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(54) REFRIGERATION DEVICE

(67)  Provided is a refrigeration apparatus that is ca-
pable of implementing a novel control method capable
of suppressing occurrence of a situation in which a re-
frigerating machine oil from an oil separator is unsatis-
factorily returned to a compressor and a discharge gas
refrigerant is mostly returned to the compressor. An oil
return valve (39) is disposed on an oil return pipe (38)
connecting an oil separator (23) disposed on a discharge

side of a compressor (21) to an injection pipe (30) for
supplying a refrigerant to the compressor (21). A control-
ler (70) controls the oil return valve (39) to reduce a flow
rate when a temperature of the refrigerant discharged
from the compressor (21) or a pressure of the refrigerant
flowing through the injection pipe (30) satisfies a prede-
termined condition.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a refrigeration
apparatus.

BACKGROUND ART

[0002] A refrigeration apparatus that has been pro-
posed in the related art includes an oil separator and an
oil return pipe for a compressor in order to prevent ex-
haustion of a refrigerating machine oil as a lubricant in
the compressor.

[0003] For example, Patent Literature 1 (JP 2011a-
208860 A) discloses a refrigeration apparatus that in-
cludes an oil separator disposed on a discharge side of
a compressor and configured to separate a refrigerating
machine oil from a refrigerant, and an oil return circuit
configured to return the refrigerating machine oil sepa-
rated by the oil separator to an upstream side of a gas-
liquid separator disposed on a suction side of the com-
pressor. The refrigeration apparatus also includes an
electronic expansion valve whose throttle opening de-
gree is controllable, the electronic expansion valve being
disposed at some midpoint to the oil return circuit. The
opening degree of the electronic expansion valve is con-
trolled in accordance with an operating frequency of the
compressor and a difference in pressure between the
suction side and discharge side of the compressor. The
refrigerating machine oil is thus returned in appropriate
amounts to the compressor.

SUMMARY OF THE INVENTION
<Technical Problem>

[0004] However, Patent Literature 1 discloses only the
refrigeration apparatus configured to control the opening
degree of the electronic expansion valve for the oil return
circuit in accordance with the operating frequency of the
compressor and the difference in pressure between the
suction side and discharge side of the compressor, but
gives no considerations on other control methods.
[0005] Inaddition, if the oil separator does not separate
the refrigerating machine oil so much, the refrigerating
machine oil flows in considerably small amounts through
the oil return circuit. Consequently, only a discharge gas
refrigerant from the compressor may substantially flow
through the oil return circuit. If only the discharge gas
refrigerant flows through the oil return circuit, such a sit-
uation may lower the coefficient of performance of the
refrigeration apparatus.

[0006] In view of the respects described above, the
present invention provides a refrigeration apparatus that
is capable of implementing a novel control method ca-
pable of suppressing occurrence of a situation in which
a refrigerating machine oil from an oil separator is unsat-
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isfactorily returned to a compressor and a discharge gas
refrigerant is mostly returned to the compressor.

<Solutions to Problem>

[0007] According to a first aspect, a refrigeration ap-
paratus includes a compressor, an oil separator, a refrig-
erant supply pipe, an oil return pipe, a flow rate adjusting
mechanism, and a control unit. The oil separator is dis-
posed on a discharge side of the compressor. The refrig-
erant supply pipe leads supply of a refrigerant to the com-
pressor. The oil return pipe connects the oil separator to
the refrigerant supply pipe. The flow rate adjusting mech-
anism is disposed on the oil return pipe. The control unit
is configured to control the flow rate adjusting mechanism
to reduce a flow rate when a temperature of the refriger-
ant discharged from the compressor or a pressure of the
refrigerantflowing through the refrigerant supply pipe sat-
isfies a predetermined condition.

[0008] The refrigerant supply pipe may be a pipe for
supplying the refrigerant to a suction side of the com-
pressor or may be a pipe for supplying the refrigerant to
a middle of a compression process in the compressor.
[0009] Examples of the predetermined condition may
include, but not limited to, a case where a discharge tem-
perature rise rate at the compressor is more than a pre-
determined value (i.e., a case where a discharge tem-
perature rise speed is more than a predetermined rise
speed) and a case where arefrigerant pressure drop rate
at the refrigerant supply pipe is more than a predeter-
mined value (i.e., a case where a refrigerant pressure
drop speed at the refrigerant supply pipe is more than a
predetermined drop speed).

[0010] In the refrigeration apparatus, the control unit
causes the flow rate adjusting mechanism to reduce the
flow rate of a fluid (the refrigerant and/or a refrigerating
machine oil) passing through the flow rate adjusting
mechanism, when the temperature of the refrigerant dis-
charged from the compressor or the pressure of the re-
frigerant flowing through the refrigerant supply pipe sat-
isfies the predetermined condition.

[0011] In this case, the fluid flowing through the oil re-
turn pipe includes a small amount of refrigerating ma-
chine oil, and the fluid flowing through the oil return pipe
includes a large amount of discharge gas refrigerant. If
the discharge gas refrigerant is mostly returned to the
compressor, the temperature of the refrigerant dis-
charged from the compressor rises by repetition of gas
refrigerant compressing operation by the compressor.
[0012] In asituation in which the refrigerating machine
oil passes in large amounts through the flow rate adjust-
ing mechanism on the oil return pipe, the refrigerating
machine oil remains in a liquid state without phase
change before flowing into the flow rate adjusting mech-
anism and after flown out of the flow rate adjusting mech-
anism. Since the refrigerating machine oil is higher in
viscosity than the discharge gas refrigerant, the flow ve-
locity of the refrigerating machine oil is less prone to in-
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crease at the time when the refrigerating machine oil
passes through the flow rate adjusting mechanism. Con-
sequently, in the situation in which the refrigerating ma-
chine oil passes in large amounts through the flow rate
adjusting mechanism on the oil return pipe, the refriger-
ating machine oil passes with smaller resistance; there-
fore, the flow rate adjusting mechanism is less prone to
cause considerable decompression.

[0013] In contrast to this, the discharge gas refrigerant
is lower in viscosity than the refrigerating machine oil.
Therefore, in a situation in which the refrigerating ma-
chine oil passes in small amounts through the flow rate
adjusting mechanism on the oil return pipe and the dis-
charge gas refrigerant passes in large amounts through
the flow rate adjusting mechanism on the oil return pipe,
the flow velocity of the discharge gas refrigerant is apt to
increase at the time when the discharge gas refrigerant
passes through the flow rate adjusting mechanism. Con-
sequently, in the situation in which the discharge gas
refrigerant passes in large amounts through the flow rate
adjusting mechanism on the oil return pipe, the discharge
gas refrigerant passes with higher resistance, so that the
flow rate adjusting mechanism is apt to cause decom-
pression. A change from the situation in which the refrig-
erating machine oil passes in large amounts through the
flow rate adjusting mechanism on the oil return pipe to
the situation in which the gas refrigerant passes in large
amount though the flow rate adjusting mechanism on the
oil return pipe causes a reduction in pressure of the re-
frigerant flowing through the refrigerant supply pipe to
which the oil return pipe is connected.

[0014] Hence, detecting a discharge refrigerant tem-
perature rise at the compressor or a refrigerant pressure
drop at the refrigerant supply pipe enables a grasp of a
situation in which the gas refrigerant rather than the re-
frigerating machine oil is mostly returned to the compres-
sor.

[0015] Consequently, for example, in the case where
the discharge temperature rise rate at the compressor is
more than the predetermined value (i.e., in the case
where the discharge temperature rise speed is more than
the predetermined rise speed) or in the case where the
refrigerant pressure drop rate at the refrigerant supply
pipe is more than the predetermined value (i.e., in the
case where the refrigerant pressure drop speed at the
refrigerant supply pipe is more than the predetermined
drop speed), reducing the flow rate of the fluid passing
through the flow rate adjusting mechanism prevents re-
turn of the gas refrigerant rather than the refrigerating
machine oil atthe oil return pipe. This configuration there-
fore suppresses occurrence of a situation in which the
refrigerating machine oil from the oil separator is unsat-
isfactorily returned to the compressor and the discharge
gas refrigerant is mostly returned to the compressor.
[0016] According to a second aspect, in the refrigera-
tion apparatus according to the first aspect, the control
unit performs normal control to control the flow rate ad-
justing mechanism, based on an amount of oil loss in the
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compressor, the amount of oil loss being obtained by
multiplying a circulation amount of refrigerant in the com-
pressor by a rate of oil loss in the compressor. When the
predetermined condition is satisfied in the normal control,
the control unit controls the flow rate adjusting mecha-
nism to further reduce the flow rate from a state of the
flow rate adjusting mechanism in the normal control.
[0017] The circulation amount of refrigerant may be
expressed in terms of mass or may be expressedin terms
of volume. Preferably, the circulation amount of refriger-
ant is expressed in terms of mass.

[0018] The rate of oil loss refers to an amount of refrig-
erating machine oil contained per unit circulation amount
of the refrigerant discharged from the compressor. For
example, the rate of oil loss may be calculated based on
a driving frequency of the compressor as well as a high
pressure, an intermediate pressure, and a low pressure
in a refrigeration cycle. The rate of oil loss may also be
calculated in additional consideration of the degree of
superheating of the refrigerant to be sucked into the com-
pressor. However, the calculation method is not limited
thereto.

[0019] In the refrigeration apparatus, when the prede-
termined condition is satisfied in the normal control, the
control unit causes the flow rate adjusting mechanism to
further reduce the flow rate from the state of the flow rate
adjusting mechanism in the normal control. As described
above, the refrigeration apparatus enables the control to
reduce the flow rate in addition to the normal control.
Therefore, even in the situation in which the discharge
gas refrigerant is mostly returned to the compressor be-
cause of continuation of the normal control, the reduction
in flow rate by the flow rate adjusting mechanism sup-
presses occurrence of the situation in which the refriger-
ating machine oil from the oil separator is unsatisfactorily
returned to the compressor and the discharge gas refrig-
erant is mostly returned to the compressor.

[0020] According to athird aspect, the refrigeration ap-
paratus according to the first or second aspect further
includes a heat source-side heat exchanger and an in-
termediate expansion valve. The heat source-side heat
exchanger is configured to condense the refrigerant dis-
charged from the compressor. The refrigerant supply
pipe is an injection pipe through which a part of the re-
frigerant condensed by the heat source-side heat ex-
changer is guided to a middle of a compression process
in the compressor. The intermediate expansion valve is
disposed at a middle of the injection pipe.

