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(54) SCREW COMPRESSOR
(57) A screw compressor includes a casing forming support one end of the screw shaft so that the screw shaft

an outer shell, a screw shaft configured to be driven to
rotate, a screw rotor fixed to the screw shaft, a gate rotor
forming, together with the casing and the screw rotor, a
compression chamber in which to compress refrigerant,
a slide valve configured to slide in a direction parallel to
an axis of rotation of the screw rotor, a bearing housing
having a bearing inside, the bearing being configured to
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is able to rotate, an oil separator configured to separate
oil mixed into refrigerant compressed in the compression
chamber, and a heating mechanism connected to the oil
separator and configured to, by utilizing oil separated by
the oil separator, thermally expand the bearing housing
in a radial direction during operation.
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Description
Technical Field

[0001] The present disclosure relates to a screw com-
pressor for use in the compression of refrigerant, for ex-
ample, in a refrigerating machine or other machines.

Background Art

[0002] As disclosed in Patent Literature 1, a screw
compressor is known as a type of displacement com-
pressor, and is used as a component of a refrigerant cir-
cuit built, for example, in a refrigerating machine or other
machines. A known example of a screw compressor is
a single-screw compressor including a casing in which
one screw rotor having a spiral tooth groove and two gate
rotors each having a plurality of gate rotor tooth portions
configured to fit into the tooth groove of the screw rotor
are housed. The single-screw compressor has a plurality
of compression chambers formed by the tooth groove of
the screw rotor and the gate rotor tooth portions of the
gate rotors meshing and engaging with each other. One
end of the screw rotor in a direction parallel to the axis
of rotation serves as a suction side through which refrig-
erant is suctioned, and the other end of the screw rotor
in a direction parallel to the axis of rotation serves as a
discharge side through which refrigerant is discharged.
The casing has its interior partitioned into a low-pressure
space provided at a suction side of the compression
chambers and a high-pressure space provided at a dis-
charge side of the compression chambers.

[0003] The screw rotor is fixed to a screw shaft config-
ured to be rotated by a drive unit provided in the casing.
One axial end portion of the screw shaft is supported by
a bearing housing having a bearing inside so that the
screw shaft can rotate, and the other axial end portion of
the screw shaft is coupled to the drive unit. The screw
compressor is configured such that when the screw rotor
is driven to rotate by the screw shaft being rotated by the
drive unit, refrigerant in the low-pressure space is suc-
tioned into the compression chambers, compressed in
the compression chambers, and discharged into the
high-pressure space.

[0004] Incidentally, thereis atype of screw compressor
including a pair of slide valves disposed in a slide groove
formed in an inner cylindrical surface of a casing and
provided so that the pair of slide valves can slide in a
direction parallel to the axis of rotation of a screw rotor.
The slide valves slide in a direction parallel to the axis of
rotation of the screw rotor, and is provided to effect a
change in internal volume ratio by varying discharge
opening timing by changing the start position of discharge
of high-pressure gas refrigerant compressed in a com-
pression chamber. Each of these slide valves includes a
valve body portion facing the screw rotor and a guide
portion forming a sliding surface facing an outer circum-
ferential surface of a bearing housing.
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[0005] The screw compressor has arisk that athermal
expansion of the screw rotor by a rise in temperature of
the refrigerant gas compressed in the compression
chamber may cause reduced spacings between an outer
circumferential surface of the screw rotor and the inner
cylindrical surface of the casing and between the outer
circumferential surface of the screw rotor and the slide
valve. Further, the screw compressor has a risk that the
screw rotor may rotate backward due to a differential
pressure in the casing after stoppage of operation. The
inverse rotation of the screw rotor undesirably causes
the valve body portion of the slide valve to fall toward the
screw rotor or rotate in a circumferential direction due to
the influence of, for example, a variation in internal pres-
sure of the compression chamber. As a result, the valve
body portion of the slide valve may partially protrude from
an inner circumferential surface of a casing bore to make
contact with the screw rotor, which may invite a seizure
or other trouble.

[0006] Toaddressthisproblem,PatentLiterature 1 dis-
closes a structure in which contact between a slide valve
and the screw rotor is avoided by providing a guide por-
tion of the slide valve with a protruding portion relatively
protruding more in a circumferential direction than a valve
body portion of the slide valve and bringing the protruding
portion into contact with a bearing holder when the slide
valve rotates in a circumferential direction.

