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(54) SCREW COMPRESSOR

(57)  In a screw compressor (100), on a bearing (12)
side relative to a discharge port (8) of a compression
chamber (14) in a casing (2), an intermediate-pressure
chamber (15) to which an intermediate-pressure coolant
(15G) is supplied from outside of the casing (2) is pro-
vided in a high-pressure space (17) surrounded by an
outer cylinder (2c) and an intermediate cylinder (2b) of
the casing (2) and communicating with the discharge port
(8), and the intermediate-pressure coolant (15G) has a
temperature and a pressure that are lower than those of
acoolant (17G) in the high-pressure space (17) and high-
er than a coolant (16G) in a low-pressure space (16) on
a motor (4) side relative to the discharge port (8) in the
casing (2). The intermediate-pressure chamber (15) and
the low-pressure space (16) communicate with each oth-
er.
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Description
TECHNICAL FIELD

[0001]
pressor.

The present disclosure relates to a screw com-

BACKGROUND ART

[0002] Among screw compressors, a single screw
compressorincludes one screw rotor and two gate rotors.
The screw rotor and the gate rotor of the single screw
compressor are stored in a casing.

[0003] The screw rotorhas a plurality of helical grooves
(screw grooves), and the grooves are meshed and en-
gaged with a pair of the gate rotors located on radially
outer sides of the screw rotor, whereby a compression
chamber is formed. In the casing, a low-pressure space
and a high-pressure space are formed.

[0004] The screw rotor is fixed to a screw shaft. One
end side of the screw shaft is supported by a bearing
housing via a bearing located on a discharge side of the
screw rotor, and similarly, another end side (suction side)
of the screw shaft is also supported by a bearing housing
via a bearing.

[0005] Here, the suction side of the screw shaftis con-
nected to a motor rotor. When the screw rotor is rotation-
ally driven by a motor, a fluid in the low-pressure space
is sucked into the compression chamber and is com-
pressed. The fluid compressedinthe compression cham-
ber passes through a discharge port and is discharged
to the high-pressure space.

[0006] One end ofthe screw rotor is a fluid suction side
and another end is a fluid discharge side, and the screw
rotor may be provided with, on an outer circumference
thereof, a columnar slide valve which slides in the rota-
tion-axis direction of the screw rotor. The slide valve in-
cludes a valve portion opposed to the screw rotor and
forming the compression chamber and the discharge
port, a guide portion having a guide surface opposed to
the bearing housing, and a connection portion connecting
the valve portion and the guide portion. Thus, itis possible
to adjust the compression ratio by adjusting a discharge
timing of a fluid compressed in the compression cham-
ber, or it is possible to adjust the compression capacity
by sliding the slide valve in the rotation-axis direction of
the screw rotor.

[0007] Asdescribed above, the compression chamber
is formed by the screw rotor, the gate rotor, the casing,
and the slide valve, and there are minute gaps between
these components. During compression of the fluid, com-
pressed coolant gas leaks through the gaps, and thus
the gaps are a cause for reducing performance of the
compressor. In normal operation, due to a difference be-
tween the pressure in the compression chamber and the
pressure in the low-pressure space, a force outward in
the radial direction acts on the slide valve, so that the
gap between the screw rotor and the slide valve is en-
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larged, leading to reduction in performance of the com-
pressor. The gaps are also enlarged by thermal defor-
mation of the components.

[0008] In such a single screw compressor, gaps be-
tween components, which can reduce efficiency of the
compressor, are designed and worked to be as narrow
as possible. Meanwhile, contact between components
leads to failure of the compressor and therefore needs
to be avoided.

[0009] In operation of the screw compressor, a tem-
perature difference necessarily occurs between the
screw rotor and the casing, so that a thermal deformation
difference occurs. If the thermal deformation difference
is great, components might contact with each other. Ac-
cordingly, in order to reduce the thermal deformation dif-
ference between the screw rotor and a casing inner cyl-
inder which is a part where the screw rotor is stored in
the casing, such a structure that the casing inner cylinder
is warmed by discharge gas is proposed. For example,
Patent Document 1 proposes such a structure that a cas-
ing inner cylinder covering an outer circumference of a
screw rotor is prevented from being greatly influenced
by a temperature from a low-pressure chamber, high per-
formance is kept without significantly enlarging a seal
gap between the screw rotor and the casing inner cylin-
der, and galling between the screw rotor and the casing
inner cylinder can be prevented, and shows, as the above
structure, a screw compressor in which a discharge gas
passage is routed to a position near an end-surface part
on the axial-direction suction side of the screw rotor, thus
performing warming by the discharge gas.

