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(54) SCREW COMPRESSOR AND FREEZER

(57) A screw compressor includes: a casing having
a tubular shape; a screw rotor disposed to rotate inside
the casing; and a motor disposed inside the casing and
configured to drive the screw rotor. The casing includes,
as a part thereof, a motor frame housing the motor, and

the motor frame has a cooling hole in a high-temperature
part where a temperature locally increases during oper-
ation, the cooling hole extending parallel to a rotation axis
of the screw rotor, the cooling hole being configured to
allow refrigerant from outside to pass therethrough.
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Description

Technical Field

[0001] The present disclosure relates to a screw com-
pressor having a cooling technique for cooling a motor
inside a casing, and a refrigeration apparatus.

Background Art

[0002] A screw compressor mainly includes a screw
rotor, a low-pressure-side bearing and a high-pressure-
side bearing supporting the screw rotor, a motor config-
ured to drive the screw rotor, and a casing housing the
screw rotor, the bearings, and the motor. When the tem-
perature of a winding of a stator of the motor increases,
a tolerance to a heat-resistant temperature of a compo-
nent of the compressor is reduced, which reduces the
reliability. Thus, although the motor can be disposed at
either the low-pressure side or the high-pressure side
inside the casing, the motor is often disposed at the low-
pressure side to facilitate cooling of the motor. This is
because the motor disposed at the low-pressure side can
be cooled using low-temperature and low-pressure re-
frigerant gas suctioned into the casing.
[0003] Patent Literature 1 is an example of such a tech-
nique for cooling a motor using suctioned gas. In Patent
Literature 1, a collision part is provided inside a casing.
The flow of refrigerant collides with the collision part. The
flow of refrigerant is adjusted by allowing the refrigerant
to collide with the collision part to prevent local temper-
ature increase in a winding of the motor.

Citation List

Patent Literature

[0004] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 2018-178815

Summary of Invention

Technical Problem

[0005] In Patent Literature 1, the flow of refrigerant is
adjusted by using the collision part. However, because
the flow velocity of refrigerant flowing into the casing
changes depending on operation conditions, the refrig-
erant may not flow as intended. Thus, the local temper-
ature increase in the winding of the motor may not be
prevented. In this case, an operation range is disadvan-
tageously limited.
[0006] The present disclosure has been made in view
of the above problem, and an object thereof is to provide
a screw compressor and a refrigeration apparatus that
can prevent local temperature increase in a winding of a
motor to expand an operation range.

Solution to Problem

[0007] A screw compressor according to one embod-
iment of the present disclosure includes: a casing having
a tubular shape; a screw rotor disposed to rotate inside
the casing; and a motor disposed inside the casing and
configured to drive the screw rotor. The casing includes,
as a part thereof, a motor frame housing the motor, and
the motor frame has a cooling hole in a high-temperature
part where a temperature locally increases during oper-
ation, the cooling hole extending parallel to a rotation axis
of the screw rotor, the cooling hole being configured to
allow refrigerant from outside to pass therethrough.
[0008] A refrigeration apparatus according to another
embodiment of the present disclosure includes: a refrig-
erant circuit configured to allow refrigerant to circulate
therethrough, the refrigerant circuit including the screw
compressor described above, a condenser, a main pres-
sure reducer, and an evaporator; a first pipe branching
from a pipe between the condenser and the main pres-
sure reducer, the first pipe being connected to an inflow
port of the cooling hole of the screw compressor; and a
cooling pressure reducer provided on the first pipe and
configured to decompress the refrigerant passing
through the first pipe.

Advantageous Effects of Invention

[0009] According to one embodiment of the present
disclosure, since the motor frame has the cooling hole in
the high-temperature part, the high-pressure part can be
intensively cooled by refrigerant flowing through the cool-
ing hole from outside. Thus, it is possible to stably cool
the high-temperature part and the motor and thus prevent
local temperature increase. As a result, the operation
range can be expanded.