Citation List
Patent Literature

[0007] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 2013-60877

Summary of Invention
Technical Problem

[0008] Inthe screw compressor of Patent Literature 1,
in a case where there has occurred a torsional deforma-
tion between the valve body portion and the guide portion
of the slide valve, the spacing between the valve body
portion and the screw rotor is reduced more than neces-
sary even when the protruding portion provided on the
guide portion comes into contact with the bearing holder,
with the result that the slide valve and the screw rotor
may make contact with each other.

[0009] The presentdisclosure has been made to solve
such a problem, and has as an object to provide a highly-
reliable screw compressor capable of reducing contact
between a slide valve and a screw rotor.

Solution to Problem
[0010] A screw compressor according to an embodi-

ment of the present disclosure includes a casing forming
an outer shell, a screw shaft disposed in the casing and
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configured to be driven to rotate, a screw rotor, fixed to
the screw shaft, that has a spiral tooth groove in an outer
circumferential surface thereof, a gate rotor having a plu-
rality of gate rotor tooth portions configured to fit into the
tooth groove of the screw rotor and forming, together with
the casing and the screw rotor, a compression chamber
in which to compress refrigerant, a slide valve provided
in a slide groove formed in an inner cylindrical surface of
the casing and configured to slide in a direction parallel
to an axis of rotation of the screw rotor, a bearing housing
having a bearing inside and having an outer peripheral
surface on which the slide valve slides, the bearing being
configured to support one end of the screw shaft so that
the screw shaft is able to rotate, an oil separator config-
ured to separate oil mixed into refrigerant compressed
in the compression chamber, and a heating mechanism
connected to the oil separator and configured to, by uti-
lizing oil separated by the oil separator, thermally expand
the bearing housing in a radial direction during operation.

Advantageous Effects of Invention

[0011] In the screw compressor according to the em-
bodiment of the presentdisclosure, before the valve body
portion of the slide valve falls toward the screw rotor or
rotates in a circumferential direction, the bearing housing,
which has thermally expanded, comes into contact with
the slide valve to support the slide valve. This makes it
possible to reduce contact between the slide valve and
the screw rotor and achieve a highly-reliable screw com-
pressor.

Brief Description of Drawings
[0012]

[Fig. 1] Fig. 1 is a cross-sectional view illustrating an
internal structure of a screw compressor according
to Embodiment 1.

[Fig. 2] Fig. 2 illustrates the internal structure of the
screw compressor according to Embodiment 1 and
illustrates a portion different from that shownin Fig. 1.
[Fig. 3] Fig. 3 is an enlarged cross-sectional view of
main components as taken along line A-A in Fig. 1.
[Fig. 4] Fig. 4 is an enlarged cross-sectional view of
main components as taken along line B-B in Fig. 1.
[Fig. 5] Fig. 5is a perspective view illustrating a struc-
ture of a bearing housing of the screw compressor
according to Embodiment 1.

[Fig. 6] Fig. 6 is an explanatory diagram illustrating
a suction step of an operation of a compression unit
of the screw compressor according to Embodiment
1.

[Fig. 7] Fig. 7 is an explanatory diagram illustrating
a compression step of the operation of the compres-
sion unit of the screw compressor according to Em-
bodiment 1.

[Fig. 8] Fig. 8 is an explanatory diagram illustrating

10

15

20

25

30

35

40

45

50

55

adischarge step of the operation of the compression
unit of the screw compressor according to Embodi-
ment 1.

[Fig. 9] Fig. 9 is a cross-sectional view illustrating an
internal structure of a screw compressor according
to Embodiment 2.

[Fig. 10] Fig. 10 is a perspective view illustrating a
structure of a bearing housing of the screw compres-
sor according to Embodiment 2.

[Fig. 11] Fig. 11 is a cross-sectional view illustrating
an internal structure of a screw compressor accord-
ing to Embodiment 3.

Description of Embodiments

[0013] The following describes embodiments with ref-
erence to the drawings. Identical or equivalent compo-
nents are given identical signs throughout the drawings,
and a description of such components is omitted or sim-
plified as appropriate. Further, the shapes, sizes, and
locations, or other attributes of components shown in the
drawings are subject to change as appropriate.