CITATION LIST
PATENT DOCUMENT

[0010] Patent Document 1: Japanese Laid-Open Pat-
ent Publication No. 6-42474

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0011] The configuration in Patent Document 1 is sig-
nificantly effective when the discharge temperature
sharply changes, e.g., at a time just after starting or in
an abnormal case. However, in continuous operation
when the temperature of the entire casing has increased
sufficiently, e.g., in rated operation, thermal deformation
increases due toincrease in the temperature of the entire
casing, so that deformation of the casing inner cylinder
increases, thus enlarging the gap between the screw ro-
tor and the casing inner cylinder. As a result, leakage of
coolant gas from the gap between the screw rotor and
the casing inner cylinder increases, leading to reduction
in efficiency of the screw compressor.

[0012] The presentdisclosure has been made to solve
the above problem, and an object of the present disclo-



3 EP 4 353 972 A1 4

sure is to provide a screw compressor that can efficiently
operate even in rated operation.

MEANS TO SOLVE THE PROBLEM

[0013] A screw compressor according to the present
disclosure includes: a casing including an outer cylinder,
an intermediate cylinder, and an inner cylinder which
have cylindrical shapes and which are connected in a
radial direction and arranged in a nested structure in this
order from an outer side; a screw shaft rotatably provided
in an axial direction in the inner cylinder; a screw rotor
having a plurality of helical screw grooves extending in
the axial direction around an outer circumference thereof,
the screw rotor being fixed to the screw shaft; a motor to
which the screw shaft is connected; a pair of gate rotors
which rotate with teeth thereof meshed with the screw
grooves and which form a compression chamber for com-
pressing a coolant, together with the screw rotor; two
semi-cylindrical slide valve storage grooves protruding
radially outward from an inner circumferential surface of
the inner cylinder and extending in the axial direction;
slide valves which are provided in the respective slide
valve storage grooves and which adjust a compression
ratio of the coolant or adjust a compression capacity for
the coolant; and a bearing and a bearing housing which
are provided inside the inner cylinder on a side opposite
to the motor in the axial direction, the bearing rotatably
supporting the screw shaft, and the bearing housing stor-
ing the bearing. On the bearing side relative to a dis-
charge port of the compression chamber in the casing,
an intermediate-pressure chamber to which an interme-
diate-pressure coolant is supplied from outside of the
casing is provided in a high-pressure space surrounded
by the outer cylinder and the intermediate cylinder of the
casing and communicating with the discharge port. The
intermediate-pressure coolant has a temperature and a
pressure that are lower than those of a coolant in the
high-pressure space and higher than those of a coolant
in a low-pressure space on the motor side relative to the
discharge port in the casing. The intermediate-pressure
chamber and the low-pressure space communicate with
each other.

EFFECT OF THE INVENTION

[0014] The screw compressoraccording to the present
disclosure can efficiently operate even in rated operation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

[FIG. 1] FIG. 1 is a schematic sectional view of a
screw compressor according to embodiment 1.

[FIG. 2] FIG. 2 is a perspective view of a casing of
the screw compressor according to embodiment 1.
[FIG. 3] FIG. 3 is a sectional view (showing only cas-
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ing 2) along line A-A in FIG. 1.

[FIG. 4] FIG. 4 is a sectional view along line B-B in
FIG. 3.

[FIG. 5] FIG. 5A to FIG. 5C show a compression
process in the screw compressor.

[FIG. 6] FIG. 6 shows an example of a schematic
circuit diagram of a coolant circuit according to em-
bodiment 1.

[FIG. 7] FIG. 7 shows another example of a sche-
matic circuit diagram of a coolant circuit according
to embodiment 1.

[FIG. 8] FIG. 8A is a sectional view along line D-D in
FIG. 2 and shows a flow path communicating from
anintermediate-pressure chamber to a low-pressure
space. FIG. 8B is a sectional view along line E-E in
FIG. 8A and shows a flow path communicating from
the intermediate-pressure chamber to the low-pres-
sure space.

[FIG. 9] FIG. 9 is a schematic sectional view of a
casing of a screw compressor according to embod-
iment 2.

DESCRIPTION OF EMBODIMENTS
Embodiment 1

[0016] Hereinafter, a screw compressor according to
embodiment 1 will be described with reference to the
drawings.

[0017] As used herein, an "axial direction", a "circum-
ferential direction", a "radial direction", an "inner circum-
ferential side", an "outer circumferential side", an "inner
circumferential surface", and an "outer circumferential
surface" respectively refer to an "axial direction", a "cir-
cumferential direction", a "radial direction", an "inner cir-
cumferential side", an "outer circumferential side", an "in-
ner circumferential surface", and an "outer circumferen-
tial surface" of the screw compressor, unless otherwise
specified.

