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(54) POSITIVE DISPLACEMENT COMPRESSOR
(67) A rotary compressor 100 includes a compres-
sion mechanism 3, a motor 2, a suction path 14, a return
path 16, a volume varying mechanism 30, an inverter 42,
and a controller 44. The return path 16 serves to return
a working fluid from the working chamber 25 to the suc-
tion path 14. The volume varying mechanism 30 is pro-
vided in the return path 16, permits the working fluid to
return from the working chamber 25 to the suction path
14 through the return path 16 when the suction volume
of the compression mechanism 3 should be set to a rel-
atively small value, and prohibits the working fluid from
returning from the working chamber 25 to the suction
path 14 through the return path 16 when the suction vol-
ume should be set to a relatively large value. The volume
varying mechanism 30 and the inverter 42 are controlled
so as to compensate for a decrease in the suction volume
with an increase in the rotational speed of the motor 2.
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Description
TECHNICAL FIELD

[0001] The present invention relates to positive dis-
placement compressors.

BACKGROUND ART

[0002] A motor of a compressor is usually controlled
by an inverter and a microcomputer. If the rotational
speed of the motor is decreased, a refrigeration cycle
apparatus in which the compressor is used can be oper-
ated with a power sufficiently lower than a rated value.
In addition, Patent Literature 1 provides a technique for
operating the refrigeration cycle apparatus with such a
low power as cannot be realized by inverter control.

[0003] FIG. 19is a configuration diagram of an air con-
ditioner described in Patent Literature 1. A refrigeration
cycle is constituted by a compressor 915, a four-way
valve 917, an indoor heat exchanger 918, a pressure
reducing device 919, and an outdoor heat exchanger
920. A cylinder of the compressor 915 is provided with
an intermediate discharge port that opens from the start
of a compression process to some point in the process.
The intermediate discharge portis connected to a suction
path of the compressor 915 via a bypass path 923. The
bypass path 923 is provided with a flow rate control de-
vice 921 and a solenoid on-off valve 922. The solenoid
on-off valve 922 is opened only in operation at a low set
frequency. This allows operation with a lower power.

CITATION LIST
Patent Literature

[0004] PTL1: JP S61(1986)-184365 A

SUMMARY OF INVENTION
Technical Problem

[0005] An easy way to improve the efficiency of a re-
frigeration cycle apparatus is to improve the efficiency of
a compressor. The efficiency of the compressor largely
depends on the efficiency of a motor used in the com-
pressor. Many motors are designed to exhibit the highest
efficiency at a rotational speed close to a rated rotational
speed (e.g., 60 Hz). Therefore, if the motor is driven at
an extremely low rotational speed, improvement in the
efficiency of the compressor cannot be expected.
[0006] In view of such circumstances, the present in-
vention aims to provide a positive displacementcompres-
sor that can exhibit high efficiency even when a low power
is required (even when a load is small).
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Solution to Problem

[0007] Thatis,the presentinvention provides apositive
displacement compressor including:

a compression mechanism having a working cham-
ber;

a motor that moves the compression mechanism;
a suction path that guides a working fluid to be com-
pressed to the working chamber;

a return path that returns the working fluid from the
working chamber to the suction path;

a volume varying mechanism that is provided in the
return path, permits the working fluid to return from
the working chamber to the suction path through the
return path when a suction volume of the compres-
sion mechanism should be set to a relatively small
value, and prohibits the working fluid from returning
from the working chamber to the suction path
through the return path when the suction volume
should be set to a relatively large value;

an inverter that drives the motor; and

a controller that controls the volume varying mech-
anism and the inverter so as to compensate for a
decrease in the suction volume with an increase in
a rotational speed of the motor.

Advantageous Effects of Invention

[0008] According to the presentinvention, the positive
displacement compressor can be operated with a rela-
tively small suction volume by returning the working fluid
from the working chamber to the suction path by means
of the return path. On the other hand, if the working fluid
is prohibited from returning from the working chamber to
the suction path, the positive displacement compressor
can be operated with a relatively large suction volume,
that is, with a normal suction volume. Furthermore, ac-
cording to the present invention, the volume varying
mechanism and the inverter are controlled so as to com-
pensate for a decrease in the suction volume with an
increase in the rotational speed of the motor. That is, the
motor is not driven at a low rotational speed, but instead,
the suction volume is decreased. Therefore, it is possible
to provide a positive displacement compressor that can
exhibit high efficiency even when a load is small.

BRIEF DESCRIPTION OF DRAWINGS
[0009]

FIG. 1 is a longitudinal cross-sectional view of a ro-
tary compressor according to a first embodiment of
the present invention.

FIG. 2 is a transverse cross-sectional view of the
rotary compressor of FIG. 1 taken along a ll-Il line.
FIG. 3is adiagramillustrating the operation principle
of the rotary compressor of FIG. 1.
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FIG. 4Ais a graph showing the relationship between
the rotational angle of a shaft and the volume of a
suction chamber.

FIG. 4B is a graph showing the relationship between
the rotational angle of the shaft and the volume of a
compression-discharge chamber.

FIG. 5Ais a flowchart illustrating control of a volume
varying mechanism (on-off valve) and an inverter.
FIG. 5B is another flowchart illustrating control of the
volume varying mechanism (on-off valve) and the
inverter.

FIG. 6 is a graph showing the relationship among
the power of the rotary compressor, the suction vol-
ume of a compression mechanism, the state of the
on-off valve, and the rotational speed of a motor.
FIG. 7 is a graph showing the relationship between
the power of the rotary compressor and the efficiency
of the rotary compressor.

FIG. 8Ais a graph showing the relationship between
the rotational angle of the shaft and the flow velocity
of a refrigerant in a suction path.

FIG. 8B is a graph showing the relationship between
the rotational angle of the shaft and the flow velocity
of the refrigerant in a return path.

FIG. 8C is a graph showing the relationship between
the rotational angle of the shaft and the flow velocity
of the refrigerant in an introduction pipe of an accu-
mulator.

FIG. 9 is a longitudinal cross-sectional view of a ro-
tary compressor according to asecond embodiment.
FIG. 10 is a transverse cross-sectional view of the
rotary compressor of FIG. 9 taken along a X-X line.
FIG. 11 is atransverse cross-sectional view showing
an example of modification of a position at which a
return path and a first working chamber are connect-
ed.

FIG. 12 is a longitudinal cross-sectional view of a
rotary compressor according to a third embodiment.
FIG. 13 is a longitudinal cross-sectional view of a
rotary compressor according to a fourth embodi-
ment.

FIG. 14 is a longitudinal cross-sectional view of a
rotary compressor according to a fifth embodiment.
FIG. 15Ais a partially enlarged cross-sectional view
of the rotary compressor of FIG. 14 in a low volume
mode.

FIG. 15B is a partially enlarged cross-sectional view
of the rotary compressor of FIG. 14 in a high volume
mode.

FIG. 16 is a longitudinal cross-sectional view of a
scroll compressor according to a sixth embodiment.
FIG. 17 is a longitudinal cross-sectional view of a
scroll compressor according to a seventh embodi-
ment.

FIG. 18 is a configuration diagram of a refrigeration
cycle apparatus in which the rotary compressor of
the present embodiment is used.

FIG. 19 is a configuration diagram of a conventional
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air conditioner.
DESCRIPTION OF EMBODIMENTS

[0010] Hereinafter, several embodiments of the
present invention will be described with reference to the
drawings. The presentinvention is not limited by the em-
bodiments described below. The type of the positive dis-
placement compressor is not particularly limited. Exam-
ples of the positive displacement compressor include ro-
tary compressors, scroll compressors, reciprocating
compressors, screw compressors, and swash plate com-
pressors. In the present specification, embodiments of a
rotary compressor and a scroll compressor are de-
scribed.

