
(19) *EP004826251A2*
(11) EP 4 826 251 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
21.10.2026 Bulletin 2026/43

(21) Application number: 26202596.8

(22) Date of filing: 13.02.2023

(51) International Patent Classification (IPC):
F04C 18/52 (2006.01)

(52) Cooperative Patent Classification (CPC):
F04C 18/52; F04C 18/086; F04C 2240/10

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR

(30) Priority: 22.02.2022 JP 2022025726

(62) Document number(s) of the earlier application(s) in
accordance with Art. 76 EPC:
23759747.1 / 4 461 958

(71) Applicant: Daikin Industries, Ltd.
Osaka-shi, Osaka 530‑0001 (JP)

(72) Inventor: Inoue, Takashi
Osaka (JP)

(74) Representative: Goddar, Heinz J.
Boehmert & Boehmert
Anwaltspartnerschaft mbB
Pettenkoferstrasse 22
80336 München (DE)

Remarks:
This application was filed on 02.09.2026 as a
divisional application to the application mentioned
under INID code 62.

(54) SCREW COMPRESSOR, AND REFRIGERATION APPARATUS

(57) A partition wall (15) includes a first envelope
portion (11) and a second envelope portion (12). A first
compression chamber (21) is formed inside the first
envelope portion (11) by a screw rotor (40) and first
gates (51). A second compression chamber (22) is
formed inside the second envelope portion (12) by the

screw rotor (40) and second gates (61). An axial length
(D1) of the first envelope portion (11) and an axial
length (D2) of the second envelope portion (12) that
extend along a drive shaft (25) of the screw rotor (40)
are different from each other.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a screw
compressor and a refrigeration apparatus.

BACKGROUND ART

[0002] Patent Document 1 discloses a screw com-
pressor having a first compression chamber where a
fluid with a suction pressure is compressed to an inter-
mediate pressure, and a second compression chamber
where the fluid with the intermediate pressure is com-
pressed to a discharge pressure. The first compression
chamber and the second compression chamber are
formed between a single screw rotor and a plurality of
gates.

CITATION LIST

PATENT DOCUMENT

[0003] Patent Document 1: Japanese Unexamined
Patent Publication No. 2021‑162021

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0004] Here, in a screw compressor that can perform
two-stage compression, it is necessary to set the vo-
lume ratio between a first compression chamber on the
low-stage side and a second compression chamber on
the high-stage side appropriately in order to efficiently
compress, in the second compression chamber, the re-
frigerant compressed in the first compression chamber.
[0005] It is an object of the present disclosure to pro-
vide a screw compressor in which the ratio between
volumes of a low-stage compression chamber and a
high-stage compression chamber is appropriately set.

SOLUTION TO THE PROBLEMS

[0006] A first aspect of the present disclosure is di-
rected to a screw compressor including: a screw rotor
(40) having a plurality of helical grooves (41); a first
rotor (31) configured to mesh with the helical grooves
(41) of the screw rotor (40); a second rotor (32) config-
ured to mesh with the helical grooves (41) of the screw
rotor (40); and a casing (10) having a partition wall (15),
the partition wall (15) rotatably retaining the screw rotor
(40) and covering an outer peripheral surface of the
screw rotor (40), wherein the partition wall (15) includes
a first envelope portion (11) to form a first compression
chamber (21), and a second envelope portion (12) to
form a second compression chamber (22), the first
compression chamber (21) is formed inside the first

envelope portion (11) by the screw rotor (40) and the
first rotor (31), the first compression chamber (21) com-
pressing a fluid introduced into the casing (10) with a
suction pressure to an intermediate pressure higher
than the suction pressure, the second compression
chamber (22) is formed inside the second envelope
portion (12) by the screw rotor (40) and the second
rotor (32), the second compression chamber (22) com-
pressing the fluid with the intermediate pressure to a
discharge pressure higher than the intermediate pres-
sure, and an axial length (D1) of the first envelope por-
tion (11) and an axial length (D2) of the second envel-
ope portion (12) that extend along a drive shaft (25) of
the screw rotor (40) are different from each other.
[0007] According to the first aspect, the axial length
(D1) of the first envelope portion (11) is different from
the axial length (D2) of the second envelope portion
(12). It is thus possible to set the volume ratio between
the first compression chamber (21) and the second
compression chamber (22) appropriately by changing
the timing of full closure of the first compression cham-
ber (21) and the timing of full closure of the second
compression chamber (22).
[0008] A second aspect of the present disclosure is
directed to a screw compressor including: a screw rotor
(40) having a plurality of helical grooves (41); a first
rotor (31) configured to mesh with the helical grooves
(41) of the screw rotor (40); a second rotor (32) config-
ured to mesh with the helical grooves (41) of the screw
rotor (40); and a casing (10) having a partition wall (15),
the partition wall (15) rotatably retaining the screw rotor
(40) and covering an outer peripheral surface of the
screw rotor (40), wherein the partition wall (15) includes
a first envelope portion (11) to form a first compression
chamber (21), and a second envelope portion (12) to
form a second compression chamber (22), the first
compression chamber (21) is formed inside the first
envelope portion (11) by the screw rotor (40) and the
first rotor (31), the first compression chamber (21) com-
pressing a fluid introduced into the casing (10) with a
suction pressure to an intermediate pressure higher
than the suction pressure, the second compression
chamber (22) is formed inside the second envelope
portion (12) by the screw rotor (40) and the second
rotor (32), the second compression chamber (22) com-
pressing the fluid with the intermediate pressure to a
discharge pressure higher than the intermediate pres-
sure, and the second envelope portion (12) has an
opening (35) passing through the second envelope por-
tion (12) from an inner surface to an outer surface of
the second envelope portion (12).
[0009] According to the second aspect, the second
envelope portion (12) has the opening (35). It is thus
possible to set the volume ratio between the first com-
pression chamber (21) and the second compression
chamber (22) appropriately by changing the timing of
full closure of the first compression chamber (21) and
the timing of full closure of the second compression
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chamber (22).
[0010] A third aspect of the present disclosure is the
screw compressor of the second aspect. In the third
aspect, the opening (35) is a through hole (36) formed
in the second envelope portion (12).
[0011] According to the third aspect, the through hole
(36) formed in the second envelope portion (12) makes
it possible to set the volume ratio between the first
compression chamber (21) and the second compres-
sion chamber (22) appropriately.
[0012] A fourth aspect of the present disclosure is the
screw compressor of the second aspect. In the fourth
aspect, the opening (35) is a cut-out (37) formed in an
edge portion of the second envelope portion (12).
[0013] According to the fourth aspect, the cut-out
(37) formed at the edge portion of the second envelope
portion (12) makes it possible to set the volume ratio
between the first compression chamber (21) and the
second compression chamber (22) appropriately.
[0014] A fifth aspect of the present disclosure is the
screw compressor of any one of the first to fourth as-
pects. In the fifth aspect, the first rotor (31) is config-
ured as a first gate rotor (50) including a plurality of first
gates (51) arranged radially, the second rotor (32) is
configured as a second gate rotor (60) including a plur-
ality of second gates (61) arranged radially, and the first
gates (51) and the second gates (61) mesh with the
helical grooves (41) of the single screw rotor (40).
[0015] According to the fifth aspect, it is possible to
set the volume ratio between the first compression
chamber (21) and the second compression chamber
(22) appropriately in the screw compressor including
the single screw rotor (40), the first gate rotor (50), and
the second gate rotor (60).
[0016] A sixth aspect of the present disclosure is the
screw compressor of the fifth aspect. In the sixth as-
pect, a first shaft (55) of the first gate rotor (50) and a
second shaft (65) of the second gate rotor (60) are
substantially orthogonal to a phantom plane (F) extend-
ing along the drive shaft (25) of the screw rotor (40).
[0017] According to the sixth aspect, it is possible to
form a hole for supporting the shaft of each of the
screw rotor (40), the first gate rotor (50), and the sec-
ond gate rotor (60) while relatively moving the rotary
tool of the machine tool in one direction, without chan-
ging the posture of the casing (10) retained. The accu-
racy in machining the casing (10) can thus be ensured.
[0018] A seventh aspect of the present disclosure is
the screw compressor of any one of the first to fourth
aspects. In the seventh aspect, the first rotor (31) is
configured as a first female rotor (70) having a plurality
of first helical grooves (71), the second rotor (32) is
configured as a second female rotor (80) having a plur-
ality of second helical grooves (81), and the screw rotor
(40) is configured as one male rotor that meshes with
the first female rotor (70) and the second female rotor
(80).
[0019] According to the seventh aspect, it is possible