[0021] Intherefrigeration apparatus, the oil return pipe
leads, for example, the refrigerating machine oil separat-
ed by the oil separator to be guided to the middle of the
compression process in the compressor, via the injection
pipe. As described above, a part of the high-temperature
fluid discharged from the compressor toward the oil sep-
arator is guided to the middle of the compression process
in the compressor, rather than the suction side of the
compressor. This configuration therefore suppresses oc-
currence of a situation in which heat energy of a part of
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the high-temperature fluid discharged from the compres-
sor is used for raising a suction refrigerant temperature
at the compressor.

[0022] Accordingto a fourth aspect, in the refrigeration
apparatus according to any of the first to third aspects,
the control unit controls the flow rate adjusting mecha-
nism to a state that blocks passage of the refrigerant
through the flow rate adjusting mechanism upon activa-
tion of the compressor.

[0023] Causing the flow rate adjusting mechanism to
block the passage of the refrigerant through the flow rate
adjusting mechanism upon activation of the compressor
may be effected in at least a part of a period in which the
frequency of the compressor increases. Such control is
not necessarily effected over the entire period in which
the frequency of the compressorincreases. Forexample,
the control used herein involves a case where the flow
rate adjusting mechanism permits the passage of the re-
frigerant at the time when the frequency of the compres-
sor starts to increase, and then blocks the passage of
the refrigerant at the time when the frequency of the com-
pressor further increases.

[0024] In the refrigeration apparatus, the flow rate ad-
justing mechanism blocks the passage of the refrigerant
when the frequency of the compressor, which has been
stopped, increases upon activation of the compressor.
This configuration therefore efficiently increases a differ-
ence between a pressure at the discharge side of the
compressor and a pressure at the side, to which the re-
frigerant supply pipe is connected, of the compressor in
such a manner that the flow rate adjusting mechanism
blocks the passage of the refrigerant upon activation of
the compressor.

[0025] According to a fifth aspect, in the refrigeration
apparatus according to any of the first to fourth aspects,
the control unit controls the flow rate adjusting mecha-
nism to a state that permits passage of the refrigerant
through the flow rate adjusting mechanism before acti-
vation of the compressor.

[0026] In the refrigeration apparatus, the flow rate ad-
justing mechanism permits the passage of the refrigerant
before activation of the compressor. This configuration
therefore achieves pressure equalization by reducing the
difference between the pressure at the discharge side of
the compressor and the pressure at the side, to which
the refrigerant supply pipe is connected, of the compres-
sor. This configuration also allows the refrigerating ma-
chine oil in the oil separator to be dissolved into the re-
frigerant in the compressor via the oil return pipe and the
refrigerant supply pipe. This configuration thus enables
more reliable activation of the compressor.

<Advantageous Effects of Invention>

[0027] The refrigeration apparatus according to the
first aspect suppresses occurrence of the situation in
which the refrigerating machine oil from the oil separator
is unsatisfactorily returned to the compressor and the
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discharge gas refrigerant is mostly returned to the com-
pressor.

[0028] The refrigeration apparatus according to the
second aspect suppresses occurrence of the situation in
which the refrigerating machine oil from the oil separator
is unsatisfactorily returned to the compressor and the
discharge gas refrigerant is mostly returned to the com-
pressor, by the reduction in flow rate by the flow rate
adjusting mechanism, even in the situation in which the
discharge gas refrigerant is mostly returned to the com-
pressor because of continuation of the normal control.
[0029] The refrigeration apparatus according to the
third aspect suppresses the situation in which heat en-
ergy of a part of the high-temperature fluid discharged
from the compressor is used for raising the suction re-
frigerant temperature at the compressor.

[0030] The refrigeration apparatus according to the
fourth aspect efficiently increases the difference between
the pressure at the discharge side of the compressor and
the pressure at the side, to which the refrigerant supply
pipe is connected, of the compressor in such a manner
that the flow rate adjusting mechanism blocks the pas-
sage ofthe refrigerantupon activation of the compressor.
[0031] The refrigeration apparatus according to the
fifth aspect activates the compressor more reliably.

BRIEF DESCRIPTION OF THE DRAWINGS
[0032]

FIG. 1 is a general configuration diagram of a refrig-
eration apparatus according to an embodiment of
the present invention.

FIG. 2 is a schematic block diagram of a schematic
configuration of a controller and components con-
nected to the controller.

FIG. 3 is a flowchart of exemplary processing to be
performed by the controller in performing normal
control and hot gas bypass suppression control on
an oil return valve.

FIG. 4 is a general configuration diagram of a refrig-
eration apparatus including a refrigerant circuit ac-
cording to Modification A.

FIG. 5 is a general configuration diagram of a refrig-
eration apparatus including a refrigerant circuit ac-
cording to Modification B.

FIG. 6 is a general configuration diagram of a refrig-
eration apparatus including a refrigerant circuit ac-
cording to Modification C.

DESCRIPTION OF EMBODIMENTS

[0033] A refrigeration apparatus 100 according to an
embodiment of the present invention will be described
below with reference to the drawings. It should be noted
that the following embodiments are merely specific ex-
amples of the present invention, do not intend to limit the
technical scope of the present invention, and may be
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appropriately modified without departing from the gist of
the present invention.

(1) Refrigeration Apparatus 100

[0034] FIG. 1 is a schematic configuration diagram of
a refrigeration apparatus 100 according to an embodi-
ment of the present invention. The refrigeration appara-
tus 100 employs a vapor compression refrigeration cycle
to cool a usage-side space such as the interior of a cold
storage warehouse or the interior of a showcase in a
store.

[0035] The refrigeration apparatus 100 mainly in-
cludes: a heat source unit 2; a plurality of (two in this
embodiment) usage units, that is, a first usage unit 50
and a second usage unit 60; a liquid-side-refrigerant con-
nection pipe 6 and a gas-side-refrigerant connection pipe
7 each connecting the heat source unit 2 to the first usage
unit50 and the second usage unit 60; a plurality of remote
controllers, that is, a first remote controller 50a and a
second remote controller 60a each serving as an input
device and a display device; and a controller 70 config-
ured to control operation of the refrigeration apparatus
100.

[0036] In the refrigeration apparatus 100, the heat
source unit 2 as well as the first usage unit 50 and the
second usage unit 60 connected to the heat source unit
2in parallel via the liquid-side-refrigerant connection pipe
6 and the gas-side-refrigerant connection pipe 7 consti-
tute a refrigerant circuit 10. The refrigeration apparatus
100 performs a refrigeration cycle to compress, cool or
condense, decompress, heat or evaporate, and then
compress again a sealed-in refrigerant in the refrigerant
circuit 10. In this embodiment, the refrigerant circuit 10
is filled with R32 as a refrigerant for a vapor compression
refrigeration cycle; however, the refrigerant is not limited
to R32.

(1-1) Heat Source Unit 2

[0037] The heat source unit 2, to which the first usage
unit 50 and the second usage unit 60 are connected in
parallel via the liquid-side-refrigerant connection pipe 6
and the gas-side-refrigerant connection pipe 7, consti-
tutes a part of the refrigerant circuit 10. The heat source
unit 2 mainly includes a compressor 21, an oil separator
23, a four-way switching valve 24, a heat source-side
heat exchanger 25, a heat source-side fan 45, a receiver
27, a subcooler 31, a heat source-side expansion valve
28, an injection pipe 30, a subcooling expansion valve
32, an injection valve 33, an oil return pipe 38, an oil
return valve 39, a first branch pipe 34, a second branch
pipe 36, a liquid-side shutoff valve 48, and a gas-side
shutoff valve 49.

[0038] The heat source unit 2 also includes a dis-
charge-side pipe 41, a suction-side pipe 42, a first heat
source liquid-side pipe 43, and a second heat source
liquid-side pipe 44. The discharge-side pipe 41 connects
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a discharge side of the compressor 21 to one of connec-
tion ports of the four-way switching valve 24, and the oil
separator 23 is disposed at a middle of the discharge-
side pipe 41. The suction-side pipe 42 connects a suction
side of the compressor 21 to one of the connection ports
of the four-way switching valve 24. The first heat source
liquid-side pipe 43 connects a liquid side of the heat
source-side heat exchanger 25 to the receiver 27. The
second heat source liquid-side pipe 44 connects the lig-
uid-side shutoff valve 48 to an end of the receiver 27, the
end being opposite to an end connected to the heat
source-side heat exchanger 25.

[0039] The compressor 21 is a device configured to
change by compression a low-pressure refrigerant to a
high-pressure refrigerant in the refrigeration cycle. The
compressor 21 according to this embodiment includes a
first compressor 21a, a second compressor 21b, and a
third compressor 21c that are connected in parallel; how-
ever, the configuration of the compressor 21 is not limited
thereto. In this embodiment, each of the first compressor
21a, the second compressor 21b, and the third compres-
sor 21cis a fully hermetic high pressure dome-type scroll
compressor. The first compressor 21a is a variable dis-
placement compressor whose number of rotations is var-
iable. Thefirstcompressor 21aincludes aninverter. Each
of the second compressor 21b and the third compressor
21c is a fixed displacement compressor whose number
of rotations is fixed. Each of the second compressor 21b
and the third compressor 21¢ does not include an invert-
er.

[0040] The first compressor 21a, the second compres-
sor 21b, and the third compressor 21c have suction sides
to which individual suction pipes are respectively con-
nected. The individual suction pipes are merged into one
at their most upstream sides. The suction-side pipe 42
connects the most upstream-side merged portion of the
individual suction pipes to the four-way switching valve
24,

[0041] The first compressor 21a, the second compres-
sor 21b, and the third compressor 21c¢ also have dis-
charge sides to which individual discharge pipes are re-
spectively connected. The individual discharge pipes are
merged into one at their most downstream sides. The
discharge-side pipe 41 connects the most downstream-
side merged portion of the individual discharge pipes to
the four-way switching valve 24. A check valve 22a is
disposed on the discharge side of the first compressor
21a to permit only a discharge flow. Likewise, a check
valve 22bis disposed on the discharge side of the second
compressor 21b to permit only a discharge flow, and a
check valve 22c is disposed on the discharge side of the
third compressor 21c to permit only a discharge flow.
[0042] The oil separator 23 is a container configured
to mainly separate a refrigerating machine oil from the
refrigerant discharged from the compressor 21, and is
disposed at a middle of the discharge-side pipe 41. The
oil separator 23 allows a collective inflow of fluids (includ-
ing the refrigerant and the refrigerating machine oil) dis-
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charged from the plurality of compressors, that is, the
first compressor 21a, the second compressor 21b, and
the third compressor 21c constituting the compressor 21,
and mainly separates the refrigerating machine oil (into
which a gas refrigerant is mixed to some extent depend-
ing on an operating condition) from the fluid. For this rea-
son, the oil separator 23 according to this embodiment
is larger in capacity than, for example, oil separators to
be respectively disposed on the discharge sides of the
first compressor 21a, second compressor 21b, and third
compressor 21c in one-to-one correspondence.