(First embodiment)

[0011] AsshowninFIG. 1, arotary compressor 100 of
the presentembodimentincludes a compressor body 40,
an accumulator 12, a discharge path 11, a suction path
14, a return path 16, a volume varying mechanism 30,
an inverter 42, and a controller 44.

[0012] The compressorbody 40 includes a closed cas-
ing 1, a motor 2, a rotary compression mechanism 3, and
a shaft 4. The compression mechanism 3 is located in a
lower portion of the closed casing 1. The motor 2 is lo-
cated above the compression mechanism 3 in the closed
casing 1. The compression mechanism 3 and the motor
2 are coupled by the shaft 4. A terminal 21 for supplying
electric power to the motor 2 is provided at the top of the
closed casing 1. An oil reservoir 22 for retaining a lubri-
cating oil is formed in a bottom portion of the closed cas-
ing 1. The compressor body 40 has a structure of a so-
called hermetic compressor.

[0013] The discharge path 11, the suction path 14, and
the return path 16 are each formed by a refrigerant pipe.
The discharge path 11 penetrates through the top of the
closed casing 1, and opens inside the closed casing 1.
The discharge path 11 serves to guide a working fluid
(typically, a refrigerant) having been compressed to the
outside of the compressor body 40. The suction path 14
has one end connected to the compression mechanism
3 and the other end connected to the accumulator 12,
and penetrates through a trunk portion of the closed cas-
ing 1. The suction path 14 serves to guide the refrigerant
to be compressed from the accumulator 12 to a working
chamber 25 of the compression mechanism 3. The return
path 16 has one end connected to the compression
mechanism 3 at a position different from a position at
which the suction path 14 is connected to the compres-
sion mechanism 3, and also has the other end connected
to the accumulator 12. The return path 16 penetrates
through the trunk portion of the closed casing 1. The re-
turn path 16 serves to return, to the suction path 14, the
refrigerantthat has been drawn into the working chamber
25 of the compression mechanism 3 but has not been
compressed yet.
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[0014] Thecompression mechanism 3 is a positive dis-
placement fluid mechanism, and is moved by the motor
2 so as to compress the refrigerant. As shown in FIG. 1
and FIG. 2, the compression mechanism 3 is composed
of acylinder 5, a piston 8, avane 9, a spring 10, an upper
bearing 6, and a lower bearing 7. The piston 8 fitted to
an eccentric portion 4a of the shaft 4 is disposed inside
the cylinder 5 so as to form the working chamber 25 be-
tween the outer circumferential surface of the piston 8
and the inner circumferential surface of the cylinder 5. A
vane groove 24 is formed in the cylinder 5. The vane 9
having one end contacting the outer circumferential sur-
face of the piston 8 is placed in the vane groove 24. The
spring 10 is disposed in the vane groove 24 so as to push
the vane 9 toward the piston 8. The upper bearing 6 and
the lower bearing 7 are respectively provided on and un-
der the cylinder 5 so as to close the cylinder 5. The work-
ing chamber 25 between the cylinder 5 and the piston 8
is divided by the vane 9, and thus a suction chamber 25a
and a compression-discharge chamber 25b are formed.
Therefrigerant to be compressed is guided to the working
chamber 25 (the suction chamber 25a) through the suc-
tion path 14 and a suction port 27. A discharge port 29
is formed in the upper bearing 6 so as to guide the com-
pressed refrigerant from the working chamber 25 (the
compression-discharge chamber 25b) to an internal
space 28 of the closed casing 1. The discharge port 29
is provided with a discharge valve which is not shown in
the drawings. The vane 9 may be integrated with the
piston 8. That is, the piston 8 and the vane 9 may be
formed as a swing piston.

[0015] The motor 2 is composed of a stator 17 and a
rotor 18. The stator 17 is fixed to the inner circumferential
surface of the closed casing 1. The rotor 18 is fixed to
the shaft 4, and rotates together with the shaft 4. The
piston 8 is moved inside the cylinder 5 by the motor 2. A
motor whose rotational speed is variable, such as an
IPMSM (Interior Permanent Magnet Synchronous Motor)
and a SPMSM (Surface Permanent Magnet Synchro-
nous Motor), can be used as the motor 2.

[0016] The controller 44 controls the inverter 42 to ad-
just the rotational speed of the motor 2, that is, the rota-
tional speed of the rotary compressor 100. ADSP (Digital
Signal Processor) including an A/D conversion circuit, an
input/output circuit, an arithmetic circuit, a storage de-
vice, etc., can be used as the controller 44.

[0017] The accumulator 12 is composed of an accu-
mulation container 12a and an introduction pipe 12b. The
accumulation container 12a has an internal space capa-
ble of retaining the liquid refrigerant and the gaseous
refrigerant. The introduction pipe 12b penetrates through
the top of the accumulation container 12a, and opens
toward the internal space of the accumulation container
12a. The suction path 14 and the return path 16 are each
connected to the accumulator 12 in such a manner as to
penetrate through the bottom of the accumulation con-
tainer 12a. The suction path 14 and the return path 16
extend upward from the bottom of the accumulation con-
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tainer 12a, and open toward the internal space of the
accumulation container 12a at a certain height. That is,
the return path 16 is connected to the suction path 14 via
the internal space of the accumulator 12. Another mem-
ber such as a baffle may be provided inside the accumu-
lation container 12a in order to ensure that the liquid re-
frigerant is prevented from entering the suction path 14
directly from the introduction pipe 12b.

[0018] The volume varying mechanism 30 is provided
in the return path 16. In the present embodiment, the
volume varying mechanism 30 is composed of an on-off
valve 32 and a check valve 35. That is, in the present
embodiment, the volume varying mechanism 30 has no
ability to reduce the pressure of the refrigerant. In addi-
tion, the refrigerant having been drawn into the suction
chamber 25a can be returned to the suction path 14
through the return path 16, substantially without being
compressed in the compression-discharge chamber
25b. Therefore, reduction of the efficiency due to pres-
sure loss is very small. However, the volume varying
mechanism 30 may have the ability to reduce the pres-
sure of the refrigerant to the extent that large influence
is not exerted on the efficiency of the rotary compressor
100. For the same reason, the refrigerant having been
compressed in the compression-discharge chamber 25b
may be returned to the suction path 14 through the return
path 16.

[0019] The on-off valve 32 is located outside the com-
pressor body 40, and provided in the return path 16. On
the other hand, the check valve 35 is provided inside the
compressor body 40. As shown in FIG. 1 and FIG. 2, the
return path 16 includes an upstream portion 16h formed
inside the compression mechanism 3 (in particular, inside
the cylinder 5), and a return port 16p that allows commu-
nication between the working chamber 25 and the up-
stream portion 16h. The check valve 35 is provided in
the upstream portion 16h. The check valve 35 blocks a
flow of the refrigerant from the return path 16 to the work-
ing chamber 25. By using the check valve 35, itis possible
to block a flow of the refrigerant from the return path 16
to the working chamber 25 with a relatively simple struc-
ture, without resorting to electric control.

[0020] As shownin FIG. 2, the check valve 35 is com-
posed of a valve body 36, a guide 37, and a spring 38.
The valve body 36 is made of a thin metal plate having
two surfaces, and is located inwardly of the guide 37 so
as to be able to reciprocate between a first position for
closing the return port 16p and a second position for
opening the return port 16p. One of the surfaces of the
valve body 36 faces the return port 16p, and the other
surface faces the spring 38. The spring 38 pushes the
valve body 36 toward the return port 16p. A gap with an
appropriate width is formed between the valve body 36
and the guide 37. When the valve body 36 is moved away
from the return port 16p, in other words, when the valve
body 36 occupies the second position, the working cham-
ber 25 communicates with the upstream portion 16h of
the return path 16. When the valve body 36 comes into
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contact with the return port 16p, in other words, when the
valve body 36 occupies the first position, the working
chamber 25 is disconnected from the upstream portion
16h of the return path 16.

