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(54) SCREW COMPRESSOR AND FREEZER

(57) A screw compressor includes a cylinder portion
(16) in which a compression chamber (25) is formed by
the screw rotor (40) and the gate (53). A suction-side end
portion (42) of the screw rotor (40) is formed in a cylind-
rical shape so that an outer peripheral surface (42a) of the
suction-side end portion (42) is along an inner peripheral
surface of the cylinder portion (16). A seal portion (80)
configured to reduce a flow of fluid is provided on a first
surface (F) facing the outer peripheral surface (42a) of
the suction-side end portion (42) or a first end surface
(42b) of the suction-side end portion (42) in an axial
direction.
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Description

TECHNICAL FIELD

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

BACKGROUND ART

[0002] Patent Document 1 discloses a screw compres-
sor including a screw rotor and a gate rotor. The screw
rotor is inserted into a cylinder, and a gate of the gate rotor
meshes with a screw groove of the screw rotor, thereby
forming a compression chamber.

CITATION LIST

PATENT DOCUMENT

[0003] Patent Document 1: Japanese Unexamined
Patent Publication No. 2009‑197794

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0004] Some screw compressors have a suction cut-
less structure in which a suction-side end portion of a
screw rotor closes a compression chamber. Such a suc-
tion-side end portion is formed in a cylindrical shape so
that the outer peripheral surface thereof is along the inner
peripheral surface of a cylinder portion.
[0005] Due to such a suction Cutless shape, a refrig-
erant may flow through a clearance between the suction-
side end portion and the cylinder inner surface due to a
pressure difference between a space near the suction-
side end portion in the compression chamber and a
space adjacent to the suction-side end portion outside
the compression chamber. For example, when an inter-
mediate-pressure refrigerant in the space adjacent to the
suction-side end portion outside the compression cham-
ber leaks into the suction side of the compression cham-
ber, a suction pressure increases and a compression
efficiency decreases.
[0006] It is an object of the present disclosure to reduce
the flow of refrigerant around the suction-side end portion
of the compression chamber of the screw compressor.

SOLUTION TO THE PROBLEM

[0007] A first aspect of the present disclosure is direc-
ted to a screw compressor including: a casing (11) con-
taining a cylinder portion (16); an electric motor (13)
disposed in the casing (11); a drive shaft (19) connected
to the electric motor (13) and configured to be driven to
rotate axially; a screw rotor (40) disposed in the cylinder
portion (16) and connected to the drive shaft (19); and a
gate rotor (50) having a gate (53) configured to mesh with

a screw groove (41) of the screw rotor (40), wherein in the
cylinder portion (16), a compression chamber is formed
by the screw rotor (40) and the gate (53), a suction-side
end portion (42) of the screw rotor (40) is formed in a
cylindrical shape so that an outer peripheral surface
(42a) of the suction-side end portion (42) is along an
inner peripheral surface of the cylinder portion (16), a seal
portion (80) configured to reduce a flow of fluid is provided
on a first surface (F) facing the outer peripheral surface
(42a) of the suction-side end portion (42) or a first end
surface (42b) of the suction-side end portion (42) in an
axial direction.
[0008] The space of the compression chamber (25)
closer to the suction-side end portion (42) is at a low
pressure due to a sucked refrigerant. Thus, if a space
adjacent to the compression chamber (25) via the suc-
tion-side end portion (42) is at an intermediate pressure,
the refrigerant is forced to flow into the compression
chamber (25) through a clearance between the first sur-
face (F) and the suction-side end portion (42) due to a
refrigerant pressure difference (differential pressure).
However, in the first aspect, the seal portion (80) provided
on the first surface (F) can reduce the refrigerant flowing
through the clearance between the first surface (F) and
the suction-side end portion (42). As a result, the differ-
ential pressure in the compression chamber (25) can be
sufficiently ensured, and degradation of the performance
of the screw compressor can be reduced.
[0009] A second aspect of the present disclosure is an
embodiment of the first aspect. In the second aspect, the
screw compressor further includes a bearing portion (21)
fixed in the cylinder portion (16) and supporting the drive
shaft (19), wherein the bearing portion (21) is adjacent to
the suction-side end portion (42), and the seal portion
(80) is provided in the bearing portion (21).
[0010] In a second aspect, the first surface (F) facing
the suction-side end portion (42) is provided in the bear-
ing portion (21). The seal portion (80) formed on the first
surface (F) of the bearing portion (21) can reduce the
refrigerant flowing between the suction-side end portion
(42) and the bearing portion (21). In this manner, the
bearing portion (21) has a bearing function and a seal
function.
[0011] A third aspect of the present disclosure is an
embodiment of the second aspect. In the third aspect, the
seal portion (80) is provided on the first surface (F) of the
bearing portion (21) facing an end surface of the suction-
side end portion (42) in the axial direction.
[0012] In the third aspect, the seal portion (80) can be
provided on the end surface of the bearing portion (21).
[0013] A fourth aspect of the present disclosure is an
embodiment of the second or third aspect. In the fourth
aspect, the bearing portion (21) has a flange portion (21c)
disposed between an inner surface of the cylinder portion
(16) and the outer peripheral surface (42a) of the suction-
side end portion (42), and the seal portion (80) is provided
in the flange portion (21c).
[0014] In the fourth aspect, the inner peripheral surface