to set the volume ratio between the first compression
chamber (21) and the second compression chamber
(22) appropriately in the screw compressor including
the single male rotor, the first female rotor (70), and
the second female rotor (80).
[0020] An eighth aspect of the present disclosure is
directed to a refrigeration apparatus including: the
screw compressor (1) of any one of the first to seventh
aspects; and a refrigerant circuit (2a) through which a
refrigerant compressed by the screw compressor (1)
flows.
[0021] According to the eighth aspect, it is possible to
provide the refrigeration apparatus including the screw
compressor (1).

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 is a refrigerant circuit diagram illustrating a
configuration of a refrigeration apparatus according
to a first embodiment.

FIG. 2 is a cross-sectional view of a configuration
of a screw compressor as viewed from the back
side.

FIG. 3 is a sectional side view of the configuration
of the screw compressor.

FIG. 4 is a perspective view illustrating a configura-
tion of a compression mechanism.

FIG. 5 is a plan view illustrating a configuration of a
first envelope portion.

FIG. 6 is a plan view illustrating a configuration of a
second envelope portion.

FIG. 7 is a plan view illustrating a suction phase of
the screw compressor.

FIG. 8 is a plan view illustrating a compression
phase of the screw compressor.

FIG. 9 is a plan view illustrating a discharge phase
of the screw compressor.

FIG. 10 is a developed view of a screw rotor and a
partition wall, illustrating the state before the first
compression chamber and the second compres-
sion chamber are fully closed.

FIG. 11 is a developed view of the screw rotor and
the partition wall, illustrating the state in which the
first compression chamber and the second com-
pression chamber are fully closed.
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FIG. 12 is a plan view illustrating a configuration of
a second envelope portion in a screw compressor
according to a second embodiment.

FIG. 13 is a plan view illustrating a configuration of
a second envelope portion in a screw compressor
according to a third embodiment.

FIG. 14 is a cross-sectional view illustrating a con-
figuration of a screw compressor according to a
fourth embodiment.

FIG. 15 is a plan view illustrating a configuration of
a first envelope portion.

FIG. 16 is a plan view illustrating a configuration of
a second envelope portion.

DESCRIPTION OF EMBODIMENTS

«First Embodiment»

[0023] As illustrated in FIG. 1, a screw compressor
(1) is provided in a refrigeration apparatus (2). The re-
frigeration apparatus (2) includes a refrigerant circuit
(2a) filled with a refrigerant. The refrigerant circuit (2a)
has a screw compressor (1), a radiator (3), a decom-
pression mechanism (4), and an evaporator (5). The
decompression mechanism (4) is, for example, an ex-
pansion valve. The refrigerant circuit (2a) performs a
vapor compression refrigeration cycle.
[0024] The refrigeration apparatus (2) is an air condi-
tioner. The air conditioner may be a cooling-only appa-
ratus, a heating-only apparatus, or an air conditioner
switchable between cooling and heating. In this case,
the air conditioner has a switching mechanism (e.g., a
four-way switching valve) configured to switch the di-
rection of circulation of the refrigerant. The refrigeration
apparatus (2) may be a water heater, a chiller unit, or a
cooling apparatus configured to cool air in an internal
space. The cooling apparatus cools the air in a refrig-
erator, a freezer, or a container, for example.
[0025] As illustrated in FIGS. 2 and 3, the screw com-
pressor (1) includes a casing (10) and a compression
mechanism (20). The casing (10) houses the compres-
sion mechanism (20). The compression mechanism
(20) is coupled to a motor (not shown) via a drive shaft
(25).
[0026] The casing (10) includes therein a low-pres-
sure space (S1) into which a low-pressure refrigerant
flows, an intermediate-pressure space (S2) into which
an intermediate-pressure refrigerant with a pressure
higher than that of the low-pressure refrigerant flows,
and a high-pressure space (S3) into which a high-pres-
sure refrigerant with a pressure higher than that of the
intermediate-pressure refrigerant flows.
[0027] The compression mechanism (20) has a parti-
tion wall (15) provided in the casing (10), one screw