[0021] The volume varying mechanism 30 serves to
vary the suction volume (confined volume) of the rotary
compressor 100. When the suction volume of the rotary
compressor 100 should be set to a relatively small value,
the refrigerant that has not been compressed yet is per-
mitted to return from the working chamber 25 (in partic-
ular, the compression-discharge chamber 25b) to the
suction path 14 through the return path 16. Specifically,
the on-off valve 32 is caused to open. On the other hand,
when the suction volume of the rotary compressor 100
should be set to a relatively large value, the refrigerant
that has not been compressed yet is prohibited from re-
turning from the working chamber 25 to the suction path
14 through the return path 16. Specifically, the on-off
valve 32 is caused to close. While the on-off valve 32 is
open, the rotary compressor 100 is operated in a low
volume mode. While the on-off valve 32 is closed, the
rotary compressor 100 is operated in a high volume
mode.

[0022] When the operation mode of the rotary com-
pressor 100 is switched from the high volume mode to
the low volume mode by controlling the volume varying
mechanism 30, the inverter 42 is controlled so as to com-
pensate for a decrease in the suction volume with an
increase in the rotational speed of the motor 2. This can
prevent extreme decrease in the rotational speed of the
motor 2 even when a low power is required (even when
a load is small). That is, even when a low power is re-
quired, the motor 2 can be driven at a rotational speed
that allows high efficiency to be exhibited. Consequently,
the efficiency of the rotary compressor 100 is also im-
proved.

[0023] As shown in FIG. 2, the upstream portion 16h
and the return port 16p of the return path 16 are formed
at a position corresponding to 180 degrees in terms of
the rotation angle of the shaft 4. In the present specifica-
tion, the position of the vane 9 and the vane groove 24
is defined as a reference position located at "0 degrees"
in the rotational direction of the shaft 4. In other words,
the rotational angle of the shaft 4 at the moment when
the vane 9 is maximally pushed into the vane groove 24
by the piston 8 is defined as "0 degrees".

[0024] In the high volume mode, a process for com-
pressing the refrigerant confined in the compression-dis-
charge chamber 25b (a compression process) starts from
the rotational angle of 0 degrees. On the other hand, in
the low volume mode, a process for discharging the re-
frigerant confined in the compression-discharge cham-
ber 25b from the return port 16p is carried out during the
period from 0 degrees to 180 degrees, and the compres-
sion process starts from the rotational angle of 180 de-
grees. Therefore, assuming that the suction volume in
the high volume mode is V, the suction volume in the low
volume mode is V/2. It should be understood that the
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position of the return port 16p or the like can be changed
as appropriate depending on the rate of change of the
suction volume. For example, in the case where the re-
turn port 16p is formed at a position corresponding to 90
degrees, the suction volume in the low volume mode is
{1+ (1/2)V2v/2.

[0025] Next, the behavior of the compression mecha-
nism 3 will be described with reference to FIG. 3.
[0026] FIG. 3 shows the shaft 4 and the piston 8 which
are rotating counterclockwise. The volume of the suction
chamber 25a increases with the rotation of the shaft 4.
As shown in the upper left of FIG. 3, when the shaft 4
completes one rotation, the volume of the suction cham-
ber 25a becomes maximum. Thereafter, the suction
chamber 25a is converted to the compression-discharge
chamber 25b. The volume of the compression-discharge
chamber 25b decreases with the rotation of the shaft 4.
As shown in FIG. 4A and FIG. 4B, while the volume of
the suction chamber 25a increases through points A, B,
and C, the volume of the compression-discharge cham-
ber 25b decreases through points D, E, and F.

[0027] As shown in the upper right of FIG. 3, in the
case where the on-off valve 32 is open, the check valve
35 opens along with decrease in the volume of the com-
pression-discharge chamber 25b, and the refrigerant is
discharged to the outside of the compression-discharge
chamber 25b through the return port 16p. The discharged
refrigerant is returned to the suction path 14 through the
return path 16. Therefore, the pressure of the compres-
sion-discharge chamber 25b is not increased. As shown
in the lower right of FIG. 3, when the rotational angle of
the shaft 4 reaches 180 degrees, the compression-dis-
charge chamber 25b is disconnected from the return path
16, and the refrigerant begins to be compressed in the
compression-discharge chamber 25b. That is, the suc-
tion volume of the compression mechanism 3 is "V/2".
The compression process continues until the pressure
of the compression-discharge chamber 25b reaches the
pressure of the internal space 28 of the closed casing 1.
After the pressure of the compression-discharge cham-
ber 25b has reached the pressure of the internal space
28, the discharge process is performed until the rotational
angle of the shaft 4 reaches 360 degrees (0 degrees).
As shown in the lower left and the upper left of FIG. 3,
when the shaft 4 completes one rotation, the volume of
the compression-discharge chamber 25b becomes zero.
[0028] Inthe case where the on-off valve 32 is closed,
the refrigerant cannot return from the working chamber
25 to the suction path 14 through the return path 16.
Therefore, the suction volume of the compression mech-
anism 3 is "V", and the compression process starts im-
mediately after the end of the suction process. At this
time, the portion of the return path 16 from the return port
16p to the on-off valve 32, that is, the upstream portion
16h of the return path 16, has a relatively high pressure.
This is because when the on-off valve 32 is closed, the
refrigerant compressed up to an intermediate pressure
is gradually accumulated in the upstream portion 16h. If
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the pressure of the compression-discharge chamber 25b
is lower than the pressure of the upstream portion 16h,
the check valve 35 prevents the refrigerant from flowing
back to the compression-discharge chamber 25b from
the return path 16. That is, since the check valve 35 is
provided on the working chamber 25 side with respect
to the on-off valve 32, it is possible to avoid a situation
where the return path 16 causes dead volume. In the
present embodiment, since the check valve 35 is provid-
ed in the upstream portion 16h formed inside the cylinder
5, the dead volume due to the return path 16 is substan-
tially zero.

[0029] Next, with reference to FIG. 5A, a description
will be given of the steps of control performed by the
controller 44 for the volume varying mechanism 30 (the
on-off valve 32) and the inverter 42.

[0030] In step S1, the rotational speed of the motor 2
is adjusted in accordance with a required power. Specif-
ically, the rotational speed of the motor 2 is adjusted so
as to obtain a required refrigerant flow rate. Next, in step
S2 and step S6, it is determined whether the rotational
speed of the motor 2 has been increased or decreased.
When the process of decreasing the rotational speed has
been performed in step S1, the control proceeds to step
S3, and it is determined whether the current rotational
speed is lower than or equal to 30 Hz. If the current ro-
tational speed is lower than or equal to 30 Hz, it is deter-
mined in step S4 whether the on-off valve 32 is closed.
If the on-off valve 32 is closed, the process of opening
the on-off valve 32 and the process of increasing the
rotational speed of the motor 2 to a rotational speed which
is twice the current rotational speed, are executed in step
S5. The order of the processes in step S5 is not partic-
ularly limited. The rotational speed of the motor 2 can be
increased almost at the same time as the on-off valve 32
is caused to open.

[0031] Onthe otherhand, when the process of increas-
ing the rotational speed has been performed in step S1,
the control proceeds to step S7, and it is determined
whether the current rotational speed is higher than or
equal to 70 Hz. If the current rotational speed is higher
than or equalto 70 Hz, itis determined in step S8 whether
the on-off valve 32 is open. If the on-off valve 32 is open,
the process of closing the on-off valve 32 and the process
of decreasing the rotational speed of the motor 2 to a
rotational speed which is 1/2 times the current rotational
speed, are executed in step S9. The order of the proc-
esses in step S9 is not particularly limited. The rotational
speed of the motor 2 can be decreased almost at the
same time as the on-off valve 32 is caused to close.
[0032] If the control is performed in accordance with
the flowchart of FIG. 5A, the relationship between the
state of the on-off valve 32 and the rotational speed of
the motor 2 has a hysteresis as shown in FIG. 6. Such
control allows prevention of hunting of the compression
mechanism 3.