[0043] The oil return pipe 38 extends from and branch-
es off the oil separator 23 disposed at the middle of the
discharge-side pipe 41. The oil return pipe 38 has a sec-
ond end thatis connected to a middle of the injection pipe
30 (to be described later) at a position between the sub-
cooler 31 and first, second, and third injection shunt pipes
33x, 33y, and 33z. The oil return valve 39 is disposed at
a middle of the oil return pipe 38. The oil return valve 39
includes an electronic expansion valve whose valve
opening degree is controllable.

[0044] The four-way switching valve 24 is connected
to a downstream-side end of the discharge-side pipe 41.
The four-way switching valve 24 switches a connection
state, thereby switching between a cooling operation
state in which the discharge side of the compressor 21
is connected to the heat source-side heat exchanger 25
and the gas-side shutoff valve 49 is connected to the
suction side of the compressor 21, and a heating oper-
ation state in which the discharge side of the compressor
21 is connected to the gas-side shutoff valve 49 and the
heat source-side heat exchanger 25 is connected to the
suction side of the compressor 21.

[0045] The heat source-side heat exchanger 25 func-
tions as a radiator for the high-pressure refrigerant in the
refrigeration cycle, and also functions as an evaporator
for the low-pressure refrigerant in the refrigeration cycle.
The heat source-side heat exchanger 25 has a first end
connected to a refrigerant pipe extending from the four-
way switching valve 24, and a second end connected to
the first heat source liquid-side pipe 43.

[0046] The heat source-side fan 45 sucks outside air
(heat source-side air) into the heat source unit 2, causes
the heat source-side air to exchange heat with the refrig-
erant in the heat source-side heat exchanger 25, and
then forms an air flow for discharging the heat source-
side air. The heat source-side fan 45 is driven to rotate
by a heat source-side fan motor M45. The heat source-
side fan 45 has an airflow volume controlled by adjusting
the number of rotations of the heat source-side fan motor
M45.

[0047] A first heat source liquid-side check valve 26 is
disposed at a middle of the first heat source liquid-side
pipe 43. The first heat source liquid-side check valve 26
permits only a flow of the refrigerant from the heat source-
side heat exchanger 25 toward the receiver 27.

[0048] Thereceiver27isacontainertemporarily stores
therein the refrigerant. The receiver 27 is disposed on
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the first heat source liquid-side pipe 43 on a side opposite
to the heat source-side heat exchanger 25. The first heat
source liquid-side pipe 43 is connected to an upper gas-
phase portion of the receiver 27.

[0049] The heat source-side expansion valve 28 is an
electric expansion valve whose valve opening degree is
controllable. The heat source-side expansion valve 28 is
disposed on the second heat source liquid-side pipe 44.
More specifically, the heat source-side expansion valve
28 is disposed downstream of the subcooler 31.

[0050] The subcooler 31is aheat exchanger for further
cooling the refrigerant temporarily stored in the receiver
27 before the refrigerant is supplied to the first and sec-
ond usage units 50 and 60. The subcooler 31 is disposed
on the second heatsource liquid-side pipe 44 at a position
between the receiver 27 and the heat source-side ex-
pansion valve 28.

[0051] The injection pipe 30 extends from the second
heat source liquid-side pipe 44 so as to branch off a por-
tion between the subcooler 31 and the heat source-side
expansion valve 28. The injection pipe 30 is connected
to a middle of a compression process in the compressor
21.

[0052] The subcooling expansion valve 32 is an elec-
tric expansion valve whose valve opening degree is con-
trollable. The subcooling expansion valve 32 is disposed
upstream of the subcooler 31 at a middle of the injection
pipe 30. The subcooler 31 causes the refrigerant that
flows out of the receiver 27 and flows through the second
heat source liquid-side pipe 44 to exchange heat with the
refrigerant that flows through the injection pipe 30 and is
decompressed by the subcooling expansion valve 32.
The refrigerant flowing through the second heat source
liquid-side pipe 44 is thus subcooled, and then flows to-
ward the heat source-side expansion valve 28. In the
injection pipe 30, the refrigerant passes through the sub-
cooler 31, and then flows toward the downstream side
of the injection pipe 30.

[0053] In the injection pipe 30, a portion downstream
of a merged portion with the oil return pipe 38 (i.e., a
portion closer to the compressor 21 than the merged por-
tion is) extends to the compressor 21 via the first, second,
and third injection shunt pipes 33x, 33y, and 33z. Spe-
cifically, the portion downstream of the merged portion
with the oil return pipe 38 (i.e., the portion closer to the
compressor 21 than the merged portion is) in the injection
pipe 30 is separated into the first injection shunt pipe 33x
through which the refrigerant flows into the middle of the
compression process in the first compressor 21a, the
second injection shunt pipe 33y through which the refrig-
erant flows into the middle of the compression process
in the second compressor 21b, and the third injection
shunt pipe 33z through which the refrigerant flows into
the middle of the compression process in the third com-
pressor 21c.

[0054] The injection valve 33 is an electric expansion
valve whose valve opening degree is controllable. The
injection valve 33 includes first, second, and third injec-
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tion valves 33a, 33b, and 33c respectively disposed at
middles of thefirst, second, and third injection shunt pipes
33x, 33y, and 33z of the injection pipe 30. Specifically,
the first injection valve 33a is disposed at the middle of
the first injection shunt pipe 33x, the second injection
valve 33b is disposed at the middle of the second injection
shunt pipe 33y, and the third injection valve 33c is dis-
posed at the middle of the third injection shunt pipe 33z.
[0055] A second heat source liquid-side check valve
29is disposed on the second heat source liquid-side pipe
44 at a position between the heat source-side expansion
valve 28 and the liquid-side shutoff valve 48. The second
heat source liquid-side check valve 29 permits only a flow
of the refrigerant from the heat source-side expansion
valve 28 toward the liquid-side shutoff valve 48.

[0056] Thefirst branch pipe 34 is a refrigerant pipe that
branches off a portion between the second heat source
liquid-side check valve 29 and the liquid-side shutoff
valve 48 at a middle of the second heat source liquid-
side pipe 44 and merges with a portion between the first
heat source liquid-side check valve 26 and the receiver
27 at a middle of the first heat source liquid-side pipe 43.
A first branch check valve 35 is disposed at a middle of
the first branch pipe 34. The first branch check valve 35
permits only a flow of the refrigerant from the second
heat source liquid-side pipe 44 toward the first heat
source liquid-side pipe 43.

[0057] The second branch pipe 36 is a refrigerant pipe
that branches off a portion between the heat source-side
expansion valve 28 and the second heat source liquid-
side check valve 29 at a middle of the second heat source
liquid-side pipe 44 and merges with a portion between
the heat source-side heat exchanger 25 and the first heat
source liquid-side check valve 26 at a middle of the first
heat source liquid-side pipe 43. A second branch check
valve 37 is disposed at a middle of the second branch
pipe 36. The second branch check valve 37 permits only
a flow of the refrigerant from the second heat source lig-
uid-side pipe 44 toward the first heat source liquid-side
pipe 43.

[0058] The liquid-side shutoff valve 48 is a manual
valve disposed at a joint between the second heat source
liquid-side pipe 44 and the liquid-side-refrigerant connec-
tion pipe 6.

[0059] The gas-side shutoff valve 49 is a manual valve
disposed at a joint between a pipe extending from the
four-way switching valve 24 and the gas-side-refrigerant
connection pipe 7.

[0060] The heat source unit 2 includes various sen-
sors. Specifically, a low-pressure sensor 40a is disposed
on the suction-side pipe 42. The low-pressure sensor
40a is configured to detect a suction pressure that is a
pressure of the refrigerant at the suction side of the com-
pressor 21. A high-pressure sensor 40c is disposed at a
middle of the individual discharge pipe for the first com-
pressor 21a. The high-pressure sensor 40c is configured
to detect a discharge pressure that is a pressure of the
refrigerant at the discharge side of the compressor 21.
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An intermediate-pressure sensor 40b is disposed be-
tween a merged portion of the injection pipe 30 with the
oil return pipe 38 and the subcooler 31 at a middle of the
injection pipe 30. The intermediate-pressure sensor 40b
is configured to detect an intermediate pressure in the
refrigeration cycle. A heat source-side air temperature
sensor 46 is disposed around the heat source-side heat
exchanger 25 or the heat source-side fan 45. The heat
source-side air temperature sensor 46 is configured to
detect a temperature of heat source-side air to be sucked
into the heat source unit 2. A discharge temperature sen-
sor 47 is disposed at a middle of the discharge-side pipe
41. In this embodiment, the discharge temperature sen-
sor 47 is disposed upstream of the oil separator 23 at a
position where the discharge refrigerants from the first
compressor 21a, second compressor 21b, and third com-
pressor21care merged. The discharge temperature sen-
sor 47 is configured to detect a temperature of the refrig-
erant discharged from the compressor 21.

[0061] The heat source unit 2 also includes a heat
source unit control unit 20 configured to control opera-
tions of the respective components constituting the heat
source unit 2. The heat source unit control unit 20 in-
cludes a microcomputer including, for example, a central
processing unit (CPU) and a memory. The heat source
unit control unit 20 is connected to usage unit control
units 57 and 67 of each usage unit 50, 60 via communi-
cation lines to exchange, for example, a control signal
with the usage unit control units 57 and 67.

(1-2) First Usage Unit 50

[0062] The first usage unit 50 is connected to the heat
source unit 2 via the liquid-side-refrigerant connection
pipe 6 and the gas-side-refrigerant connection pipe 7,
and constitutes a part of the refrigerant circuit 10.
[0063] The first usage unit 50 includes a first usage-
side expansion valve 54 and a first usage-side heat ex-
changer 52. The first usage unit 50 also includes: a first
usage-side liquid refrigerant pipe 59 connecting a liquid-
side end of the first usage-side heat exchanger 52 to the
liquid-side-refrigerant connection pipe 6; and a first us-
age-side gas refrigerant pipe 58 connecting a gas-side
end of the first usage-side heat exchanger 52 to the gas-
side-refrigerant connection pipe 7.

[0064] The first usage-side expansion valve 54 is an
electric expansion valve whose valve opening degree is
controllable. The first usage-side expansion valve 54 is
disposed at a middle of the first usage-side liquid refrig-
erant pipe 59.

