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the screw groove, and the casing, and a low-pressure
chamber having a suction pressure atmosphere to com-
municate, and an economizer port provided in the casing
to cause fluid flowing from an outside to flow into the first
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Description
Technical Field

[0001] The present invention relates to, for example,
a screw compressor and a refrigeration cycle apparatus
that perform refrigerant compression. The presentinven-
tion relates to, in particular, a screw compressor or the
like including economizer ports.

Background Art

[0002] There is a conventional refrigeration cycle ap-
paratus including, as a device configuring a refrigerant
circuit, an intermediate cooler to perform heat exchange
between refrigerant and refrigerant to increase, for ex-
ample, a capacity and improve performance and a coef-
ficient of performance (a ratio of a refrigeration capacity
to a compressor input) of the refrigeration cycle. Some
refrigeration cycle apparatus including the intermediate
cooler can perform economizer operation forleading gas-
eous refrigerant (hereinafter referred to as economizer
gas) after cooling of liquid refrigerant in the intermediate
cooler to a compressor intermediate unit.

[0003] In such a refrigeration cycle apparatus, the in-
termediate cooler is disposed between a condenser and
an evaporator of the refrigerant circuit. The refrigeration
cycle apparatus includes an economizer pipe branching
from a main refrigerant circuit halfway between the evap-
orator and the condenser. An expansion valve for inter-
mediate cooling is set in the economizer pipe. The refrig-
eration cycle apparatus includes a screw compressor in-
cluding economizer ports to which the economizer pipe
is connected.

[0004] The screw compressor includes a screw rotor,
a casing to house the screw rotor, a bypass port to allow
a low-pressure chamber and a suction side of a com-
pression chamber to communicate, and a slide valve slid
in a rotation axis direction of the screw rotor to close a
part or the whole of bypass port and adjust the size of an
opening port portion of the bypass port. Some screw com-
pressor includes at least two compression chambers
among an inner surface of a casing, a screw rotor, and
a gate rotor. In the conventional techniques, the econo-
mizer port described above is provided only in one com-
pression chamber. Forexample, a controller moves, first,
the slide valve of the other compression chamberin which
the economizer port is not provided, adjusts the opening
port portion of the bypass port, and adjusts the capacity
of a compressor. At this time, the economizer gas does
not flow into a suction side through the bypass port. Hin-
drance of refrigerant to be sucked is prevented (see, for
example, Patent Literature 1).
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Citation List
Patent Literature

[0005]
1551204

Patent Literature 1: Japanese Patent No.

Summary of Invention
Technical Problem

[0006] Whilethere isthe screw compressorthat moves
the slide valve to adjust the area of opening of the bypass
port and perform capacity control as explained above,
there is a screw compressor that changes rotation speed
of an electric motor to adjust a capacity according to con-
trol by an inverter device to reduce a loss caused by
bypassing compressed gaseous refrigerant. For exam-
ple, in a screw compressor that adjusts a capacity by
inverter control, a ratio of a leak to a discharge amount
is large and performance is deteriorated during low-ro-
tation speed operation. Therefore, the slide valve is
moved relative to one compression chamber to adjust
the area of opening of the bypass port. Cylinder partial
disuse operation that opens the bypass port to bring one
compression chamber into a no-load state and reduces
area of opening of a suction volume of the compressor
to approximately a half is performed to reduce the suction
volume and a seal length at which a refrigerantgas leaks.
By performing the cylinder partial disuse operation, it is
possible to increase the rotation speed of the compressor
to obtain a predetermined capacity. The ratio of a leak
to a discharge amount decreases. It is possible to im-
prove performance in a partial load.

[0007] In the screw compressor that changes the ro-
tation speed of the electric motor to adjust the capacity
as explained above, because it changes the rotation
speed to adjust the capacity, duration of an operation
mode for opening the bypass port to adjust the capacity
decreases, and it can improve the performance during
the partial load. However, in the screw compressor to
which the economizer pipe is connected and in which the
economizer ports are provided, there is a problem when
the economizer operation is stopped. The economizer
ports are usually provided respectively in two compres-
sion chambers, in which case there is a problem when
the economizer operation is stopped. Still, even when
the economizer port is provided only in one compression
chamber, there is the same problem as follows. When
the economizer port is provided in the compression
chamber on a side where the bypass port is not opened
as in Patent Literature 1, under a condition that an oper-
ation pressure difference (a difference between high and
low pressures of the refrigeration cycle) is small under a
low-load condition, the economizer gas less easily flows
in, a cycle becomes unstable, an improvement effect of
a refrigeration capacity by an economizer cycle is not
obtained, and a coefficient of performance is deteriorat-
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ed. Therefore, disadvantageously, when the economizer
operation is stopped, the coefficient of performance is
deteriorated. This is caused by, for example, a volume
portion of the economizer ports and channels becomes
a dead volume to cause a recompression loss and act
as a leak channel.

[0008] To overcome the problems described above,
an object of the present invention is to provide a screw
compressor and a refrigeration cycle apparatus that can
realize a high coefficient of performance in a wide oper-
ation range and improve performance. Solution to Prob-
lem

[0009] A screw compressor according to an embodi-
ment of the present invention includes: an electric motor
configured to operate at a variable rotation speed; a
screw rotor including a plurality of screw grooves on an
outer circumferential surface; a screw shaft configured
to transmit a driving force of the electric motor to the
screw rotor and rotate the screw rotor; a first gate rotor
and a second gate rotor, the first gate rotor being dis-
posed on one side of the screw rotor, the second gate
rotor being disposed on an other side of the screw rotor,
the first gate rotor and the second gate rotor being dis-
posed point-symmetrically with respect to the screw shaft
and including, in outer circumferential portions, a plurality
of teeth meshed with the screw grooves; a casing having
a cylindrical shape to house the screw rotor inside a cyl-
inder; a bypass device configured to allow a first com-
pression chamber and a low-pressure chamber to com-
municate with each other, the low-pressure chamber be-
ing configured to have atmosphere of a suction pressure,
the first compression chamber being a space surrounded
by the first gate rotor, the screw groove, and the casing;
and an economizer port provided in the casing and con-
figured to allow fluid flowing from an outside to flow into
the first compression chamber.