rotor (40), a first rotor (31), and a second rotor (32).
[0028] The partition wall (15) is cylindrical. The screw
rotor (40) is fitted into the partition wall (15). The parti-
tion wall (15) covers the outer peripheral surface of the
screw rotor (40). The first rotor (31) and the second
rotor (32) pass through the partition wall (15) to mesh
with the screw rotor (40).
[0029] The screw rotor (40) is a metal member hav-
ing a generally columnar shape. The outer diameter of
the screw rotor (40) is set to be slightly smaller than the
inner diameter of the partition wall (15). The outer per-
ipheral surface of the screw rotor (40) is close to the
inner peripheral surface of the partition wall (15).
[0030] An outer periphery of the screw rotor (40) has
a plurality of helical grooves (41) extending helically.
The helical grooves (41) extend from one axial end to-
ward the other axial end of the screw rotor (40). A first
end portion (42) and a second end portion (43) are
provided at respective ends of the screw rotor (40) in
the axial direction. Each of the first end portion (42) and
the second end portion has a smooth cylindrical outer
peripheral surface without any helical grooves (41).
The helical grooves (41) of the screw rotor (40) are
formed between the first end portion (42) and the sec-
ond end portion (43) of the screw rotor (40). The drive
shaft (25) is coupled to the screw rotor (40). The drive
shaft (25) and the screw rotor (40) rotate together.
[0031] As illustrated in FIG. 2, the first rotor (31) is
configured as a first gate rotor (50). The first gate rotor
(50) has first gates (51), which are a plurality of teeth
arranged radially. The first gates (51) mesh with the
helical grooves (41) of the screw rotor (40). The first
gate rotor (50) is housed in a first gate rotor chamber
(17). The first gate rotor chamber (17) is defined in the
casing (10), and is adjacent to the partition wall (15).
[0032] The second rotor (32) is configured as a sec-
ond gate rotor (60). The second gate rotor (60) has
second gates (61), which are a plurality of teeth ar-
ranged radially. The second gates (61) mesh with the
helical grooves (41) of the screw rotor (40). The second
gate rotor (60) is housed in a second gate rotor cham-
ber (18). The second gate rotor chamber (18) is defined
in the casing (10), and is adjacent to the partition wall
(15).
[0033] In the compression mechanism (20), a space
surrounded by the inner peripheral surface of a first
envelope portion (11) of the partition wall (15), which
will be described later, the helical grooves (41) of the
screw rotor (40), and the first gates (51) of the first gate
rotor (50) is a first compression chamber (21).
[0034] In the compression mechanism (20), a space
surrounded by the inner peripheral surface of a second
envelope portion (12) of the partition wall (15), which
will be described later, the helical grooves (41) of the
screw rotor (40), and the second gates (61) of the sec-
ond gate rotor (60) is a second compression chamber
(22).
[0035] A bearing housing (52) is provided in the first
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gate rotor chamber (17). The bearing housing (52) in-
cludes a ball bearing (53). A first shaft (55) of the first
gate rotor (50) is rotatably supported via the ball bear-
ing (53).
[0036] Another bearing housing (52) is provided in
the second gate rotor chamber (18). The bearing hous-
ing (52) includes a ball bearing (53). A second shaft
(65) of the second gate rotor (60) is rotatably supported
via the ball bearing (53).
[0037] The first shaft (55) of the first gate rotor (50)
and the second shaft (65) of the second gate rotor (60)
are substantially orthogonal to a phantom plane (F) ex-
tending along the drive shaft (25) of the screw rotor (40)
(see FIG. 2). Specifically, the first gates (51) of the first
gate rotor (50) and the second gates (61) of the second
gate rotor (60) are arranged on the same phantom
plane (F).
[0038] Thus, in machining the casing (10) using a
machine tool (not shown), a setup change process is
not needed, in which the casing (10) retained by the
machine tool is removed temporarily for adjustment of
the retaining posture, resulting in an improvement in
the working efficiency.
[0039] Specifically, a case of moving a rotary tool (not
shown) of a machine tool toward the casing (10) from
the front to the back of the sheet of FIG. 2 will be de-
scribed. In this case, a hole for the screw rotor (40) is
formed in the casing (10) using the rotary tool, and then
a retaining table (not shown) of the machine tool is
rotated 90° toward the front while retaining the casing
(10). Accordingly, the first shaft (55) of the first gate
rotor (50) and the second shaft (65) of the second gate
rotor (60) are oriented toward the front side of the sheet
of FIG. 2. It is thus possible to form a hole for each of
the first gate rotor (50) and the second gate rotor (60)
by simply moving the rotary tool from the front to the
back of the sheet of FIG. 2, without changing the pos-
ture of the casing (10) retained. As a result, the accu-
racy in machining the casing (10) can be ensured.

<Slide Valve>

[0040] As illustrated in FIG. 3, the screw compressor
(1) is provided with slide valves (27). Each of the slide
valves (27) is housed in a corresponding one of valve
storing portions (16) which are portions of the partition
wall (15) protruding radially outward at two circumfer-
ential portions of the partition wall (15) (see FIG. 2).
[0041] The slide valves (27) are slidable along the
axis of the partition wall (15). The slide valves (27) face
the outer peripheral surface of the screw rotor (40)
when inserted in the corresponding valve storing por-
tions (16). The screw compressor (1) is provided with a
driving mechanism (28) configured to drive and slide
the slide valves (27).
[0042] The slide valves (27) are valves, the positions
of which are adjustable in the axial direction of the
screw rotor (40). The slide valves (27) can be used as

an unloading mechanism configured to return the re-
frigerant that is being compressed in the first compres-
sion chamber (21) or the second compression chamber
(22) toward the suction side to change the operating
capacity. The slide valves (27) can also be used as a
compression ratio regulation mechanism configured to
adjust the timing when the refrigerant is discharged
from the first compression chamber (21) or the second
compression chamber (22) to regulate the compression
ratio (internal volume ratio).
[0043] The partition wall (15) is provided with fixed
discharge ports (not shown) which always communi-
cate with the first compression chamber (21) and the
second compression chamber (22), regardless of the
positions of the slide valves (27).

