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(57) A rotary compressor and a refrigeration cycle
apparatus are provided that: canreliably reduce pressure
pulsation and vibration in an intermediate pipe connect-
ing a discharge side of a low-stage compression me-
chanism and a suction side of a high-stage compression
mechanism; and can downsize the apparatus including a
muffler. A rotary compressor (2) includes: a first cylinder
(55) having a first compression chamber (61) that com-
presses introduced low-pressure refrigerant gas to med-
ium pressure and discharges the compressed refrigerant
gas; a second cylinder (57) having a second compres-
sion chamber (62) that compresses introduced medium-
pressure refrigerant gas; an upstream intermediate pipe
(13u) guiding the medium-pressure refrigerant gas, dis-
charged from the first compression chamber (61), to an
outside of the sealed container (16); and an external
muffler (39) connected to the upstream intermediate pipe
(13u). Relationship between outlet area S1 of the up-
stream intermediate pipe (13u) and flow path cross-sec-
tional area S2 of the external muffler (39) is 0.01 <(S1 +
S2) <0.04.
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Description
TECHNICAL FIELD

[0001] Anembodimentof the presentinvention relates
to a rotary compressor and a refrigeration cycle appara-
tus.

BACKGROUND

[0002] A compressor is known that includes an up-
stream intermediate pipe connecting the discharge side
of a low-stage compression mechanism to an intermedi-
ate cooler, a first muffler connected to the upstream
intermediate pipe, a downstream intermediate pipe con-
necting the intermediate cooler to the suction side of a
high-stage compression mechanism, and a second muf-
fler connected to the downstream intermediate pipe. The
compressor is a two-stage compressor in which a fluid
compressed by the low-stage compression mechanism
is further compressed by the high-stage compression
mechanism. The first muffler reduces pressure pulsation
and vibration on the discharge side of the low-stage
compression mechanism, preventing a decrease in op-
eration efficiency due to pressure pulsation. The second
muffler reduces pressure pulsation and vibration on the
suction side of the high-stage compression mechanism,
preventing a decrease in operation efficiency due to
pressure pulsation.

PRIOR ART DOCUMENT
PATENT DOCUMENT

[0003] Patent Document 1
Japanese Patent Laid-Open No. 2010-065562

SUMMARY
PROBLEMS TO BE SOLVED BY INVENTION

[0004] In size and sizing of the muffler, larger is not
always better. A too large muffler makes it difficult to
install the compressor in the desired installation location.
However, a too small muffler may not be able to suffi-
ciently reduce the pressure pulsation in the intermediate
pipe.

[0005] In addition, the effectiveness of the muffler in
reducing pressure pulsation is affected not only by the
size of the muffler, but also by the inner diameter of the
intermediate pipe connected to the muffler.

[0006] Therefore, an object of the presentinvention is
to provide a rotary compressor and a refrigeration cycle
apparatus that: can reliably reduce pressure pulsation
and vibration in an intermediate pipe connecting a dis-
charge side of a low-stage compression mechanism and
a suction side of a high-stage compression mechanism;
and can downsize the apparatus including a muffler as a
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whole, in a multi-stage compressor in which a fluid com-
pressed by the low-stage compression mechanism is
further compressed by the high-stage compression me-
chanism.

MEANS FOR SOLVING PROBLEM

[0007] In order to solve the above problems, a rotary
compressor according to an embodiment of the preset
invention includes: a sealed container having a center
line extending in an up-down direction; an electric motor
unit provided within the sealed container; a crankshaft
having a low-pressure side eccentric portion and a high-
pressure side eccentric portion, and being rotationally
driven by the electric motor unit, the low-pressure side
eccentric portion being eccentric from a rotation center
line, the high-pressure side eccentric portion being pro-
vided below the low-pressure side eccentric portion and
being eccentric from the rotation center line; a compres-
sion mechanism unit including a low-pressure side cy-
linderand a high-pressure side cylinder, the low-pressure
side cylinder having a low-pressure side compression
chamber that compresses introduced low-pressure re-
frigerant gas to medium pressure and discharges the
compressed refrigerant gas by power of the low-pressure
side eccentric portion, the high-pressure side cylinder
having a high-pressure side compression chamber that
compresses introduced medium-pressure refrigerant
gas by power of the high-pressure side eccentric portion;
an upstream intermediate pipe configured to guide the
medium-pressure refrigerant gas, discharged from the
low-pressure side compression chamber, to an outside of
the sealed container; a muffler connected to the up-
stream intermediate pipe; and a downstream intermedi-
ate pipe configured to guide the medium-pressure refrig-
erant gas, discharged from the muffler, to the high-pres-
sure side compression chamber inside the sealed con-
tainer, wherein relationship between outlet area S1 of the
upstream intermediate pipe and flow path cross-sec-
tional area S2 of the muffler is 0.01 < (S1 + S2) <0.04.
[0008] The rotary compressor according to the embo-
diment of the present invention is preferably configured
such that the muffler is provided next to the sealed con-
tainer and has an elongated shape with a center line
extending in an up-down direction, and a top portion of
the muffler is lower than a top portion of the sealed
container.

[0009] The rotary compressor according to the embo-
diment of the present invention is preferably configured
such that a length of the mufflerin an up-down direction is
1.5 times or more an inner diameter of the muffler.
[0010] The rotary compressor according to the embo-
diment of the present invention preferably further in-
cludes a fixing device that fixes the muffler to the sealed
container.

[0011] The rotary compressor according to the embo-
diment of the present invention preferably further in-
cludes: an accumulator; and an outlet pipe configured
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to guide the low-pressure refrigerant gas from the accu-
mulator to the low-pressure side compression chamber
inside the sealed container, wherein the muffleris tangent
to or accommodated inside an imaginary circle, the ima-
ginary circle being centered on the center line of the
sealed container, encompassing the accumulator, and
being circumscribed to the accumulator.

[0012] In order to solve the above problems, a refrig-
eration cycle apparatus according to an embodiment of
the present invention includes: the rotary compressor; a
heat radiator; an expansion device; a heat absorber; and
a refrigerant pipe that connects the rotary compressor,
the heat radiator, the expansion device, and the heat
absorber, to allow refrigerant to circulate.

EFFECTS OF INVENTION

[0013] Accordingto the presentinvention, itis possible
to provide a rotary compressor and a refrigeration cycle
apparatus that: can reliably reduce pressure pulsation
and vibration in an intermediate pipe connecting a dis-
charge side of a low-stage compression mechanism and
a suction side of a high-stage compression mechanism;
and can downsize the apparatus including a muffler as a
whole, in a multi-stage compressor in which a fluid com-
pressed by the low-stage compression mechanism is
further compressed by the high-stage compression me-
chanism.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

Fig. 1 is a schematic diagram of a refrigeration cycle
apparatus and a compressor according to an embo-
diment of the present invention.

