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Description
TECHNICAL FIELD

[0001] Thisinvention relates to fluid machines in which
a compression mechanism and an expansion mecha-
nism are contained in a single casing.

BACKGROUND ART

[0002] Fluid machines are conventionally known in
which an expansion mechanism, an electric motor and
a compression mechanism are connected by a single
rotary shaft. In such afluid machine, the expansion mech-
anism generates power by expanding fluid introduced
thereinto. The power generated by the expansion mech-
anism, together with power generated by the electric mo-
tor, is transmitted to the compression mechanism by the
rotary 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] In such a fluid machine, the expansion mecha-
nism is heated by high-temperature fluid discharged from
the compressor. Thus, when used for hot water supply,
the fluid machine causes a decrease in the discharge
gas temperature of the compressor, which decreases the
hot water supply temperature. On the other hand, when
used for air conditioning, the fluid machine causes a de-
crease in supply air temperature during heating operation
and degrades the performance during cooling operation.
Furthermore, the expansion mechanism itself causes an
internal heat loss, whereby its power recovery effect is
set off.

[0004] Topreventthese problems of performance deg-
radation and decrease in power recovery effect, Patent
Document 1, for example, discloses a technique in which
a heatinsulator is attached to the expansion mechanism.

Patent Document 1: Published Japanese Patent Ap-
plication No. 2005-106064

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] However, itis not possible to prevent, with only
the heat insulator as disclosed in Patent Document 1,
heat flowing through the front head into the expansion
mechanism from the casing sidewall raised to high tem-
perature owing to transfer of heat produced in the com-
pression mechanism, i.e., heat input to the expansion
mechanism due to solid heat conduction. Specifically,
the expansion mechanism, the casing and the member
fixing them to each other (including the welded parts) are
generally made of metallic materials and, therefore, have
high heat conductivity. This causes a problem of occur-
rence of heat exchange due to heat conduction through
the above metallic materials between low-temperature
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refrigerant in the expansion mechanism and high-tem-
perature refrigerant in the compression mechanism.
[0006] The present invention has been made in view
of the foregoing points and, therefore, an object of the
invention is that a fluid machine containing a compres-
sion mechanism and an expansion mechanism in a sin-
gle casing prevents heat exchange between the casing
and the expansion mechanism orthe compression mech-
anism to prevent performance degradation and decrease
in power recovery effect by devising the structure to which
the compression mechanism or the expansion mecha-
nism is fixed.

MEANS TO SOLVE THE PROBLEMS

[0007] To attain the above object, in the presentinven-
tion, the compression mechanism (50) or the expansion
mechanism (60) is fixed through a mounting plate (101)
to the casing (31).

[0008] Specifically, a first aspect of the invention is di-
rected to a fluid machine disposed in a refrigerant circuit
(20) operating in a refrigeration cycle by circulating re-
frigerant therethrough.

[0009] The fluid machine includes: a casing (31); a
compression mechanism (50) contained in the casing
(31) and configured to compress the refrigerant; an ex-
pansion mechanism (60) contained in the casing (31)
and configured to expand the refrigerant; a rotary shaft
(40) disposed in the casing (31) and connecting the com-
pression mechanism (50) and the expansion mechanism
(60); and a mounting plate (101) fixing one of the com-
pression mechanism (50) and the expansion mechanism
(60) to the casing (31).

[0010] With the above structure, the refrigerant com-
pressed by the compression mechanism (50) of the fluid
machine (30), which is disposed in the refrigerant circuit
(20), releases heat in a heat exchanger for heat release
and then flows into the expansion mechanism (60) of the
fluid machine (30). In the expansion mechanism (60),
high-pressure refrigerant having flowed thereinto ex-
pands. Power recovered from the high-pressure refrig-
erant in the expansion mechanism (60) is transmitted to
the compression mechanism (50) by the rotary shaft (40)
and used to drive the compression mechanism (50). The
refrigerant having expanded in the expansion mecha-
nism (60) takes heat in a heat exchanger for heat ab-
sorption and is then sucked into the compression mech-
anism (50) of the fluid machine (30).

[0011] Since the compression mechanism (50) or the
expansion mechanism (60) is firmly fixed to the casing
(31) by the mounting plate (101), this prevents swelling
of the casing (31) and excessive vibration of the com-
pression mechanism (50) or the expansion mechanism
(60).

[0012] In this case, the expansion mechanism (60) is
kept at low temperature, while the compression mecha-
nism (50) is kept at high temperature. Therefore, a tem-
perature difference is produced between both the mech-



3 EP 2 098 730 A1 4

anisms. In view of this, comparison is made between the
difference between the surface temperature of the com-
pression mechanism (50) and the temperature of part of
the casing (31) near to the compression mechanism (50)
and the difference between the surface temperature of
the expansion mechanism (60) and the temperature of
part of the casing (31) near to the expansion mechanism
(60), and one of the compression mechanism (50) and
the expansion mechanism (60) having a greater temper-
ature difference from the casing (31) is fixed to the casing
(31) by the mounting plate (101). This prevents direct
fixation between the casing (31) and the compression
mechanism (50) or the expansion mechanism (60) sig-
nificantly different in temperature from the casing (31)
that would conventionally be done. Therefore, if the
mounting plate (101) is configured to have a high heat
resistance, heat exchange due to heat conduction be-
tween low-temperature refrigerant in the expansion
mechanism (60) and high-temperature refrigerant in the
compression mechanism (50) is reduced.

[0013] A second aspect of the invention is the fluid ma-
chine according to the first aspect of the invention, where-
inthe casing (31) has the shape of a cylindrical container,
the mounting plate (101) is shaped in aring and includes:
mechanism-side mounting parts (104) which are formed
at the inner periphery of the mounting plate (101) and to
which one of the compression mechanism (50) and the
expansion mechanism (60) is fixed; and casing-side
mounting parts (105) formed at the outer periphery of the
mounting plate (101) and fixed to the casing (31), the
casing-side mounting parts (105) radially outwardly ex-
tend to provide a plate outside clearance (108) of given
width from the inside surface of the casing (31) between
each pair of the adjacent casing-side mounting parts
(105), and the mechanism-side mounting parts (104) are
circumferentially offset from the casing-side mounting
parts (105).

[0014] Withthe above structure, since the plate outside
clearances (108) are provided, the joints between the
mounting plate (101) and the casing (31) are the casing-
side mounting parts (105) only. Thus, the heat transfer
area can be reduced as compared with the case where
the mounting plate (101) is joined over the entire circum-
ference to the casing (31). Furthermore, since the mech-
anism-side mounting parts (104) are circumferentially
offset from the casing-side mounting parts (105), the heat
transfer paths can be extended as compared with the
case where each pair of mechanism- and casing-side
mounting parts are arranged at the same circumferential
angle. Thus, the heat resistance is increased, thereby
reducing heat exchange between the casing (31) and the
compression mechanism (50) or the expansion mecha-
nism (60). For these reasons, heat exchange due to heat
conduction between low-temperature refrigerant in the
expansion mechanism (60) and high-temperature refrig-
erant in the compression mechanism (50) is reduced.
[0015] A third aspect of the invention is the fluid ma-
chine according to the second aspect of the invention,
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wherein the fluid machine is configured so that the refrig-
erantis introduced from the refrigerant circuit (20) directly
into the compression mechanism (50) and the com-
pressed refrigerant is discharged from the compression
mechanism (50) to an internal space (49) of the casing
(31) and then flows out of the internal space (49) to the
outside of the casing (31), and the expansion mechanism
(60) is fixed through the mounting plate (101) to the cas-
ing (31).

[0016] With the above configuration, the interior of the
casing (31) is kept under high-temperature and high-
pressure conditions, thereby providing a so-called high-
pressure dome fluid machine. In this case, since the low-
temperature expansion mechanism (60) significantly dif-
ferent in temperature from the atmosphere in the rest of
the interior of the casing (31) is fixed through the mount-
ing plate (101) to the casing (31), heat input due to heat
conduction from the high-temperature casing (31) into
the low-temperature expansion mechanism (60) is re-
duced by the effect of the mounting plate (101) reducing
heat transfer.

[0017] A fourth aspect of the invention is the fluid ma-
chine according to the second aspect of the invention,
wherein the fluid machine is configured so that the refrig-
erantis introduced from the refrigerant circuit (20) directly
into the compression mechanism (50) and the com-
pressed refrigerant is discharged directly to the outside
of the casing (31), and the compression mechanism (50)
is fixed through the mounting plate (101) to the casing
(31).

[0018] With the above configuration, the interior of the
casing (31) is kept under low-temperature and low-pres-
sure conditions, thereby providing a so-called low-pres-
sure dome fluid machine. In this case, since the high-
temperature compression mechanism (50) significantly
different in temperature from the atmosphere in the rest
oftheinterior of the casing (31) is fixed through the mount-
ing plate (101) to the low-temperature casing (31), heat
input due to heat conduction from the high-temperature
compression mechanism (50) into the low-temperature
casing (31) is reduced by the effect of the mounting plate
(101) reducing heat transfer.