<First Compression Chamber and Second Compres-
sion Chamber>

[0044] The first compression chamber (21) is a com-
pression chamber on a low-stage side in two-stage
compression, and compresses the refrigerant intro-
duced into the casing (10) at a suction pressure to an
intermediate pressure higher than the suction pressure.
The second compression chamber (22) is a compres-
sion chamber on a high-stage side in the two-stage
compression, and compresses the refrigerant at the in-
termediate pressure to a discharge pressure higher
than the intermediate pressure.
[0045] The casing (10) includes therein the low-pres-
sure space (S1) communicating with the suction side of
the first compression chamber (21), the intermediate-
pressure space (S2) communicating with the discharge
side of the first compression chamber (21) and the suc-
tion side of the second compression chamber (22), and
the high-pressure space (S3) communicating with the
discharge side of the second compression chamber
(22).
[0046] Specifically, a low-pressure pipe (6) through
which a low-pressure refrigerant flows is connected to
the first gate rotor chamber (17). The low-pressure re-
frigerant is supplied to the first gate rotor chamber (17)
from the low-pressure pipe (6), and the first gate rotor
chamber (17) thus serves as the low-pressure space
(S1). The first gate rotor chamber (17) is configured to
supply the low-pressure refrigerant to the suction open-
ing of the first compression chamber (21). The low-
pressure refrigerant is compressed in the first compres-
sion chamber (21) to be an intermediate-pressure re-
frigerant.
[0047] The intermediate-pressure refrigerant com-
pressed in the first compression chamber (21) to the
intermediate pressure is supplied to the second gate
rotor chamber (18) through a space where the motor
(not shown) is arranged. The intermediate-pressure re-
frigerant is supplied to the second gate rotor chamber
(18), and the second gate rotor chamber (18) thus
serves as the intermediate-pressure space (S2).
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[0048] An axial end portion of the partition wall (15)
near the intermediate-pressure space (S2) has a cut-
out (13) (see FIG. 4 as well). The cut-out (13) is formed
by cutting out a portion of the partition wall (15). The
intermediate-pressure space (S2) and the second com-
pression chamber (22) communicate with each other
through the cut-out (13). An oil film is formed between
the first end portion (42) of the screw rotor (40) and the
partition wall (15). The oil film reduces the circulation of
the refrigerant between the partition wall (15) and the
first compression chamber (21) of the screw rotor (40).
[0049] The intermediate-pressure refrigerant flowing
through the intermediate-pressure space (S2) is sup-
plied through the cut-out (13) of the partition wall (15)
to the suction opening of the second compression
chamber (22). The intermediate-pressure refrigerant is
compressed in the second compression chamber (22)
to be a high-pressure refrigerant.
[0050] The high-pressure refrigerant compressed in
the second compression chamber (22) to the high pres-
sure is supplied to the high-pressure space (S3). The
high-pressure refrigerant flowing through the high-pres-
sure space (S3) is discharged from a discharge port
(not shown) of the casing (10).
[0051] As described above, the low-pressure space
(S1), the first compression chamber (21), the intermedi-
ate-pressure space (S2), the second compression
chamber (22), and the high-pressure space (S3) are
connected together in the order of the pressure of the
fluid from low pressure to high pressure.

<First Envelope Portion and Second Envelope Portion>

[0052] As illustrated in FIGS. 5 and 6, the partition
wall (15) includes the first envelope portion (11) and
the second envelope portion (12). The first envelope
portion (11) is configured to isolate the first compres-
sion chamber (21) from the low-pressure space (S1)
on its outer peripheral side before the first compression
chamber (21) reaches, during the rotation of the screw
rotor (40), a suction shut-off position where the first
compression chamber (21) is fully closed by the first
gate rotor (50).
[0053] An edge portion of the first envelope portion
(11) is shaped to draw a curve parallel to the edge
portion of a circumferential sealing surface (44) of the
screw rotor (40). In other words, the edge portion of the
first envelope portion (11) is shaped so that the entire
length of the edge portion can overlap with the circum-
ferential sealing surface (44) which moves along with
the rotation of the screw rotor (40).
[0054] The second envelope portion (12) is config-
ured to isolate the second compression chamber (22)
from the intermediate-pressure space (S2) on its outer
peripheral side before the second compression cham-
ber (22) reaches, during the rotation of the screw rotor
(40), a suction shut-off position where the second com-
pression chamber (22) is fully closed by the second

gate rotor (60).
[0055] An edge portion of the second envelope por-
tion (12) is shaped to draw a curve parallel to the edge
portion of the circumferential sealing surface (44) of the
screw rotor (40). In other words, the edge portion of the
second envelope portion (12) is shaped so that the
entire length of the edge portion can overlap with the
circumferential sealing surface (44) which moves along
with the rotation of the screw rotor (40).
[0056] In this embodiment, the axial length (D1) of
the first envelope portion (11) and the axial length (D2)
of the second envelope portion (12) that extend along
the drive shaft (25) of the screw rotor (40) are set to be
different from each other. Specifically, the axial length
(D1) of the first envelope portion (11) is greater than the
axial length (D2) of the second envelope portion (12).
[0057] Thus, the timing when the first compression
chamber (21) is fully closed by the first gate rotor (50)
is earlier than the timing when the second compression
chamber (22) is fully closed by the second gate rotor
(60). As a result, the volume of the first compression
chamber (21) is greater than the volume of the second
compression chamber (22). It is preferable that the ax-
ial length (D1) of the first envelope portion (11) and the
axial length (D2) of the second envelope portion (12)
are set such that the volume of the first compression
chamber (21) is about two to three times the volume of
the second compression chamber (22).
[0058] As can be seen, it is possible to set the vo-
lume ratio between the first compression chamber (21)
and the second compression chamber (22) appropri-
ately by changing the timing of full closure of the first
compression chamber (21) and the timing of full closure
of the second compression chamber (22).