Fig. 2 is a cross-sectional plan view taken along a
first cylinder of the compressor according to the
embodiment of the present invention.

Fig. 3 is a cross-sectional plan view taken along a
second cylinder of the compressor according to the
embodiment of the present invention.

Fig. 4 is a vertical cross-sectional view of a partition
plate of the compressor according to the embodi-
ment of the present invention.

Fig. 5 is a vertical cross-sectional view of another
embodiment of the partition plate of the compressor
according to the embodiment of the present inven-
tion.

Fig. 6 is a vertical cross-sectional view of an external
muffler of the compressor according to the embodi-
ment of the present invention.

Fig. 7 is a histogram showing relationship between
the external muffler and an upstream intermediate
pipe of the compressor according to the embodiment
of the present invention.

Fig. 8 is a plan view of the compressor according to
the embodiment of the present invention.
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DETAILED DESCRIPTION

[0015] Embodiments of a compressor and a refrigera-
tion cycle apparatus according to the present invention
will be described with reference to Figs. 1 to 6. Note that
the same or corresponding components are denoted by
the same reference numerals and characters in the
drawings.

[0016] Fig. 1isaschematic diagram of the refrigeration
cycle apparatus and the compressor according to an
embodiment of the present invention. In Fig. 1, the com-
pressor is shown in vertical cross section.

[0017] Fig.2is a cross-sectional plan view taken along
a first cylinder of the compressor according to the embo-
diment of the present invention.

[0018] Fig. 3is across-sectional plan view taken along
a second cylinder of the compressor according to the
embodiment of the present invention.

[0019] A refrigeration cycle apparatus 1 according to
the present embodiment is, for example, an air condi-
tioner. The refrigeration cycle apparatus 1 includes: a
sealed rotary compressor 2 (hereinafter simply referred
to as a "compressor 2") that compresses gaseous refrig-
erant, such as carbon dioxide (CO2), which is a working
fluid; a heat radiator 3 (condenser) that cools the high-
temperature, high-pressure refrigerant discharged from
the compressor 2; a first expansion device 4 (expansion
valve) and a second expansion device 5 (expansion
valve) that decompress the cooled refrigerant; a heat
absorber 6 (evaporator) that evaporates the decom-
pressed refrigerant; an accumulator 7 that separates
the refrigerant into gas and liquid; a first refrigerant pipe
8; and a second refrigerant pipe 9.

[0020] The first refrigerant pipe 8 sequentially con-
nects the compressor 2, the heat radiator 3, the first
expansion device 4, the second expansion device 5,
the heat absorber 6, and the accumulator 7 to circulate
the refrigerant. The accumulator 7 has an outlet pipe 12
connected to the compressor 2 and allowing the refrig-
erant to flow into the compressor 2. One end of the
second refrigerant pipe 9 is connected to the first refrig-
erant pipe 8 between the first expansion device 4 and the
second expansion device 5. The other end of the second
refrigerant pipe 9 is connected to the intermediate pipe 13
ofthe compressor 2. The second refrigerant pipe 9 allows
the refrigerant, which has been decompressed to, for
example, a medium pressure in the first expansion de-
vice 4, to flow into the compressor 2 via the intermediate
pipe 13.

[0021] The compressor 2includes: a cylindrical sealed
container 16 mounted vertically; an electric motor unit 17
housed in the upper half portion of the sealed container
16; a compression mechanism unit 18 housed in the
lower half portion of the sealed container 16; a crankshaft
19 that transmits the rotational driving force of the electric
motor unit 17 to the compression mechanism unit 18; a
main bearing 21 provided below the electric motor unit 17
and rotatably supporting the crankshaft 19; an auxiliary
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bearing 22 provided below the main bearing 21 and
cooperating with the main bearing 21 to rotatably support
the crankshaft 19; a frame 23 fixed to the sealed contain-
er 16 and supporting the compression mechanism unit
18; and an intermediate pipe 13 provided outside the
sealed container 16.

[0022] The center line of the sealed container 16
mounted vertically extends in the up-down direction.
The compressor 2 is installed with the center line of
the sealed container 16 vertical. The sealed container
16 includes a cylindrical body portion 26 extending in the
up-down direction, a head plate 27 covering the upper
end portion of the body portion 26, and a bottom plate 28
covering the lower end portion of the body portion 26. The
sealed container 16 stores lubricating oil for lubricating
the compression mechanism unit 18. The lubricating oil is
supplied to the compression mechanism unit 18 through
an oil supply mechanism provided in a lower end portion
of the crankshaft 19.

[0023] The head plate 27 of the sealed container 16
includes a discharge pipe 31 that discharges the high-
temperature, high-pressure refrigerant to the outside of
the sealed container 16, the high-temperature, high-
pressure refrigerant having been discharged from the
compression mechanism unit 18 into the sealed contain-
er 16. The discharge pipe 31 is connected to the first
refrigerant pipe 8. The head plate 27 also includes a
terminal block 32 having sealed terminals that conduct
electric power from an external power source to the
electric motor unit 17. The sealed terminals of the term-
inal block 32 are provided across the outside and inside of
the head plate 27.

[0024] The body portion 26 of the sealed container 16
includes: a suction end portion 35 connected to the outlet
pipe 12 of the accumulator 7; an intermediate discharge
end portion 36 connected to one end of the intermediate
pipe 13; and an intermediate suction end portion 37
connected to the other end of the intermediate pipe 13.
The suction end portion 35, intermediate discharge end
portion 36, and intermediate suction end portion 37 each
have a central portion fixed to the sealed container 16, an
inner end placed inside the sealed container 16, and an
outer end placed outside the sealed container 16. The
body portion 26 of the sealed container 16 is also pro-
vided with afixing device 38 such as aholder that fixes the
accumulator 7 to the outer surface of the body portion 26.
[0025] The intermediate pipe 13 circulates the refrig-
erant compressed to medium pressure by the compres-
sion mechanism unit 18 to the outside of the sealed
container 16. The intermediate pipe 13 is connected to
a cylindrical external muffler 39 and an intercooler 41.
The intermediate pipe 13 sequentially connects the inter-
mediate discharge end portion 36, the external muffler
39, the intercooler 41, and the intermediate suction end
portion 37 to circulate the refrigerant. The external muffler
39 has a cylindrical shape extending in the up-down
direction, and is fixed to the outer surface of the sealed
container 16 by a fixing device 38 such as a holder
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provided on the body portion 26 of the sealed container
16. The intermediate pipe 13 circulates the refrigerant
compressed to medium pressure by the compression
mechanism unit 18.

[0026] The electric motor unit 17 generates a driving
force to rotate the compression mechanism unit 18. The
electric motor unit 17 includes: a cylindrical stator 43 fixed
to the inner surface of the sealed container 16; a rotor 44
disposed inside the stator 43 and generating a rotational
driving force for the compression mechanism unit 18; and
a plurality of outlet wires 45 drawn from the stator 43 and
electrically connected to sealed terminals of the terminal
block 32. The electric motor unit 17 may be an open-end
winding motor, a star-connected motor, or a motor with a
plurality of systems, for example, two systems of three-
phase windings.

