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(54) Injectible two-stage rotary compressor
(57)  Aninjectible two-stage compression rotary com-
pressor (1) includes a compressor housing (10); a low-
stage compressing section (12L) provided in the com-
pressor house (10); a high-stage compressing section
(12H) provided near the low-stage compressing section
(12L); a motor (11) for driving the low-stage compressing
section (12L) and the high-stage compressing section
(12H); an accumulator (25) held at an outer side portion
of the compressor housing (10); a low-pressure connect-
ing pipe (31) connecting the accumulator (25) and the
low-stage compressing section (12L); an intermediate
connecting pipe (23) connecting the low-stage com-
pressing section (12L) and the high-stage compressing
section (12H) outside the compressor housing (10); and
an intermediate suction pipe (108) for introducing a me-
dium pressure injection refrigerant into the intermediate
connecting pipe (23). The intermediate suction pipe (108)
is connected to the intermediate connecting pipe (23) so
that an outlet of the intermediate suction pipe (108) faces
in a flowing direction of a medium pressure gas refriger-
ant in the intermediate connecting pipe (23).
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Description
TECHNICAL FIELD

[0001] The present invention relates to an injectible
two-stage compression rotary compressor used for a
heat pump system utilizing an injection refrigerating cycle
and specifically to a compressor where a medium pres-
sure injection refrigerant, which is a high dryness wet
refrigerant of a refrigerating cycle side, is introduced into
an intermediate connecting pipe of a medium pressure
gas refrigerant atmosphere.

BACKGROUND ART

[0002] A conventional two-stage compression rotary
compressor includes a low-stage compressing section
and a high-stage compressing section disposed in a
sealed cylindrical compressor housing, a motor for driv-
ing the low-stage compressing section and the high-
stage compressing section, and an accumulator dis-
posed beside the compressor housing.

[0003] The compressor housing is provided with a first
communication hole, a second communication hole, and
a third communication hole in a line in a direction of a
rotary shaft. In the second communication hole, a low-
stage suction pipe connected to a suction side of the low-
stage compressing section to draw in a low pressure re-
frigerant is disposed.

[0004] Inthe firstcommunication hole, a low-stage dis-
charge pipe connected to a discharge side of the low-
stage compressing section to discharge a low-stage dis-
charge refrigerant outside the compressor housing is dis-
posed. Inthe third communication hole, a high-stage suc-
tion pipe connected to a suction side of the high-stage
compressing section to draw in the low-stage discharge
refrigerant is disposed.

[0005] The low-stage suction pipe and a lower portion
of the accumulator are connected by a low-pressure con-
necting pipe. The low-stage discharge pipe and the high-
stage suction pipe are connected by an intermediate con-
necting pipe. Into the intermediate connecting pipe, an
injection refrigerant separated by a gas-liquid separator
of arefrigerating cycle is injected via an intermediate suc-
tion pipe. An outlet of the intermediate suction pipe faces
perpendicularly to a flow of a medium pressure gas re-
frigerant in the intermediate connecting pipe.

[0006] For example, Japanese Patent Application
Laid-open No. 2006-152931 discloses a rotary compres-
sor as described above.

[0007] Normally, pressureinthe intermediate connect-
ing pipe of the two-stage compression rotary compressor
becomes medium due to the discharged refrigerant from
the low-stage compressing section and then gradually
reduces due to suction by the high-stage compressing
section and pressure pulsation occurs in a cycle accord-
ing to a rotational speed of the compressor.

[0008] When a discharge stroke of the low-stage com-
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pressing section ends, the low-stage compressing sec-
tion and the intermediate connecting pipe are discon-
nected from each other. Because the high-stage com-
pressing section is 180° out of phase, it is in a suction
stroke at this time. Because the sum of a volume of the
intermediate connecting pipe and a volume of the high-
stage compressing section is the smallest at this time,
pressure in the intermediate connecting pipe is the high-
est at this time. When phase further advances, the suc-
tion stroke of the high-stage compressing section pro-
ceeds and the volume increases and therefore the pres-
sure in the intermediate connecting pipe reduces as a
roller rotates. As a result, the pressure pulsation increas-
es in the intermediate connecting pipe.

[0009] If the outlet of the intermediate suction pipe is
connected to be perpendicular to the intermediate con-
necting pipe, the flow of the medium pressure gas refrig-
erant in the intermediate connecting pipe and a flow of
the injection refrigerant discharged from the intermediate
suction pipe become orthogonal to each other. There-
fore, the pressure pulsation in the intermediate connect-
ing pipe further increases, the pressure pulsation prop-
agates into injection piping, and a pressure loss of the
injection refrigerant increases. As a result, compression
efficiency of the compressor is impaired.

DISCLOSURE OF INVENTION

[0010] Itis an object of the present invention to at least
partially solve the problems in the conventional technol-
ogy.