[0010] Arefrigeration cycle apparatus according to an-
other embodiment of the present invention is a refriger-
ation cycle apparatus in which the screw compressor de-
scribed above, a condenser, a high-pressure side chan-
nel of an intermediate cooler, a decompression device,
and an evaporator are connected in order by refrigerant
pipes to configure a refrigerant circuit that circulates re-
frigerant, which is fluid, the refrigeration cycle apparatus
comprising an economizer pipe branching from a pipe
between the intermediate cooler and the decompression
device and connected to an economizer port included in
the screw compressor via an expansion device for the
intermediate cooler and an intermediate-pressure side
channel of the intermediate cooler.

Advantageous Effects of Invention

[0011] According to the embodiments of the present
invention, the economizer port and the bypass device
are provided on the first compression chamber side.
Therefore, for example, economizer operation is per-
formed and an economizer effect is obtained during high-
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load operation. During low-load operation, the rotation
speed can be increased by bringing the first compression
chamber into the no-load state. Further, even when the
economizer is switched to stop operation, it is possible
to reduce a loss due to a dead volume. Therefore, it is
possible to obtain a screw compressor and other devices
that can realize a high coefficient of performance in a
wide operation range and improve performance.

Brief Description of Drawings
[0012]

Fig. 1 is a diagram illustrating the configuration of a
refrigeration cycle apparatus 100 including a screw
compressor 102 according to Embodiment 1 of the
present invention.

Fig. 2 is a diagram for explaining the internal config-
uration in the screw compressor 102 according to
Embodiment 1 of the present invention.

Fig. 3 is a diagram illustrating a relation between a
casing 1, a screw rotor 3, and a gate rotor 6 and a
compression chamber 5 in the screw compressor
102 according to Embodiment 1 of the present in-
vention.

Fig. 4 is a diagram illustrating a compression princi-
ple of the screw compressor 102 according to Em-
bodiment 1 of the present invention.

Fig. 5 is a schematic diagram illustrating a state at
the time when a suction-side bypass port 1d is not
opened in the screw compressor 102 according to
Embodiment 1 of the present invention.

Fig. 6 is a development of the inner cylinder surface
ofthe casing 1 and the screw rotor 3 at the time when
the suction-side bypass port 1d is not opened in the
screw compressor 102 according to Embodiment 1
of the present invention.

Fig. 7 is a schematic diagram illustrating a state at
the time when the suction-side bypass port 1d is
opened in the screw compressor 102 according to
Embodiment 1 of the present invention.

Fig. 8 is a development of the inner cylinder surface
of the casing 1 and the screw rotor 3 at the time when
the suction-side bypass port 1d is opened in the
screw compressor 102 according to Embodiment 1
of the present invention.

Fig. 9 is a diagram illustrating the configuration of
the refrigeration cycle apparatus 100 including the
screw compressor 102 according to Embodiment 2
of the present invention.

Fig. 10 is a schematic diagram illustrating a state at
the time when the suction-side bypass port 1d is not
opened in the screw compressor 102 according to
Embodiment 2 of the present invention.

Fig. 11 is a development of the inner cylinder surface
of the casing 1 and the screw rotor 3 at the time when
the suction-side bypass port 1d is not opened in the
screw compressor 102 according to Embodiment 2
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of the present invention.

Fig. 12 is a schematic diagram illustrating a state at
the time when the suction-side bypass port 1d is
opened in the screw compressor 102 according to
Embodiment 2 of the present invention.

Fig. 13is a development of the inner cylinder surface
of the casing 1 and the screw rotor 3 at the time when
the suction-side bypass port 1d is opened in the
screw compressor 102 according to Embodiment 2
of the present invention. Description of Embodi-
ments

[0013] Embodiments of the present invention will be
explained below with reference to the drawings. In the
drawings referred to below, components denoted by the
same reference numerals and signs are the same or
equivalent components and are common throughout the
descriptions of embodiments described below. Embodi-
ments of constituent elements described throughout the
specification are only illustrations and are not limited to
these descriptions. In particular, combinations of the con-
stituent elements are not limited to only combinations in
each embodiment. Elements described in other embod-
iments can be applied to different embodiments as ap-
propriate. High and low pressures are not particularly de-
cided in a relation with absolute values and are relatively
decided in states, operations, and the like in a system, a
device, and the like. When it is not particularly necessary
to distinguish or specify devices and the like of a plurality
of types, distinguished by suffixes, such suffixes and the
like may be omitted.

Embodiment 1.

[0014] Fig. 1is a diagram illustrating the configuration
of a refrigeration cycle apparatus 100 including a screw
compressor 102 according to Embodiment 1 of the
presentinvention. In the following explanation, the screw
compressor 102 is a device constituting a refrigerant cir-
cuit. Therefore, fluid sucked, compressed, and dis-
charged by the screw compressor 102 in Embodiment 1
and other embodiments is explained as being refrigerant.
[0015] The refrigeration cycle apparatus 100 of Em-
bodiment 1 includes a main refrigerant circuit configured
by connecting, with refrigerant pipes, the screw compres-
sor 102 supplied with electric power from an inverter de-
vice 101 to be driven, a condenser 103, a high-pressure
side channel of an intermediate cooler 104, an expansion
valve 105, which is a decompression device, and an
evaporator 106 in order. The refrigeration cycle appara-
tus 100 further includes an economizer pipe 108, one
end of which branches from a pipe in which mainstream
refrigerant flows between the intermediate cooler 104
and the expansion valve 105. The other end of the econ-
omizer pipe 108 is connected to the screw compressor
102 via an intermediate-cooler expansion valve 107 and
an intermediate-pressure side channel of the intermedi-
ate cooler 104. In the economizer pipe 108, a solenoid
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valve 109 serving as a valve that allows refrigerant to
pass or prevents the refrigerant from passing the econ-
omizer pipe 108 is provided.