Embodiment 1

[0014] Fig. 1 is a cross-sectional view illustrating an
internal structure of a screw compressor according to
Embodiment 1. Fig. 2 illustrates the internal structure of
the screw compressor according to Embodiment 1 and
illustrates a portion different from that shown in Fig. 1.
Fig. 3 is an enlarged cross-sectional view of main com-
ponents as taken along line A-A in Fig. 1. Fig. 4 is an
enlarged cross-sectional view of main components as
taken along line B-B in Fig. 1. Fig. 5 is a perspective view
illustrating a structure of a bearing housing of the screw
compressor according to Embodiment 1.

[0015] The screw compressor 100 according to Em-
bodiment 1 is described by taking a single-stage single-
screw compressor as an example. As shown in Figs. 1
and 2, the screw compressor 100 includes a cylindrical
casing forming an outer shell, a compression unit 2 pro-
vided in the casing 1, a drive unit 3 provided in the casing
1, and an oil separator 14 provided at one end of the
exterior of the casing 1. The casing 1 has its interior par-
titioned into alow-pressure space 10 and a high-pressure
space 11.

[0016] Asshownin Figs. 1and 2, the compression unit
2 includes a screw shaft 4, a screw rotor 5 fixed to the
screw shaft 4, a pair of gate rotors 6, a gate rotor support
(not illustrated), a pair of slide valves 7, and a bearing
housing 8 having a bearing 80 inside and having an outer
circumferential surface on which the slide valves 7 slide.
The bearing 80 supports an end portion of the screw shaft
4 so that the screw shaft 4 can rotate. Further, as shown
in Figs. 1 and 2, the compression unit 2includes a heating
mechanism 9 connected to the oil separator 14 and con-
figured to, by utilizing oil separated by the oil separator
14, thermally expand the bearing housing 8 in a radial
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direction during operation as shown in Fig. 4.

[0017] As shown in Figs. 1 and 2, the screw shaft 4 is
disposed in the casing 1 and driven to rotate by the drive
unit 3. The screw shaft 4 extends in a direction parallel
to the tube axis of the casing 1. One axial end portion of
the screw shaft 4 is supported by the bearing 80, which
is placed opposite a discharge side of the screw rotor 5,
so that the screw shaft 4 can rotate, and the other axial
end portion of the screw shaft 4 is coupled to the driver
unit 3.

[0018] As shown in Figs. 1 to 3 and 5, the screw rotor
5 has a plurality of spiral tooth grooves 5a in an outer
circumferential surface of a cylinder. The screw rotor 5
is fixed to the screw shaft 4, and rotates together with
the screw shaft 4 as the screw shaft 4 is rotated by the
drive unit 3. A side of the screw rotor 5 facing the low-
pressure space 10 in a direction parallel to the axis of
rotation serves as a suction side through which refriger-
ant is suctioned, and an end of the screw rotor 5 facing
the high-pressure space 11 serves as a discharge side
through which refrigerant is discharged. Further, a pre-
determined spacing S is formed between the screw rotor
5 and the slide valves 7. This is intended to prevent a
seizure or other trouble from occurring, for example, due
to contact during assembly of the screw compressor 100
or contact between the slide valves 7 and the screw rotor
5 during operation of the screw compressor 100.
[0019] The gate rotors 6 have outer circumferential
portions each provided with a plurality of gate rotor tooth
portions 6a configured to fit into the tooth grooves 5a of
the screw rotor 5 and, as shown in Figs. 1 and 2, are
disposed so that the screw rotor 5 is interposed between
the gate rotors 6 in a radial direction. The compression
unit 2 has a compression chamber 20 formed by the tooth
grooves 5a of the screw rotor 5 and the gate rotor tooth
portions 6a of the gate rotors 6 meshing and engaging
with each other. The screw compressor 100 is configured
such that two gate rotors 6 kept 180 degrees apart face
one screw rotor 5. Therefore, the compression chamber
20 includes two compression chambers 20 one of which
is formed above the screw shaft 20 and the other of which
is formed below the screw shaft 4. The gate rotor support
(not illustrated) has a plurality of gate rotor support tooth
portions placed opposite the plurality of gate rotor tooth
portions 6a, and serve to support the gate rotors 6.
[0020] As shown in Figs. 1 and 5, the slide valves 7
are provided in a slide groove 12 formed in an inner cy-
lindrical surface of the casing 1, and are configured to
slide in a direction parallel to the axis of rotation of the
screw rotor 5. The slide valves 7 are for example internal
volume ratio adjusting valves. Each of the slide valves 7
includes a valve body portion 70 facing the screw rotor
5 and a guide portion 71 having a sliding surface facing
an outer circumferential surface of the bearing housing
8. The valve body portion 70 and the guide portion 71
are coupled by a coupling portion 72. Between the valve
body portion 70 and the guide portion 71, a discharge
port 7ais provided through which refrigerant compressed
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in the compression chamber 20 is discharged. The re-
frigerant discharged from the discharge port 7a is dis-
charged into the high-pressure space 11 through a dis-
charge gas passage.