[0011] According to an aspect of the presentinvention,
an injectible two-stage compression rotary compressor
used for a heat pump system utilizing an injection refrig-
erating cycle, includes a sealed cylindrical compressor
housing in which first, second, and third communication
holes are sequentially provided apart in an axial direction
on an outer peripheral wall thereof; a low-stage com-
pressing section provided within the compressor housing
with one end of a low-stage suction pipe connected to a
low-stage suction hole through the second communica-
tion hole and one end of a low-stage discharge pipe con-
nected to a low-stage muffler discharge hole through the
first communication hole; a high-stage compressing sec-
tion provided near the low-stage compressing section
within the compressor housing with one end of a high-
stage suction pipe connected to a high-stage suction hole
through the third communication hole and a high-stage
muffler discharge hole communicating with an inside of
the compressor housing; a motor for driving the low-stage
compressing section and the high-stage compressing
section; a sealed cylindrical accumulator held at an outer
side portion of the compressor housing; a low-pressure
connecting pipe connecting a bottom communication
hole of the accumulator and the other end of the low-
stage suction pipe; an intermediate connecting pipe con-
necting the other end of the low-stage discharge pipe
and the other end of the high-stage suction pipe; and an
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intermediate suction pipe for introducing a medium pres-
sure injection refrigerantinto the intermediate connecting
pipe, the medium pressure injection refrigerant being a
wet refrigerant of the injection refrigerating cycle side.
The intermediate suction pipe is connected to the inter-
mediate connecting pipe so that an outlet of the interme-
diate suction pipe faces in a flowing direction of a medium
pressure gas refrigerant in the intermediate connecting
pipe.

[0012] The above and other objects, features, advan-
tages and technical and industrial significance of this in-
vention will be better understood by reading the following
detailed description of presently preferred embodiments
of the invention, when considered in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0013]

FIG. 1A shows a basic structure of a refrigerating
cycle of an air conditioner.

FIG. 1B is a vertical sectional view showing a first
embodiment of an injectible two-stage compression
rotary compressor of the air conditioner according
to the present invention.

FIG. 1Cis a cross sectional view of a low-stage com-
pressing section and a high-stage compressing sec-
tion of the two-stage compression rotary compres-
SOr.

FIG. 1D is a cross sectional view taken along line A-
A of FIG. 1B.

FIG. 1E is a cross sectional view of a low-stage end
plate.

FIG. 1F is a sectional view taken along line B-B of
FIG. 1E.

FIG. 1G is a front view of a compressor housing.
FIG. 1H is a side view of the injectible two-stage com-
pression rotary compressor in the first embodiment.
FIG. 1lis a vertical sectional view showing a variation
of the injectible two-stage compression rotary com-
pressor in the first embodiment.

FIG. 1J is a vertical sectional view showing another
variation of the injectible two-stage compression ro-
tary compressor in the first embodiment.

FIG. 2 is a side view of a second embodiment of the
injectible two-stage compression rotary compressor
of the air conditioner according to the invention.
FIG. 3 is a side view of a third embodiment of the
injectible two-stage compression rotary compressor
of the air conditioner according to the invention.

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0014] Embodiments of an injectible two-stage com-
pression rotary compressor according to the present in-
vention will be described below in detail with reference
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to the drawings. The invention is not limited to the em-
bodiments.

First Embodiment

[0015] FIG. 1A shows a basic structure of a refrigerat-
ing cycle of an air conditioner, FIG. 1B is a vertical sec-
tional view showing a first embodiment of an injectible
two-stage compression rotary compressor of the air con-
ditioner according to the invention, FIG. 1C is a cross
sectional view of a low-stage compressing section and
a high-stage compressing section of the two-stage com-
pression rotary compressor, FIG. 1D is a cross sectional
view taken along line A-A of FIG. 1B, FIG. 1E is a cross
sectional view of a low-stage end plate, FIG. 1F is a sec-
tional view taken along line B-B of FIG. 1E, FIG. 1Gis a
front view of a compressor housing, FIG. 1H is a side
view of the injectible two-stage compression rotary com-
pressor in the first embodiment, FIG. 11 is a vertical sec-
tional view showing a variation of the injectible two-stage
compression rotary compressor in the first embodiment,
and FIG. 1J is a vertical sectional view showing another
variation of the injectible two-stage compression rotary
compressor in the first embodiment.

[0016] As shown in FIG. 1A, the refrigerating cycle
(heat pump system) of the air conditioner in the first em-
bodiment includes the injectible two-stage compression
rotary compressor (hereafter simply referred to as the
"compressor") 1, a condenser (radiator) 4, a first expan-
sion mechanism section 7A, a second expansion mech-
anism section 7B, an evaporator (heat absorber) 9, and
basic cycle piping 2 for connecting them in an annular
shape.

[0017] The compressor 1 is the injectible two-stage
compression rotary compressor including a low-stage
compressing section 12L and a high-stage compressing
section 12H. An intermediate suction pipe 108 (see FIG.
1B) for drawingin an injection refrigerant at medium pres-
sure between condenser pressure and evaporator pres-
sure is connected to an intermediate connecting pipe 23
for connecting the low-stage compressing section 12L
and the high-stage compressing section 12H. The com-
pressor 1 is a so-called inverter compressor having a
motor with a rotational speed variable according to a pow-
er supply frequency.