[0016] The inverter device 101 controls electric power
supply to the screw compressor 102 and controls rotation
speed of the screw compressor 102. The screw com-
pressor 102 will be explained below. The condenser 103
cools and condenses a discharge gas, which is gaseous
refrigerant, discharged from the screw compressor 102.
The expansion valve 105 decompresses and expands
the mainstream refrigerant flowing out from the high-
pressure side channel of the intermediate cooler 104.
Further, the evaporator 106 evaporates the refrigerant
flowing out from the expansion valve 105. The interme-
diate cooler 104 causes high-pressure side refrigerant,
which is the mainstream refrigerant, and intermediate-
pressure refrigerant to exchange heat. The high-pres-
sure side refrigerant is refrigerant flowing in the high-
pressure side channel between the condenser 103 and
the expansion valve 105. The intermediate-pressure re-
frigerant is refrigerant obtained by decompressing a part
of the high-pressure side refrigerant by the intermediate-
cooler expansion valve 107 and flowing in the interme-
diate-pressure side channel. The high-pressure side re-
frigerant is cooled by the heat exchange. The intermedi-
ate-pressure refrigerant is heated to be an economizer
gas.

[0017] The refrigeration cycle apparatus 100 furtherin-
cludes a controller 110. The controller 110 controls the
inverter device 101, the expansion valve 105, the inter-
mediate-cooler expansion valve 107, and other devices.
In particular, in Embodiment 1, the controller 110 includes
a bypass control device 111 and a valve control device
112. As explained below, the bypass control device 111
performs position control and other kinds of control of a
slide valve 8 included in the screw compressor 102. The
valve control device 112 controls opening and closing of
the solenoid valve 109.

(Screw compressor)

[0018] Fig. 2 is a diagram for explaining the internal
configuration in the screw compressor 102 according to
Embodiment 1 of the present invention. Fig. 3 is a dia-
gram illustrating a relation between a casing 1, a screw
rotor 3, and a gate rotor 6 and a compression chamber
5in the screw compressor 102 according to Embodiment
1 of the present invention. The screw compressor 102
according to Embodiment 1 of the present invention will
be explained below with reference to Fig. 2 and Fig. 3.

[0019] As illustrated in Fig. 2, the screw compressor
102 of Embodiment 1 includes the casing 1, the screw
rotor 3, the gate rotor 6, an electric motor 2 to drive to
rotate the screw rotor 3, the slide valve 8 and other de-
vices. The casing 1 having a cylindrical shape houses
the screw rotor 3, the gate rotor 6, the electric motor 2,
the slide valve 8, and other devices inside a cylinder. The
electric motor 2 includes a stator 2a fixed in contact with
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the casing 1 and a motor rotor 2b disposed inside the
stator 2a. The electric motor 2 is driven at rotation speed
based on electric power supplied from the inverter device
101.

[0020] The screw rotor 3 is disposed in the casing 1.
Both the screw rotor 3 and the motor rotor 2b are disposed
and fixed around a screw shaft 4 serving as a rotating
shaft. A plurality of spiral screw grooves 5a are formed
on an outer circumferential surface of the screw rotor 3.
The screw rotor 3 rotates by rotation of the motor rotor
2b fixed to the screw shaft 4. The screw compressor 102
of Embodiment 1 includes two gate rotors 6. The two
gate rotors 6 are disposed in positions point-symmetrical
with respect to the screw shaft 4 and on both sides of the
screw rotor 3. One of the gate rotors 6 is referred to as
afirstgate rotor 6b and the other is referred to as a second
gate rotor 6¢. The gate rotors 6 are formed in a disk-like
shape. A plurality of teeth 6a are provided on outer cir-
cumferential surfaces of the gate rotors 6 along a circum-
ferential direction. The teeth 6a of the gate rotors 6 are
meshed with the screw grooves 5a. Spaces surrounded
by the teeth 6a of the gate rotors 6, the screw grooves
5a, and a cylinder inner surface side of the casing 1 are
the compression chambers 5.

[0021] As illustrated in Fig. 3, a plurality of the com-
pression chambers 5 are formed in positions point-sym-
metrical with respect to a radial direction center of the
screw rotor 3. In Embodiment 1, the compression cham-
ber 5 surrounded by the casing 1, the screw rotor 3, and
the teeth 6a of the first gate rotor 6b is referred to as a
first compression chamber 5b. The compression cham-
ber 5 surrounded by the casing 1, the screw rotor 3, and
the teeth 6a of the second gate rotor 6¢ is referred to as
a second compression chamber 5¢c. When it is unneces-
sary to distinguish the first compression chamber 5b and
the second compression chamber 5c¢ from each other,
the first compression chamber 5b and the second com-
pression chamber 5c are explained as the compression
chamber 5.

[0022] Inside of the screw compressor 102 is parti-
tioned into a low-pressure side serving as a suction side
of the refrigerant and a high-pressure side serving as a
discharge side of the refrigerant by a partition wall (not
illustrated in the figure). A space on the low-pressure side
is a low-pressure chamber (not illustrated in the figure)
configured to have atmosphere of a suction pressure. A
space on the high-pressure side is a high-pressure cham-
ber having a discharge pressure atmosphere (not illus-
trated in the figure). In the casing 1, a discharge port 7
(see Fig. 4 referred to below) to cause the high-pressure
chamber and the compression chamber 5 to communi-
cate is provided in a position on the high-pressure side
of the compression chamber 5.