[0018] FIG. 1 is a schematic sectional view of a screw
compressor 100.

[0019] FIG. 2is a perspective view of a casing 2 of the
screw compressor 100.

[0020] FIG. 3 is a sectional view (showing only casing
2) along line A-Ain FIG. 1. FIG. 1 corresponds to a sec-
tional part along line C-C in FIG. 3 (and also shows com-
ponents other than the casing 2).

[0021] A schematic configuration of the screw com-
pressor 100 will be described with reference to FIG. 1 to
FIG. 3.

[0022] As shown in FIG. 3, the casing 2 of the screw
compressor 100 includes an outer cylinder 2c, an inter-
mediate cylinder 2b, and an inner cylinder 2a which have
cylindrical shapes and are connected in the radial direc-
tion. The outer cylinder 2c, the intermediate cylinder 2b,
and the inner cylinder 2a are connected in a nested struc-
ture in this order from the outer side. The outer cylinder
2c, the intermediate cylinder 2b, and the inner cylinder
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2a are all formed integrally.

[0023] The screw compressor 100 shown in FIG. 1 in-
cludes a screw rotor 3 stored in the inner cylinder 2a of
the casing 2 and forming a plurality of helical grooves
(screw grooves 3a), and a motor 4 for rotationally driving
the screw rotor 3. The motor 4 includes a motor stator
4a fixed in contact with the inner side of the casing 2, and
a motor rotor 4b rotatably provided on the inner side of
the motor stator 4a. In a case of an inverter type, the
rotational speed of the motor 4 can be freely controlled.
[0024] The screw rotor 3 and the motor rotor 4b are
arranged coaxially with each other, and are fixed to a
screw shaft 5 extending in the axial direction. The screw
grooves 3a are meshed and engaged with teeth 6a of a
pair of gate rotors 6 located in the radial direction of the
screw rotor 3, thus forming a compression chamber for
compressing coolant gas.

[0025] Here, one end side (left side in FIG. 1) of the
screw shaft 5 is rotatably supported by a bearing housing
13 via bearings 12 located on the discharge side (side
opposite to the motor 4 side in the axial direction) of the
screw rotor 3. The bearing housing 13 is stored on the
inner side of the inner cylinder 2a.

[0026] The casing?2isseparated into a discharge pres-
sure side (left side in FIG. 1) and a suction pressure side
(right side in FIG. 1). On the discharge pressure side, a
discharge port 8 which opens to a discharge path 7 is
formed. In the casing 2, a semi-cylindrical slide valve
storage groove 9 protruding radially outward and extend-
ing in the rotation-axis direction of the screw rotor 3 is
formed, and a slide valve 10 is provided in the slide valve
storage groove 9.

[0027] The slide valve 10 is slidable in parallel to the
rotation-axis direction of the screw rotor 3 by a slide valve
drivingmechanism 11. The compression ratio of the cool-
ant gas compressed by the compression chamber 14
can be adjusted by the slide valve 10 sliding, or the com-
pression capacity can be adjusted by the slide valve 10
sliding in the rotation-axis direction of the screw rotor 3.
[0028] The slide valve 10 includes a valve portion 10c
opposed to the screw rotor 3 and forming the compres-
sion chamber 14 and the discharge port 8, a guide portion
10a having a guide surface opposed to the bearing hous-
ing 13 and guiding movement of the valve portion 10c,
and a connection portion 10b connecting the valve por-
tion 10c and the guide portion 10a.

[0029] FIG. 4 is a sectional view along line B-B in FIG.
3. As shown in FIG. 3 and FIG. 4, the casing 2 includes
an intermediate-pressure chamber 15 at a position that
is between the intermediate cylinder 2b and the outer
cylinder 2c and is not adjacent to the slide valve 10. The
intermediate-pressure chamber 15 (described in detail
later) is formed approximately on the bearing 12 side in
the axial direction relative to the discharge path 7 (and
discharge port 8). The intermediate-pressure chamber
15 communicates with a low-pressure space 16 on the
motor 4 side shown in FIG. 1, in the casing 2. When the
casing 2 is seen from the front side, a place other than
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the intermediate-pressure chamber 15is a high-pressure
space 17 communicating with the discharge port 8. That
is, the intermediate-pressure chamber 15 is present in
the high-pressure space 17 surrounded by the outer cyl-
inder 2c and the intermediate cylinder 2b and communi-
cating with the discharge port 8. The screw compressor
100 is fixed to a housing or the like via two fixation legs
1a provided to the outer circumferential surface of the
outer cylinder 2c.