[0018] The first expansion mechanism section 7Ais a
variable throttle mechanism for optimizing pressure of
the condenser (radiator) 4 and pressure of the evaporator
(heat absorber) 9 with outside air temperature and indoor
settemperature. The second expansion mechanism sec-
tion 7B is a variable throttle mechanism for optimizing an
amount of the injection refrigerant. The basic cycle piping
2 connects the above devices in order and circulates the
refrigerant.

[0019] The heat pump system of the air conditioner
includes a branch pipe 5, injection piping 6, and an inter-
nal heat exchanger 8 as well. The branch pipe 5 is dis-
posed in the basic cycle piping 2 and between the con-
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denser (radiator) 4 and the first expansion mechanism
section 7A to cause the refrigerant to branch into a basic
cycle and an injection cycle.

[0020] The injection piping 6 connects the branch pipe
5 and the intermediate suction pipe 108 with the second
expansion mechanism section 7B interposed therebe-
tween. The internal heat exchanger 8 exchange heat be-
tween a basic cycle piping 2a disposed between the
branch pipe 5 and the first expansion mechanism section
7A and an injection piping 6a disposed between the sec-
ond expansion mechanism section 7B and the interme-
diate suction pipe 108.

[0021] In the heat pump system of the air conditioner,
a four-way valve 3 for reversing a flowing direction of the
refrigerant in the basic cycle is connected to the com-
pressor 1 in order to provide for cooling and heating. If
the four-way valve 3 is reversed, functions of the con-
denser (radiator) 4 and the evaporator (heat absorber) 9
are reversed. In FIG. 1A, the four-way valve 3 is in such
a state that a heat exchanger connected between the
four-way valve 3 and the branch pipe 5 functions as the
condenser and therefore heating operation is carried out
if the heat exchanger is disposed in an indoor unit.
[0022] The heat pump system of the air conditioner in
the first embodiment is an example that is injectible only
in the heating operation when the heat exchanger con-
nected between the four-way valve 3 and the branch pipe
5 is disposed in the indoor unit. By adding changeover
piping for reversely connecting the condenser (radiator)
4 and the evaporator (heat absorber) 9 to the first expan-
sion mechanism section 7A on the basic cycle and to the
internal heat exchanger 8 and the branch pipe 5, the sys-
tem become injectible during cooling as well. Although
flows of the basic cycle refrigerant and the injection re-
frigerant in the internal heat exchanger 8 are parallel
flows in the heat pump system of the air conditioner in
the first embodiment, it is also possible to install piping
so that they become counterflows.

[0023] Next, with reference to FIG. 1A, the flow of the
refrigerant during the heating operation in the heat pump
system of the air conditioner in the first embodiment will
be described. The high-temperature and high-pressure
gas refrigerant discharged from the compressor 1 ex-
changes heat with air in the condenser (radiator) 4, dis-
sipates heat, and becomes liquid. Here, part of the lig-
uefied refrigerant branches at the branch pipe 5 and be-
comes the injection refrigerant flowing through the injec-
tion piping 6 and the rest of the refrigerant becomes the
basic cycle refrigerant flowing through the basic cycle
piping 2.

[0024] Pressure of the injection refrigerant flowing into
the injection piping 6 is reduced in the second expansion
mechanism section 7B to medium pressure Pm and the
refrigerant is brought into a two-phase state at medium
temperature and exchanges heat with the refrigerant
flowing through the basic cycle piping 2a in the internal
heat exchanger 8 when it flows through the injection pip-
ing 6a in the internal heat exchanger 8 to thereby absorb
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heat to obtain higher dryness. Then, the injection refrig-
erant meets discharged gas from the low-stage com-
pressing section 12L and is drawn into the high-stage
compressing section 12H in a generally gasified state.
[0025] On the other hand, the refrigerant flowing
through the basic cycle piping 2 exchanges heat with the
medium temperature injection refrigerant flowing through
the injection piping 6a in the internal heat exchanger 8
when it flows through the basic cycle piping 2a in the
internal heat exchanger 8 to thereby dissipate heat and
be supercooled to a greater degree. Then, pressure of
the refrigerant flowing through the basic cycle piping 2 is
reduced in the first expansion mechanism section 7A and
the refrigerant comes into a low temperature and low
pressure two-phase state and exchanges heat with air
in the evaporator (heat absorber) 9 to thereby absorb
heat to come into a superheated state.

[0026] Then, the superheated refrigerant flows
through the four-way valve 3 and a low-pressure con-
necting pipe 31 of the compressor 1 and is drawn into
the low-stage compressing section 12L. The refrigerant
drawn into the low-stage compressing section 12L is
compressed in the low-stage compressing section 12L.
After the refrigerant is discharged from the low-stage
compressing section 12L, it meets the injection refriger-
antand is drawn into the high-stage compressing section
12H.