5

10

15

20

25

30

35

40

45

50

55



3

3 EP 4 484 752 A1 4

of the flange portion (21c) is the first surface (F), and the
seal portion (80) is provided on the inner peripheral sur-
face of the flange portion (21c). In this manner, the seal
portion (80) can also be provided on the bearing portion
(21) having the flange portion (21c).
[0015] A fifth aspect of the present disclosure is an
embodiment of any one of the first to fourth aspects. In the
fifth aspect, the gate rotor (50) has a first gate rotor (50a)
and a second gate rotor (50b), and the compression
chamber (25) includes a first compression chamber
(23) which is formed by the first gate rotor (50a) and
the screw rotor (40) and in which fluid at a suction
pressure introduced into the casing (11) is compressed
to an intermediate pressure, and a second compression
chamber (24) which is formed by the second gate rotor
(50b) and the screw rotor (40) and in which the fluid at the
intermediate pressure is compressed to a discharge
pressure.
[0016] In the fifth aspect, the screw compressor is
configured as a two-stage compression type. While mov-
ing to the inlet of the second compression chamber (24),
the intermediate-pressure refrigerant discharged from
the first compression chamber (23) can be less sucked
into the first compression chamber (23) again through the
clearance between the first surface (F) and the suction-
side end portion (42).
[0017] A sixth aspect of the present disclosure is an
embodiment of any one of the first to fifth aspects. In the
sixth aspect, the seal portion (80) is a labyrinth seal.
[0018] A seventh aspect of the present disclosure is an
embodiment of any one of the first to fifth aspects. In the
seventh aspect, the seal portion (80) is a surface texture.
[0019] An eighth aspect of the present disclosure is
directed to a refrigeration apparatus including the screw
compressor of any one of the first to seventh aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is a schematic piping system diagram of a
refrigeration apparatus according to an embodi-
ment.
FIG. 2 is a vertical sectional view of a main part of a
schematic configuration of a screw compressor of an
embodiment.
FIG. 3 is a sectional view taken along line III-III in FIG.
2.
FIG. 4 is a perspective view of a screw rotor and a
gate rotor meshing with each other.
FIG. 5 is a schematic plan view of the screw com-
pressor performing a suction stroke, a compression
stroke, and a discharge stroke .
FIG. 6 is a perspective view illustrating the flow of
refrigerant during low-stage compression.
FIG. 7 is a perspective view illustrating the flow of
refrigerant during high-stage compression.
FIG. 8 is a side sectional view illustrating the flow of

refrigerant in a compression mechanism.
FIG. 9 is an enlarged side sectional view illustrating
the flow of refrigerant around a first end portion of the
compression mechanism.
FIG. 10 is a side sectional view of part of the com-
pression mechanism and an enlarged view thereof
for describing a seal portion of the present embodi-
ment.
FIG. 11 shows a screw compressor of a second
variation and corresponds to an enlarged view of
FIG. 10.
FIG. 12 shows a screw compressor of a third varia-
tion and corresponds to the enlarged view of FIG. 10.
FIG. 13 shows a screw compressor of a fourth varia-
tion and corresponds to FIG. 10.
FIG. 14 is a piping system diagram of a refrigerant
circuit to which a screw compressor of a fifth variation
is connected.

DESCRIPTION OF EMBODIMENTS

[0021] Embodiments of the present invention will be
described in detail below with reference to the drawings.
The following embodiments are merely exemplary ones
in nature, and are not intended to limit the scope, applica-
tion, or uses of the invention. Features of the embodi-
ments, variations, and other embodiments described
below can be combined or partially substituted within
the range where the present invention can be embodied.

(1) Air Conditioner

[0022] As illustrated in FIG. 1, a screw compressor (10)
of this embodiment is provided in an air conditioner (1)
that conditions air in an indoor space. The air conditioner
(1) is one example of a refrigeration apparatus (1) of the
present disclosure. The air conditioner (1) has a refrig-
erant circuit (2) filled with refrigerant.
[0023] The refrigerant circuit (2) has the screw com-
pressor (10), a condenser (3), an expansion valve (4),
and an evaporator (5). The refrigerant circuit (2) performs
a vapor compression refrigeration cycle. Arrows in FIG. 1
indicate a direction in which the refrigerant flows. In the
refrigeration cycle, the refrigerant compressed by the
screw compressor (10) dissipates heat in the condenser
(3). The refrigerant having dissipated heat is decom-
pressed by the expansion valve (4), is evaporated in
the evaporator (5), and is then sucked into the screw
compressor (10).

(2) Screw Compressor

[0024] The screw compressor (10) compresses a re-
frigerant. The screw compressor (10) sucks a low-pres-
sure gas refrigerant and compresses the sucked gas
refrigerant. The screw compressor (10) discharges the
compressed high-pressure gas refrigerant. The screw
compressor (10) of this embodiment is configured to
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compress the refrigerant in two stages.
[0025] As illustrated in FIGS. 2 to 4, the screw com-
pressor (10) includes a casing (11), an electric motor (13),
a drive shaft (19), and a compression mechanism (30).
Hereinafter, the terms "top," "bottom," "right," and "left"
refer to directions when the side surface of the screw
compressor (10) illustrated in FIG. 2 is viewed from the
front.

(2‑1) Casing

[0026] The casing (11) is formed in a horizontally elon-
gated tubular shape. The casing (11) has an inlet and an
outlet which are not illustrated. The casing (11) contains a
low-pressure space (S1) and a high-pressure space
(S2). The low-pressure space (S1) is a space through
which a low-pressure gas refrigerant to be sucked into the
compression mechanism (30) through the inlet flows.
The high-pressure space (S2) is a space into which a
high-pressure gas refrigerant discharged from the com-
pression mechanism (30) flows. The refrigerant in the
high-pressure space (S2) flows out of the screw com-
pressor (10) through the outlet. A cylinder portion (16) is
formed in the casing (11). The cylinder portion (16) is
formed in substantially cylindrical shape that is horizon-
tally elongated. A screw rotor (40) described later is
disposed in the cylinder portion (16).