[0027] The rotor 44 includes a rotor core (not shown)
having magnet accommodating holes, and a permanent
magnet (not shown) accommodated in the magnet ac-
commodating holes. The rotor 44 is fixed to the crank-
shaft 19. The rotation center line C of the rotor 44 and the
crankshaft 19 substantially coincide with the center line of
the stator 43. The rotation center line C of the rotor 44 and
the crankshaft 19 substantially coincide with the center
line of the sealed container 16.

[0028] The plurality of outlet wires 45 are power-line
wires that supply electric power to the stator 43, and are
so-called lead wires. The plurality of outlet wires 45 are
wired depending on the type of the electric motor unit 17,
that is, open-end winding type or star-connected type.
[0029] The crankshaft 19 connects the electric motor
unit 17 and the compression mechanism unit 18. The
crankshaft 19 rotates integrally with the rotor 44 and
extends downward from the rotor 44. The crankshaft
19 has a main shaft portion 47 located in the middle part,
a plurality of eccentric portions 48 located below the main
shaft portion 47, and an auxiliary shaft portion 49 located
below the plurality of eccentric portions 48. The main
shaft portion 47 is rotatably supported by the main bear-
ing 21, and the auxiliary shaft portion 49 is rotatably
supported by the auxiliary bearing 22. The main bearing
21 and the auxiliary bearing 22 are also part of the
compression mechanism unit 18. In other words, the
crankshaft 19 is disposed to penetrate the compression
mechanism unit 18. Each eccentric portion 48 is a so-
called crank pin. The plurality of eccentric portions 48
include, for example, a first eccentric portion 51 and a
second eccentric portion 52. The first eccentric portion 51
and the second eccentric portion 52 are disk-shaped or
cylindrical with centers that do not coincide with the
rotation center line C of the crankshaft 19.

[0030] The compression mechanism unit 18 sucks and
compresses gaseous refrigerant from the outlet pipe 12
and intermediate pipe 13 by rotational drive of the crank-
shaft 19, and discharges the refrigerant compressed to a
high temperature and high pressure into the sealed con-
tainer 16. The compression mechanism unit 18 is a multi-
stage rotary compression mechanism. The compression
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mechanism unit 18 includes: a first cylinder 55 disposed
below the main bearing 21; a partition plate 56 disposed
below the first cylinder 55; and a second cylinder 57
disposed between the partition plate 56 and the auxiliary
bearing 22.

[0031] The main bearing 21, the first cylinder 55, the
partition plate 56, the second cylinder 57, and the aux-
iliary bearing 22 are disposed one above the other in the
up-down direction. The main bearing 21 covers the upper
surface of the first cylinder 55. The auxiliary bearing 22
covers the lower surface of the second cylinder 57. The
partition plate 56 covers the lower surface of the first
cylinder 55 and the upper surface of the second cylinder
57.

[0032] The first cylinder 55 is fixed by fastening mem-
bers 59 such as bolts to the frame 23 fixed by welding ata
plurality of points to the body portion 26 of the sealed
container 16. The main bearing 21, the first cylinder 55,
the partition plate 56, the second cylinder 57, and the
auxiliary bearing 22 are fixed to each other by a plurality of
fastening members 59 such as bolts. The main bearing
21, the first cylinder 55, the partition plate 56, the second
cylinder 57, and the auxiliary bearing 22 are fixed to the
inside of the sealed container 16 via the frame 23.
[0033] The first cylinder 55 has a first compression
chamber 61 penetrating the first cylinder 55 in the up-
down direction. The second cylinder 57 has a second
compression chamber 62 penetrating the second cylin-
der 57 in the up-down direction. The first compression
chamber 61 and the second compression chamber 62
are disk-shaped spaces that overlap each otherin the up-
down direction via the partition plate 56. The centers of
the first compression chamber 61 and the second com-
pression chamber 62 are placed on the rotation center
line C. The compression mechanism unit 18 compresses
the low-pressure gas refrigerant, which flows therein
from the accumulator 7, to medium pressure in the first
compression chamber 61 and discharges the com-
pressed refrigerant gas. The compression mechanism
unit 18 compresses the medium-pressure gas refriger-
ant, which is discharged from the first compression cham-
ber 61, to high pressure in the second compression
chamber 62 and discharges the compressed refrigerant
gas. The first cylinder 55 and the second cylinder 57 may
be collectively referred to as "cylinders 55 and 57" or
"cylinder 55 (57)" in which the former represents all of
them and the latter represents each of them. The same
applies to all of the following collective terms. The first
compression chamber 61 and the second compression
chamber 62 may be collectively referred to as "compres-
sion chambers 61 and 62" or "compression chamber 61
(62)".

[0034] The compression mechanism unit 18 also in-
cludes: an annular first roller 63 disposed in the first
compression chamber 61; an annular second roller 64
disposed in the second compression chamber 62; a first
blade 65 placed in the first cylinder 55 in the radial
direction of the first compression chamber 61; and a
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second blade 66 placed in the second cylinder 57 in
the radial direction of the second compression chamber
62. The first roller 63 and the second roller 64 may be
collectively referred to as "rollers 63 and 64" or "roller 63
(64)", and the first blade 65 and the second blade 66 may
be collectively referred to as "blades 65 and 66" or "blade
65 (66)". The rollers 63 and 64 are so-called rolling
pistons, and the blades 65 and 66 are so-called vanes.
[0035] The first roller 63 is fitted to the first eccentric
portion 51 of the crankshaft 19. The second roller 64 is
fitted to the second eccentric portion 52 of the crankshaft
19. The crankshaft 19 rotates counterclockwise in plan
view of the compressor 2. When the crankshaft 19 ro-
tates, the two eccentric portions 48 rotate counterclock-
wise, seen from above the crankshaft 19, around the
rotation center line C (see Fig. 1) as indicated by a solid
arrow R1in Fig. 2, the two eccentric portions 48 being the
firsteccentric portion 51 and the second eccentric portion
52, and the first roller 63 and the second roller 64. The
rotational direction of the crankshaft 19 and the rollers 63,
64 is sometimes called a "rotational direction R1", and the
counter-rotational direction of the rotational direction R1
is sometimes called a "counter-rotational direction R2".
[0036] The roller 63 (64) rotates eccentrically with re-
spect to the central axis of the cylinder 55 (57) and the
rotational center line C of the crankshaft 19 while beingin
contact with the inner wall of the cylinder 55 (57), by the
rotation of the crankshaft 19.