Brief Description of Drawings

[0010]

[Fig. 1] Fig. 1 is a schematic sectional view illustrating
an example of a screw compressor according to Em-
bodiment 1.
[Fig. 2] Fig. 2 is a schematic sectional view taken
along line A-A of Fig. 1.
[Fig. 3] Fig. 3 is a schematic plan view of a screw
rotor and a pair of gate rotors of the screw compres-
sor according to Embodiment 1.
[Fig. 4] Fig. 4 is a diagram illustrating an example of
a suction process in a compression chamber of the
screw compressor of Fig. 1.
[Fig. 5] Fig. 5 is a diagram illustrating an example of
a compression process in the compression chamber
of the screw compressor of Fig. 1.
[Fig. 6] Fig. 6 is a diagram illustrating an example of
a discharge process in the compression chamber of
the screw compressor of Fig. 1.
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[Fig. 7] Fig. 7 is a diagram illustrating the configura-
tion of a refrigeration apparatus according to Em-
bodiment 1.
[Fig. 8] Fig. 8 is a diagram illustrating changes in the
evaporating temperature and the condensing tem-
perature during one cycle of operation of the refrig-
eration apparatus.
[Fig. 9] Fig. 9 is a flow chart illustrating the flow of
control on a cooling pressure reducer of the refrig-
eration apparatus according to Embodiment 1.
[Fig. 10] Fig. 10 is a diagram illustrating the config-
uration of a refrigeration apparatus according to Em-
bodiment 2.

Description of Embodiments

[0011] Embodiments of the present disclosure will be
described hereinafter with reference to the drawings.
Identical reference signs designate identical or corre-
sponding parts throughout the drawings to appropriately
omit or simplify description. The shape, size, and ar-
rangement of components illustrated in the drawings can
be appropriately changed within the scope of the present
disclosure.

Embodiment 1.

[Screw Compressor 100]

[0012] Fig. 1 is a schematic sectional view illustrating
an example of a screw compressor according to Embod-
iment 1. Fig. 2 is a schematic sectional view taken along
line A-A of Fig. 1. Fig. 3 is a schematic plan view of a
screw rotor and a pair of gate rotors of the screw com-
pressor according to Embodiment 1.
[0013] As illustrated in Figs. 1 and 2, a screw compres-
sor 100 of Embodiment 1 includes a casing 2 having a
tubular shape, a screw rotor 3 housed inside the casing
2, and a motor 4 configured to drive the screw rotor 3 to
rotate the screw rotor 3.
[0014] The motor 4 includes a stator 4a fixed to the
inside of the casing 2, and a motor rotor 4b disposed
inside the stator 4a.
[0015] The motor 4 may be a constant-speed motor
having a constant rotation speed or may be an inverter
variable-speed motor whose rotation speed can be
changed to adjust an operation capacity. In the present
specification, the motor 4 is the variable-speed motor.
The change of the rotation speed is controlled by a con-
troller 109 (refer to Fig. 7 described later).
[0016] The screw rotor 3 and the motor rotor 4b are
coaxially disposed and fixed to a rotation shaft 5. The
screw rotor 3 is coupled to the motor rotor 4b fixed to the
rotation shaft 5 and driven to rotate.
[0017] Both ends of the rotation shaft 5 are supported
by a main bearing 11 and a sub bearing 13 so that the
rotation shaft 5 can rotate. The main bearing 11 is dis-
posed inside a main bearing housing (not illustrated). The

