (2006.01)

F01C 21/00 (2006.01) F04C 18/356 (2006.01)

F04C 23/00 (2006.01) F04C 29/00 (2006.01)

(86) International application number: 
PCT/JP2008/001188

(87) International publication number: 
WO 2008/149491 (11.12.2008 Gazette 2008/50)

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

(30) Priority: 05.06.2007 JP 2007149433

(71) Applicant: Daikin Industries, Ltd.
Osaka 530-8323 (JP)

(72) Inventors:  
• KUMAKURA, Eiji

Sakai-shi
Osaka 591-8511 (JP)

• SAKITANI, Katsumi
Sakai-shi
Osaka 591-8511 (JP)

(74) Representative: Goddar, Heinz J.
Forrester & Boehmert 
Pettenkoferstrasse 20-22
80336 München (DE)

(54) FLUID MACHINE

(57) An internal space of a casing (31) is partitioned
into a first space (38) and a second space (39) by a par-
tition member (61, 80). An expansion mechanism (60) is
disposed in the first space (38), and a compression mech-
anism (50) and an electric motor (45) are disposed in the
second space (39). A terminal (90) is provided on the
casing (31) so that a back side of the terminal (90) faces
the second space (39).
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Description

TECHNICAL FIELD

[0001] The present invention relates to fluid machines
in which a compression mechanism and an expansion
mechanism are contained in a single casing.

BACKGROUND ART

[0002] Fluid machines have been known in which a
compression mechanism and an expansion mechanism
are mechanically coupled to each other by a drive shaft.
In such a fluid machine, the expansion mechanism gen-
erates power by expanding fluid introduced thereinto.
The power generated by the expansion mechanism, to-
gether with power generated by an electric motor, is
transmitted to the compression mechanism by the drive
shaft. Then, the compression mechanism is driven by
the power transmitted from the expansion mechanism
and the electric motor to suck the fluid and compress it.
[0003] PATENT DOCUMENT 1 describes a fluid ma-
chine of this type. In such a fluid machine, an expansion
mechanism, an electric motor, a compression mecha-
nism, and a drive shaft are contained in a vertically long,
cylindrical casing. The internal space of the casing is par-
titioned into a first space and a second space by a par-
tition member. The expansion mechanism is placed in
the first space. The electric motor and the compression
mechanism are placed in the second space. The expan-
sion mechanism and the compression mechanism are
both comprised of rotary fluid machines.
[0004] The fluid machine of PATENT DOCUMENT 1
is disposed in an air conditioner operating in a refrigera-
tion cycle. Low-pressure refrigerant having a tempera-
ture of approximately 5 °C is sucked from an evaporator
into the compression mechanism. The low-pressure re-
frigerant is compressed, and the resultant high-pressure
refrigerant having a temperature of approximately 90 °C
is discharged from the compression mechanism. The
high-pressure refrigerant discharged from the compres-
sion mechanism flows through the second space of the
casing, and is discharged through a discharge pipe to
the outside of the casing. On the other hand, high-pres-
sure refrigerant having a temperature of approximately
30 °C is introduced from a radiator into the expansion
mechanism. The high-pressure refrigerant is expanded,
and the resultant low-pressure refrigerant having a tem-
perature of approximately 0 °C is sent from the expansion
mechanism to the evaporator.
[0005] Furthermore, in such a fluid machine, a terminal
is typically used to supply external electric power to an
electric motor. For example, this terminal includes a ter-
minal body which is inserted through an opening formed
in the top of a casing and which is welded to the casing,
and a plurality of terminal pins passing through the ter-
minal body. Parts of the terminal pins located at the front
side of the terminal body are connected to a predeter-

mined power source by external wires. Parts of the ter-
minal pins located at the back side of the terminal body
are connected to the electric motor by internal wires.
Electric power from an external power source is supplied
through the external wires, the terminal, and the internal
wires to the electric motor. In this way, the electric motor
is energized to drive a corresponding drive shaft.
[0006] PATENT DOCUMENT 1: Japanese Patent
Publication No. 2003-172244