[0037] The blades 65 and 66 are placed on a straight
line in the up-down direction. In other words, the two
blades 65 and 66 are disposed at substantially the same
position in the circumferential direction of the cylinders 55
and 57. The blade 65 (66) is pressed against the roller 63
(64) by a blade spring (not shown). Therefore, the blade
65 (66) reciprocates in the radial direction of the com-
pression chamber 61 (62) while being pressed by the
roller 63 (64), by the rotation of the crankshaft 19. As
shown in Figs. 2 and 3, the blade 65 (66) divides the
space between the cylinder 55 (57) and the roller 63 (64)
into a suction space S1 (not shown in Fig. 2) and a
compression space S2. The height of the first blade 65
is the same as the height of the second blade 66. The
blade 65 (66) has a height that is substantially the same
as the compression chamber 61 (62).

[0038] Thefirstcylinder 55 has a first suction portion 68
and a first discharge portion 69 connected to the first
compression chamber 61. The first suction portion 68
extends outward from the inner wall surface of the first
compression chamber 61, and has an outer end con-
nected to the inner end of the suction end portion 35 of the
sealed container 16. The first discharge portion 69 is
recessed outward from the inner wall surface of the first
compression chamber 61, for example, and opens to the
lower surface of the first cylinder 55. The first suction
portion 68 is disposed adjacent to the first blade 65 on the
side in the rotational direction R1, and the first discharge
portion 69 is disposed adjacent to the first blade 65 on the
side in the counter-rotational direction R2.
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[0039] The second cylinder 57 has a second suction
portion 71 and a second discharge portion 72 connected
to the second compression chamber 62. The second
suction portion 71 extends outward from the inner wall
surface of the second compression chamber 62, and has
an outer end connected to the inner end of the intermedi-
ate suction end portion 37 of the sealed container 16. The
second discharge portion 72 is recessed outward from
the inner wall surface of the second compression cham-
ber 62, forexample, and opens to the lower surface of the
second cylinder 57. The second suction portion 71 is
disposed next to the second blade 66 on the side in the
rotational direction R1, and the second discharge portion
72 is disposed adjacent to the second blade 66 on the
side in the counter-rotational direction R2. The first suc-
tion portion 68 and the second suction portion 71 may be
collectively referred to as the "suction portions 68 and 71"
or"suction portion 68 (71)", and the first discharge portion
69 and the second discharge portion 72 may be collec-
tively referred to as the "discharge portions 69 and 72" or
"discharge portion 69 (72) " .

[0040] The partition plate 56 and the second cylinder
57 have a medium-pressure flow path 75 that connects
with the first discharge portion 69 of the first compression
chamber 61. The medium-pressure flow path 75 is a flow
path for the refrigerant compressed to medium pressure
in the first compression chamber 61. The medium-pres-
sure flow path 75 of the partition plate 56 includes flow
path provided within the partition plate 56 and extending
along the upper and lower surfaces of the partition plate
56. The medium-pressure flow path 75 of the second
cylinder 57 includes a crank-shaped flow path provided
outside the second compression chamber 62 and bent
from the upper side to the outside. The medium-pressure
flow path 75 of the partition plate 56 is connected to the
first discharge portion 69 of the first compression cham-
ber 61, and the medium-pressure flow path 75 of the
second cylinder 57 is connected to the inner end of the
intermediate discharge end portion 36 of the sealed
container 16.

[0041] The partition plate 56 includes a first discharge
valve 76 that discharges the refrigerant compressed in
the first compression chamber 61 to the medium-pres-
sure flow path 75. When the pressure difference between
the pressure of the first compression chamber 61 and the
pressure of the medium-pressure flow path 75 reaches a
predetermined value by the compression operation of the
compression mechanism unit 18, the first discharge
valve 76 opens a discharge port (not shown) to discharge
the refrigerant compressed to medium pressure to the
medium-pressure flow path 75 of the partition plate 56.
The refrigerant discharged to the medium-pressure flow
path 75 of the partition plate 56 is guided to the outside of
the sealed container 16 from the intermediate discharge
end portion 36 through the medium-pressure flow path 75
of the second cylinder 57. The refrigerant guided to the
outside of the sealed container 16 circulates through the
intermediate pipe 13, is guided from the intermediate
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suction end portion 37 to the inside of the sealed contain-
er 16, and flows into the second compression chamber 62
from the second suction portion 71 of the second cylinder
57.

[0042] The main bearing 21, the first cylinder 55, the
partition plate 56, the second cylinder 57, and the aux-
iliary bearing 22 have a high-pressure flow path 79 pe-
netrating in the up-down direction and connecting them to
each other. The high-pressure flow path 79 is a flow path
for high-pressure gas refrigerant that extends linearly in
the up-down direction across the main bearing 21, the
firstcylinder 55, the partition plate 56, the second cylinder
57, and the auxiliary bearing 22.

[0043] The compression mechanism unit 18 includes:
a second discharge valve 81 that is provided at the
auxiliary bearing 22 and discharges the refrigerant com-
pressed in the second compression chamber 62; and a
first discharge muffler 82 that covers the second dis-
charge valve 81 and the high-pressure flow path 79.
When the pressure difference between the pressure in
the second compression chamber 62 and the pressure in
the first discharge muffler 82 reaches a predetermined
value by the compression action of the compression
mechanismunit 18, the second discharge valve 81 opens
a discharge port (not shown) to discharge the refrigerant
compressed to high pressure into the first discharge
muffler 82. The refrigerant discharged from the second
discharge valve 81 into the first discharge muffler 82 is
guided to the upper side of the compression mechanism
unit 18 through the high-pressure flow path 79. The first
discharge valve 76 and the second discharge valve 81
may be collectively referred to as the "discharge valves
76 and 81" or "discharge valve 76 (81)".

[0044] The compression mechanism unit18includesa
second discharge muffler 83 provided at the main bearing
21 and covering the high-pressure flow path 79. The
second discharge muffler 83 defines the space into which
the high-pressure refrigerant is discharged from the high-
pressure flow path 79. The second discharge muffler 83
has a discharge hole (not shown) that connects the inside
and outside of the second discharge muffler 83. The high-
pressure refrigerant discharged into the second dis-
charge muffler 83 is discharged into the sealed container
16 through the discharge hole.

[0045] Fig. 4 is a vertical cross-sectional view of a
partition plate of a compressor according to the embodi-
ment of the present invention.