main bearing housing is provided on an end of the rotation
shaft 5 at a discharge side (the left side in Fig. 1) of the
screw rotor 3. The sub bearing 13 is provided on an end
of the rotation shaft 5 at a suction side (the right side in
Fig. 1) of the screw rotor 3.
[0018] The screw rotor 3 has a cylindrical shape. The
screw rotor 3 has an outer peripheral face having a plu-
rality of screw grooves 3a formed in a helical shape. As
illustrated in Fig. 3, a space of the plurality of screw
grooves 3a surrounded by an inner peripheral face of the
casing 2 and a pair of gate rotors 6 engaged with the
plurality of screw grooves 3a serves as a compression
chamber 29. The gate rotors 6 rotate in response to ro-
tation of the screw rotor 3.
[0019] The casing 2 includes a main casing 2a and a
suction casing 2b. The screw rotor 3 and the motor 4 are
housed inside the main casing 2a. The suction casing 2b
has a suction port (not illustrated) through which refrig-
erant is suctioned from a refrigerant circuit located out-
side. Hereinbelow, refrigerant suctioned into the casing
2 through the suction port is referred to as the suction
refrigerant.
[0020] A space inside the casing 2 is partitioned by a
partition wall (not illustrated) into a high-pressure space
(not illustrated) having a discharge pressure and a low-
pressure space (not illustrated) having a suction pres-
sure. In the high-pressure space, the casing 2 has a dis-
charge port 8 (refer to Fig. 3) open to a discharge cham-
ber (not illustrated). Hereinbelow, a part of the main cas-
ing 2a with the stator 4a of the motor 4 fixed thereto is
referred to as a motor frame 2c.
[0021] As illustrated in Figs. 1 and 2, the motor frame
2c has holding parts 21 configured to hold the stator 4a.
Each of the holding parts 21 projects to the stator 4a from
an inner peripheral face of the motor frame 2c to be in
contact with an outer peripheral face of the motor 4 to
hold the stator 4a. As illustrated in Fig. 2, the holding
parts 21 are spaced in the circumferential direction. The
space between the holding parts 21 serves as a passage
for refrigerant suctioned into the casing 2 to pass.
[0022] The casing 2 has a high-temperature part 24
where the temperature locally increases during operation
due to, for example, heat generation of a winding 4c of
the motor 4 and lubricating oil that flows into the casing
2 together with the refrigerant and accumulates on the
bottom of the main casing 2a. Of the holding parts 21,
the holding part 21 located in the high-temperature part
24 has a cooling hole 22 configured to allow the refrig-
erant from the refrigerant circuit located outside to pass
therethrough. Hereinbelow, the refrigerant flowing into
the cooling hole 22 is referred to as the cooling refriger-
ant.
[0023] In this example, the high-temperature part 24
is located below the rotation shaft 5. Thus, the cooling
hole 22 is also provided below the rotation shaft 5. In this
example, two cooling holes 22 are provided. However,
the number of cooling holes 22 may be any number and
may be one or three or more. The position of the high-
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temperature part 24 on the motor frame 2c varies de-
pending on, for example, the shape of the passage for
the refrigerant inside the casing 2. It is only required that
the holding part 21 located in the high-temperature part
24 have the cooling hole 22.
[0024] The cooling hole 22 of the motor frame 2c ex-
tends parallel to the axis of the rotation shaft 5. The cool-
ing hole 22 is open, at both ends thereof, on the side face
of the main casing 2a. One opening of the cooling hole
22 serves as an inflow port 22a through which the cooling
refrigerant flows into the cooling hole 22, whereas the
other opening serves as an outflow port 22b through
which the cooling refrigerant flows out of the cooling hole
22. A first pipe 104 communicating with the refrigerant
circuit is connected to the inflow port 22a. One end of a
second pipe 106 is connected to the outflow port 22b.
The other end of the second pipe 106 is connected to an
opening of an injection hole 23 provided in the main cas-
ing 2a, the opening being located on the outer face of
the casing 2. An opening of the injection hole 23, the
opening being located on the inner face of the casing 2,
communicates with the compression chamber 29.

[Compressing Operation]

[0025] Next, operation of the screw compressor 100
according to Embodiment 1 will be described.
[0026] Fig. 4 is a diagram illustrating an example of a
suction process in the compression chamber of the screw
compressor of Fig. 1. Fig. 5 is a diagram illustrating an
example of a compression process in the compression
chamber of the screw compressor of Fig. 1. Fig. 6 is a
diagram illustrating an example of a discharge process
in the compression chamber of the screw compressor of
Fig. 1.
[0027] As illustrated in Figs. 4 to 6, the screw rotor 3
rotated by the motor 4 relatively moves teeth 6a of the
gate rotors 6 inside the screw grooves 3a. Accordingly,
inside the screw grooves 3a, a cycle including a suction
process, a compression process, and a discharge proc-
ess is repeated. A portion surrounded by a dotted line in
Figs. 4 to 6 shows the casing 2. The screw groove 3a
surrounded by the casing 2 serves as the compression
chamber 29. Hereinbelow, each process will be de-
scribed focusing on the compression chamber 29
hatched with dots in Figs. 4 to 6.
[0028] Suction refrigerant suctioned through a suction
port (not illustrated) of the casing 2 passes through an
area around the motor 4 (refer to Fig. 1) and then flows
into the screw groove 3a in the suction process. Fig. 4
illustrates the compression chamber 29 immediately af-
ter completion of the suction process, that is, at start of
compression. Then, when the screw rotor 3 rotates in the
direction shown by a solid arrow, the capacity of the com-
pression chamber 29 decreases as illustrated in Fig. 5.
[0029] When the screw rotor 3 further rotates, as illus-
trated in Fig. 6, the compression chamber 29 communi-
cates with the discharge port 8. Accordingly, high-pres-

sure refrigerant gas compressed inside the compression
chamber 29 is discharged to outside through the dis-
charge port 8.