[0027] The refrigerant drawn into the high-stage com-
pressing section 12H is compressed in the high-stage
compressing section 12H to high pressure that is final
discharge pressure and discharged into a compressor
housing 10 of the compressor 1. The refrigerant dis-
charged into the compressor housing 10 of the compres-
sor 1 is discharged outside the compressor housing 10
through a discharge pipe 107.

[0028] Next, the injectible two-stage compression ro-
tary compressor 1 of the air conditioner of the first em-
bodiment will be described. As shown in FIG. 1B, the
compressor 1 of the first embodiment includes a com-
pressing section 12 and a motor 11 for driving the com-
pressing section 12 in the sealed cylindrical compressor
housing 10.

[0029] A stator 111 of the motor 11 is fixed by shrink
fitting to an inner peripheral face of the compressor hous-
ing 10. Arotor 112 of the motor 11 is disposed at a center
of the stator 111 and is fixed by shrink fitting to a shaft
15 that mechanically connects the motor 11 and the com-
pressing section 12.

[0030] The compressing section 12 includes the low-
stage compressing section 12L and the high-stage com-
pressing section 12H connected in series to the low-
stage compressing section 12L and disposed above the
low-stage compressing section 12L. As shown in FIGS.
1B and 1C, the low-stage compressing section 12L has
a low-stage cylinder 121L and the high-stage compress-
ing section 12H has a high-stage cylinder 121H.

[0031] In the low-stage cylinder 121L and the high-
stage cylinder 121H, low-stage and high-stage cylinder
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bores 123L and 123H are formed, respectively, to be
concentric with the motor 11. In the respective cylinder
bores 123L and 123H, cylindrical low-stage and high-
stage pistons 125L and 125H having smaller outside di-
ameters than the bore diameters are disposed, respec-
tively, to form compression spaces for compressing the
refrigerant between the cylinder bore 123L and the low-
stage piston 125L and between the cylinder bore 123H
and the high-stage piston 125H, respectively.

[0032] In each of the cylinders 121L and 121H, a
groove as high as the cylinder is formed to extend radially
from the cylinder bore 123L or 123H. In the groove, a
plate-shaped low-stage or high-stage vane 127L or 127H
is fitted. Each of the vanes 127L and 127H is mounted,
on its side facing the compressor housing 10, with a low-
stage or high-stage spring 129L or 129H.

[0033] With repulsive forces of the springs 129L and
129H, tip ends of the vanes 127L and 127H are pushed
against outer peripheral faces of the pistons 125L and
125H and the vanes 127L and 127H partition the com-
pression spaces into low-stage and high-stage suction
chambers 131L, 131H and low-stage and high-stage
compression chambers 133L and 133H.

[0034] The cylinders 121L and 121H are provided with
low-stage and high-stage suction holes 135L and 135H
communicating with the suction chambers 131L and
131H to draw the refrigerant into the suction chambers
131L and 131H.

[0035] Between the low-stage cylinder 121L and the
high-stage cylinder 121H, an intermediate partitioning
plate 140 is disposed to partition the compression spaces
into the space in the low-stage cylinder 121L and the
space in the high-stage cylinder 121H. Below the low-
stage cylinder 121L, a low-stage end plate 160L is dis-
posed to close a lower side of the compression space in
the low-stage cylinder 121L. Above the high-stage cylin-
der 121H, a high-stage end plate 160H is disposed to
close an upper side of the compression space in the high-
stage cylinder 121H.

[0036] On the low-stage end plate 160L, a lower bear-
ing portion 161L is formed. A lower portion 151 of the
shaft 15 is rotatably supported on the lower bearing por-
tion 161L. On the high-stage end plate 160H, an upper
bearing portion 161H is formed. A middle portion 153 of
the shaft 15 is fitted in the upper bearing portion 161H.

[0037] The shaft 15 has eccentric low-stage crank por-
tion 152L and high-stage crank portion 152H with a 180°
phase shift from each other. The low-stage crank portion
152L retains the low-stage piston 125L of the low-stage
compressing section 12L for rotation and the high-stage
crank portion 152H retains the high-stage piston 125H
of the high-stage compressing section 12H for rotation.
[0038] If the shaft 15 rotates, the low-stage and high-
stage pistons 125L and 125H rotate while rolling on inner
peripheral walls of the low-stage and high-stage cylinder
bores 123L and 123H. Following the pistons 125L and
125H, the low-stage and high-stage vanes 127L and
127H reciprocate. Due to the motions of the low-stage
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and high-stage pistons 125L and 125H and the low-stage
and high-stage vanes 127L and 127H, capacities of the
low-stage and high-stage suction chambers 131L and
131H and the low-stage and high-stage compression
chambers 133L and 133H continuously change and the
compressing section 12 continuously draws in, com-
presses, and discharges the refrigerant.

[0039] Below the low-stage end plate 160L, a low-
stage muffler cover 170L is disposed to form a low-stage
muffler chamber 180L between the low-stage end plate
160L and the low-stage muffler cover 170L. A discharge
portion of the low-stage compressing section 12L opens
into the low-stage muffler chamber 180L. In other words,
in the low-stage end plate 160L, a low-stage discharge
hole 190L connecting the compression space in the low-
stage cylinder 121L and the low-stage muffler chamber
180L is formed. In the low-stage discharge hole 190L, a
low-stage discharge valve 200L for preventing backflow
of the compressed refrigerant is disposed.