[0019] A fifth aspect of the invention is the fluid ma-
chine according to the third aspect of the invention,
wherein the mechanism-side mounting parts (104) are
arranged to connect regions of the expansion mecha-
nism (60) higher in surface temperature than the rest
thereoftoregions of the casing (31) near to the expansion
mechanism (60) and lower in surface temperature than
the rest thereof.

[0020] With this structure, the mechanism-side mount-
ing parts (104) located at one ends of the heat transfer
paths in the mounting plate (101) are arranged to reduce
the surface temperature differences between the expan-
sion mechanism (60) and regions of the casing (31) near
to the expansion mechanism (60). Therefore, the tem-
perature differences between the mechanism-side
mounting parts (104) and the casing-side mounting parts
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(105) are reduced, whereby heat input from the high-
temperature casing (31) to the low-temperature expan-
sion mechanism (60) is reduced. This reduces the
amount of heat exchange due to heat conduction be-
tween low-temperature refrigerant in the expansion
mechanism (60) and high-temperature refrigerant in the
compression mechanism (50).

[0021] A sixth aspect of the invention if the fluid ma-
chine according to the third aspect of the invention,
wherein the casing-side mounting parts (105) are ar-
ranged to connect regions of the expansion mechanism
(60) higher in surface temperature than the rest thereof
to regions of the casing (31) near to the expansion mech-
anism (60) and lower in surface temperature than the
rest thereof.

[0022] With this structure, the casing-side mounting
parts (105) located at one ends of the heat transfer paths
in the mounting plate (101) are arranged to reduce the
surface temperature differences between the expansion
mechanism (60) and regions of the casing (31) near to
the expansion mechanism (60). Therefore, the temper-
ature differences between the mechanism-side mounting
parts (104) and the casing-side mounting parts (105) are
reduced, whereby heat input from the high-temperature
casing (31) to the low-temperature expansion mecha-
nism (60) is reduced. This reduces the amount of heat
exchange due to heat conduction between low-temper-
ature refrigerant in the expansion mechanism (60) and
high-temperature refrigerant in the compression mech-
anism (50).

[0023] A seventh aspect of the invention is the fluid
machine according to any one of the second to sixth as-
pects of the invention, wherein a sector of the mounting
plate (101) lying between each of the mechanism-side
mounting parts (104) and the adjacent casing-side
mounting part (105) has a smaller cross-sectional area
across the circumference than a sector of the mounting
plate (101) lying within each of the casing-side mounting
parts (105).

[0024] With the above structure, the heat transfer ar-
eas of the heat transfer paths in the mounting plate (101)
arereduced, whereby heat exchange between the casing
(31) and the compression mechanism (50) or the expan-
sion mechanism (60) is reduced. This reduces the
amount of heat exchange due to heat conduction be-
tween low-temperature refrigerant in the expansion
mechanism (60) and high-temperature refrigerant in the
compression mechanism (50).

[0025] An eighth aspect of the invention is the fluid
machine according to any one of the second to seventh
aspects of the invention, wherein the mounting plate
(101) has a sheet metal structure.

[0026] With the above structure, since the mounting
plate (101) has a sheet metal structure formed of a thin
metal sheet, the heat transfer areas of the heat transfer
paths are reduced, whereby heat exchange between the
casing (31) and the compression mechanism (50) or the
expansion mechanism (60) is reduced. This reduces the
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amount of heat exchange due to heat conduction be-
tween low-temperature refrigerant in the expansion
mechanism (60) and high-temperature refrigerant in the
compression mechanism (50).

[0027] A ninth aspect of the invention is the fluid ma-
chine according to any one of the second to eighth as-
pects of the invention, wherein the mounting plate (10)
has a plurality of through holes (106, 107) formed therein.
[0028] With the above structure, since the mounting
plate (101) has through holes (106, 107) formed therein,
the heat transfer areas of the heat transfer paths are re-
duced, whereby heat exchange between the casing (31)
and the compression mechanism (50) or the expansion
mechanism (60) is reduced. This reduces the amount of
heat exchange due to heat conduction between low-tem-
perature refrigerant in the expansion mechanism (60)
and high-temperature refrigerant in the compression
mechanism (50).

[0029] A tenth aspect of the invention is the fluid ma-
chine according to any one of the second to ninth aspects
of the invention, further including a heat insulator (90, 96)
that is disposed in the internal space of the casing (31),
covers the entire exposed surface of one of the compres-
sion mechanism (50) and the expansion mechanism (60)
within the casing (31) and is passed through by the rotary
shaft (40).

[0030] With the above structure, since the heat insu-
lator (90, 96) covers the entire exposed surface of the
compression mechanism (50) or the expansion mecha-
nism (60) within the casing (31), this prevents heat ex-
change between the internal space of the casing (31)
and the compression mechanism (50) or the expansion
mechanism (60) covered with the heat insulator (90, 96).
Therefore, heat exchange between the casing (31) and
the compression mechanism (50) or the expansion
mechanism (60) is further reduced. This reduces the
amount of heat exchange due to heat conduction be-
tween low-temperature refrigerant in the expansion
mechanism (60) and high-temperature refrigerant in the
compression mechanism (50).

[0031] An eleventh aspect of the invention is the fluid
machine according to the tenth aspect of the invention,
wherein the heat insulator (90, 96) is divided in the axial
direction of the rotary shaft (40) into a first heat insulator
(90) and a second heat insulator (96) that are bounded
by each other in line with the mounting plate (101).
[0032] With the above structure, although the com-
pression mechanism (50) or the expansion mechanism
(60) is fixed through the mounting plate (101) to the cas-
ing (31), the heat insulator (90, 96) is easily assembled
with them by dividing it into the first heat insulator (90)
and the second heat insulator (96).

[0033] A twelfth aspect of the invention is the fluid ma-
chine according to the tenth or eleventh aspect of the
invention, wherein the heat insulator (90, 96) extends
into the plate outside clearances (108).

[0034] With the above structure, since the mounting
plate (101) is also covered with the heat insulator (90,
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96), this prevents heat exchange between refrigerantand
the mounting plate (101), whereby heat exchange be-
tween the casing (31) and the compression mechanism
(50) or the expansion mechanism (60) is further reduced.
This reduces the amount of heat exchange due to heat
conduction between low-temperature refrigerant in the
expansion mechanism (60) and high-temperature refrig-
erant in the compression mechanism (50).

[0035] A thirteenth aspect of the invention is the fluid
machine according to any one of the second to twelfth
aspects of the invention, wherein at least one of each
pair of the mechanism-side mounting part (104) and a
joint part (67) of one of the compression mechanism (50)
and the expansion mechanism (60) joined to the mech-
anism-side mounting part (104) is protruded to reduce
the contact area therebetween.

[0036] With the above structure, the heat transfer ar-
eas of the heat transfer paths between the mounting plate
(101) and the compression mechanism (50) or the ex-
pansion mechanism (60) are reduced as compared with
the case where each pair of the mechanism-side mount-
ing part (104) and the joint part (67) are joined to each
other in face-to-face contact between the mounting plate
(101) and the counterpart. Thus, heat exchange between
the casing (31) and the compression mechanism (50) or
the expansion mechanism (60) is reduced. This reduces
the amount of heat exchange due to heat conduction
between low-temperature refrigerant in the expansion
mechanism (60) and high-temperature refrigerant in the
compression mechanism (50).

[0037] A fourteenth aspect of the invention is the fluid
machine according to any one of the second to thirteenth
aspects of the invention, wherein a heat insulating spacer
(110) made of a heat insulating material is disposed be-
tween each pair of the mechanism-side mounting part
(104) and a joint part (67) of one of the compression
mechanism (50) and the expansion mechanism (60)
joined to the mechanism-side mounting part (104).
[0038] Withtheabove structure, since aheatinsulating
spacer (110) having a small coefficient of heat transfer
is disposed between each pair of the mechanism-side
mounting part (104) and the joint part (67), the heat re-
sistance between the mounting plate (101) and the com-
pression mechanism (50) or the expansion mechanism
(60) is increased. Thus, heat exchange between the cas-
ing (31) and the compression mechanism (50) or the ex-
pansion mechanism (60) is reduced. This reduces the
amount of heat exchange due to heat conduction be-
tween low-temperature refrigerant in the expansion
mechanism (60) and high-temperature refrigerant in the
compression mechanism (50).

[0039] A fifteenth aspect of the invention is the fluid
machine according to any one of the second to fourteenth
aspects of the invention, wherein the refrigerant circuit
(20) uses carbon dioxide as the refrigerant to operate in
a supercritical refrigeration cycle.