[0046] As shownin Figs. 1 and 4, the partition plate 56
is a stack body composed of a plurality of plates stacked
in the up-down direction. The partition plate 56 includes a
first partition plate half body 91 and a second partition
plate half body 92 that are stacked in the up-down direc-
tion. The first partition plate half body 91 and the second
partition plate half body 92 have a shape of substantially
circular disk with substantially the same thickness. The
first partition plate half body 91 disposed on the upper
side has a recessed portion 91a (recess, groove) that
opens to the lower surface of the first partition plate half
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body 91. The second partition plate half body 92 disposed
on the lower side has a recessed portion 92a (recess,
groove) that opens to the upper surface of the second
partition plate half body 92. The medium-pressure flow
path 75 of the partition plate 56 is a space defined by the
recessed portion 91a (recess, recessed portion) of the
first partition plate half body 91 and the recessed portion
92a (recess, recessed portion) of the second partition
plate half body 92. The first partition plate half body 91
has a hole 91b that connects the recessed portion 91a to
the first compression chamber 61. The first discharge
valve 76 is provided on the recessed portion 91a of the
first partition plate half body 91 and opens and closes the
hole 91b. The second partition plate half body 92 has a
hole 92b that connects the recessed portion 92a to the
medium-pressure flow path 75 of the second cylinder 57.
[0047] The plate thickness of the first partition plate half
body 91 and the plate thickness of the second partition
plate half body 92 are substantially the same in the up-
down direction, while the depth of the recessed portion
92a of the second partition plate half body 92 is shallower
than the depth of the recessed portion 91a of the first
partition plate half body 91. In other words, the thickness
t2 of the bottom plate portion of the recessed portion 92a
of the second partition plate half body 92 is thicker than
the thickness t1 of the bottom plate portion of the re-
cessed portion 91a of the first partition plate half body 91.
The bottom plate portion of the recessed portion 91a of
the first partition plate half body 91 covers the first com-
pression chamber 61, and the bottom plate portion of the
recessed portion 92a of the second partition plate half
body 92 covers the second compression chamber 62.
[0048] The multi-stage compression mechanism unit
18 compresses low-pressure refrigerant into medium-
pressure refrigerant in the first compression chamber
61, and compresses the medium-pressure refrigerant
into high-pressure refrigerant in the second compression
chamber 62. In other words, the second partition plate
half body 92 bears a higher pressure load than the first
partition plate half body 91. Accordingly, the thickness t2
of the bottom plate portion of the recessed portion 92a of
the second partition plate half body 92 is made thicker
than the thickness t1 of the bottom plate portion of the
recessed portion 91a of the first partition plate half body
91. This optimizes the rigidity of the first partition plate half
body 91 stacked on the first cylinder 55 and the rigidity of
the second partition plate half body 92 stacked on the
second cylinder 57. In other words, this optimizes the
rigidity of the partition plate 56, which is the stack body of
the first partition plate half body 91 and the second
partition plate half body 92. The partition plate 56 with
optimized rigidity appropriately prevents refrigerant leak-
age from both the mating surface between the first com-
pression chamber 61 and the partition plate 56 and the
mating surface between the second compression cham-
ber 62 and the partition plate 56.

[0049] Here, the suction pressure Ps of the first com-
pression chamber 61, the medium pressure Pm dis-
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charged from the first compression chamber 61 and
supplied to the second compression chamber 62 through
the medium-pressure flow path 75, and the discharge
pressure Pd of the second compression chamber 62
have a relationship of (suction pressure Ps) < (medium
pressure Pm) < (discharge pressure Pd). During opera-
tion, the conditions (Pd - Pm) > (Pm - Ps) always hold.
Under these conditions, each pressure differs depending
on the operating conditions. The medium pressure Pm
changes according to the relationship Pm = A/ (Pd x Ps).
[0050] Therefore, the surface pressure load of the
differential pressure (Pm - Ps) acts on the recessed
portion 91a of the first partition plate half body 91, and
the surface pressure load of the differential pressure (Pd -
Pm) acts on the recessed portion 92a of the second
partition plate half body 92.

[0051] The first partition plate half body 91 and the
second partition plate half body 92 have substantially
the same thickness dimension while the thickness t2 of
the bottom plate portion of the second partition plate half
body 92 is thicker than the thickness t1 of the bottom plate
portion of the first partition plate half body 91. These
dimensional relationships optimize the rigidity required
for the partition plate 56.

[0052] The first partition plate half body 91 has the
same thickness dimension as the second partition plate
half body 92, making it possible to use the same material
for the first partition plate half body 91 and the second
partition plate half body 92. Furthermore, the recessed
portions are provided in both the first partition plate half
body 91 and the second partition plate half body 92,
which face each other in the up-down direction. This
makes it possible to maintain the passage area of the
medium-pressure flow path 75, and improve the rigidity of
the partition plate 56 as a whole without reducing perfor-
mance. Improvement in the rigidity of the partition plate
56 as a whole suppresses deformation of the partition
plate 56, and prevents refrigerant leakage from the med-
ium-pressure flow path 75.

[0053] The thickness t3 in the vicinity of the valve seat
where the hole 91b and the first discharge valve 76 are
disposed may be equal to or smallerthant1. This makesiit
possible to reduce the volume of the hole 91b portion
while ensuring the necessary rigidity against the pres-
sure difference.

[0054] The refrigerantin the volume portion of the hole
91b is not discharged from the first cylinder 55. As a
result, the hole 91b becomes a dead volume, which
reduces the volumetric efficiency and reduces the effi-
ciency of the compressor. Then, setting the range of t3 <
t1 < {2 reduces the dead volume of the hole 91b, and
prevents the efficiency of the compressor 2 from low-
ering.

[0055] In addition, the medium-pressure flow path 75
made by the recessed portions 91a and 92a is placed on
the mating surface of the partition plate 56, improving the
degree of freedom in the flow path placement inside and
outside the compressor 2.
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[0056] If the plate thickness of the first partition plate
half body 91 and the second partition plate half body 92
are the same, the mating surface between the first parti-
tion plate half body 91 and the second partition plate half
body 92 is located substantially in the center in the up-
down direction of the partition plate 56. Here, the mating
surface between the first partition plate half body 91 and
the second partition plate half body 92 may be placed
below the substantial center in the up-down direction of
the partition plate 56, as shown by a two-dot chain line
MP1 in Figs. 1 and 4. For example, there may be a
configuration such that: the plate thickness of the second
partition plate half body 92 is thinned in the up-down
direction so that the thickness is uniform and the re-
cessed portion 92a is eliminated; while the plate thick-
ness of the first partition plate half body 91 is thickened in
the up-down direction so that a deeper recessed portion
91ais provided only in the first partition plate half body 91.
In this case, the depth of the recessed portion 91a just
needs to be equal to the depth of the recessed portions
91a plus 92a when recessed portions 91a and 92a are
respectively provided in the first partition plate half body
91 and the second partition plate half body 92.

[0057] Alternatively, the rigidity of the second partition
plate half body 92 can be further improved by placing the
mating surface between the first partition plate half body
91 and the second partition plate half body 92 above the
substantial center of the partition plate 56 in the up-down
direction, as shown by a two-dot chain line MP2 in Figs. 1
and 4. For example, there may be a configuration such
that: the plate thickness of the first partition plate half
body 91 is thinned in the up-down direction so that the
thickness is uniform and the recessed portion 91a is
eliminate; while the plate thickness of the second parti-
tion plate half body 92 is thickened in the up-down direc-
tion so that a deeper recessed portion 92a is provide only
in the second partition plate half body 92. In this case, the
depth of the recessed portion 92a just needs to be equal
to the depth of the recessed portions 91a plus 92a when
recessed portions 91a and 92a are respectively provided
in the first partition plate half body 91 and the second
partition plate half body 92. This further improves the
rigidity of the second partition plate half body 92 that
closes the second compression chamber 62.