[0021] The slide valve 7 is connected to a slide valve
drive device 74 via a rod 73 fixed to an end face of the
guide portion 71. That is, the slide valve 7 moves parallel
to the screw shaft 4 as the rod 73 is driven by the slide
valve drive device 74 to move in an axial direction. The
slide valve drive device 74 is for example configured to
drive with gas pressure, configured to drive with hydraulic
pressure, or configured to drive with a motor.

[0022] In the screw compressor 100, the timing of dis-
charge of refrigerant suctioned into the compression
chamber 20 is adjusted by the valve body portion 70 of
the slide valve 7 moving parallel to the screw shaft 4.
Specifically, the slide valve 7 can advance the timing of
discharge by being located at the suction side to advance
the opening of the discharge port 7a, and can delay the
timing of discharge by being moved to the discharge side
to delay the opening of the discharge port 7a. That is,
the screw compressor 100 operates at a low internal vol-
ume ratio when the timing of discharge is advanced, and
operates at a high internal volume ratio when the timing
of discharge is delayed.

[0023] As shown in Fig. 1, the bearing housing 8 is
provided in proximity to an end portion of the screw rotor
5 situated at the discharge side. The bearing housing 8
is formed so that the outside diameter of the bearing
housing 8 is larger than the outside diameter of the screw
rotor 5. Meanwhile, since the bearing housing 8 needs
to beinserted in a place in the casing 1 in which the screw
rotor 5 is housed, the bearing housing 8 is formed to have
an outside diameter smaller than the inside diameter of
the casing 1 in the place. In some cases, the outside
diameter of the bearing housing 8 may be smaller than
the outside diameter of the screw rotor 5.

[0024] As shown in Figs. 1 and 2, the oil separator 14
serves to separate oil 15 mixed into gas refrigerant com-
pressed in the compression chamber 20. The oil 15 sep-
arated by the oil separator 14 circulates through the in-
terior of the casing 1, for example, to lubricate the bearing
80, which supports one end of the screw shaft 4 or to
seal the gap between an inner wall surface of the casing
1 and the screw rotor 5.

[0025] The drive unit 3 is formed by an electric motor
30. The electric motor 30 is formed by a stator 31, fixed
in internal contact with the interior of the casing 1, that
has a gap in a radial direction and a motor rotor 32 dis-
posed inside the stator 31 so that the motor rotor 32 can
rotate. The motor rotor 32 is connected to an axial end
portion of the screw shaft 4, and is disposed on the same
axis as the screw rotor 5. In the screw compressor 100,
the screw rotor 5 is rotated by the electric motor 30 driving
the screw shaft 4 to rotate. In a case where the electric
motor 30 is of an inverter type, the electric motor 30 is
driven at a variable speed of rotation by an inverter (not
illustrated) and operated with an increase or decrease in
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the speed of rotation of the screw shaft 4.

[0026] Next, anoperation ofthe screw compressor 100
according to Embodiment 1 is described with reference
to Figs. 6 to 8. Fig. 6 is an explanatory diagram illustrating
a suction step of the operation of the screw compressor
according to Embodiment 1.

Fig. 7 is an explanatory diagram illustrating a compres-
sion step of the operation of the screw compressor ac-
cording to Embodiment 1. Fig. 8 is an explanatory dia-
gram illustrating a discharge step of the operation of the
screw compressor according to Embodiment 1. It should
be noted that Figs. 6 to 8 describe the respective steps
with attention focused on a compression chamber 20 in-
dicated by dot hatching.

[0027] Inthe screw compressor 100, as shown in Figs.
6 to 8, the screw rotor 5 is caused by the electric motor
30 to rotate via the screw shaft 4, whereby the gate rotor
tooth portions 6a of the gate rotors 6 relatively move with-
in the tooth grooves 5a forming the compression cham-
ber 20. This causes a cycle of the suction step (Fig. 6),
the compression step (Fig. 7), and the discharge step
(Fig. 8) to be repeated in the compression chamber 20.
[0028] Fig. 6 shows a state of the compression cham-
ber 20 during the suction step. The screw rotor 5 is driven
by the electric motor 30 to rotate in the direction of a solid
arrow. This causes areduction in volume of the compres-
sion chamber 20 as shown in Fig. 7.

