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(54) REFRIGERATOR

(57) A refrigerator capable of preventing or substan-
tially preventing occurrence of surging is provided. A
refrigerator runs a refrigeration cycle and includes: a
compressor configured to compress a refrigerant; a con-
denser configured to condense the compressed refrig-
erant; an expansion valve configured to expand the
condensed refrigerant; an evaporator configured to eva-
porate the expanded refrigerant; a suction pipe config-
ured to connect the evaporator and the compressor; a
motor configured to drive the compressor; a first pipe
configured to supply the refrigerant discharged from the
condenser to a target part; a second pipe configured to
supply the refrigerant having cooled down the target part
to the suction pipe, the suction pipe serving as a first
position; and a third pipe configured to supply the refrig-
erant having cooled down the target part to a second
position, the second position being different from the first
position and located inside the refrigerator.
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Description

Technical Field

[0001] The present disclosure relates to a refrigerator.

Related Art

[0002] A refrigerator includes a compressor, a conden-
ser, an expansion valve, and an evaporator. The com-
pressor here may be, in some cases, a turbo compressor.
The turbo compressor here may include a rotary shaft.
One end of the rotary shaft is provided with an impeller,
and the other end of the rotary shaft is located in a motor
chamber (see, for example, patent document 1). In the
turbo compressor described in patent document 1, a low-
temperature, low-pressure gas that is yet to be pressur-
ized is introduced into the motor chamber.

Citation List

Patent Documents

[0003] Patent Document 1: Unexamined Japanese
Patent Application No. H11‑13697

Summary of the Invention

Problem to be Solved by the Invention

[0004] A compressor has various limitations or con-
straints; the compressor can operate only within a certain
range that is determined based on these limitations. In
the event these limitations or constraints are not satisfied,
the operation of the refrigerator becomes unstable. The
present disclosure therefore aims to provide a refrigera-
tor that can expand the range in which the compressor
can operate.

Means for Solving the Problem

[0005] According to one example of the present dis-
closure, a refrigerator runs a refrigeration cycle and in-
cludes: a compressor configured to compress a refriger-
ant; a condenser configured to condense the com-
pressed refrigerant; an expansion valve configured to
expand the condensed refrigerant; an evaporator con-
figured to evaporate the expanded refrigerant; a suction
pipe configured to connect the evaporator and the com-
pressor; a motor configured to drive the compressor; a
first pipe configured to supply the refrigerant discharged
from the condenser to a target part; a second pipe con-
figured to supply the refrigerant having cooled down the
target part to the suction pipe, the suction pipe serving as
a first position; and a third pipe configured to supply the
refrigerant having cooled down the target part to a second
position, the second position being different from the first
position and located inside the refrigerator.

[0006] The refrigerator of this example may supply the
refrigerant having cooled down the target part to the
suction pipe that serves as the first position, or to the
second position. The refrigerator may also supply the
refrigerant having cooled down the target part to both the
first position and the second position. With this refrigera-
tor, the range in which the compressor can operate can
be expanded by choosing where the refrigerant having
cooled down the target part is supplied to.
[0007] With the refrigerator according to one example
of the present disclosure, the compressor may be a turbo
compressor. The refrigerator according to one example
may thus choose where the refrigerant having cooled
down the target part is supplied to, thereby changing the
refrigerator’soperating status and preventing or substan-
tially preventing occurrence of surging.
[0008] With the refrigerator according to one example
of the present disclosure, the target part may be a motor,
a bearing that supports a rotary shaft of the compressor,
or a controller for the motor.
[0009] The refrigerator of this example may cool down
the motor, thereby preventing or substantially preventing
the motor from producing heat. The refrigerator of this
example may also cool down the bearing, thereby pre-
venting or substantially preventing the bearing from burn-
ing out. The refrigerator of this example may furthermore
cool down the controller, thereby preventing or substan-
tially preventing the controller from malfunctioning.
[0010] With the refrigerator according to one example
of the present disclosure, the evaporator may serve as
the second position. The refrigerator of this example can
bring back the refrigerant having cooled down the target
part to the evaporator, so that the degree of superheat of
the refrigerant gas that is supplied to the compressor can
be made relatively low.
[0011] With the refrigerator according to one example
of the present disclosure, the target part may be the
motor, and the first pipe may be connected to a flow path
that communicates with the inside of the casing of the
motor. The refrigerator of this example may supply the
refrigerant into the casing of the motor, thereby cooling
down the motor directly. The refrigerator of this example
may cool down the motor, thereby alleviating the motor’s
temperature-related limitations or constraints. The mo-
tor’s temperature-related limitations or constraints may
include, for example, temperature conditions for the mo-
tor’s windings or magnets. The range in which the com-
pressor can operate can be expanded by cooling down
the motor’s windings or magnets.
[0012] With the refrigerator according to one example
of the present disclosure, the target part may be a bearing
that supports the rotary shaft of the compressor, and the
bearing may be an oil-less bearing. The refrigerator of
this example may use a refrigerant as a gas to be supplied
to the oil-less bearing. Consequently, the refrigerator of
this example can alleviate the bearing’s temperature-
related limitations or constraints by cooling down the
oil-less bearing. By this means, the range in which the
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compressor can operate can be expanded. The refrig-
erator of this example may employ an oil-less bearing,
and therefore need not to use a bearing that uses a highly
viscous fluid such as oil as a working fluid. By using an oil-
less bearing, the bearing loss can be reduced even when
the bearing rotates fast. Consequently, the limitations or
constraints on the number of rotations of the bearing per
unit time can be alleviated, so that the range in which the
compressor can operate can be expanded.
[0013] With the refrigerator according to one example
of the present disclosure, the evaporator may be an air-
heat exchanger that transfers heat between the refrig-
erator and the air. The refrigerator of this example may
exchange heat between the refrigerator and the air,
thereby cooling down the air. An air-heat exchanger is
likely to be affected by the outside air temperature, and so
its temperature changes more significantly than that of a
water-heat exchanger does. It then follows that the oper-
ating status of a compressor, which is provided down-
stream of the air-heat exchanger, is also likely to change
often, and a refrigerator with an air-heat exchanger is
required to have a wider range of operation than that of a
refrigerator with a water-heat exchanger. The refrigerator
of this example can expand its range of operation and
therefore is suitable for use when the refrigerator has an
air-heat exchanger that is likely to change its status of
operation often.
[0014] A refrigerator according to one example of the
present disclosure may include a first control valve pro-
vided in a second pipe, a second control valve provided in
a third pipe, and a control part configured to control the
first control valve and the second control valve. With this
refrigerator according to one example, the control part
may control the opening and closing operations of the first
control valve and the second control valve, so that where
the refrigerant having cooled down the target part is
supplied to can be switched.
[0015] With the refrigerator according to one example
of the present disclosure, the control part can execute a
first operating mode in which the first control valve is open
and the second control valve is closed, and execute a
second operating mode in which the first control valve is
closed and the second control valve is open.
[0016] The refrigerator according to this example can
bring back the refrigerant having cooled down the target
part to the suction pipe of the compressor by choosing the
first operating mode. By this means, the degree of super-
heat of the refrigerant gas that is supplied to the com-
pressor can be made relatively high. Also, the refrigerator
of this example can bring back the refrigerant having
cooled down the target part to the second position by
choosing the second operating mode. The refrigerator
according to this example may choose between the first
operating mode and the second operating mode, thereby
changing the degree of superheat of the refrigerant gas
that is supplied to the compressor, and expanding the
range in which the compressor can operate.
[0017] In the first operating mode, in which the refrig-