[0058] In other words, the partition plate 56 just needs
to have a recessed portion that defines the medium-
pressure flow path 75 in at least one of the first partition
plate halfbody 91 and the second partition plate half body
92. In other words, the partition plate 56 just needs to
have at least one of the recessed portions 91a and 92a.
[0059] Fig. 5 is a vertical cross-sectional view of an-
other embodiment of a partition plate of a compressor
according to the embodiment of the present invention.
[0060] As shown in Fig. 5, the partition plate 56A may
include a second partition plate half body 92 thicker than
the first partition plate half body 91, and may have a
recessed portion 92a of the second partition plate half
body 92 recessed deeper than the recessed portion 91a
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of the first partition plate half body 91. The partition plate
56A configured in this manner can have sufficient rigidity
even when the pressure on the high stage side is higher.
[0061] Note that the compression mechanism and its
components including the first cylinder 55, first eccentric
portion 51, first roller 63, and first blade 65 disposed on
the upper side may be called with "low-pressure side"
instead of "first". Contrarily, the compression mechanism
and its components including the second cylinder 57,
second eccentric portion 52, second roller 64, and sec-
ond blade 66 disposed on the lower side may be called
with "high-pressure side" instead of "second". For exam-
ple, the first cylinder 55 is called the low-pressure side
cylinder 55, and the second cylinder 57 is called the high-
pressure side cylinder 57. The compression mechanism
disposed above may be called a low-stage side compres-
sion mechanism, and the compression mechanism dis-
posed below may be called a high-stage side compres-
sion mechanism.

[0062] The intermediate pipe 13 includes an upstream
intermediate pipe 13u connecting the first compression
chamber 61 to the external muffler 39, a midway pipe 13m
connecting the external muffler 39 to the intercooler 41,
and a downstream intermediate pipe 13d connecting the
intercooler 41 to the second compression chamber 62.
[0063] The upstream intermediate pipe 13u guides the
medium-pressure refrigerant gas discharged from the
first compression chamber 61 to the outside of the sealed
container 16.

[0064] The downstream intermediate pipe 13d joins
the second refrigerant pipe 9 outside the sealed contain-
er 16. The pipe downstream of the junction of the down-
stream intermediate pipe 13d and the second refrigerant
pipe 9 doubles as the second refrigerant pipe 9 and the
downstream intermediate pipe 13d. The downstream
intermediate pipe 13d guides the medium-pressure re-
frigerant gas discharged from the external muffler 39 and
passing through the intercooler 41 to the second com-
pression chamber 62 inside the sealed container 16.
[0065] The compressor 2 may include a second ex-
ternal muffler 101 provided on the suction side of the
second compression chamber 62 in addition to the ex-
ternal muffler 39 provided on the discharge side of the first
compression chamber 61. The external muffler 39 re-
duces pressure pulsation of the medium-pressure refrig-
erantgas discharged from the first compression chamber
61. The reduction in pressure pulsation reduces vibration
of the intermediate pipe 13 excited by the refrigerant gas
flowing downstream from the external muffler 39. The
second external muffler 101 is connected to the pipe that
doubles as the second refrigerant pipe 9 and the down-
stream intermediate pipe 13d. The second external muf-
fler 101 reduces pressure pulsation of the medium-pres-
sure refrigerant gas sucked into the second compression
chamber 62. The reduction in pressure pulsation reduces
vibration of the intermediate pipe 13 and the compressor
2, as well as ambient noise, ensuring reliability.

[0066] Fig. 6 is a vertical cross-sectional view of an
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external muffler of a compressor according to an embo-
diment of the present invention.

[0067] Asshown in Fig. 6 inadditionto Fig. 1, the inner
diameter Dm1 of the outlet of the upstream intermediate
pipe 13u of the compressor 2 according to the present
embodiment is smaller than the inner diameter Dm2 of
the external muffler 39.

[0068] The upstream intermediate pipe 13u has a sub-
stantially constantinner diameter Dm1, and the flow path
cross-sectional area of the upstream intermediate pipe
13u is equal to the outlet area S1 of the upstream inter-
mediate pipe 13u.

[0069] The external muffler 39 is provided next to the
sealed container 16. The shape of the external muffler 39
is longitudinal shape with a center line extending in the
up-down direction, and has a shape similar to that of a
cylindrical tank that defines a cylindrical space. The
center line of the external muffler 39 and the center line
of the sealed container 16 are parallel and extend verti-
cally. The external muffler 39 has a body portion 39a with
a substantially constant inner diameter Dm2. The flow
path cross-sectional area S2 of the external muffler 39 is
determined at the point of largest area in the longitudinal
direction (up-down direction) of the external muffler 39.
[0070] The quotientobtained by dividing the outletarea
S1 ofthe upstream intermediate pipe 13u by the flow path
cross-sectional area S2 of the external muffler 39 is
called an area ratio S1/S2.

[0071] Fig. 7 is a histogram showing relationship be-
tween the external muffler and the upstream intermediate
pipe of the compressor according to the embodiment of
the present invention.

[0072] Fig.7 showsrelationship between the arearatio
S1/S2, pressure pulsation a in the intermediate pipe 13m
on the outlet side of the external muffler 39, and vibration
B of the midway pipe 13m excited by the pressure pulsa-
tion a.

[0073] A case in which the area ratio S1/S2 = 1.0
means a case in which the outlet area S1 of the upstream
intermediate pipe 13u is the same as the flow path cross-
sectional area S2 of the external muffler 39. In other
words, this means a case in which there is no external
muffler 39 and the upstream intermediate pipe 13u is
directly connected to the intercooler 41. Fig. 5 is shown
with reference to the pressure pulsation a0 occurring in
the upstream intermediate pipe 13u and the vibration S0
of the upstream intermediate pipe 13u excited by the
pressure pulsation a0 when the area ratio S1/S2 = 1.0.
[0074] Here, the pressure pulsation a is the difference
between the maximum value of the periodic pressure
change at the inlet of the external muffler 39 and the
maximum value of the periodic pressure change at the
outlet of the external muffler 39. The inlet of the external
muffler 39 is the connecting portion between the up-
stream intermediate pipe 13u and the external muffler
39, and the outlet of the external muffler 39 is the con-
necting portion between the intermediate pipe 13m and
the external muffler 39. At the inlet of the external muffler
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39 and outlet of the external muffler 39, the pressure of
the refrigerant in the intermediate pipe 13 changes per-
iodically. The amplitude of the pressure change on the
outlet side of the external muffler 39 is smaller than the
amplitude of the pressure change on the inlet side of the
external muffler 39.

