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DEVICE

(57) A refrigeration cycle apparatus includes: a
high-stage circuit through which a high-stage refrigerant
circulates, the high-stage circuit including a first compres-
sor, a condenser, a first expansion device, and a cascade
heat exchanger; and a low-stage circuit through which a
low-stage refrigerant circulates, the low-stage circuit in-
cluding a second compressor, the cascade heat ex-
changer, a second expansion device, and an evaporator,
wherein the cascade heat exchanger is configured to ex-
change heat between the high-stage refrigerant and the
low-stage refrigerant, the low-stage refrigerant is a zeo-
tropic refrigerant mixture, and pressure of the low-stage
refrigerant in the low-stage circuit after deactivating the
second compressor is maintained to be equal to or lower
than a pressure at or below which the low-stage refrig-
erant is non-flammable.
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Description

Technical Field

[0001] The present disclosure relates to a refrigeration
cycle apparatus provided with a two-stage refrigeration
cycle, and also relates to a method for controlling the
refrigeration cycle apparatus.

Background Art

[0002] As a conventional refrigeration cycle apparatus
provided with a two-stage refrigeration cycle, a refriger-
ation apparatus including a low-stage circuit through
which a low-stage refrigerant circulates, a high-stage cir-
cuit through which a high-stage refrigerant circulates, and
a cascade condenser configured to exchange heat be-
tween the low-stage refrigerant and the high-stage re-
frigerant has been known (for example, Patent Literature
1).

Citation List

Patent Literature

[0003] Patent Literature 1: International Publication
No. WO 2014030236

Summary of Invention

Technical Problem

[0004] In the refrigeration cycle apparatus disclosed in
Patent Literature 1, a zeotropic refrigerant mixture is used
as a low-stage refrigerant that circulates in the low-stage
circuit. In this case, during a stop of operation of the low-
stage circuit, refrigerant having a low-boiling-point con-
tained in the zeotropic refrigerant mixture is gasified and
remains in the low-stage circuit in its entirety, which may
vary the composition of liquid refrigerant. Particularly, in
a case where the low-stage circuit includes a welding
portion of pipes, if the gasified refrigerant leaks from the
welding portion, the leakage leads to significant varia-
tions in the composition of the liquid refrigerant. When
refrigerant having a high-boiling-point contained in the
zeotropic refrigerant mixture is flammable, the variations
in the composition of the refrigerant lead to an increase
in flammability of the liquid refrigerant, and accordingly
an increase in the risk due to the flammability at the time
of refrigerant leakage.
[0005] The present disclosure has been made to solve
the above problems, and it is an object of the present
disclosure to provide a refrigeration cycle apparatus and
a method for controlling the refrigeration cycle apparatus
that can reduce variations in composition of refrigerant
after stopping operation of a low-stage circuit.

Solution to Problem

[0006] A refrigeration cycle apparatus according to one
embodiment of the present disclosure includes: a high-
stage circuit through which a high-stage refrigerant cir-
culates, the high-stage circuit including a first compres-
sor, a condenser, a first expansion device, and a cascade
heat exchanger; and a low-stage circuit through which a
low-stage refrigerant circulates, the low-stage circuit in-
cluding a second compressor, the cascade heat ex-
changer, a second expansion device, and an evaporator,
wherein the cascade heat exchanger is configured to ex-
change heat between the high-stage refrigerant and the
low-stage refrigerant, the low-stage refrigerant is a zeo-
tropic refrigerant mixture, and pressure of the low-stage
refrigerant in the low-stage circuit after deactivating the
second compressor is maintained to be equal to or lower
than a pressure at or below which the low-stage refrig-
erant is non-flammable.
[0007] A method for controlling a refrigeration cycle ap-
paratus according to another embodiment of the present
disclosure is a method for controlling a refrigeration cycle
apparatus, the refrigeration cycle apparatus including a
high-stage circuit through which a high-stage refrigerant
circulates and a low-stage circuit through which a low-
stage refrigerant circulates, the high-stage circuit includ-
ing a first compressor, a condenser, a first expansion
device, and a cascade heat exchanger, the low-stage
circuit including a second compressor, the cascade heat
exchanger, a second expansion device, and an evapo-
rator, the cascade heat exchanger being configured to
exchange heat between the high-stage refrigerant and
the low-stage refrigerant, the low-stage refrigerant being
a zeotropic refrigerant mixture, the method including
maintaining pressure of the low-stage refrigerant in the
low-stage circuit after deactivating the second compres-
sor to be equal to or lower than a pressure at or below
which the low-stage refrigerant is non-flammable.