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0007] Here, when the terminal is employed to such a
fluid machine as described in PATENT DOCUMENT 1,
the following problems are caused.
[0008] For example, as illustrated in FIG. 3, a terminal
(101) for a fluid machine (100) is typically attached to the
top of a casing (102) because of ease of machining the
terminal (101). However, the provision of the terminal
(101) at this location requires that a through hole (107)
for electric leads be formed in a partition member (106)
in order to lead internal wires (104) connected with the
terminal (101) to an electric motor (105). Here, as de-
scribed above, refrigerant discharged from a compres-
sion mechanism (108) has a temperature of approxi-
mately 90 °C, and the ambient atmosphere of the com-
pression mechanism (108) has a relatively high temper-
ature. On the other hand, refrigerant flowing out of an
expansion mechanism (109) has a temperature of ap-
proximately 0 °C, and the ambient temperature of the
expansion mechanism (109) has a relatively low temper-
ature. In view of the above, the formation of the through
hole (107) in the partition member (106) facilitates con-
ducting heat through the compression mechanism (108)
and the through hole (107) to the expansion mechanism
(109). As a result, the ambient temperature of the expan-
sion mechanism (109) increases.
[0009] When the heat input from the compression
mechanism (108) into the expansion mechanism (109)
is promoted in this manner, heat loss of the refrigerant
discharged from the compression mechanism (108) is
caused. Furthermore, for example, due to the heat input
into the expansion mechanism (109), the enthalpy of re-
frigerant sent from the expansion mechanism (109) to an
evaporator increases, resulting in a reduction in the cool-
ing capacity of a corresponding refrigeration system. In
particular, when the refrigerant is discharged from the
compression mechanism (108) to a surrounding space
(110) of the compression mechanism (108) as in PAT-
ENT DOCUMENT 1, the heat of the discharged refriger-
ant in this space (110) tends to be transferred through
the through hole (107) to a surrounding space (111) of
the expansion mechanism (109) by convection. In view
of the above, in a fluid machine having this configuration,
the above-mentioned problems become serious.
[0010] The present invention has been made in view
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of the foregoing, and thus, it is an object of the invention
to provide a fluid machine in which a compression mech-
anism and an expansion mechanism are contained in
the same casing and which is configured to reduce the
amount of the heat input into fluid flowing from the casing
into the expansion mechanism.

SOLUTION TO THE PROBLEM

[0011] A first aspect of the invention is directed to a
fluid machine including: a closed casing (31); a compres-
sion mechanism (50) for compressing fluid; an expansion
mechanism (60) for generating power by expansion of
fluid; a drive shaft (40) allowing the compression mech-
anism (50) and the expansion mechanism (60) to be me-
chanically coupled to each other; an electric motor (45)
for driving the drive shaft (40); and a terminal (90) for
supplying external electric power to the electric motor
(45), where an interior of the casing (31) is partitioned,
by a partition member (61, 80), into a first space (38)
containing the expansion mechanism (60), and a second
space (39) containing the compression mechanism (50)
and the electric motor (45). In this fluid machine, the ter-
minal (90) is provided on the casing (31) so that a back
side of the terminal (90) faces the second space (39).
[0012] In the first aspect of the invention, the internal
space of the casing (31) is partitioned into the first space
(38) and the second space (39) by the partition member
(61, 80). The compression mechanism (50) and the elec-
tric motor (45) are placed in the second space (39).
Therefore, the second space (39) contains a relatively
high temperature atmosphere due to the heat of the fluid
compressed by the compression mechanism (50) or the
heat generated by the electric motor (45). On the other
hand, the expansion mechanism (60) is placed in the first
space (38). Therefore, the first space (38) contains a low-
er temperature atmosphere than the second space (39).
[0013] Here, the terminal (90) of the present invention
is provided on the casing (31) so that its back side faces
the second space (39). For this reason, although, for ex-
ample, for the terminal illustrated in FIG. 3, a through
hole needs to be formed in a partition member, the ter-
minal (90) and the electric motor (45) can be wired to-
gether without forming such a through hole in the present
invention. In view of the above, since the first space (38)
and the second space (39) are hermetically sealed from
each other by the partition member (61, 80), this can
reduce the heat transfer from the second space (39) to
the first space (38) by convection.
[0014] According to a second aspect of the invention,
in the fluid machine of the first aspect of the invention,
the electric motor (45) is disposed between the partition
member (61, 80) and the compression mechanism (50),
and the terminal (90) is provided on the casing (31) so
that the back side of the terminal (90) faces a space be-
tween the partition member (61, 80) and the electric mo-
tor (45).
[0015] In the second aspect of the invention, the elec-