[0030] Next, operation of the screw compressor 100 in
embodiment 1 will be described.

[0031] FIG.5AtoFIG.5C show acompression process
in the screw compressor 100.

[0032] AsshowninFIG.5AtoFIG. 5C, the screw rotor
3 is rotated via the screw shaft 5 by the motor 4 (see FIG.
1), whereby the teeth 6a of the gate rotor 6 move relatively
in the compression chamber 14. Thus, a cycle composed
of a suction process, a compression process, and a dis-
charge process is repeated in the compression chamber
14.InFIG. 5A to FIG. 5C, each process will be described
focusing on the compression chamber 14 indicated by
hatching with a plurality of dots.

[0033] FIG. 5A shows the state of the compression
chamber 14 in the suction process. The screw rotor 3
rotates in an arrow direction by being driven by the motor
4. Thus, as shown in FIG. 5B, the volume of the com-
pression chamber 14 having communicated with the low-
pressure space 16 is reduced, so that the coolant sucked
from the low-pressure space 16 into the compression
chamber 14 is compressed.

[0034] As the screw rotor 3 rotates subsequently, as
shown in FIG. 5C, the compression chamber 14 commu-
nicates with the discharge port 8 formed by the inner
cylinder 2a and the valve portion 10c of the slide valve
10. Thus, high-pressure coolant gas compressed in the
compression chamber 14 passes through the discharge
path 7 in the high-pressure space 17 from the discharge
port 8 shown in FIG. 1, and then is discharged to the
outside of the screw compressor 100. Then, a low-pres-
sure coolant is sucked from the back side of the screw
rotor 3 again and is compressed in the same manner.
Through the above operation, the inside of the casing 2
is divided into the low-pressure space 16 and the high-
pressure space 17. The above intermediate-pressure
chamber 15 communicates with the low-pressure space
16.

[0035] FIG. 6 shows an example of a schematic circuit
diagram of a coolant circuit according to embodiment 1.
The coolant compressed in the screw compressor 100
is discharged through the discharge port 8 to the outside
of the screw compressor 100, passes through a high-
pressure pipe PA and a condenser 18, flows to an inter-
mediate-pressure pipe PB and an evaporator 19, and
thenis supplied from a low-pressure pipe PC to the screw
compressor 100 again, thus circulating.

[0036] For the purpose of improving efficiency of the
screw compressor 100, a part of the coolant passes
through a second intermediate-pressure pipe PD from
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the intermediate-pressure pipe PB between the con-
denser 18 and the evaporator 19, so as to be supplied
to the intermediate-pressure chamber 15 provided in the
casing 2, and then is supplied to the low-pressure space
16.

[0037] The part of the coolant between the condenser
18 and the evaporator 19 (hereinafter, the coolant in the
intermediate-pressure space is referred to as an inter-
mediate-pressure coolant 15G) has a temperature and
a pressure that are between the temperature and the
pressure of the coolant in the high-pressure space 17
(hereinafter, the coolant in the high-pressure space 17
is referred to as a high-pressure coolant 17G) and the
temperature and the pressure of the coolant in the low-
pressure space 16 (hereinafter, the coolant in the low-
pressure space 16 is referred to as a low-pressure cool-
ant 16G). The temperature and pressure relationship
among the low-pressure coolant 16G, the intermediate-
pressure coolant 15G, and the high-pressure coolant
17G is low-pressure coolant 16G < intermediate-pres-
sure coolant 15G < high-pressure coolant 17G.

[0038] There are several methods for supplying the in-
termediate-pressure coolant 15G having passed through
the condenser 18 to the screw compressor 100 in the
coolant circuit.

[0039] FIG. 7 shows another example of a schematic
circuit diagram of a coolant circuit.

[0040] Asshownin FIG. 7, for example, an intermedi-
ate heat exchanger 20 may be provided between the
condenser 18 and the evaporator 19. In this case, the
coolanthaving a pressure reduced by an expansion valve
EX provided before the intermediate heat exchanger 20
in the coolant circuit is passed through the intermediate
heat exchanger 20 so as to undergo heat exchange (de-
prived of heat), and then is supplied as the intermediate-
pressure coolant 15G to the intermediate-pressure
chamber 15 of the screw compressor 100. In order to
obtain effects of the present disclosure, any method may
be used as long as the temperature and pressure rela-
tionship satisfies low-pressure coolant 16G < intermedi-
ate-pressure coolant 15G < high-pressure coolant 17G.
[0041] Since the condenser 18 and the evaporator 19
are separate from the screw compressor 100, as shown
in FIG. 2, a connection hole 15in to the second interme-
diate-pressure pipe PD is provided at an outer surface
of the intermediate-pressure chamber 15 of the casing 2
of the screw compressor 100.