[0023] Further, inside the casing 1, a slide groove 1 a
extending in a rotation axis direction of the screw rotor 3
is formed in a position corresponding to the first com-
pression chamber 5b. In the slide groove 1a, the slide
valve 8 serving as a bypass device is housed such that
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it can slide along the slide groove 1a. A part of the wall
of the slide valve 8 is integrated with a part of the casing
1 to form the first compression chamber 5b in conjunction
with the casing 1. In Embodiment 1, the slide valve 8 is
provided only on one compression chamber 5 of the two
compression chambers 5. In Fig. 2, the slide valve 8 serv-
ing as the bypass device is provided only in the first com-
pression chamber 5b. In Embodiment 1, the screw com-
pressor 102 in which the slide groove 1a and the slide
valve 8 are provided only on the first compression cham-
ber 5b side is explained. However, the slide groove 1a
and the slide valve 8 may be present only on the second
compression chamber 5c¢ side. In this case, the second
compression chamber 5c s a first compression chamber.
[0024] The slide valve 8 is connected to a bypass driv-
ing device 10 such as a piston via a coupling bar 9. The
bypass driving device 10 is driven, and thereby the slide
valve 8 moves in the rotation axis direction of the screw
rotor 3 in the slide groove 1a. The bypass control device
111 of the controller 110 sends, to the bypass driving
device 10, an instruction for locating the slide valve 8 in
a position where a discharge amount of fluid discharged
from the discharge port 7 provided to the first compres-
sion chamber 5b is smaller than a discharge amount of
fluid discharged from a discharge port provided to the
second compression chamber 5¢ and performs capacity
control operation of the screw compressor 102. A power
source of driving of the bypass driving device 10 that
drives the slide valve 8 is not limited. The power source
is, forexample, a power source that drives the slide valve
8 with a gas pressure, a power source that drives the
slide valve 8 with a hydraulic pressure, or a power source
that drives the slide valve 8 with a motor or the like sep-
arately from a piston.

[0025] The casing 1includes an economizer gas chan-
nel 1b for leading the economizer gas flowing out from
the intermediate cooler 104 to the first compression
chamber 5b. The economizer gas channel 1b communi-
cates with the first compression chamber 5b via an econ-
omizer port 1c. The economizer pipe 108 is connected
to the economizer gas channel 1b. The economizer gas
flowing out and branching from the intermediate cooler
104 and cooling mainstream refrigerant liquid flows into
the first compression chamber 5b through the economiz-
er pipe 108, the economizer gas channel 1b, and the
economizer port 1c.

[0026] The economizer gas channel 1b and the econ-
omizer port 1c for leading the economizer gas from the
intermediate cooler 104 communicate with the first com-
pression chamber 5b and are provided only on the first
compression chamber 5b side as explained above. Some
economizer gas channel 1b in the casing 1 includes a
space for preventing pulsation at the time when a refrig-
erant gas flows (not illustrated in the figure) is provided,
and through this space, the economizer gas channel 1b
communicates with the first compression chamber 5b.
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(Operation example of refrigerant circuit)

[0027] Operation of the refrigeration cycle apparatus
100 of Embodiment 1 will be explained with reference to
Fig. 1 to Fig. 3.

[0028] The screw compressor 102 sucks and com-
presses a refrigerant gas, which is gaseous refrigerant,
and thereafter discharges the refrigerant gas. The dis-
charge gas discharged from the screw compressor 102
is cooled by the condenser 103. Refrigerant cooled by
the condenser 103 flows into the high-pressure side
channel of the intermediate cooler 104. The intermediate
cooler 104 causes high-pressure side refrigerant passing
the high-pressure side channel and intermediate-pres-
sure refrigerant branching after passing the intermediate
cooler 104, decompressed by the intermediate-cooler
expansion valve 107, and passing the intermediate-pres-
sure side channel to exchange heat. The high-pressure
side refrigerant is supercooled by the heat exchange with
the intermediate-pressure refrigerant. Since the refriger-
antis supercooled, arefrigeration effect in the evaporator
106 increases. The supercooled refrigerant is heated by
the evaporator 106 to be a refrigerant gas. The refrigerant
gas flowing out from the evaporator 106 is sucked by the
screw compressor 102.

[0029] On the other hand, the intermediate-pressure
refrigerant passing the intermediate-pressure side chan-
nel of the intermediate cooler 104 changes to an econ-
omizer gas after cooling the high-pressure side refriger-
ant and passes the economizer pipe 108 and the econ-
omizer gas channel 1b. According to pressure differenc-
es between the high pressure and the intermediate pres-
sure of the economizer gas and pressure in the first com-
pression chamber 5b, the economizer gas is injected into
the first compression chamber 5b from the economizer
port 1c provided in the casing 1. The injected economizer
gas is mixed with the refrigerant gas being compressed
and is discharged from the screw compressor 102.

(Operation explanation of screw compressor 102)

[0030] Fig. 4 is a diagram illustrating a compression
principle of the screw compressor 102 according to Em-
bodiment 1 of the present invention. The operation of the
screw compressor 102 according to Embodiment 1 will
be explained. For example, when the screw rotor 3 is
rotated by the electric motor 2 illustrated in Fig. 2 via the
screw shaft 4 illustrated in Fig. 2, as illustrated in Fig. 4,
the teeth 6a of the gate rotor 6 relatively move in the
compression chamber 5 (the screw grooves 5a). At this
time, in the compression chamber 5, a suction stroke, a
compression stroke, and a discharge stroke are sequen-
tially performed. The suction stroke, the compression
stroke, and the discharge stroke together form one cycle
of the compression operation and the cycle is repeated.
Each stroke will be explained focusing on the compres-
sion chamber 5 indicated by dot hatching in Fig. 4.