tric motor (45) is disposed in the second space (39) and
between the partition member (61, 80) and the compres-
sion mechanism (50). Here, the terminal (90) is placed
so that its back side faces a space between the partition
member (61, 80) and the compression mechanism (50).
Specifically, wires for the terminal (90) are disposed in
the space between the partition member (61, 80) and the
compression mechanism (50). For this reason, in the
present invention, the wires are not disposed in a space
between the electric motor (45) and the compression
mechanism (50). Therefore, the volume of this space can
be reduced, thereby reducing the length of a portion of
the drive shaft (40) between the electric motor (45) and
the compression mechanism (50). This can reduce the
inclination of a driving portion of the drive shaft (40) driv-
ing the compression mechanism (50) relative to a desired
axis of the drive shaft (40). This reduction can prevent
so-called whirling of the driving portion of the drive shaft
(40).
[0016] According to a third aspect of the invention, in
the fluid machine of the first or second aspect of the in-
vention, the compression mechanism (50) is configured
to discharge the compressed fluid to the second space
(39), and the casing (31) is connected with a discharge
pipe (36) through which the fluid discharged from the
compression mechanism (50) to the second space (39)
flows out of the casing (31).
[0017] In the third aspect of the invention, fluid dis-
charged from the compression mechanism (50) is sent
through the second space (39) to the discharge pipe (36).
In other words, the second space (39) is filled with high
pressure, high temperature fluid. In this configuration,
the formation of a through hole for wires in a partition
member, for example, as illustrated in FIG. 3, further fa-
cilitates transferring heat from a second space to a first
space by convection. On the other hand, in the present
invention, the back side of the terminal (90) faces the
second space (39), and therefore the terminal (90) and
the electric motor (45) can be wired together without form-
ing the through hole. In view of the above, in the present
invention, the heat transfer from the second space (39)
to the first space (38) by convection is further advanta-
geously reduced.

ADVANTAGES OF THE INVENTION

[0018] In the present invention, the terminal (90) is pro-
vided on the casing (31) so that the back side of the ter-
minal (90) faces the second space (39) containing a high
temperature atmosphere. Thus, according to the present
invention, the terminal (90) and the electric motor (45)
can be wired together without forming a through hole in
the partition member (61, 80). This can reduce the heat
transfer from the second space (39) to the first space
(38) by convection. This reduction can reduce the amount
of the heat input from the compression mechanism (50)
into the expansion mechanism (60) and reduce heat loss
from the compression mechanism (50). Furthermore, for
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example, in a refrigeration system in which refrigerant
exiting the expansion mechanism (60) is sent to an evap-
orator, the enthalpy of this refrigerant can be prevented
from increasing, and thus, a reduction in the cooling ca-
pacity of this refrigeration system can be avoided.
[0019] In particular, in the second aspect of the inven-
tion, the back side of the terminal (90) faces a space
between the partition member (61, 80) and the electric
motor (45). Thus, according to the present invention, a
sufficient space for wires through which the terminal (90)
and the electric motor (45) are connected to each other
can be ensured. On the other hand, the distance between
the electric motor (45) and the compression mechanism
(60) can be reduced. This reduction can prevent whirling
of the driving portion of the shaft (40) driving the com-
pression mechanism (60) and thereby ensure the relia-
bility of this fluid machine.
[0020] Furthermore, in the third aspect of the invention,
fluid compressed by the compression mechanism (60)
is discharged to the second space (39), and thus the
second space (39) is filled with the high pressure fluid.
Here, in the present invention, the terminal (90) and the
electric motor (45) can be wired together without forming
a through hole in the partition member (61, 80). There-
fore, the high pressure fluid in the second space (39)
does not flow through a through hole into the first space
(38). In view of the above, according to the present in-
vention, the amount of the heat input from the compres-
sion mechanism (50) into the expansion mechanism (60)
can be advantageously reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

[FIG. 1] FIG. 1 is a refrigerant circuit diagram illus-
trating the configuration of a refrigerant circuit ac-
cording to an embodiment.
[FIG. 2] FIG. 2 is a longitudinal cross-sectional view
of a compression/expansion unit according to the
embodiment.
[FIG. 3] FIG. 3 is a longitudinal cross-sectional view
of a compression/expansion unit used to explain the
problem to be solved by the present invention.

DESCRIPTION OF REFERENCE CHARACTERS

[0022]

30 COMPRESSION/EXPANSION UNIT

31 CASING

36 DISCHARGE PIPE

38 FIRST SPACE

39 SECOND SPACE

40 SHAFT (DRIVE SHAFT)

45 ELECTRIC MOTOR

50 COMPRESSION MECHANISM

60 EXPANSION MECHANISM

90 TERMINAL

DESCRIPTION OF EMBODIMENTS

[0023] An embodiment of the present invention will be
described below in detail with reference to the drawings.
[0024] This embodiment is directed to an air condition-
er (10) including a compression/expansion unit (30)
which is a fluid machine according to the present inven-
tion.