Advantageous Effects of Invention

[0008] According to the embodiments of the present
disclosure, the pressure of the low-stage refrigerant in
the low-stage circuit after deactivating the second com-
pressor is maintained to be equal to or lower than a pres-
sure at or below which the low-stage refrigerant is non-
flammable, so that it is possible to reduce variations in
composition of the refrigerant after stopping operation of
the low-stage circuit.

Brief Description of Drawings

[0009]

[Fig. 1] Fig. 1 is a schematic configuration diagram
of a refrigeration cycle apparatus according to Em-
bodiment 1.
[Fig. 2] Fig. 2 is a graph illustrating a relationship
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between flammability and a pressure P of a low-
stage refrigerant.
[Fig. 3] Fig. 3 is a flowchart illustrating operation of
the refrigeration cycle apparatus according to Em-
bodiment 1.
[Fig. 4] Fig. 4 is a flowchart illustrating operation of
the refrigeration cycle apparatus according to Em-
bodiment 2.
[Fig. 5] Fig. 5 is a schematic configuration diagram
of a refrigeration cycle apparatus according to Mod-
ification 1.
[Fig. 6] Fig. 6 is a schematic configuration diagram
of a refrigeration cycle apparatus according to Mod-
ification 2.

Description of Embodiments

[0010] Hereinafter, embodiments will be described
based on the drawings. Note that in the drawings below,
the same reference signs denote the same or equivalent
components. In addition, the relationship of sizes of the
components in the drawings described below may differ
from that of actual ones. Furthermore, the level of tem-
perature, pressure, and other factors in the descriptions
below is not particularly determined in relation to an ab-
solute value, but is determined relative to the conditions,
operation, or other factors of the system, device, or the
like.

Embodiment 1

[0011] A refrigeration cycle apparatus 100 according
to Embodiment 1 is described below. The refrigeration
cycle apparatus 100 is provided with a two-stage refrig-
eration cycle in which refrigerant circulates independent-
ly in each refrigerant cycle. The refrigeration cycle appa-
ratus 100 is used for various purposes such as freezing,
refrigeration, hot-water supply, or air-conditioning. In the
present embodiment, an example is described in which
the refrigeration cycle apparatus 100 is used as a refrig-
eration apparatus configured to cool a freezer compart-
ment or the like.
[0012] Fig. 1 is a schematic configuration diagram of
the refrigeration cycle apparatus 100 according to Em-
bodiment 1. As illustrated in Fig. 1, the refrigeration cycle
apparatus 100 in the present embodiment includes a
high-stage circuit 1, a low-stage circuit 2, and a controller
3. The high-stage circuit 1 is a high-temperature circuit
through which a high-stage refrigerant circulates. The
low-stage circuit 2 is a lowtemperature circuit through
which a low-stage refrigerant circulates. The low-stage
refrigerant has a boiling point lower than that of the high-
stage refrigerant. The high-stage circuit 1 and the low-
stage circuit 2 include a cascade heat exchanger 14 that
is shared between them. Through the cascade heat ex-
changer 14, the high-stage refrigerant circulating in the
high-stage circuit 1 exchanges heat with the low-stage
refrigerant circulating in the low-stage circuit 2.