[0042] FIG. 8A is a sectional view along line D-D in
FIG. 2 and shows a part of a flow path communicating
from the intermediate-pressure chamber 15 to the low-
pressure space 16.

[0043] FIG. 8B is a sectional view along line E-E in
FIG. 8A and shows a part of a flow path communicating
from the intermediate-pressure chamber 15 to the low-
pressure space 16.

[0044] In FIG. 8A and FIG. 8B, only the casing 2 and
the bearing housing 13 are shown.

[0045] As shown in FIG. 8A and FIG. 8B, the connec-
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tion hole 15in provided to the outer cylinder 2c commu-
nicates with the intermediate-pressure chamber 15. At
the bearing housing 13, a first groove 13m recessed in
the axial direction toward the motor 4 side is provided in
an annular shape. The intermediate-pressure chamber
15 and the first groove 13m are connected via a commu-
nication path P1 so as to communicate with each other.
[0046] At the inner cylinder 2a, a second groove 2am
recessed radially outward is formed to extend in the axial
direction, and the above first groove 13m and the second
groove 2am communicate with each other in the radial
direction. Then, the second groove 2am communicates
with the low-pressure space 16 on the motor 4 side.
Therefore, the intermediate-pressure coolant 15G hav-
ing entered the intermediate-pressure chamber 15 from
the outside passes through the communication path P1,
the first groove 13m, and the second groove 2am, and
then flows to the low-pressure space 16 as indicated by
arrows in FIG. 8A and FIG. 8B.

[0047] In general, in the compressor, a coolant leaks
through gaps between components, so that efficiency is
deteriorated. Therefore, how toreduce the gaps is a prob-
lem. Accordingly, improvements for reducing deforma-
tion due to working accuracy, assembly accuracy, oper-
ation pressure, and temperature change have always
been attempted, and gap reduction has been thus far
accumulated on a several-micrometer basis. Therefore,
even slight deformation reduction is significant. Herein-
after, reduction of a gap (formed in area S in FIG. 1)
between the inner cylinder 2a of the casing 2 and the
screw rotor 3 will be described.

[0048] Deformation of the casing 2 is classified into
deformation due to pressure and deformation due to tem-
perature change. Since the inner cylinder 2a, the inter-
mediate cylinder 2b, and the outer cylinder 2c are con-
nected, deformation of the entire casing 2 needs to be
reduced in order to reduce deformation of the inner cyl-
inder 2a. For reducing deformation of the casing 2, de-
formation due to pressure and deformation due to tem-
perature change described above need to be reduced,
but if rigidity of the casing 2 is not less than a certain
value, deformation due to pressure is extremely small
and deformation due to temperature change is dominant.
[0049] Therefore, if rigidity of the casing 2 can be en-
sured to be high enough that, of the above two deforma-
tions, deformation due to temperature change is domi-
nant, itis difficult to further reduce deformation by further
increasing rigidity of the casing 2. Accordingly, deforma-
tion due to temperature change is to be reduced.
[0050] In order to reduce deformation due to the tem-
perature of the casing 2, it is necessary to reduce tem-
perature change in the casing 2. Deformation due to tem-
perature change in the screw compressor 100 occurs
when the casing 2 is warmed by the coolant in the high-
pressure space 17, or the like.

[0051] As methods for reducing temperature increase
in the casing, a method of cooling the casing by an ex-
ternal cooling system and a method of cooling the casing
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by circulating the coolant in the coolant circuit to the cas-
ing, are conceivable.

[0052] However, the method of cooling the casing by
an external cooling system is not practical because of
size increase of the device, significant cost increase,
power consumption increase, and the like. Accordingly,
in embodiment 1, the method of cooling the casing 2 by
circulating the coolant in the coolant circuit to the casing
2 is adopted.

[0053] Inthe coolantcircuit as a cooling system, which
has already been described with reference to FIG. 6, for
the purpose of improving efficiency of the screw com-
pressor 100, the intermediate-pressure coolant 15G be-
tween the condenser 18 and the evaporator 19 is
branched and supplied through the intermediate-pres-
sure chamber 15 to the low-pressure space 16, thereby
improving efficiency of the screw compressor 100.
[0054] That is, the intermediate-pressure chamber 15
for storing the intermediate-pressure coolant 15G in the
casing 2 once is provided in the casing 2, whereby the
casing 2 is cooled and thus deformation thereof can be
reduced. In this method, the intermediate-pressure cool-
ant 15G which has originally flowed in the coolant circuit
is used, whereby, without size increase of the device and
power consumption increase, it becomes possible to re-
duce deformation of the entire casing 2 in continuous
operation atlower cost than in a case of using an external
cooling system.

