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(54) SCREW COMPRESSOR AND REFRIGERATION CYCLE DEVICE

(57) A screw compressor includes a casing (1), a
screw rotor (3) disposed in the casing (1), a compression
chamber (5) defined between the casing (1) and the
screw rotor (3) to compress refrigerant gas, a slide groove
(1 a) extending on the inner peripheral surface of the
casing (1) along the rotational axis of the screw rotor (3),
a refrigerant liquid passage (1b) extending through the
casing (1) to bring the outside of the casing (1) into com-
munication with the slide groove (1 a), and a slidable
valve (8) for varying the internal volume ratio slidable on
the slide groove (1 a) along the rotational axis of the screw

rotor (3). The slidable valve (8) includes an injection port
(8a) to bring the refrigerant liquid passage (1 b) into com-
munication with the compression chamber (5) depending
on the position of the slidable valve (8). The injection port
(8a) is configured to shift between a first position and a
second position. The injection port (8a) communicates
with the refrigerant liquid passage (1 b) at the first posi-
tion, and does not communicate with the refrigerant liquid
passage (1 b) at the second position. The second position
is closer to the suction end of the screw compressor than
the first position.
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Description

Technical Field

[0001] The present invention relates to a screw com-
pressor and a refrigeration cycle apparatus.

Background Art

[0002] A traditional screw compressor includes a
screw rotor having one end or a suction end and the other
end or discharge end of fluid, and a columnar slidable
valve disposed around the screw rotor and slides along
the rotational axis of the screw rotor (see, for example,
Patent Literature 1). The sliding movement of the slidable
valve in the axial direction of the screw rotor shifts the
position for start of discharge (completion of compres-
sion) of high-pressure gas compressed in a compression
chamber. This operation changes the opening timing of
a discharge port, thereby varying the internal volume ra-
tio. The internal volume ratio indicates the ratio of the
volume of the compression chamber just before a dis-
charging operation to the volume of the compression
chamber at the completion of an suction operation (start
of compression).
[0003] In Patent Literature 1, the stop position of the
slidable valve is controlled to achieve an internal volume
ratio providing high compression efficiency, in response
to the compression ratio (ratio of the discharge pressure
to the intake pressure) depending on the operational
loads. In other words, the slidable valve is shifted de-
pending on the operational mode, i.e., a full load mode
or a partial load mode. In detail, the slidable valve is shift-
ed to the suction end in the partial load mode to advance
the opening timing of the discharge port, and is shifted
to the discharge end in the full load mode to delay the
opening timing of the discharge port.
[0004] In a typical traditional refrigeration cycle appa-
ratus including a screw compressor, refrigerant liquid is
injected into a compression chamber through an injection
port of the screw compressor to avoid an excess increase
in the temperature of discharged gas, thereby optimizing
the temperature and degree of superheat of the dis-
charged gas (see, for example, Patent Literature 2).

Citation List

Patent Literature

[0005]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2011-132834 (p. 11, Fig.
6)
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. H5-10613 (p. 5, Fig. 1)