[0013] The high-stage circuit 1 includes a first com-
pressor 11, a condenser 12, a first expansion device 13,
and the cascade heat exchanger 14. The first compres-
sor 11, the condenser 12, the first expansion device 13,
and the cascade heat exchanger 14 are connected in
this order by pipes. Examples of the high-stage refriger-
ant circulating in the high-stage circuit 1 include an HFC-
based single refrigerant such as R134a, R32, or R410A,
a refrigerant mixture thereof, an HFO-based single re-
frigerant such as HFO-1234yf, and a refrigerant mixture
thereof.
[0014] The first compressor 11 is, for example, an in-
verter-type compressor whose capacity is controllable.
The first compressor 11 suctions a high-stage refrigerant,
compresses the suctioned high-stage refrigerant into a
high-temperature high-pressure state, and discharges
the compressed high-stage refrigerant to be circulated
in the high-stage circuit 1.
[0015] The condenser 12 is, for example, a fin-and-
tube heat exchanger. The condenser 12 is configured to
exchange heat between air and a high-stage refrigerant,
and condense and liquefy the high-stage refrigerant. The
refrigeration cycle apparatus 100 includes a first fan 15
for supplying air to the condenser 12. Examples of the
first fan 15 include a propeller fan and a cross flow fan
whose airflow volume is controllable. Note that the con-
denser 12 may be, for example, a plate heat exchanger
configured to exchange heat between water or brine and
the high-stage refrigerant. In this case, the first fan 15
may be omitted.
[0016] The first expansion device 13 is, for example,
an electronic expansion valve whose opening degree is
controllable. The first expansion device 13 is connected
to the condenser 12 to reduce a pressure of the high-
stage refrigerant flowing out from the condenser 12 and
expand the high-stage refrigerant. Note that the first ex-
pansion device 13 may be a capillary tube or a thermo-
static expansion valve.
[0017] The cascade heat exchanger 14 is, for example,
a plate heat exchanger. The cascade heat exchanger 14
includes a high-stage flow passage 141 connected to the
high-stage circuit 1, and a low-stage flow passage 142
connected to the low-stage circuit 2. The cascade heat
exchanger 14 is configured to exchange heat between
the high-stage refrigerant flowing through the high-stage
flow passage 141 and the low-stage refrigerant flowing
through the low-stage flow passage 142. The high-stage
flow passage 141 in the cascade heat exchanger 14
serves as an evaporator to evaporate and gasify the high-
stage refrigerant. The low-stage flow passage 142 in the
cascade heat exchanger 14 serves as a condenser to
condense and liquefy the low-stage refrigerant.
[0018] The low-stage circuit 2 includes a second com-
pressor 21, the cascade heat exchanger 14, a second
expansion device 23, and an evaporator 24. The second
compressor 21, the cascade heat exchanger 14, the sec-
ond expansion device 23, and the evaporator 24 are con-
nected in this order by pipes. The low-stage refrigerant
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circulating in the low-stage circuit 2 is a zeotropic refrig-
erant mixture having a boiling point lower than that of the
high-stage refrigerant. A lower evaporating temperature
can be obtained by using the zeotropic refrigerant mix-
ture, compared to the evaporating temperature obtained
by using a single refrigerant. In the present embodiment,
a zeotropic refrigerant mixture containing CO2 and R290
(propane) is used as the low-stage refrigerant. CO2 is
refrigerant having a low-boiling-point, while R290 is re-
frigerant having a high-boiling-point whose boiling point
is higher than that of CO2. It is possible to decrease an
environmental load by using natural refrigerants such as
CO2 and R290. Mixing CO2 into the low-stage refrigerant
leads to an improvement in the cooling capacity, while
mixing R290 into the low-stage refrigerant leads to an
improvement in COP and to a decrease in triple point of
CO2, which allows applications in low temperature.
[0019] The second compressor 21 is, for example, an
inverter-type compressor whose capacity is controllable.
The second compressor 21 suctions the low-stage re-
frigerant, compresses the suctioned low-stage refriger-
ant into a high-temperature high-pressure state, and dis-
charges the compressed low-stage refrigerant to be cir-
culated in the low-stage circuit 2.
[0020] The second expansion device 23 is, for exam-
ple, an electronic expansion valve whose opening degree
is controllable. The second expansion device 23 is con-
nected to the low-stage flow passage 142 in the cascade
heat exchanger 14 to reduce the pressure of the low-
stage refrigerant flowing out from the low-stage flow pas-
sage 142 and expand the low-stage refrigerant. Note that
the second expansion device 23 may be a capillary tube
or a thermostatic expansion valve.
[0021] The evaporator 24 is, for example, a fin-and-
tube heat exchanger. The evaporator 24 is configured to
exchange heat between air and the low-stage refrigerant,
and evaporate and gasify the low-stage refrigerant. The
refrigeration cycle apparatus 100 includes a second fan
25 configured to supply air to the evaporator 24. Exam-
ples of the second fan 25 include a propeller fan and a
cross flow fan whose airflow volume is controllable. Note
that the evaporator 24 may be, for example, a plate heat
exchanger configured to exchange heat between water
or brine and the low-stage refrigerant. In this case, the
second fan 25 may be omitted.
[0022] The refrigeration cycle apparatus 100 includes
a pressure sensor 26 configured to detect a pressure P
of the low-stage refrigerant in the low-stage circuit 2 dur-
ing a stop of operation of the low-stage circuit 2. Since
the pressure P of the low-stage refrigerant during a stop
of operation of the low-stage circuit 2 is substantially uni-
form in the low-stage circuit 2, the pressure sensor 26 is
provided at any location in the low-stage circuit 2. In the
example illustrated in Fig. 1, the pressure sensor 26 is
provided on a pipe connecting the low-stage flow pas-
sage 142 in the cascade heat exchanger 14 and the sec-
ond expansion device 23. The pressure P of the low-
stage refrigerant detected by the pressure sensor 26 is