[0040] With the above configuration, carbon dioxide
as the refrigerant circulates through the refrigerant circuit
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(20) in which the fluid machine (30) is connected. The
compression mechanism (50) of the fluid machine (30)
compresses sucked refrigerant to the critical pressure or
higher and then discharges it. The high-pressure refrig-
erant of critical pressure or higher is introduced into the
expansion mechanism (60) of the fluid machine (30) and
expands therein.

EFFECTS OF THE INVENTION

[0041] As described above, in the present invention,
the compression mechanism (50) or the expansion
mechanism (60) significantly different in temperature
from the casing (31) is not fixed directly to the casing (31)
but fixed to the casing (31) through the mounting plate
(101), thereby reducing heat exchange between the cas-
ing (31) and the compression mechanism (50) or the ex-
pansion mechanism (60). Thus, the fluid machine con-
taining the compression mechanism (50) and the expan-
sion mechanism 860) in a single casing can prevent per-
formance degradation and decrease in power recovery
effect.

[0042] Accordingtothe second aspectofthe invention,
since a plate outside clearance (108) is formed from the
casing (31) between each pair of adjacent casing-side
mounting parts (105) extending from the mounting plate
(101), this reduces the joint area between the mounting
plate (101) and the casing (31) and thereby reduces the
heat transfer area. Furthermore, since the mechanism-
side mounting parts (104) of the ring-shaped mounting
plate (101) are circumferentially offset from the casing-
side mounting parts (105) thereof to extend the heat
transfer paths and thereby increase the heat resistance,
this further prevents performance degradation and de-
crease in power recovery effect.

[0043] According to the third aspect of the invention,
in the high-pressure dome fluid machine, the low-tem-
perature expansion mechanism (60) significantly differ-
entin temperature from the atmosphere of the rest of the
interior of the casing (31) is fixed to the casing (31)
through the mounting plate (101), thereby reducing heat
exchange due to heat conduction between the high-tem-
perature casing (31) and the low-temperature expansion
mechanism (60). This further prevents performance deg-
radation and decrease in power recovery effect.

[0044] According to the fourth aspect of the invention,
in the low-pressure dome fluid machine, the high-tem-
perature compression mechanism (50) significantly dif-
ferent in temperature from the atmosphere in the rest of
the interior of the casing (31) is fixed through the mount-
ing plate (101) to the low-temperature casing (31), there-
by reducing heat exchange due to heat conduction be-
tween the low-temperature casing (31) and the high-tem-
perature compression mechanism (50). This further pre-
vents performance degradation and decrease in power
recovery effect.

[0045] According to the fifth aspect of the invention,
the mechanism-side mounting parts (104) are arranged
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to reduce the surface temperature differences between
the expansion mechanism (60) and regions of the casing
(31) near to the expansion mechanism (60), thereby re-
ducing heat input from the high-temperature side to the
low-temperature side. This further prevents performance
degradation and decrease in power recovery effect.
[0046] According to the sixth aspect of the invention,
the casing-side mounting parts (105) are arranged to re-
duce the surface temperature differences between the
expansion mechanism (60) and regions of the casing (31)
near to the expansion mechanism (60), thereby reducing
heatinput from the high-temperature side to the low-tem-
perature side. This further prevents performance degra-
dation and decrease in power recovery effect.

[0047] According to the seventh aspect of the inven-
tion, the cross-sectional area of the mounting plate (101)
across the circumference is reduced to reduce the heat
transfer areas of the heat transfer paths, thereby reduc-
ing heat exchange between the casing (31) and the com-
pression mechanism (50) or the expansion mechanism
(60). This further prevents performance degradation and
decrease in power recovery effect.

[0048] According to the eighth aspect of the invention,
the mounting plate (101) has a sheet metal structure
formed of a thin metal sheet to reduce the heat transfer
areas of the heat transfer paths, thereby reducing heat
exchange between the casing (31) and the compression
mechanism (50) or the expansion mechanism (60). This
further prevents performance degradation and decrease
in power recovery effect.

[0049] According to the ninth aspect of the invention,
a plurality of through holes (106, 107) are formed in the
mounting plate (101) to reduce the heat transfer areas
of the heat transfer paths, thereby reducing heat ex-
change between the casing (31) and the compression
mechanism (50) or the expansion mechanism (60). This
further prevents performance degradation and decrease
in power recovery effect.

[0050] According to the tenth aspect of the invention,
the heat insulator (90, 96) covers the entire exposed sur-
face of the compression mechanism (50) or the expan-
sion mechanism (60) within the casing (31), thereby pre-
venting heat exchange between the internal space of the
casing (31) and the compression mechanism (50) or the
expansion mechanism (60) covered with the heat insu-
lator (90, 96). This prevents performance degradation
and decrease in power recovery effect.

[0051] According to the eleventh aspect of the inven-
tion, since the heat insulator (90, 96) is divided in the
axial direction of the rotary shaft (40) into two parts
bounded by each other in line with the mounting plate
(101), the heatinsulator (90, 96) can be easily assembled
with the other components, which reduces the production
cost.

[0052] According to the twelfth aspect of the invention,
the heat insulator (90, 96) extends also in the plate out-
side clearances (108) to prevent heat exchange between
the mounting plate (101) and refrigerant and thereby re-
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duce heat exchange between the casing (31) and the
compression mechanism (50) or the expansion mecha-
nism (60). This further prevents performance degrada-
tion and decrease in power recovery effect.

[0053] According to the thirteenth aspect of the inven-
tion, at least one of each pair of the mechanism-side
mounting part (104) and the joint part (67) of the com-
pression mechanism (50) or the expansion mechanism
(60) is protruded to reduce the contact area therebe-
tween, thereby reducing heat exchange between the cas-
ing (31) and the compression mechanism (50) or the ex-
pansion mechanism (60). This further prevents perform-
ance degradation and decrease in power recovery effect.
[0054] According to the fourteenth aspect of the inven-
tion, a heat insulating spacer (110) made of a heat insu-
lating material is disposed between each pair of the
mechanism-side mounting part (104) and the joint part
(67) of the compression mechanism (50) or the expan-
sion mechanism (60) to increase the heat resistance be-
tween the mounting plate (101) and the compression
mechanism (50) or the expansion mechanism (60),
thereby reducing heat exchange between the casing (31)
and the compression mechanism (50) or the expansion
mechanism (60). This further prevents performance deg-
radation and decrease in power recovery effect.

BRIEF DESCRIPTION OF DRAWINGS
[0055]

[FIG. 1] FIG. 1 is a piping diagram showing the con-
figuration of a refrigerant circuit in Embodiment 1.
[FIG. 2] FIG. 2 is a longitudinal cross-sectional view
showing a schematic structure of a compression/ex-
pansion unit according to Embodiment 1.

[FIG. 3] FIG. 3 is a longitudinal cross-sectional view
showing an expansion mechanism and heat insula-
tors in Embodiment 1.

[FIG. 4] FIG. 4 is a cross-sectional view taken along
the line IV-IV in FIG. 3.

[FIG. 5] FIG. 5 is a cross-sectional view taken along
the line V-V in FIG. 4.

[FIG. 6] FIG. 6 is a cross-sectional view taken along
the line VI-VI in FIG. 4.

[FIG. 7] FIG. 7 is an enlarged view showing an es-
sential part of the expansion mechanism in Embod-
iment 1.

[FIG. 8] FIG. 8 is schematic transverse cross-sec-
tional views of the expansion mechanism in Embod-
iment 1, showing the states of the expansion mech-
anism at every 90° of angle of rotation of a rotary
shaft.

[FIG. 9] FIG. 9 is a corresponding view of FIG. 4,
showing Modification 1 of Embodiment 1.

[FIG. 10] FIG. 10 is a cross-sectional view taken
along the line X-Xin FIG. 3.

[FIG. 111 FIG. 11 is a perspective view showing the
temperature distribution in the inside surface of a
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casing.

[FIG. 12] FIG. 12 is a corresponding view of FIG. 4,
showing Modification 2 of Embodiment 1.

[FIG. 13] FIG. 13 is a corresponding view of FIG. 6,
showing Modification 3 of Embodiment 1.

LIST OF REFERENCE NUMERALS

[0056]

20 refrigerant circuit

30 compression/expansion unit
31 casing

40 rotary shaft

49 second space (internal space)
50 compression mechanism

60 expansion mechanism

90 first heat insulator

96 second heat insulator

101 mounting plate

104 mechanism-side mounting part
105 casing-side mounting part
106, 107  through hole

108 plate outside clearance

BEST MODE FOR CARRYING OUT THE INVENTION

[0057] Embodiments of the present invention will be
described below in detail with reference to the drawings.
This embodiment is directed to an air conditioner includ-
ing a compression/expansion unit that is a fluid machine
according to the present invention.