[0065] The first usage-side heat exchanger 52 func-
tions as an evaporator for the low-pressure refrigerant in
acooling operation in the refrigeration cycle to cool inside
air (usage-side air), and also functions as a radiator for
the refrigerant in a heating operation such as a defrosting
operation.

[0066] The first usage unit 50 includes a first usage-
side fan 53 for sucking usage-side air into the first usage
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unit 50, causing the usage-side air to exchange heat with
the refrigerant in the first usage-side heat exchanger 52,
and then supplying the usage-side air to the usage-side
space. The first usage-side fan 53 is configured to supply
to the first usage-side heat exchanger 52 the usage-side
air for heating the refrigerant flowing through the first us-
age-side heat exchanger 52. The first usage-side fan 53
is driven to rotate by a first usage-side fan motor M53.
[0067] Thefirstusage unit50alsoincludesafirstusage
unit control unit 57 configured to control operations of the
respective components constituting the first usage unit
50. The first usage unit control unit 57 includes a micro-
computer including, for example, a CPU and a memory.
The first usage unit control unit 57 is connected to the
heat source unit control unit 20 via the communication
line to exchange, for example, a control signal with the
heat source unit control unit 20.

(1-3) Second Usage Unit 60

[0068] The second usage unit 60 is similar in configu-
ration to the first usage unit 50. The second usage unit
60 is also connected to the heat source unit 2 via the
liquid-side-refrigerant connection pipe 6 and the gas-
side-refrigerant connection pipe 7, and constitutes a part
of the refrigerant circuit 10. The second usage unit 60
and the first usage unit 50 are connected in parallel.
[0069] The second usage unit 60 includes a second
usage-side expansion valve 64 and a second usage-side
heat exchanger 62. The second usage unit 60 also in-
cludes: a second usage-side liquid refrigerant pipe 69
connecting a liquid-side end of the second usage-side
heat exchanger 62 to the liquid-side-refrigerant connec-
tion pipe 6; and a second usage-side gas refrigerant pipe
68 connecting a gas-side end of the second usage-side
heatexchanger 62 to the gas-side-refrigerant connection
pipe 7.

[0070] The second usage-side expansion valve 64 is
an electric expansion valve whose valve opening degree
is controllable. The second usage-side expansion valve
64 is disposed at a middle of the second usage-side liquid
refrigerant pipe 69.

[0071] The second usage-side heat exchanger 62
functions as an evaporator for the low-pressure refriger-
ant in the cooling operation in the refrigeration cycle to
cool inside air (usage-side air), and also functions as a
radiator for the refrigerant in the heating operation such
as the defrosting operation.

[0072] As in the first usage unit 50, the second usage
unit 60 also includes a second usage-side fan 63 to be
driven to rotate by a second usage-side fan motor M63.
[0073] The second usage unit 60 also includes a sec-
ond usage unit control unit 67 configured to control op-
erations of the respective components constituting the
second usage unit 60. The second usage unit control unit
67 includes a microcomputer including, for example, a
CPU and a memory. The second usage unit control unit
67 is connected to the heat source unit control unit 20
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via the communication line to exchange, for example, a
control signal with the heat source unit control unit 20.

(1-4) First Remote Controller 50a, Second Remote Con-
troller 60a

[0074] Thefirstremote controller 50ais aninput device
that causes a user of the first usage unit 50 to input var-
ious instructions for switching an operating state of the
refrigeration apparatus 100. The first remote controller
50a also functions as a display device for displaying the
operating state of the refrigeration apparatus 100 and
predetermined notification information. The first remote
controller 50a is connected to the first usage unit control
unit 57 via a communication line to exchange signals with
the first usage unit control unit 57.

[0075] As in the first remote controller 50a, the second
remote controller 60a is an input device that causes a
user of the second usage unit 60 to input various instruc-
tions for switching an operating state of the refrigeration
apparatus 100, and a display device for displaying the
operating state of the refrigeration apparatus 100 and
predetermined notification information. The second re-
mote controller 60a is connected to the second usage
unit control unit 67 via a communication line to exchange
signals with the second usage unit control unit 67.

(2) Details of Controller 70

[0076] In the refrigeration apparatus 100, the heat
source unit control unit 20, the first usage unit control unit
57, and the second usage unit control unit 67 are con-
nected via the communication lines to constitute the con-
troller 70 for controlling operation of the refrigeration ap-
paratus 100.

[0077] FIG. 2 is a schematic block diagram of a sche-
matic configuration of the controller 70 and the compo-
nents connected to the controller 70.

[0078] The controller 70 has a plurality of control
modes, and controls the operation of the refrigeration
apparatus 100 in accordance with a control mode in
which the controller 70 is to be placed. Examples of the
control modes of the controller 70 include: a cooling op-
erating mode in which the controller 70 is placed in a
normal situation; and a heating operating mode in which
the controller 70 is placed in reverse cycle defrosting.
The controller 70 selectively performs normal control on
the oil return valve 39 and hot gas bypass suppression
control on the oil return valve 39 in both the cooling op-
erating mode and the heating operating mode. The con-
troller 70 performs the normal control on the oil return
valve 39 to return an appropriate amount of refrigerating
machine oil to the compressor 21 in accordance with op-
erating conditions of the refrigeration cycle. The control-
ler 70 performs the hot gas bypass suppression control
on the oil return valve 39 to suppress passage of a large
amount of hot gas through the oil return valve 39 although
the oil return valve 39 cannot allow passage of a satis-
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factory amount of refrigerating machine oil.

[0079] The controller 70is electrically connected to the
actuators (i.e., the compressor 21, the four-way switching
valve 24, the heat source-side expansion valve 28, the
subcooling expansion valve 32, the injection valve 33,
the oil return valve 39, and the heat source-side fan 45
(the heat source-side fan motor M45)) and the various
sensors (i.e., the low-pressure sensor 40a, the interme-
diate-pressure sensor 40b, the high-pressure sensor
40c, the heat source-side air temperature sensor 46, the
discharge temperature sensor 47, and the like) in the
heat source unit 2. The controller 70 is also electrically
connected to the actuators (i.e., the first usage-side fan
53 (the first usage-side fan motor M53) and the first us-
age-side expansion valve 54) in the first usage unit 50.
The controller 70 is also electrically connected to the ac-
tuators (i.e., the second usage-side fan 63 (the second
usage-side fan motor M63) and the second usage-side
expansion valve 64) in the second usage unit 60. The
controller 70 is also electrically connected to the first re-
mote controller 50a and the second remote controller
60a.

[0080] The controller 70 mainly includes a storage unit
71, a communication unit 72, a mode control unit 73, an
actuator control unit 74, and a display control unit 75.
These units in the controller 70 are implemented in such
a manner that the components in the heat source unit
control unit 20 and/or each usage unit control unit 57, 67
integrally function.

(2-1) Storage Unit 71

[0081] The storage unit 71 includes, for example, a
read only memory (ROM), a random access memory
(RAM), and a flash memory. The storage unit 71 has a
volatile storage region and a nonvolatile storage region.
The storage unit 71 stores therein a control program that
defines processing to be performed by each unit of the
controller 70. Also in the storage unit 71, the respective
units of the controller 70 appropriately store predeter-
mined information (e.g., values detected by the respec-
tive sensors, commands input to the first remote control-
ler 50a, commands input to the second remote controller
60a) in a predetermined storage region.

(2-2) Communication Unit 72

[0082] The communication unit 72 is a functional unit
that plays a role as a communication interface for ex-
changing signals with the respective components con-
nected to the controller 70. The communication unit 72
receives a request from the actuator control unit 74, and
transmits a predetermined signal to a designated one of
the actuators. The communication unit 72 also receives
signals from the various sensors, the first remote con-
troller 50a, and the second remote controller 60a, and
stores the received signals in the predetermined storage
region of the storage unit 71.
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(2-3) Mode Control Unit 73

[0083] The mode control unit 73 is a functional unit that
switches a control mode, for example. The mode control
unit 73 places the controller 70 in the cooling operating
mode when the refrigeration apparatus 100 that does not
satisfy a predetermined defrosting condition is operated.
The predetermined defrosting condition concerns frost
forming on the firstand second usage-side heat exchang-
ers 52 and 62. When the predetermined defrosting con-
dition is satisfied in the cooling operating mode, the mode
control unit 73 switches the control mode to the heating
operating mode. The mode control unit 73 basically per-
forms the normal control on the oil return valve 39 in both
the cooling operating mode and the heating operating
mode. When a rise speed of a temperature of the refrig-
erant discharged from the compressor 21 (i.e., a temper-
ature detected by the discharge temperature sensor 47)
is more than a predetermined rise speed, the mode con-
trol unit 73 switches the normal control for the oil return
valve 39 to the hot gas bypass suppression control for
the oil return valve 39. (2-4) Actuator Control Unit 74
[0084] The actuator control unit 74 controls, based on
the control program, the operations of the respective ac-
tuators (e.g., the compressor 21) in the refrigeration ap-
paratus 100, in accordance with a situation.

[0085] Inthe cooling operating mode, the actuator con-
trol unit 74 connects the discharge side of the compressor
21 to the heat source-side heat exchanger 25 via the
four-way switching valve 24, and also connects the suc-
tion side of the compressor 21 to the gas-side shutoff
valve 49 via the four-way switching valve 24. In this con-
nection state, the actuator control unit 74 brings the heat
source-side expansion valve 28 into a fully open state.
In addition, the actuator control unit 74 controls, for ex-
ample, the number of rotations of the compressor 21, the
number of rotations of the heat source-side fan 45, the
opening degree of the subcooling expansion valve 32,
the opening degree of the oil return valve 39, the valve
opening degrees of the first, second, and third injection
valves 33a, 33b, and 33c, the opening degrees of the
usage-side expansion valves 54 and 64, and the num-
bers of rotations of the usage-side fans 53 and 63 in real
time, in accordance with, for example, set temperatures
and values detected by the various sensors. In the cool-
ing operating mode, each of the first, second, and third
injection valves 33a, 33b, and 33c is brought into a state
other than the fully closed state.

[0086] Inthe heating operatingmode, the actuator con-
trol unit 74 connects the discharge side of the compressor
21 to the gas-side shutoff valve 49 via the four-way
switching valve 24, and also connects the suction side
of the compressor 21 to the heat source-side heat ex-
changer 25 via the four-way switching valve 24. In this
connection state, the actuator control unit 74 brings the
subcooling expansion valve 32 into a fully closed state,
brings the usage-side expansion valves 54 and 64 into
the fully open state, and stops the usage-side fans 53



17 EP 3 546 850 A1 18

and 63. In addition, the actuator control unit 74 controls,
for example, the number of rotations of the compressor
21, the number of rotations of the heat source-side fan
45, the opening degree of the heat source-side expan-
sion valve 28, the opening degree of the oil return valve
39, and the valve opening degrees of the first, second,
and third injection valves 33a, 33b, and 33c in real time,
in accordance with, for example, values detected by the
various sensors. Also in the heating operating mode,
each of the first, second, and third injection valves 33a,
33b, and 33c is brought into a state other than the fully
closed state.