Summary of Invention

Technical Problem

[0006] For these refrigeration cycle apparatuses
equipped with screw compressors, the energy saving
performance had been generally represented by the co-
efficient of performance (ratio of the refrigeration capacity
to an electric power consumption) under the rated con-
dition (full load condition: 100% load). However, indexes
approximating the actual operational conditions, for ex-
ample, an integrated part load value (IPLV) standardized
in the United States, are recently drawing attentions..
[0007] Atypical refrigeration cycle apparatus runs un-
der the rated condition in a very short period of the year.
In detail, the refrigeration cycle apparatus runs under the
partial load mode for 90% or more of the gross annual
operation time. In most of the partial load mode, the re-
frigeration cycle apparatus is operated under 75% to 50%
of the full load. The full load mode differs from the partial
load mode in the flow rate of refrigerant circulation, op-
erational compression ratio, and coefficient of perform-
ance. These circumstances of the actual operation draw
attention on the IPLV, which is an index based on the
coefficient of performance under the partial load condi-
tion.
[0008] Because in an operational mode involving a
large high-low pressure difference, such as the full load
mode, the discharge temperature of the gas discharged
from a screw compressor readily rises, an injecting op-
eration for injecting refrigerant liquid into a compression
chamber is effective for lowering the discharge temper-
ature. By contrast, in an operational mode involving a
small pressure difference, such as the partial load (low
load) mode, as the pressure difference decreases, the
discharge temperature less readily rises. Thus this mode
does not require the injection of refrigerant liquid. Such
unnecessary injection of refrigerant liquid increases the
input and impairs the performance in the partial load
mode. To avoid this problem, the injecting operation is
stopped in the small-pressure difference mode.
[0009] Patent Literature 1 discloses a technique of var-
ying the internal volume ratio with the slidable valve to
control the operational capacity, but does not discuss the
prevention of an excess increase in the discharge tem-
perature by the injecting operation. The prevention of an
excessive increase in the discharge temperature is im-
portant, because such an excessive increase in the dis-
charge temperature causes seizure due to disappear-
ance of the gap between a screw rotor of the screw com-
pressor and a casing and deteriorates refrigerating ma-
chine oil or refrigerant and thus impairs the reliability of
the operation.
[0010] Although Patent Literature 2 discusses this re-
spect, the device disclosed in Patent Literature 2 has a
problem during the stop of the injecting operation de-
pending on the position of the injection port, as follows:
Although the position of the injection port is not clearly
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described in Patent Literature 2, a typical injection port
is disposed in a fixed position in a casing accommodating
the screw rotor so as to communicate with the compres-
sion chamber. It is presumed that the position of the in-
jection port is generally determined for achieving suffi-
cient effects of the injecting operation. Unfortunately, this
injection port functions as a volume part (dead volume)
subject to unnecessary compression from low pressure
to high pressure during the stop of the injecting operation.
That is, during the stop of the injecting operation in the
small-pressure difference mode, the injection port caus-
es re-expansion loss while passing over the compression
chamber without injection of refrigerant liquid, thereby
impairing the performance of the screw compressor.
[0011] The present invention is made to address the
above problem and an object thereof is to provide a screw
compressor and a refrigeration cycle apparatus that have
a controllable internal volume ratio and in which the po-
sition of an injection port is set to an appropriate position
to achieve high coefficient of performance in a wide range
of operation, and ensure high reliability and high perform-
ance with a low cost structure.

Solution to Problem

[0012] A screw compressor according to an embodi-
ment of the invention includes a casing; a screw rotor
disposed to be rotatable in the casing; a compression
chamber defined between the casing and the screw rotor,
the compression chamber being configured to compress
refrigerant gas; a slide groove extending on an inner pe-
ripheral surface of the casing along a rotational axis of
the screw rotor; a refrigerant liquid passage formed in
the casing, the refrigerant liquid passage being config-
ured to communicate between an outside of the casing
and the slide groove; and a slidable valve slidable on the
slide groove along the rotational axis of the screw rotor,
the slidable valve being configured to vary an internal
volume ratio, the slidable valve having an injection port
configured to allow the refrigerant liquid passage to com-
municate with the compression chamber depending on
a position of the slidable valve, the slidable valve being
configured to shift between a first position and a second
position, the injection port communicating with the refrig-
erant liquid passage at the first position, the injection port
not communicating with the refrigerant liquid passage at
the second position, the second position being closer to
a suction side of the screw compressor than the first po-
sition.
[0013] A refrigeration cycle apparatus according to an
embodiment of the invention includes a refrigerant circuit
including the above screw compressor, a condenser, an
expansion device, and an evaporator connected in se-
quence with refrigerant pipes; and an injection pipe
branching from a portion between the condenser and the
expansion device and connected to the refrigerant liquid
passage of the screw compressor through an expansion
valve.

Advantageous Effects of Invention

[0014] An embodiment of the invention can provide a
screw compressor and a refrigeration cycle apparatus
that have a controllable discharge timing and include an
injection port shifted to an appropriate position to achieve
high coefficient of performance in a wide range of oper-
ation, and ensure high reliability and high performance
with a low cost structure.