[0055] In acase of using a structure in which the inter-
mediate-pressure coolant 15G returns to the low-pres-
sure space 16 for the purpose of improving efficiency of
the screw compressor 100, since pipes and the like are
originally provided to the screw compressor 100, the pur-
pose can be achieved without great change in structure.
It is noted that it is also possible to reduce temperature
increase by introducing a coolant corresponding to the
intermediate-pressure coolant 15G from an external
cooling systemto the intermediate-pressure chamber 15,
instead of using the intermediate-pressure coolant 15G.
[0056] Itis also conceivable that a place for storing the
low-pressure coolant 16G that has passed through the
evaporator 19 is provided in the casing 2. However, since
the low-pressure coolant 16G is a lowest-pressure cool-
antin the coolant circuit, it is difficult to supply the coolant
to the low-pressure space 16 and circulate the low-pres-
sure coolant 16G, unless an additional device is used.
Therefore, this method is not suitable.

[0057] On the other hand, regarding the intermediate-
pressure coolant 15G, the pressure relationship is inter-
mediate-pressure coolant 15G > low-pressure coolant
16G, and therefore, if the intermediate-pressure cham-
ber 15 and the low-pressure space 16 communicate with
each other, the intermediate-pressure coolant 15Gis nat-
urally supplied to the low-pressure space 16 owing to the
coolant pressure difference, that is, the coolant can be
circulated without any special device. Thus, a cooling
structure for the casing 2 can be achieved without adding
any device and deformation of the casing 2 can be re-
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duced.

[0058] Here, around the intermediate-pressure cham-
ber 15 of the casing 2 as a cooling target, the temperature
gradient becomes great at the time of starting or in con-
tinuous operation. Therefore, because of difference be-
tween deformations due to temperature, there is a pos-
sibility of causing "warp" in which a circumferential-direc-
tion width W of an opening 91 of the slide valve storage
groove 9 where the wall of the inner cylinder 2a is dis-
continuous is increased. In particular, around the slide
valve 10, the wall of the inner cylinder 2ais discontinuous,
and therefore this area has lower rigidity than the sur-
rounding area and is more likely to warp.

[0059] If the temperature gradient becomes great in
such a place, the warp increases. As a result, the clear-
ance between the screw rotor 3 and the inner cylinder
2a is locally narrowed so that they might interfere with
each other, or conversely, the clearance increases so
that efficiency of the screw compressor 100 might be
deteriorated.

[0060] Inaddition,inacase ofcooling the inner cylinder
2a, when the coolant discharge temperature sharply
changes, e.g., at a time just after starting of the screw
compressor 100 or in an abnormal case, there is a pos-
sibility that the temperature of the inner cylinder 2a does
not increase and the screw rotor 3 and the inner cylinder
2a interfere with each other.

[0061] Accordingly, the intermediate-pressure cham-
ber 15 is provided between the intermediate cylinder 2b
and the outer cylinder 2¢, whereby excessive cooling of
the inner cylinder 2a is suppressed and the inner cylinder
2a can expand so as to follow expansion of the screw
rotor 3 due to sharp temperature increase of the coolant.
[0062] Therefore, it is appropriate that the intermedi-
ate-pressure chamber 15 is provided between the inter-
mediate cylinder 2b and the outer cylinder 2c while avoid-
ing the part where the slide valve 10 is present on the
radially inner side, as described above. Further, since
the fixation legs 1a are fixed to a housing or the like,
deformation of a circumferential-direction part between
the two fixation legs 1a is originally reduced owing to
rigidity of the housing (not shown) and the fixation legs
1a. Therefore, providing the intermediate-pressure
chamber 15 on the radially inner side of the above part
brings only a small effect in deformation reduction.
[0063] If the intermediate-pressure chamber 15 is en-
larged, there is such a problem that the necessary
amount of the intermediate-pressure coolant 15G in-
creases and thus the usage amount of the coolant in-
creases, for example. Therefore, an advantage obtained
by providing a large-sized intermediate-pressure cham-
ber 15 at a small-effect place is small. Further, the high-
pressure space 17 is present at a subsequent coolant
path from the discharge path 7. Therefore, it suffices that
the intermediate-pressure chamber 15 is formed approx-
imately on the bearing 12 side on the side opposite to
the motor 4 side in the axial direction, relative to the dis-
charge path 7.
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[0064] At an upper part of the casing 2, a flow path for
the coolant discharged from the discharge port 8 is
present, and for providing the intermediate-pressure
chamber 15 there, significant design change is needed.
Therefore, as shown in FIG. 3, FIG. 8A, and FIG. 8B,
providing the intermediate-pressure chamber 15 at a
place that is between the intermediate cylinder 2b and
the outer cylinder 2c and other than the radially inner side
between the fixation legs 1a while avoiding the slide valve
10, is most appropriate for obtaining the maximum effect
at minimum cost. That is, as shown in FIG. 3, the inter-
mediate-pressure chamber 15 is provided at a circum-
ferential-direction position between two slide valves 10
and on the radially outer side relative to the slide valves
10.