<GENERAL STRUCTURE OF AIR CONDITIONER>

[0025] As illustrated in FIG. 1, the air conditioner (10)
according to this embodiment includes a refrigerant cir-
cuit (20). Connected in the refrigerant circuit (20) are the
compression/expansion unit (30), an outdoor heat ex-
changer (23), an indoor heat exchanger (24), a first four-
way selector valve (21), and a second four-way selector
valve (22). Furthermore, the refrigerant circuit (20) is filled
with carbon dioxide (CO2) as refrigerant.
[0026] The compression/expansion unit (30) includes
a casing (31) formed in the shape of a vertically long,
cylindrical, closed container. The casing (31) contains a
compression mechanism (50), an expansion mechanism
(60), and an electric motor (45). Inside the casing (31),
the compression mechanism (50), the electric motor (45),
and the expansion mechanism (60) are arranged in bot-
tom-to-top order. The details of the compression/expan-
sion unit (30) will be described below.
[0027] In the refrigerant circuit (20), the compression
mechanism (50) is connected at its discharge side to the
first port of the first four-way selector valve (21) and con-
nected at its suction side to the fourth port of the first four-
way selector valve (21). On the other hand, the expansion
mechanism (60) is connected at its outflow side to the
first port of the second four-way selector valve (22) and
connected at its inflow side to the fourth port of the second
four-way selector valve (22).
[0028] Furthermore, in the refrigerant circuit (20), the
outdoor heat exchanger (23) is connected at one end to
the second port of the second four-way selector valve
(22) and connected at the other end to the third port of
the first four-way selector valve (21). On the other hand,
the indoor heat exchanger (24) is connected at one end
to the second port of the first four-way selector valve (21)
and connected at the other end to the third port of the
second four-way selector valve (22).
[0029] The first four-way selector valve (21) and the
second four-way selector valve (22) are each configured
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to be switchable between a position in which the first and
second ports are communicated with each other and the
third and fourth ports are communicated with each other
(the position illustrated by the solid lines in FIG. 1) and
a position in which the first and third ports are communi-
cated with each other and the second and fourth ports
are communicated with each other (the position illustrat-
ed by the broken lines in FIG. 1).

<STRUCTURE OF COMPRESSION/EXPANSION 
UNIT>

[0030] As illustrated in FIG. 2, the compression/expan-
sion unit (30) includes the above-described casing (31).
The casing (31) is made of, for example, carbon steel.
The casing (31) includes a cylindrical body (32) having
open longitudinal ends, a top portion (33) for closing the
upper end of the body (32), and a bottom portion (34) for
closing the lower end of the body (32). The top portion
(33) and the bottom portion (34) each expand outwardly
and are formed in the shape of a cup. The body (32), the
top portion (33), and the bottom portion (34) each have
a thickness of, for example, approximately 8-9 mm.
[0031] Inside the casing (31), the compression mech-
anism (50), the electric motor (45), and the expansion
mechanism (60) are arranged in bottom-to-top order.
Furthermore, refrigerating machine oil (lubricating oil) is
accumulated at the bottom of the casing (31).
[0032] The internal space of the casing (31) is parti-
tioned into upper and lower spaces by a front head (61)
of the expansion mechanism (60) and a heat insulator
(80). In other words, the front head (61) and the heat
insulator (80) form a partition member for partitioning the
internal space of the casing (31) into a first space (38)
forming the upper space and a second space (39) forming
the lower space. The expansion mechanism (60) is dis-
posed in the first space (38), while the compression
mechanism (50) and the electric motor (45) are disposed
in the second space (49). The first space (38) and the
second space (39) are not completely hermetically
sealed from each other. The internal pressure of the first
space (38) is approximately equal to that of the second
space (39).
[0033] Attached to the casing (31) is the discharge pipe
(36). The discharge pipe (36) is disposed between the
electric motor (45) and the expansion mechanism (60)
and communicated with the second space (39) in the
casing (31). Furthermore, the discharge pipe (36) is
formed in the shape of a relatively short, straight tube
and placed in an approximately horizontal position.
[0034] The electric motor (45) is disposed in a longitu-
dinally middle part of the casing (31). The electric motor
(45) is composed of a stator (46) and a rotor (47). The
stator (46) includes a stator core (46a) fixed to the internal
wall of the body (32) of the casing (31), and coils (46b)
placed on the upper and lower sides of the stator core
(46a). The stator (46) is fixed to the casing (31), for ex-
ample, by shrink fitting. The rotor (47) is placed inside