transmitted to the controller 3.
[0023] Note that in place of the pressure sensor 26,
the refrigeration cycle apparatus 100 may include a sen-
sor configured to detect any other physical quantity (for
example, condensing temperature) that is convertible to
the pressure P of the low-stage refrigerant, such that the
controller 3 converts the detected physical quantity to the
pressure P. The refrigeration cycle apparatus 100 may
further include various types of sensors (not illustrated)
such as an outside-air temperature sensor configured to
detect an outside-air temperature, a room temperature
sensor configured to detect a temperature in the freezer
compartment, or a sensor configured to detect a refrig-
erant temperature or pressure at any location in the high-
stage circuit 1 and the low-stage circuit 2.
[0024] The controller 3 controls operation of the refrig-
eration cycle apparatus 100 in its entirety. The controller
3 is constituted by a processing device including a mem-
ory configured to store data and programs necessary for
controlling the operation, and a CPU configured to exe-
cute the programs, or is constituted by dedicated hard-
ware such as ASIC or FPGA or by both the processing
device and the dedicated hardware. The controller 3 in
the present embodiment controls the high-stage circuit
1 based on the pressure P of the low-stage refrigerant
detected by the pressure sensor 26 when operation of
the low-stage circuit 2 is stopped. The controller 3 con-
trols the respective devices in the high-stage circuit 1 and
the low-stage circuit 2 as well as the first fan 15 and the
second fan 25 based on the information received from
the various types of sensors and an operating instruction
given by a user.
[0025] Operation of the refrigeration cycle apparatus
100 in the present embodiment is described below based
on a flow of refrigerant circulating in each refrigerant cir-
cuit. First, operation of the high-stage circuit 1 is de-
scribed. The first compressor 11 and the second com-
pressor 21 are driven upon receiving an instruction to
start operation of the refrigeration cycle apparatus 100.
The first compressor 11 in the high-stage circuit 1 suc-
tions the high-stage refrigerant, compresses the suc-
tioned high-stage refrigerant into a high-temperature
high-pressure state, and discharges the compressed
high-stage refrigerant. The high-stage refrigerant dis-
charged from the first compressor 11 flows into the con-
denser 12. The condenser 12 is configured to exchange
heat between air supplied by the first fan 15 and the high-
stage refrigerant, and condenses and liquefies the high-
stage refrigerant.
[0026] The high-stage refrigerant condensed and liq-
uefied through the condenser 12 passes through the first
expansion device 13. The first expansion device 13 re-
duces the pressure of the condensed and liquefied high-
stage refrigerant. The high-stage refrigerant with its pres-
sure reduced by the first expansion device 13 flows into
the high-stage flow passage 141 in the cascade heat
exchanger 14. The high-stage refrigerant flowing into the
high-stage flow passage 141 exchanges heat with the
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low-stage refrigerant flowing through the low-stage flow
passage 142 in the cascade heat exchanger 14, and is
thus evaporated and gasified. The high-stage refrigerant
evaporated and gasified through the cascade heat ex-
changer 14 is suctioned into the first compressor 11
again.
[0027] Next, operation of the low-stage circuit 2 is de-
scribed. The second compressor 21 in the low-stage cir-
cuit 2 suctions the low-stage refrigerant, compresses the
suctioned low-stage refrigerant into a high-temperature
high-pressure state, and discharges the compressed
low-stage refrigerant. The low-stage refrigerant dis-
charged from the second compressor 21 flows into the
low-stage flow passage 142 in the cascade heat ex-
changer 14. The low-stage refrigerant flowing into the
low-stage flow passage 142 exchanges heat with the
high-stage refrigerant flowing through the high-stage flow
passage 141 in the cascade heat exchanger 14, and is
thus condensed and liquefied.
[0028] The low-stage refrigerant condensed and lique-
fied through the cascade heat exchanger 14 passes
through the second expansion device 23. The second
expansion device 23 reduces the pressure of the low-
stage refrigerant. The low-stage refrigerant with its pres-
sure reduced by the second expansion device 23 flows
into the evaporator 24. The evaporator 24 is configured
to exchange heat between air supplied by the second
fan 25 and the low-stage refrigerant, and evaporates and
gasifies the low-stage refrigerant. At this time, the low-
stage refrigerant removes heat from the air, so that the
freezer compartment is cooled. The low-stage refrigerant
evaporated and gasified through the evaporator 24 is
suctioned into the second compressor 21 again.
[0029] Upon receiving an instruction to stop operation
of the refrigeration cycle apparatus 100, the first com-
pressor 11 and the second compressor 21 is deactivated,
and refrigerant stops circulating in the high-stage circuit
1 and the low-stage circuit 2. At this time, the refrigerant
having a low-boiling-point contained in the low-stage re-
frigerant in the low-stage circuit 2 in its entirety is gasified,
which varies the composition of liquid refrigerant in the
low-stage circuit 2. For example, as described in the
present embodiment, when a zeotropic refrigerant mix-
ture of CO2 and R290 is used as the low-stage refrigerant,
CO2 having a lower boiling point than R290 is gasified,
and consequently the ratio of R290 that is a flammable
refrigerant increases in the liquid refrigerant.
[0030] The evaporator 24 in the low-stage circuit 2 is
located in a room such as a freezer compartment and
connected to the second compressor 21 by an extension
pipe. Due to this structure, on the suction side of the
second compressor 21, a welding portion connected to
the extension pipe is provided. If the CO2 gas leaks from
the welding portion when the operation of the low-stage
circuit 2 is stopped, the ratio of R290 that is a flammable
refrigerant further increases in the liquid refrigerant in the
low-stage circuit 2. This results in an increase in the flam-
mability of the low-stage refrigerant in the low-stage cir-