Brief Description of Drawings

[0015]

[Fig. 1] Fig. 1 illustrates a refrigerant circuit of a re-
frigeration cycle apparatus including a screw com-
pressor according to Embodiment 1 of the invention.
[Fig. 2] Fig. 2 is a schematic longitudinal-sectional
view of a screw compressor according to Embodi-
ment 1 of the invention.
[Fig. 3] Fig. 3 illustrates the principle of compression
in a screw compressor according to Embodiment 1
of the invention.
[Fig. 4] Fig. 4 is a schematic sectional view illustrating
the position of an injection port of a screw compres-
sor according to Embodiment 1 of the invention in a
large-pressure difference mode, such as a full load
mode.
[Fig. 5] Fig. 5 is a development view of the inner
peripheral surface of a casing and a screw rotor of
a screw compressor according to Embodiment 1 of
the invention in a large-pressure difference mode,
such as a full load mode.
[Fig. 6] Fig. 6 is a schematic sectional view illustrating
the position of an injection port of a screw compres-
sor according to Embodiment 1 of the invention in a
small-pressure difference mode, such as a partial
load mode.
[Fig. 7] Fig. 7 is a development view of the inner
peripheral surface of a casing and a screw rotor of
a screw compressor according to Embodiment 1 of
the invention in a small-pressure difference mode,
such as a partial load mode.
[Fig. 8] Fig. 8 illustrates a difference in timing of open-
ing to a compression chamber in a screw compres-
sor according to Embodiment 1 of the invention be-
tween the case of an injection port residing at a first
position and the case of the injection port residing at
a second position.
[Fig. 9] Fig. 9 illustrates a refrigerant circuit of a re-
frigeration cycle apparatus including a screw com-
pressor according to Embodiment 2 of the invention.
Description of Embodiments

[0016] Embodiments of the invention will now be de-
scribed with reference to the accompanying drawings. A
single-screw compressor equipped with a single screw
rotor engaged with two gate rotors is described as an
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example in the description of the embodiments .

Embodiment 1

[0017] Fig. 1 illustrates a refrigerant circuit of a refrig-
eration cycle apparatus including a screw compressor
according to Embodiment 1 of the invention. In the ac-
companying drawings including Fig. 1, the components
having the same reference sign are same as or equiva-
lent to each other throughout the following description.
The embodiments of the components disclosed in the
entire specification are given for mere illustration and
should not be construed to limit the invention. In partic-
ular, the combinations of the components in the embod-
iments should not be construed to limit the invention, and
the components in one embodiment may be appropriate-
ly applied to any other embodiment. High and low pres-
sures are not absolutely determined relative to a fixed
reference value, but relatively determined based on the
state and operation of the system and device.
[0018] A refrigeration cycle apparatus 100 is equipped
with a refrigerant circuit including a screw compressor
102 driven by an inverter 101, a condenser 103, an ex-
pansion valve 105 (that is a pressure-reducing device),
and an evaporator 106 which are connected in sequence
with refrigerant pipes. The refrigeration cycle apparatus
100 further includes an injection pipe 104 branching from
a portion between the condenser 103 and the expansion
valve 105 and connected to the screw compressor 102
through an expansion valve 107.
[0019] The condenser 103 cools and condenses gas
discharged from the screw compressor 102. The expan-
sion valve 105 performs throttle expansion to main-
stream refrigerant from the condenser 103. The evapo-
rator 106 evaporates the main-stream refrigerant from
the expansion valve 105.
[0020] The screw compressor 102 is provided with a
discharge temperature sensor 102a adjacent to the dis-
charge end of the screw compressor 102. The discharge
temperature sensor 102a detects the temperature (dis-
charge temperature) of gas discharged from the screw
compressor 102. The discharge temperature detected
by the discharge temperature sensor 102a is output to a
controller 109 (described below).
[0021] The refrigeration cycle apparatus 100 further in-
cludes a controller 109. The controller 109 is composed
of, for example, a microcomputer including a CPU, RAM,
and ROM, and controls the entire refrigeration cycle ap-
paratus 100 under instructions of a control program
stored in the ROM. The controller 109 controls the invert-
er 101 and the expansion valve 105, shifts the position
of a slidable valve 8 (described below) of the screw com-
pressor 102, controls the drive and stop of an injecting
operation (injection of refrigerant liquid decompressed in
the expansion valve 107 into the screw compressor 102),
and varies the amount of refrigerant liquid injected into
a compression chamber 5 in the injecting operation.