erant having cooled down the target part is brought back
to the compressor’s suction pipe, the compressing force
required of the compressor increases as the degree of
superheat of the refrigerant increases. Consequently,
limitations or constraints related to the motor’s outputs
arise at operating points where the compressor is re-
quired to exert large force. In order to avoid having such
limitations or constraints on the motor’s outputs, the
operating mode can be switched from the first operating
mode to the second operating mode, thereby enabling
the compressor to continue operating. Consequently, the
range in which the compressor can operate can be ex-
panded.
[0018] In the second operating mode, in which the
refrigerant is brought back to the evaporator after cooling
the target part, the refrigeration capacity decreases. In
this second operating mode, a higher suction volumetric
flow rate is required to ensure sufficient refrigeration
capacity. Therefore, at operating points where high re-
frigeration capacity is required, limitations or constraints
surface with regard to the number of rotations of the
compressor per unit time. To avoid having such limita-
tions or constraints on the number of rotations of the
compressor per unit time, the second operating mode
may be switched to the first operating mode, so that it is
possible to ensure sufficient refrigeration capacity while
maintaining the number of rotations of the compressor
per unit time. With this example, it is possible to switch the
first operating mode to the second operating mode or
switch the second operating mode to the first operating
mode, depending on the operating status of the com-
pressor, thereby expanding the range in which the com-
pressor can operate.
[0019] The refrigerator according to one example of
the present disclosure may include a control part config-
ured to control the flow rate of the refrigerant in the third
pipe based on a surge line that indicates the boundary of
the range in which the compressor has a surge. The
refrigerator of this example can prevent or substantially
prevent occurrence of surging in the compressor by
controlling the flow rate of the refrigerant in the third pipe
based on the surge line.
[0020] With the refrigerator according to one example
of the present disclosure, the control part may be con-
figured to control the flow rate of the refrigerant in the third
pipe based on an operational range boundary, which
marks the range of operation on the side, relative to
the surge line, where the flow rate of the refrigerant is
large, and which takes into account a margin with respect
to the surge line. The refrigerator of this example may
thus control the flow rate of the refrigerant in the third pipe
based on an operational range boundary that takes into
account a margin with respect to a surge line, thereby
reliably preventing or substantially preventing the com-
pressor from having a surge.
[0021] With the refrigerator according to one example
of the present disclosure, the evaporator may be the
second position, and the control part may be configured
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to predict an operating point of the compressor at a
second point in time, which is a predetermined period
of time after the current first point in time, and increase the
flow rate of the refrigerant in the third pipe when the
predicted operating point is in a range that is closer to
the surge line than to the operational range boundary or is
in the range in which surging occurs. The refrigerator of
this example can thus predict the operating point of the
compressor at a second point in time, which comes later
in time than the current point in time, and predict occur-
rence of surging. The refrigerator of this example may be
configured to increase the flow rate of the refrigerant in
the third pipe in the event the compressor is likely to have
a surge, thereby preventing or substantially preventing
the compressor from having a surge.

Brief Description of the Drawings

[0022]

[FIG. 1] FIG. 1 is a schematic diagram that shows a
refrigerator according to one embodiment;
[FIG. 2] FIG. 2 is a block diagram that shows a control
part of the refrigerator;
[FIG. 3] FIG. 3 is a functional block diagram that
shows the control part of the refrigerator;
[FIG. 4] FIG. 4 is a Mollier diagram of the refrigera-
tor’s refrigeration cycle;
[FIG. 5] FIG. 5 is a graph that shows a compressor’s
performance curve;
[FIG. 6] FIG. 6 is a graph that shows the relationship
between volumetric flow rate and adiabatic efficiency
in the compressor.
[FIG. 7] FIG. 7 is a flowchart that shows an example
control flow in the refrigerator.

Detailed Description of Preferred Embodiments

[0023] A non-limiting embodiment of the present dis-
closure will be described below with reference to the
accompanying drawings. Note that in the accompanying
drawings, members or parts that are the same as or
similar to each other will be assigned the same or similar
reference codes. Also, members or parts that are the
same as or similar to each other will be described once
and not be described in a redundant manner. Also, the
members or parts in the drawings are not necessarily
drawn to scale. Therefore, a person skilled in the art can
determine any detailed dimensions based on his/her
choice by referring to the following non-limiting embodi-
ment. Furthermore, the following embodiment is simply
illustrative and is not meant to limit the present disclosure
in any way. Features described in the following embodi-
ment and their combinations are not necessarily material
or essential to the present disclosure.

[Overview of Refrigerator]

[0024] The refrigerator 100 shown in FIG. 1 is used in,
for example, air conditioners, refrigerator machinery, and
freezer machinery. The refrigerator 100 may be used in
other appliances and machines as well. The refrigerator
100 runs a refrigeration cycle. The refrigeration cycle of
the refrigerator 100 is a vapor compression refrigeration
cycle. The refrigerator 100 includes a compressor 10, a
condenser 20, an expansion valve 30, and an evaporator
40.
[0025] The working fluid of the refrigerator 100 serves
as the refrigerant, but this is by no means a limitation. The
compressor 10 compresses the refrigerant gas. The
condenser 20 condenses the refrigerant gas com-
pressed by the compressor 10. The expansion valve
30 expands the refrigerant condensed by the condenser
20. The evaporator 40 evaporates the refrigerant ex-
panded by the expansion valve 30. The refrigerant gas
evaporated by the evaporator 40 is sucked into the
compressor 10.
[0026] The compressor 10 performs reversible adia-
batic compression on the refrigerant gas. The refrigerant
gas supplied to the condenser 20 releases heat under
constant pressure and is liquefied. The liquefied refrig-
erant expands irreversibly at constant enthalpy in the
expansion valve 30, and thereupon part of the refrigerant
evaporates. The refrigerant absorbs heat under constant
pressure in the evaporator 40.
[0027] The refrigerator 100 has pipes L11 to L14, in
which the refrigerant flows. The pipe L11 is a suction pipe
that connects the evaporator 40 and the compressor 10.
The pipe L12 connects the compressor 10 and the con-
denser 20. The pipe L13 connects the condenser 20 and
the expansion valve 30. The pipe L14 connects the
expansion valve 30 and the evaporator 40.
[0028] The refrigerant gas flows in the pipe L11 and is
sucked into the compressor 10. The refrigerant gas com-
pressed in the compressor 10 flows in the pipe L12 and is
supplied to the condenser 20. The refrigerant liquid li-
quefied in the condenser 20 flows in the pipe L13 and
enters the expansion valve 30. The refrigerant expanded
in the expansion valve 30 flows in the pipe L14 and is
supplied to the evaporator 40. The refrigerant gas ab-
sorbs heat in the evaporator 40, flows in the pipe L11, and
is supplied to the compressor 10.
[0029] The compressor 10 is, for example, a turbo
compressor. The compressor 10 includes a casing 11,
an impeller 12, a drive shaft 13, a bearing 14, and a motor
50. The casing 11 houses the impeller 12, the drive shaft
13, the bearing 14, and the motor 50.
[0030] The casing 11 has a compression chamber 11a
that houses the impeller 12 and a motor chamber 11b that
houses the motor 50.
[0031] The impeller 12 is provided at one end of the
drive shaft 13. The other end of the drive shaft 13 is
located inside the motor chamber 11b. The drive shaft 13
includes the rotary shaft of the motor 50.
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[0032] The bearing 14 rotatably supports the drive
shaft 13. The bearing 14 is fastened to the casing 11.
The bearing 14 may be, for example, a radial bearing.
The compressor 10 has multiple bearings 14. The bear-
ing 14 may be, for example, an oil-less bearing. The
bearing 14 may be a slide bearing or a ball bearing.
[0033] The motor 50 is the driving source of the com-
pressor 10. The motor 50 has a rotor and a stator. The
rotor is fastened to the drive shaft 13 and rotates together
with the drive shaft 13. The stator is fastened to the casing
11 and placed around the rotor.
[0034] The refrigerator 100 includes inverter 60. The
inverter 60 controls the number of rotations of the motor
50 per unit time. The inverter 60 is a controller that
controls the operating frequency of the motor 50.
[0035] The impeller 12 of the compressor 10 rotates by
receiving rotational driving force from the motor 50. The
impeller 12 rotates, and the refrigerant gas is com-
pressed.
[0036] The compressor 10 is not limited to a turbo
compressor (centrifugal compressor) and may be a dis-
placement compressor as well. The displacement com-
pressor may be, for example, a rotary type, a scroll type, a
reciprocating type, or a screw type.
[0037] The condenser 20 is a heat exchanger that
cools down the high-temperature, high-pressure evapo-
rated refrigerant compressed by the compressor 10. The
condenser 20 condenses the refrigerant by exchanging
heat between the refrigerant and, for example, water or
air. The heat exchanger, serving also as the condenser
20, may be, for example, a water-cooled type, an air-
cooled type, an evaporator type, or some other type. The
heat exchanger may be a shell-and-tube type, a double-
tube type, a plate-fin type, or some other type.
[0038] The expansion valve 30 throttles and expands
the high-pressure refrigerant liquid coming out of the
condenser 20. The refrigerant having passed the expan-
sion valve 30 is in a low-pressure, low-temperature state.
The refrigerant having passed the expansion valve 30 is
partially evaporated, and in a wet vapor state in which
saturated vapor and saturated liquid coexist.
[0039] The evaporator 40 is a heat exchanger that
exchanges heat between the expanded refrigerant leav-
ing the expansion valve 30 and the fluid to be cooled. The
fluid to be cooled here refers to the fluid that is targeted for
cooling. The fluid to be cooled is, for example, the air or
water. The fluid to be cooled can also be other fluids. In
the evaporator 40, the refrigerant, which is in a wet vapor
state, absorbs heat from the fluid to be cooled and
evaporates. The evaporator 40 may be, for example,
an air-heat exchanger. An air-heat exchanger transfers
heat between the refrigerant and the air.
[0040] The evaporator 40 may be, for example, a dry
type, a flooded type, or a forced liquid circulation type.
The evaporator 40 may be, for example, a plate fin coil
type, or a shell and tube type.