-Operation-

<Phases of Suction, Compression, and Discharge>

[0059] When the screw rotor (40) rotates, the first
gate rotor (50) and the second gate rotor (60) meshing
with the helical grooves (41) rotate. Thus, the compres-
sion mechanism (20) continuously repeats a suction
phase, a compression phase, and a discharge phase.
[0060] In the suction phase illustrated in FIG. 7, the
shaded first compression chamber (21) communicates
with the space on the suction side. The helical groove
(41) corresponding to the first compression chamber
(21) meshes with the first gate (51) of the first gate rotor
(50). When the screw rotor (40) rotates, the first gate
(51) relatively moves toward the terminal end of the
helical groove (41), causing the volume of the first com-
pression chamber (21) to increase. As a result, the re-
frigerant is sucked into the first compression chamber
(21).
[0061] When the screw rotor (40) further rotates, the
compression phase illustrated in FIG. 8 is performed. In
the compression phase, the shaded first compression
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chamber (21) is fully closed. That is, the helical groove
(41) corresponding to the first compression chamber
(21) is separated, by the first gate (51), from the space
on the suction side. As the first gate (51) approaches
the terminal end of the helical groove (41) in accor-
dance with the rotation of the screw rotor (40), the vo-
lume of the first compression chamber (21) gradually
decreases. As a result, the refrigerant in the first com-
pression chamber (21) is compressed.
[0062] When the screw rotor (40) further rotates, the
discharge phase illustrated in FIG. 9 is performed. In
the discharge phase, the shaded first compression
chamber (21) communicates with the fixed discharge
port via the end portion on the discharge side (right
end portion in the figure). When the first gate (51) ap-
proaches the terminal end of the helical groove (41) in
accordance with the rotation of the screw rotor (40), the
refrigerant that has been compressed is pushed out of
the first compression chamber (21) through the fixed
discharge port to the space on the discharge side.
[0063] The suction phase, the compression phase,
and the discharge phase in the high-stage second com-
pression chamber (22) are similar to those in the low-
stage first compression chamber (21), and thus will not
be described.

<Timing of Full Closure>

[0064] The difference between the timing of full clo-
sure of the first compression chamber (21) and the tim-
ing of full closure of the second compression chamber
(22) will now be described.
[0065] Focus is given to one of the helical grooves
(41) forming the first compression chamber (21) in the
suction phase as illustrated in FIG. 10. A portion of the
helical groove (41) is covered with the first envelope
portion (11), and the remaining portion faces the low-
pressure space (S1). The first gate (51) enters the heli-
cal groove (41) from the starting end of the helical
groove (41). In the state illustrated in FIG. 10, the first
compression chamber (21) in the suction phase formed
by the helical groove (41) communicates with the low-
pressure space (S1) on the outer peripheral side of the
screw rotor (40). In this state, the low-pressure refriger-
ant flows into the first compression chamber (21) from
the outer peripheral side of the screw rotor (40).
[0066] FIG. 11 is the state after further rotation of the
screw rotor (40) from the state illustrated in FIG. 10. In
the state illustrated in FIG. 11, the first gate (51) that
has entered the helical groove (41) is in sliding contact
with the groove wall and the groove bottom of the heli-
cal groove (41). The circumferential sealing surface
(44) of the screw rotor (40) overlaps with the first envel-
ope portion (11).
[0067] Thus, the first compression chamber (21)
turns into a closed space separated from the low-pres-
sure space (S1) by both the first envelope portion (11)
and the first gate (51), and the suction phase ends.

This position is referred to as a "suction shut-off posi-
tion."
[0068] As can be seen, the first compression cham-
ber (21) in the suction phase moves from a position at
which the helical groove (41) faces the low-pressure
space (S1) to a position at which the helical groove
(41) is covered with the first envelope portion (11), re-
sulting in separation from the low-pressure space (S1).
At the same time, the first gate (51) separates the heli-
cal groove (41) from the low-pressure space (S1). In
the screw compressor (1), the shape of the first envel-
ope portion (11) is determined so that the refrigerant in
the first compression chamber (21) flows out to the low-
pressure space (S1) before the first envelope portion
(11) reaches the suction shut-off position.
[0069] Similarly, in the state illustrated in FIG. 11, the
second compression chamber (22) also turns into a
closed space separated from the intermediate-pressure
space (S2) by both the second envelope portion (12)
and the second gate (61), and the suction phase ends.
[0070] As can be seen, the second compression
chamber (22) in the suction phase moves from a posi-
tion at which the helical groove (41) faces the inter-
mediate-pressure space (S2) to a position at which the
helical groove (41) is covered with the second envelope
portion (12), resulting in separation from the intermedi-
ate-pressure space (S2). At the same time, the second
gate (61) separates the helical groove (41) from the
intermediate-pressure space (S2). In the screw com-
pressor (1), the shape of the second envelope portion
(12) is determined so that the refrigerant in the second
compression chamber (22) flows out to the intermedi-
ate-pressure space (S2) before the second envelope
portion (12) reaches the suction shut-off position.
[0071] Here, the axial length (D1) of the first envel-
ope portion (11) is greater than the axial length (D2) of
the second envelope portion (12). Thus, the timing of
full closure of the first compression chamber (21) is
earlier than the timing of full closure of the second com-
pression chamber (22).

-Advantages of First Embodiment-

[0072] According to a feature of this embodiment, the
axial length (D1) of the first envelope portion (11) is
different from the axial length (D2) of the second envel-
ope portion (12). It is thus possible to set the volume
ratio between the first compression chamber (21) and
the second compression chamber (22) appropriately by
changing the timing of full closure of the first compres-
sion chamber (21) and the timing of full closure of the
second compression chamber (22).
[0073] According to a feature of this embodiment, it
is possible to set the volume ratio between the first
compression chamber (21) and the second compres-
sion chamber (22) appropriately in the screw compres-
sor including the single screw rotor (40), the first gate
rotor (50), and the second gate rotor (60).
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[0074] According to a feature of this embodiment, the
first shaft (55) of the first gate rotor (50) and the second
shaft (65) of the second gate rotor (60) are substantially
orthogonal to the phantom plane (F) extending along
the drive shaft (25) of the screw rotor (40). It is thus
possible to form a hole for supporting the shaft of each
of the screw rotor (40), the first gate rotor (50), and the
second gate rotor (60) while relatively moving the rotary
tool of the machine tool in one direction, without chan-
ging the posture of the casing (10) retained. The accu-
racy in machining the casing (10) can thus be ensured.
[0075] According to a feature of this embodiment, a
refrigeration apparatus includes the screw compressor
(1) and the refrigerant circuit (2a) through which the
refrigerant compressed by the screw compressor (1)
flows. It is thus possible to provide the refrigeration
apparatus (2) including the screw compressor (1).