[0029] When the screw rotor 5 keeps on rotating, the
compression chamber 20 comes to communicate with
the discharge port 7a as shown in Fig. 8. This causes
high-pressure refrigerant gas compressed in the com-
pression chamber 20 to be discharged outward through
the discharge port 7a. Then, similar compression is per-
formed at the back of the screw rotor 5 again.

[0030] Incidentally, the screw compressor 100 has a
risk that a thermal expansion of the screw rotor 5 by a
rise in temperature of the refrigerant gas compressed in
the compression chamber 20 may cause reduced spac-
ings S between an outer circumferential surface of the
screw rotor 5 and the inner cylindrical surface of the cas-
ing 1 and between the outer circumferential surface of
the screw rotor 5 and the slide valve 7. Further, the screw
compressor 100 has a risk that the screw rotor 5 may
rotate backward due to a differential pressure in the cas-
ing 1 after stoppage of operation, and the inverse rotation
of the screw rotor 5 undesirably causes the valve body
portion 70 of the slide valve 7 to fall toward the screw
rotor 5 or rotate in a circumferential direction due to the
influence of, for example, a variation in internal pressure
of the compression chamber 20. As a result, the valve
body portion 70 of the slide valve 7 may partially make
contact with the screw rotor 5, which may invite a seizure
or other trouble.

[0031] To address this problem, as shown in Figs. 1,
2, and 5, the screw compressor 100 according to Em-
bodiment 1 includes a heating mechanism 9 connected
to the oil separator 14 and configured to, by utilizing olil
separated by the oil separator 14, thermally expand the
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bearing housing 8 in a radial direction during operation.
The heating mechanism 9 includes an oil passage 90
formed in a wall of the casing 1 facing the bearing housing
8 and connected to the oil separator 14 and a groove
portion 91 formed in the bearing housing 8 and configured
to communicate with the oil passage 90. That s, the heat-
ing mechanism 9 is configured to circulate high-temper-
ature and high-pressure oil separated by the oil separator
14 to the groove portion 91 through the oil passage 90
to thermally expand the bearing housing 8 in a radial
direction during operation.

[0032] The groove portion 91 is formed along a circum-
ferential direction of the bearing housing 8. In Embodi-
ment 1, as shownin Fig. 5, the groove portion 91 is formed
by two groove portions, namely a first groove portion 91a
and a second groove portion 91b, laid side-by-side at a
spacing in a direction parallel to the tube axis of the bear-
ing housing 8. One end of the first groove portion 91a
serves as a suction port 91c connected to the oil passage
90, and the other end of the first groove portion 91a is
connected to the second groove portion 91b. One end
of the second groove portion 91b is connected to the first
groove portion 91a, and the other end of the second
groove porton 91b serves as a discharge port91d leading
to the compression chamber 20. As shown in Figs. 1 and
2, the discharge port 91d and the compression chamber
20 are connected by an oil connecting passage 90a
formed in the wall of the casing 1. High-temperature and
high-pressure oil having flowed into the groove portion
91 of the bearing housing 8 circulates under a differential
pressure within the casing 1, and is fed to the tooth
grooves 5a of the screw rotor 5, the bearing 80, or other
components.

[0033] In the screw compressor 100 according to Em-
bodiment 1, as shown in Fig. 4, before the valve body
portion 70 of the slide valve 70 falls toward the screw
rotor 5 orrotates in a circumferential direction, the bearing
housing 8, which has thermally expanded, comes into
contact with the guide portion 71 of the slide valve 7 to
support the guide portion 71. This makes it possible to
reduce contact between the slide valve 7 and the screw
rotor 5 and achieve a highly-reliable screw compressor.
[0034] It is difficult to machine the groove portion 91
only in a portion of the outer circumferential surface of
the bearing housing 8 with a lathe machine. This problem
is addressed by using a casting mold in advance to mold
the bearing housing 8 with the groove portion 91 formed
in an outer circumferential portion of the bearing housing
8 and performing surface treatment with a lathe machine.
Since the surface of the groove portion 91 does not affect
the function of the screw compressor 100, there is no
problem even if the surface of the groove portion 91 re-
mains a casting surface 92. Therefore, the surface of the
groove portion 91 remains a casting surface 92 formed
by a casting mold. That is, making the groove portion 91
of the screw compressor 100 according to Embodiment
1 remain the casting surface 92 eliminates the need for
additional processing of the groove portion 91 and makes
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it possible to reduce manufacturing cost and enhance
productivity.