[Cooling mechanism]

[0041] Next, the cooling mechanism 200 will be de-
scribed. The refrigerator 100 includes the cooling me-
chanism 200 that cools a target part by using the refrig-
erant discharged from the condenser 20. The target part
is, for example, the motor 50. The target part may be the
bearing 14 or may be the inverter 60, which serves as a
controller for the motor 50. The target part may be other
parts as well. The cooling mechanism 200 may cool down
multiple target parts. The cooling mechanism 200 may
cool down the motor 50, the bearing 14, and the inverter
60. The cooling mechanism 200 may cool down the motor
50 housed in the casing 11 by cooling down the casing 11,
for example. The casing 11 of the compressor 10 may be
the target part to be cooled down by the cooling mechan-
ism 200.
[0042] The target part may be located at a position
away from the compressor 10. The inverter 60 may be
mounted on the compressor 10 or may be located at a
position away from the compressor 10.
[0043] The cooling mechanism 200 includes pipes L21
to L24, an expansion valve V21, and control valves V23
and V24. The pipe L21 connects the condenser 20 and
the motor chamber 11b. The pipe L21 connects the pipe
L13, which is connected to the outlet of the condenser 20,
and the motor chamber 11b. The pipe L21 is a pipe for
supplying the refrigerant leaving the condenser 20, to the
target part.
[0044] The pipe L21 is provided with the expansion
valve V21. The expansion valve V21 can adjust the flow
rate and pressure of the refrigerant that flows in the pipe
L21. The refrigerant having passed the expansion valve
V21 is reduced in pressure and therefore is in a low-
temperature state. The low-temperature refrigerant flows
in the pipe L21 and is supplied to the target part. The pipe
L21 is connected to, for example, the inside of the motor
chamber 11b of the casing 11. The refrigerant having
flown through the pipe L21 is supplied to the motor
chamber 11b and cools the motor 50.
[0045] The pipeL22 isconnected to the motor chamber
11b. After cooling the motor 50, the refrigerant flows in the
pipe L22 and is discharged outside the motor chamber
11b. The outlet side of the pipe L22 is branched and
connected to the pipe L23 and the pipe L24.
[0046] The pipe L23 connects the pipe L22 and the
pipe L11. The pipe L24 connects the pipe L22 and the
evaporator 40. The pipe L11 is a suction pipe, which
marks and which hereinafter will be referred to as the
"first position." The evaporator 40 is an example of a
second position, which is different from the first position.
The second position is included in the refrigerator 100.
The second position is not limited to that of the evaporator
40 and may assume other positions as well. For example,
if the compressor 10 is a multi-stage compressor, the
second position may be an inlet of a subsequent com-
pression mechanism (for example, an impeller). Also, if
the compressor 10 is a multi-stage compressor, the first
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position may be a suction pipe to a subsequent compres-
sion mechanism. There may be multiple first positions in
the refrigerator 100.
[0047] The pipe L21 is an example of a first pipe for
supplying the refrigerant discharged from the condenser
20 to the target part. The pipe L23 is an example of a
second pipe for supplying the refrigerant having cooled
down the target part to a suction pipe (pipe L11), which
marks and will be hereinafter referred to as the "first
position." The pipe L24 is an example of a third pipe
for supplying the refrigerant having cooled down the
target part to a "second position," which is different from
the first position.
[0048] The pipe L23 is provided with a control valve
V23, and the pipe L24 is provided with a control valve
V24. The control valve V23 is an example of a first control
valve. The control valve V24 is an example of a second
control valve. In the cooling mechanism 200, by control-
ling the opening and closing operations of the control
valve V23 and the control valve V24, it is possible to
choose the place to which the refrigerant having cooled
down the motor 50 is supplied.
[0049] In the refrigerator 100, a first operating mode
can be executed, in which the control valve V23 is open
and the control valve V24 is closed. In the first operating
mode, the refrigerator 100 can bring back the refrigerant
having cooled down the motor 50 to the pipe L11, which is
a suction pipe.
[0050] Also, in the refrigerator 100, a second operating
mode can be executed, in which the control valve V23 is
closed and the control valve V24 is open. In the second
operating mode, the refrigerator 100 can bring back the
refrigerant having cooled down the motor 50 to the eva-
porator 40. The pipe L24 may be connected to the eva-
porator 40, or may be connected to the pipe L14 that is
connected to the evaporator 40. The refrigerant having
cooled down the target part may be supplied directly to
the evaporator 40, or may be supplied indirectly to the
evaporator 40 via the pipe L14.
[0051] In the refrigerator 100, the opening and closing
operations of the control valve V23 and the control valve
V24 may be controlled to bring back the refrigerant hav-
ing cooled down the target part to the pipe L11 alone, to
the evaporator 40 alone, or to both the pipe L11 and the
evaporator 40. Also, the refrigerator 100 may be provided
with a control valve, which is a three-way valve, instead of
the control valves V23 and V24. Also, the refrigerator 100
may be provided with the control valve V23 in the pipe
L23, and the control valve V24 need not be provided in the
pipe L24. Similarly, the refrigerator 100 may be provided
with the control valve V24 in the pipe L24, and the control
valve V23 need not be provided in the pipe L23.

[Surging]

[0052] Next, surging will be described. FIG. 5 is a graph
that shows the compressor’s performance curves. In
FIG. 5, the horizontal axis is the flow rate, and the vertical

axis is the adiabatic head. In FIG. 6, the horizontal axis is
the volumetric flow rate, and the vertical axis is the
adiabatic efficiency. FIG. 5 shows performance curves
G1 to G3. The performance curves G1 to G3 show
respective adiabatic heads at varying numbers of rota-
tions per unit time.
[0053] Axial compressors, centrifugal compressors,
and other compressors used for various purposes may
experience surging during operation. For example, in a
centrifugal compressor, if the pressure is increased while
the flow rate is throttled during operation, rotating stall or
surging will occur. Generally speaking, as the flow rate
becomes lower, rotating stall will occur, and eventually
surging will occur.
[0054] For example, assuming that a centrifugal com-
pressor is operating, if the flow rate crosses a certain flow
rate and keeps dropping, a backflow range will form in the
circumferential direction inside the centrifugal compres-
sor (turbo machine). The occurrence of this type of back-
flow range is referred to as "rotating stall." The phenom-
enon in which a backflow range forms is a localized
phenomenon inside the compressor and varies in the
circumferential direction.
[0055] When surging occurs in the compressor, the
flow rate and pressure fluctuate significantly, throughout
the piping connected to the compressor, due to backflow
and pulsation. In this case, the equipment, including the
piping, is placed under heavy strain, and therefore the
compressor is unable to continue operating.
[0056] For example, it is preferable to conduct an
operational test to predict the occurrence of surging
and take a safety factor into account such that the com-
pressor’s operating point does not enter the range in
which surging occurs. By operating the compressor in
a range in which the flow rate is higher than the operating
point that takes the safety factor into account, occurrence
of surging can be prevented or substantially prevented.
[0057] For example, in operation in which the compres-
sor’s rotation speed is controlled and changed using an
inverter or the like, the flow rate at which surging occurs is
determined per rotation speed. By connecting these
rotation speed-specific operating points at which surging
occurs, a surge line SL1 (that is, the boundary of the
compressor’s operational range) is determined by the
volumetric flow rate and the adiabatic head.
[0058] FIG. 5 shows a surge line SL1, a line SL2 that
marks the operational range boundary, and a line SL3 at
which rotating stall occurs. The operational range bound-
ary SL2 is in the range of operation on the side, relative to
the surge line, where the refrigerant flow rate is high. The
operational range boundary SL2 is a line that takes into
account a margin SR with respect to the surge line SL1.
[0059] In FIG. 5, the area to the left of the surge line SL1
is where surging occurs. The area to the right of the
operational range boundary SL2 is where the compres-
sor can operate.
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[Issues with Related Art]

[0060] Issues with related art will be explained now. For
example, in an air conditioner according to related art,
when the flow rate is low (that is, the refrigeration capacity
is low) and the head is high (that is, the pressure gap is
wide), a centrifugal compressor’s operating point enters
a range beyond the surge line SL1, and the centrifugal
compressor is no longer able to operate.