<GENERAL STRUCTURE OF AIR CONDITIONER>

[0058] As shown in FIG. 1, the air conditioner (1) ac-
cording to this embodiment includes a refrigerant circuit
(20). Connected in the refrigerant circuit (20) are the com-
pression/expansion unit (30), an outdoor heat exchanger
(23), an indoor heat exchanger (24), a first four-way se-
lector valve (21) and a second four-way selector valve
(22). Furthermore, the refrigerant circuit (20) is filled with
carbon dioxide (CO2) as refrigerant.

[0059] 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 later.

[0060] In the refrigerant circuit (20), the compression
mechanism (50) is connected at its discharge side (a
discharge pipe (37)) to the first port of the first four-way
selector valve (21) and connected at its suction side (suc-
tion pipes (36)) to the fourth port of the first four-way
selector valve (21). On the other hand, the expansion
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mechanism (60) is connected at its outflow side (an outlet
pipe (39)) to the first port of the second four-way selector
valve (22) and connected at its inflow side (an inlet pipe
(38)) to the fourth port of the second four-way selector
valve (22).

[0061] 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).

[0062] The first four-way selector valve (21) and the
second four-way selector valve (22) are each configured
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 shown in 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 shown
in the broken lines in FIG. 1).

<STRUCTURE OF COMPRESSION/EXPANSION
UNIT>

[0063] AsshowninFIG.2,the compression/expansion
unit (30) includes a casing (31) that is a vertically long,
cylindrical, closed container. Inside the casing (31), the
compression mechanism (50), the electric motor (45) and
the expansion mechanism (60) are arranged in bottom
to top order. Furthermore, refrigerating machine oil serv-
ing as lubricating oil is accumulated at the bottom of the
casing (31). In other words, inside the casing (31), refrig-
erating machine oil is accumulated towards the compres-
sion mechanism (50).

[0064] The internal space of the casing (31) is parti-
tioned into upper and lower spaces by a later-described
first heat insulator (90) disposed under a front head (61)
of the expansion mechanism (60). The upper space con-
stitutes a first space (48) and the lower space constitutes
a second space (49). In the first space (48) the expansion
mechanism (60) is disposed, while in the second space
(49) the compression mechanism (50) and the electric
motor (45) are disposed.

[0065] Attachedtothe casing (31)isthe discharge pipe
(37). The discharge pipe (37) is disposed between the
electric motor (45) and the expansion mechanism (60)
and communicated with the second space (49) in the
casing (31). Furthermore, the discharge pipe (37) is
formed in the shape of a relatively short, straight tube
and placed in an approximately horizontal position.
[0066] 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) is fixed to the casing (31), such as by shrink
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fitting. The rotor (47) is placed inside the stator (46). The
rotor (47) is coaxially passed through by a main spindle
(44) of a rotary shaft (40).

[0067] The rotary shaft (40) constitutes a rotation axis.
The rotary shaft (40) includes two lower eccentric parts
(58, 59) formed towards its lower end and two large-di-
ameter eccentric parts (41, 42) formed towards its upper
end. A lower end part of the rotary shaft (40) having the
lower eccentric parts (58, 59) formed thereat is engaged
with the compression mechanism (50), while an upper
end part thereof having the large-diameter eccentric
parts (41, 42) formed thereat is engaged with the expan-
sion mechanism (60).

[0068] 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 constitutes a first lower ec-
centric part (58) and the upper constitutes a second lower
eccentric part (59). The first lower eccentric part (58) and
the second lower eccentric part (59) have opposite di-
rections of eccentricity with respect to the axis of the main
spindle (44).

[0069] 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 constitutes a first large-
diameter eccentric part (41) and the upper constitutes a
second large-diameter eccentric part (42). Thefirstlarge-
diameter eccentric part (41) and the second large-diam-
eter eccentric part (42) have the same direction of ec-
centricity. The second large-diameter eccentric part (42)
has a larger outer diameter than the first large-diameter
eccentric part (41). Furthermore, in terms of degree of
eccentricity with respect to the axis of the main spindle
(44), the second large-diameter eccentric part (42) is
larger than the first large-diameter eccentric part (41).
[0070] Although not shown, the rotary shaft (40) has
an oil feeding channel formed therein. The oil feeding
channel extends along the rotary shaft (40). Its beginning
opens at the lower end of the rotary shaft (40) and its end
opens at the upper part of the rotary shaft (40). Through
the oil feeding channel refrigerating machine oil is fed to
the compression mechanism (50) and the expansion
mechanism (60). However, refrigerating machine oil fed
to the expansion mechanism (60) is at a minimum, and
refrigerating machine oil having lubricated the expansion
mechanism (60) does not flow out into the first space (48)
but is discharged through the outlet pipe (39).

[0071] The compression mechanism (50) is constitut-
ed by a so-called oscillating piston rotary compressor.
The compression mechanism (50) includes two cylinders
(51, 52) and two pistons (57). In the compression mech-
anism (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.

[0072] The first and second cylinders (51, 52) contain
their respective cylindrical pistons (57) disposed, one in
the interior of each cylinder. Although not shown, a plate-
shaped blade extends from the side surface of each pis-
ton (57) and is supported through a swing bush to the
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associated cylinder (51, 52). The piston (57) in the first
cylinder (51) engages with the first lower eccentric part
(58) of the rotary shaft (40). On the other hand, the piston
(57) in the second cylinder (52) engages with the second
lower eccentric part (59) of the rotary shaft (40). Each of
the pistons (57, 57) is in slidable contact at its inner pe-
riphery with the outer periphery of the associated lower
eccentric part (58, 59) and in slidable contact at its outer
periphery with the inner periphery of the associated cyl-
inder (51, 52). Thus, a compression chamber (53) is de-
fined between the outer periphery of each of the pistons
(57,57) and the inner periphery of the associated cylinder
(51, 52).

[0073] 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 associated cylinder (51, 52) and its distal end opens
on the inner periphery of the cylinder (51, 52). Further-
more, each suction port (32) is extended to the outside
of the casing (31) by the associated suction pipe (36).
[0074] 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 (49). 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 (49). 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 given.
The gas refrigerant discharged from the compression
mechanism (50) into the second space (49) is sent
through the discharge pipe (37) out of the compression/
expansion unit (30).

[0075] As also shown in magnified form in FIG. 3, the
expansion mechanism (60) is constituted by a so-called
oscillating piston rotary expander. The expansion mech-
anism (60) includes two cylinders (71, 72) and two pistons
(75, 85) in two cylinder-piston pairs. The expansion
mechanism (60) further includes the front head (61), a
middle plate (63) and a rear head (62).

[0076] 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, the second cylinder (81) has a larger
inner diameter than the first cylinder (71).

[0077] The expansion mechanism (60) is fixed through
a mounting plate (101) to the inside surface of the casing
(31). Asshownin FIGS. 4 and 5, the mounting plate (101)
has a ring-shaped sheet metal structure and includes a
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disc-shaped plate body (102) and a bent part (103) bent
approximately 90 degrees downward from the plate body
(102) over the entire circumference. The mounting plate
(101) further includes: mechanism-side mounting parts
(104) formed at the inner periphery of the mounting plate
(101) and fixed to the expansion mechanism (60); and
casing-side mounting parts (105) formed at the outer pe-
riphery of the mounting plate (101) and fixed to the casing
(31).

[0078] On the expansion mechanism (60), joint parts
(67) joined to the respective mechanism-side mounting
parts (104) are formed to extend outward from the outer
periphery of the front head (61). In this embodiment, the
joint parts (67) are formed at three points along the cir-
cumference of the front head (61) at equally spaced 120°
intervals. As shown in FIG. 6, each joint part (67) has a
bolt hole (68) formed in the center thereof. The rim of the
bolt hole (68) is formed to protrude upward. Likewise,
each mechanism-side mounting part (104) has a bolt hole
(104a) formed in the center thereof. The rim of the bolt
hole (104a) is formed to protrude downward. This reduc-
es the contact area between the mechanism-side mount-
ing parts (104) and the joint parts (67).

[0079] The casing-side mounting parts (105) are
formed to extend radially outward from the outer periph-
ery of the mounting plate (101). In this embodiment, the
casing-side mounting parts (105) are formed at three
points along the circumference of the mounting plate
(101) at equally spaced 120° intervals. The casing-side
mounting parts (105) are welded to the inside surface of
the casing (31). Between each pair of adjacent casing-
side mounting parts (105), a plate outside clearance
(108) from the casing (31) is formed to have a given width.
[0080] Furthermore, a sector of the mounting plate
(101) lying between each mechanism-side mounting part
(104) and the adjacent casing-side mounting part (105)
has a smaller cross-sectional area across the circumfer-
ence than a sector of the mounting plate (101) lying within
the casing-side mounting part (105). The mounting plate
(101) has a plurality of through holes (106, 107) for re-
ducing the cross-sectional area across the circumfer-
ence.