the stator (46). The rotor (47) is coaxially passed through
by a main spindle (44) of a shaft (40).
[0035] The shaft (40) forms a drive shaft. The shaft
(40) includes two lower eccentric parts (58, 59) formed
towards its lower end and two large-diameter eccentric
parts (41, 42) formed towards its upper end.
[0036] The two lower eccentric parts (58, 59) are
formed with a larger diameter than the main spindle (44),
in which the lower of the two lower eccentric parts (58,
59) forms a first lower eccentric part (58) and the upper
thereof forms a second lower eccentric part (59). The
first lower eccentric part (58) and the second lower ec-
centric part (59) have opposite directions of eccentricity
with respect to the axis of the main spindle (44).
[0037] The two large-diameter eccentric parts (41, 42)
are formed with a larger diameter than the main spindle
(44), in which the lower of the two large-diameter eccen-
tric parts (41, 42) forms a first large-diameter eccentric
part (41) and the upper thereof forms a second large-
diameter eccentric part (42). The first large-diameter ec-
centric part (41) and the second large-diameter eccentric
part (42) have the same direction of eccentricity. The
second large-diameter eccentric part (42) has a larger
outer diameter than the first large-diameter eccentric part
(41). Furthermore, the degree of eccentricity of the sec-
ond large-diameter eccentric part (42) with respect to the
axis of the main spindle (44) is greater than that of the
first large-diameter eccentric part (41).
[0038] Although not illustrated, the shaft (40) has an
oil supply passage formed therein. The beginning of the
oil supply passage opens at the lower end of the shaft
(40), and its end opens at the upper end of the shaft (40).
Furthermore, an upstream portion of the oil supply pas-
sage forms a centrifugal pump. The oil supply passage
sucks the refrigerating machine oil accumulated at the
bottom of the casing (31), and the sucked refrigerating
machine oil is supplied to the compression mechanism
(50) and the expansion mechanism (60).
[0039] The compression mechanism (50) forms a so-
called oscillating piston rotary compressor. The com-
pression mechanism (50) includes two cylinders (51, 52)
and two pistons (57). In the compression mechanism
(50), a rear head (55), the first cylinder (51), a middle
plate (56), the second cylinder (52), and a front head (54)
are stacked in bottom-to-top order.
[0040] The first and second cylinders (51, 52) contain
their respective cylindrical pistons (57) disposed, one in
the interior of each cylinder. Although not illustrated, a
plate-shaped blade extends from the side surface of each
piston (57) and is supported through a swing bush to the
corresponding cylinder (51, 52). The piston (57) in the
first cylinder (51) engages with the first lower eccentric
part (58) of the shaft (40). On the other hand, the piston
(57) in the second cylinder (52) engages with the second
lower eccentric part (59) of the shaft (40). Each of the
pistons (57, 57) is in slidable contact at its inner periphery
with the outer periphery of the corresponding lower ec-
centric part (58, 59) and in slidable contact at its outer
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periphery with the inner periphery of the corresponding
cylinder (51, 52). Thus, a compression chamber (53) is
defined between the outer periphery of each of the pis-
tons (57, 57) and the inner periphery of the corresponding
cylinder (51, 52).
[0041] The first and second cylinders (51, 52) have
their respective suction ports (32) formed, one in each
cylinder. Each suction port (32) radially passes through
the corresponding cylinder (51, 52), and its distal end
opens at the inner periphery of the cylinder (51, 52). Fur-
thermore, suction pipes (132) are inserted, one into each
suction port (32). The suction pipes (132) pass through
a lower part of the body (32), and extend out of the casing
(31).
[0042] The front head (54) and rear head (55) have
their respective discharge ports formed, one in each
head. The discharge port in the front head (54) brings
the compression chamber (53) in the second cylinder
(52) into communication with the second space (39). The
discharge port in the rear head (55) brings the compres-
sion chamber (53) in the first cylinder (51) into commu-
nication with the second space (39). Furthermore, each
discharge port is provided at its distal end with a dis-
charge valve composed of a lead valve, and configured
to be opened and closed by the discharge valve. In FIG.
2, the discharge ports and discharge valves are not illus-
trated. The gas refrigerant discharged from the compres-
sion mechanism (50) into the second space (39) is sent
through the discharge pipe (36) out of the compression/
expansion unit (30).
[0043] As described above, refrigerating machine oil
is supplied through the oil supply passage to the com-
pression mechanism (50). Although not illustrated, pas-
sages branched from the oil supply passage open at the
outer peripheries of the lower eccentric parts (58, 59) and
the outer periphery of the main spindle (44). The refrig-
erating machine oil is supplied through these passages
to the sliding surfaces between each lower eccentric part
(58, 59) and the corresponding piston (57, 57) and the
sliding surfaces between the main spindle (44) and each
of the front head (54) and the rear head (55).
[0044] The expansion mechanism (60) is comprised
of a so-called oscillating piston fluid machine. The ex-
pansion mechanism (60) includes two cylinders (71, 81)
and two pistons (75, 85) which form two cylinder/piston
pairs. The expansion mechanism (60) further includes
the front head (61), a middle plate (63), and a rear head
(62).
[0045] In the expansion mechanism (60), the front
head (61), the first cylinder (71), the middle plate (63),
the second cylinder (81), and the rear head (62) are
stacked in bottom-to-top order. In this state, the first cyl-
inder (71) is closed at the lower end surface by the front
head (61) and closed at the upper end surface by the
middle plate (63). On the other hand, the second cylinder
(81) is closed at the lower end surface by the middle plate
(63) and closed at the upper end surface by the rear head
(62). Furthermore, an inner diameter of the second cyl-