[Control Part]

[0061] Next, the control part 210 of the refrigerator 100
will be described with reference to FIG. 2. FIG. 2 is a block
diagram that shows the control part 210 of the refrigerator
100. FIG. 2 shows a hardware structure of the control part
210. As shown in FIG. 2, the control part 210 is electrically
connected to various sensors 220, the inverter 60, the
expansion valve 30, the expansion valve V21, and the
control valves V23 and V24.
[0062] The sensors 220 may include, for example, a
temperature sensor for measuring the temperature (out-
side air temperature) outside the refrigerator 100 (outside
air temperature sensor), a temperature sensor for mea-
suring the temperature of the refrigerant, a pressure
sensor for measuring the pressure of the refrigerant, a
flow rate sensor for measuring the flow rate of the re-
frigerant, and so forth. The sensors 220 may also include
other sensors for acquiring different pieces of informa-
tion.
[0063] These sensors 220 may include, for example, a
suction pressure sensor 221, a suction temperature
sensor 222, a discharge pressure sensor 223, a dis-
charge temperature sensor 224, and a water tempera-
ture sensor 225. The suction pressure sensor 221 de-
tects the pressure of the refrigerant gas that is sucked into
the compressor 10. The suction temperature sensor 222
detects the temperature of the refrigerant gas that is
sucked into the compressor 10. The discharge pressure
sensor 223 detects the pressure of the refrigerant gas
discharged from the compressor 10. The discharge tem-
perature sensor 224 detects the temperature of the re-
frigerant gas discharged from the compressor 10.
[0064] For example, if the evaporator is a water-heat
exchanger, the water temperature sensor 225 detects the
temperature of the water that flows into the evaporator
40. The water temperature sensor 226 detects the tem-
perature of the water that flows out of the evaporator 40.
The control part 210 receives the data detected by the
sensors 220 as inputs. The control part 210 can calculate
various data using the data acquired by the sensors 220.
Using the data acquired from the water temperature
sensors 225 and 226, the control part 210 can calculate
the volumetric flow rate of the refrigerant gas that is
sucked into the compressor 10. The control part 210
can calculate the volumetric flow rate of the refrigerant
gas based on the amount of heat transfer in the evapora-
tor 40. The control part 210 can calculate the volumetric

flow rate of the refrigerant gas based on the entropy in the
evaporator 40. In case a water-heat exchanger or the like
is used, the volumetric flow rate of the refrigerant gas may
be calculated using a flow rate meter for measuring the
refrigerant’s flow rate.
[0065] The control part 210 includes a CPU 211 and a
storage part 212. The CPU (Center Processing Unit) 211
is responsible for overall processing in the refrigerator
100. The CPU 211 can control the number of rotations of
the motor 50 per unit time via the inverter 60. The CPU
211 can control the opening and closing operations of the
expansion valve 30. The CPU 211 can control the open-
ing and closing operations of the expansion valve V21.
The CPU 211 can control the opening and closing opera-
tions of the control valves V23 and V24.
[0066] The storage part 212 includes a ROM (Read
Only Memory) 213 and a RAM (Random Access Mem-
ory) 214. The ROM 213 stores various programs for
causing the CPU 211 to execute control processes, as
well as various data necessary for the operation of the
refrigerator 100. The RAM 214 temporarily stores the
data obtained from the sensor 220.

[Functional Blocks]

[0067] Next, referring to FIG. 3, the functional blocks in
the control part 210 will be described. FIG. 3 is a func-
tional block diagram that shows the control part 210 of the
refrigerator 100. In the control part 210, functional blocks
that implement the functions of the refrigerator 100 are
configured by combining hardware and software control
parts.
[0068] In the refrigerator 100, each function of the
embodiment can be implemented by one or more pro-
cessing circuits. In this specification, "processing circuit"
refers to a processor that is programmed to implement
the above-described functions by software, such as a
processor implemented by an electronic circuit, as well as
devices suchas an ASIC (Application-Specific Integrated
Circuit), DSP (digital signal processor), FPGA (field pro-
grammable gate array), and other circuit modules de-
signed to implement the functions described hereina-
bove.
[0069] The CPU 211 of the control part 210 executes
programs stored in a storage part 212 such as a ROM 213
to implement the functions of the motor control part 231,
the expansion valve control part 232, and the valve
control part 233 shown in FIG. 3. Note that external
devices and sensors may be connected to the control
part 210 and implement some of these functions. Also,
the functions of the control part 210 are by no means
limited to these.
[0070] The motor control part 231 can control the
number of rotations of the motor 50 per unit time via
the inverter 60. By controlling the number of rotations
of the motor 50 per unit time, the control part 210 can
control the number of rotations of the impeller 12 per unit
time in the compressor 10. The expansion valve control
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part 232 may control the expansion valve 30 to control the
pressure of the refrigerant having passed the expansion
valve 30.
[0071] The valve control part 233 can control the open-
ing and closing operations of the expansion valve V21.
The valve control part 233 can control the opening and
closing operations of the control valve V23. The valve
control part 233 can control the opening and closing
operations of the control valve V24. The valve control
part 233 may control the opening and closing operations
of the expansion valve V21 to adjust the pressure of the
refrigerant that is supplied to the motor 50.
[0072] The valve control part 233 can switch the place
to which the refrigerant having cooled down the target
part is supplied, by controlling the opening and closing
operations of the control valve V23 and the control valve
V24. In the refrigerator 100, the first operating mode can
be executed by supplying the refrigerant having cooled
down the target part to the pipe L11. In the refrigerator
100, the second operating mode can be executed by
supplying the refrigerant having cooled down the target
part to the evaporator 40.
[0073] As described above, the motor control part 231,
the expansion valve control part 232, and the valve
control part 233 can be implemented by software, based
on the programs stored in the storage part 212. All or part
of the motor control part 231, the expansion valve control
part 232, and the valve control part 233 may be imple-
mented by hardware such as an IC (Integrated Circuit).

[Ph diagrams]

[0074] Next, referring to FIG. 4, Mollier diagrams of the
refrigeration cycle of the refrigerator 100 will be ex-
plained. In FIG. 4 the horizontal axis is enthalpy h, and
the vertical axis is pressure P. Ph1 is a Ph diagram of the
first operating mode. Ph2 is a Ph diagram of the second
operating mode.
[0075] The change of status "1→2" is caused by re-
versible adiabatic compression by the compressor 10,
and is an isentropic change. An enthalpy change that
occurs when an isentropic change occurs is referred to as
an "adiabatic head." The change of status "2→3" is an
isobaric change in the condenser 20, and the refrigerant
is compressed and cooled down. The change of status
"3→4" is caused by throttling expansion by the expansion
valve 30, and is a geometric enthalpy change. The
change of status "4→1" is an isobaric change in the
evaporator 40, and the refrigerant is evaporated and
heated. Although the actual compression step "1→2"
deviates from reversible adiabatic compression, past
knowledge has shown that, as long as a turbo compres-
sor maintains the same number of rotations per unit time
and volumetric flow rate, the compressor’s operating
point shows the same adiabatic head characteristics.
Therefore, the description in this specification will focus
on the reversible adiabatic compression step and the
adiabatic head.