(2‑2) Electric Motor

[0027] The electric motor (13) is housed in the casing
(11). The electric motor (13) is disposed on one end of the
casing (11). The electric motor (13) has a stator (14) and a
rotor (15). The stator (14) is fixed to an inner wall of the
casing (11). The rotor (15) is disposed inside the stator
(14). The drive shaft (19) is fixed inside the rotor (15). The
rotational speed of the electric motor (13) can be chan-
ged. In this example, the electric motor (13) is an inverter-
driven electric motor.

(2‑3) Drive Shaft

[0028] The drive shaft (19) is disposed in the casing
(11). The drive shaft (19) extends along the longitudinal
direction of the casing (11). The drive shaft (19) extends
substantially horizontally. The drive shaft (19) is inserted
into the cylinder portion (16) along a cylinder axis direc-
tion. The drive shaft (19) is disposed so that the axial
center thereof coincides with the axial center of the
cylinder portion (16).
[0029] The drive shaft (19) is driven by the electric
motor (13). The rotational speed of the drive shaft (19)
varies as the rotational speed of the electric motor (13)
varies. In other words, the rotational speed of the drive
shaft (19) can be changed. The drive shaft (19) couples
the electric motor (13) and the compression mechanism
(30) together.
[0030] The drive shaft (19) is rotatably supported by a

first bearing portion (21) and a second bearing portion
(22) which are fixed in the cylinder portion (16). The first
bearing portion (21) is disposed at an intermediate por-
tion of the drive shaft (19). The second bearing portion
(22) is disposed at the end portion of the drive shaft (19)
on the discharge side (end portion opposite to the electric
motor (13)).
[0031] The first bearing portion (21) includes a first
bearing (21a) and a first bearing holder (21b). The sec-
ond bearing portion (22) includes a second bearing (22a)
and a second bearing holder (22b). The drive shaft (19) is
supported by the bearing holders (21b, 22b) through the
bearings (21a, 22a). In the following description, the first
bearing (21a) and the second bearing (22a) may be
collectively simply referred to as a bearing(s) (21a,
22a). The first bearing holder (21b) and the second
bearing holder (22b) may be collectively simply referred
to as a bearing holder(s) (21b, 22b).
[0032] The bearing holder (21b, 22b) is formed in a
substantially cylindrical shape surrounding the entire
circumference of the bearing (21a, 22a). The outer per-
ipheral surface of the bearing holder is fixed to the inner
peripheral surface of the cylinder portion (16). The first
bearing holder (21b) and the second bearing holder (22b)
are arranged so as to sandwich the screw rotor (40).
[0033] Each bearing portion (21) has a tubular periph-
eral wall (21c, 22c). The peripheral wall (21c, 22c) is
provided at the outer peripheral edge of an end surface
of the bearing holder (21b, 22b) in the axial direction. The
peripheral wall (21c, 22c) is formed along the inner
peripheral surface of the cylinder portion (16). Specifi-
cally, the peripheral wall (21c, 22c) is disposed between
the inner peripheral surface of the cylinder portion (16)
and the outer peripheral surface of an end portion (42, 43)
of the screw rotor (40). The outer peripheral surface of the
peripheral wall (21c, 22c) is fixed to the inner peripheral
surface of the cylinder portion (16). The inner peripheral
surface of the peripheral wall (21c, 22c) is close to the
outer peripheral surface of the end portion (42, 43) of the
screw rotor (40). The peripheral wall (21c, 22c) of the first
bearing portion (21) will be referred to as a first peripheral
wall (21c), and the peripheral wall (21c, 22c) of the
second bearing portion (22) will be referred to as a
second peripheral wall (22c). The first peripheral wall
(21c) is one example of a flange portion (21c) of the
present disclosure.

(2‑4) Compression Mechanism

[0034] The compression mechanism (30) has one cy-
linder portion (16), one screw rotor (40), two gate rotors
(50), and two slide valves (65).

(2‑4‑1) Cylinder Portion

[0035] The cylinder portion (16) houses the screw rotor
(40). The cylinder portion (16) has a first slit (16a) and a
second slit (16b). The first slit (16a) and the second slit
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(16b) are elongated openings extending in the cylinder
axis direction. The first slit (16a) and the second slit (16b)
are arranged adjacent to each other in the circumferential
direction. The gate rotor (50) penetrates each of the first
slit (16a) and the second slit (16b). The first slit (16a) and
the second slit (16b) will be described in detail later.
[0036] The cylinder portion (16) includes a valve hous-
ing portion (66) in which the slide valve (65) is housed.
Two valve housing portions (66) are provided in the
circumferential direction of the cylinder portion (16). Each
valve housing portion (66) is formed so as to bulge out-
ward of the cylinder portion (16) in the radial direction.
The outer peripheral wall of the valve housing portion (66)
has a partition wall (66a) separating the low-pressure
space (S1) and the high-pressure space (S2) from each
other, and a guide wall (66b) extending in the axial
direction from the center position of the partition wall
(66a) in the width direction thereof toward the high-pres-
sure space (S2).