[0087] In the cooling operating mode and the heating
operating mode, the controller 70 selectively performs
the normal control on the oil return valve 39 and the hot
gas bypass suppression control on the oil return valve 39.

-- Normal control for oil return valve 39 --

[0088] In the normal control for the oil return valve 39
(i.e., control other than the hot gas bypass suppression
control), the actuator control unit 74 controls the opening
degree of the oil return valve 39 such that a passage and
circulation amount becomes equal to an amount of oil
loss in the compressor 21. In other words, the actuator
control unit 74 controls the valve opening degree of the
oil return valve 39 such that "an amount of oil loss in the
compressor 21" becomes equal to "a passage and cir-
culation amount in the oil return valve 39".

[0089] A relation of "an amount of oil loss in a com-
pressor" ="a circulation amount of refrigerant in the com-
pressor" X "a rate of oil loss in the compressor" is satis-
fied. In a case where the plurality of compressors, that
is, the first compressor 21a, the second compressor 21b,
and the third compressor 21c, constituting the compres-
sor 21 are respectively driven, "the amount of oil loss in
the compressor" is calculated from "the circulation
amount of refrigerant in the compressor" and "the rate of
oil loss in the compressor" as to each of the compressors
driven. By summing the results, "the amount of oil loss
in the compressor 21" is calculated.

[0090] For example, "the circulation amount in the
compressor" may be calculated based on, but not limited
to, a piston displacement of the compressor, a driving
frequency of the compressor, and a suction refrigerant
density of the compressor. Alternatively, "the circulation
amount in the compressor" may be calculated by dividing
electric power input to the compressor 21 by a difference
in enthalpy between the outletand inlet of the compressor
21.

[0091] In addition, "the rate of oil loss in the compres-
sor" may be calculated for each compressor driven,
based on the driving frequency of the compressor, a high
pressure, an intermediate pressure, and a low pressure
in a refrigeration cycle, and the degree of superheating
of a refrigerant to be sucked by the compressor if nec-
essary.
[0092]

In addition, "the passage and circulation
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amount in the oil return valve 39" may be calculated using
the valve opening degree of the oil return valve 39, the
difference in pressure between the refrigerant before
flowing into the oil return valve 39 and the refrigerant that
has flown out of the oil return valve 39 (i.e., the high pres-
sure - the intermediate pressure), and predetermined re-
lation value table data stored in the storage unit 71 in
advance. The predetermined relation value table data is
obtained in advance, based on such a relation that a pas-
sage and circulation amountincreases as the valve open-
ing degree of the oil return valve 39 is larger and also
increases as the difference in pressure between the re-
frigerant before flowing into the oil return valve 39 and
the refrigerant that has flown out of the oil return valve
39 is larger.

[0093] As described above, the valve opening degree
of the oil return valve 39 is substantially controlled in ac-
cordance with "the amount of oil loss in the compressor
21" and "the difference in pressure between the refriger-
ant before flowing into the oil return valve 39 and the
refrigerant that has flown out of the oil return valve 39
(i.e., the high pressure - the intermediate pressure)".

-- Hot gas bypass suppression control for oil return valve
39 --

[0094] In the hot gas bypass suppression control for
the oil return valve 39, the actuator control unit 74 lowers
the opening degree of the oil return valve 39 below the
valve opening degree of the oil return valve 39 subjected
to the normal control in the preceding cooling operating
mode or heating operating mode. For example, the ac-
tuator control unit 74 may lower the opening degree of
the oil return valve 39 to a half of the valve opening degree
of the oil return valve 39 subjected to the normal control
in the preceding cooling operating mode or heating op-
erating mode. Alternatively, the actuator control unit 74
may lower the opening degree of the oil return valve 39
so as to bring the oil return valve 39 into the fully closed
state. However, the degree of lowering the opening de-
gree of the oil return valve 39 is not limited thereto. Low-
ering the valve opening degree of the oil return valve 39
enables suppression of degradation in performance to
be caused because hot gas is returned in large amounts
to the suction side of the compressor 21 via the oil return
pipe 38.

[0095] In lowering the opening degree of the oil return
valve 39, the valve opening degrees of the first, second,
and third injection valves 33a, 33b, and 33c are not par-
ticularly changed and are maintained at the same control
state.

(2-5) Display Control Unit 75

[0096] The display control unit 75 is a functional unit
that controls operations of the first remote controller 50a
and second remote controller 60a each serving as the
display device.
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[0097] The display control unit 75 causes each of the
first remote controller 50a and the second remote con-
troller 60a to output predetermined information in order
that information on an operating state or situation is dis-
played for an administrator.

[0098] For example, the display control unit 75 causes
each of the first remote controller 50a and the second
remote controller 60a to display thereon various kinds of
information, such as set temperatures, during the cooling
operation.

[0099] In the hot gas bypass suppression control, the
display control unit 75 causes each of the first remote
controller 50a and the second remote controller 60a to
display thereon information indicating that the refrigera-
tion apparatus 100 is in the hot gas bypass suppression
control mode.

(3) Flow of Refrigerant in Cooling Operating Mode

[0100] Next, a description will be given of the flow of
the refrigerant in the refrigerant circuit 10 in the cooling
operating mode.

[0101] During the operation, the refrigeration appara-
tus 100 performs the cooling operation (a refrigeration
cycle operation) causing the refrigerant in the refrigerant
circuit 10 to mainly circulate through the compressor 21,
the heat source-side heat exchanger 25, the receiver 27,
the subcooler 31, the heat source-side expansion valve
28, the usage-side expansion valves 54, 64, and the us-
age-side heat exchangers 52, 62 in this order.

[0102] When the cooling operation is started, the re-
frigerant is sucked into and compressed by the compres-
sor 21, and then is discharged from the compressor 21,
in the refrigerant circuit 10. In the cooling operation, the
low pressure in the refrigeration cycle corresponds to the
suction pressure to be detected by the low-pressure sen-
sor 40a, the high pressure in the refrigeration cycle cor-
responds to the discharge pressure to be detected by
the high-pressure sensor 40c, and the intermediate pres-
sure in the refrigeration cycle corresponds to the dis-
charge pressure to be detected by the intermediate-pres-
sure sensor 40b.

[0103] The compressor 21 is subjected to capacity
control according to a cooling load to be required for each
of the first usage unit 50 and the second usage unit 60.
Specifically, the operating frequency of the compressor
21 is controlled such that the suction pressure takes a
target value set in accordance with the cooling load to
be required for each of the first usage unit 50 and the
second usage unit 60.

[0104] The gas refrigerant discharged from the com-
pressor 21 flows into the heat source-side heat exchang-
er 25 through the gas-side end of the heat source-side
heat exchanger 25, via the discharge-side pipe 41. The
oil separator 23 disposed at the middle of the discharge-
side pipe 41 separates the refrigerating machine oil from
the refrigerant discharged from the compressor 21, and
guides the refrigerating machine oil to the oil return pipe

10

15

20

25

30

35

40

45

50

55

1"

38. In the cooling operating mode, the oil return valve 39
is subjected to the normal control or the hot gas bypass
suppression control.

[0105] When the gas refrigerant flows into the heat
source-side heat exchanger 25 through the gas-side end
of the heat source-side heat exchanger 25, the heat
source-side heat exchanger 25 causes the gas refriger-
antto radiate heat by heat exchange with the heat source-
side air supplied by the heat source-side fan 45, and then
condenses the gas refrigerant to turn the gas refrigerant
into the liquid refrigerant. The liquid refrigerant flows out
of the heat source-side heat exchanger 25 through the
liquid-side end of the heat source-side heat exchanger
25.

[0106] When the liquid refrigerant flows out of the heat
source-side heat exchanger 25 through the liquid-side
end of the heat source-side heat exchanger 25, then the
liquid refrigerant passes through the first heat source lig-
uid-side pipe 43 and the first heat source liquid-side
check valve 26 without being shunted to the second
branch pipe 36, and flows into the receiver 27 through
the inlet of the receiver 27. When the liquid refrigerant
flows into the receiver 27, the receiver 27 temporarily
stores therein the liquid refrigerant in a saturated state.
Thereafter, the liquid refrigerant flows out of the receiver
27 through the outlet of the receiver 27.

[0107] When the liquid refrigerant flows out of the re-
ceiver 27 through the outlet of the receiver 27, then the
liquid refrigerant flows into the subcooler 31 through the
second heat source liquid-side pipe 44.

[0108] When the liquid refrigerant flows into the sub-
cooler 31, the subcooler 31 further cools the liquid refrig-
erant by heat exchange with the refrigerant flowing
through the injection pipe 30, thereby bringing the liquid
refrigerant into a subcooled state. The resultant liquid
refrigerant flows out of the subcooler 31 through the out-
let, coupled to the heat source-side expansion valve 28,
of the subcooler 31. The controller 70 controls the valve
opening degree of the subcooling expansion valve 32
such that the refrigerant flowing from the subcooler 31
toward the heat source-side expansion valve 28 has a
predetermined positive degree of subcooling and avalue
detected by the intermediate-pressure sensor satisfies a
predetermined intermediate pressure condition.

[0109] When the liquid refrigerant flows out of the sub-
cooler 31 through the outlet, coupled to the heat source-
side expansion valve 28, of the subcooler 31, then the
liquid refrigerant flows into the heat source-side expan-
sion valve 28 via a portion, between the subcooler 31
and the heat source-side expansion valve 28, of the sec-
ond heat source liquid-side pipe 44. At this time, the liquid
refrigerant, which has flown out of the subcooler 31
through the outlet, coupled to the heat source-side ex-
pansion valve 28, of the subcooler 31, partly flows toward
the injection pipe 30 branching off the portion, between
the subcooler 31 and the heat source-side expansion
valve 28, of the second heat source liquid-side pipe 44.
[0110] The refrigerant flowing through the injection
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pipe 30 is decompressed by the subcooling expansion
valve 32 to have the intermediate pressure in the refrig-
eration cycle. The refrigerant decompressed by the sub-
cooling expansion valve 32 flows through the injection
pipe 30, and then flows into the subcooler 31 through the
inlet, connected to the injection pipe 30, of the subcooler
31. When the refrigerant flows into the subcooler 31
through the inlet, connected to the injection pipe 30, of
the subcooler 31, the subcooler 31 causes the refrigerant
to exchange heat with the refrigerant flowing through the
second heat source liquid-side pipe 44, and then heats
the refrigerant to turn the refrigerant into the gas refrig-
erant. The refrigerant heated by the subcooler 31 flows
toward the downstream side of the injection pipe 30, and
is mixed with the refrigerating machine oil from the oil
return pipe 38. The resultant refrigerant is then shunted
to each of the first, second, and third injection shunt pipes
33x, 33y, and 33z, and the shunted refrigerants respec-
tively flow into the middles of the compression processes
in the first, second, and third compressors 21a, 21b, and
21c. The amounts of the refrigerants flowing through the
first, second, and third injection shunt pipes 33x, 33y,
and 33z are respectively adjusted by the valve opening
degrees of the first, second, and third injection valves
33a, 33b, and 33c.