[0033] In the state where the on-off valve 32 is closed,
that is, in the high volume mode in which the refrigerant
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is prohibited from returning from the working chamber 25
to the suction path 14 through the return path 16, the
suction volume of the compression mechanism 3 is "V".
If the rotational speed of the motor 2 has been decreased
from a high rotational speed to a first rotational speed
(e.g., 30 Hz) or lower during the operation in the high
volume mode, the controller 44 executes a process for
the on-off valve 32 so as to decrease the suction volume,
and also executes a process for the inverter 42 so as to
increase the rotational speed of the motor 2. The process
for the on-off valve 32 executed to decrease the suction
volume is the process of opening the on-off valve 32. The
process for the inverter 42 executed to increase the ro-
tational speed of the motor 2 is the process of setting the
targetrotational speed of the motor 2 to arotational speed
which is twice the latest rotational speed.

[0034] In addition, the controller 44 controls the on-off
valve 32 and the inverter 42 so as to compensate for an
increase in the suction volume with a decrease in the
rotational speed of the motor 2. In the state where the
on-off valve 32 is open, that is, in the low volume mode
in which the refrigerant is permitted to return from the
working chamber 25 to the suction path 14 through the
return path 16, the suction volume of the compression
mechanism 3 is "V/2". If the rotational speed of the motor
2 has been increased to a second rotational speed (e.g.,
70 Hz) or higher during the operation in the low volume
mode, the controller 44 executes a process for the on-
off valve 32 so as to increase the suction volume, and
also executes a process for the inverter 42 so as to de-
crease the rotational speed of the motor 2. The process
for the on-off valve 32 executed to increase the suction
volume is the process of closing the on-off valve 32. The
process for the inverter 42 executed to decrease the ro-
tational speed of the motor 2 is the process of setting the
targetrotational speed of the motor 2 to arotational speed
which is 1/2 times the latest rotational speed.

[0035] As shown in FIG. 6, if the rotational speed of
the motor 2 decreases to 30 Hz while the on-off valve 32
is closed, the on-off valve 32 is caused to open, and the
rotational speed of the motor 2 is increased to 60 Hz. If
the rotational speed of the motor 2 increases to 70 Hz
while the on-off valve 32 is open, the on-off valve 32 is
caused to close, and the rotational speed of the motor 2
isdecreased to 35Hz. Assuming that the rotational speed
at the time when the on-off valve 32 is caused to open
and the rotational speed of the motor 2 is increased is
defined as a third rotational speed, and that the rotational
speed at the time when the on-off valve 32 is caused to
close and the rotational speed of the motor 2 is decreased
is defined as a fourth rotational speed, the following re-
lationships are satisfied: (the first rotational speed) < (the
fourth rotational speed); and (the third rotational speed)
< (the second rotational speed). For example, if the first
rotational speed is set to a rotational speed lower than
or equal to 30 Hz, the rotary compressor 100 can be
operated with a broader range of power. The lower limit
of the first rotational speed is not particularly limited, and
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is, for example, 20 Hz.

[0036] When the operation mode is switched, the ro-
tational speed of the motor 2 can be adjusted in accord-
ance with (VL/VH) which is the ratio of a suction volume
VL in the low volume mode to a suction volume VH in
the high volume mode. When the operation mode is
switched from the high volume mode to the low volume
mode, the rotational speed (target rotational speed) of
the motor 2 is set to a rotational speed that results from
dividing the rotational speed of the motor 2 immediately
before the mode switching by the ratio (VL/VH). Similarly,
when the operation mode is switched from the low volume
mode to the high volume mode, the rotational speed of
the motor 2 is set to a rotational speed that results from
multiplying the rotational speed of the motor 2 immedi-
ately before the mode switching by the ratio (VL/VH).
This allows smooth switching of the operation mode be-
tween the high volume mode and the low volume mode.
[0037] It is not essential that 100% of a decrease in
the power of the rotary compressor 100 caused by a de-
crease in the suction volume should be compensated for
with an increase in the power of the rotary compressor
100 achieved by an increase in the rotational speed of
the motor 2. In the example shown in FIG. 6, when the
suction volume is decreased by 1/2 by opening the on-
off valve 32, the rotational speed of the motor 2 is in-
creased by twice. Therefore, the power of the rotary com-
pressor 100 is not changed by the mode switching. How-
ever, no problem arises even if the power of the rotary
compressor 100 is increased or decreased because of
the mode switching.

[0038] The rotary compressor 100 may be stopped
while the on-off valve 32 is open, in order to prevent the
refrigerant from being confined in the upstream portion
16h of the return path 16 during the stoppage of the rotary
compressor 100. A normally open valve can be used as
the on-off valve 32. The check valve 35 may be a com-
monly-known lead valve including a stopper and a lead
made of a thin metal plate.

[0039] Next, another example of the steps of control
ofthe on-offvalve 32 and the inverter 42 will be described.
[0040] The controller 44 may be configured to execute
the process for the on-off valve 32 so as to decrease the
suction volume, and the process for the inverter 42 so
as to increase the rotational speed of the motor 2 when
the flow rate of the refrigerant is excessive even if the
rotational speed of the motor 2 is decreased to the first
rotational speed (e.g., 30 Hz) in the high volume mode.
Thatis, the controller 44 may be configured to determine
the need for mode switching before the rotational speed
of the motor 2 is actually decreased to the first rotational
speed. Similarly, the controller 44 may be configured to
execute the process for the on-off valve 32 so as to in-
crease the suction volume, and the process for the in-
verter 42 so as to decrease the rotational speed of the
motor 2 when the flow rate of the refrigerant is insufficient
even if the rotational speed of the motor 2 is increased
to the second rotational speed (e.g., 70 Hz) in the low
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volume mode. That is, the controller 44 may be config-
ured to determine the need for mode switching before
the rotational speed of the motor 2 is actually increased
to the second rotational speed. An example of such con-
trol will be described with reference to FIG. 5B.

[0041] As shown in FIG. 5B, a required rotational
speed of the motor 2 is calculated in step S11 first. The
"required rotational speed" means, for example, a rota-
tional speed for obtaining a required refrigerant flow rate.
Next, in step S12, it is determined whether the required
rotational speed is lower than or equal to the first rota-
tional speed (e.g., 30 Hz). If the required rotational speed
is lower than or equal to the first rotational speed, it is
determined in step S 13 whether the on-off valve 32 is
closed. If the on-off valve 32 is closed, in step S15, the
on-off valve 32 is caused to open, and the rotational
speed of the motor 2 is adjusted to a rotational speed
that allows the required refrigerant flow rate. If the on-off
valve 32 is open, only the rotational speed of the motor
2 is adjusted in step S14.

[0042] On the other hand, if the required rotational
speed is higher than the first rotational speed, it is deter-
mined in step S 16 whether the required rotational speed
is higher than or equal to the second rotational speed
(e.g., 70 Hz). If the required rotational speed is higher
than or equal to the second rotational speed, it is deter-
mined in step S 17 whether the on-off valve 32 is open.
If the on-off valve 32 is open, in step S18, the on-off valve
32 is caused to close, and the rotational speed of the
motor 2 is adjusted to a rotational speed that allows the
required refrigerant flow rate. If the on-off valve 32 is
closed, only the rotational speed of the motor 2 is adjust-
ed in step S 19.