[0040] As shown in FIGS. 1D and 1E, the low-stage
muffler chamber 180L is a single annular chamber and
is part of an intermediate connecting passage connecting
a discharge side of the low-stage compressing section
12L and a suction side of the high-stage compressing
section 12H.

[0041] AsshowninFIGS. 1E and 1F, on the low-stage
discharge valve 200L, a low-stage discharge valve guard
201L for restricting a flexible valve opening amount of
the low-stage discharge valve 200L is fixed together with
the low-stage discharge valve 200L by a rivet 203. In an
outer peripheral wall portion of the low-stage end plate
160L, a low-stage muffler discharge hole 210L for dis-
charging the refrigerant in the low-stage muffler chamber
180L is formed. The low-stage muffler discharge hole
210L and the high-stage suction hole 135H are formed
in the same direction on a circumference.

[0042] Above the high-stage end plate 160H, a high-
stage muffler cover 170H is disposed to form a high-stage
muffler chamber 180H between the high-stage end plate
160H and the high-stage muffler cover 170H. In the high-
stage end plate 160H, a high-stage discharge hole 190H
connecting the compression space in the high-stage cyl-
inder 121H and the high-stage muffler chamber 180H is
formed. In the high-stage discharge hole 190H, a high-
stage discharge valve 200H for preventing backflow of
the compressed refrigerant is disposed. On the high-
stage discharge valve 200H, a high-stage discharge
valve guard 201H for restricting a flexible valve opening
amount of the high-stage discharge valve 200H is fixed
together with the high-stage discharge valve 200H by a
rivet.

[0043] The low-stage cylinder 121L, the low-stage end
plate 160L, the low-stage muffler cover 170L, the high-
stage cylinder 121H, the high-stage end plate 160H, the
high-stage muffler cover 170H, and the intermediate par-
titioning plate 140 are fastened together by bolts (not
shown). An outer peripheral portion of the high-stage end
plate 160H of the compressing section 12 fastened to-
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gether by the bolts is secured to the compressor housing
10 by spot welding. In this way, the compressing section
12 is fixed to the compressor housing 10.

[0044] AsshowninFIG. 1G, in an outer peripheral wall
of the cylindrical compressor housing 10, a first commu-
nication hole 101, a second communication hole 102,
and a third communication hole 103 are formed in this
order upward from a lower portion while spaced from
each other in an axial direction. The first communication
hole 101, the second communication hole 102, and the
third communication hole 103 are formed in the same
circumferential positions of the compressor housing 10.
[0045] As shown in FIGS. 1B and 1H, an accumulator
25 formed of a separate cylindrical sealed container is
retained by an accumulator holder 251 and an accumu-
lator band 253 in a circumferential position with a right-
ward phase shift from the front (the circumferential posi-
tion where the first communication hole 101, the second
communication hole 102, and the third communication
hole 103 are formed) of an outer side portion of the com-
pressor housing 10 in order to avoid interference with
piping (described later).

[0046] To a center of a top portion of the accumulator
25, a system connecting pipe 255 connected to the re-
frigerating cycle side is connected. To a bottom commu-
nication hole 257 formed at a center of a bottom portion
of the accumulator 25, the low-pressure connecting pipe
31 is connected. The low-pressure connecting pipe 31
has one end extending to an upper portion inside the
accumulator 25 and the other end connected to the other
end of a low-stage suction pipe 104.

[0047] To the low-stage muffler discharge hole 210L
of the low-stage muffler chamber 180L, one end of a low-
stage discharge pipe 105 is connected through the first
communication hole 101. To the high-stage suction hole
135H of the high-stage cylinder 121H, one end of a high-
stage suction pipe 106 is connected through the third
communication hole 103. The other end of the low-stage
discharge pipe 105 and the other end of the high-stage
suction pipe 106 are connected by the intermediate con-
necting pipe 23 bent into a U shape in a two-dimensional
manner. The low-pressure connecting pipe 31 is bent at
right angles at two positions in a three-dimensional man-
ner in order to avoid interference with the U-shaped in-
termediate communication pipe 23.

[0048] Theintermediate communication passage con-
necting the discharge side of the low-stage compressing
section 12L and the suction side of the high-stage com-
pressing section 12H is formed of the low-stage muffler
chamber 180L, the low-stage muffler discharge hole
210L, the intermediate connecting pipe 23, and the suc-
tion hole 135H of the high-stage compressing section
12H. To a U-shape upper portion (a downstream side)
of the intermediate connecting pipe 23, the intermediate
suction pipe 108 (described later) is connected.

[0049] A temperature sensor 240 for measuring tem-
perature of the refrigerant discharged from the low-stage
muffler chamber 180L is attached to an outer face of a
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portion of the intermediate connecting pipe 23 which is
on an upstream side of a junction with the intermediate
suction pipe 108 and is near the low-stage compressing
section 12L.