(2‑4‑2) Screw Rotor

[0037] The screw rotor (40) is disposed inside the
cylinder portion (16). The screw rotor (40) is a metal
member having a generally columnar shape. The screw
rotor (40) is fixed to the drive shaft (19). The screw rotor
(40) rotates as the drive shaft (19) rotates. The outer
peripheral surface of the screw rotor (40) is close to the
inner peripheral surface of the cylinder portion (16).
[0038] One of end portions of the screw rotor (40) in the
cylinder axis direction will be referred to as a first end
portion (42), and the other end portion will be referred to
as a second end portion (43). The first end portion (42)
and the second end portion (43) are both formed in a
cylindrical shape. The first end portion (42) is a suction
side end portion of a compression chamber (25) de-
scribed later. The first end portion (42) is a suction side
end portion (42) of the present disclosure. The second
end portion (43) is a discharge side end portion of the
compression chamber (25).
[0039] The first end portion (42) is adjacent to the first
bearing portion (21). The second end portion (43) is
adjacent to the second bearing portion (22). Hereinafter,
the outer peripheral surface of the first end portion (42)
will be referred to as a first outer peripheral surface (42a),
and the end surface of the first end portion (42) will be
referred to as a first end surface (42b). The outer periph-
eral surface of the second end portion (43) will be referred
to as a second outer peripheral surface (43a), and the
end surface of the second end portion (43) will be referred
to as a second end surface (43b).
[0040] The first outer peripheral surface (42a) and the
second outer peripheral surface (43a) are along the inner
peripheral surface of the cylinder portion (16). Specifi-
cally, the first outer peripheral surface (42a) is close to the
inner surface of the first peripheral wall (21c) of the first
bearing portion (21), and the second outer peripheral
surface (43a) is close to the inner surface of the second

peripheral wall (22c) of the second bearing portion (22).
[0041] The first end surface (42b) and the second end
surface (43b) are formed as flat surfaces perpendicular to
the cylinder axis direction. The first end surface (42b)
faces the end surface of the first bearing holder (21b).
The second end surface (43b) faces the end surface of
the second bearing holder (22b). Specifically, the first end
surface (42b) is close to the end surface of the first
bearing holder (21b), and the second end surface
(43b) is close to the end surface of the second bearing
holder (22b).
[0042] The outer peripheral surface of the screw rotor
(40) has a plurality of screw grooves (41) extending
helically. The screw groove (41) extends from the first
end portion (42) to the second end portion (43) in the axial
direction of the screw rotor (40).

(2‑4‑3) Gate Rotor

[0043] The gate rotor (50) includes a first gate rotor
(50a) and a second gate rotor (50b). Each gate rotor (50)
has a plurality of gates (53) arranged radially. The gate
(53) is inserted into the slit (16a, 16b) of the cylinder
portion (16) and meshes with the screw groove (41).
[0044] Each gate rotor (50) is supported by a gate rotor
shaft (58). The gate rotor shaft (58) extends in the direc-
tion perpendicular to the axial direction of the drive shaft
(19). The gate rotor shaft (58) is housed in a bearing
housing (55) defined in the casing (11). The gate rotor
shaft (58) is rotatably supported through a ball bearing
(56) provided in the bearing housing (55). The gate rotor
(50) and the gate rotor shaft (58) are arranged in a gate
rotor chamber (18).
[0045] The gate rotor chamber (18) is defined in the
casing (11), and is adjacent to the cylinder portion (16).
The gate rotor chamber (18) includes a first gate rotor
chamber (18a) and a second gate rotor chamber (18b).
The first gate rotor (50a) is disposed in the first gate rotor
chamber (18a). The second gate rotor (50b) is disposed
in the second gate rotor chamber (18b). The first gate
rotor chamber (18a) is configured to supply a refrigerant
to a first compression chamber (23) described later. The
second gate rotor chamber (18b) is configured to supply a
refrigerant having flowed out of the first compression
chamber (23) to a second compression chamber (24)
described later.

(2‑4‑4) Slide Valve

[0046] The slide valve (65) is housed in the valve
housing portion (66). The slide valve (65) is slidable in
the axial direction of the cylinder portion (16) by a drive
mechanism (71) described later. While being inserted
into the valve housing portion (66), the slide valve (65)
faces the outer peripheral surface of the screw rotor (40).
[0047] The drive mechanism (71) has the cylinder
portion (16), a piston (73), a piston rod (74), an arm
(75), a connecting rod (76), and a spring (77). The cylin-
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der portion (16) is formed on the right sidewall surface of a
fixed plate (29). The piston (73) is loaded in the cylinder
portion (16). One end of the piston rod (74) is fixed to the
center of the piston (73) and extends leftward. The arm
(75) is coupled to the other end of the piston rod (74). The
connecting rod (76) couples the arm (75) and the slide
valve (65) to each other. The spring (77) is provided on
the connecting rod (76) to bias the arm (75) rightward.
The drive mechanism (71) adjusts the position of the slide
valve (65) by controlling movement of the piston (73)
through regulation of a gas pressure applied to the right
and left end faces of the piston (73).
[0048] The slide valve (65) is capable of adjusting the
position of the screw rotor (40) in the axial direction. The
slide valve (65) can be used as an unloading mechanism
that returns a refrigerant that is being compressed in the
compression chamber (25) toward the suction side to
change an operating capacity. The slide valve (65) can
also be used as a compression ratio regulation mechan-
ism that adjusts the timing when the refrigerant is dis-
charged from the compression chamber (25) to regulate
a compression ratio (internal volume ratio).