(Screw Compressor)

[0022] The screw compressor 102 according to Em-
bodiment 1 of the invention will now be described with
reference to Fig. 2.
[0023] Fig. 2 is a schematic longitudinal-sectional view
of the screw compressor according to Embodiment 1 of
the invention.
[0024] With reference to Fig. 2, the screw compressor
102 includes a tubular casing 1 accommodating a motor
2. The motor 2 is equipped with a stator 2a fixed to the
inner surface of the casing 1 and a motor rotor 2b dis-
posed inside the stator 2a.
[0025] The casing 1 also accommodates a screw rotor
3. The screw rotor 3 and the motor rotor 2b are disposed
on the same axis and fixed to a screw shaft 4. The screw
rotor 3 has helical screw grooves 5a on the outer periph-
eral surface, and is coupled to the motor rotor 2b fixed
to the screw shaft 4 to be rotated. The screw grooves 5a
engage with teeth 6a of gate rotors 6. A space surrounded
by the teeth 6a of the gate rotors 6, the screw grooves
5a, and the inner peripheral surface of the casing 1 de-
fines a compression chamber 5. The casing 1 is divided
by a partition (not shown) into a low-pressure compart-
ment (adjacent to the suction end) and a high-pressure
compartment (adjacent to the discharge end). The high-
pressure compartment has a discharge outlet 7 (refer to
Fig. 3 described below) in communication with a dis-
charge chamber (not shown).
[0026] With reference to Fig. 2, the inner peripheral
surface of the casing 1 has a slide groove 1a extending
along the rotational axis of the screw rotor 3. The slide
groove 1 a accommodates a slidable valve 8 for varying
the internal volume ratio, such that the slidable valve 8
can slide on the slide groove 1a. The slidable valve 8 and
the casing 1 constitute part of the inner peripheral surface
to define the compression chamber 5. The slidable valve
8 has an injection port 8a to vary the internal volume ratio
and shift the injection port 8a. The injection port 8a pen-
etrates through the slidable valve 8 from the outer surface
sliding on the slide groove 1 a to the inner surface sliding
on the screw rotor 3. Fig. 2 illustrates an example of the
casing 1 that accommodates a single slidable valve 8
having the injection port 8a.
[0027] The drive unit 10 for driving the slidable valve
8 is a unit such as those powered by gas pressure or oil
pressure, or powered by a motor other than a piston, and
the driving method is not limited.
[0028] The slidable valve 8 constitutes part of the dis-
charge outlet 7. The sliding movement of the slidable
valve 8 in the axial direction can change the discharge
timing and thus vary the internal volume ratio. In detail,
the slidable valve 8 shifted adjacent to the suction end
allows the discharge outlet 7 to open earlier and thus
achieve an advanced discharge timing, whereas the sl-
idable valve 8 shifted adjacent to the discharge end al-
lows the discharge outlet 7 to open later and thus achieve
a delayed discharge timing. The advanced discharge tim-
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ing provides an operation of a small internal volume ratio,
whereas the delayed discharge timing provides an oper-
ation of a large internal volume ratio.
[0029] In general, a screw compressor has a proper
compression ratio matching the internal volume ratio.
The screw compressor does not cause any loss due to
improper compression in an operational mode of the
proper compression ratio. In an operational mode of a
compression ratio smaller than the proper compression
ratio, however, the gas is over-compressed before the
opening of an outlet to have a pressure higher than the
discharge pressure, resulting in unnecessary compres-
sion. In an operational mode of a compression ratio larger
than the proper compression ratio, the outlet opens be-
fore achieving the discharge pressure, resulting in insuf-
ficient compression that causes reverse flow of gas. To
address this problem, the position of the slidable valve 8
is adjusted for optimizing the discharge timing.
[0030] The casing 1 has a refrigerant liquid passage 1
b for introducing refrigerant liquid separating from the
portion between the condenser 103 and the expansion
valve 105 into the screw grooves 5a (compression cham-
ber 5). The refrigerant liquid passage 1 b communicates
with the compression chamber 5 through the injection
port 8a. The refrigerant liquid passage 1b is also con-
nected to the injection pipe 104. In this configuration, the
refrigerant liquid flowing out of the condenser 103 sepa-
rates, and then flows through the injection pipe 104, the
refrigerant liquid passage 1 b, and the injection port 8a
into the compression chamber 5.