[0035] Further, as shown in Fig. 2, the casing 1 has an
inner wall surface provided with a spacer 13 in a place
facing the bearing housing 8 across the screw rotor 5.
Moreover, the heating mechanism 9 has a branch pas-
sage 90b, connected to the spacer 13, that branches off
from the oil passage 90 and extends in a direction parallel
to the tube axis of the casing 1. That s, the heating mech-
anism 9 can circulate the high-temperature and high-
pressure oil separated by the oil separator 14 to the
branch passage 90b through the oil passage 90 to in-
crease a heat-transfer area to thermally expand the inner
wall surface of the casing 1. Therefore, the screw com-
pressor 100 according to Embodiment 1 can effectively
reduce contact between the casing 1 and the screw rotor
5.

[0036] The screw compressor 100 according to Em-
bodiment 1 does not necessarily need to provide the
spacer 13 or connect the branch passage 90b branching
off from the oil passage 90, and may be configured to
omit the spacer 13 and the branch passage.

[0037] As mentioned above, a screw compressor 100
according to Embodiment 1 includes a casing 1 forming
an outer shell, a screw shaft 4 disposed in the casing 1
and configured to be driven to rotate, a screw rotor 5,
fixed to the screw shaft 4, that has a spiral tooth groove
5ain an outer circumferential surface thereof, a gate rotor
6 having a plurality of gate rotor tooth portions 6a con-
figured to fit into the tooth groove 5a of the screw rotor 5
and forming, together with the casing 1 and the screw
rotor 5, a compression chamber 20 in which to compress
refrigerant, a slide valve 7 provided in a slide groove 12
formed in an inner cylindrical surface of the casing 1 and
configured to slide in a direction parallel to an axis of
rotation of the screw rotor 5, a bearing housing 8 having
a bearing 80 inside and having an outer peripheral sur-
face on which the slide valve 7 slides, the bearing 80
being configured to support one end of the screw shaft
4 sothatthe screw shaft4is able torotate, an oil separator
14 configured to separate oil mixed into refrigerant com-
pressed in the compression chamber 20, and a heating
mechanism 9 connected to the oil separator 14 and con-
figured to, by utilizing oil separated by the oil separator
14, thermally expand the bearing housing 8 in a radial
direction during operation.

[0038] The heating mechanism 9 includes an oil pas-
sage 90 formed in a wall of the casing 1 facing the bearing
housing 8 and connected to the oil separator 14 and a
groove portion 91 formed in the bearing housing 8 and
configured to communicate with the oil passage 90. The
heating mechanism 9 is configured to circulate high-tem-
perature and high-pressure oil separated by the oil sep-
arator 14 to the groove portion 91 through the oil passage
90 to thermally expand the bearing housing 8 in a radial
direction during operation.

[0039] Therefore, in the screw compressor 100 ac-
cording to Embodiment 1, before the valve body portion
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70 of the slide valve 70 falls toward the screw rotor 5 or
rotates in a circumferential direction, the bearing housing
8, which has thermally expanded, comes into contact with
the guide portion 71 of the slide valve 7 to support the
guide portion 71. This makes it possible to reduce contact
between the slide valve 7 and the screw rotor 5 and
achieve a highly-reliable screw compressor.

[0040] Further, the casing 1 has an inner wall surface
provided with a spacer 13 in a place facing the bearing
housing 8 across the screw rotor 5. The heating mech-
anism 9 has a branch passage 90b, connected to the
spacer 13, that branches off from the oil passage 90 and
extends in a direction parallel to a tube axis of the casing
1. That is, the heating mechanism 9 can circulate the
high-temperature and high-pressure oil separated by the
oil separator 14 to the branch passage 90b through the
oil passage 90 to increase a heat-transfer area to ther-
mally expand the inner wall surface of the casing 1.
Therefore, the screw compressor 100 according to Em-
bodiment 1 can effectively reduce contact between the
casing 1 and the screw rotor 5.

[0041] Further, the groove portion 91 is a casting sur-
face 92 formed by a casting mold. That is, making the
surface of the groove portion 91, which does not affect
the function of the screw compressor 100 according to
Embodiment 1, remain the casting surface 92 eliminates
the need for additional processing of the groove portion
91 and makes it possible to reduce manufacturing cost
and enhance productivity.