(2‑4‑5) Compression Chamber

[0049] In the compression mechanism (30) of this em-
bodiment, the compression chamber (25) surrounded by
the inner peripheral surface of the cylinder portion (16),
the screw groove (41) of the screw rotor (40), and the two
gate rotors (50) is formed.
[0050] The cylinder portion (16) is provided with a fixed
discharge port (not illustrated) permanently communicat-
ing with the compression chamber (25) regardless of the
position of the slide valve (65). The fixed discharge port is
provided so as to keep the compression chamber (25)
from being hermetically closed in order to avoid liquid
compression at the timing when the screw compressor
(10) is actuated or is at a low load.
[0051] The compression chamber (25) includes a first
compression chamber (23) which is on a low-stage side
in the two-stage compression and a second compression
chamber (24) which is on a high-stage side. The first
compression chamber (23) and the second compression
chamber (24) are formed inside the cylinder portion (16)
by the screw rotor (40) and the gate rotors (50). The first
compression chamber (23) compresses the refrigerant at
a suction pressure introduced into the casing (11) to an
intermediate pressure higher than the suction pressure.
The second compression chamber (24) compresses the
intermediate-pressure refrigerant to a discharge pres-
sure (high pressure) higher than the intermediate pres-
sure.
[0052] In this embodiment, the low-pressure space
(S1) communicates with the first compression chamber
(23) through the first gate rotor chamber (18a). The low-
pressure space (S1), the first gate rotor chamber (18a),
the first compression chamber (23), the second gate rotor
chamber (18b) serving as an intermediate-pressure

space, the second compression chamber (24), and the
high-pressure space (S2) are connected together in an
ascending order of the pressure of the refrigerant.
[0053] The first slit (16a) allows the low-pressure
space (S1) and the first gate rotor chamber (18a) to
communicate with the first compression chamber (23).
The second slit (16b) allows the second gate rotor cham-
ber (18b) serving as the intermediate-pressure space to
communicate with the second compression chamber
(24). The first slit (16a) forms a first inlet through which
the low-pressure refrigerant in the low-pressure space
(S1) is introduced into the first compression chamber
(23). The second slit (16b) forms a second inlet through
which the refrigerant in the intermediate-pressure space
is introduced into the second compression chamber (24).

(3) Operation of Compression Mechanism

[0054] In a suction stroke illustrated in FIG. 5, the
hatched compression chamber (25) (strictly speaking,
suction chamber) communicates with a suction-side
space. The screw groove (41) corresponding to this
compression chamber (25) meshes with the gate (53)
of the gate rotor (50). When the screw rotor (40) rotates,
the gate (53) relatively moves toward the terminal end of
the screw groove (41), and the volume of the compres-
sion chamber (25) increases accordingly. As a result, the
refrigerant is sucked into the compression chamber (25).
[0055] When the screw rotor (40) further rotates, a
compression stroke illustrated in FIG. 5 is performed.
In the compression stroke, the hatched compression
chamber (25) is completely closed. That is, the screw
groove (41) corresponding to the compression chamber
(25) is separated by the gate (53) from the suction-side
space. When the gate (53) approaches the terminal end
of the screw groove (41) along with rotation of the screw
rotor (40), the volume of the compression chamber (25)
gradually decreases. As a result, the refrigerant in the
compression chamber (25) is compressed.
[0056] When the screw rotor (40) further rotates, a
discharge stroke illustrated in FIG. 5 is performed. In
the discharge stroke, the hatched compression chamber
(25) (strictly speaking, discharge chamber) communi-
cates with a fixed discharge port via a discharge-side
end portion. When the gate (53) approaches the terminal
end of the screw groove (41) along with rotation of the
screw rotor (40), the compressed refrigerant is pushed
out from the compression chamber (25) through the fixed
discharge port to the discharge-side space.

(3‑1) Two-Stage Compression

[0057] Next, operation for the two-stage compression
will be described with reference to FIGS. 6 and 7. The
refrigerant sucked into the casing (11) flows into the low-
pressure space (S1), and is then introduced from the low-
pressure space (S1) into the first gate rotor chamber
(18a).
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[0058] The low-pressure refrigerant in the first gate
rotor chamber (18a) is sucked into the first compression
chamber (23) through the first slit (16a). The intermedi-
ate-pressure refrigerant compressed in the first compres-
sion chamber (23) flows out of the first compression
chamber (23), and flows into the second gate rotor
chamber (18b) serving as an intermediate-pressure
space.
[0059] The intermediate-pressure refrigerant in the
second gate rotor chamber (18b) is sucked into the
second compression chamber (24) through the second
slit (16b). The high-pressure refrigerant compressed in
the second compression chamber (24) flows out of the
second compression chamber (24), and flows into the
high-pressure space (S2) serving as a second space.
The refrigerant having flowed into the high-pressure
space (S2) is separated from oil by an oil separator
(not illustrated), and flows out of the casing (11) through
an outlet (10b).

(4) Problems by Pressure Difference between Inside
and Outside of Compression Chamber

[0060] In the screw compressor of the present embodi-
ment having the structure in which the two-stage com-
pression is performed by the first compression chamber
(23) and the second compression chamber (24), the
suction-side end portion of the screw rotor needs to have
a suction cutless structure for sealing the inner peripheral
surface of the cylinder portion and the outer peripheral
surface of the screw rotor (equivalent to the first end
portion (42) of this embodiment).
[0061] As illustrated in FIG. 8, the refrigerant sucked
into that screw compressor flows through the low-pres-
sure space (S 1), the first gate rotor chamber (18a), the
first compression chamber (23), the second gate rotor
chamber (18b) serving as an intermediate-pressure
space, the second compression chamber (24), and the
high-pressure space (S2) in this order.
[0062] As illustrated in FIG. 9, the intermediate-pres-
sure discharged refrigerant compressed in the first com-
pression chamber (23) passes outside the first end por-
tion (42) which is the suction-side end portion of the screw
rotor (40) before flowing into the second gate rotor cham-
ber (18b). Inside the first end portion (42), the pressure is
low due to the refrigerant sucked into the first compres-
sion chamber (23), and thus there is a pressure differ-
ence between the outside and inside of the first end
portion (42). Accordingly, the intermediate-pressure re-
frigerant outside the first end portion (42) may flow
through a gap between the first end portion (42) and
the cylinder portion (16) and flow into the first compres-
sion chamber (23) (as indicated by a broken line in FIG.
9). When the intermediate-pressure refrigerant flows into
the suction side of the first compression chamber (23), a
difference between the suction pressure and the dis-
charge pressure of refrigerants in the first compression
chamber (23) is reduced, and thus a compression effi-