[Ph diagram in the first operating mode]

[0076] Ph1 shows a case in which the refrigerant hav-
ing cooled down the target part is brought back to the pipe
L11, which is a suction gas line, in the first operating
mode. In the first operating mode, the degree of super-
heat of the refrigerant gas that is sucked into the com-
pressor 10 is relatively high. The refrigerant having
cooled down the target part flows from the pipe L23 into
the pipe L11, so that the temperature of the refrigerant
gas compressed in and discharged from the compressor
10 becomes higher than in the second operating mode.
[0077] Also, in the first operating mode, the pressure
increase ΔP1 through the compressor 10 is smaller than
the pressure increaseΔP2 in the second operating mode.
Note that, in comparison between the first operating
mode and the second operating mode, the number of
rotations of the compressor 10 per unit time and the
volumetric flow rate are the same. Similarly, in the com-
parison with related art, the number of rotations of the
compressor 10 per unit time and the volumetric flow rate
are the same. The pressure increase ΔP1 is the differ-
ence between the pressure P21 and the pressure P1.
The pressure increase ΔP2 is the difference between the
pressure P22 and the pressure P1. The pressure P21
after the discharge from the compressor 10 in the first
operating mode is lower than the pressure P22 after the
discharge from the compressor 10 in the second operat-
ing mode.
[0078] In the first operating mode, when the desired
temperature difference ΔT in the refrigerator 100 is small,
the refrigerator 100 can continue operating at a point
where the adiabatic efficiency is high, rather than oper-
ating at an operating point where the adiabatic efficiency
is low. By this means, the range of operation in the
refrigerator 100 can be expanded compared to related
art. Thus, the range of operation can be expanded while
preventing or substantially preventing occurrence of sur-
ging in the refrigerator 100.
[0079] FIG. 5 is a graph that shows the compressor’s
performance curves. In FIG. 5, the horizontal axis is the
volumetric flow rate, and the vertical axis is the adiabatic
efficiency. FIG. 5 shows performance curves G1 and G2.
The performance curves G1 and G2 show respective
adiabatic heads at varying numbers of rotations per unit
time. FIG. 5 shows operating points P21 and P22.
[0080] Also, FIG. 5 shows a surge line SL1. The surge
line SL1 shows where surging occurs. When the volu-
metric flow rate hits or falls below the surge line SL1,
surging occurs, which makes the flow of the refrigerant
gas unstable.
[0081] The operating point P21 is an operating point
where the volumetric flow rate is higher and the adiabatic
head is lower than at the operating point P22. The oper-
ating point P22 is an operating point where the volumetric
flow rate is lower and the adiabatic head is higher than at
the operating points P21. The operating point P23 is an
operating point where the volumetric flow rate is lower
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and the adiabatic head is higher than at the operating
points P21 and P22. The volumetric flow rate at the
operating point P23 hits or falls below the surge line
SL. The operating point P23 is a virtual operating point
in the range in which the compressor cannot operate.
[0082] FIG. 6 is a graph that shows the relationship
between the volumetric flow rate and the adiabatic effi-
ciency. In FIG. 6, the horizontal axis is the volumetric flow
rate, and the vertical axis is the adiabatic efficiency. FIG. 6
shows a graph G3. The adiabatic efficiency at the oper-
ating point P21 is lower than the adiabatic efficiency at the
operating point P22. The adiabatic efficiency at the oper-
ating point P22 is higher than the adiabatic efficiency at
the operating point P21. The adiabatic efficiency at the
operating point P22 is close to the peak of the compres-
sor 10’s adiabatic efficiency.
[0083] The refrigerator 100 can switch the mode of
operation, and also change the operating points P21
and P22. In the refrigerator 100, the risk of surging can
be reduced by switching to the operating point P21, which
is the farther one from the surge line SL1. Also, in the
refrigerator 100, by switching the mode of operation, it is
possible to choose the operating point P22 where the
adiabatic efficiency is higher or choose the operating
point P21 where the adiabatic efficiency is lower.

[Ph diagram in the second operating mode]

[0084] Ph2 shows a case in which the refrigerant hav-
ing cooled down the target part is brought back to the
evaporator 40 in the second operating mode. In the
second operating mode, the degree of superheat of
the refrigerant gas sucked in the compressor 10 is rela-
tively low. In the second operating mode, the degree of
superheat of the refrigerant gas sucked in the compres-
sor 10 is lower than the degree of superheat of the
refrigerant gas sucked in the compressor 10 in the first
operating mode.
[0085] Also, in the second operating mode, the pres-
sure increase ΔP2 through the compressor 10 is larger
than the pressure increase ΔP1 in the first operating
mode. Therefore, in the second operating mode, the
pressure can be increased to a pressure P22, which
otherwise cannot be reached because the number of
rotations of the drive shaft 13 of the compressor 10 per
unit time is limited. In some cases, the limit on the number
of rotations of the compressor 10 per unit time may
depend on the strength of rotating bodies, such as the
impeller 12, the drive shaft 13, and the rotor of the motor
50. Also, in other cases, the limit on the number of
rotations of the compressor 10 per unit time may depend
on, for example, the axial resonance of rotating bodies.
Also, in yet other cases, the limit on the number of
rotations of the compressor 10 per unit time may depend
on, for example, the strength of the bearing 14 that
supports the drive shaft 13. The refrigerator 100 executes
the second operating mode, the pressure of the refriger-
ant gas discharged from the compressor 10 can be

increased, compared to any conventional method, at
the same number of rotations per unit time and the same
volumetric flow rate. By this means, the range of opera-
tion for the refrigerator 100 can be expanded compared to
any conventional method. Thus, the range of operation
for the refrigerator 100 can be expanded while preventing
or substantially preventing occurrence of surging.
[0086] In the second operating mode, the refrigerant’s
circulation volumetric flow rate in the refrigerator 100 is
low, so that the range of operation for the refrigerator 100
can be expanded to a range in which the refrigerator 100
cannot otherwise operate because it enters a surging
range.
[0087] Also, in the second operating mode, the refrig-
eration capacity of the evaporator 40 is lower than in the
first operating mode, and the refrigeration capacity of the
evaporator 40 can be adjusted at the same desired
temperature difference ΔT. For example, in heating op-
eration of the refrigerator 100, the heating capacity is not
affected and high pressure can be maintained while
operating.

[Comparison between the first operating mode and the
second operating mode]

[0088] The adiabatic head Δh1 of the compressor 10 in
the first operating mode is the same as the adiabatic head
Δh2 of the compressor 10 in the second operating mode.
[0089] The inclination of the isentropic line in the first
operating mode is different from the inclination of the
isentropic line in the second operating mode. The isen-
tropic line in the second operating mode is inclined more
than the isentropic line in the first operating mode is. In the
second operating mode, the pressure P22 of the refrig-
erant gas compressed by the compressor 10 is higher
than the pressure P21 of the refrigerant gas compressed
by the compressor in the first operating mode.
[0090] The enthalpy h11 in the state "1" as of when the
refrigerant gas is sucked into the compressor 10 in the
first operating mode is higher than the enthalpy h12 in the
state "1" as of when the refrigerant gas is sucked into the
compressor 10 in the second operating mode. Further-
more, the degree of suction superheat in the first operat-
ing mode is higher than the degree of suction superheat
in the second operating mode (Δh3=h11-h12).
[0091] As for the properties of the refrigerant, when the
degree of suction superheat increases, the inclination of
the isentropic line (1→2) becomes smaller. That is, as
long as the compressor 10 maintains the same number of
rotations per unit time and the same volumetric flow rate,
the adiabatic heads Δh1 and Δh2 are the same, but the
pressure increases ΔP1 and ΔP2 vary. The reaching
pressure P22 in the second operating mode is higher
than the reaching pressure P21 in the first operating
mode. In other words, when the degree of suction super-
heat is large, the reaching pressure P21 of the refrigerant
after compression by the compressor 10 is lower
(P21<P22) than when the degree of suction superheat
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is low.