[0075] As an index, the vibration p uses the amplitude
in the radial direction of the intermediate pipe 13 in the
vicinity of the connecting portion between the external
muffler 39 and the intermediate pipe 13m. The index of
vibration § may be velocity or acceleration, in addition to
amplitude. The acceleration at a predetermined point of
the external muffler 39 may also be used.

[0076] The inventors have found that the vibration 3 of
the intermediate pipe 13 (midway pipe 13m) can be
reduced to 50 percent or less of the reference shown
by a dashed line BL in Fig. 7, and thereby breakage or
cracking of the intermediate pipe 13 is prevented and the
soundness of the intermediate pipe 13 is maintained.
[0077] Therefore, settingthe arearatio S1/S2t00.04 or
less reliably reduces the vibration p of the intermediate
pipe 13 (midway pipe 13m) to 50 percent or less of the
reference. In other words, if the flow path cross-sectional
area S2 of the external muffler 39 is 25 times or more the
outlet area S1 of the upstream intermediate pipe 13u, the
vibration p of the intermediate pipe 13 (midway pipe 13m)
is reliably reduced to 50 percent or less of the reference.
[0078] Furthermore, when the area ratio S1/S2 =0.02
is compared with the area ratio S1/S2 = 0.01, the reduc-
tion amount in the vibration  of the midway pipe 13m
saturates relative to the reduction amountin the pressure
pulsation a.in the midway pipe 13m. In other words, when
the flow path cross-sectional area S2 of the external
muffler 39 is 100 times or more the outlet area S1 of
the upstream intermediate pipe 13u, the effect of redu-
cing the vibration § of the intermediate pipe 13 saturates.
[0079] Therefore, setting the arearatio S1/S2t00.01 or
more and 0.04 or less effectively reduces the vibration 3
of the intermediate pipe 13 (midway pipe 13m). This
prevents breakage or cracking of the intermediate pipe
13, maintains the soundness of the intermediate pipe 13,
and avoids unnecessary increase in the size of the ex-
ternal muffler 39.

[0080] It is preferable that the length of the external
muffler 39 in the up-down direction, that is, the height of
the external muffler 39, do not exceed the top portion of
the sealed container 16 to prevent the compressor 2 from
getting large. In other words, it is preferable that the top
portion of the external muffler 39 be lower than the top
portion of the sealed container 16.

[0081] Furthermore, it is preferable that the length of
the external muffler 39 in the up-down direction be 1.5
times or more the inner diameter Dm2 of the external
muffler 39. The length of the external muffler 39 contri-
butes torelief of the pressure pulsation o of the refrigerant
gas flowing from the upstream intermediate pipe 13uinto
the external muffler 39. Then, the length of the external
muffler 39 that is 1.5 times or more the inner diameter
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Dm2 of the external muffler 39 can sufficiently relieve the
pressure pulsation a of the refrigerant gas flowing into the
external muffler 39.

[0082] Fig. 8 is a plan view of the compressor accord-
ing to the embodiment of the present invention.

[0083] As shown in Fig. 8, the accumulator 7 and
external muffler 39 of the compressor 2 according to
the presentembodiment are disposed around the sealed
container 16.

[0084] Here, an imaginary circle C1 is set that is cen-
tered on the center line of the sealed container 16, en-
compasses the accumulator 7, and is circumscribed to
the accumulator 7. The imaginary circle C1 is drawn on a
plane thatis the installation plane of the compressor2ora
plane parallel to the installation plane and is perpendi-
cular to the center line of the sealed container 16.
[0085] The external muffler 39 is tangent to the ima-
ginary circle C1 oris accommodated inside the imaginary
circle C1. This makes it possible to prevent the area of the
installation portion of the compressor 2, the so-called
footprint, from getting excessively large.

[0086] However, if the external muffler 39 is cylindrical
and the accommaodating region of the external muffler 39
is limited to within the imaginary circle C1, the flow path
cross-sectional area S2 of the external muffler 39 is
limited by the inner diameter Dm2 of the external muffler
39. Therefore, from the viewpoint of ensuring a larger flow
path cross-sectional area S2 of the external muffler 39,
the horizontal cross-sectional shape of the external muf-
fler 39 may be non-circular. In other words, the horizontal
cross-sectional shape of the external muffler 39 may be a
non-circular shape such as an ellipse, a rectangle, or a
polygon, as long as the external muffler 39 can be con-
tained within the imaginary circle C1.

[0087] The second external muffler 101 provided on
the suction side of the second compression chamber 62
is preferably configured in the same manner as the ex-
ternal muffler 39 provided on the discharge side of the first
compression chamber 61. In other words, the area ratio
S1/S2 of the second external muffler 101 is preferably set
to 0.01 or more and 0.04 or less. The top portion of the
second external muffler 101 is preferably lower than the
top portion of the sealed container 16. The length of the
second external muffler 101 in the up-down direction is
preferably 1.5 times or more the inner diameter Dm2 of
the second external muffler 101. The second external
muffler 101 is preferably tangent to the imaginary circle
C1 or is accommodated inside the imaginary circle C1.
The horizontal cross-sectional shape of the second ex-
ternal muffler 101 may be non-circular. Such a second
external muffler 101 sufficiently reduces the pressure
pulsation a of the refrigerant to be introduced into the
second compression chamber 62, improving the com-
pression efficiency in the second compression chamber
62.

[0088] As described above, the refrigeration cycle ap-
paratus 1 and the compressor 2 according to the present
embodiment include the upstream intermediate pipe 13u
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and the external muffler 39 in which the area ratio S1/S2
is set to 0.01 or more and 0.04 or less, the area ratio
S1/S2 being the quotient obtained by dividing the outlet
area S1 ofthe upstream intermediate pipe 13u by the flow
path cross-sectional area S2 of the external muffler 39.
Therefore, the vibration § generated in the intermediate
pipe 13 (midway pipe 13m) is reliably reduced to 50
percent or less of the reference case, which is a case
in which: the external muffler 39 is not provided and the
upstream intermediate pipe 13u is directly connected to
the intercooler 41; and the arearatio S1/S2is 1.0. There-
fore, this prevents breakage or cracking of the intermedi-
ate pipe 13, and maintains the soundness of the inter-
mediate pipe 13. In addition, this avoids unnecessary
increase in the size of the external muffler 39.

[0089] The refrigeration cycle apparatus 1 and the
compressor 2 according to the present embodiment in-
clude the external muffler 39 having the top portion
placed lower than the top portion of the sealed container
16. Therefore, the refrigeration cycle apparatus 1 and the
compressor 2 can simultaneously reduce the vibration
generated in the intermediate pipe 13 (midway pipe 13m)
and avoid increase in the size of the compressor 2.
[0090] Furthermore, the refrigeration cycle apparatus
1 and the compressor 2 according to the present embo-
diment include the external muffler 39 having the long-
itudinal dimension (height dimension, up-down direction
dimension) that is 1.5 times or more the inner diameter
Dm2. Therefore, the refrigeration cycle apparatus 1 and
the compressor 2 can easily reduce the pressure pulsa-
tion o and vibration B generated in the intermediate pipe
13 (midway pipe 13m), and avoid increase in the size of
the compressor 2.