inder (81) is larger than that of the first cylinder (71).
[0046] The heat insulator (80) is disposed under the
front head (61). The heat insulator (80) is formed in the
shape of a flat disc, and fitted into the body (32) of the
casing (31). The heat insulator (80) shields the lower sur-
face of the front head (61) from the second space (39).
[0047] A material of low heat conductivity, such as PI
(polyimide) and PPS (polyphenylene sulfide), is used as
a material of the heat insulator (80).
[0048] The shaft (40) passes through the front head
(61), the first cylinder (71), the middle plate (63), the sec-
ond cylinder (81), the rear head (62), and the heat insu-
lator (80) which are stacked. Furthermore, the first large-
diameter eccentric part (41) of the shaft (40) is located
inside the first cylinder (71), and the second large-diam-
eter eccentric part (42) thereof is located inside the sec-
ond cylinder (81).
[0049] The first and second cylinders (71, 81) contain
their respective cylindrical pistons (75, 85) disposed, one
in the interior of each cylinder. Although not illustrated,
a plate-shaped blade extends from the side surface of
each piston (75, 85) and is supported through a swing
bush to the corresponding cylinder (71, 81). The outer
diameters of the first piston (75) and the second piston
(85) are equal to each other. The inner diameter of the
first piston (75) is approximately equal to the outer diam-
eter of the first large-diameter eccentric part (41), and
the inner diameter of the second piston (85) is approxi-
mately equal to the outer diameter of the second large-
diameter eccentric part (42). The first piston (75) and the
second piston (85) are engaged with the first large-diam-
eter eccentric part (41) and the second large-diameter
eccentric part (42), respectively.
[0050] The first piston (75) is in slidable contact at the
outer periphery with the inner periphery of the first cylin-
der (71), is in slidable contact at one end surface thereof
with the front head (61), and is in slidable contact at the
other end surface with the middle plate (63). In the first
cylinder (71), its inner periphery and the outer periphery
of the first piston (75) define a first fluid chamber (72).
On the other hand, the second piston (85) is in slidable
contact at the outer periphery with the inner periphery of
the second cylinder (81), is in slidable contact at one end
surface thereof with the rear head (62), and is in slidable
contact at the other end surface with the middle plate
(63). In the second cylinder (81), its inner periphery and
the outer periphery of the second piston (85) define a
second fluid chamber (82).
[0051] The first cylinder (71) has an inlet port (34)
formed therein. The inlet port (34) can be communicated
with the first fluid chamber (72). An inlet pipe (134) made
of copper is inserted into the inlet port (34). The inlet pipe
(134) passes through an upper part of the body (32) and
extends out of the casing (31). On the other hand, the
second cylinder (81) has an outlet port (35) formed there-
in. The outlet port (35) can be communicated with the
second fluid chamber (82). An outlet pipe (135) made of
copper is inserted into the outlet port (35). The outlet pipe
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(135) passes through the upper part of the body (32) and
extends out of the casing (31).
[0052] The middle plate (63) has a communicating
passage (64) formed therein. The communicating pas-
sage (64) extends obliquely with respect to the thickness
direction of the middle plate (63), and allows communi-
cation between the first fluid chamber (72) and the sec-
ond fluid chamber (82).
[0053] The compression/expansion unit (30) includes
a terminal (90) for supplying external electric power to
the electric motor (45). The terminal (90) is provided in
the lateral side of the body (32) of the casing (31) and
between the heat insulator (80) and the electric motor
(45). The terminal (90) includes a terminal body (91) and
a plurality of terminal pins (92). The terminal body (91)
is formed in the shape of a flat lid. A fitting hole (32a) into
which the terminal body (91) is fitted is formed in the body
(32) of the casing (31). The terminal body (91) is welded
to the casing (31) while being fitted into the fitting hole
(32a).
[0054] Three terminal pins (92) are maintained while
passing through the terminal body (91). The terminal pins
(92) are fixed through an insulating material, such as
glass, to the terminal body (91). One ends of the terminal
pins (92) project outward of the terminal body (91). The
one ends of the terminal pins (92) are electrically con-
nected through unshown external wires to an external
power source. The other ends of the terminal pins (92)
project backward of the terminal body (91), i.e., toward
the second space (39).
[0055] In the compression/expansion unit (30), the dis-
tance between the heat insulator (80) and the electric
motor (45) is greater than that between the electric motor
(45) and the compression mechanism (50). A wiring
space for a plurality of internal wires (93) is ensured be-
tween the heat insulator (80) and the electric motor (45).
Specifically, one ends of the internal wires (93) are con-
nected, one to each terminal pin (92). The other ends of
the internal wires are connected to the upper coil (46b)
of the electric motor (45). In the above-described manner,
the unshown external power source is electrically con-
nected to the electric motor (45) through the external
wires, the terminal (90), and the internal wires (93).