ciency is degraded.
[0063] In contrast, the screw compressor (10) of this
embodiment is configured so that a seal portion (80) for
reducing the flow of the refrigerant is provided in a first
surface (F) facing the outer peripheral surface (42a) of
the first end portion (42) as a suction-side end portion or
the first end surface (42b) of the suction-side end portion
(42) in the axial direction. The seal portion (80) will be
specifically described below.

(5) Seal Portion

[0064] As illustrated in FIG. 10, the seal portion (80) of
this embodiment is provided in the first bearing portion
(21). Specifically, the seal portion (80) is provided on the
inner peripheral surface (F) of the first peripheral wall
(21c). The inner peripheral surface (F) of the first periph-
eral wall (21c) is one example of the first surface (F)
facing the first end portion (42) of the present disclosure.
[0065] The seal portion (80) of this embodiment is a
labyrinth seal. Specifically, the first peripheral wall (21c)
has a plurality of recessed grooves (81) formed over the
entire circumference of the inner peripheral surface (F)
and arranged at regular intervals in the axial direction.
The plurality of recessed grooves (81) forms an expan-
sion chamber. For example, the intermediate-pressure
refrigerant flowing into a clearance (flow path) between
the first end portion (42) and the first bearing holder (21b)
and flowing toward the first compression chamber (23)
expands (decompressed) by flowing into the recessed
groove (81), and then flows into the flow path. The
refrigerant expands (decompressed) by flowing into
the next recessed groove (81), and then flows into the
flow path. In this manner, the intermediate-pressure re-
frigerant repeatedly flows into the flow path from the
expansion chamber. When the refrigerant flowing from
the expansion chamber to the flow path is suddenly
interrupted and the resistance to the flow is generated,
a pressure loss occurs. Generation of the pressure loss
can reduce the intermediate-pressure refrigerant flowing
into the first compression chamber (23).

(6) Features

(6‑1) First Feature

[0066] In the screw compressor (10) of this embodi-
ment, the first end portion (42) (suction-side end portion)
of the screw rotor (40) is formed in the cylindrical shape so
that the first outer peripheral surface (42a) is along the
inner peripheral surface of the cylinder portion (16). The
seal portion (80) for reducing the flow of the refrigerant is
provided in the first surface (F) facing the first end portion
(42).
[0067] The intermediate-pressure refrigerant dis-
charged from the first compression chamber (23) flows
through the space outside the first end portion (42) when
moving to the inlet port of the second compression
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chamber (24). The space inside the first end portion (42)
is the first compression chamber (23) and forms the
space into which the low-pressure refrigerant is sucked,
and thus the pressure difference is generated through the
first end portion (42). According to this embodiment, the
seal portion (80) is provided in the first surface (F) facing
the first end portion (42), thereby reducing the intermedi-
ate-pressure refrigerant flowing between the first end
portion (42) and the first surface (F). As a result, the
differential pressure in the compression chamber can
be sufficiently ensured, and degradation of the perfor-
mance of the screw compressor can be reduced.

(6‑2) Second Feature

[0068] The screw compressor (10) of this embodiment
includes the first bearing portion (21) fixed in the cylinder
portion (16) and supporting the drive shaft (19). The first
bearing portion (21) is adjacent to the first end portion
(42), and the seal portion (80) is provided in the first
bearing portion (21).
[0069] According to this embodiment, the first surface
(F) facing the first end portion (42) is in the first bearing
holder (21b), and the seal portion (80) is provided in the
first bearing holder (21b). This can reduce the refrigerant
flowing between the first bearing holder (21b) and the first
end portion (42). In this manner, the first bearing portion
(21) has a bearing function for the drive shaft (19) and a
sealing function for reducing flow of the refrigerant. In
addition, the seal portion (80) can be provided before the
first bearing holder (21b) is attached to the inside of the
cylinder portion (16), and thus the seal portion (80) can be
formed more easily than if the seal portion (80) is pro-
vided in the cylinder portion (16).

(6‑3) Third Feature

[0070] In the screw compressor (10) of this embodi-
ment, the first bearing portion (21) has the first peripheral
wall (21c) (flange portion) disposed between the inner
surface of the cylinder portion (16) and the outer periph-
eral surface of the first end portion (42), and the seal
portion (80) is provided in the first peripheral wall (21c).
[0071] According to this embodiment, the seal portion
(80) can be provided in the inner peripheral surface of the
first peripheral wall (21c). Further, the inner peripheral
surface of the first peripheral wall (21c) and the first end
surface (42b) can increase the area of contact between
the first bearing holder (21b) and the first end portion (42).
With such an increase in the area, the flow path through
which the refrigerant flows and which is the clearance
between the first bearing holder (21b) and the first end
portion (42) can be lengthened, and thus an effect of
reducing flow of the refrigerant can be enhanced in
addition to the effect of the seal portion (80).