[0111] The heat source-side expansion valve 28 is
brought into the fully open state in the cooling operating
mode. The liquid refrigerant, which has flown into the
heat source-side expansion valve 28 via the second heat
source liquid-side pipe 44, therefore passes through the
heat source-side expansion valve 28 without being de-
compressed, and flows into each of the first usage unit
50 and the second usage unit 60 that are currently op-
erated, via the liquid-side shutoff valve 48 and the liquid-
side-refrigerant connection pipe 6.

[0112] When the refrigerant flows into the first usage
unit 50, then the refrigerant flows into the first usage-side
expansion valve 54 via a part of the first usage-side liquid
refrigerant pipe 59. When the refrigerant flows into the
first usage-side expansion valve 54, then the refrigerant
is decompressed by the first usage-side expansion valve
54 to have the low pressure in the refrigeration cycle.
Thereafter, the refrigerant flows into the first usage-side
heat exchanger 52 through the liquid-side end of the first
usage-side heat exchanger 52 via the first usage-side
liquid refrigerant pipe 59. When the refrigerant flows into
the first usage-side heat exchanger 52 through the liquid-
side end of the first usage-side heat exchanger 52, the
first usage-side heat exchanger 52 evaporates the refrig-
erant by heat exchange with the usage-side air supplied
by the first usage-side fan 53, thereby turning the refrig-
erant into the gas refrigerant. The resultant gas refriger-
ant flows out of the first usage-side heat exchanger 52
through the gas-side end of the first usage-side heat ex-
changer 52. When the gas refrigerant flows out of the
first usage-side heat exchanger 52 through the gas-side
end of the first usage-side heat exchanger 52, then the
gas refrigerant flows to the gas-side-refrigerant connec-
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tion pipe 7 via the first usage-side gas refrigerant pipe 58.
[0113] Asinthefirstusage unit 50, when the refrigerant
flows into the second usage unit 60, then the refrigerant
flows into the second usage-side expansion valve 64 via
a part of the second usage-side liquid refrigerant pipe
69. When the refrigerant flows into the second usage-
side expansion valve 64, then the refrigerant is decom-
pressed by the second usage-side expansion valve 64
to have the low pressure in the refrigeration cycle. There-
after, the refrigerant flows into the second usage-side
heat exchanger 62 through the liquid-side end of the sec-
ond usage-side heat exchanger 62 via the second usage-
side liquid refrigerant pipe 69. When the refrigerant flows
into the second usage-side heat exchanger 62 through
the liquid-side end of the second usage-side heat ex-
changer 62, the second usage-side heat exchanger 62
evaporates the refrigerant by heat exchange with the us-
age-side air supplied by the second usage-side fan 63,
thereby turning the refrigerant into the gas refrigerant.
The resultant gas refrigerant flows out of the second us-
age-side heat exchanger 62 through the gas-side end of
the second usage-side heat exchanger 62. When the gas
refrigerant flows out of the second usage-side heat ex-
changer 62 through the gas-side end of the second us-
age-side heat exchanger 62, then the gas refrigerant
flows to the gas-side-refrigerant connection pipe 7 via
the second usage-side gas refrigerant pipe 68.

[0114] The refrigerant, which has flown out of the first
usage unit 50, and the refrigerant, which has flown out
of the second usage unit 60, merge with each other at
the gas-side-refrigerant connection pipe 7, and then are
sucked into the compressor 21 again, via the gas-side
shutoff valve 49, the four-way switching valve 24, and
the suction-side pipe 42.

(4) Flow of Refrigerant in Heating Operating Mode

[0115] Next, a description will be given of the flow of
the refrigerant in the refrigerant circuit 10 in the heating
operating mode, which is performed, for example, for re-
moving frost from the usage-side heat exchangers 52
and 62.

[0116] The heating operation is started when the con-
troller 70 determines that a predetermined heating oper-
ation start condition is satisfied in the cooling operation
(e.g., when the cooling operation is performed for a pre-
determined time or when a temperature of a heat ex-
changer to be subjected to defrosting is equal to or less
than a predetermined temperature).

[0117] During the heating operation, the refrigeration
apparatus 100 performs the heating operation (a refrig-
eration cycle operation) causing the refrigerant in the re-
frigerant circuit 10 to mainly circulate through the com-
pressor 21, the usage-side heat exchangers 52 and 62,
the usage-side expansion valves 54 and 64, the receiver
27, the heat source-side expansion valve 28, and the
heat source-side heat exchanger 25 in this order.
[0118] When the heating operation is started, the re-
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frigerant is sucked into and compressed by the compres-
sor 21, and then is discharged from the compressor 21,
in the refrigerant circuit 10.

[0119] Thecompressor21iscontrolled at, forexample,
the maximum frequency; however, the control of the com-
pressor 21 is not limited thereto.

[0120] The gas refrigerant discharged from the com-
pressor 21 flows into each of the usage-side heat ex-
changers 52 and 62 through each of the gas-side ends
of the usage-side heat exchangers 52 and 62, via the
discharge-side pipe 41. As in the cooling operation, the
oil return valve 39 is subjected to the normal control or
the hot gas bypass suppression control.

[0121] When the gas refrigerants respectively flow into
the usage-side heat exchangers 52 and 62 through the
gas-side ends of the usage-side heat exchangers 52 and
62, then the gas refrigerants condense by radiating heat
and melt frost on the usage-side heat exchangers 52 and
62. Atthis time, the usage-side fans 53 and 63 each come
to a stop.

[0122] The refrigerants condensed by melting frost on
the usage-side heat exchangers 52 and 62 respectively
pass through the usage-side expansion valves 54 and
64 controlled in the fully open state, and then flow into
the heat source unit 2 through the liquid side of the heat
source unit 2 via the liquid-side-refrigerant connection
pipe 6.

[0123] When the refrigerant passes through the liquid-
side shutoff valve 48 of the heat source unit 2, then the
refrigerant passes through the first branch check valve
35 on the first branch pipe 34, and flows into the receiver
27. However, the refrigerant does not flow toward the
second heat source liquid-side pipe 44 since the second
heat source liquid-side check valve 29 is disposed on the
second heat source liquid-side pipe 44. When the refrig-
erant flows into the receiver 27, then the refrigerant flows
through the second heat source liquid-side pipe 44, and
passes through the subcooler 31. Thereafter, the refrig-
erant is decompressed by the heat source-side expan-
sion valve 28 to have the low pressure in the refrigeration
cycle, and then passes through the second branch check
valve 37 on the second branch pipe 36. In the heating
operation, since the subcooling expansion valve 32 is
controlled in the fully closed state, the refrigerant does
not flow toward the upstream side of the injection pipe
30. Also in the heating operation, since the opening de-
gree of the oil return valve 39 is controlled, the refriger-
ating machine oil passes through the oil return pipe 38,
and then is supplied to each of the first, second, and third
compressors 21a, 21b, and 21c via the downstream por-
tion of the injection pipe 30.

[0124] When the refrigerant passes through the sec-
ond branch check valve 37 on the second branch pipe
36, then the refrigerant flows into the heat source-side
heat exchanger 25 via the first heat source liquid-side
pipe 43. When the refrigerant flows into the heat source-
side heat exchanger 25 through the liquid-side end of the
heat source-side heat exchanger 25, the heat source-
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side heat exchanger 25 evaporates the refrigerant by
heat exchange with the heat source-side air supplied by
the heat source-side fan 45, thereby turning the refriger-
ant into the gas refrigerant. The gas refrigerant flows out
of the heat source-side heat exchanger 25 through the
gas-side end of the heat source-side heat exchanger 25.
[0125] When the gas refrigerant flows out of the heat
source-side heat exchanger 25, then the gas refrigerant
is sucked into the compressor 21 again via the four-way
switching valve 24 and the suction-side pipe 42.

[0126] The heating operationterminates when the con-
troller 70 determines that a predetermined heating oper-
ation termination condition is satisfied from the start of
the heating operation (e.g., when a predetermined time
is elapsed or when the temperature of the heat exchanger
to be subjected to defrosting is equal to or more than the
predetermined temperature). The normal cooling opera-
tion is then resumed.

(5) Processing by Controller 70 in Performing Normal
Control and Hot Gas Bypass Suppression Control on QOil
Return Valve 39

[0127] With reference to a flowchart of FIG. 3, next, a
description will be given of exemplary processing to be
performed by the controller 70 in performing the normal
control and the hot gas bypass suppression control on
the oil return valve 39.

[0128] In both the cooling operating mode and the
heating operating mode, the normal control and the hot
gas bypass suppression control are selectively per-
formed on the oil return valve 39. Therefore, the following
description involves a case where the compressor 21
that is stopping is activated in, for example, the cooling
operating mode.

[0129] Instep S11, the controller 70 controls the valve
opening degree of the oil return valve 39 to temporarily
bring the oil return valve 39 into the fully open state for
apredetermined time before activation of the compressor
21 for starting the cooling operating mode from the state
in which the compressor 21 stops. This configuration en-
ables equalization of the pressure on the discharge side
of the compressor 21 and the pressure on the side, to
which the injection pipe 30 is connected, of the compres-
sor 21, and also enables more reliable activation of the
compressor 21.

[0130] Instep S12, the controller 70 controls the valve
opening degree of the oil return valve 39 to bring the oil
return valve 39 into the fully closed state. This configu-
ration easily brings about a difference in pressure be-
tween the refrigerant on the discharge side of the com-
pressor 21 and the refrigerant on the side, to which the
injection pipe 30 is connected, of the compressor 21 at
the time when the compressor 21 is driven.

[0131] Instep S13, the controller 70 activates the com-
pressor 21, and increases the frequency of the compres-
sor 21. Since the oil return valve 39 is brought into the
fully closed state in step S11, the refrigerant discharged
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from the compressor 21 and the refrigerating machine
oil do not flow toward the joint to the injection pipe 30 in
the compressor 21 via the oil return pipe 38. The differ-
ence in pressure is therefore secured with ease.