[0081] AsshowninFIG.4,the mechanism-side mount-
ing parts (104) are circumferentially offset from the cas-
ing-side mounting parts (105). In other words, in this em-
bodiment, each casing-side mounting part (105) is ar-
ranged in the circumferential middle between the two ad-
jacent mechanism-side mounting parts (104).

[0082] The rotary shaft (40) passes through the front
head (61), the first cylinder (71), the middle plate (63)
and the second cylinder (81) that are stacked. The rear
head (62) has a center hole formed in the center and
passing through the rear head (62) in the thickness di-
rection. Inserted into the center hole of the rear head (62)
is the upper end of the rotary shaft (40). Furthermore,
the first large-diameter eccentric part (41) of the rotary
shaft (40) is located inside the first cylinder (71) and the
second large-diameter eccentric part (42) thereof is lo-
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cated inside the second cylinder (81).

[0083] As also shown in FIGS. 7 and 8, the first piston
(75) and the second piston (85) are placed in the first
cylinder (71) and the second cylinder (81), respectively.
The first and second pistons (75, 85) are each formed in
an annular or cylindrical shape. 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 diameter of the first
large-diameter eccentric part (41), and the inner diameter
of the second piston (85) is approximately equal to the
outer diameter of the second large-diameter eccentric
part (42). The first piston (75) and the second piston (85)
are passed through by the first large-diameter eccentric
part (41) and the second large-diameter eccentric part
(42), respectively.

[0084] The first piston (75) is slidably engaged 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 defines a first expansion
chamber (72) together with the outer periphery of the first
piston (75). On the other hand, the second piston (85) is
slidably engaged at the outer periphery with the inner
periphery of the second cylinder (81), is in slidable con-
tact 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 defines a second expansion chamber (82) to-
gether with the outer periphery of the second piston (85).
[0085] The first and second pistons (75, 85) are inte-
grally formed with blades (76, 86), one for each piston.
Each blade (76, 86) is formed in the shape of a plate
extending in a radial direction of the associated piston
(75, 85) and extends outward from the outer periphery
of the piston (75, 85). The blade (76) of the first piston
(75) and the blade (86) of the second piston (85) are
inserted into a bush hole (78) in the first cylinder (71) and
abush hole (88) in the second cylinder (81), respectively.
The bush hole (78, 88) of each cylinder (71, 81) passes
through the associated cylinder (71, 81) in a thickness
direction and opens on the inner periphery of the cylinder
(71, 81). These bush holes (78, 88) constitute through
holes.

[0086] The cylinders (71, 81) are provided with pairs
of bushes (77, 87), each cylinder with one pair of bushes.
Each bush (77, 87) is a small piece formed so that its
inside surface is flat and its outside surface is arcuate.
In each cylinder (71, 81), the pair of bushes (77, 87) are
inserted into the associated bush hole (78, 88) to sand-
wich the associated blade (76, 86) therebetween. Each
bush (77, 87) slides with the inside surface on the asso-
ciated blade (76, 86) and slides with the outside surface
on the associated cylinder (71, 81). Each blade (76, 86)
integral with the piston (75, 85) is supported through the
associated bushes (77, 87) to the associated cylinder
(71, 81) and is free to angularly move with respect to and
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free to enter and retract from the cylinder (71, 81).
[0087] The first expansion chamber (72) in the first cyl-
inder (71) is partitioned by the first blade (76) integral
with the first piston (75); a region thereof to the left of the
first blade (76) in FIGS. 7 and 8 provides a first high-
pressure chamber (73) of relatively high pressure, while
aregion thereof to the right of the first blade (76) provides
a first low-pressure chamber (74) of relatively low pres-
sure. The second expansion chamber (82) in the second
cylinder (81) is partitioned by the second blade (86) in-
tegral with the second piston (85); a region thereof to the
left of the second blade (86) in FIGS. 7 and 8 provides a
second high-pressure chamber (83) of relatively high
pressure, while a region thereof to the right of the second
blade (86) provides a second low-pressure chamber (84)
of relatively low pressure.

[0088] The first cylinder (71) and the second cylinder
(81) are arranged in postures in which the circumferential
relative positions between their associated pairs of bush-
es (77, 87) coincide with each other. In other words, the
angle of displacement of the second cylinder (81) relative
to the first cylinder (71) is 0°. As described previously,
thefirstlarge-diameter eccentric part (41) and the second
large-diameter eccentric part (42) have the same direc-
tion of eccentricity with respect to the axis of the main
spindle (44). Therefore, when the first blade (76) comes
to a most retracted position towards the outside of the
first cylinder (71), the second blade (86) concurrently
comes to a most retracted position towards the outside
of the second cylinder (81).

[0089] The first cylinder (71) has an inlet port (34)
formed therein. The inlet port (34) opens on the inner
periphery of the first cylinder (71) slightly to the left of the
bushes (77) in FIGS. 7 and 8. The inlet port (34) can be
communicated with the first high-pressure chamber (73).
Onthe other hand, the second chamber (81) has an outlet
port (35) formed therein. The outlet port (35) opens on
the inner periphery of the second cylinder (81) slightly to
the right of the bushes (87) in FIGS. 7 and 8. The outlet
port (35) can be communicated with the second low-pres-
sure chamber (84).

[0090] The middle plate (63) has a communicating
channel (64) formed therein. The communicating chan-
nel (64) passes through the middle plate (63) in the thick-
ness direction. In the surface of the middle plate (63)
facing the first cylinder (71), one end of the communicat-
ing channel (64) opens at a position to the right of the
first blade (76). In the other surface of the middle plate
(63) facing the second cylinder (81), the other end of the
communicating channel (64) opens at a position to the
left of the second blade (86). Furthermore, as shown in
FIG. 7, the communicating channel (64) extends oblique-
ly with respect to the thickness direction of the middle
plate (63) and brings about communication between the
first low-pressure chamber (74) and the second high-
pressure chamber (83).

[0091] In the expansion mechanism (60) in this em-
bodiment configured as described above, a first rotary
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mechanism (70) is constituted by the first cylinder (71),
and the bushes (77), the first piston (75) and the first
blade (76) that are provided in association with the first
cylinder (71). Furthermore, a second rotary mechanism
(80) is constituted by the second cylinder (81), and the
bushes (87), the second piston (85) and the second blade
(86) that are provided in association with the second cyl-
inder (81).

[0092] As shown in FIG. 3, the internal space of the
casing (31) contains a heat insulator (90, 96) covering
the entire exposed surface of the expansion mechanism
(60) within the casing (31) and passed through by the
rotary shaft (40). The heat insulator (90, 96) is divided in
the axial direction of the rotary shaft (40) into a first heat
insulator (90) and a second heat insulator (96) that are
bounded by each other in line with the mounting plate
(101).

[0093] The lower first heat insulator (90) is disposed
to abut on the side of the expansion mechanism (60) near
to the compression mechanism (50) and cover the ex-
pansion mechanism (60) from the surroundings of the
rotary shaft (40) to the inner periphery of the casing (31).
Thus, the first heatinsulator (90) separates the first space
(48), which is located around the low-temperature ex-
pansion mechanism (60) and has a significant tempera-
ture difference from the atmosphere in the rest of the
interior of the casing (31), from the second space (49).
[0094] Specifically, the first heat insulator (90) is
shaped in a disc having a center hole through which the
rotary shaft (40) is inserted, and disposed to abut on the
under surface of the front head (61) of the expansion
mechanism (60). A minimum clearance is provided be-
tween the outer periphery of the rotary shaft (40) and the
inner periphery of the first heat insulator (90) so as not
to interfere with the rotation of the rotary shaft (40).
[0095] As shown in FIG. 3, the upper second heat in-
sulator (96) has a substantially cylindrical shape having
a top wall and covers all of the exposed side and top
surfaces of the expansion mechanism (60) within the cas-
ing (31). More specifically, the second heat insulator (96)
is passed through by the inlet pipe (38) and the outlet
pipe (39). Preferably, the outer peripheries of the inlet
pipe (38) and outlet pipe (39) are also covered with the
second heat insulator (96).

[0096] Furthermore, as shown in FIG. 4, the heat in-
sulator (90, 96) extends also into the plate outside clear-
ances (108) from the casing (31) between the adjacent
casing-side mounting parts (105). More specifically, the
side surface of the mounting plate (101) is covered with
extensions from the under surface of the second heat
insulator (96). Alternatively, the side surface of the
mounting plate (101) may be covered with extensions
from the top surface of the first heat insulator (90).
[0097] The first and second heat insulators (90, 96)
are made of resin moldings. Concrete examples of the
resin moldings include super engineering plastics having
high heat-resistance (of 240°C to 250°C). Examples of
such super engineering plastics include polyphenylene
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sulfide (PPS), polyether ether ketone (PEEK) and poly-
imide (PI).