[Control procedures in the refrigerator 100]

[0092] Next, the control procedures in the refrigerator
100 will be explained with reference to FIG. 7. FIG. 7 is a
flowchart that shows an example control flow in the
refrigerator 100.
[0093] First, the control part 210 of the refrigerator 100
receives various data as inputs. The control part 210
receives various data from the sensors 220 as inputs.
The control part 210 can also receive various signals from
other input parts and switches. The control part 210 may
also receive various data from external processing de-
vices and terminals as inputs. The control part 210 can
receive, for example, data about the outside air tempera-
ture, data about the heat load, and data about the target
water temperature (room temperature), as inputs. The
control part 210 may calculate various data from the input
data.
[0094] The control part 210 determines whether or not
an end signal has been received (step S12). For exam-
ple, when the user wants to end the operation of the
refrigerator 100, the user operates a switch. By operating
the switch, an end signal is output. When the control part
210 receives the end signal, the process is terminated
here ("YES" in step S12). In the event the control part 210
does not receive the end signal, the process of stepS12 is
executed ("NO" in step S12).
[0095] Next, the control part 210 checks the operating
point information of the compressor 10 after the next
control is executed (step S13).
[0096] Next, the control part 210 calculates the adia-
batic head and volumetric flow rate at operating points
(step S14). The control part 210 can calculate the adia-
batic head and volumetric flow rate at operating points
using various input data. Furthermore, based on the
adiabatic heads and volumetric flow rates calculated
thus, the control part 210 can calculate a future operating
point after a predetermined period of time has elapsed.
The control part 210 may calculate a future operating
point by using, for example, the map shown in FIG. 5.
[0097] Next, the control part 210 determines whether
the future operating point exceeds the operational range
boundary SL2 (step S15). The control part 210, for ex-
ample, references the map shown in FIG. 5 and deter-
mines whether or not the future operating point is in the
area to the left of the operational range boundary SL2. If
the control part 210 predicts that the future operating
point will be in the area to the left of the operational range
boundary SL2, the control part 210 determines that the
future point will exceed the operational range boundary
SL2. If the volumetric flow rate is lower than the state at
the operational range boundary SL2, the operating point
is located to the left of the operational range boundary
SL2. If the volumetric flow rate is higher than the state at
the operational range boundary SL2, the operating point
is located to the right of the operational range boundary

SL2.
[0098] If the future operating point exceeds the opera-
tional range boundary SL2 ("YES" in step S15), the
control part 210 executes the process of step S18. If
the future operating point does not exceed the opera-
tional range boundary SL2 ("NO" in step S15), the control
part 210 executes the process of step S16.
[0099] In step S16, the control part 210 executes con-
trol. "Control" here refers to, for example, controlling the
number of rotations of the compressor 10 per unit time
and controlling the actuation of valves. "Valves" here
refers to, for example, the expansion valve 30, expansion
valve V21, the control valve V23, and the control valve
V24. The control part 210 may execute other types of
controls as well. The control part 210 executes various
controls and runs the refrigerator 100.
[0100] Next, the control part 210 checks the operating
point information of the refrigerator 100 after the current
control is executed (step S17). The control part 210
acquires various data and checks the operating point
information of the refrigerator 100 after the current control
is executed. As for the operating point information, the
control part 210 checks, for example, the suction pres-
sure and suction temperature of the refrigerant gas that is
sucked into the compressor 10, the discharge pressure
and discharge temperature of the refrigerant gas dis-
charged from the compressor 10, and the volumetric flow
rate of the refrigerant gas that is sucked into the com-
pressor 10.
[0101] After executing the process of step S17, the
control part 210 repeats steps S13 to S15.
[0102] In step S18, the control part 210 determines
whether or not the place to which the intake gas is
returned can be switched to the evaporator 40. The
"place to which the intake gas is returned" refers to the
place where the refrigerant that flows in the pipe L22
shown in FIG. 1 is brought back. The intake gas is brought
back, for example, to the evaporator 40 or to the pipe L11.
[0103] If at present the intake gas is brought back to the
pipe L11 ("YES" in step S18), the control part 210 deter-
mines that the place to which the intake gas is returned
can be switched to the evaporator 40, and executes the
process of step S19.
[0104] If at present the intake gas is brought back to the
evaporator 40 ("NO" in step S18), the control part 210
does not determine that the place to which the intake gas
is returned can be switched to the evaporator 40, and
executes step S20 instead.
[0105] In step S19, the place to which the intake gas is
returned is switched from the pipe L11 to the evaporator
40. In the refrigerator 100, the refrigerant that flows in the
pipe L22 is supplied to the evaporator 40. After executing
the process of step S19, the control part 210 repeats the
processes of steps S17, S13, S14, and S15.
[0106] In step S20, the control part 210 issues an error
signal and terminates the process here. After executing
the process of step S20, the control part 210 may execute
a process for stopping the operation of the refrigerator
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100.

[Functions and effects of the refrigerator 100]

[0107] The refrigerator 100 according to this embodi-
ment includes a pipe L23 for supplying the refrigerant
having cooled down the motor 50, which is the target part,
to the pipe L11 (the suction pipe of the first position), and a
pipe L24 for supplying the refrigerant having cooled down
the motor 50 to the evaporator 40 (the second position).
[0108] In this example, the refrigerator 100 can supply
the refrigerant having cooled down the target part to the
pipe L11 of the first position or to the evaporator 40 of the
second position. The refrigerator 100 can supply the
refrigerant having cooled down the target part to both
the pipe L11 and the evaporator 40. The refrigerator 100
determines where the refrigerant having cooled down the
target part is supplied to, so that the refrigerator 100’s
operating status can be changed to prevent or substan-
tially prevent occurrence of surging. The refrigerator 100
can choose where the refrigerant having cooled down the
target part is supplied to, so that the range in which the
compressor 10 can operate can be expanded.
[0109] According to the refrigerator 100, even if the
number of rotations of the compressor 10 per unit time is
not changed, the refrigeration capacity of the evaporator
40 can be adjusted by changing the place to which the
refrigerant having cooled down the target part is supplied.
Also, according to the refrigerator 100, the range in which
the compressor 10 can operate can be expanded by
changing the place to which the refrigerant having cooled
down the target part is supplied, so that the refrigerator
100 can operate even in a pressure range in which the
refrigerator 100 cannot otherwise operate because it
enters a surging range. The refrigerator 100 chooses
the place to which the refrigerant having cooled down
the target part is supplied, so that the refrigerator 100’s
operating status can be changed to prevent or substan-
tially prevent occurrence of surging.
[0110] In the refrigerator 100, the target part is the
motor 50. The refrigerator 100 according to this example
cools down the motor 50, thereby preventing or substan-
tially preventing the motor 50 from producing heat, and
improving the reliability of the motor 50. With the refrig-
erator 100 according to this example, the limitations or
constraints on the temperature of the motor 50 can be
alleviated by cooling down the motor 50. The limitations
or constraints on the temperature of the motor 50 include
temperature conditions of the windings or magnets of the
motor 50. The refrigerator 100 can cool down the wind-
ings and magnets of the motor 50, so that the range in
which the compressor 10 can operate can be expanded.
[0111] In the refrigerator 100, the target part is not
limited to the motor 50. The target part in the refrigerator
100 may be the bearing 14 that supports the drive shaft
(rotary shaft) 13 of the compressor 10. In the refrigerator
100 structured this way, the bearing 14 can be cooled
down, so that the bearing 14 can be prevented or sub-