Embodiment 2

[0042] Next, ascrewcompressor 101 accordingto Em-
bodiment 2 is described with reference to Figs. 9 and 10.
Fig. 9 is a cross-sectional view illustrating an internal
structure of the screw compressor according to Embod-
iment 2. Fig. 10 is a perspective view illustrating a struc-
ture of a bearing housing of the screw compressor ac-
cording to Embodiment 2. Components identical to those
of the screw compressor 100 described in Embodiment
1 are given identical reference signs, and a description
of such components is omitted as appropriate.

[0043] In the screw compressor 101 according to Em-
bodiment2, as showninFigs.9and 10, the heating mech-
anism 9 has its groove portion 91 formed up to a place
facing a guide portion 71 of the slide valve 7. That s, the
heating mechanism 9 is configured to circulate high-tem-
perature and high-pressure oil separated by the oil sep-
arator 14 to the groove portion 91 through the oil passage
90 to thermally expand the bearing housing 8 in a radial
direction during operation and thermally expand the
guide portion 71 of the slide valve 7 in a radial direction.
In the screw compressor 101 according to Embodiment
2, a branch passage 90c branching off from the oil pas-
sage 90 is connected to the compression chamber 20.
High-temperature and high-pressure oil having flowed
into the oil passage 90 circulates under a differential pres-
sure within the casing 1, and is fed to the tooth grooves
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5a of the screw rotor 5, the bearing 80, or other compo-
nents.

[0044] Therefore, in the screw compressor 101 ac-
cording to Embodiment 2, before the valve body portion
70 of the slide valve 70 falls toward the screw rotor 5 or
rotates in a circumferential direction, the bearing housing
8, which has thermally expanded, and the guide portion
71 of the slide valve 7, which has thermally expanded,
come into contact with each other. This makes it possible
to reduce contact between the slide valve 7 and the screw
rotor 5 and achieve a highly-reliable screw compressor.
[0045] Although not illustrated, the screw compressor
101 according to Embodiment 2 may be configured such
that a spacer 13 is provided on an inner wall surface of
the casing 1 located between the compression unit 2 and
the drive unit 3 and a branch passage 90b branching off
from the oil passage 90 is connected to the spacer 13.

Embodiment 3

[0046] Next,ascrewcompressor102accordingto Em-
bodiment 3 is described with reference to Fig. 11. Fig.
11 is a cross-sectional view illustrating an internal struc-
ture of the screw compressor according to Embodiment
3. Components identical to those of the screw compres-
sor 100 described in Embodiment 1 are given identical
reference signs, and a description of such components
is omitted as appropriate.

[0047] AsshowninFig. 11, the screw compressor 102
according to Embodiment 3 is configured such that the
groove portion 91 is formed along a direction parallel to
a tube axis of the bearing housing 8. That is, the heating
mechanism 9 is configured to circulate high-temperature
and high-pressure oil from the oil separator 14 to the
groove portion 91 through the oil passage 90 to thermally
expand the whole surface of the bearing housing 8 in a
radial direction during operation. As shown in Fig. 11, the
groove portion 91 formed along a direction parallel to the
tube axis may be formed by a plurality of the groove por-
tions 91 formed in parallel as shown in Fig. 11 or may be
formed by one groove portion 91.

[0048] In the screw compressor 102 according to Em-
bodiment 3, a branch passage 90d branching off from
the oil passage 90 is connected to the compression
chamber 20. High-temperature and high-pressure oil
having flowed into the oil passage 90 circulates under a
differential pressure within the casing 1, and is fed to the
tooth grooves 5a of the screw rotor 5, the bearing 80, or
other components.