[0065] Ina case of providing the intermediate-pressure
chamber 15 around the slide valve 10, a measure of in-
creasing rigidity around the slide valve 10 is conceivable,
but there is such a problem that the thermal capacity
increases and thus the inner cylinder 2a of the casing 2
is not warmed and deformed sufficiently, e.g., at the time
of starting or in an abnormal case, or efficiency of the
screw compressor 100is reduced due toincrease in cool-
antpressure loss and the like. However, if such a problem
is solved, it is possible to provide the intermediate-pres-
sure chamber 15 around the slide valve 10, and therefore
a configuration of providing the intermediate-pressure
chamber 15 around the slide valve 10 is not completely
excluded.

[0066] In general, in the screw compressor, an area
where the intermediate-pressure coolant is stored is of-
ten provided outside the outer cylinder. The purpose of
this is to obtain a buffer for preventing vibration of pipes.
However, the outside of the outer cylinder during usage
is subjected to the outside temperature. In the environ-
ment where the screw compressor is actually used, in
many cases, the temperature of the intermediate-pres-
sure coolant is higher than that of the outside air. There-
fore, it is difficult to obtain an effect of reducing temper-
atureincrease of the casing, using the above buffer. Even
if cooling is attempted by an intermediate-pressure cool-
ant from the outside of the outer cylinder, the distance to
the inner cylinder 2a storing the screw rotor 3 for which
deformation reduction is most required is long, and thus
a sufficient effect is not obtained.

[0067] With the screw compressor according to em-
bodiment 1, interference between the screw rotor 3 and
the inner cylinder 2a can be prevented. In addition, ex-
pansion of the gap between the inner cylinder 2a of the
casing 2 and the screw rotor 3 due to heat can be effec-
tively reduced. Thus, it is possible to perform operation
efficiently even in rated operation.

Embodiment 2
[0068] Hereinafter, a screw compressor according to

embodiment 2 will be described focusing on difference
from embodiment 1.
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[0069] FIG. 9 is a front view of a casing 202 of the
screw compressor 100.

[0070] In embodiment 2, the intermediate-pressure
chambers 15 described in embodiment 1 are provided
at two locations, and are provided at symmetric positions
with respect to the center axis of the casing 202.

[0071] By providing the intermediate-pressure cham-
bers 15 at two locations, it becomes possible to not only
reduce deformation of the casing 202 but also maintain
the roundness of the inner cylinder 2a because the casing
202 is cooled equally in the circumferential direction.
[0072] If the roundness is low, even though the aver-
age clearance of gaps between the inner cylinder 2a of
the casing 202 and the screw rotor 3 is small, leakage
through some gaps that largely open increases, so that
the property of the screw compressor might be deterio-
rated. In addition, the clearance between the screw rotor
3 and the inner cylinder 2a is partially narrowed, resulting
in interference therebetween.

[0073] In contrast, in the screw compressor 100 ac-
cording to embodiment 2, the roundness of the casing 2
can be maintained, so that the clearance between the
screw rotor 3 and the inner cylinder 2a is more uniformed
as compared to the structure in which only one side is
cooled. Thus, efficiency of the screw compressor 100 is
improved and interference between the screw rotor 3 and
the inner cylinder 2a can be prevented.

[0074] Although the disclosure is described above in
terms of various exemplary embodiments and implemen-
tations, it should be understood that the various features,
aspects, and functionality described in one or more of
the individual embodiments are not limited in their appli-
cability to the particular embodiment with which they are
described, butinstead can be applied, alone orin various
combinations to one or more of the embodiments of the
disclosure.