- OPERATIONAL ACTIONS -

[0098] Actions of the air conditioner (10) will be de-
scribed below. Here, a description is given first of the
action of the air conditioner (10) in cooling operation, then
the action thereof in heating operation and then the action
of the expansion mechanism (60).

<COOLING OPERATION>

[0099] In cooling operation, the first four-way selector
valve (21) and the second four-way selector valve (22)
are switched to the positions shown in the broken lines
in FIG. 1. When in this state the electric motor (45) of the
compression/expansion unit (30) is energized, refriger-
ant circulates through the refrigerant circuit (20) so that
the refrigerant circuit (20) operates in a vapor compres-
sion refrigeration cycle.

[0100] The refrigerant compressed by the compres-
sion mechanism (50) is discharged through the discharge
pipe (37) out of the compression/expansion unit (30). In
this state, the refrigerant pressure is higher than the crit-
ical pressure. The discharged refrigerant is sent to the
outdoor heat exchanger (23) and therein releases heat
to the outdoor air. The high-pressure refrigerant having
released heat in the outdoor heat exchanger (23) passes
through the inlet pipe (38) and then flows into the expan-
sion mechanism (60). In the expansion mechanism (60),
the high-pressure refrigerant expands and power is re-
covered from the high-pressure refrigerant. The low-
pressure refrigerant obtained by expansion is sent
through the outlet pipe (39) to the indoor heat exchanger
(24). In the indoor heat exchanger (24), the refrigerant
having flowed therein takes heat from room air to evap-
orate, thereby cooling the room air. The low-pressure
gas refrigerant having flowed out of the indoor heat ex-
changer (24) passes through the suction pipes (36) and
is then sucked through the suction ports (32) into the
compression mechanism (50). The compression mech-
anism (50) compresses the sucked refrigerant and dis-
charges it.

<HEATING OPERATION>

[0101] In heating operation, the first four-way selector
valve (21) and the second four-way selector valve (22)
are switched to the positions shown in the solid lines in
FIG. 1. When in this state the electric motor (45) of the
compression/expansion unit (30) is energized, refriger-
ant circulates through the refrigerant circuit (20) so that
the refrigerant circuit (20) operates in a vapor compres-
sion refrigeration cycle.

[0102] The refrigerant compressed by the compres-
sion mechanism (50) is discharged through the discharge
pipe (37) out of the compression/expansion unit (30). In
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this state, the refrigerant pressure is higher than the crit-
ical pressure. The discharged refrigerant is sent to the
indoor heat exchanger (24). In the indoor heat exchanger
(24), the refrigerant having flowed therein releases heat
to room air, thereby heating the room air. The refrigerant
having released heat in the indoor heat exchanger (24)
passes through the inlet pipe (38) and then flows into the
expansion mechanism (60). In the expansion mecha-
nism (60), the high-pressure refrigerant expands and
power is recovered from the high-pressure refrigerant.
The low-pressure refrigerant obtained by expansion is
sent through the outlet pipe (39) to the outdoor heat ex-
changer (23) and therein takes heat from the outdoor air
to evaporate. The low-pressure gas refrigerant having
flowed out of the outdoor heat exchanger (23) passes
through the suction pipes (36) and is then sucked through
the suction ports (32) into the compression mechanism
(50). The compression mechanism (50) compresses the
sucked refrigerant and discharges it.

<ACTION OF EXPANSION MECHANISM>

[0103] The action of the expansion mechanism (60) is
described with reference to FIG. 8.

[0104] First, a description is given of the course of flow
of supercritical high-pressure refrigerant into the first
high-pressure chamber (73) of the first rotary mechanism
(70). When the rotary shaft (40) rotates slightly from an
angle of rotation of 0°, the contact point between the first
piston (75) and the first cylinder (71) passes through the
opening of the inlet port (34), so that high-pressure re-
frigerant begins to flow through the inlet port (34) into the
first high-pressure chamber (73). Then, as the angle of
rotation of the rotary shaft (40) gradually increases to
90°, 180° and 270°, high-pressure refrigerant flows more
into the first high-pressure chamber (73). The flow of the
high-pressure refrigerant into the first high-pressure
chamber (73) continues until the angle of rotation of the
rotary shaft (40) reaches 360°.

[0105] Next, a description is given of the course of re-
frigerant expansion in the expansion mechanism (60).
When the rotary shaft (40) rotates slightly from an angle
of rotation of 0°, the first low-pressure chamber (74) and
the second high-pressure chamber (83) are communi-
cated through the communicating channel (64) with each
other, so that the refrigerant begins to flow from the first
low-pressure chamber (74) into the second high-pres-
sure chamber (83). Then, as the angle of rotation of the
rotary shaft (40) gradually increases to 90°, 180° and
270°, the first low-pressure chamber (74) gradually de-
creases its volume and, concurrently, the second high-
pressure chamber (83) gradually increases its volume,
resulting in gradually increasing volume of the expansion
chamber (66). The increase in the volume of the expan-
sion chamber (66) continues until just before the angle
of rotation of the rotary shaft (40) reaches 360°. The re-
frigerant in the expansion chamber (66) expands during
the increase in the volume of the expansion chamber
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(66). The expansion of the refrigerant causes the rotary
shaft (40) to be driven into rotation. Thus, the refrigerant
in the first low-pressure chamber (74) flows through the
communicating channel (64) into the second high-pres-
sure chamber (83) while expanding.

[0106] Next, a description is given of the course of flow
of refrigerant out of the second low-pressure chamber
(84) of the second rotary mechanism (80). The second
low-pressure chamber (84) starts to be communicated
with the outlet port (35) at a point of time when the rotary
shaft (40) is at an angle of rotation of 0°. In other words,
the refrigerant starts to flow out of the second low-pres-
sure chamber (84) to the outlet port (35). Then, during
the period when the angle of rotation of the rotary shaft
(40) gradually increases to 90°, 180° and 270° and until
it reaches 360°, low-pressure refrigerant obtained by ex-
pansion flows out of the second low-pressure chamber
(84).

- ASSEMBLY PROCEDURE OF MOUNTING PLATE -

[0107] A description is given of the assembly proce-
dure of the expansion mechanism (60), the mounting
plate (101) and the heat insulator (90, 96).

[0108] First, bolts (not shown) are inserted into the bolt
holes (68) in the front head (61) and the bolt holes (104a)
in the mechanism-side mounting parts (104) and then
tightened.

[0109] Next, the first heat insulator (90) is mounted to
the expansion mechanism (60) from below the mounting
plate (101), and the second heatinsulator (96) is mounted
to the expansion mechanism (60) from above. Since in
this manner the heat insulator (90, 96) is divided into the
first heat insulator (90) and the second heat insulator
(96), the heat insulator (90, 96) can be easily assembled.
[0110] Finally, the outside end surfaces of the casing-
side mounting parts (105) are welded to the inside sur-
face of the casing (31).

<ACTION OF MOUNTING PLATE>

[0111] Since the first heat insulator (90) partitions the
internal space of the casing (31) into the first space (48)
in which the expansion mechanism (60) is placed and
the second space (49) in which the compression mech-
anism (50) is placed, the first space (48) is kept at low
temperature and high density and the second space (49)
is kept at high temperature and low density. Thus, the
interior of the casing (31) is kept under high-temperature
and high-pressure conditions, thereby providing a so-
called high-pressure dome fluid machine.

[0112] Since the expansion mechanism (60) is firmly
fixed to the casing (31) by the mounting plate (101), this
prevents high-pressure refrigerant from swelling the cas-
ing (31) and prevents excessive vibration of the expan-
sion mechanism (60).

[0113] Since the low-temperature expansion mecha-
nism (60) significantly different in temperature from the
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atmosphere in the rest of the interior of the casing (31)
is fixed through the mounting plate (101) to the casing
(31), this prevents direct fixation between the casing (31)
and the expansion mechanism (60) significantly different
in temperature from the casing (31) that would conven-
tionally be done. Furthermore, since the joints between
the mounting plate (101) and the casing (31) are the cas-
ing-side mounting parts (105) only, the heat transfer area
is reduced as compared with the case where the mount-
ing plate (101) is joined over the entire circumference to
the casing (31). This reduces the amount of heat ex-
change due to heat conduction between low-temperature
refrigerant in the expansion mechanism (60) and high-
temperature refrigerant in the compression mechanism
(50).

[0114] Furthermore, since the mechanism-side
mounting parts (104) are circumferentially offset from the
casing-side mounting parts (105), the heat transfer paths
can be extended as compared with the case where each
pair of mechanism- and casing-side mounting parts are
arranged at the same circumferential angle. Thus, the
heat resistance is increased, thereby reducing heat ex-
change between the expansion mechanism (60) and the
casing (31).