[0050] The discharge portion of the high-stage com-
pressing section 12H communicates with an inside of the
compressor housing 10 via the high-stage muffler cham-
ber 180H. In other words, the high-stage end plate 160H
is provided with the high-stage discharge hole 190H con-
necting the compression space in the high-stage cylinder
121H and the high-stage muffler chamber 180H. In the
high-stage discharge hole 190H, the high-stage dis-
charge valve 200H for preventing backflow of the com-
pressed refrigerant is disposed. The discharge portion
of the high-stage muffler chamber 180H communicates
with the inside of the compressor housing 10. To the top
portion of the compressor housing 10, the discharge pipe
107 for discharging the high pressure refrigerant to the
refrigerating side is connected.

[0051] Lubricating oil is encapsulated in the compres-
sor housing 10 to a level of the high-stage cylinder 121H
and is circulated through the compressing section 12 by
a vane pump (not shown) inserted into a lower portion of
the shaft 15 to lubricate sliding members and seal por-
tions where minute gaps partition the compression space
for the compressed refrigerant.

[0052] As shown in FIGS. 1B and 1H, as a structure
characterizing the compressor 1 in the first embodiment,
a tip end portion of the intermediate suction pipe 108
formed into the L shape is inserted into and connected
(welded) to the upper portion of the intermediate con-
necting pipe 23 having a greater diameter than the inter-
mediate suction pipe 108. An outlet at the tip end portion
of the intermediate suction pipe 108 faces in substantially
the same direction as a flowing direction of the medium
pressure gas refrigerant in the intermediate connecting
pipe 23. In this way, depending on conditions, it is pos-
sible to jet out the injection refrigerant having a higher
flow rate than the medium pressure gas refrigerant to
exert an ejector effect.

[0053] In other words, the injection refrigerant jetted
out from the intermediate suction pipe 108 draws in the
medium pressure gas refrigerant from the low-stage
compressing section 12L and makes it easy to draw it
into the high-stage compressing section 12H. As aresult,
a pressure loss of the medium pressure gas refrigerant
can be reduced, suction pressure of the high-stage com-
pressing section 12H can be increased, and efficiency
of the compressor 1 can be enhanced.

[0054] FIG. 11 shows a variation of the compressor 1
in the first embodiment. In this variation, the outlet of the
tip end portion of the intermediate suction pipe 108 in-
serted into the upper portion of the intermediate connect-
ing pipe 23 is cut diagonally to be parallel to an inner wall
of the intermediate connecting pipe 23. Because the tip
end portion of the intermediate suction pipe 108 inserted
into the intermediate connecting pipe 23 is cut, flow path
resistance of the medium pressure gas refrigerant reduc-
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es, the pressure loss can be further reduced, and effi-
ciency of the compressor 1 can be further enhanced.
[0055] FIG. 1J shows another variation ofthe compres-
sor 1 in the first embodiment. In this variation, the outlet
of the tip end portion of the intermediate suction pipe 108
formed into an L shape is inserted upward into a lower
portion of the intermediate connecting pipe 23 and the
intermediate suction pipe 108 and the intermediate con-
necting pipe 23 are connected (welded) to each other.
The outlet of the tip end portion of the intermediate suc-
tion pipe 108, facing in substantially the same direction
as the flowing direction of the medium pressure gas re-
frigerant in the intermediate connecting pipe 23, provides
the ejector effect. Inthis way, itis possible to obtain similar
effects to those of the above examples.

Second Embodiment

[0056] FIG. 2 is a side view of a second embodiment
of the injectible two-stage compression rotary compres-
sor of the air conditioner according to the invention. As
a structure characterizing a compressor 1B in the second
embodiment, the low-stage muffler discharge hole 210L
(see FIG. 1E) is provided in a radial direction in a position
with a leftward phase shift in a circumferential direction
of the compressor housing 10 from the low-stage suction
hole 135L (see FIG. 1C) and the high-stage suction hole
135H of the compressing section 12.

[0057] As shown in FIG. 2, the cylindrical compressor
housing 10 is provided, in its outer peripheral wall, with
the first communication hole 101, the second communi-
cation hole 102, and the third communication hole 103
in this order upward from a lower portion while spaced
from each other in an axial direction. The second com-
munication hole 102 and the third communication hole
103 are provided in the same circumferential position
(front) of the compressor housing 10 and the first com-
munication hole 101 is provided in a different circumfer-
ential position (a position displaced leftward) from the
second communication hole 102 and the third commu-
nication hole 103.

[0058] The low-pressure connecting pipe 31 for intro-
ducing the low pressure refrigerant in the refrigerating
cycle into the low-stage compressing section 12L via the
accumulator 25 is connected to the low-stage suction
hole 135L of the low-stage cylinder 121L with the second
communication hole 102 and the low-stage suction pipe
104 interposed therebetween. The low-pressure con-
necting pipe 31 is bentinto a shape of a quarter of a circle
in a two-dimensional manner between the low-stage suc-
tion pipe 104 and the bottom communication hole 257 of
the accumulator 25.