«Second Embodiment»

[0076] In the following description, the same refer-
ence characters designate the same components as
those of the first embodiment, and the description will
be focused only on the differences.
[0077] In the example illustrated in FIG. 12, the axial
length (D2) of the second envelope portion (12) is set to
be equal to the axial length (D1) of the first envelope
portion (11) (see FIG. 5).
[0078] The second envelope portion (12) has an
opening (35) passing through the second envelope por-
tion (12) from the inner surface to the outer surface of
the second envelope portion (12). The opening (35) is a
through hole (36) formed in the second envelope por-
tion (12). The through hole (36) is formed at a position
in an edge portion of the second envelope portion (12)
near the second gate rotor (60).
[0079] Here, the refrigerant flows out to the inter-
mediate-pressure space (S2) from the through hole
(36) even when the second compression chamber (22)
in the suction phase moves from a position at which the
helical groove (41) faces the intermediate-pressure
space (S2) to a position at which the helical groove
(41) is covered with the edge portion of the second
envelope portion (12). When the screw rotor (40)
further rotates thereafter, and the sealing surface (44)
of the helical groove (41) is covered with the second
envelope portion (12) at a position behind the through
hole (36) (upper position in FIG. 12), the second com-
pression chamber (22) is fully closed.
[0080] The through hole (36) formed in the second
envelope portion (12) as described above makes the
second compression chamber (22) fully closed by the
second gate rotor (60) at later timing than when the first
compression chamber (21) is fully closed by the first
gate rotor (50). As a result, the volume of the first com-
pression chamber (21) is greater than the volume of the
second compression chamber (22). It is preferable that
the position of the through hole (36) in the second en-

velope portion (12) is set such that the volume of the
first compression chamber (21) is about two to three
times the volume of the second compression chamber
(22).

-Advantages of Second Embodiment-

[0081] According to a feature of this embodiment, the
second envelope portion (12) has the opening (35). It is
thus possible to set the volume ratio between the first
compression chamber (21) and the second compres-
sion chamber (22) appropriately by changing the timing
of full closure of the first compression chamber (21)
and the timing of full closure of the second compres-
sion chamber (22).
[0082] According to a feature of this embodiment, the
opening (35) is a through hole (36) formed in the sec-
ond envelope portion (12). The through hole (36)
formed in the second envelope portion (12) makes it
possible to set the volume ratio between the first com-
pression chamber (21) and the second compression
chamber (22) appropriately.

«Third Embodiment»

[0083] In the example illustrated in FIG. 13, the axial
length (D2) of the second envelope portion (12) is set to
be equal to the axial length (D1) of the first envelope
portion (11) (see FIG. 5).
[0084] The second envelope portion (12) has an
opening (35) passing through the second envelope por-
tion (12) from the inner surface to the outer surface of
the second envelope portion (12). The opening (35) is a
cut-out (37) formed in an edge portion of the second
envelope portion (12). The cut-out (37) is formed at a
position in the edge portion of the second envelope
portion (12) near the second gate rotor (60) and ex-
tends in a circumferential direction.
[0085] Here, the refrigerant flows out to the inter-
mediate-pressure space (S2) from the cut-out (37)
even when the second compression chamber (22) in
the suction phase moves from a position at which the
helical groove (41) faces the intermediate-pressure
space (S2) to a position at which the helical groove
(41) is covered with the second envelope portion (12).
When the screw rotor (40) further rotates thereafter,
and the helical groove (41) is covered with the second
envelope portion (12) at a position behind the cut-out
(37) (upper position in FIG. 13), the second compres-
sion chamber (22) is fully closed.
[0086] The cut-out (37) formed in the second envel-
ope portion (12) as described above makes the second
compression chamber (22) fully closed by the second
gate rotor (60) at later timing than when the first com-
pression chamber (21) is fully closed by the first gate
rotor (50). As a result, the volume of the first compres-
sion chamber (21) is greater than the volume of the
second compression chamber (22). It is preferable that
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the position of the cut-out (37) in the second envelope
portion (12) is set such that the volume of the first com-
pression chamber (21) is about two to three times the
volume of the second compression chamber (22).

-Advantages of Third Embodiment-

[0087] According to a feature of this embodiment, the
opening (35) is the cut-out (37) formed in the edge por-
tion of the second envelope portion (12). The cut-out
(37) formed at the edge portion of the second envelope
portion (12) makes it possible to set the volume ratio
between the first compression chamber (21) and the
second compression chamber (22) appropriately.

«Fourth Embodiment»

[0088] As illustrated in FIGS. 14 to 16, a screw com-
pressor (1) includes a casing (10) and a compression
mechanism (20). The casing (10) houses the compres-
sion mechanism (20). The compression mechanism
(20) is coupled to a motor (26) via a drive shaft (25).
[0089] The compression mechanism (20) has a par-
tition wall (15) provided in the casing (10), one screw
rotor (40), a first rotor (31), and a second rotor (32).
The first rotor (31) is configured as a first female rotor
(70) having a plurality of first helical grooves (71). The
second rotor (32) is configured as a second female
rotor (80) having a plurality of second helical grooves
(81). The screw rotor (40) is configured as one male
rotor that meshes with the first female rotor (70) and
the second female rotor (80). The screw compressor
(1) of this embodiment is a so-called tri-rotor compres-
sor.
[0090] The screw rotor (40), the first female rotor
(70), and the second female rotor (80) are fitted into
the partition wall (15). The partition wall (15) covers the
outer peripheral surfaces of the screw rotor (40), the
first female rotor (70), and the second female rotor
(80). The first female rotor (70) and the second female
rotor (80) mesh with the screw rotor (40). The drive
shaft (25) of the screw rotor (40) is rotatably supported
via a bearing (73). The first female rotor (70) has a first
shaft (75) rotatably supported via another bearing (73).
The second female rotor (80) has a second shaft (85)
rotatably supported via still another bearing (73).
[0091] As illustrated in FIGS. 15 and 16, the partition
wall (15) includes a first envelope portion (11) and a
second envelope portion (12). In the compression me-
chanism (20), a space surrounded by the inner periph-
eral surface of the first envelope portion (11), the helical
grooves (41) of the screw rotor (40), the walls of the
first helical grooves (71) of the first female rotor (70),
and the walls of the second helical grooves (81) of the
second female rotor (80) is a first compression cham-
ber (21). In the compression mechanism (20), a space
surrounded by the inner peripheral surface of the sec-
ond envelope portion (12), the helical grooves (41) of