[0132] Instep S14, the controller 70 determines wheth-
er the frequency of the compressor 21 increases to ex-
ceed the predetermined frequency. When the frequency
is more than the predetermined frequency, the process-
ing proceeds to step S15. When the frequency is less
than the predetermined frequency, the processing re-
turns to step S13 in which the controller 70 keeps the
frequency increasing. When the frequency of the com-
pressor 21 is more than the predetermined frequency,
the controller 70 is maintained at the cooling operating
mode described above.

[0133] In step S15, the controller 70 performs the nor-
mal control on the oil return valve 39 in order to return
an appropriate amount of refrigerating machine oil from
the oil separator 23 to the compressor 21 in accordance
with an operating condition. Specifically, as described
above, the controller 70 controls the valve opening de-
gree of the oil return valve 39 such that "the amount of
oil loss in the compressor 21" becomes equal to "the
passage and circulation amountin the oil return valve 39".
[0134] Instep S16, the controller 70 determines wheth-
er arise speed of the temperature of the refrigerant dis-
charged from the compressor 21 (i.e., the temperature
detected by the discharge temperature sensor 47) is
more than the predetermined rise speed. When the dis-
charge refrigerant temperature rise speed at the com-
pressor 21 is more than the predetermined rise speed,
the hot gas passes in large amounts through the oil return
valve 39, so that the hot gas flows in large amounts into
the compressor 21 via the oil return pipe 38 and the in-
jection pipe 30. Itis therefore estimated that the discharge
refrigerant temperature rapidly rises. In view of this, the
processing proceeds to step S17 in order to reduce the
amount of hot gas passing through the oil return valve
39. On the other hand, when the discharge refrigerant
temperature rise speed is less than the predetermined
rise speed, the processing returns to step S15 in which
the controller 70 performs the normal control on the oil
return valve 39 again.

[0135] In step S17, the controller 70 performs the hot
gas bypass suppression control on the oil return valve
39 to reduce the amount of hot gas passing through the
oil return valve 39. Specifically, in step S16, the controller
70 controls the valve opening degree of the oil return
valve 39 so as to lower the opening degree of the oll
return valve 39 below the valve opening degree at the
time when it is determined that the discharge refrigerant
temperature rise speed at the compressor 21 is more
than the predetermined rise speed. More specifically, in
step S16, the controller 70 controls the valve opening
degree ofthe oilreturn valve 39 so as to lower the opening
degree of the oail return valve 39 to, for example, a half
of the valve opening degree at the time when it is deter-
mined that the discharge refrigerant temperature rise
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speed at the compressor 21 is more than the predeter-
mined rise speed.

[0136] Instep S18,the controller 70 determines wheth-
er the state in which the discharge refrigerant tempera-
ture at the compressor 21 (i.e., the temperature detected
by the discharge temperature sensor 47) is equal to or
less than a predetermined temperature continues for a
predetermined time with the oil return valve 39 subjected
tothe hotgas bypass suppression control. In other words,
the controller 70 determines whether the discharge re-
frigerant temperature is maintained to be low by the hot
gas bypass suppression control on the oil return valve
39. When the state in which the discharge refrigerant
temperature is equal to or less than the predetermined
temperature continues for the predetermined time, the
controller 70 terminates the hot gas bypass suppression
control of the oil return valve 39. The processing then
returns to step S15. On the other hand, when the state
in which the discharge refrigerant temperature is equal
to or less than the predetermined temperature does not
continue for the predetermined time, the processing pro-
ceeds to step S19.

[0137] In step S19, the controller 70 continuously per-
forms the hot gas bypass suppression control with the
valve opening degree of the oil return valve 39 further
lowered. The processing then proceeds to step S18.
[0138] The controller 70 controls the oil return valve 39
in the cooling operating mode as described above until
the cooling operating mode terminates. The normal con-
trol and the hot gas bypass suppression control for the
oil return valve 39 are also performed in the heating op-
erating mode.

[0139] When the operation of the refrigeration appara-
tus 100 is stopped after the termination of the cooling
operating mode, the controller 70 controls the valve
opening degree of the oil return valve 39 to bring the oil
return valve 39 into the fully open state rather than the
fully closed state. With this configuration, during the stop
of the operation, the refrigerating machine oil in the oil
separator 23 can be dissolved into the refrigerant in the
compressor 21 via the oil return pipe 38 and the injection
pipe 30. This configuration therefore enables the next
activation of the compressor 21 more reliably.

(6) Features of Refrigeration Apparatus 100
(6-1)

[0140] In the refrigeration apparatus 100 according to
this embodiment, the oil return valve 39 is subjected to
the normal control in the cooling operating mode and the
heating operating mode, so that the refrigerating machine
oil can be returned to the compressor 21 in appropriate
amounts according to the circulation amount of the re-
frigerant in the compressor 21 and the rate of oil loss in
the compressor 21, that is, according to the situations of
the refrigeration cycle, such as the frequency of the com-
pressor 21 as well as the high pressure, intermediate
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pressure, and low pressure in the refrigeration cycle. The
reliability of the compressor 21 can be thus enhanced.
[0141] In the refrigeration apparatus 100 according to
this embodiment, moreover, if the discharge refrigerant
temperature at the compressor 21 rapidly rises (if the
discharge refrigerant temperature rise speed is more
than the predetermined rise speed) owing to, for exam-
ple, a transitional change in operating condition, even in
the normal control for the oil return valve 39, itis assumed
that the high-temperature hot gas is supplied in large
amounts to the compressor 21 since the hot gas refrig-
erantdischarged from the compressor 21 passes in large
amounts through the oil return valve 39, in addition to the
refrigerating machine oil. Based on this assumption, the
control for the oil return valve 39 is switched from the
normal control to the hot gas bypass suppression control
to lower the valve opening degree. This configuration
thus reduces the amount of hot gas passing through the
oil return valve 39. This configuration also can reduces
such a factor of degradation in performance that the hot
gas discharged from the compressor 21 is immediately
sucked into the compressor 21, as small as possible.
[0142] In the refrigeration apparatus 100 according to
this embodiment, moreover, one oil separator 23 is pro-
vided for the plurality of compressors, that is, the first
compressor 21a, the second compressor 21b, and the
third compressor 21c. The oil separator 23 of the refrig-
eration apparatus 100 according to this embodiment is
therefore larger in capacity than oil separators to be pro-
vided for a plurality of compressors in one-to-one corre-
spondence. If one oil separator 23 having a larger ca-
pacity is provided for the plurality of compressors as de-
scribed above, the oil separator 23 retains not only the
refrigerating machine oil, but also the hot gas refrigerant
in large amounts. In addition, one oil return pipe 38 that
extends from the oil separator 23 is provided without be-
ing branched in correspondence with the number of com-
pressors. For this reason, the oil return pipe 38 is larger
in inner diameter than an oil return pipe to be provided
for each compressor. In the refrigeration apparatus 100
according to this embodiment, the oil separator 23 retains
the hot gas in large amounts, so that the hot gas refrig-
erant easily passes in large amounts through the oil re-
turn pipe 38. With this configuration, however, even when
the oil return valve 39 is subjected to the normal control,
it easily occurs that the hot gas refrigerant passes in large
amounts through the oil return pipe 38 owing to, for ex-
ample, a transitional change in operating condition. Even
with the configuration, in the refrigeration apparatus 100
according this embodiment, the hot gas bypass suppres-
sion control for the oil return valve 39 suppresses deg-
radation in performance of the refrigeration apparatus
100.

(6-2)

[0143] In the refrigeration apparatus 100 according to
this embodiment, the oil return pipe 38 is disposed to
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merge with the injection pipe 30 that is not connected to
the suction side of the compressor 21, but is connected
to the middle of the compression process in the compres-
sor 21. This configuration thus can suppress a situation
in which heat energy of a part of the high-temperature
fluid (the refrigerant and the refrigerating machine oil)
discharged from the compressor 21 is used for raising
the suction refrigerant temperature atthe compressor 21.

(6-3)

[0144] In the refrigeration apparatus 100 according to
this embodiment, the oil return valve 39 is controlled to
be closed in performing the control to increase the fre-
quency of the compressor 21 upon activation of the com-
pressor 21. This configuration therefore efficiently can
increase the difference between the pressure at the dis-
charge side of the compressor 21 and the pressure at
the side, to which the injection pipe 30 is connected, of
the compressor 21 upon activation of the compressor 21.

(6-4)

[0145] In the refrigeration apparatus 100 according to
this embodiment, the oil return valve 39 is not controlled
to be closed (the oil return valve 39 is brought into the
fully open state in this embodiment) before activation of
the compressor 21 which has been stopped. This con-
figuration therefore achieves pressure equalization by re-
ducing the difference between the pressure at the dis-
charge side of the compressor 21 and the pressure at
the side, to which the injection pipe 30 is connected, of
the compressor 21. This configuration also allows the
refrigerating machine oil in the oil separator 23 to be dis-
solved into the refrigerant in the compressor 21 via the
oil return pipe 38 and the injection pipe 30. This config-
uration thus enables more reliable activation of the com-
pressor 21.

(7) Modifications

[0146] The foregoing embodiment may be appropri-
ately modified as described in the following modifications.
It should be noted that these modifications are applicable
in conjunction with other modifications insofar as there
are no consistencies.

(7-1) Modification A

[0147] According to the foregoing embodiment, the oil
return pipe 38 is connected to the middle of the injection
pipe 30 at its opposite end to the end connected to the
oil separator 23.

[0148] However, the oil return pipe is not necessarily
connected as described above. As illustrated in FIG. 4,
forexample, in a refrigeration apparatus 200, an oil return
pipe 38a may be connected to a middle of a suction-side
pipe 42 at its opposite end to an end connected to an oil
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separator 23.

[0149] In this case, a refrigerating machine oil sepa-
rated by the oil separator 23 is supplied to a suction side
of a compressor 21. Also in this case, it is considered
that a discharge refrigerant temperature at the compres-
sor 21 rises if a hot gas passes in large amounts through
an oilreturn valve 39 on the oil return pipe 38a. Therefore,
normal control and hot gas bypass suppression control
can be performed on the oil return valve 39 on the oil
return pipe 38a in a manner similar to that described in
the foregoing embodiment.