(Operation)

[0031] The operations of the screw compressor 102
and the refrigeration cycle apparatus will now be ex-
plained according to Embodiment 1.
[0032] Fig. 3 illustrates the principle of compression in
the screw compressor according to Embodiment 1 of the
invention.
[0033] With reference to Fig. 3, the rotation of the screw
rotor 3 driven by the motor 2 (see Fig. 2) via the screw
shaft 4 (see Fig. 2) relatively moves the teeth 6a of the
gate rotors 6 in the compression chamber 5 (screw
grooves 5a). With this operation, an intake stroke, a com-
pression stroke, and a discharge stroke are carried out
at the compression chamber 5 as one cycle, and the cycle
is repeated. The individual strokes in the compression
chamber 5, which is illustrated with dotted hatching in
Fig. 3, will now be explained.
[0034] Fig. 3(a) illustrates the state of the compression
chamber 5 during the intake stroke. The screw rotor 3 is
driven by the motor 2 to rotate along the direction of the
solid arrow. This rotation reduces the volume of the com-
pression chamber 5, as illustrated in Fig. 3(b).
[0035] Further rotation of the screw rotor 3 causes the
compression chamber 5 to communicate with the dis-
charge outlet 7, as illustrated in Fig. 3(c). The high-pres-
sure refrigerant gas compressed in the compression

chamber 5 is thus discharged to the outside through the
discharge outlet 7. The same compression is performed
again behind the screw rotor 3.
[0036] Although the injection port 8a, the slidable valve
8 having the injection port 8a, and the slide groove 1 a
are not illustrated in Fig. 3, the injecting operation causes
the refrigerant liquid to enter the compression chamber
5 from the injection port 8a during the compression
stroke. The refrigerant liquid flowing in the compression
chamber 5 is compressed together with suction gas, and
is discharged to the outside during the discharge stroke.

(Large-Pressure difference Mode)

[0037] The following explanation will focus on the po-
sitional relationship of the injection port 8a with the re-
frigerant liquid passage 1 b and the compression cham-
ber 5 (screw grooves 5a) in a large-pressure difference
mode, such as a 100% load (full load) or 75% load mode.
[0038] Fig. 4 is a schematic sectional view illustrating
the position of the slidable valve and the position of the
injection port of the screw compressor according to Em-
bodiment 1 of the invention in the large-pressure differ-
ence mode, such as a 100% load (full load) or 75% load
mode. Fig. 5 is a development view of the inner peripheral
surface of the casing and the screw rotor of the screw
compressor according to Embodiment 1 of the invention
in the large-pressure difference mode, such as the 100%
load (full load) or 75% load mode.
[0039] In the large-pressure difference mode, the dis-
charge timing is delayed to increase the internal volume
ratio. In detail, the controller 109 controls the slidable
valve 8 to move toward the discharge end (the left of Fig.
4 or 5), as illustrated with the outline arrow of Fig. 4 or 5
to delay the discharge timing. This movement shifts the
injection port 8a of the slidable valve 8 to a first position
where the injection port 8a communicates with the refrig-
erant liquid passage 1 b and the compression chamber
5. The injection port 8a at the first position thus brings
the refrigerant liquid passage 1 b of the casing 1 into
communication with the compression chamber 5 through
the injection port 8a.
[0040] During the compression stroke, the controller
109 controls the expansion valve 107 to adjust the
amount of refrigerant liquid injected into the screw com-
pressor 102, such that the discharge temperature detect-
ed by the discharge temperature sensor 102a is main-
tained constant. The refrigerant liquid having the adjust-
ed volume is injected into the compression chamber 5
through the refrigerant liquid passage 1 b and the injec-
tion port 8a. That is, a constant discharge temperature
can be achieved by the shift of position of the slidable
valve 8 for varying the internal volume ratio appropriately
for the large-pressure difference mode and the injection
of refrigerant liquid into the screw compressor 102.
[0041] The refrigerant liquid should preferably be in-
jected before the pressure rise in the compression cham-
ber 5. It is thus preferred that the first position be a position
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corresponding to the position from which the injection
port 8 communicates with the compression chamber 5
at the completion of an suction operation (trapping) of
suction gas in the compression chamber 5. In this case,
the refrigerant liquid is injected at the beginning of the
compression stroke just after the trapping of suction gas.
The injecting operation is thus effectively conducted with-
out outflow of main-stream refrigerant to the low-pressure
compartment or inhibition of the suction operation of suc-
tion gas.