[0059] To the low-stage muffler discharge hole 210L
of the low-stage muffler chamber 180L, one end of the
low-stage discharge pipe 105 is connected through the
first communication hole 101. To the high-stage suction
hole 135H of the high-stage cylinder 121H, one end of
the high-stage suction pipe 106 is connected through the
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third communication hole 103. The other end of the low-
stage discharge pipe 105 and the other end of the high-
stage suction pipe 106 are connected by the intermediate
connecting pipe 23 bent into a U shape in a two-dimen-
sional manner.

[0060] The first communication hole 101 is provided in
the different circumferential position (the position dis-
placed leftward) from the second and third communica-
tion holes 102 and 103 so that the low-pressure connect-
ing pipe 31 and the intermediate connecting pipe 23 do
not interfere with each other. The method of connecting
the intermediate suction pipe 108 and the intermediate
connecting pipe 23 is the same as that in the first em-
bodiment (including the variation and the other variation).
[0061] In the compressor 1B in the second embodi-
ment, the low-pressure connecting pipe 31 can be bent
at one position into the arc shape in the two-dimensional
manner, which facilitates working of low-pressure con-
necting pipe 31 and reduces cost. Moreover, duct resist-
ance of the low-pressure connecting pipe 31 can be re-
duced, a suction pressure loss can be reduced, and com-
pression efficiency of the compressor 1B can be en-
hanced.

Third Embodiment

[0062] FIG. 3 is a side view showing a third embodi-
ment of the injectible two-stage compression rotary com-
pressor of the air conditioner according to the invention.
As a structure characterizing a compressor 1C in the third
embodiment, the low-stage suction hole 135L (see FIG.
1C) of the compressing section 12 is provided in a radial
direction in a position with a rightward phase shift in a
circumferential direction of the compressor housing 10
from the low-stage muffler discharge hole 210L (see FIG.
1E) and the high-stage suction hole 135H.

[0063] As shown in FIG. 3, the cylindrical compressor
housing 10 is provided, in its outer peripheral wall, with
the first communication hole 101, the second communi-
cation hole 102, and the third communication hole 103
in this order upward from a lower portion while spaced
from each other in an axial direction. The first communi-
cation hole 101 and the third communication hole 103
are provided in substantially the same circumferential po-
sition (front) of the compressor housing 10 and the sec-
ond communication hole 102 is provided in a different
circumferential position (a position displaced rightward)
from the first communication hole 101 and the third com-
munication hole 103 so that the low-pressure connecting
pipe 31 and the intermediate connecting pipe 23 do not
interfere with each other.

[0064] As showninFIG. 3, the accumulator 25 formed
of a separate cylindrical sealed container is retained by
the accumulator holder 251 and the accumulator band
253 in a position with a rightward phase shift from the
front (substantially the same circumferential position as
the second communication hole 102) of an outer side
portion of the compressor housing 10. To a center of a
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top portion of the accumulator 25, the system communi-
cation hole 255 connected to the refrigerating cycle side
is connected. To the bottom communication hole 257
formed at a center of a bottom portion of the accumulator
25, the low-pressure connecting pipe 31 is connected.
The low-pressure connecting pipe 31 has one end ex-
tending to an upper portion inside the accumulator 25
and the other end connected to the other end of the low-
stage suction pipe 104.

[0065] The low-pressure connecting pipe 31 for intro-
ducing the low pressure refrigerant in the refrigerating
cycle into the low-stage compressing section 12L via the
accumulator 25 is connected to the low-stage suction
hole 135L of the low-stage cylinder 121L with the second
communication hole 102 and the low-stage suction pipe
104 interposed therebetween. The low-pressure con-
necting pipe 31 is bent into a shape of a quarter of a circle
in atwo-dimensional manner between the low-stage suc-
tion pipe 104 and the bottom communication hole 257 of
the accumulator 25.

[0066] To the low-stage muffler discharge hole 210L
of the low-stage muffler chamber 180L, one end of the
low-stage discharge pipe 105 is connected through the
first communication hole 101. To the high-stage suction
hole 135H of the high-stage cylinder 121H, one end of
the high-stage suction pipe 106 is connected through the
third communication hole 103. The other end of the low-
stage discharge pipe 105 and the other end of the high-
stage suction pipe 106 are connected by the intermediate
connecting pipe 23 bent into a U shape in a two-dimen-
sional manner. The second communication hole 102 is
provided in the different circumferential position (the po-
sition displaced rightward) from the first and third com-
munication holes 101 and 103 so that the low-pressure
connecting pipe 31 and the intermediate connecting pipe
23 do not interfere with each other.

[0067] As described above, in the rotary compressor
1C of the third embodiment, the first communication hole
101 and the third communication hole 103 in the com-
pressor housing 10 are disposed in substantially the
same circumferential position (front) of the compressor
housing 10 and the second communication hole 102 is
disposed in the different circumferential position (the po-
sition displaced rightward) from the first and third com-
munication holes 101 and 103 so that the low-pressure
connecting pipe 31 and the intermediate connecting pipe
23 do not interfere with each other.