cuit 2, and accordingly an increase in the risk due to the
flammability at the time of refrigerant leakage.
[0031] In view of that, the controller 3 in the present
embodiment continues operation of the high-stage circuit
1 even after stopping the operation of the low-stage circuit
2, and controls the capacity of the high-stage circuit 1 to
cause the pressure P of the low-stage refrigerant to be
equal to or lower than a pressure value at or below which
the low-stage refrigerant is non-flammable. Fig. 2 is a
graph illustrating the relationship between flammability
and the pressure P of the low-stage refrigerant. Fig. 2 is
a graph when the low-stage refrigerant is a zeotropic re-
frigerant mixture in which refrigerant having a higher-boil-
ing-point is flammable as described in the present em-
bodiment. As illustrated in Fig. 2, as the pressure P of
the low-stage refrigerant increases, the flammability of
the low-stage refrigerant increases. In view of that, the
pressure P of the low-stage refrigerant needs to be equal
to or lower than a threshold PT to maintain the low-stage
refrigerant to be non-flammable. The threshold PT is
uniquely determined by physical properties of refriger-
ants that constitute the low-stage refrigerant. In the
present embodiment, the threshold PT is set in advance
appropriate to the low-stage refrigerant and stored in the
controller 3. The controller 3 controls the capacity of the
high-stage circuit 1 such that the pressure P of the low-
stage refrigerant detected by the pressure sensor 26 is
equal to or lower than the threshold PT.
[0032] Fig. 3 is a flowchart illustrating operation of the
refrigeration cycle apparatus 100 according to Embodi-
ment 1. When receiving an instruction from a user or
other information to start operation of the refrigeration
cycle apparatus 100, the controller 3 drives the first com-
pressor 11 and the second compressor 21 (S1). This
causes the high-stage refrigerant to circulate in the high-
stage circuit 1, and causes the low-stage refrigerant to
circulate in the low-stage circuit 2, so that the freezer
compartment is cooled.
[0033] The controller 3 determines whether to stop op-
eration of the refrigeration cycle apparatus 100 based on
an instruction from a user or other information (S2). When
the controller 3 does not stop operation of the refrigera-
tion cycle apparatus 100 (S2: NO), the controller 3 con-
tinues operation of the high-stage circuit 1 and the low-
stage circuit 2 until receiving an instruction to stop oper-
ation of the refrigeration cycle apparatus 100.
[0034] In contrast, when the controller 3 stops opera-
tion of the refrigeration cycle apparatus 100 (S2: YES),
the controller 3 deactivates the second compressor 21
(S3). This causes the low-stage refrigerant to stop circu-
lating in the low-stage circuit 2. Note that at this time,
operation of the first compressor 11 is continued.
[0035] The pressure sensor 26 detects the pressure P
of the low-stage refrigerant (S4). The controller 3 deter-
mines whether the pressure P of the low-stage refrigerant
detected by the pressure sensor 26 is equal to or lower
than the threshold PT (S5). When the pressure P of the
low-stage refrigerant is equal to or lower than the thresh-
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old PT (S5: YES), the controller 3 shifts to step S7, while
maintaining the capacity of the high-stage circuit 1. In
contrast, when the pressure P of the low-stage refrigerant