[0043] Performing the control described with reference
to FIG. 5A or FIG. 5B allows the rotary compressor 100
to exhibit high efficiency even when a low power is re-
quired (even when a load is small), as shown by a solid
line in FIG. 7. In FIG. 7, the rated power of the rotary
compressor 100 is "100%". When the rated power is de-
fined as a reference, the efficiency of the rotary compres-
sor 100 decreases with reduction of the power to be ex-
erted, that is, with reduction of the rotational speed of the
motor 2. As shown by a dashed line, the reduction of the
efficiency is significant if the motor 2 is driven at a rota-
tional speed which is 50% or less of the rated rotational
speed. In the present embodiment, when a relatively low
power is required, the rotary compressor 100 is operated
in the low volume mode in which the suction volume is
V/2. This allows the motor 2 to be driven at a rotational
speed which is as close to the rated rotational speed as
possible. Accordingly, the rotary compressor 100 can ex-
hibit excellent efficiency even when the required power
is 50% or less of the rated power.

[0044] Next, a description will be given of the effect
that is based on the fact that the return path 16 commu-
nicates with the suction path 14 via the internal space of
the accumulator 12.

[0045] Basically, all of the refrigerant present in the



13 EP 2 623 790 A1 14

suction path 14 is drawn into the suction chamber 25a.
Therefore, as shown in FIG. 8A, the flow velocity of the
refrigerant in the suction path 14 varies in proportion to
the change rate of the volume of the suction chamber
25a (see FIG. 4A). Specifically, the flow velocity of the
refrigerant in the suction path 14 shows a sine wave pro-
file with respect to the rotational angle of the shaft 4 in
theory.

[0046] In the case where the on-off valve 32 is open,
the refrigerant in the compression-discharge chamber
25b is discharged to the return path 16 through the return
port 16p during the period in which the rotational angle
of the shaft 4 varies from 0 to 180 degrees. The amount
of the refrigerant discharged to the return path 16 from
the compression-discharge chamber 25b is equal to the
amount of decrease in the volume of the compression-
discharge chamber 25b in the period from 0 to 180 de-
grees. As shown in FIG. 8B, the flow velocity of the re-
frigerant in the return path 16 varies in proportion to the
change rate of the volume of the compression-discharge
chamber 25b (see FIG. 4B) only during the period in
which the rotational angle of the shaft 4 varies from 0 to
180 degrees. Specifically, in theory, the flow velocity of
the refrigerant in the return path 16 shows a sine wave
profile in the period from 0 to 180 degrees, and is zero
in the period from 180 to 360 degrees.

[0047] The refrigerant flows into the accumulator 12
from both the introduction pipe 12b and the return path
16. The refrigerant having flowed into the accumulator
12 can advance only to the suction path 14. Therefore,
the flow velocity of the refrigerant in the introduction pipe
12b of the accumulator 12 is approximately equal to the
difference between the flow velocity of the refrigerant in
the suction path 14 and the flow velocity of the refrigerant
in the return path 16. Specifically, in theory, the flow ve-
locity of the refrigerant in the introduction pipe 12b shows
a sine wave profile in the period from 180 to 360 degrees,
and is zero in the period from 0 to 180 degrees, as shown
in FIG. 8C.

[0048] When the rotational angle of the shaft 4 is 180
degrees, the flow velocity of the refrigerant in the return
path 16 rapidly drops from the maximum flow velocity v
to zero. In addition, when the rotational angle of the shaft
4 is 180 degrees, the flow velocity of the refrigerant in
the introduction pipe 12b rapidly increases from zero to
the maximum flow velocity v. Such rapid change of the
flow velocity may foster occurrence of water hammering,
leading to problems such as reduction of reliability and
occurrence of noise which are caused by vibration of
pipes constituting the suction path 14 and the return path
16. Furthermore, a pressure wave transmitted to the suc-
tion path 14 may reduce the volume efficiency of the suc-
tion chamber 25a, thus resulting in reduction of the effi-
ciency of the rotary compressor 100. However, in the
present embodiment, the return path 16 is connected to
the suction path 14 via the internal space of the accumu-
lator 12. This configuration can prevent occurrence of
water hammering, thereby making it possible to efficiently

10

15

20

25

30

35

40

45

50

55

suppress vibration, noise, and efficiency reduction.
(Second embodiment)

[0049] As showninFIG.9, arotary compressor 200 of
the present embodiment includes a second compression
mechanism 33, in addition to the compression mecha-
nism 3 described in the first embodiment. Hereinafter,
the components of the compression mechanism 3 de-
scribed in the first embodiment will be represented by
adding "first". For example, the cylinder 5 is represented
as a first cylinder 5, the piston 8 is represented as a first
piston 8, the vane 9 is represented as a first vane 9, the
working chamber 25 is represented as a first working
chamber 25, and the compression mechanism 3 is rep-
resented as a first compression mechanism 3. Hereinaf-
ter, the same components as those described above are
denoted by the same reference characters, and the de-
scription thereof is omitted.

[0050] As shown in FIG. 9 and FIG. 10, the second
compression mechanism 33 is composed of a second
cylinder 55, a second piston 58, a second vane 59, and
a second spring 60. The second cylinder 55 is disposed
concentrically with the first cylinder 5. The second piston
58 fitted to a second eccentric portion 4b of the shaft 4
is disposed inside the second cylinder 55 so as to form
a second working chamber 75 between the outer circum-
ferential surface of the second piston 58 and the inner
circumferential surface of the second cylinder 55. A sec-
ond vane groove 64 is formed in the second cylinder 55.
The second vane 59 having one end contacting the outer
circumferential surface of the second piston 58 is placed
in the second vane groove 64. The second spring 60 is
disposed in the second vane groove 64 so as to push
the second vane 59 toward the second piston 58. The
second working chamber 75 between the second cylin-
der 55 and the second piston 58 is divided by the second
vane 59, and thus a second suction chamber 75a and a
second compression-discharge chamber 75b are
formed. The refrigerant to be compressed is guided to
the second working chamber 75 (the second suction
chamber 75a) through the second suction path 15 and a
second suction port 77. A second discharge port 79 is
formed in the upper bearing 6 so as to guide the com-
pressed refrigerant from the second working chamber 75
(the second compression-discharge chamber 75b) to the
internal space 28 of the closed casing 1. The second
discharge port 79 is provided with a discharge valve
which is not shown in the drawings.

[0051] The lower bearing 7 is covered with a muffler
23 having an internal space capable of receiving the re-
frigerant compressed by the first compression mecha-
nism 3. Thefirstdischarge port 29 of the first compression
mechanism 3 is formed in the lower bearing 7. A flow
path 26 that penetrates through the lower bearing 7, the
first cylinder 5, an intermediate plate 53, the second cyl-
inder 55, and the upper bearing 6, is formed so that the
refrigerant compressed by the first compression mech-
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anism 3 travels from the internal space of the muffler 23
to the internal space 28 of the closed casing 1.

[0052] The direction in which the first eccentric portion
4a projects is shifted by 180 degrees from the direction
in which the second eccentric portion 4b projects. That
is, the phase of the first piston 8 is shifted from the phase
of the second piston 58 by 180 degrees in terms of the
rotational angle of the shaft 4.

[0053] The refrigerantis supplied to the first compres-
sion mechanism 3 through the first suction path 14, and
is supplied to the second compression mechanism 33
through the second suction path 15. The refrigerant is
compressed by the first compression mechanism 3 or
the second compression mechanism 33, and is then dis-
charged to the internal space 28 of the closed casing 1.
The first suction path 14 and the second suction path 15
are each connected to the accumulator 12. One of the
suction paths 14 and 15 may be branched from the other
inside or outside the accumulator 12.