stantially prevented from burning out. The refrigerator
100 according to this example can alleviate the limita-
tions and constraints on the temperature of the bearing
14. The refrigerator 100 cools down the bearing 14,
thereby preventing or substantially preventing the tem-
perature of the bearing 14 from rising, and alleviating thus
the limitations and constraints on the bearing 14. There-
fore, the range in which the compressor 10 can operate
can be expanded.
[0112] The target part in the refrigerator 100 may be the
inverter 60, which is the controller for the motor 50. In the
refrigerator 100 structured this way, by cooling down the
inverter 60, it is possible to prevent or substantially pre-
vent the inverter 60 from malfunctioning, thereby improv-
ing the reliability of the inverter 60.
[0113] In the refrigerator 100, the evaporator 40 marks
the second position. With the refrigerator 100 according
to this example, the refrigerant having cooled down the
target part is supplied to the evaporator 40, so that the
degree of superheat of the refrigerant gas that is supplied
to the compressor 10 can be made relatively low.
[0114] In the second operating mode, in which the
refrigerant is brought back to the evaporator 40 after
cooling down the target part, the refrigeration capacity
is reduced. In this second operating mode, it is necessary
to increase the suction volumetric flow rate that is needed
to ensure sufficient refrigeration capacity. Therefore, at
operating points where high refrigeration capacity is re-
quired, the number of rotations of the compressor 10 per
unit time is subject to limitations and constraints. To
prevent the number of rotations of the compressor 10
per unit time from being limited or constrained this way,
the second operating mode is switched to the first oper-
ating mode, so that it is possible to ensure sufficient
refrigeration capacity while maintaining the number of
rotations of the compressor 10 per unit time.
[0115] In the refrigerator 100, the motor 50 is the target
part, and the pipe L21 is connected to a flow path that
communicates with the inside of the motor chamber 11b.
The pipe L21 may include a flow path that communicates
with the inside of the motor chamber 11b. The flow path
that communicates with the motor chamber 11b includes
a flow path that penetrates the casing 11. The refrigerator
100 according to this example can supply the refrigerant
to the inside of the motor chamber 11b, so that the rotary
shaft, rotor, and stator of the motor 50 inside the casing 11
can be directly cooled down. With the refrigerator 100
according to this example, as described above, the lim-
itations and constraints on the temperature of the motor
50 can be alleviated, so that the range in which the
compressor 10 can operate can be expanded.
[0116] In the refrigerator 100, the bearing 14 that sup-
ports the drive shaft 13 of the compressor 10 may be the
target part, and this bearing 14 may be an oil-less bear-
ing. With the refrigerator 100 according to this example, a
refrigerant can be used as a gas to be supplied to the oil-
less bearing. By employing an oil-less bearing, the wear
resistance and seizure resistance of the bearing 14 can
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be improved. Also, by employing an oil-less bearing, the
maintenance of the bearing 14 can be reduced.
[0117] The refrigerator 100 of this example can thus
alleviate the limitations and constraints on the tempera-
ture of the bearing 14 by cooling down the oil-less bear-
ing. By this means, the range in which the compressor 10
can operate can be expanded. The refrigerator 100 ac-
cording to this example employs an oil-less bearing, so
that it is not necessary to use a bearing that uses a highly
viscous fluid such as oil as the working fluid. When an oil-
less bearing is used, the bearing loss can be reduced
even when the speed of rotation is high. Consequently,
the limitations or constraints on the number of rotations of
the bearing 14 per unit time can be alleviated, so that the
range in which the compressor 10 can operate can be
expanded.
[0118] In the refrigerator 100, the evaporator 40 is an
air-heat exchanger that transfers heat between the re-
frigerator and the air. The refrigerator 100 according to
this example can cool down the air by exchanging heat
between the refrigerator and the air. The refrigerator 100
can be applied to air conditioners, and can control the
temperature of the air in a house, for example.
[0119] An air-heat exchanger is affected by the outside
air temperature, so its temperature changes more sig-
nificantly than that of a water-heat exchanger. Conse-
quently, the operating status of the compressor 10 pro-
vided downstream of the air-heat exchanger is more
prone to change, and therefore the refrigerator 100 with
an air-heat exchanger requires a wider range of opera-
tion than that of a refrigerator with a water-heat exchan-
ger. The refrigerator 100 according to this example can
expand the range in which the compressor 10 can oper-
ate, which is effective for a refrigerator with an air-heat
exchanger whose operating status is prone to change.
[0120] The refrigerator 100 includes a control valve
V23 provided in the pipe L23, a control valve V24 pro-
vided in the pipe L24, and a control part 210 that controls
the control valve V23 and the control valve V24. With the
refrigerator 100 according to this example, the control
part 210 controls the opening and closing operations of
the control valve V23 and the control valve V24, so that
the place to which the refrigerant having cooled down the
target part is supplied can be switched.
[0121] In the refrigerator 100, the control part 210 can
execute a first operating mode in which the control valve
V23 is open and the control valve V24 is closed, and
execute a second operating mode in which the control
valve V23 is closed and the control valve V24 is open.
[0122] With the refrigerator 100 according to this ex-
ample, by choosing the first operating mode, the refrig-
erant having cooled down the target part can be brought
back to the pipe L11, which is a suction pipe for the
compressor 10. By this means, the degree of superheat
of the refrigerant gas that is supplied to the compressor
10 can be made relatively high. Also, with the refrigerator
100 according to this example, by choosing the second
operating mode, the refrigerant having cooled down the

target part can be supplied to the evaporator 40 of the
second position. With the refrigerator 100 according to
this example, the degree of superheat of the refrigerant
gas that is supplied to the compressor 10 can be changed
by choosing the first operating mode or the second
operating mode, so that occurrence of surging can be
prevented or substantially prevented. The refrigerator
100 can thus the expand the adjustable range of opera-
tion.
[0123] In the first operating mode, in which the refrig-
erant having cooled down the target part is brought back
to the pipe L11, which is a suction pipe for the compressor
10, the compressing force required by the compressor 10
increases as the degree of superheat of the refrigerant
increases. Consequently, limitations or constraints arise
with regard to the motor’s outputs at operating points
where the compressor is required to exert large force. In
order to avoid having such limitations or constraints on
the motor’s outputs, the compressor 10 is enabled to
continue operating by switching from the first operating
mode to the second operating mode. As a result of this,
the range in which the compressor 10 can operate can be
expanded.
[0124] In this example, the compressor 10 switches
from the second operating mode to the first operating
mode, thereby avoiding having the number of rotations of
the compressor 10 per unit time limited or constrained
and ensuring sufficient refrigeration capacity while main-
taining the number of rotations of the compressor 10 per
unit time. The refrigerator 100 can switch from the first
operating mode to the second operating mode or from the
second operating mode to the first operating mode, de-
pending on the operating status, so that the range in
which the compressor 10 can operate can be expanded.
[0125] The refrigerator 100 according to the embodi-
ment may include a control part 210 that controls the flow
rate of the refrigerant in a third pipe, namely a pipe L24,
based on a surge line SL1 that indicates the boundary of
the range in which the compressor 10 has a surge. The
refrigerator 100 according to this example controls the
flow rate of the refrigerant that flows in the pipe L24 based
on the surge line SL1, thereby preventing or substantially
preventing the compressor 10 from having a surge.
[0126] In the refrigerator 100 according to the embodi-
ment, the control part 210 controls the flow rate of the
refrigerant that flows in the pipe L24, based on an opera-
tional range boundary SL2 that indicates the range of
operation on the side where the refrigerant flow rate is
high with respect to the surge line SL1, and that takes into
account a margin SR for the surge line SL1. With the
refrigerator 100 according to this example, the flow rate of
the refrigerant that flows in the pipe L24 is controlled
based on the operational range boundary SL2, which
takes into account a margin SR relative to the surge line
SL1, thereby reliably preventing or substantially prevent-
ing the compressor 10 from having a surge.
[0127] In the refrigerator 100 according to the embodi-
ment, the second position is an evaporator, and the
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control part 210 predicts the operating point of the com-
pressor 10 at a second point in time that is a predeter-
mined period of time after the current first point in time,
and, if the predicted operating point is in a range closer to
the surge line SL1 than to the operational range boundary
SL2, or in a range in which surging occurs, the flow rate of
the refrigerant that flows in the pipe L24 can be increased.
With the refrigerator 100 according to this example, the
operating point of the compressor 10 at a second point in
time that comes later than the present point in time can be
predicted, and occurrence of surging can be predicted.
With the refrigerator of this example, when a surge is
likely to occur, the flow rate of the refrigerant that flows in
the pipe L24 can be increased to prevent or substantially
prevent occurrence of surging.
[0128] With the refrigerator 100 of this embodiment,
the refrigerant gas is returned to the pipe L11 on the
intake side of the compressor 10, but this can be changed
such that the refrigerant gas is returned to the evaporator
40. Given this type of the refrigerator 100, the increase of
pressure by the compressor 10 can be increased even
when the same number of rotations per unit time and the
same volumetric flow rate are maintained. Also, with the
refrigerator 100, the inclination of the isentropic line
becomes steeper due to the decrease in the degree of
superheat, and the ultimate pressure can be increased
even when the same adiabatic head is maintained.
[0129] Also, with refrigerator 100, the refrigeration ca-
pacity is reduced by switching the place to which the
refrigerant gas is returned to the evaporator 40. With this
refrigerator 100, the refrigeration capacity is reduced
because part of the enthalpy change inside the evapora-
tor 40 cannot be used as refrigeration capacity. There-
fore, with the refrigerator 100, the refrigeration capacity
can be reduced without reducing the flow rate of the
compressor 10.
[0130] A preferred embodiment of the present disclo-
sure has been described above in detail. However, the
present disclosure is by no means limited to the embodi-
ment described hereinabove. The embodiment may be
modified, substituted, and so forth, without departing
from the scope of the present disclosure. Also, features
of the present invention described above separately may
be combined unless a technical contradiction arises.
[0131] According to the above embodiment, the com-
pressor 10 may be a single-stage compressor or a multi-
stage compressor with multiple impellers 12. For exam-
ple, in a multi-stage compressor, the refrigerant having
cooled down the target part may be supplied to a sub-
sequent impeller (compression mechanism).
[0132] According to the above embodiment, the refrig-
erant having cooled down the target part is supplied to the
evaporator 40 of the second position, but the refrigerant
may be supplied to any position in the evaporator 40, and
the refrigerant having cooled down the target part may be
supplied to the upstream pipe L14 connected to the
evaporator 40. Also, the second position may be multiple
locations. For example, in the refrigerator 100, the re-