[0075] Itis therefore understood that numerous mod-
ifications which have not been exemplified can be de-
vised without departing from the scope of the present
disclosure. For example, at least one of the constituent
components may be modified, added, or eliminated. At
least one of the constituent components mentioned in at
least one of the preferred embodiments may be selected
and combined with the constituent components men-
tioned in another preferred embodiment.

DESCRIPTION OF THE REFERENCE CHARACTERS
[0076]

100 screw compressor

10 slide valve

10a guide portion

10b connection portion

10c valve portion

11 slide valve driving mechanism
12 bearing

13 bearing housing
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13m first groove

14 compression chamber

15 intermediate-pressure chamber
16 low-pressure space

17 high-pressure space

15G intermediate-pressure coolant
15in connection hole

16G low-pressure coolant

17G high-pressure coolant

18 condenser

19 evaporator

1a fixation leg

20 intermediate heat exchanger
EX expansion valve

2, 202 casing

2a inner cylinder

2am second groove

2b intermediate cylinder

2c outer cylinder

3 screw rotor

3a screw groove

4 motor

4a motor stator

4b motor rotor

5 screw shaft

6 gate rotor

6a tooth

7 discharge path

8 discharge port

9 slide valve storage groove

91 opening

P1 communication path

PA high-pressure pipe

PB intermediate-pressure pipe
PC low-pressure pipe

PD second intermediate-pressure pipe
W width

Claims

A screw compressor comprising:

a casing including an outer cylinder, an interme-
diate cylinder, and an inner cylinder which have
cylindrical shapes and which are connected in
aradial direction and arranged in a nested struc-
ture in this order from an outer side;

a screw shaft rotatably provided in an axial di-
rection in the inner cylinder;

a screw rotor having a plurality of helical screw
grooves extending in the axial direction around
an outer circumference thereof, the screw rotor
being fixed to the screw shaft;

a motor to which the screw shaft is connected;
apair of gate rotors which rotate with teeth there-
of meshed with the screw grooves and which
form a compression chamber for compressing
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a coolant, together with the screw rotor;

two semi-cylindrical slide valve storage grooves
protruding radially outward from an inner cir-
cumferential surface of the inner cylinder and
extending in the axial direction;

slide valves which are provided in the respective
slide valve storage grooves and which adjust a
compression ratio of the coolant or adjusta com-
pression capacity for the coolant; and

a bearing and a bearing housing which are pro-
vided inside the inner cylinder on a side opposite
to the motor in the axial direction, the bearing
rotatably supporting the screw shaft, and the
bearing housing storing the bearing, wherein
on the bearing side relative to a discharge port
of the compression chamber in the casing, an
intermediate-pressure chamber to which an in-
termediate-pressure coolant is supplied from
outside of the casing is provided in a high-pres-
sure space surrounded by the outer cylinder and
the intermediate cylinder of the casing and com-
municating with the discharge port,

the intermediate-pressure coolanthas atemper-
ature and a pressure that are lower than those
ofacoolantin the high-pressure space and high-
er than those of a coolant in a low-pressure
space on the motor side relative to the discharge
port in the casing, and

the intermediate-pressure chamber and the low-
pressure space communicate with each other.

The screw compressor according to claim 1, wherein
the intermediate-pressure chamber is provided at a
position that is not adjacent to the slide valves.

The screw compressor according to claim 1 or 2,
wherein

the intermediate-pressure chamber is provided at a
circumferential-direction position between the two
slide valves and on a radially outer side relative to
the slide valves.

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

in a coolant circuit circulating from the screw com-
pressor through an external condenser and an ex-
ternal evaporator to the screw compressor, the in-
termediate-pressure coolant is branched from a
coolant circuit part leading from the condenser to the
evaporator, so as to be supplied to the intermediate-
pressure chamber.

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

the bearing housing has an annular first groove
recessed in the axial direction toward the motor
side,
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the intermediate-pressure chamber and the first

groove communicate with each other via a com-

munication path,

the inner cylinder has a second groove recessed

radially outward and extending in the axial di- 5

rection so as to communicate with the low-pres-

sure space, and

the first groove and the second groove commu-

nicate with each other in the radial direction.

10
6. The screw compressor according to any one of
claims 1 to 5, wherein

two fixation legs for fixation are provided to an
outer circumferential surface of the outer cylin- 75
der, and

the intermediate-pressure chamber is provided

ata partother than a radially inner side between

the two fixation legs.

20
7. The screw compressor according to any one of
claims 1 to 6, wherein
the intermediate-pressure chambers are respective-
ly provided at symmetric positions with respect to a
center axis of the casing. 25
30
35
40
45
50
55
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