the screw rotor (40), the walls of the first helical
grooves (71) of the first female rotor (70), and the walls
of the second helical grooves (81) of the second female
rotor (80) is a second compression chamber (22).
[0092] The first compression chamber (21) is a com-
pression chamber on a low-stage side in two-stage
compression, and compresses the refrigerant intro-
duced into the casing (10) at a suction pressure to an
intermediate pressure higher than the suction pressure.
The second compression chamber (22) is a compres-
sion chamber on a high-stage side in the two-stage
compression, and compresses the refrigerant at the in-
termediate pressure to a discharge pressure higher
than the intermediate pressure.
[0093] The casing (10) includes therein the low-pres-
sure space (S1) communicating with the suction side of
the first compression chamber (21), the intermediate-
pressure space (S2) communicating with the discharge
side of the first compression chamber (21) and the suc-
tion side of the second compression chamber (22), and
the high-pressure space (S3) communicating with the
discharge side of the second compression chamber
(22).
[0094] As described above, the low-pressure space
(S1), the first compression chamber (21), the intermedi-
ate-pressure space (S2), the second compression
chamber (22), and the high-pressure space (S3) are
connected together in the order of the pressure of the
fluid from low pressure to high pressure.
[0095] The first envelope portion (11) is configured to
isolate the first compression chamber (21) from the
low-pressure space (S1) on its outer peripheral side
before the first compression chamber (21) reaches,
during the rotation of the screw rotor (40), a suction
shut-off position where the first compression chamber
(21) is fully closed by the first female rotor (70) and the
second female rotor (80).
[0096] An edge portion of the first envelope portion
(11) is shaped to draw a curve parallel to the edge
portion of a circumferential sealing surface (44) of the
screw rotor (40). In other words, the edge portion of the
first envelope portion (11) is shaped so that the entire
length of the edge portion can overlap with the circum-
ferential sealing surface (44) which moves along with
the rotation of the screw rotor (40).
[0097] The second envelope portion (12) is config-
ured to isolate the second compression chamber (22)
from the intermediate-pressure space (S2) on its outer
peripheral side before the second compression cham-
ber (22) reaches, during the rotation of the screw rotor
(40), a suction shut-off position where the second com-
pression chamber (22) is fully closed by the first female
rotor (70) and the second female rotor (80).
[0098] An edge portion of the second envelope por-
tion (12) is shaped to draw a curve parallel to the edge
portion of the circumferential sealing surface (44) of the
screw rotor (40). In other words, the edge portion of the
second envelope portion (12) is shaped so that the
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entire length of the edge portion can overlap with the
circumferential sealing surface (44) which moves along
with the rotation of the screw rotor (40).
[0099] In this embodiment, the axial length (D1) of
the first envelope portion (11) and the axial length (D2)
of the second envelope portion (12) that extend along
the drive shaft (25) of the screw rotor (40) are set to be
different from each other. Specifically, the axial length
(D1) of the first envelope portion (11) is greater than the
axial length (D2) of the second envelope portion (12).
[0100] Thus, the timing when the first compression
chamber (21) is fully closed by the first female rotor
(70) and the second female rotor (80) is earlier than
the timing when the second compression chamber (22)
is fully closed by the first female rotor (70) and the
second female rotor (80). As a result, the volume of
the first compression chamber (21) is greater than the
volume of the second compression chamber (22). It is
preferable that the axial length (D1) of the first envel-
ope portion (11) and the axial length (D2) of the second
envelope portion (12) are set such that the volume of
the first compression chamber (21) is about two to
three times the volume of the second compression
chamber (22).
[0101] As can be seen, it is possible to set the vo-
lume ratio between the first compression chamber (21)
and the second compression chamber (22) appropri-
ately by changing the timing of full closure of the first
compression chamber (21) and the timing of full closure
of the second compression chamber (22).

-Advantages of Fourth Embodiment-

[0102] According to a feature of this embodiment, it is
possible to set the volume ratio between the first com-
pression chamber (21) and the second compression
chamber (22) appropriately in the screw compressor
(1) including the single screw rotor (40) (male rotor),
the first female rotor (70), and the second female rotor
(80).

<<Other Embodiments>>

[0103] The above-described embodiments may be
modified as follows.
[0104] The configuration and shape of the first gate
rotor (50) and the ratio between the number of grooves
of the screw rotor (40) and the number of teeth of the
first gate rotor (50) described in the above embodi-
ments are not limited thereto, and may be changed.
[0105] In the above embodiments, fully closed timing
in the tri-rotor screw compressor (1) is changed by set-
ting the axial length (D1) of the first envelope portion
(11) and the axial length (D2) of the second envelope
portion (12) to be different from each other, but not
limited thereto.
[0106] For example, the axial length (D1) of the first
envelope portion (11) and the axial length (D2) of the

second envelope portion (12) may be set to be equal to
each other, and the second envelope portion (12) may
have a through hole (36) (see FIG. 12) or a cut-out (37)
(see FIG. 13) as the opening (35), thereby changing
the fully closed timing.
[0107] While the embodiments and variations have
been described above, it will be understood that var-
ious changes in form and details can be made without
departing from the spirit and scope of the claims. The
elements according to the embodiments, the variations
thereof, and the other embodiments may be combined
and replaced with each other. In addition, the expres-
sions of "first," "second," "third," . . . , in the specifica-
tion and claims are used to distinguish the terms to
which these expressions are given, and do not limit the
number and order of the terms.

INDUSTRIAL APPLICABILITY

[0108] As described above, the present disclosure is
useful for a screw compressor and a refrigeration appa-
ratus.

Features of embodiments of different aspects of the in-
vention:

[0109]

[Claim 1] A screw compressor comprising: a screw
rotor (40) having a plurality of helical grooves (41);
a first rotor (31) configured to mesh with the helical
grooves (41) of the screw rotor (40); a second rotor
(32) configured to mesh with the helical grooves
(41) of the screw rotor (40); and a casing (10) hav-
ing a partition wall (15), the partition wall (15) rota-
tably retaining the screw rotor (40) and covering an
outer peripheral surface of the screw rotor (40),
wherein

the partition wall (15) includes a first envelope
portion (11) to form a first compression cham-
ber (21), and a second envelope portion (12)
to form a second compression chamber (22),
the first compression chamber (21) is formed
inside the first envelope portion (11) by the
screw rotor (40) and the first rotor (31), the first
compression chamber (21) compressing a
fluid introduced into the casing (10) with a suc-
tion pressure to an intermediate pressure high-
er than the suction pressure,
the second compression chamber (22) is
formed inside the second envelope portion
(12) by the screw rotor (40) and the second
rotor (32), the second compression chamber
(22) compressing the fluid with the intermedi-
ate pressure to a discharge pressure higher
than the intermediate pressure, and
an axial length (D1) of the first envelope por-
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tion (11) and an axial length (D2) of the second
envelope portion (12) that extend along a drive
shaft (25) of the screw rotor (40) are different
from each other.