[0115] Since a sector of the mounting plate (101) lying
between each mechanism-side mounting part (104) and
the adjacent casing-side mounting part (105) has a small-
er cross-sectional area across the circumference than a
sector of the mounting plate (101) lying within the casing-
side mounting part (105), this reduces the heat transfer
areas of the heat transfer paths in the mounting plate
(101). Furthermore, since the mounting plate (101) has
a sheet metal structure formed of a thin metal sheet, the
heat transfer areas of the heat transfer paths are further
reduced. Moreover, since the mounting plate (101) has
through holes (106, 107) formed therein, the heat transfer
areas of the heat transfer paths are further reduced. In
addition, since the rims of the bolt holes (68) are formed
to protrude upward and the rims of the bolt holes (104a)
are formed to protrude downward, the contact area be-
tween each mechanism-side mounting part (104) and
the joint part (67) is reduced. Since the heat transfer ar-
eas of the heat transfer paths between the mounting plate
(101) and the expansion mechanism (60) are thus re-
duced, this reduces heat exchange between the expan-
sion mechanism (60) and the casing (31).

[0116] Since the first heat insulator (90) isolates the
first space (48) located around the low-temperature ex-
pansion mechanism (60) and having a significant tem-
perature difference from the atmosphere in the rest of
the interior of the casing (31), this effectively prevents
occurrence of refrigerant convection.

[0117] Since the heat insulator (90, 96) covers the en-
tire exposed surface of the expansion mechanism (60)
within the casing (31), this prevents heat exchange be-
tween the internal space of the casing (31) and the ex-
pansion mechanism (60) covered with the heat insulator
(90, 96). Therefore, heat exchange between the expan-
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sion mechanism (60) and the casing (31) is further re-
duced.

[0118] Since the mounting plate (101) is also covered
with the heat insulator (90, 96), heat exchange between
the mounting plate (101) and refrigerant is prevented,
whereby heat exchange between the expansion mech-
anism (60) and the casing (31) is further reduced. This
reduces the amount of heat exchange due to heat con-
duction between low-temperature refrigerant in the ex-
pansion mechanism (60) and high-temperature refriger-
ant in the compression mechanism (50).

- EFFECTS OF EMBODIMENT 1 -

[0119] Inthe compression/expansion unit (30) accord-
ing to this embodiment, the low-temperature expansion
mechanism (60) significantly different in temperature
from the atmosphere of the rest of the interior of the cas-
ing (31) is not fixed directly to the casing (31) but only
the casing-side mounting parts (105) are fixed to the cas-
ing (31) through the mounting plate (101) welded to the
casing (31), thereby reducing heat exchange due to heat
conduction between the high-temperature casing (31)
and the low-temperature expansion mechanism (60).
This further prevents performance degradation and de-
crease in power recovery effect.

[0120] Since the mechanism-side mounting parts
(104) of the ring-shaped mounting plate (101) are cir-
cumferentially offset from the casing-side mounting parts
(105) thereof to extend the heat transfer paths and there-
by increase the heat resistance, this further prevents per-
formance degradation and decrease in power recovery
effect.

[0121] Since the heat transfer areas of the heat trans-
fer paths in the mounting plate (101) are reduced to re-
duce heat exchange between the expansion mechanism
(60) and the casing (31), such as by forming the mounting
plate (101) in a sheet metal structure formed of a thin
metal sheet, forming a plurality of through holes (106,
107) inthe mounting plate (101) and protruding the mech-
anism-side mounting parts (104) and the joint parts (67),
this further prevents performance degradation and de-
crease in power recovery effect.

[0122] Since the heat insulator (90, 96) covers the en-
tire exposed surface of the expansion mechanism (60)
within the casing (31), this prevents heat exchange be-
tween the second space (48) in the casing (31) and the
expansion mechanism (60) covered with the heat insu-
lator (90, 96) and thereby prevents performance degra-
dation and decrease in power recovery effect.

[0123] Since the heat insulator (90, 96) extends also
in the plate outside clearances (108) to prevent heat ex-
change between the mounting plate (101) and refrigerant
and thereby reduce heat exchange between the expan-
sion mechanism (60) and the casing (31), this further
prevents performance degradation and decrease in pow-
er recovery effect.

[0124] Since the heat insulator (90, 96) is divided in

10

15

20

25

30

35

40

45

50

55

13

the axial direction of the rotary shaft (40) into two parts
bounded by each other in line with the mounting plate
(101), the heatinsulator (90, 96) can be easily assembled
with the other components, which reduces the production
cost.

- MODIFICATION 1 OF EMBODIMENT 1 -

[0125] AsshowninFIG.9,the mechanism-side mount-
ing parts (104) may be arranged to connect regions of
the expansion mechanism (60) higher in surface temper-
ature than the rest thereof to regions of the casing (31)
near to the expansion mechanism (60) and lower in sur-
face temperature than the rest thereof. For simplicity, the
through holes (106, 107) are not given in the figure.
[0126] Specifically, as showninFIG. 10, the expansion
mechanism (60) has a generally circumferential, surface
temperature distribution in which the surface tempera-
ture decreases in order from Region A to Region F when
viewed in the axial direction. To give examples of the
actual temperatures, Region A is at 30°C that is a suction
temperature, and Region F is at 0°C that is a discharge
temperature.

[0127] On the other hand, as shown in FIG. 11, the
casing (31) has a generally circumferential, surface tem-
perature distribution in which the surface temperature
decreases in order from Region A to Region F. To give
examples of the actual temperatures, Region Ais at 90°C
that is a discharge temperature of the compression
mechanism (50), and Region F is at a low temperature
(approximately 0°C) that is a discharge temperature of
the expansion mechanism (60).

[0128] Therefore, it is desirable to arrange the mech-
anism-side mounting parts (104) to avoid regions of the
expansion mechanism (60) having low surface temper-
atures and regions of the casing (31) having high surface
temperatures. With this structure, the mechanism-side
mounting parts (104) located at one ends of the heat
transfer paths in the mounting plate (101) are arranged
to reduce the surface temperature differences between
the expansion mechanism (60) and regions of the casing
(31) near to the expansion mechanism (60). Therefore,
heat input from the high-temperature side to the low-tem-
perature side is reduced. This reduces the amount of
heat exchange due to heat conduction between low-tem-
perature refrigerant in the expansion mechanism (60)
and high-temperature refrigerant in the compression
mechanism (50). Hence, performance degradation and
decrease in power recovery effect of the compression/
expansion unit (30) can be prevented.

- MODIFICATION 2 OF EMBODIMENT 1 -

[0129] As shownin FIG. 12, the casing-side mounting
parts (105) may be arranged to connect regions of the
expansion mechanism (60) higher in surface tempera-
ture than the rest thereof to regions of the casing (31)
near to the expansion mechanism (60) and lower in sur-
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face temperature than the rest thereof. For simplicity, the
through holes (106, 107) are not given in the figure.
[0130] Specifically, the expansion mechanism (60) is
kept at low temperatures as a whole. Therefore, it is de-
sirable to arrange the casing-side mounting parts (105)
to avoid Region A of the casing (31) having the highest
surface temperature. Furthermore, the casing (31) nat-
urally has a low-temperature region between the inlet
pipe (38) and the outlet pipe (39). Therefore, itis desirable
to dispose a casing-side mounting part (105) in this re-
gion. With this structure, the casing-side mounting parts
(105) located at one ends of the heat transfer paths in
the mounting plate (101) are arranged to reduce the sur-
face temperature differences between the expansion
mechanism (60) and regions of the casing (31) near to
the expansion mechanism (60). Therefore, heat input
from the high-temperature side to the low-temperature
side is reduced. This reduces the amount of heat ex-
change due to heat conduction between low-temperature
refrigerant in the expansion mechanism (60) and high-
temperature refrigerant in the compression mechanism
(50). Hence, performance degradation and decrease in
power recovery effect of the compression/expansion unit
(30) can be prevented.

- MODIFICATION 3 OF EMBODIMENT 1 -

[0131] As shown in FIG. 13, a heat insulating spacer
(110) made of a heat insulating material may be disposed
between each pair of the mechanism-side mounting part
(104) and the joint part (67) of the expansion mechanism
(60) joined to the mechanism-side mounting part (104).
Since the heat insulating spacers (110) are disposed in
the vicinity of the expansion mechanism (60) always kept
at relatively low temperatures, they may be made of a
low heat-resistance material. Therefore, the freedom of
choice of materials is high.

[0132] With the above structure, since the heat resist-
ance between the mounting plate (101) and the expan-
sion mechanism (60) is increased, heat exchange be-
tween the expansion mechanism (60) and the casing (31)
is reduced. This reduces the amount of heat exchange
due to heat conduction between low-temperature refrig-
erant in the expansion mechanism (60) and high-tem-
perature refrigerant in the compression mechanism (50).
Hence, performance degradation and decrease in power
recovery effect of the compression/expansion unit (30)
can be prevented.

<OTHER EMBODIMENTS>

[0133] Theabove embodimentofthe presentinvention
may have the following configurations.