[0031] Fig. 4(a) illustrates a state of the compression
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chamber 5 in the suction stroke. The screw rotor 3 is
driven by the electric motor 2 to rotate in a direction of a
solid line arrow. When the screw rotor 3 rotates, a volume
of the compression chamber 5 decreases as illustrated
in Fig. 4(b).

[0032] When the screw rotor 3 continuously rotates,
as illustrated in Fig. 4(c), the compression chamber 5
communicates with the outside via the discharge port 7.
Consequently, a high-pressure refrigerant gas com-
pressed in the compression chamber 5 is discharged to
the outside from the discharge port 7. The same com-
pression is performed in the back of the screw rotor 3.
[0033] In Fig. 4, concerning the economizer port 1c,
the slide valve 8, and the slide groove 1a are not shown
in the drawings. During economizer operation, in the
compression stroke, an economizer gas flows into the
compression chamber 5 via the economizer port 1c. The
economizer gas flowing into the compression chamber
5 is compressed together with the refrigerant gas and
discharged to the outside in the discharge stroke.
[0034] Inthe screw compressor 102 of Embodiment 1,
the economizer port 1c is provided in only the compres-
sion chamber 5 on one side (in an example of Embodi-
ment 1, the first compression chamber 5b). The screw
compressor 102 performs economizer operation. In the
economizer operation, the screw compressor 102 further
has an object of preventing the economizer port 1c from
becoming a dead volume during low-load operation for
operation in a low-load state. The screw compressor 102
will be explained in detail below. To clarify characteristics
in the screw compressor 102 of Embodiment 1, operation
during the compression stroke will be explained, by com-
paring the relation between suction bypass control and
the economizer port 1¢ during the high-load operation
and the relation between those during the low-load op-
eration. The low load is a predetermined load set by the
controller 110 as a determination standard for operation
of the screw compressor 102. In general, the screw com-
pressor 102 is driven at low rotation speed of approxi-
mately 20 Hz to 30 Hz or less. Low-pressure difference
operation is often performed in the refrigerant circuit. The
low-load operation is operation under the low load. In the
high-load operation, in general, the screw compressor
102 is driven at high rotation speed. The inside of the
refrigerant circuit is often in a high-pressure difference
state.

[0035] First, the compression stroke and the econo-
mizer circuit in the case in which, in the high-load oper-
ation, the suction-side bypass port 1d present between
the low-pressure chamber and the compression cham-
bers 5 does not open and compression is performed in
both of the compression chambers 5. To secure a ca-
pacity during the high-load operation, the suction-side
bypass port 1d is closed not to be opened. The refrigerant
is compressed in the two compression chambers 5.
[0036] Fig. 5 is a schematic diagram illustrating a state
at the time when the suction-side bypass port 1d is not
opened in the screw compressor 102 according to Em-
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bodiment 1 of the present invention. Fig. 6 is a develop-
ment of an inner cylinder surface of the casing 1 and the
screw rotor 3 at the time when the suction-side bypass
port 1d is not opened in the screw compressor 102 ac-
cording to Embodiment 1 of the present invention.
[0037] During the high-load operation, the economizer
operation is performed to improve a refrigeration effect,
acoefficient of performance, and the like. When the econ-
omizer operation is performed, the bypass control device
111 of the controller 110 moves the slide valve 8 to the
suction side (the right side in Fig. 5 and Fig. 6) as indi-
cated by white arrows in Fig. 5 and Fig. 6. The slide valve
8 is moved to a position (a first position) where the suc-
tion-side bypass port 1d is not opened. Since the suction-
side bypass port 1d is not opened, the economizer gas
channel 1b provided in the casing 1 and the first com-
pression chamber 5b communicate via the economizer
port 1¢c but do not communicate with the low-pressure
chamber.

[0038] During the compression stroke, while the econ-
omizer port 1c is positioned in the first compression
chamber 5b, the economizer gas passing through the
economizer gas channel 1b is injected into the first com-
pression chamber 5b from the economizer port 1c. While
the economizer port 1c is positioned in the first compres-
sion chamber 5b, when a pressure (an intermediate pres-
sure) of the refrigerant in the first compression chamber
5b rises, a capacity expansion effect by the economizer
operation decreases. When the economizer gas flows
into the first compression chamber 5b in a state in which
closing of the first compression chamber 5b is not com-
pleted, the economizer gas flows out from the first com-
pression chamber 5b to the low-pressure chamber side
and hinders the refrigerant gas from flowing into the
screw groove 5a. Therefore, the economizer port 1c is
disposed in a position where the economizer gas flows
as much as possible into a low-pressure portion of the
first compression chamber 5b in a range in which the
economizer gas does not hinder the refrigerant gas from
flowing into the compression chamber 5.

[0039] In this way, the suction-side bypass port 1d that
causes the low-pressure chamber and the first compres-
sion chamber 5b to communicate is not opened. Conse-
quently, the two compression chambers 5 are formed in
the screw compressor 102. The economizer gas flows
into the first compression chamber 5b via the economizer
pipe 108 and other pipes. Therefore, it is possible to se-
cure a necessary refrigeration capacity during the high-
load operation. Further, it is possible to realize a high
coefficient of performance with an economizer effect.
[0040] For example, concerning the low-load opera-
tion, the compression stroke and the economizer circuit
in the case in which the suction-side bypass port 1d of
the first compression chamber 5b is opened will be ex-
plained. When the suction-side bypass port 1d is in an
opened state, the first compression chamber 5b and the
low-pressure chamber communicate. Compression is
not performed in the first compression chamber 5b.
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Therefore, a suction volume in the screw compressor
102 decreases to approximately a half (1/2). Single
chamber operation (one-side operation) in which the first
compression chamber 5b is in a no-load state is per-
formed.