(Small-Pressure difference Mode)

[0042] The following explanation will focus on the po-
sitional relationship of the injection port 8a with the re-
frigerant liquid passage 1 b and the compression cham-
ber 5 (screw grooves 5a) in a small-pressure difference
mode, such as a partial load mode (e.g., 50% or 25%
load mode).
[0043] Fig. 6 is a schematic sectional view illustrating
the position of the injection port of the screw compressor
according to Embodiment 1 of the invention in the small-
pressure difference mode, such as a partial load mode
(e.g., 50% or 25% load mode). Fig. 7 is a development
view of the inner peripheral surface of the casing and the
screw rotor of the screw compressor according to Em-
bodiment 1 of the invention in the small-pressure differ-
ence mode, such as the partial load mode.
[0044] In the small-pressure difference mode, such as
the partial load mode, the controller 109 controls the sl-
idable valve 8 to move toward the suction end (the right
of Fig. 6 or 7), as illustrated with the outline arrow of Fig.
6 or 7. In detail, the slidable valve 8 is moved to a proper
position for varying the internal volume ratio or the dis-
charge timing appropriately for the small-pressure differ-
ence mode.
[0045] Because of a low discharge temperature in the
small-pressure difference mode, such as the partial load
mode, the mode does not require injection of refrigerant
liquid for lowering the discharge temperature, as de-
scribed above. The injecting operation is thus not con-
ducted. This mode requires a configuration for preventing
the refrigerant liquid passage 1 b from functioning as a
volume part (dead volume) subject to unnecessary com-
pression. To meet this requirement, the injection port 8a
is shifted to a position (hereinafter referred to as "second
position") in the axial direction closer to the suction end
than the first position is during the stop of the injecting
operation according to Embodiment 1, as described in
detail below. The injection port 8a at the second position
does not communicate with the refrigerant liquid passage
1 b.
[0046] In other words, the slidable valve 8 has two re-
quired functions in the small-pressure difference mode:
the adjustment of the internal volume ratio and the shift
of the injection port 8a to the second position. The move-
ment of the slidable valve 8 to vary the internal volume
ratio can shift the injection port 8a to the second position.