(6‑4) Fourth Feature

[0072] In the screw compressor (10) of this embodi-
ment, the compression chamber (25) includes the first
compression chamber (23) in which the fluid at the suc-
tion pressure introduced into the casing (11) is com-
pressed to the intermediate pressure and the second
compression chamber (24) in which the fluid at the inter-
mediate pressure is compressed to the discharge pres-
sure.
[0073] According to this embodiment, part of the inter-
mediate-pressure fluid discharged from the first com-
pression chamber (23) is less sucked into the first com-
pression chamber (23) again through the suction-side
end portion (42) while moving to the second compression
chamber (24).

(6‑5) Fifth Feature

[0074] In the screw compressor (10) of this embodi-
ment, the seal portion (80) is a labyrinth seal. Accordingly,
the seal portion (80) can be relatively easily formed.

(7) Variations

[0075] The above embodiment may be modified as
follows. Configurations different from those of the above
embodiment will be described below.

(7‑1) First Variation

[0076] The seal portion (80) of this variation is a surface
texture (surface texturing). The surface texture is formed
on the inner peripheral surface of the first peripheral wall
(21c). In the surface texture, a Rayleigh step for generat-
ing a positive pressure and a reverse Rayleigh step for
generating a negative pressure are formed as necessary.
In the Rayleigh step, friction between the inner peripheral
surface of the first peripheral wall (21c) and the outer
peripheral surface of the first end portion (42) can be
reduced. In the reverse Rayleigh step, the refrigerant
flowing into the clearance between the inner peripheral
surface of the first peripheral wall (21c) and the outer
peripheral surface of the first end portion (42) can be
sucked back. In this variation, the reverse Rayleigh step
may be employed to prevent the intermediate-pressure
refrigerant from flowing into the first compression cham-
ber (23).

(7‑2) Second Variation

[0077] As illustrated in FIG. 11, the seal portion (80) of
this variation is formed on the surface of the first bearing
holder (21b) facing the first end surface (42b). The sur-
face facing the first end surface (42b) is one example of
the first surface (F) of the present disclosure. For exam-
ple, if the seal portion (80) is a labyrinth seal, the plurality
of recessed grooves (81) are formed at regular intervals
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on the first end surface (42b) in a concentric manner
about the cylinder axis of the first bearing holder (21b).

(7‑3) Third Variation

[0078] As illustrated in FIG. 12, the seal portions (80) of
this variation are formed on the inner peripheral surface
of the first peripheral wall (21c) and the surface of the first
bearing holder (21b) facing the first end surface (42b).
The seal portions (80) provided on both surfaces facing
the first end portion (42) can reliably reduce the refriger-
ant flowing through the clearance between the first end
portion (42) and the bearing holder (21b, 22b).

(7‑4) Fourth Variation

[0079] As illustrated in FIG. 13, the first bearing portion
(21) of this variation does not have the first bearing holder
(21b). In this case, the first bearing (21a) is embedded in
the cylinder portion (16), and a cylinder end surface (26)
facing the first end surface (42b) is formed inside the
cylinder portion (16). In this variation, the first surface (F)
of the present disclosure is the inner peripheral surface of
the cylinder portion (16) facing the first outer peripheral
surface (42a) and the cylinder end surface (26) facing the
first end surface (42b). In this variation, the seal portion
(80) is provided on the inner peripheral surface of the
cylinder portion (16) facing the first outer peripheral sur-
face (42a). The seal portion (80) may be provided on the
cylinder end surface (26) facing the end surface of the
first end portion (42). The seal portions (80) may be
provided on both the inner peripheral surface of the
cylinder portion (16) facing the first outer peripheral sur-
face (42a) and the cylinder end surface (26) facing the
end surface of the first end portion (42).

(7‑5) Fifth Variation

[0080] As illustrated in FIG. 14, the refrigerant circuit
(2) of this variation has an economizer circuit (90). The
economizer circuit (90) of this variation supplies an inter-
mediate-pressure refrigerant to the compression cham-
ber (25). Arrows in FIG. 14 indicate the direction in which
the refrigerant flows.
[0081] In the casing (11) of this variation, a gas-liquid
separation space (S3) in which the refrigerant is sepa-
rated into gas and liquid is formed. The gas-liquid separa-
tion space (S3) is adjacent to the suction side of the
compression chamber (25). The high-pressure space
(S2) in the casing (11) is adjacent to the discharge side
of the compression chamber (25). An inlet of refrigerant is
provided on the suction side of the compression chamber
(25). The screw compressor (10) of this variation is con-
figured as a single-stage compressor.
[0082] In the refrigerant circuit (2) of this variation, the
inlet side of the condenser (3) communicates with the
high-pressure space of the screw compressor (10). The
outlet side of the condenser (3) communicates with the

gas-liquid separation space (S3) of the screw compres-
sor (10). A first expansion valve (4a) is provided between
the condenser (3) and the gas-liquid separation space
(S3).
[0083] The inlet side of the evaporator (5) communi-
cates with the gas-liquid separation space (S3) of the
screw compressor (10). The outlet side of the evaporator
(5) communicates with the suction side of the compres-
sion chamber (25) of the screw compressor (10). A
second expansion valve (4b) is provided between the
gas-liquid separation space (S3) and the evaporator (5).
[0084] The economizer circuit (90) makes the gas-
liquid separation space (S3) and the compression cham-
ber (25) communicate with each other. In the economizer
circuit (90), the intermediate-pressure gas refrigerant in
the gas-liquid separation space (S3) flows into the inter-
mediate-pressure space of the compression chamber
(25). A flow rate control valve (91) is connected to the
economizer circuit (90). The flow rate control valve (91)
controls the flow rate of the refrigerant flowing through the
economizer circuit (90).
[0085] In the configuration of the screw compressor
(10) of this variation, the suction side of the compression
chamber (25) is adjacent to the gas-liquid separation
space (S3). Thus, the seal portion (80) can reduce the
intermediate-pressure refrigerant in the gas-liquid se-
paration space (S3) flowing into the compression cham-
ber (25) through the clearance between the first end
portion (42) of the screw rotor (40) and the cylinder
portion (16).