[Cooling Operation]

[0030] Next, a cooling operation in the screw compres-
sor 100 will be described.
[0031] The cooling refrigerant from the refrigerant cir-
cuit passes through the cooling hole 22. More specifical-
ly, the cooling refrigerant from the first pipe 104 flows into
the cooling hole 22 through the inflow port 22a and then
flows out of the cooling hole 22 through the outflow port
22b. Since the motor frame 2c has the cooling hole 22
in the high-temperature part 24, the cooling refrigerant
flowing through the cooling hole 22 can intensively cool
the high-temperature part 24. The local temperature in-
crease in the motor 4 can be prevented by intensively
cooling the high-temperature part 24. More specifically,
the high-temperature part 24 of the motor frame 2c has
a higher temperature than the other part under the influ-
ence of local temperature increase in the winding 4c of
the motor 4. Thus, the local temperature increase in the
winding 4c of the motor 4 can also be prevented by low-
ering the temperature of the high-temperature part 24.
Since, in the holding part 21, the cooling hole 22 extends
parallel to the axis of the rotation shaft 5, the motor 4 can
be wholly cooled in the axial direction.
[0032] When the rotation speed of the motor 4 as an
operation condition changes from a low rotation speed
to a high rotation speed, the cooling refrigerant constantly
flows through the cooling hole 22 provided in the high-
temperature part 24. That is, the high-temperature part
24 can be intensively cooled regardless of the rotation
speed of the motor 4. Thus, the high-temperature part
24 can be stably cooled as compared to the conventional
technique that adjusts the flow of refrigerant using the
collision part to prevent the local temperature increase
in the winding of the motor. This eliminates the necessity
of limiting an operation range to make the temperature
of the winding 4c of the motor 4 equal to or lower than a
heat-resistant temperature, which enables expansion of
the operation range. In addition, it is possible to prevent
reduction in a motor efficiency caused by the temperature
increase in the motor 4 and also reduce the size of the
motor 4.
[0033] The cooling refrigerant passes through the cool-
ing hole 22, then flows out of the casing 2 through the
outflow port 22b once, then passes through the second
pipe 106, then flows into the casing 2 again, and flows
into the compression chamber 29. That is, the cooling
refrigerant flows into not the screw groove 3a before com-
pletion of suction, but the compression chamber 29 after
completion of the suction of gas refrigerant. Thus, it is
possible to prevent disadvantageous reduction in per-
formance caused by reduction in the refrigerant circula-
tion amount due to the cooling refrigerant interfering with
the suction of the suction refrigerant into the compression
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chamber 29. In the present embodiment, the cooling re-
frigerant flows out of the casing 2 once through the out-
flow port 22b, then returns into the casing 2, and then
flows into the compression chamber 29. However, the
cooling refrigerant may flow into the compression cham-
ber 29 through the inside of the casing 2. That is, it is
only required that a passage configured to allow the cool-
ing refrigerant flowing out of the cooling hole 22 through
the outflow port 22b to flow into the compression chamber
29 be provided.
[0034] The cooling refrigerant may be gas refrigerant,
two-phase refrigerant, or liquid refrigerant. In view of pre-
venting reduction in operation capacity caused by reduc-
tion in the refrigerant circulation amount, the cooling re-
frigerant is preferably gas refrigerant or two-phase refrig-
erant. However, when the cooling refrigerant is liquid re-
frigerant, the cooling effect is high. Thus, the phase of
the cooling refrigerant may be appropriately selected tak-
ing into consideration a balance between the cooling ef-
fect and the operation capacity.