[0134] Althoughinthe above embodimentthe fluid ma-
chine is a high-pressure dome compression/expansion
unit (30), it may be a so-called low-pressure dome com-
pression/expansion unit (30) in which the interior of the
casing (31) is at low pressure. In this case, the fluid ma-
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chine is configured so that the refrigerant is introduced
from the refrigerant circuit (20) directly into the compres-
sion mechanism (50) and the compressed refrigerant is
discharged directly to the outside of the casing (31). The
compression mechanism (50) is fixed to the casing (31)
through a mounting plate (101) having a similar shape
to that in the above embodiment and thereby having a
high heat resistance. Since the high-temperature com-
pression mechanism (50) significantly different in tem-
perature from the atmosphere in the rest of the interior
of the casing (31) is fixed through the mounting plate
(101) to the low-temperature casing (31), this reduces
heat exchange due to heat conduction between the low-
temperature casing (31) and the high-temperature ex-
pansion mechanism (60). Hence, performance degrada-
tion and decrease in power recovery effect can be pre-
vented.

[0135] Although in the above embodiment the expan-
sion mechanism (60) is constituted by an oscillating pis-
ton rotary expander, the expansion mechanism (60) may
be constituted by a rolling piston rotary expander. In this
expansion mechanism (60), the blade (76, 86) in each
of the rotary mechanisms (70, 80) is formed separately
from the associated piston (75, 85). Thus, the distal end
ofthe blade (76, 86) is pushed against the outer periphery
of the associated piston (75, 85), whereby the blade (76,
86) moves forward and backward with movement of the
associated piston (75, 85).

[0136] Although in the above embodiment the com-
pression mechanism (50) is constituted by an oscillating
piston rotary compressor and the expansion mechanism
(60) is constituted by an oscillating piston rotary expand-
er, the mechanisms may be constituted by a scroll com-
pressor and a scroll expander.

[0137] In the above embodiment, if the plate outside
clearances (108) between the mounting plate (101) and
the casing (31) are at a certain width (for example, 5 mm)
or more and the refrigerant accumulates in the plate out-
side clearance (108), there is no need to extend the heat
insulator (90, 96) into the clearances. Specifically, the
resin-based material making up a common heat insulator
(90, 96) has aheat conductivity of 0.3 w/m-k, while carbon
dioxide refrigerant in the space around the expansion
mechanism (60) has a heat conductivity of 0.07 w/m-k.
Therefore, carbon dioxide refrigerant has a one-order
lower heat conductivity than the resin-based material.
Since thus the coefficient of heat transfer of gas refrig-
erant is smaller than that of the heat insulator (90, 96),
heat exchange is not increased but rather reduced.
[0138] Although in the above embodiment a set of
three mechanism-side mounting parts (104) and a set of
three casing-side mounting parts (105) are arranged with
each set of mounting parts spaced at circumferentially
equal intervals, each set of mounting parts may be com-
posed of two, four, or more mounting parts. Also in such
cases, the mechanism-side mounting parts (104) are
preferably circumferentially offset from the casing-side
mounting parts (105).
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[0139] Inthe above embodiment, the first and second
heat insulators (90, 96) are made of high heat-resistant
super engineering plastics. However, if the heat insula-
tors (90, 96) are disposed on the relatively low-temper-
ature expansion mechanism (60) as in Embodiment 1,
they may be made of low heat-resistant general-purpose
engineering plastics because the refrigerant temperature
is at 100°C or less. Examples of such general-purpose
engineering plastics include polyacetal (POM). Alterna-
tively, epoxy resin or FRP may be used instead as a
material for the heat insulator. However, FRP has the
disadvantage that if it contains carbon fibers, glass fibers
or the like, the heat conductivity is increased.

[0140] Although in the above embodiment carbon di-
oxide is used as refrigerant, R410A, R407C or isobutane
may be used instead as refrigerant.

[0141] Although in the above embodiment the electric
motor (45) is disposed above the compression mecha-
nism (50) in the second space (49), it may be disposed
below the compression mechanism (50).

[0142] 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

[0143] As can be seen from the above description, the
present invention is useful for a fluid machine in which a
compression mechanism and an expansion mechanism
are contained in a single casing.

Claims

1. Afluid machine disposed in a refrigerant circuit (20)
operating in a refrigeration cycle by circulating refrig-
erant therethrough, the fluid machine comprising:

a casing (31);

a compression mechanism (50) contained in the
casing (31) and configured to compress the re-
frigerant;

an expansion mechanism (60) contained in the
casing (31) and configured to expand the refrig-
erant;

a rotary shaft (40) disposed in the casing (31)
and connecting the compression mechanism
(50) and the expansion mechanism (60); and
a mounting plate (101) fixing one of the com-
pression mechanism (50) and the expansion
mechanism (60) to the casing (31).

2. The fluid machine of claim 1, wherein
the casing (31) has the shape of a cylindrical con-
tainer,
the mounting plate (101) is shaped in a ring and in-
cludes: mechanism-side mounting parts (104) which
are formed at the inner periphery of the mounting
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plate (101) and to which one of the compression
mechanism (50) and the expansion mechanism (60)
is fixed; and casing-side mounting parts (105)
formed at the outer periphery of the mounting plate
(101) and fixed to the casing (31),

the casing-side mounting parts (105) radially out-
wardly extend to provide a plate outside clearance
(108) of given width from the inside surface of the
casing (31) between each pair of the adjacent cas-
ing-side mounting parts (105), and

the mechanism-side mounting parts (104) are cir-
cumferentially offset from the casing-side mounting
parts (105).

The fluid machine of claim 2, wherein

the fluid machine is configured so that the refrigerant
is introduced from the refrigerant circuit (20) directly
into the compression mechanism (50) and the com-
pressed refrigerant is discharged from the compres-
sion mechanism (50) to an internal space (49) of the
casing (31) and then flows out of the internal space
(49) to the outside of the casing (31), and

the expansion mechanism (60) is fixed through the
mounting plate (101) to the casing (31).

The fluid machine of claim 2, wherein

the fluid machine is configured so that the refrigerant
is introduced from the refrigerant circuit (20) directly
into the compression mechanism (50) and the com-
pressed refrigerant is discharged directly to the out-
side of the casing (31), and

the compression mechanism (50) is fixed through
the mounting plate (101) to the casing (31).

The fluid machine of claim 3, wherein the mecha-
nism-side mounting parts (104) are arranged to con-
nect regions of the expansion mechanism (60) high-
er in surface temperature than the rest thereof to
regions of the casing (31) near to the expansion
mechanism (60) and lower in surface temperature
than the rest thereof.

The fluid machine of claim 3, wherein the casing-
side mounting parts (105) are arranged to connect
regions of the expansion mechanism (60) higher in
surface temperature than the rest thereof to regions
of the casing (31) near to the expansion mechanism
(60) and lower in surface temperature than the rest
thereof.

The fluid machine of claim 2, wherein a sector of the
mounting plate (101) lying between each of the
mechanism-side mounting parts (104) and the adja-
cent casing-side mounting part (105) has a smaller
cross-sectional area across the circumference than
a sector of the mounting plate (101) lying within each
of the casing-side mounting parts (105).



10.

1.

12,

13.

14.

15.

29 EP 2 098 730 A1

The fluid machine of claim 2, wherein the mounting
plate (101) has a sheet metal structure.

The fluid machine of claim 2, wherein the mounting
plate (10) has a plurality of through holes (106, 107)
formed therein.

The fluid machine of claim 2, further comprising a
heat insulator (90, 96) that is disposed in the internal
space of the casing (31), covers the entire exposed
surface of one of the compression mechanism (50)
and the expansion mechanism (60) within the casing
(31) and is passed through by the rotary shaft (40).

The fluid machine of claim 10, wherein the heat in-
sulator (90, 96) is divided in the axial direction of the
rotary shaft (40) into a first heat insulator (90) and a
second heat insulator (96) that are bounded by each
other in line with the mounting plate (101).

The fluid machine of claim 10, wherein the heat in-
sulator (90, 96) extends into the plate outside clear-
ances (108).

The fluid machine of claim 2, wherein at least one of
each pair of the mechanism-side mounting part (104)
and ajoint part (67) of one of the compression mech-
anism (50) and the expansion mechanism (60)
joined to the mechanism-side mounting part (104) is
protruded to reduce the contact area therebetween.

The fluid machine of claim 2, wherein a heat insulat-
ing spacer (110) made of a heat insulating material
is disposed between each pair of the mechanism-
side mounting part (104) and a joint part (67) of one
of the compression mechanism (50) and the expan-
sion mechanism (60) joined to the mechanism-side
mounting part (104).

The fluid machine of claim 2, wherein the refrigerant
circuit (20) uses carbon dioxide as the refrigerant to
operate in a supercritical refrigeration cycle.
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