[0049] Therefore, in the screw compressor 100 ac-
cording to Embodiment 3, before the valve body portion
70 of the slide valve 70 falls toward the screw rotor 5 or
rotates in a circumferential direction, the bearing housing
8, which has thermally expanded, comes into contact with
the slide valve 7 to support the slide valve 7. This makes
it possible to reduce contact between the slide valve 7
and the screw rotor 5 and achieve a highly-reliable screw
compressor.
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[0050] Although notillustrated, the screw compressor
102 according to Embodiment 3 may be configured such
that a spacer 13 is provided on an inner wall surface of
the casing 1 located between the compression unit 2 and
the drive unit 3 and a branch passage 90b branching off
from the oil passage 90 is connected to the spacer 13.
[0051] While the screw compressor 100 has been de-
scribed above with reference to an embodiment, the
screw compressor 100 is not limited to the configuration
of the aforementioned embodiment. For example, the in-
ternal configuration of the screw compressor 100 is not
limited to the aforementioned content but may include
other components. Further, while the screw compressor
100 has been described by taking a single-stage single-
screw compressor as an example, the screw compressor
100 may for example be a two-stage screw compressor.
Further, the slide valve 7 is not limited to an internal vol-
ume ratio adjusting valve but may be configured, for ex-
ample, to adjust compression capacity. Further, the gate
rotor 6 is not limited to being formed by the two gate rotors
6 illustrated, but may be formed by one gate rotor 6. In
other words, the screw compressor 100 encompasses a
range of design changes and variations in application
that persons skilled in the art normally make without de-
parting from the technical idea of the screw compressor
100.

Reference Signs List

[0052] 1: casing 2: compression unit, 3: drive unit, 4:
screw shaft, 5: screw rotor, 5a: tooth groove, 6: gate rotor,
6a: gate rotor tooth portion, 7: slide valve, 7a: discharge
port, 8: bearing housing, 9: heating mechanism, 10: low-
pressure space, 11: high-pressure space, 12: slide
groove, 13: spacer, 14: oil separator, 15: oil, 20: com-
pression chamber, 30: electric motor, 31: stator, 32: mo-
tor rotor, 70: valve body portion, 71: guide portion, 72:
coupling portion, 73: rod, 74: slide valve drive device, 80:
bearing, 90: oil passage, 90a: oil connecting passage,
90b, 90c¢, 90d: branch passage, 91: groove portion, 91a:
first groove portion, 91b: second groove portion, 91c:
suction port, 91d: discharge port, 92: casting surface,
100, 101, 102: screw compressor, S: spacing

Claims
1. A screw compressor comprising:

a casing forming an outer shell;

a screw shaft disposed in the casing and con-
figured to be driven to rotate;

a screw rotor, fixed to the screw shaft, that has
a spiral tooth groove in an outer circumferential
surface thereof;

a gate rotor having a plurality of gate rotor tooth
portions configured to fit into the tooth groove of
the screw rotor and forming, together with the
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casing and the screw rotor, a compression
chamber in which to compress refrigerant;

a slide valve provided in a slide groove formed
in an inner cylindrical surface of the casing and
configured to slide in a direction parallel to an
axis of rotation of the screw rotor;

a bearing housing having a bearing inside and
having an outer peripheral surface on which the
slide valve slides, the bearing being configured
to support one end of the screw shaft so that the
screw shaft is able to rotate;

an oil separator configured to separate oil mixed
into refrigerant compressed in the compression
chamber; and

a heating mechanism connected to the oil sep-
arator and configured to, by utilizing oil separat-
ed by the oil separator, thermally expand the
bearing housing in a radial direction during op-
eration.

2. The screw compressor of claim 1, wherein
the heating mechanism includes

an oil passage formed in a wall of the casing
facing the bearing housing and connected
to the oil separator, and

agroove portion formed in the bearing hous-
ing and configured to communicate with the
oil passage, and

the heating mechanism s configured to circulate
oil separated by the oil separator to the groove
portion through the oil passage to thermally ex-
pand the bearing housing in a radial direction
during operation.

3. The screw compressor of claim 2, wherein

the heating mechanism has its groove portion
formed up to a place facing a guide portion of
the slide valve configured to slide on the outer
circumferential surface of the bearing housing,
and

the heating mechanism is configured to circulate
oil separated by the oil separator to the groove
portion through the oil passage to thermally ex-
pand the bearing housing in a radial direction
during operation and thermally expand the guide
portion of the slide valve in a radial direction.

4. The screw compressor of claim 2, wherein the
groove portion is formed along a direction parallel to
a tube axis of the bearing housing.

5. The screw compressor of any one of claims 2 to 4,
wherein
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the casing has an inner wall surface provided
with a spacer in a place facing the bearing hous-
ing across the screw rotor, and

the heating mechanism has a branch passage,
connected to the spacer, that branches off from
the oil passage and extends in a direction par-
allel to a tube axis of the casing.

6. The screw compressor of any one of claims 2 to 5,
wherein the groove portion is a casting surface
formed by a casting mold.
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FIG. 5
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FIG. 7
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