[0047] As described above, the injection port 8a is shift-
ed to the position in the axial direction so as not to com-
municate with the refrigerant liquid passage 1 b of the
casing 1, in other words, so as to be separated from the
refrigerant liquid passage 1 b in the small-pressure dif-
ference mode. Accordingly, the refrigerant liquid pas-
sage 1 b does not affect the compression chamber 5 from
the intake stroke to the discharge stroke in the small-
pressure difference mode. This configuration prevents
the portion upstream of the refrigerant liquid passage 1
b from being a dead volume. Accordingly, the screw com-
pressor 102 according to Embodiment 1 has a smaller
dead volume than those of traditional screw compres-
sors.
[0048] In Fig. 6 or 7, the injection port 8a positioned at
the second position does not communicate with the re-
frigerant liquid passage 1 b but communicates with the
compression chamber 5. It is preferred that the injection
port 8a at the second position does not communicate
with the compression chamber 5 to reduce the dead vol-
ume and re-expansion loss. In the illustrated example,
the injection port 8a positioned at the second position
communicates with the compression chamber 5 due to
the moving stroke of the slidable valve 8 and the opening
timing of the discharge outlet 7 in response to the move-
ment of the slidable valve 8. The injection port 8a at the
second position, however, should preferably be not com-
municating with the compression chamber 5 if possible.
It should be noted that the configuration including the
injection port 8a in communication with the compression
chamber 5 can also reduce the re-expansion loss during
the stop of the injecting operation because the second
position is closer to the suction end than the first position
is, as described in detail below.
[0049] The difference in timing of opening to the com-
pression chamber 5 depending on the position of the in-
jection port 8a will now be described.
[0050] Fig. 8 illustrates a difference in timing of opening
to the compression chamber in the screw compressor
according to Embodiment 1 of the invention between the
case of the injection port at the first position and the case
of the injection port at the second position. Fig. 8 also
illustrates the relationship between the rotational angle
of the screw and the pressure in the compression cham-
ber 5 (the internal pressure of the screw grooves 5a) in
the individual cases of the first position and the second
position.
[0051] With reference to Fig. 8, the timing of opening
of the injection port 8a at the second position to the com-
pression chamber 5 is earlier than that of the injection
port 8a at the first position. This indicates that the range
of rotational angle of the screw (X in Fig. 8) overlapping
with the compression stroke is small in Fig. 8. In other
words, the internal space of the injection port 8a is com-
pressed within a small range of rotational angle of the
screw. Accordingly, the injection port 8a at the second
position can reduce the re-expansion loss in the partial
load mode.
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[0052] As described above, the slidable valve 8 ac-
cording to Embodiment 1 has two functions: the adjust-
ment of the internal volume ratio and the shift of the in-
jection port 8a. The movement of the slidable valve 8 can
shift the injection port 8a between the first position and
the second position, thereby switching the mode of the
refrigerant liquid passage 1 b in communication with the
compression chamber 5 through the injection port 8a to
the mode of the refrigerant liquid passage 1 b not com-
municating with the compression chamber 5, and vice
versa, depending on the operational condition.
[0053] The injecting operation is conducted in a mode
where the discharge temperature readily increases, such
as a large-pressure difference mode (involving a pres-
sure difference in the refrigeration cycle larger than a
predetermined pressure difference or a predetermined
compression ratio). This configuration can prevent an ex-
cessive increase in the discharge temperature and en-
sure high reliability of the screw compressor. The refrig-
erant liquid passage 1 b is separated from the compres-
sion chamber 5 in a mode where the discharge temper-
ature does not readily increase, such as a small-pressure
difference mode (involving a pressure difference in the
refrigeration cycle equal to or smaller than the predeter-
mined pressure difference or the predetermined com-
pression ratio). The refrigerant liquid passage 1 b thus
has no dead volume. This configuration can reduce the
pressure increase in the injection port 8a and can thus
reduce the re-expansion loss and achieve high coeffi-
cient of performance.
[0054] According to Embodiment 1, the injection port
8a is provided to the slidable valve 8 for varying the in-
ternal volume ratio and is controlled to be at an appro-
priate position. The screw compressor 102 and the re-
frigeration cycle apparatus 100 are provided that can
thereby achieve high coefficient of performance in a wide
range of operation and the screw compressor can have
a low cost structure with high reliability.

Embodiment 2

[0055] Embodiment 2 differs from Embodiment 1 in the
connection of pipes in the refrigeration cycle apparatus
100.
[0056] Fig. 9 illustrates a refrigerant circuit of a refrig-
eration cycle apparatus including a screw compressor
according to Embodiment 2 of the invention. The follow-
ing description of Embodiment 2 will focus on the differ-
ence from Embodiment 1. The components not de-
scribed in Embodiment 2 are same as to those in Em-
bodiment 1.
[0057] The device according to Embodiment 2 further
includes a refrigerant liquid pipe 108 branching from a
portion between the condenser 103 and the expansion
valve 105 and connected to a portion between the evap-
orator 106 and the screw compressor 102, in addition to
the configuration of Embodiment 1. The refrigerant liquid
pipe 108 is provided with a solenoid valve and/or an ex-