[0054] AsshowninFIG.9and FIG. 10, since the return
path 16 is not connected to the second compression
mechanism 33, the suction volume of the second com-
pression mechanism 33 is always constant. The return
path 16 is connected only to the first compression mech-
anism 3 so that only the suction volume of the first com-
pression mechanism 3 can be varied. The production
cost of the rotary compressor 200 can be reduced by
allowing only the suction volume of the first compression
mechanism 3 to be varied. It should be understood that
the return path 16 may be connected to each of the com-
pression mechanisms 3 and 33 so that each ofthe suction
volumes of the compression mechanisms 3 and 33 can
be varied.

[0055] In the present embodiment, the first compres-
sion mechanism 3 is located on the far side with respect
to the motor 2, and the second compression mechanism
33 is located on the near side with respect to the motor
2. That is, the motor 2, the second compression mech-
anism 33, and the first compression mechanism 3 are
arranged in this order along the axial direction of the shaft
4. The second compression mechanism 33 has a con-
stant suction volume, and thus requires a large load
torque also in the low volume mode. Therefore, when the
second compression mechanism 33 is located on the
near side with respect to the motor 2, a load applied to
the shaft 4 in the low volume mode is alleviated, which
can result in reduction of loss in the bearings 6 and 7,
and the like. In addition, when the first compression
mechanism 3 having a small suction volume in the low
volume mode is located on the lower side, it is possible
to reduce pressure loss caused by a flow of the com-
pressed refrigerant to the internal space 28 of the closed
casing 1 through the muffler 23. However, the positional
relationship between the first compression mechanism
3 and the second compression mechanism 33 is not lim-
ited to the above relationship.

[0056] As described in the first embodiment, in the
case where the return port 16p is formed at a position
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corresponding to 180 degrees, "V" or "V/2" can be se-
lected as the suction volume of the first compression
mechanism 3. In addition, when the suction volume of
the second compression mechanism 33 is "V", "2V" or
"1.5V" can be selected as the sum of the suction volumes
of the compression mechanisms 3 and 33.

[0057] Meanwhile, in the low volume mode in which
the refrigerant is permitted to return from the first working
chamber 25 to the first suction path 14 through the return
path 16, the suction volume of the first compression
mechanism 3 can be made substantially zero. Specifi-
cally, as shown in FIG. 11, the return port 16p may be
formed at a position in the vicinity of the first discharge
port 29. With this configuration, in the low volume mode,
almost all of the refrigerant drawn into the first suction
chamber 25a is returned to the accumulator 12 through
the return path 16 without being compressed. That is,
the function of the first compression mechanism 3 can
be canceled. The sum of the suction volumes of the com-
pression mechanisms 3 and 33 in the low volume mode
is equal to the suction volume V of the second compres-
sion mechanism 33.

[0058] "Makingthe suctionvolume of the first compres-
sion mechanism 3 substantially zero" does not neces-
sarily mean that the suction volume of the first compres-
sion mechanism 3 is absolutely zero. For example, when
the suction volume in the high volume mode is V, the
position of the return port 16p can be determined so that
the suction volume in the low volume mode is less than
{1 - (172)V2)V/2, and preferably less than V/10. In this
configuration, the first compression mechanism 3 does
not perform the work of compressing the refrigerant in
the low volume mode, and can be said to lose its function.

(Third embodiment)

[0059] As shown in FIG. 12, a rotary compressor 300
of the present embodiment corresponds to a rotary com-
pressor obtained by omitting the check valve 35 from the
rotary compressor 100 of the first embodiment. In the
firstand second embodiments, the volume varying mech-
anism 30 is composed of the on-off valve 32 and the
check valve 35. The check valve 35 contributes to reduc-
tion of dead volume, but is not directly involved in varying
the suction volume. Therefore, even when the volume
varying mechanism 30 consists of only the on-off valve
32 as in the present embodiment, the suction volume of
the compression mechanism 3 can be varied.

(Fourth embodiment)

[0060] As shown in FIG. 13, a rotary compressor 400
of the present embodiment includes a valve 80 (solenoid
valve 80) as the volume varying mechanism 30, and the
valve 80 is capable of directly opening and closing the
return port 16p. The other components are as described
in the first embodiment.

[0061] The solenoid valve 80is composed of a plunger
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81, a coil 83, and a housing 85. The housing 85 has an
internal flow path 85h as the upstream portion of the re-
turn path 16, and also has the return port 16p opening
toward the working chamber 25. The plunger 81 is placed
in the housing 85 so as to be movable forward and back-
ward along the internal flow path 85h. When electricity
is applied to the coil 83, the plunger 81 moves in a direc-
tion away from the shaft 4, and thus the return port 16p
is opened. This allows the refrigerant to return from the
working chamber 25 to the suction path 14 through the
return path 16. When the application of electricity to the
coil 83 is stopped, the plunger 81 is pushed in a direction
toward the shaft 4, and the return port 16p is closed by
the end portion of the plunger 81.

[0062] Inthe low volume mode, electricity is applied to
the coil 83 to open the return port 16p. In the high volume
mode, the application of electricity to the coil 83 is
stopped to close the return port 16p. Since the return port
16p is opened and closed directly with the plunger 81,
the dead volume when the return port 16p is closed is
approximately zero. That is, the solenoid valve 80 of the
present embodiment not only allows switching between
the high volume mode and the low volume mode, but
also can prevent the refrigerant that has an intermediate
pressure from flowing back to the suction chamber 25a
and expanding again in the high volume mode. In addi-
tion, according to the present embodiment, since the re-
turn port 16p is always open in the low volume mode, the
refrigerant to be compressed can be supplied to the suc-
tion chamber 25a from both the suction port 27 and the
return port 16p. This is preferable in view of reducing
pressure loss in the suction process. This effect can be
obtained also by the third and fifth embodiments.
[0063] In addition, the solenoid 83 may be controlled
so that the return port 16p is opened and closed in syn-
chronization with the rotation of the shaft 4. That is, by
adjusting the times when the return port 16p is opened
and closed, the suction volume of the compression mech-
anism 3 can be varied in a multistep manner or in a con-
tinuous manner. For example, in the period during which
the rotational angle of the shaft 4 varies from 0 to 90
degrees, electricity is applied to the coil 83 so that the
refrigerant can flow into the return path 16. In the period
during which the rotational angle of the shaft 4 varies
from 90 to 360 degrees, the application of electricity to
the coil 83 is stopped. This allows the rotary compressor
400 to be operated in a middle volume mode, as well as
in the high volume mode and the low volume mode which
have been described above.

(Fifth embodiment)

[0064] As shown in FIG. 14, a rotary compressor 500
of the present embodiment has a volume varying mech-
anism 30 having a structure different from that of the vol-
ume varying mechanism 30 of the rotary compressor 100
of the first embodiment. The other components are as
described in the first embodiment.
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[0065] The rotary compressor 500 has a three-way
valve 90, a volume control valve 91, and a high-pressure
path 92 which function together as the volume varying
mechanism 30. The return path 16 has the upstream por-
tion 16h formed inside the compression mechanism 3 (in
particular, inside the cylinder 5), and also has the return
port 16p opening toward the working chamber 25. The
volume control valve 91 is disposed in the upstream por-
tion 16h so as to be able to open and close the return
port 16p. The high-pressure path 92 has one end con-
nected to the three-way valve 90 and the other end con-
nected to the oil reservoir 22. The high-pressure path 92
is a path for supplying, to the volume control valve 91, a
pressure equal to the pressure of the refrigerant having
been compressed. The rotary compressor 500 of the
present embodiment is a so-called high-pressure shell
type compressor in which the internal space 28 of the
closed casing 1 is filled with the compressed refrigerant.
In the oil reservoir 22, an oil having a pressure approxi-
mately equal to the pressure of the compressed refrig-
erant is retained. The three-way valve 90 is configured
to allow either the suction path 14 or the high-pressure
path 92 to connect with the upstream portion 16h of the
return path 16. By controlling the three-way valve 90, the
rotary compressor 500 can be operated in either the high
volume mode or the low volume mode.