[0041] Fig. 7 is a schematic diagram illustrating a state
at the time when the suction-side bypass port 1d is
opened in the screw compressor 102 according to Em-
bodiment 1 of the present invention. Fig. 8 is a develop-
ment of the inner cylinder surface of the casing 1 and the
screw rotor 3 at the time when the suction-side bypass
port 1d is opened in the screw compressor 102 according
to Embodiment 1 of the present invention.

[0042] For example, during the low-load operation, the
rotation speed is reduced to adjust a capacity. However,
when the rotation speed is low, a ratio of a leak to a
discharge amount increases and performance is deteri-
orated. Therefore, in Embodiment 1, the slide valve 8 is
moved to the discharge side and moved to a position
where the suction-side bypass port 1d of the low-pres-
sure chamber and the first compression chamber 5b is
opened. Since the suction-side bypass port 1d is opened,
the compression stroke is not performed in the first com-
pression chamber 5b. The first compression chamber 5b
comes into a no-load state. Since the compression stroke
is performed only in the second compression chamber
5c, a displacement volume is approximately a half (1/2)
with respect to a case in which the suction-side bypass
port 1d is not opened. Therefore, to attain the displace-
ment volume being the same as that in the case of com-
pression by using the two compression chambers 5 and
secure a refrigeration capacity, the screw compressor
102 is driven with an increased rotation speed. Since the
rotation speed is increased, it is possible to prevent de-
terioration in the ratio of a leak to a discharge amount.
[0043] For example, in a water cooled chiller, in gen-
eral, in the case of the low-load operation, a suction pres-
sure or a pressure in the compression chambers 5 and
a discharge pressure are often in a low-pressure differ-
ence state. Therefore, the economizer effect is small
even if the economizer operation is performed. Further,
the economizer gas less easily flows into the compres-
sion chambers 5. Therefore, the economizer port 1cis a
dead volume and a recompression loss and a leak loss
occur. The dead volume refers to a wastefully com-
pressed volume portion.

[0044] In the low-load operation, the economizer gas
less easily flows into the compression chambers 5 even
if the economizer operation is performed. A refrigeration
cycle falls into an unstable state. Therefore, in the con-
troller 110, the valve control device 112 closes the sole-
noid valve 109 present in the economizer pipe 108 and
stops the economizer operation.

[0045] Therefore, in Embodiment 1, the economizer
port 1c and the suction-side bypass port 1d are provided
on the first compression chamber 5b side. During the
low-load operation, the bypass control device 111 moves
the slide valve 8, opens the suction-side bypass port 1d,
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and performs cylinder partial disuse operation.

[0046] The bypass control device 111 of the controller
110 moves the slide valve 8 to the discharge side (the
left side in Fig. 7 and Fig. 8) as indicated by white arrows
in Fig. 7 and Fig. 8. The slide valve 8 moves to a position
(a second position) where the suction-side bypass port
1d is opened. Since the first compression chamber 5b is
disused for compression, the compression stroke is not
performed in the first compression chamber 5b. There-
fore, the economizer port 1c and the economizer gas
channel 1b cannot be the dead volume.

[0047] In this way, in a state in which the slide valve 8
is moved to open the suction-side bypass port 1d, the
economizer port 1¢c and the economizer gas channel 1b
are formed in the first compression chamber 5b in which
the suction-side bypass port 1d is opened. Therefore,
even during the low-load operation, it is possible to se-
cure a leak loss prevention effect by the increased rota-
tion speed at which the rotor rotates when the single one
of the two compression chamber is used. Since there is
no influence of a space to be a dead volume, itis possible
to reduce a recompression loss and a leak loss. Conse-
quently, the screw compressor 102 of Embodiment 1 is
a compressor that achieves a high coefficient of perform-
ance.

[0048] As explained above, in the screw compressor
102 of Embodiment 1, the economizer port 1c and the
economizer gas channel 1b are provided in the first com-
pression chamber 5b, while the suction-side bypass port
1d and the slide valve 8 are provided in the first compres-
sion chamber 5b. With this configuration, by opening the
suction-side bypass port 1d and performing the single
chamber operation that can reduce a suction volume to
approximately a half, it is possible to reduce a leak loss
and further reduce a loss due to a dead volume, and it
is possible to improve a coefficient of performance.
Hence, in the refrigeration device of Embodiment 1, it is
possible to obtain an economizer effect in the high-load
operation and reduce a dead volume loss and a leak loss
in the low-load operation in the screw compressor 102
and the refrigeration cycle apparatus 100. Therefore, it
is possible to realize a high coefficient of performance in
a wide operation range.

Embodiment 2.

[0049] Fig. 9is a diagram illustrating the configuration
of the refrigeration cycle apparatus 100 including the
screw compressor 102 according to Embodiment 2 of
the present invention. Differences from the refrigeration
cycle apparatus 100 of Embodiment 1 will be explained.
The refrigeration cycle apparatus 100 of Embodiment 2
is different from the refrigeration cycle apparatus 100 of
Embodiment 1 in the configurations of the screw com-
pressor 102 and the controller 110.
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(Screw compressor)

[0050] The screw compressor 102 in Embodiment 2
includes a first slide valve 8a and a second slide valve
8b. The first slide valve 8a is set in the first compression
chamber 5b. Like the slide valve 8 explained in Embod-
iment 1, the first slide valve 8a performs the operation of
a bypass device.