[Refrigerant Circuit]

[0035] Next, a refrigeration apparatus including the
screw compressor 100 configured as described above
will be described.
[0036] Fig. 7 is a diagram illustrating the configuration
of the refrigeration apparatus according to Embodiment
1. A refrigeration apparatus 110 includes a refrigerant
circuit configured to allow refrigerant to circulate there-
through. The refrigerant circuit includes the screw com-
pressor 100 described above, a condenser 101, a main
pressure reducer 102, and an evaporator 103 connected
in this order through refrigerant pipes. The refrigeration
apparatus 110 further includes the first pipe 104, a cool-
ing pressure reducer 105, and the second pipe 106. The
first pipe 104 branches from the pipe between the con-
denser 101 and the main pressure reducer 102 and is
connected to the inflow port 22a of the casing 2 of the
screw compressor 100. Since the second pipe 106 is
described above, redundant description will be omitted.
[0037] The condenser 101 cools and condenses re-
frigerant gas discharged from the screw compressor 100.
The main pressure reducer 102 expands the refrigerant
liquid flowing out of the condenser 101 by throttling. Ex-
amples of the pressure reducer include an electronic ex-
pansion valve, a capillary tube, and a thermal expansion
valve. The evaporator 103 evaporates the refrigerant
flowing out of the main pressure reducer 102. The cooling
pressure reducer 105 adjusts the flow rate of the refrig-
erant passing through the first pipe 104. Examples of the
cooling pressure reducer 105 include an electronic ex-
pansion valve and a thermal expansion valve.
[0038] A discharge temperature sensor 107 is provid-
ed at the discharge side of the screw compressor 100.
The discharge temperature sensor 107 measures the
temperature of the refrigerant discharged from the screw
compressor 100 (hereinbelow, referred to as the dis-

charge temperature). The information on the discharge
temperature measured by the discharge temperature
sensor 107 is output to the controller 109, which is de-
scribed later. Further, the screw compressor 100 is pro-
vided with a motor frame temperature sensor 108. The
motor frame temperature sensor 108 measures the tem-
perature of the motor frame 2c (hereinbelow, referred to
as the motor frame temperature) where the motor 4 is
attached. The information on the motor frame tempera-
ture measured by the motor frame temperature sensor
108 is output to the controller 109.
[0039] The refrigeration apparatus 110 further includes
the controller 109. The controller 109 controls the entire
refrigeration apparatus 110. The controller 109 controls
the opening degree of the cooling pressure reducer 105
based on values measured by the discharge temperature
sensor 107 and the motor frame temperature sensor 108.
The controller 109 may be hardware such as a circuit
device that implements the functions thereof or may be
a combination of an arithmetic device such as a micro-
computer or a CPU and software executed thereon.
[0040] The refrigerant circulating through the refriger-
ant circuit is not limited to any particular refrigerant. For
example, refrigerant having a low GWP is preferably
used taking environmental impacts into consideration.
Examples of the refrigerant having a low GWP include
R32, R513A, HFO-1234yf, HFO-1234ze, and mixed re-
frigerant containing at least one of these refrigerants. The
refrigerant used in the screw compressor 100 may be
natural refrigerant such as carbon dioxide.

[Description for Operation in Refrigerant Circuit]