[0066] AsshowninFIG.15AandFIG. 15B, the volume
control valve 91 includes a plunger 96 and a spring 97.
The plunger 96 has the shape of a cylinder with a bottom
surface facing the return port 16p, and is disposed so as
to be able to slide into the upstream portion 16h which
is cylindrical. The spring 97 is joined to the inside of the
plunger 96, and imparts, to the plunger 96, a force direct-
ed away from the return port 16p. In the upstream portion
16h of the return path 16, a groove 169 is formed along
the outer circumferential surface of the plunger 96. The
groove 16g extends along the sliding direction of the
plunger 96, and has a length greater than that of the
plunger 96 in the sliding direction.

[0067] AsshowninFIG. 15A, in the low volume mode,
the three-way valve 90 is controlled so that the suction
path 14 communicates with the upstream portion 16h of
the return path 16. Thus, the plunger 96 is moved away
from the return port 16p, and as a result, the refrigerant
can flow from the working chamber 25 to the return path
16 thorough the return port 16p and the groove 16g. That
is, when the suction path 14 is connected to the upstream
portion 16h of the return path 16 by the three-way valve
90, the volume control valve 91 is opened to permit a
flow of the refrigerant from the working chamber 25 to
the suction path 14.

[0068] On the other hand, in the high volume mode,
the three-way valve 90 is controlled so that the high-pres-
sure path 92 communicates with the upstream portion
16h of the return path 16 as shown in FIG. 15B. Thus,
the pressure of the oil in the oil reservoir 22 is exerted
on the back surface of the plunger 96, and the plunger
96 is pushed against the return port 16p with a force
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greater than the force of the spring 97, which disables
the refrigerant from flowing from the working chamber 25
to the return path 16. That is, when the high-pressure
path 92 is connected to the upstream portion 16h of the
return path 16 by the three-way valve 90, the volume
control valve 91 is closed to prohibit a flow of the refrig-
erantfrom the working chamber 25 to the suction path 14.
[0069] As described in the first embodiment, in the
case where the check valve 35 is employed, the check
valve 35 is opened and closed in synchronization with
the rotation of the shaft 4. By contrast, the volume control
valve 91 employed in the present embodiment is always
open or is always closed. This is advantageous to reduc-
tion of vibration, noise, and pressure loss. In addition,
also in the present embodiment, since the volume control
valve 91 is configured to directly open and close the re-
turn port 16p, the problem of dead volume can be solved.
[0070] In the present embodiment, the high-pressure
path 92 has one end connected to (opening toward) the
oil reservoir 22. In order to achieve the objective of sup-
plying a high pressure to the volume control valve 91,
one end of the high-pressure path 92 may be connected
to any portion in the internal space 28 of the closed casing
1. In addition, in the case where the rotary compressor
500 is used in a refrigeration cycle apparatus, the high-
pressure path 92 may be connected to a high-pressure
portion of a refrigerant circuit (for example, a portion be-
tween the rotary compressor 500 and a heat radiator).
However, according to the present embodiment, when
the volume control valve 91 is closed by exerting a high
pressure on the plunger 96, a sealing effect can be ob-
tained by the oil. This is preferable in view of preventing
reduction of the efficiency due to leak of the refrigerant.
According to the present embodiment, it is possible to
prevent a situation where the refrigerant amount is insuf-
ficient because of accumulation of the liquid refrigerant
in the upstream portion 16h of the return path 16. Even
if the upstream portion 16h of the return path 16 is filled
with the oil, the change of the volume of the oil with re-
spect to the change of temperature is small. Therefore,
no defect occurs even when the rotary compressor 500
is stopped, with the oil being confined in the upstream
portion 16h of the return path 16. It should be understood
that the rotary compressor 500 may be stopped, with the
suction path 14 communicating with the upstream portion
16h of the return path 16.

(Sixth embodiment)

[0071] As shown in FIG. 16, a scroll compressor 600
ofthe present embodiment includes a scroll compression
mechanism 603. The compression mechanism 603 in-
cludes an orbiting scroll 607, a stationary scroll 608, an
Oldham ring 611, a bearing member 610, and a muffler
616. The orbiting scroll 607 and the stationary scroll 608
respectively have scroll laps 627 and 628. A working
chamber 612 having a crescent shape is formed between
the lap 627 and the lap 628. The orbiting scroll 607 is
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fitted to the eccentric shaft 4a of the shaft 4, and is also
prohibited from rotating on its axis by the Oldham ring
611. A discharge port 638 is formed at a central portion
of the stationary scroll 608. A flow path 617 is formed in
the stationary scroll 608 and the bearing member 610 in
such a manner as to penetrate through the stationary
scroll 608 and the bearing member 610.

[0072] When the shaft 4 rotates, the orbiting scroll 607
makes an orbital motion, with the lap 627 being engaged
with the lap 628. The working chamber 612 reduces its
volume while moving from outside to inside. As a result,
the refrigerant drawn from the suction path 14 is com-
pressed. The compressed refrigerant is discharged to
the internal space 28 of the closed casing 1, passing
through the discharge port 638, an internal space 619 of
the muffler 616, and the flow path 617 in this order. The
refrigerant discharged to the internal space 28 is then
guided to the outside of the compressor 600 through the
discharge path 11.

[0073] The scroll compressor 600 has the volume var-
ying mechanism 30 described in the first embodiment.
In the present embodiment, the upstream portion 16h of
the return path 16 is formed inside the compression
mechanism 603, in particular, inside the stationary scroll
608. In addition, the return port 16p is formed in the sta-
tionary scroll 608 so as to allow the working chamber 612
to communicate with the return path 16. The check valve
35is attached to the stationary scroll 608 so as to be able
to open and close the return port 16p. As in the rotary
compressor 100, the ratio of the suction volume in the
low volume mode to the suction volume in the high vol-
ume mode varies depending on the position of the return
port 16p.

[0074] The configuration and operation of the volume
varying mechanism 30 are as described in the first em-
bodiment. Control for switching between the high volume
mode and the low volume mode is also as described in
the first embodiment. Therefore, with the scroll compres-
sor 600, the same effect as provided by the rotary com-
pressor 100 can be obtained. In the presentembodiment,
no accumulator is provided, and the return path 16 is
directly connected to the suction path 14 in the vicinity
of the compression mechanism 603. However, an accu-
mulator may be provided as in the several embodiments
described above.

(Seventh embodiment)

[0075] As shown in FIG. 17, a scroll compressor 700
ofthe presentembodimenthas the volume varying mech-
anism 30 including the three-way valve 90, the volume
control valve 91, and the high-pressure path 92. That is,
the scroll compressor 700 has the volume varying mech-
anism 30 described in the fifth embodiment. As described
in the sixth embodiment, the upstream portion 16h and
the return port 16p of the return path 16 are formed in
the stationary scroll 608. The volume control valve 91 is
attached to the stationary scroll 608 so as to be able to
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open and close the return port 16p. In the scroll compres-
sor 700, the configuration and operation of the volume
varying mechanism 30 are as described in the fifth em-
bodiment. Control for switching between the high volume
mode and the low volume mode is also as described in
the fifth embodiment. Therefore, with the scroll compres-
sor 700, the same effect as provided by the rotary com-
pressor 500 can be obtained.

[0076] Alternatively, the configurations described with
reference to FIG. 12 and FIG. 13 can be applied to a
scroll compressor.