[0051] Inthe screw compressor 102 in Embodiment 2,
compared with the screw compressor 102 of Embodi-
ment 1, the second slide valve 8b is set not only on the
first compression chamber 5b side but also onthe second
compression chamber 5c side. The second slide valve
8b is set to be movable in an axial direction of the screw
rotor 3. An internal-volume-ratio changing mechanism
11 to change a position of the second slide valve 8b is
set. The internal volume ratio means a ratio of a volume
of the compression chamber 5 at suction completion
(compression start) time and a volume of the compres-
sion chamber 5 immediately before discharge. A change
of the internal volume ratio is performed by adjusting tim-
ing when the refrigerant is discharged from the discharge
port 7. Specifically, during the low-load operation, the
second slide valve 8b is positioned on the suction side.
The position of the second slide valve 8b is changed to
set opening timing of the discharge port 7 to early timing
and reduce a volume ratio. During the high-load opera-
tion, the second slide valve 8b is positioned on the dis-
charge side. The position of the second slide valve 8b is
changed to set the opening timing of the discharge port
7 to later timing and increase the volume ratio.

[0052] Inthis way, the secondslide valve 8b configures
a part of the discharge port 7. Therefore, the internal-
volume-ratio changing mechanism 11 can adjust timing
of discharge and change the internal volume ratio by
moving the second slide valve 8b. Therefore, insufficient
compression during the high-load operation and exces-
sive compression during the low-load operation are pre-
vented to improve performance.

[0053] The controller 110 of Embodiment 2 further in-
cludes an internal-volume-ratio control device 113. The
internal-volume-ratio control device 113 sends an in-
struction to the internal-volume-ratio changing mecha-
nism 11 and performs controlfor locating the second slide
valve 8b based on the internal volume ratio.

[0054] To clarify characteristics of Embodiment 2, as
in Embodiment 1, position control of the first slide valve
8a and the second slide valve 8b and a relation of the
economizer port 1¢ during the high-load operation and
during the low-load operation are compared and opera-
tion during the compression stroke will be explained.
[0055] Fig. 10 is a schematic diagram illustrating a
state at the time when the suction-side bypass port 1d is
not opened in the screw compressor 102 according to
Embodiment 2 of the present invention. Fig. 11 is a de-
velopment of the inner cylinder surface of the casing 1
and the screw rotor 3 at the time when the suction-side
bypass port 1d is not opened in the screw compressor
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102 according to Embodiment 2 of the present invention.
The operation and the like of the screw compressor 102
during the high-load operation will be explained with ref-
erence to Fig. 10 and Fig. 11.

[0056] During the high-load operation, economizer op-
eration is performed to improve a refrigeration effect, a
coefficient of performance, and the like. When the econ-
omizer operation is performed, as in Embodiment 1, the
bypass control device 111 of the controller 110 moves
the first slide valve 8a to the suction side (the right side
in Fig. 10 and Fig. 11) as indicated by white arrows in
Fig. 10 and Fig. 11. The first slide valve 8a moves to a
position (a first position) for not opening the suction-side
bypass port 1d.

[0057] On the other hand, the internal-volume-ratio
control device 113 of the controller 110 sends an instruc-
tion to the internal-volume-ratio changing mechanism 11
and locates the second slide valve 8b such that an inter-
nal volume ratio is the same and timing when the refrig-
erantis discharged from the discharge port 7 is the same
in the first compression chamber 5b and the second com-
pression chamber 5c. Specifically, as indicated by the
white arrows in Fig. 10 and Fig. 11, the internal-volume-
ratio control device 113 moves, for example, the second
slide valve 8b to the discharge side (the left side in Fig.
10 and Fig. 11).

[0058] In this way, the suction-side bypass port 1d to
cause the low-pressure chamber and the first compres-
sion chamber 5b to communicate is notopened, whereby
the two compression chambers 5 are formed in the screw
compressor 102. Since the economizer gas flows into
the first compression chamber 5b via the economizer
pipe 108 and other pipes, it is possible to secure a nec-
essary refrigeration capacity during the high-load oper-
ation. Further, it is possible to realize a high coefficient
of performance to properly adjust the economizer effect
and the internal volume ratio.

[0059] Then, the compression stroke and the opera-
tions of the first slide valve 8a and the second slide valve
8b in opening the suction-side bypass port 1d of the first
compression chamber 5b will be explained. In the low-
load operation of Embodiment 2, as in Embodiment 1,
the first compression chamber 5b is brought into the cyl-
inder halt state to perform the single chamber operation.
[0060] Fig. 12 is a schematic diagram illustrating a
state at the time when the suction-side bypass port 1d is
opened in the screw compressor 102 according to Em-
bodiment 2 of the present invention. Fig. 13 is a devel-
opment of the inner cylinder surface of the casing 1 and
the screw rotor 3 atthe time when the suction-side bypass
port 1d is opened in the screw compressor 102 according
to Embodiment 2 of the present invention.

[0061] In Embodiment 2, the economizer operation is
not performed under a low-load operation condition.
Therefore, the valve control device 112 of the controller
110 closes the solenoid valve 109 to prevent an econo-
mizer gas from flowing into the first compression cham-
ber 5b. The bypass control device 111 of the controller
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110 moves the slide valve 8 to the discharge side (the
left side in Fig. 12 and Fig. 13) as indicated by white
arrows in Fig. 12 and Fig. 13. The slide valve 8 moves
to a position (a second position) where the suction-side
bypass port 1d is opened. Since the first compression
chamber 5b is halted, the compression stroke is not per-
formed in the first compression chamber 5b.

[0062] On the other hand, the internal-volume-ratio
control device 113 of the controller 110 sends an instruc-
tion to the internal-volume-ratio changing mechanism 11
to move the second slide valve 8b to a position suitable
for operation. Specifically, as indicated by the white ar-
rows in Fig. 12 and Fig. 13, for example, the internal-
volume-ratio control device 113 moves the second slide
valve 8b to the suction side (the right side in Fig. 12 and
Fig. 13), which is a direction in which the internal volume
ratio is reduced.