[0041] The high-temperature and high-pressure refrig-
erant compressed by the screw compressor 100 rejects
heat while being condensed by the condenser 101. The
refrigerant condensed by the condenser 101 branches
into main-flow refrigerant and cooling refrigerant after
passing through the condenser 101. The main-flow re-
frigerant is decompressed and thus expanded by the
main pressure reducer 102. The refrigerant expanded by
the main pressure reducer 102 receives heat while evap-
orating in the evaporator 103. The refrigerant evaporated
by the evaporator 103 is suctioned into the screw com-
pressor 100 and compressed again. In this manner, one
cycle is finished.
[0042] On the other hand, the cooling refrigerant flows
into the first pipe 104 when the cooling pressure reducer
105 is open, is decompressed by the cooling pressure
reducer 105, and then flows into the inflow port 22a of
the screw compressor 100. The cooling refrigerant flow-
ing into the inflow port 22a cools the high-temperature
part 24 while passing through the cooling hole 22, then
passes through the second pipe 106, and is then injected
into the compression chamber 29 as described above.
[0043] Fig. 8 is a diagram illustrating changes in the
evaporating temperature and the condensing tempera-
ture during one cycle of operation of the refrigeration ap-
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paratus. In Fig. 8, a portion surrounded by a dotted line
corresponds to an operation condition having a high dis-
charge temperature. As illustrated in Fig. 8, the discharge
temperature is likely to excessively increase under the
condition where the condensing temperature is high in
the operation range. Thus, the refrigerant is injected into
the compression chamber 29 to hold down the increase
in the discharge temperature. The amount of the refrig-
erant is controlled in the cooling pressure reducer 105.
Hereinbelow, the control on the cooling pressure reducer
105 will be described.
[0044] Fig. 9 is a flow chart illustrating the flow of control
on the cooling pressure reducer of the refrigeration ap-
paratus.
[0045] The controller 109 determines whether the dis-
charge temperature measured by the discharge temper-
ature sensor 107 is higher than a set temperature previ-
ously set for the discharge temperature or whether the
motor frame temperature measured by the motor frame
temperature sensor 108 is higher than a set temperature
previously set for the motor frame temperature (step S1).
When the discharge temperature or the motor frame tem-
perature is higher than its corresponding set tempera-
ture, the controller 109 controls the cooling pressure re-
ducer 105 based on the temperature that exceeds the
set temperature first to adjust the flow rate of the refrig-
erant passing through the cooling hole 22 (step S2 to
step S5).
[0046] Specifically, when the discharge temperature is
higher than the set temperature (step S2), the controller
109 controls the cooling pressure reducer 105 to lower
the discharge temperature (step S3). More specifically,
the controller 109 increases the opening degree of the
cooling pressure reducer 105. On the other hand, when
the motor frame temperature is higher than the set tem-
perature (step S4), the controller 109 controls the cooling
pressure reducer 105 to lower the motor frame temper-
ature (step S5). More specifically, the controller 109 in-
creases the opening degree of the cooling pressure re-
ducer 105.
[0047] When the discharge temperature measured by
the discharge temperature sensor 107 is equal to or lower
than its corresponding set temperature and the motor
frame temperature is equal to or lower than its corre-
sponding set temperature, it is not necessary to cool the
motor 4. Thus, the controller 109 makes the opening de-
gree of the cooling pressure reducer 105 zero (step S6).
[0048] The present embodiment describes an example
in which the cooling pressure reducer 105 is controlled
based on the discharge temperature. However, the cool-
ing pressure reducer 105 may be controlled using a dis-
charge superheat degree calculated by subtracting the
condensing temperature from the discharge tempera-
ture. That is, the cooling pressure reducer 105 may be
controlled based on an index value corresponding to the
state of the refrigerant discharged from the screw com-
pressor 100. Specifically, when the index value is higher
than a set index value, the cooling pressure reducer 105

may be controlled to lower the discharge temperature.
When the cooling pressure reducer 105 is controlled us-
ing the discharge superheat degree, cost is cheaper
when a thermal expansion valve is used as the cooling
pressure reducer 105 than when an electronic expansion
valve is used because of the following reason. A thermal
expansion valve is a mechanical valve whose opening
degree is mechanically adjusted depending on a value
measured in a temperature-sensitive cylinder (not illus-
trated). Thus, the number of components of a thermal
expansion valve is smaller than that of an electronic ex-
pansion valve, which requires a control board.

[Effects]

[0049] The screw compressor 100 of Embodiment 1
includes the casing 2 having a tubular shape, the screw
rotor 3 disposed to rotate inside the casing 2, and the
motor 4 disposed inside the casing 2 and configured to
drive the screw rotor 3. The casing 2 includes, as a part
thereof, the motor frame 2c housing the motor 4. The
motor frame 2c has the cooling hole 22 in the high-tem-
perature part 24 where the temperature locally increases
during operation. The cooling hole 22 extends parallel to
the rotation axis of the screw rotor 3 and allows refrigerant
from outside to pass therethrough. In this manner, since
the motor frame 2c has the cooling hole 22 in the high-
temperature part 24, the high-temperature part 24 can
be intensively cooled by the cooling refrigerant flowing
through the cooling hole 22 from outside. Thus, it is pos-
sible to stably cool the high-temperature part 24 and the
motor 4 and thus prevent local temperature increase. As
a result, the operation range can be expanded.
[0050] In the screw compressor 100 of Embodiment 1,
the motor frame 2c has the holding part 21 projecting
inward from the inner peripheral face of the motor frame
2c. The holding part 21 is in contact with the outer pe-
ripheral face of the motor 4 to hold the motor 4. The hold-
ing part 21 has the cooling hole 22. Since the holding
part 21 kept in contact with the motor 4 has the cooling
hole 22 in this manner, the motor 4 can be efficiently
cooled.
[0051] The motor frame 2c has a plurality of cooling
holes 22. This makes it possible to more efficiently cool
the motor 4.
[0052] The refrigeration apparatus 110 of Embodiment
1 includes the screw compressor 100 described above,
the condenser 101, the main pressure reducer 102, and
the evaporator 103. The refrigeration apparatus 110 fur-
ther includes the refrigerant circuit configured to allow
refrigerant to circulate therethrough, the first pipe 104
branching from the pipe between the condenser 101 and
the main pressure reducer 102, the first pipe 104 being
connected to the inflow port 22a of the cooling hole 22
of the screw compressor 100, and the cooling pressure
reducer 105 provided on the first pipe 104 and configured
to decompress the refrigerant passing through the first
pipe 104. The screw compressor 100 described above