[0068] Asaresult, similarly tothe second embodiment,
the low-pressure connecting pipe 31 can be bent at one
position into the U shape in the two-dimensional manner,
which can be facilitated working of the low-pressure con-
necting pipe 31 and reduced cost. Moreover, duct resist-
ance of the low-pressure connecting pipe 31 can be re-
duced, a suction pressure loss can be reduced, and com-
pression efficiency of the compressor 1C can be en-
hanced.

[0069] Because the pressure loss in the low-pressure
connecting pipe 31 increases during high rotation oper-
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ation of the motor 11 with the variable rotational speed,
i.e., when a circulating refrigerant flow rate is large, it is
possible to enhance the efficiency of the compressors
1B and 1C by bending the low-pressure connecting pipe
31 at one position to reduce the pressure loss as in the
second and third embodiments.

[0070] In the embodiment of the injectible two-stage
compression rotary compressor according to the present
invention, the flow of the medium pressure gas refrigerant
in the intermediate connecting pipe and a flow of the in-
jection refrigerant jetted out from the outlet of the inter-
mediate suction pipe are parallel to each other, which
reduces pressure pulsation in the intermediate connect-
ing pipe, reduces a suction loss in the high-stage com-
pressing section, and enhances efficiency of the com-
pressor.

[0071] Although the invention has been described with
respect to a specific embodiment for acomplete and clear
disclosure, the appended claims are not to be thus limited
but are to be construed as embodying all modifications
and alternative constructions that may occur to one
skilled in the art that fairly fall within the basic teaching
herein set forth.

Claims

1. Aninjectible two-stage compression rotary compres-
sor (1; 1B; 1C) used for a heat pump system utilizing
an injection refrigerating cycle, the compressor (1;
1B; 1C) comprising:

a sealed cylindrical compressor housing (10) in
which first, second, and third communication
holes (101, 102, 103) are sequentially provided
apart in an axial direction on an outer peripheral
wall thereof;

alow-stage compressing section (12L) provided
within the compressor housing (10) with one end
of a low-stage suction pipe (104) connected to
alow-stage suction hole (135L) through the sec-
ond communication hole (102) and one end of
a low-stage discharge pipe (105) connected to
a low-stage muffler discharge hole (210L)
through the first communication hole (101);

a high-stage compressing section (12H) provid-
ed near the low-stage compressing section
(12H) within the compressor housing (10) with
one end of a high-stage suction pipe (106) con-
nected to a high-stage suction hole (135H)
through the third communication hole (103) and
a high-stage muffler discharge hole communi-
cating with an inside of the compressor housing
(10);

amotor (11) for driving the low-stage compress-
ing section (12L) and the high-stage compress-
ing section (12H);

a sealed cylindrical accumulator (25) held at an
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outer side portion of the compressor housing
(10);

a low-pressure connecting pipe (31) connecting
a bottom communication hole (257) of the accu-
mulator (25) and the other end of the low-stage
suction pipe (104);

an intermediate connecting pipe (23) connecting
the other end of the low-stage discharge pipe
(105) and the other end of the high-stage suction
pipe (106); and

an intermediate suction pipe (108) for introduc-
ing a medium pressure injection refrigerant into
the intermediate connecting pipe (23), the me-
dium pressure injection refrigerant being a wet
refrigerant of the injection refrigerating cycle
side,

wherein the intermediate suction pipe (108) is con-
nected to the intermediate connecting pipe (23) so
that an outlet of the intermediate suction pipe (108)
faces in a flowing direction of a medium pressure
gas refrigerant in the intermediate connecting pipe
(23).

The injectible two-stage compression rotary com-
pressor (1B) according to claim 1,

wherein the second and third communication holes
(102, 103) are provided in substantially the same
circumferential position of the compressor housing
(10),

the first communication hole (101) is provided in a
different circumferential position from the second
and third communication holes (102, 103),

the accumulator (25) is held in substantially the same
circumferential position as the second and third com-
munication holes (102, 103), and

the low-pressure connecting pipe (31) and the inter-
mediate connecting pipe (23), each being bent in a
two-dimensional manner, are provided so that inter-
ference between the low-pressure connecting pipe
(31) and the intermediate connecting pipe (23) is
avoided.

The injectible two-stage compression rotary com-
pressor (1C) according to claim 1,

wherein the first and third communication holes (101,
103) are provided in substantially the same circum-
ferential position of the compressor housing (10),
the second communication hole (102) is provided in
a different circumferential position from the first and
third communication holes (101, 103),

the accumulator (25) is held in substantially the same
circumferential position as the second communica-
tion hole (102), and

the low-pressure connecting pipe (31) and the inter-
mediate connecting pipe (23), each being bent in a
two-dimensional manner, are provided so that inter-
ference between the low-pressure connecting pipe
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4.

(31) and the intermediate connecting pipe (23) is
avoided.

Aninjectible two-stage compression rotary compres-
sor (1; 1B; 1C) according to any one of claims 1 to
3, adapted to variable rotational speed drive.
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