[Claim 2] A screw compressor comprising: a screw
rotor (40) having a plurality of helical grooves (41);
a first rotor (31) configured to mesh with the helical
grooves (41) of the screw rotor (40); a second rotor
(32) configured to mesh with the helical grooves
(41) of the screw rotor (40); and a casing (10) hav-
ing a partition wall (15), the partition wall (15) rota-
tably retaining the screw rotor (40) and covering an
outer peripheral surface of the screw rotor (40),
wherein

the partition wall (15) includes a first envelope
portion (11) to form a first compression cham-
ber (21), and a second envelope portion (12)
to form a second compression chamber (22),
the first compression chamber (21) is formed
inside the first envelope portion (11) by the
screw rotor (40) and the first rotor (31), the first
compression chamber (21) compressing a
fluid introduced into the casing (10) with a suc-
tion pressure to an intermediate pressure high-
er than the suction pressure,
the second compression chamber (22) is
formed inside the second envelope portion
(12) by the screw rotor (40) and the second
rotor (32), the second compression chamber
(22) compressing the fluid with the intermedi-
ate pressure to a discharge pressure higher
than the intermediate pressure, and
the second envelope portion (12) has an open-
ing (35) passing through the second envelope
portion (12) from an inner surface to an outer
surface of the second envelope portion (12).

[Claim 3] The screw compressor of claim 2, where-
in
the opening (35) is a through hole (36) formed in
the second envelope portion (12).

[Claim 4] The screw compressor of claim 2, where-
in
the opening (35) is a cut-out (37) formed in an
edge portion of the second envelope portion (12).

[Claim 5] The screw compressor of any one of
claims 1 to 4, wherein

the first rotor (31) is configured as a first gate
rotor (50) including a plurality of first gates (51)
arranged radially,
the second rotor (32) is configured as a sec-
ond gate rotor (60) including a plurality of sec-
ond gates (61) arranged radially, and

the first gates (51) and the second gates (61)
mesh with the helical grooves (41) of the single
screw rotor (40).

[Claim 6] The screw compressor of claim 5, where-
in
a first shaft (55) of the first gate rotor (50) and a
second shaft (65) of the second gate rotor (60) are
substantially orthogonal to a phantom plane (F) ex-
tending along the drive shaft (25) of the screw rotor
(40).

[Claim 7] The screw compressor of any one of
claims 1 to 4, wherein

the first rotor (31) is configured as a first fe-
male rotor (70) having a plurality of first helical
grooves (71),
the second rotor (32) is configured as a sec-
ond female rotor (80) having a plurality of sec-
ond helical grooves (81), and
the screw rotor (40) is configured as one male
rotor that meshes with the first female rotor
(70) and the second female rotor (80).

[Claim 8] A refrigeration apparatus comprising:

the screw compressor (1) of any one of claims
1 to 7; and
a refrigerant circuit (2a) through which a refrig-
erant compressed by the screw compressor
(1) flows.

DESCRIPTION OF REFERENCE CHARACTERS

[0110]

1 Screw Compressor
2 Refrigeration Apparatus
2a Refrigerant Circuit
10 Casing
11 First Envelope Portion
12 Second Envelope Portion
15 Partition Wall
21 First Compression Chamber
22 Second Compression Chamber
25 Drive Shaft
31 First Rotor
32 Second Rotor
35 Opening
36 Through Hole
37 Cut-out
40 Screw Rotor
41 Helical Groove
50 First Gate Rotor
51 First Gate
55 First Shaft
60 Second Gate Rotor
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61 Second Gate
65 Second Shaft
70 First Female Rotor
71 First Helical Groove
80 Second Female Rotor
81 Second Helical Groove
D1 Axial Length
D2 Axial Length
F Phantom Plane

Claims

1. A screw compressor comprising: a screw rotor (40)
having a plurality of helical grooves (41); a first
rotor (31) configured to mesh with the helical
grooves (41) of the screw rotor (40); a second rotor
(32) configured to mesh with the helical grooves
(41) of the screw rotor (40); and a casing (10) hav-
ing a partition wall (15), the partition wall (15) rota-
tably retaining the screw rotor (40) and covering an
outer peripheral surface of the screw rotor (40),
wherein

the partition wall (15) includes a first envelope
portion (11) to form a first compression cham-
ber (21), and a second envelope portion (12)
to form a second compression chamber (22),
the first compression chamber (21) is formed
inside the first envelope portion (11) by the
screw rotor (40) and the first rotor (31), the first
compression chamber (21) compressing a
fluid introduced into the casing (10) with a suc-
tion pressure to an intermediate pressure high-
er than the suction pressure,
the second compression chamber (22) is
formed inside the second envelope portion
(12) by the screw rotor (40) and the second
rotor (32), the second compression chamber
(22) compressing the fluid with the intermedi-
ate pressure to a discharge pressure higher
than the intermediate pressure, and
the second envelope portion (12) has an open-
ing (35) passing through the second envelope
portion (12) from an inner surface to an outer
surface of the second envelope portion (12).

2. The screw compressor of claim 1, wherein
the opening (35) is a through hole (36) formed in
the second envelope portion (12).

3. The screw compressor of claim 1, wherein
the opening (35) is a cut-out (37) formed in an
edge portion of the second envelope portion (12).

4. The screw compressor of any one of claims 1 to 3,
wherein

the first rotor (31) is configured as a first gate

rotor (50) including a plurality of first gates (51)
arranged radially,
the second rotor (32) is configured as a sec-
ond gate rotor (60) including a plurality of sec-
ond gates (61) arranged radially, and
the first gates (51) and the second gates (61)
mesh with the helical grooves (41) of the single
screw rotor (40).

5. The screw compressor of claim 4, wherein
a first shaft (55) of the first gate rotor (50) and a
second shaft (65) of the second gate rotor (60) are
substantially orthogonal to a phantom plane (F) ex-
tending along the drive shaft (25) of the screw rotor
(40).

6. The screw compressor of any one of claims 1 to 3,
wherein

the first rotor (31) is configured as a first fe-
male rotor (70) having a plurality of first helical
grooves (71),
the second rotor (32) is configured as a sec-
ond female rotor (80) having a plurality of sec-
ond helical grooves (81), and
the screw rotor (40) is configured as one male
rotor that meshes with the first female rotor
(70) and the second female rotor (80).

7. A refrigeration apparatus comprising:

the screw compressor (1) of any one of claims
1 to 6; and
a refrigerant circuit (2a) through which a refrig-
erant compressed by the screw compressor
(1) flows.
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