9 10 



EP 4 112 940 A1

7

5

10

15

20

25

30

35

40

45

50

55

enables the refrigeration apparatus to expand the oper-
ation range.
[0053] The refrigeration apparatus 110 of Embodiment
1 includes the controller 109 configured to control the
cooling pressure reducer 105. The controller 109 is con-
figured to control the cooling pressure reducer 105 based
on the index value related to the state of refrigerant dis-
charged from the screw compressor 100 or based on the
motor frame temperature that is the temperature of the
motor frame 2c. Accordingly, it is possible to adjust the
flow rate of the cooling refrigerant flowing into the cooling
hole 22 and thus appropriately cool the motor 4.
[0054] The controller 109 is configured to control the
cooling pressure reducer 105 to lower the discharge tem-
perature that is the temperature of refrigerant discharged
from the screw compressor 100 when the index value is
higher than the set index value previously set, and control
the cooling pressure reducer 105 to lower the motor
frame temperature when the motor frame temperature is
higher than the set temperature previously set. Accord-
ingly, it is possible to adjust the flow rate of the cooling
refrigerant flowing into the cooling hole 22 and thus ap-
propriately cool the motor 4.
[0055] The index value is the discharge temperature
that is the temperature of refrigerant discharged from the
screw compressor 100 or the discharge superheat de-
gree calculated by subtracting the condensing tempera-
ture from the discharge temperature. In this manner, the
index value may be the discharge temperature or the
discharge superheat degree.
[0056] The refrigeration apparatus 110 of Embodiment
1 includes the passage configured to allow refrigerant
flowing out of the cooling hole 22 through the outflow port
22b of the cooling hole 22 to flow into the compression
chamber 29. This prevents disadvantageous reduction
in performance caused by reduction in the refrigerant cir-
culation amount due to the cooling refrigerant interfering
with the suction of the suction refrigerant into the com-
pression chamber 29.

Embodiment 2.

[0057] Next, Embodiment 2 will be described. In Em-
bodiment 1, the refrigerant flows into the compression
chamber 29 after passing through the cooling hole 22.
On the other hand, in Embodiment 2, the refrigerant cools
an inverter of the controller 109 after passing through the
cooling hole 22 and then flows into the compression
chamber 29. Hereinbelow, differences between Embod-
iment 1 and Embodiment 2 will be mainly described. A
part that is not described in Embodiment 2 is similar to
that in Embodiment 1.
[0058] Fig. 10 is a diagram illustrating the configuration
of a refrigeration apparatus according to Embodiment 2.
[0059] A refrigeration apparatus 110 of Embodiment 2
includes a cooler 121 configured to cool the controller
109 in addition to the elements of the refrigeration appa-
ratus 110 of Embodiment 1 illustrated in Fig. 7. The cooler