- OPERATIONAL ACTIONS -

[0056] Actions of the air conditioner (10) will be de-
scribed below. Here, cooling operation of the air condi-
tioner (10) will be described in detail as a typical example.
[0057] In cooling operation, the first four-way selector
valve (21) and the second four-way selector valve (22)
are switched to the positions illustrated by the broken
lines in FIG. 1. When in this state the electric motor (45)
of the compression/expansion unit (30) is energized, re-
frigerant circulates through the refrigerant circuit (20) so
that the refrigerant circuit (20) operates in a vapor com-
pression refrigeration cycle.
[0058] In the compression/expansion unit (30) illustrat-

ed in FIG. 2, the electric motor (45) drives the shaft (40)
to rotate. Consequently, in the compression mechanism
(50), the pistons (57) rotate eccentrically relative to the
corresponding cylinders (51, 52), and refrigerant is com-
pressed in the compression chambers (53). The fluid
compressed in the compression chambers (53) is dis-
charged through the discharge ports to the second space
(39). The discharged refrigerant has a pressure which is
equal to or higher than its critical pressure, and a rela-
tively high temperature (e.g., approximately 90-100 °C).
[0059] The refrigerant discharged to the second space
(39) flows upwardly and then flows out of the discharge
pipe (36). The refrigerant which has flowed out of the
discharge pipe (36) is sent to the outdoor heat exchanger
(23) to radiate heat to the outdoor air. The high-pressure
refrigerant from which heat has been radiated by the out-
door heat exchanger (23) flows through the inlet pipe
(134) into the expansion mechanism (60). The temper-
ature of this refrigerant is, for example, approximately
20-30 °C.
[0060] In the expansion mechanism (60), the refriger-
ant initially expands in the first fluid chamber (72). The
expanded refrigerant flows through the communicating
passage (64) into the second fluid chamber (82). The
refrigerant having further expanded in the second fluid
chamber (82) passes through the outlet pipe (135) and
flows out of the expansion mechanism (60). The temper-
ature of this refrigerant is, for example, approximately
-10-0 °C. In the above-mentioned manner, in the expan-
sion mechanism (60), the expanding power of the refrig-
erant in the first fluid chamber (72) and the second fluid
chamber (82) is recovered, as the torque of the shaft
(40), through the pistons (75, 85).
[0061] The refrigerant exiting the expansion mecha-
nism (60) is sent to the indoor heat exchanger (24). In
the indoor heat exchanger (24), the refrigerant absorbs
heat from the outdoor air to evaporate, thereby cooling
room air. The low-pressure gas refrigerant exiting the
indoor heat exchanger (24) is split into the two suction
pipes (132) and is then sucked into the compression
mechanism (50).
[0062] On the other hand, in heating operation of the
air conditioner (10), the first four-way selector valve (21)
and the second four-way selector valve (22) are switched
to the positions illustrated by the solid lines in FIG. 1. The
compression/expansion unit (30) operates as in the cool-
ing operation. Consequently, the refrigerant circuit (20)
operates in a refrigeration cycle where heat is radiated
from refrigerant by the indoor heat exchanger (24) and
the refrigerant is evaporated by the outdoor heat ex-
changer (23).
[0063] In the cooling and heating operations as de-
scribed above, in the compression/expansion unit (30),
a temperature difference exists between the ambient at-
mosphere of the expansion mechanism (60) and the am-
bient atmosphere of the compression mechanism (50).
Specifically, the atmosphere of the second space (39)
has a higher temperature than that of the first space (38).
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Here, in this embodiment, the heat insulator (80) is dis-
posed between the first space (38) and the second space
(39). This reduces the heat transfer from the second
space (39) to the first space (38) by convection.
[0064] Furthermore, the terminal (90) of this embodi-
ment is provided in the body (32) of the casing (31) so
that the back side of the terminal (90) faces the second
space (39). This arrangement prevents the heat insulator
(80) and the front head (61) from being interposed be-
tween the terminal (90) and the electric motor (45). With
such an arrangement as illustrated in FIG. 3, a through
hole (107) needs to be formed in a partition member (106)
in order to connect a terminal (101) and an electric motor
(105) through internal wires (104). However, in this em-
bodiment, such a through hole is not required. In view of
the above, since the first space (38) and the second
space (39) are completely isolated from each other by
the front head (61) and the heat insulator (80), this iso-
lation advantageously reduces the heat transfer from the
second space (39) to the first space (38) by convection.