pansion mechanism (e.g., a fixed throttle or expansion
valve) 110 in the intermediate part. The illustrated con-
figuration includes the expansion mechanism 110 alone.
The expansion mechanism 110 is open only while the
injection port 8a resides at the second position, and var-
ies the volume of injection based on the discharge tem-
perature detected by the discharge temperature sensor
102a.
[0058] In general, the refrigeration cycle apparatus has
a low discharge temperature and does not require the
injection of refrigerant liquid in the small-pressure differ-
ence mode, and thus does not conduct the injecting op-
eration, as described above. The slidable valve 8 is
moved to shift the injection port 8a to the second position
in the small-pressure difference mode, as in Embodiment
1. This configuration has a decreased dead volume and
a decreased range of rotational angle of the screw (X in
Fig. 8) overlapping with the compression stroke. The con-
figuration can thus reduce the re-expansion loss.
[0059] Even in the small-pressure difference mode, a
transitional operation, activating operation, or pull-down
operation may however cause a high temperature (intake
temperature) and a high degree of superheat of intake
refrigerant. Such a high intake temperature may also
raise the temperature of the discharged gas. To solve
this problem, the controller 109 according to Embodiment
2 opens the expansion mechanism 110 to inject refrig-
erant liquid from the refrigerant liquid pipe 108 into the
compression chamber 5, in response to an increase in
discharge temperature above a reference temperature
and the requirement for injection of refrigerant liquid.
[0060] In the case of an increase in discharge temper-
ature in the small-pressure difference mode, this config-
uration can lower the discharge temperature through the
injection of the refrigerant liquid into the portion between
the evaporator 106 and the screw compressor 102, in
contrast to Embodiment 1. The configuration can thus
ensure high reliability of the screw compressor 102. The
expansion mechanism 110 provided to the refrigerant
liquid pipe 108 may also be controlled based on the tem-
perature or degree of superheat of intake refrigerant.
[0061] As described above, Embodiment 2 can bring
about effects equivalent to those of Embodiment 1, and
ensure high reliability of the screw compressor 102 re-
gardless of a sudden change in operation, such as an
increase in temperature of suction gas, in the small-pres-
sure difference mode.

Reference Signs List

[0062] 1 casing 1 a slide groove 1 b refrigerant liquid
passage 2 motor 2a stator 2b motor rotor 3 screw rotor
4 screw shaft 5 compression chamber 5a screw groove
6 gate rotor 6a tooth 7 outlet 8 slidable valve 8a injection
port 9 coupling rod 10 drive unit 100 refrigeration cycle
apparatus 101 inverter 102 screw compressor 102a dis-
charge temperature sensor 103 condenser 104 injection
pipe 105 expansion valve 106 evaporator 107 expansion
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valve 108 refrigerant liquid pipe 109 controller 110 ex-
pansion mechanism

Claims

1. A screw compressor comprising:

a casing;
a screw rotor disposed to be rotatable in the cas-
ing;
a compression chamber defined between the
casing and the screw rotor, the compression
chamber being configured to compress refriger-
ant gas;
a slide groove extending on an inner peripheral
surface of the casing along a rotational axis of
the screw rotor;
a refrigerant liquid passage formed in the casing,
the refrigerant liquid passage being configured
to communicate between an outside of the cas-
ing and the slide groove; and
a slidable valve slidable on the slide groove
along the rotational axis of the screw rotor, the
slidable valve being configured to vary an inter-
nal volume ratio,
the slidable valve having an injection port con-
figured to allow the refrigerant liquid passage to
communicate with the compression chamber
depending on a position of the slidable valve,
the slidable valve being configured to shift be-
tween a first position and a second position, the
injection port communicating with the refrigerant
liquid passage at the first position, the injection
port not communicating with the refrigerant liq-
uid passage at the second position, the second
position being closer to a suction side of the
screw compressor than the first position.

2. The screw compressor of claim 1, wherein the slid-
able valve is positioned at the first position in a large-
pressure difference mode having a pressure differ-
ence larger than a predetermined pressure differ-
ence in a refrigeration cycle including the screw com-
pressor, or positioned at the second position in a
small-pressure difference mode having a pressure
difference equal to or smaller than the predetermined
pressure difference in the refrigeration cycle.

3. The screw compressor of claim 1 or 2, further com-
prising a motor to be driven by an inverter and to
rotate the screw rotor.

4. A refrigeration cycle apparatus comprising:

a refrigerant circuit comprising the screw com-
pressor of any one of claims 1 to 3, a condenser,
a pressure-reducing device, and an evaporator

connected in sequence with refrigerant pipes;
and
a refrigerant liquid pipe branching from a portion
between the condenser and the pressure-reduc-
ing device, the refrigerant liquid pipe being con-
nected to the refrigerant liquid passage of the
screw compressor through an expansion valve.

5. The refrigeration cycle apparatus of claim 4, further
comprising a refrigerant liquid pipe branching from
a portion between the condenser and the expansion
device, the refrigerant liquid pipe being connected
to a portion between the evaporator and the screw
compressor through at least one of a solenoid valve
and an expansion mechanism.
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