(8) Other Embodiments

[0086] In the above embodiment and variations, the
seal portion (80) may also be provided in the second
bearing holder (22b). For example, the seal portion (80)
may be provided on the inner peripheral surface of the
second peripheral wall (22c).
[0087] In the above embodiment, the first bearing
holder (21b) does not necessarily have the first periph-
eral wall (21c). In this case, the first surface (F) of the
present disclosure is the inner peripheral surface of the
cylinder portion (16) facing the first outer peripheral sur-
face (42a) and the end surface of the bearing holder (21b,
22b) facing the first end surface (42b). In this case, the
seal portion(s) (80) is provided on the inner peripheral
surface of the cylinder portion (16) facing the first outer
peripheral surface (42a), or on the end surface of the
bearing holder (21b, 22b) facing the first end surface
(42b), or on both of them.
[0088] In the above embodiment and variations, the
seal portion (80) only has to reduce flow between the
space inside the first end portion (42) (the compression
chamber) and the space outside the first end portion (42),
and the seal portion (80) may be configured to reduce the
flow in any one of those spaces.
[0089] The labyrinth structure of the seal portion (80) is
not particularly limited. The labyrinth may be, e.g., an
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axial labyrinth, a radial labyrinth, or a centered labyrinth.
[0090] The refrigeration apparatus (1) may be applied
to a water heater, a chiller unit, or a cooling apparatus that
cools air in an internal space.
[0091] While the embodiments and variations thereof
have been described above, it will be understood that
various changes in form and details may be made without
departing from the spirit and scope of the claims. The
embodiments and the variations thereof may be com-
bined and replaced with each other without deteriorating
intended functions of the present disclosure. The expres-
sions of "first," "second," ... described above 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

[0092] As described above, the present disclosure is
useful for a screw compressor and a refrigeration appa-
ratus.

DESCRIPTION OF REFERENCE CHARACTERS

[0093]

1 Air Conditioner (Refrigeration Apparatus)
10 Screw Compressor
11 Casing
13 Electric Motor
16 Cylinder Portion
19 Drive Shaft
21 First Bearing Portion (Bearing Portion)
21c First Peripheral Wall (Flange Portion)
23 Compression Chamber
24 First Compression Chamber
25 Second Compression Chamber
40 Screw Rotor
41 Screw Groove
42 First End Portion (Suction-Side End Portion)
50 Gate Rotor
53 Gate
80 Seal Portion
F First Surface (Inner Peripheral Surface)

Claims

1. A screw compressor comprising:

a casing (11) containing a cylinder portion (16);
an electric motor (13) disposed in the casing
(11);
a drive shaft (19) connected to the electric motor
(13) and configured to be driven to rotate axially;
a screw rotor (40) disposed in the cylinder por-
tion (16) and connected to the drive shaft (19);
and
a gate rotor (50) having a gate (53) configured to
mesh with a screw groove (41) of the screw rotor

(40),
wherein
in the cylinder portion (16), a compression
chamber is formed by the screw rotor (40) and
the gate (53),
a suction-side end portion (42) of the screw rotor
(40) is formed in a cylindrical shape so that an
outer peripheral surface (42a) of the suction-
side end portion (42) is along an inner peripheral
surface of the cylinder portion (16), and
a seal portion (80) configured to reduce a flow of
fluid is provided on a first surface (F) facing the
outer peripheral surface (42a) of the suction-
side end portion (42) or a first end surface
(42b) of the suction-side end portion (42) in an
axial direction.

2. The screw compressor of claim 1, further compris-
ing:

a bearing portion (21) fixed in the cylinder por-
tion (16) and supporting the drive shaft (19),
wherein
the bearing portion (21) is adjacent to the suc-
tion-side end portion (42), and
the seal portion (80) is provided in the bearing
portion (21).

3. The screw compressor of claim 2, wherein
the seal portion (80) is provided on the first surface
(F) of the bearing portion (21) facing an end surface
of the suction-side end portion (42) in the axial direc-
tion.

4. The screw compressor of claim 2 or 3, wherein

the bearing portion (21) has a flange portion
(21c) disposed between an inner surface of
the cylinder portion (16) and the outer peripheral
surface (42a) of the suction-side end portion
(42), and
the seal portion (80) is provided in the flange
portion (21c).

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

the gate rotor (50) has a first gate rotor (50a) and
a second gate rotor (50b), and
the compression chamber (25) includes

a first compression chamber (23) which is
formed by the first gate rotor (50a) and the
screw rotor (40) and in which fluid at a
suction pressure introduced into the casing
(11) is compressed to an intermediate pres-
sure, and
a second compression chamber (24) which
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is formed by the second gate rotor (50b) and
the screw rotor (40) and in which the fluid at
the intermediate pressure is compressed to
a discharge pressure.

6. The screw compressor of any one of claims 1 to 5,
wherein the seal portion (80) is a labyrinth seal.

7. The screw compressor of any one of claims 1 to 5,
wherein the seal portion (80) is a surface texture.

8. A refrigeration apparatus comprising: the screw
compressor of any one of claims 1 to 7.
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