121 includes a refrigerant pipe (not illustrated) configured
to allow refrigerant to pass therethrough. The cooler 121
is disposed in contact with the controller 109.
[0060] The controller 109 includes an inverter (not il-
lustrated). An inverter component that is an electronic
component of the inverter generates heat. The cooler
121 is used to cool the heat. The refrigerant flows through
the cooler 121 after cooling the motor 4 and passing
through the cooling hole 22, and the heat transmitted
from the inverter component to the cooler 121 is trans-
ferred to the refrigerant. In this manner, the controller 109
can be cooled.
[0061] According to Embodiment 2, in addition to an
effect similar to the effect obtained in Embodiment 1, the
following effect can be obtained. Embodiment 2 includes
the cooler 121 disposed in contact with the controller 109,
and the refrigerant passes through the cooler 121 after
passing through the cooling hole 22. Thus, the inverter
component of the controller 109 can be cooled. This re-
duces the capacity of the inverter component having a
high heat generation amount such as an IGBT or a power
module. Thus, it is possible to reduce the size of the in-
verter component and reduce cost.
[0062] The configuration of the refrigerant circuit is not
limited to the configuration illustrated in Fig. 10. A thermal
efficiency mechanism may be further provided in addition
to the configuration illustrated in Fig. 10. The thermal
efficiency mechanism is, for example, an intermediate
cooler configured to exchange heat between refrigerant
flowing between the condenser 101 and the cooling pres-
sure reducer 105 and refrigerant flowing between the
cooling pressure reducer 105 and the inflow port 22a.
Reference Signs List
[0063] 2: casing, 2a: main casing, 2b: suction casing,
2c: motor frame, 3: screw rotor, 3a: screw groove, 4: mo-
tor, 4a: stator, 4b: motor rotor, 4c: winding, 5: rotation
shaft, 6: gate rotor, 6a: tooth, 8: discharge port, 11: main
bearing, 13: sub bearing, 21: holding part, 22: cooling
hole, 22a: inflow port, 22b: outflow port, 23: injection hole,
24: high-temperature part, 29: compression chamber,
100: screw compressor, 101: condenser, 102: main pres-
sure reducer, 103: evaporator, 104: first pipe, 105: cool-
ing pressure reducer, 106: second pipe, 107: discharge
temperature sensor, 108: motor frame temperature sen-
sor, 109: controller, 110: refrigeration apparatus, 121:
cooler

Claims

1. A screw compressor comprising:

a casing having a tubular shape;
a screw rotor disposed to rotate inside the cas-
ing; and
a motor disposed inside the casing and config-
ured to drive the screw rotor, wherein
the casing includes, as a part thereof, a motor
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frame housing the motor, and the motor frame
has a cooling hole in a high-temperature part
where a temperature locally increases during
operation, the cooling hole extending parallel to
a rotation axis of the screw rotor, the cooling
hole being configured to allow refrigerant from
outside to pass therethrough.

2. The screw compressor of claim 1, wherein the motor
frame has a holding part projecting inward from an
inner peripheral face of the motor frame, the holding
part being in contact with an outer peripheral face of
the motor to hold the motor, and the holding part has
the cooling hole.

3. The screw compressor of claim 1 or 2, wherein the
motor frame has a plurality of the cooling holes.

4. A refrigeration apparatus comprising:

a refrigerant circuit configured to allow refriger-
ant to circulate therethrough, the refrigerant cir-
cuit including the screw compressor of any one
of claims 1 to 3, a condenser, a main pressure
reducer, and an evaporator;
a first pipe branching from a pipe between the
condenser and the main pressure reducer, the
first pipe being connected to an inflow port of
the cooling hole of the screw compressor; and
a cooling pressure reducer provided on the first
pipe and configured to decompress the refriger-
ant passing through the first pipe.

5. The refrigeration apparatus of claim 4, further com-
prising a controller configured to control the cooling
pressure reducer, wherein
the controller is configured to control the cooling
pressure reducer based on an index value related
to a state of refrigerant discharged from the screw
compressor or based on a motor frame temperature
that is a temperature of the motor frame.

6. The refrigeration apparatus of claim 5, wherein

the controller is configured to
control the cooling pressure reducer to lower a
discharge temperature that is a temperature of
refrigerant discharged from the screw compres-
sor when the index value is higher than a set
index value previously set, and
control the cooling pressure reducer to lower the
motor frame temperature when the motor frame
temperature is higher than a set temperature
previously set.

7. The refrigeration apparatus of claim 5 or 6, wherein
the index value is a discharge temperature that is a
temperature of refrigerant discharged from the screw

compressor or a discharge superheat degree calcu-
lated by subtracting a condensing temperature from
the discharge temperature.

8. The refrigeration apparatus of any one of claims 5
to 7, further comprising a passage configured to al-
low refrigerant flowing out of the cooling hole through
an outflow port of the cooling hole to flow into a re-
frigerant compression chamber provided in the
screw compressor.

9. The refrigeration apparatus of any one of claims 5
to 8, further comprising a cooler disposed in contact
with the controller, wherein refrigerant passes
through the cooler after passing through the cooling
hole of the screw compressor.
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