(Applied embodiment)

[0077] As shown in FIG. 18, a refrigeration cycle ap-
paratus 800 can be built using the rotary compressor
100. The refrigeration cycle apparatus 800 includes the
rotary compressor 100, a heatradiator 802, an expansion
mechanism 804, and an evaporator 806. These devices
are connected in the above order by refrigerant pipes so
as to form a refrigerant circuit. The heat radiator 802 is
composed of, for example, an air-refrigerant heat ex-
changer, and cools the refrigerant compressed by the
rotary compressor 100. The expansion mechanism 804
is composed of, for example, an expansion valve, and
expands the refrigerant cooled by the heat radiator 802.
The evaporator 806 is composed of, for example, an air-
refrigerant heat exchanger, and heats the refrigerant ex-
panded by the expansion mechanism 804. The compres-
sor 200, 300, 400, 500, 600, or 700 according to one of
the second to fifth embodiments may be used instead of
the rotary compressor 100 of the first embodiment.

(Other embodiments)

[0078] The several embodiments described in the
present specification can be combined with each other
without departing from the gist of the invention. For ex-
ample, also when the check valve 35 described in the
first embodiment is used in combination with the three-
way valve 90 described in the fifth embodiment, the effect
described in the first embodiment can be obtained.
[0079] In addition, at startup of the rotary compressor
100, the volume varying mechanism 30 can be controlled
so as to permit the refrigerant to return from the working
chamber 25 to the suction path 14 through the return
path 16. That is, at startup, the rotary compressor 100 is
operated temporarily in the low volume mode.

INDUSTRIAL APPLICABILITY

[0080] The presentinventionis useful foracompressor
of a refrigeration cycle apparatus which is usable for a
hot water dispenser, a hot water heater, an air condition-
er, or the like. The present invention is particularly useful
for an air conditioner for which a broad range of power
is required.
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Claims

1.

A positive displacement compressor comprising:

a compression mechanism having a working
chamber;

a motor that moves the compression mecha-
nism;

a suction path that guides a working fluid to be
compressed to the working chamber;

a return path that returns the working fluid from
the working chamber to the suction path;

a volume varying mechanism that is provided in
the return path, permits the working fluid to re-
turn from the working chamber to the suction
path through the return path when a suction vol-
ume of the compression mechanism should be
set to a relatively small value, and prohibits the
working fluid from returning from the working
chamber to the suction path through the return
path when the suction volume should be set to
a relatively large value;

an inverter that drives the motor; and

a controller that controls the volume varying
mechanism and the inverter so as to compen-
sate for a decrease in the suction volume with
an increase in a rotational speed of the motor.

The positive displacement compressor according to
claim 1, wherein when the rotational speed of the
motor has been decreased to afirst rotational speed
or lower during operation in a high volume mode in
which the working fluid is prohibited from returning
from the working chamber to the suction path
through the return path, or when a flow rate of the
working fluid is excessive even if the rotational speed
of the motor is decreased to the first rotational speed
in the high volume mode, the controller executes a
process for the volume varying mechanism so as to
decrease the suction volume, and a process for the
inverter so as to increase the rotational speed of the
motor.

The positive displacement compressor according to
claim 1, wherein the controller controls the volume
varying mechanism and the inverter so as to com-
pensate for an increase in the suction volume with
a decrease in the rotational speed of the motor.

The positive displacement compressor according to
claim 3, wherein when the rotational speed of the
motor has been increased to a second rotational
speed or higher during operation in a low volume
mode in which the working fluid is permitted to return
from the working chamber to the suction path
through the return path, or when a flow rate of the
working fluid is insufficient even if the rotational
speed of the motor is increased to the second rota-
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tional speed in the low volume mode, the controller
executes a process for the volume varying mecha-
nism so as to increase the suction volume, and a
process for the inverter so as to decrease the rota-
tional speed of the motor.

The positive displacement compressor according to
claim 3, wherein

when the rotational speed of the motor has been
decreased to a first rotational speed or lower during
operation in a high volume mode in which the working
fluid is prohibited from returning from the working
chamber to the suction path through the return path,
or when a flow rate of the working fluid is excessive
even ifthe rotational speed of the motor is decreased
to the first rotational speed in the high volume mode,
the controller executes a process for the volume var-
ying mechanism so as to decrease the suction vol-
ume, and a process for the inverter so as to increase
the rotational speed of the motor, and

when the rotational speed of the motor has been
increased to a second rotational speed or higher dur-
ing operation in a low volume mode in which the
working fluid is permitted to return from the working
chamber to the suction path through the return path,
or when a flow rate of the working fluid is insufficient
even if the rotational speed of the motor is increased
to the second rotational speed in the low volume
mode, the controller executes a process for the vol-
ume varying mechanism so as to increase the suc-
tion volume, and a process for the inverter so as to
decrease the rotational speed of the motor.

The positive displacement compressor according to
claim 2 or 5, wherein the first rotational speed is set
to a rotational speed lower than or equal to 30 Hz.

The positive displacement compressor according to
any one of claims 1 to 6, further comprising an ac-
cumulator that has an internal space capable of re-
taining the working fluid and to which the suction
path and the return path are connected, wherein
the return path is connected to the suction path via
the internal space of the accumulator.

The positive displacement compressor according to
any one of claims 1 to 7, wherein, at startup of the
positive displacement compressor, the controller
controls the volume varying mechanism so as to per-
mit the working fluid to return from the working cham-
ber to the suction path through the return path.

The positive displacement compressor according to
any one of claims 1 to 8, wherein the volume varying
mechanism includes an on-off valve provided in the
return path.

10. The positive displacement compressor according to
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1.

12.

13.
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claim 9, wherein

the return path includes an upstream portion formed
inside the compression mechanism,

the volume varying mechanism further includes a
check valve provided in the upstream portion, and
the check valve blocks a flow of the working fluid
from the return path to the working chamber.

The positive displacement compressor according to
any one of claims 1 to 8, wherein

the return path includes an upstream portion formed
inside the compression mechanism,

the volume varying mechanism includes: a three-
way valve; a volume control valve provided in the
upstream portion; and a high-pressure path that sup-
plies, to the volume control valve, a pressure equal
to a pressure of the working fluid having been com-
pressed, and

the three-way valve is configured to connect either
the suction path or the high-pressure path to the up-
stream portion of the return path.

The positive displacement compressor according to
claim 11, wherein

the volume control valve includes a plunger and a
spring,

the volume control valve is closed to prohibit a flow
of the working fluid from the working chamber to the
suction path when the high-pressure path is connect-
ed to the upstream portion of the return path by the
three-way valve, and

the volume control valve is opened to permit the flow
of the working fluid from the working chamber to the
suction path when the suction path is connected to
the upstream portion of the return path by the three-
way valve.

The positive displacement compressor according to
any one of claims 1 to 12,

wherein

the compression mechanism is arotary compression
mechanism including: a cylinder; a piston disposed
inside the cylinder so as to form the working chamber
between an outer circumferential surface of the pis-
ton and an inner circumferential surface of the cyl-
inder; and a vane that divides the working chamber
into a suction chamber and a compression-dis-
charge chamber, and

when the cylinder, the piston, the vane, the working
chamber, and the compression mechanism are de-
fined as a first cylinder, a first piston, a first vane, a
firstworking chamber, and afirst compression mech-
anism, respectively,

the positive displacement compressor further com-
prises a second compression mechanism including
a second cylinder, a second piston, and a second
vane, the second piston being moved by the same
motor that moves the first compression mechanism,
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a suction volume of the second compression mech-
anism is constant, and

the return path is connected only to the first com-
pression mechanism so that only the suction volume
of the first compression mechanism can be varied.

The positive displacement compressor according to
claim 13, wherein the suction volume of the first com-
pression mechanism is substantially zero in a low
volume mode in which the working fluid is permitted
to return from the first working chamber to the suction
path through the return path.
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