frigerant having cooled down the target part may be
supplied to multiple locations that are determined with
respect to the evaporator 40.
[0133] Examples of the present disclosure may include
the following:

[1] A refrigerator for running a refrigeration cycle, the
refrigerator including:

a compressor configured to compress a refrig-
erant;
a condenser configured to condense the com-
pressed refrigerant;
an expansion valve configured to expand the
condensed refrigerant;
an evaporator configured to evaporate the ex-
panded refrigerant;
a suction pipe configured to connect the eva-
porator and the compressor;
a motor configured to drive the compressor;
a first pipe configured to supply the refrigerant
discharged from the condenser to a target part;
a second pipe configured to supply the refriger-
ant having cooled down the target part to the
suction pipe, the suction pipe serving as a first
position; and
a third pipe configured to supply the refrigerant
having cooled down the target part to a second
position, the second position being different
from the first position and located inside the
refrigerator.

[2] The refrigerator according to [1], in which the
compressor is a turbo compressor.
[3] The refrigerator according to [1] or [2], in which the
target part is the motor, a bearing configured to
support a rotary shaft of the compressor, or a con-
troller for the motor.
[4] The refrigerator according to any one of [1] to [3],
in which the evaporator serves as the second posi-
tion.
[5] The refrigerator according to any one of [1] to [4],

in which the target part is the motor, and
in which the first pipe is connected to a flow path
that communicates with inside of a casing of the
motor.

[6] The refrigerator according to any one of [1] to [5],

in which the target part is a bearing configured to
support a rotary shaft of the compressor, and
in which the bearing is an oil-less bearing.

[7] The refrigerator according to any one of [1] to [6],
in which the evaporator is an air-heat exchanger
configured to transfer heat between the refrigerant
and air.
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[8] The refrigerator according to any one of [1] to [7],
further including:

a first control valve provided in the second pipe;
a second control valve provided in the third pipe;
and
a control part configured to control the first con-
trol valve and the second control valve.

[9] The refrigerator according to [8],

in which the control part is capableof executing a
first operating mode in which the first control
valve is open and the second control valve is
closed, and
in which the control part is capableof executing a
second operating mode in which the first control
valve is closed and the second control valve is
open.

[10] The refrigerator according to any one of [1] to [9],
further including a control part configured to control a
flow rate of the refrigerant in the third pipe based on a
surge line that indicates a boundary of a range in
which the compressor has a surge.
[11] The refrigerator according to [10], in which the
control part is configured to control the flow rate of the
refrigerant in the third pipe based on an operational
range boundary, the operational range boundary
marking an operating range on a side of the surge
line where the flow rate of the refrigerant is larger and
taking into account a margin with respect to the surge
line.
[12] The refrigerator according to [11],

in which the evaporator is the second position,
in which the control part is configured to predict
an operating point of the compressor at a sec-
ond point in time that is a predetermined period
of time after a current first point in time, and
in which the control part is configured to increase
the flow rate of the refrigerant in the third pipe
when the predicted operating point is positioned
closer to the surge line than to the operational
range boundary or positioned in a range in which
the surge occurs.

[0134] This international application claims priority
based on Japanese Patent Application No.
2023‑058725, filed on March 31, 2023, the entire con-
tents of which are incorporated herein by reference.

Reference Signs List

[0135]

100 refrigerator
10 compressor

13 drive shaft (rotary shaft)
14 bearing (target part, oil-less bearing)
20 condenser
30 expansion valve
40 evaporator (second position, air-heat exchan-

ger)
50 motor (target part)
60 inverter (motor’s controller)
210 control part
L11 pipe (suction pipe, first position)
L21 pipe (first pipe)
L23 pipe (second pipe)
L24 pipe (third pipe)
V23 control valve (first control valve)
V24 control valve (second control valve)

Claims

1. A refrigerator for running a refrigeration cycle, the
refrigerator comprising:

a compressor configured to compress a refrig-
erant;
a condenser configured to condense the com-
pressed refrigerant;
an expansion valve configured to expand the
condensed refrigerant;
an evaporator configured to evaporate the ex-
panded refrigerant;
a suction pipe configured to connect the eva-
porator and the compressor;
a motor configured to drive the compressor;
a first pipe configured to supply the refrigerant
discharged from the condenser to a target part;
a second pipe configured to supply the refriger-
ant having cooled down the target part to the
suction pipe, the suction pipe serving as a first
position; and
a third pipe configured to supply the refrigerant
having cooled down the target part to a second
position, the second position being different
from the first position and located inside the
refrigerator.

2. The refrigerator according to claim 1, wherein the
compressor is a turbo compressor.

3. The refrigerator according to claim 1 or 2, wherein
the target part is the motor, a bearing configured to
support a rotary shaft of the compressor, or a con-
troller for the motor.

4. The refrigerator according to any one of claims 1 to 3,
wherein the evaporator serves as the second posi-
tion.

5. The refrigerator according to any one of claims 1 to 4,
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wherein the target part is the motor, and
wherein the first pipe is connected to a flow path
that communicates with inside of a casing of the
motor.

6. The refrigerator according to any one of claims 1 to 5,

wherein the target part is a bearing configured to
support a rotary shaft of the compressor, and
wherein the bearing is an oil-less bearing.

7. The refrigerator according to any one of claims 1 to 6,
wherein the evaporator is an air-heat exchanger
configured to transfer heat between the refrigerant
and air.

8. The refrigerator according to any one of claims 1 to 7,
further comprising:

a first control valve provided in the second pipe;
a second control valve provided in the third pipe;
and
a control part configured to control the first con-
trol valve and the second control valve.

9. The refrigerator according to claim 8,

wherein the control part is capable of executing
a first operating mode in which the first control
valve is open and the second control valve is
closed, and
wherein the control part is capable of executing
a second operating mode in which the first con-
trol valve is closed and the second control valve
is open.

10. The refrigerator according to any one of claims 1 to 9,
further comprising a control part configured to control
a flow rate of the refrigerant in the third pipe based on
a surge line that indicates a boundary of a range in
which the compressor has a surge.

11. The refrigerator according to claim 10, wherein the
control part is configured to control the flow rate of the
refrigerant in the third pipe based on an operational
range boundary, the operational range boundary
marking an operating range on a side of the surge
line where the flow rate of the refrigerant is larger and
taking into account a margin with respect to the surge
line.

12. The refrigerator according to claim 11,

wherein the evaporator is the second position,
wherein the control part is configured to predict
an operating point of the compressor at a sec-
ond point in time that is a predetermined period
of time after a current first point in time, and

wherein the control part is configured to increase
the flow rate of the refrigerant in the third pipe
when the predicted operating point is positioned
closer to the surge line than to the operational
range boundary or positioned in a range in which
the surge occurs.
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