- ADVANTAGES OF EMBODIMENT -

[0065] In the compression/expansion unit (30) of this
embodiment, the terminal (90) is provided on the casing
(31) so that the back side of the terminal (90) faces the
second space (39) filled with high-temperature refriger-
ant. Thus, the terminal (90) and the electric motor (45)
can be wired together without forming a through hole in
the partition member (61, 80). This can reduce the heat
transfer from the second space (39) to the first space
(38) by convection. This reduction can reduce the amount
of the heat input from the compression mechanism (50)
into the expansion mechanism (60) and reduce heat loss
from the compression mechanism (50). Furthermore, in
the air conditioner (10), the enthalpy of refrigerant sent
from the expansion mechanism (60) to the indoor heat
exchanger (24) can be prevented from increasing, for
example, in cooling operation. This prevention can avoid
a reduction in the cooling capacity of the air conditioner
(10).
[0066] Moreover, a process for forming a through hole
in the front head (61) and the heat insulator (80) is not
required. This can simplify the machine structure.
[0067] Furthermore, since the back side of the terminal
(90) faces a space between the partition member (61,
80) and the electric motor (45), this can ensure a sufficient
space for wires through which the terminal (90) and the
electric motor (45) are connected to each other. On the
other hand, the distance between the electric motor (45)
and the compression mechanism (60) can be reduced.
This reduction can reliably prevent the axis of the shaft
(40) from being inclined in the compression mechanism
(60). This prevention can prevent whirling of the shaft
(40) in the compression mechanism (60) and thereby en-
sure the reliability of this compression/expansion unit
(30).

«OTHER EMBODIMENTS»

[0068] The fluid machine of the above embodiment
may be configured as follows.
[0069] In the above embodiment, the first space (38)
and the second space (39) may be completely hermeti-
cally sealed from each other. In other words, a sealer for
hermetically isolating the first space (38) and the second
space (39) from each other may be used to completely
prevent high-pressure refrigerant in the second space
(39) from entering into the first space (38). In this case,
fluid expanded by the expansion mechanism (60) may
be allowed to flow out into the first space (38). Thus, the
first space (38) may be filled with the low-pressure refrig-
erant. With this configuration, the inlet pipe (135) is con-
nected to the casing (31) to allow the low-pressure re-
frigerant having flowed out into the first space (3 8) to
flow out of the casing (31).
[0070] In the above embodiment, the front head (61)
and the heat insulator (80) are used as a partition mem-
ber. However, only one of the front head (61) and the
heat insulator (80) may be used as a partition member.
Alternatively, any partition member other than these may
be used.
[0071] Although, in the above embodiment, the expan-
sion mechanism (60) is comprised of an oscillating piston
rotary fluid machine, the type of a fluid machine forming
the expansion mechanism (60) is not limited thereto. For
example, the expansion mechanism (60) may be com-
prised of a rolling piston rotary fluid machine. Alternative-
ly, the expansion mechanism (60) may be comprised of
a scroll fluid machine.
[0072] Although, in the air conditioner (10) of the above
embodiment, carbon dioxide (CO2) is used as refrigerant,
a material used as refrigerant to fill the refrigerant circuit
(20) is not limited thereto. The refrigerant circuit (20) may
be filled with so-called fluorocarbon refrigerant, such as
R410A or R407C. Furthermore, although, in the air con-
ditioner (10) of the above embodiment, the pressure of
the high-pressure refrigerant circulating within a refriger-
ation cycle is set higher than the critical pressure thereof,
it may be set equal to or lower than the critical pressure.
[0073] The above embodiments are merely preferred
embodiments in nature and are not intended to limit the
scope, applications and use of the invention.

INDUSTRIAL APPLICABILITY

[0074] As described above, the present invention is
useful for a fluid machine in which a compression mech-
anism for compressing fluid and an expansion mecha-
nism are contained in a single casing.

Claims

1. A fluid machine comprising:
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a closed casing (31);
a compression mechanism (50) for compressing
fluid;
an expansion mechanism (60) for generating
power by expansion of fluid;
a drive shaft (40) allowing the compression
mechanism (50) and the expansion mechanism
(60) to be mechanically coupled to each other;
an electric motor (45) for driving the drive shaft
(40); and
a terminal (90) for supplying external electric
power to the electric motor (45), where an inte-
rior of the casing (31) is partitioned, by a partition
member (61, 80), into a first space (38) contain-
ing the expansion mechanism (60), and a sec-
ond space (39) containing the compression
mechanism (50) and the electric motor (45),
wherein the terminal (90) is provided on the cas-
ing (31) so that a back side of the terminal (90)
faces the second space (39).

2. The fluid machine of claim 1, wherein
the electric motor (45) is disposed between the par-
tition member (61, 80) and the compression mech-
anism (50), and
the terminal (90) is provided on the casing (31) so
that the back side of the terminal (90) faces a space
between the partition member (61, 80) and the elec-
tric motor (45).

3. The fluid machine of claim 1 or 2, wherein
the compression mechanism (50) is configured to
discharge the compressed fluid to the second space
(39), and
the casing (31) is connected with a discharge pipe
(36) through which the fluid discharged from the
compression mechanism (50) to the second space
(39) flows out of the casing (31).
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