[0063] Asexplained above, with the screw compressor
102 of Embodiment 2, in a state in which the first slide
valve 8a is moved to open the suction-side bypass port
1d, the economizer port 1c and the economizer gas chan-
nel 1b are formed in the first compression chamber 5b
in which the suction-side bypass port 1d is opened.
Therefore, even during the low-load operation, by per-
forming the single chamber operation, it is possible to
secure a leak loss prevention effect according to an in-
crease in the rotation speed. Since there is no influence
of a space to be a dead volume, it is possible to reduce
a recompression loss and a leak loss. Therefore, as the
screw compressor 102 of Embodiment 2, it is possible
to obtain the screw compressor 102 that realizes a high
coefficient of performance. Since timing for discharging
the refrigerant from the discharge port 7 is adjusted by
causing the internal-volume-ratio changing mechanism
11 to move the second slide valve 8b, it is possible to
properly set the internal volume ratio in the second com-
pression chamber 5¢. Therefore, it is possible to prevent
a power loss due to insufficient compression and exces-
sive compression. It is possible to realize a higher coef-
ficient of performance in a wide operation range.

Third Embodiment.

[0064] Although not particularly limited in Embodiment
2 explained above, for example, the control concerning
the movement of the second slide valve 8b in the screw
compressor 102 performed by the controller 110 may be
continuous or may be stepwise.

Reference Signs List

[0065] 1 casing 1a slide groove 1b economizer gas
channel 1c economizer port 1d suction-side bypass port
2 electric motor 2a stator 2b motor rotor 3 screw rotor 4
screw shaft 5 compression chamber 5a screw groove 5b
first compression chamber 5¢c second compression
chamber 6 gate rotor 6a teeth 6b first gate rotor 6¢ second
gaterotor 7 discharge port 8 slide valve 8afirst slide valve
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8b second slide valve 9 coupling bar 10 bypass driving
device 11 internal-volume-ratio changing mechanism
100 refrigeration cycle apparatus 101 inverter device 102
screw compressor 103 condenser 104 intermediate cool-
er

105 expansion valve 106 evaporator 107 expansion
valve for intermediate cooler 108 economizer pipe 109
solenoid valve 110 controller 111 bypass control device
112 valve control device 113 internal-volume-ratio con-
trol device.

Claims
1. A screw compressor comprising:

an electric motor configured to operate at a var-
iable rotation speed;

a screw rotor including a plurality of screw
grooves on an outer circumferential surface;

a screw shaft configured to transmit a driving
force of the electric motor to the screw rotor and
rotate the screw rotor;

a first gate rotor and a second gate rotor, the
first gate rotor being disposed on one side of the
screw rotor, the second gate rotor being dis-
posed on an other side of the screw rotor, the
first gate rotor and the second gate rotor being
disposed point-symmetrically with respect to the
screw shaft and including, in outer circumferen-
tial portions, a plurality of teeth meshed with the
sSCrew grooves;

a casing having a cylindrical shape to house the
screw rotor inside a cylinder;

a bypass device configured to allow a first com-
pression chamber and a low-pressure chamber
to communicate with each other, the low-pres-
sure chamber being configured to have atmos-
phere of a suction pressure, the first compres-
sion chamber being a space surrounded by the
firstgaterotor, the screw groove, and the casing;
and

an economizer port provided in the casing and
configured to allow fluid flowing from an outside
to flow into the first compression chamber.

2. The screw compressor of claim 1, wherein
the screw compressor

includes a first slide valve configured to slide in
a direction of the screw shaft, and

is configured to position the first slide valve in a
position where a discharge amount of fluid dis-
charged from a discharge port included in the
first compression chamber is smaller than a dis-
charge amount of fluid discharged from a dis-
charge portincluded in the second compression
chamber, which is a space surrounded by the
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second gate rotor, the screw groove, and the
casing.

The screw compressor of claim 1 or 2, wherein

the bypass device includes a first slide valve config-
ured to slide in a longitudinal direction of the screw
shaft, and

the screw compressor is configured to move the first
slide valve to a position where the first compression
chamber comes into a no-load state in which a pres-
sure of the fluid in the first compression chamber
does not rise.

The screw compressor of any one of claims 1 to 3,
further comprising:

a second slide valve provided to outer circum-
ferential surface of a second compression
chamber, which is a space surrounded by the
second gate rotor, the screw groove, and the
casing, and configured to slide in a direction of
the screw shaft; and

an internal-volume-ratio changing mechanism
configured to slide the second slide valve.

The screw compressor of claim 4, wherein, when a
load of the refrigeration cycle apparatus is smaller
than a predetermined load, the internal-volume-ratio
changing mechanism is configured to move the sec-
ond slide valve in a direction in which an internal
volume ratio is reduced.

A refrigeration cycle apparatus in which the screw
compressor of any one of claims 1 to 5, a condenser,
a high-pressure side channel of an intermediate
cooler, a decompression device, and an evaporator
are connected in order by refrigerant pipes to con-
figure a refrigerant circuit that circulates refrigerant,
which is fluid,

the refrigeration cycle apparatus comprising an
economizer pipe branching from a pipe between the
intermediate cooler and the decompression device
and connected to an economizer port included in the
screw compressor via an expansion device for the
intermediate cooler and an intermediate-pressure
side channel of the intermediate cooler.

The refrigeration cycle apparatus of claim 6, further
comprising a valve that prevents the refrigerant from
passing the economizer pipe when the refrigeration
cycle apparatus determines that a load of the refrig-
eration cycle apparatus is smaller than a predeter-
mined load.
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