[0091] The refrigeration cycle apparatus 1 and the
compressor 2 according to the present embodiment also
include the fixing device 38 that fixes the external muffler
39 to the sealed container 16. The compressor 2 can
therefore be easily handled while maintaining the exter-
nal muffler 39 and the sealed container 16 in a desired
relationship in placement.

[0092] Furthermore, the refrigeration cycle apparatus
1 and the compressor 2 according to the present embo-
dimentinclude the external muffler 39 thatis tangent to or
accommodated inside the imaginary circle C1, which is
centered on the center line of the sealed container 16,
encompasses the accumulator 7, and is circumscribed to
the accumulator 7. Therefore, the area of the installation
portion of the compressor 2, the so-called footprint, does
not get excessively large.

[0093] The second external muffler 101 provided on
the suction side of the second compression chamber 62
can achieve the same effect as the external muffler 39 in
terms of reducing the pressure pulsation a of the refrig-
erant to be introduced into the second compression
chamber 62 and improving the compression efficiency
of the second compression chamber 62.

[0094] Therefore, according to the refrigeration cycle
apparatus 1 and the compressor 2 of the present embo-
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diment, in the multi-stage compressor 2 in which a fluid
compressed by a low-stage compression mechanism is
further compressed by a high-stage compression me-
chanism, it is possible to reliably reduce the pressure
pulsation o and vibration f in the intermediate pipe 13
connecting the discharge side of the low-stage compres-
sion mechanism and the suction side of the high-stage
compression mechanism, allowing the apparatus includ-
ing the first external muffler 39 to be downsized as a
whole.

[0095] Although several embodiments of the present
invention have been described, these embodiments are
presented as examples and are not intended to limit the
scope of the invention. These novel embodiments can be
embodied in various other forms, and various omissions,
substitutions, and modifications can be made without
departing from the gist of the invention. These embodi-
ments and their modifications are included within the
scope and gist of the invention, and are included in the
scope of the invention and its equivalents as set forth in
the claims.

[0096] 1...refrigeration cycle apparatus, 2... compres-
sor, 3... heat radiator, 4... first expansion device, 5...
second expansion device, 6... heat absorber, 7... accu-
mulator, 8... first refrigerant pipe, 9... second refrigerant
pipe, 12... outlet pipe, 13... intermediate pipe, 13u... up-
stream intermediate pipe, 13m... midway pipe, 13d...
downstream intermediate pipe, 16... sealed container,
17... electric motor unit, 18... compression mechanism
unit, 19... crankshaft, 21... main bearing, 21... main bear-
ing, 22... auxiliary bearing, 22... auxiliary shaft portion,
23... frame, 26... body portion, 27... head plate, 28...
bottom plate, 31... discharge pipe, 32... terminal block,
35... suction end portion, 36... intermediate discharge
end portion, 37... intermediate suction end portion, 38...
fixing device, 39... first external muffler, 39a... body por-
tion, 41... intercooler, 43... stator, 44... rotor, 45... outlet
wire, 47... main shaft portion, 48... eccentric portion, 51...
firsteccentric portion, 52... second eccentric portion, 55...
first cylinder, 56... partition plate, 57... second cylinder,
59... fastening member, 61... first compression chamber,
62... second compression chamber, 63... first roller, 64...
second roller, 65... first blade, 66... second blade, 68...
first suction portion, 69... first discharge portion, 71...
second suction portion, 72... second discharge portion,
75... medium-pressure flow path, 76... first discharge
valve, 79... high-pressure flow path, 81... second dis-
charge valve, 82... first discharge muffler, 83... second
discharge muffler, 91... first partition plate half body,
91a...recessed portion, 91b... hole, 92... second partition
plate halfbody, 92a... recessed portion, 92b... hole, 101...
second external muffler.

Claims

1. A rotary compressor comprising:
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a sealed container having a center line extend-
ing in an up-down direction;

an electric motor unit provided within the sealed
container;

a crankshaft having a low-pressure side ec-
centric portion and a high-pressure side ec-
centric portion, and being rotationally driven
by the electric motor unit, the low-pressure side
eccentric portion being eccentric from a rotation
center line, the high-pressure side eccentric
portion being provided below the low-pressure
side eccentric portion and being eccentric from
the rotation center line;

a compression mechanism unit including a low-
pressure side cylinder and a high-pressure side
cylinder, the low-pressure side cylinder having a
low-pressure side compression chamber that
compresses introduced low-pressure refriger-
ant gas to medium pressure and discharges
the compressed refrigerant gas by power of
the low-pressure side eccentric portion, the
high-pressure side cylinder having a high-pres-
sure side compression chamber that com-
presses introduced medium-pressure refriger-
ant gas by power of the high-pressure side ec-
centric portion;

an upstream intermediate pipe configured to
guide the medium-pressure refrigerant gas, dis-
charged from the low-pressure side compres-
sion chamber, to an outside of the sealed con-
tainer;

a muffler connected to the upstream intermedi-
ate pipe; and

a downstream intermediate pipe configured to
guide the medium-pressure refrigerant gas, dis-
charged from the mulffler, to the high-pressure
side compression chamber inside the sealed
container,

wherein relationship between outlet area S1 of
the upstream intermediate pipe and flow path
cross-sectional area S2 of the muffler is

0.01 € (S1 + sS2) £ 0.04.

The rotary compressor according to claim 1, wherein

the muffler is provided next to the sealed con-
tainer and has an elongated shape with a center
line extending in an up-down direction, and

a top portion of the muffler is lower than a top
portion of the sealed container.

The rotary compressor according to claim 1 or 2,
wherein a length of the muffler in an up-down direc-
tion is 1.5 times or more an inner diameter of the
muffler.
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4. The rotary compressor according to any one of
claims 1 to 3, further comprising a fixing device
configured to fix the muffler to the sealed container.

5. The rotary compressor according to any one of 5
claims 1 to 4, further comprising:

an accumulator; and

an outlet pipe configured to guide the low-pres-
sure refrigerant gas from the accumulator tothe 70
low-pressure side compression chamber inside

the sealed container,

wherein the muffler is tangent to or accommo-
dated inside an imaginary circle, the imaginary
circle being centered on the center line of the 15
sealed container, encompassing the accumula-

tor, and being circumscribed to the accumulator.

6. A refrigeration cycle apparatus comprising:

20
the rotary compressor according to any one of
claims 1 to 4;
a heat radiator;
an expansion device;
a heat absorber; and 25
a refrigerant pipe that connects the rotary com-
pressor, the heat radiator, the expansion device,
and the heat absorber, to allow refrigerant to

circulate.
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