(7-2) Modification B

[0150] According to the foregoing embodiment, the
downstream side of the injection pipe 30 merges with the
middle of the compression process in the compressor 21.
[0151] As illustrated in FIG. 5, alternatively, in a refrig-
eration apparatus 300, an injection pipe 30a may be con-
nected at its downstream side to a suction side of a com-
pressor 21. It should be noted that the injection pipe 30
in the foregoing embodiment is connected to the middle
of the compression process in the compressor 21; there-
fore, the amount of refrigerant to be sucked into the com-
pressor 21 is less prone to be reduced because of the
refrigerant flowing through the injection pipe 30.

[0152] In this case, as in Modification A, a refrigerating
machine oil separated by an oil separator 23 is supplied
to the suction side of the compressor 21 via the down-
stream side of the injection pipe 30a. Also in this case,
it is considered that a discharge refrigerant temperature
at the compressor 21 rises if a hot gas passes in large
amounts through an oil return valve 39. Therefore, nor-
mal control and hot gas bypass suppression control can
be performed onthe oil return valve 39in amanner similar
to that described in the foregoing embodiment.

(7-3) Modification C

[0153] According to Modification B, the refrigeration
apparatus 300 includes the injection pipe 30a connected
atits downstream end to the suction side of the compres-
sor 21.

[0154] As illustrated in FIG. 6, alternatively, a refriger-
ation apparatus 400 may include an injection pipe 30a
connected at its downstream side to a suction side of a
compressor 21. As in Modification A, the refrigeration
apparatus 400 may also include an oil return pipe 38a
connected to a middle of a suction-side pipe 42 at its
opposite end to an end connected to an oil separator 23.

(7-4) Modification D

[0155] According to the foregoing embodiment, the re-
frigeration apparatus 100 switches the control for the oil
return valve 39 from the normal control to the hot gas
bypass suppression control on the condition that the dis-
charge refrigerant temperature rise speed at the com-
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pressor 21 is more than the predetermined rise speed.
[0156] However, the condition to switch the control for
the oil return valve 39 from the normal control to the hot
gas bypass suppression control is not limited thereto. For
example, it is considered that the intermediate pressure
in the refrigeration cycle (i.e., the pressure detected by
the intermediate-pressure sensor 40b) lowers if the
amount of hot gas passing though the oil return valve 39
increases in the normal control for the oil return valve 39.
Therefore, the control for the oil return valve 39 may be
switched on a condition that an intermediate pressure
drop speed is more than a predetermined pressure drop
speed (i.e., the intermediate pressure lowers rapidly).
[0157] In the situation in which the refrigerating ma-
chine oil passes in large amounts through the oil return
valve 39, the refrigerating machine oil is maintained at a
liquid state before flowing into the oil return valve 39 and
after flown out of the oil return valve 39. This refrigerating
machine oil is higher in viscosity than the gas refrigerant
and is lower in fluidity than the gas refrigerant. Therefore,
the flow velocity of the refrigerating machine oil does not
increase so much at the time when the refrigerating ma-
chine oil passes through the oil return valve 39. Conse-
quently, inthe situation in which the refrigerating machine
oil passes in large amounts through the oil return valve
39, the refrigerating machine oil passes through the oil
return valve 39 at a low flow velocity with lower resist-
ance; therefore, the oil return valve 39 is less prone to
cause considerable decompression.

[0158] In contrast to this, the discharge gas refrigerant
is lower in viscosity than the refrigerating machine oil and
is higher in fluidity than the refrigerating machine oil.
Therefore, the flow velocity of the gas refrigerant is apt
toincrease atthe time when the discharge gasrefrigerant
passes through the oil return valve 39. Consequently, in
the situation in which the refrigerating machine oil passes
in small amounts through the oil return valve 39 and the
discharge gas refrigerant passes in large amounts
through the oil return valve 39, the gas refrigerant passes
through the oil return valve 39 at a high flow velocity with
higher resistance, so that the oil return valve 39 is apt to
cause considerable decompression.

[0159] A change from the situation in which the refrig-
erating machine oil passes in large amounts through the
oil return valve 39 to the situation in which the gas refrig-
erant passes in large amount though the oil return valve
39 causes a reduction in pressure at the downstream
side of the oil return valve 39, and therefore causes a
reduction in pressure of the refrigerant flowing through
the injection pipe 30 to which the oil return pipe 38 is
connected.

[0160] As described above, hence, the control for the
oil return valve 39 may be switched from the normal con-
trol to the hot gas bypass suppression control when the
drop speed of the intermediate pressure detected by the
intermediate-pressure sensor 40b on the injection pipe
30 is more than the predetermined pressure drop speed.
[0161] In each of the refrigeration apparatus 200 ac-
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cording to Modification A and the refrigeration apparatus
400 according to Modification C, the oil return pipe 38a
is connected to the suction-side pipe 42. The control for
the oil return valve 39 may be switched from the normal
control to the hot gas bypass suppression control on a
condition that a drop speed of the low pressure (pressure
detected by the low-pressure sensor 40a) in the refrig-
eration cycle is more than a predetermined pressure drop
speed.

[0162] Alternatively, the control for the oil return valve
39 may be switched from the normal control to the hot
gas bypass suppression control on conditions that the
discharge refrigerant temperature rise speed at the com-
pressor 21 is more than the predetermined rise speed
and a drop speed of the intermediate pressure or low
pressure in the refrigeration cycle is more than a prede-
termined pressure drop speed.

[0163] In a case where relational data on a discharge
refrigerant temperature appropriate for the intermediate
pressure in the refrigeration cycle is possessed in ad-
vance, the control for the oil return valve 39 may be
switched from the normal control to the hot gas bypass
suppression control on a condition that the discharge re-
frigerant temperature is more than the discharge refrig-
erant temperature appropriate for the intermediate pres-
sure.

(7-5) Modification E

[0164] Accordingto the foregoing embodimentand the
respective modifications, the branch position of the in-
jection pipe 30 is on the side closer to the heat source-
side expansion valve 28 with respect to the subcooler 31.
[0165] Alternatively, the branch position of the injection
pipe 30 may be on the side opposite to the heat source-
side expansion valve 28 with respect to the subcooler 31.

(7-6) Modification F

[0166] According to the foregoing embodiment, the re-
frigeration apparatus 100 is configured to cool, for exam-
ple, theinterior of a cold storage warehouse or the interior
of a showcase in a store.

[0167] However, the use of the refrigeration apparatus
100 is not limited thereto. For example, the refrigeration
apparatus 100 may be configured to cool the interior of
a container for transportation. Alternatively, the refriger-
ation apparatus 100 may be an air conditioning system
(an air conditioner) that implements air conditioning by
cooling the interior of a building.

INDUSTRIAL APPLICABILITY

[0168] The present invention is applicable to a refrig-
eration apparatus.
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REFERENCE SIGNS LIST
[0169]

2: heat source unit

6: liquid-side-refrigerant connection pipe

7: gas-side-refrigerant connection pipe

10: refrigerant circuit

20: heat source unit control unit

21: compressor

21a: first compressor

21b: second compressor

21c: third compressor

23: oil separator

25: heat source-side heat exchanger

26: first heat source liquid-side check valve
27: receiver

28: heat source-side expansion valve

29: second heat source liquid-side check valve
30: injection pipe (refrigerant supply pipe, injection
pipe)

30a: injection pipe (refrigerant supply pipe)
31: subcooler

32: subcooling expansion valve (intermediate ex-
pansion valve)

33: injection valve

33a: first injection valve

33b: second injection valve

33c: third injection valve

34: first bypass pipe

35: first bypass check valve

36: second branch pipe

37: second branch check valve

38: oil return pipe

38a: oil return pipe

39: oil return valve (flow rate adjusting mechanism)
40a: low-pressure sensor

40b: intermediate-pressure sensor

40c: high-pressure sensor

41: discharge-side pipe

42: suction-side pipe (refrigerant supply pipe)
43: first heat source liquid-side pipe

44: second heat source liquid-side pipe

45: heat source-side fan

47: discharge temperature sensor

50: first usage unit

52: first usage-side heat exchanger

54: first usage-side expansion valve

57: first usage unit control unit

58: first usage-side gas refrigerant pipe

59: first usage-side liquid refrigerant pipe
60: second usage unit

62: second usage-side heat exchanger

64: second usage-side expansion valve

67: second usage unit control unit

68: second usage-side gas refrigerant pipe
69: second usage-side liquid refrigerant pipe
70: controller (control unit)
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100, 200, 300, 400: refrigeration apparatus in the compressor,
the refrigeration apparatus further comprising:
CITATION LIST an intermediate expansion valve (32) disposed

at a middle of the injection pipe.
PATENT LITERATURE 5
4. The refrigeration apparatus according to any one of

[0170] Patent Literature 1: JP 2011-208860 A claims 1 to 3, wherein

the control unit controls the flow rate adjusting mech-

anism to a state thatblocks passage of the refrigerant
Claims 10 through the flow rate adjusting mechanism upon ac-

tivation of the compressor.
1. Arefrigeration apparatus (100, 200, 300, 400) com-

prising: 5. The refrigeration apparatus according to any one of
claims 1 to 4, wherein

a compressor (21); 15 the control unit controls the flow rate adjusting mech-
an oil separator (23) disposed on a discharge anism to a state that permits passage of the refrig-
side of the compressor; erant through the flow rate adjusting mechanism be-
a refrigerant supply pipe (30, 30a, 42) through fore activation of the compressor.
which a refrigerant is supplied to the compres-
sor; 20

an oil return pipe (38, 38a) connecting the oil
separator (23) to the refrigerant supply pipe (30,
30a, 42);

a flow rate adjusting mechanism (39) disposed

on the oil return pipe; and 25
a control unit (70) configured to control the flow

rate adjusting mechanism (39) to reduce a flow

rate when a temperature of the refrigerant dis-
charged from the compressor or a pressure of

the refrigerant flowing through the refrigerant 30
supply pipe satisfies a predetermined condition.

2. The refrigeration apparatus according to claim 1,
wherein
35

the control unit performs normal control to con-
trol the flow rate adjusting mechanism, based
on an amount of oil loss in the compressor, the
amount of oil loss being obtained by multiplying
a circulation amount of the refrigerant by a rate 40
of oil loss in the compressor, and
when the predetermined condition is satisfied in
the normal control, the control unit controls the
flow rate adjusting mechanism to further reduce
the flow rate from a state of the flow rate adjust- 45
ing mechanism in the normal control.

3. The refrigeration apparatus according to claim 1 or
2, further comprising:
50

a heat source-side heat exchanger (25) config-
ured to condense the refrigerant discharged
from the compressor,
wherein
the refrigerant supply pipe is an injection pipe 55
(30) through which a part of the refrigerant con-
densed by the heat source-side heat exchanger
is guided to a middle of a compression process

18
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