is higher than the threshold PT (S5: NO), the controller
3 increases the capacity of the high-stage circuit 1 (S6).
The controller 3 may increase the operating frequency
of the first compressor 11 by a predetermined constant
value, or may increase it by a value corresponding to a
difference between the pressure P of the low-stage re-
frigerant and the threshold PT.
[0036] As the capacity of the high-stage circuit 1 is in-
creased, the temperature of the high-stage refrigerant
flowing through the high-stage flow passage 141 in the
cascade heat exchanger 14 is decreased. With this de-
crease, the temperature of the low-stage refrigerant that
exchanges heat with the high-stage refrigerant through
the cascade heat exchanger 14 is decreased, and ac-
cordingly the pressure P of the low-stage refrigerant is
decreased. As the pressure P of the low-stage refrigerant
is decreased, the density of the gas in the low-stage cir-
cuit 2 is decreased, and accordingly the mass of the gas
refrigerant in the low-stage circuit 2 is reduced. That is,
as the pressure P of the low-stage refrigerant is de-
creased, a gas amount of the refrigerant (CO2) having
the low-boiling-point in the low-stage circuit 2 in its en-
tirety after stopping operation of the low-stage circuit 2
is reduced. This can minimize variations in the composi-
tion of the liquid refrigerant in the low-stage circuit 2.
[0037] The controller 3 determines whether to start op-
eration of the refrigeration cycle apparatus 100 based on
an instruction from a user or other information (S7). When
the controller 3 does not start operation of the refrigera-
tion cycle apparatus 100 (S7: NO), the controller 3 returns
to step S4 to repeat the subsequent processes. When
the controller 3 starts operation of the refrigeration cycle
apparatus 100 (S7: YES), the controller 3 shifts to step
S1 to drive the second compressor 21 to cause the low-
stage refrigerant to circulate in the low-stage circuit 2.
[0038] As described above, in the refrigeration cycle
apparatus 100 in the present embodiment, operation of
the high-stage circuit 1 is continued even after stopping
operation of the low-stage circuit 2, and the high-stage
circuit 1 is controlled such that the pressure P of the low-
stage refrigerant is equal to or lower than the threshold
PT at or below which the low-stage refrigerant is non-
flammable. This can reduce variations in the composition
of the low-stage refrigerant in the low-stage circuit 2 after
stopping operation of the low-stage circuit 2. As a result
of this, even when a zeotropic refrigerant mixture con-
taining a flammable refrigerant is used as the low-stage
refrigerant, it is still possible to suppress the increase in
risk due to the flammability at the time of refrigerant leak-
age. When a refrigerant mixture containing CO2 is used
as the low-stage refrigerant as described in the present
embodiment, the freezing point of CO2 can be de-
creased. This makes it possible to achieve cooling even
at the freezing point (-56 degrees C) or lower.

Embodiment 2

[0039] The refrigeration cycle apparatus 100 accord-
ing to Embodiment 2 is described below. Fig. 4 is a flow-
chart illustrating operation of the refrigeration cycle ap-
paratus 100 according to Embodiment 2. In the present
embodiment, the refrigeration cycle apparatus 100 op-
erates differently from the operation in Embodiment 1.
The configuration of the refrigeration cycle apparatus 100
is the same as that in Embodiment 1.
[0040] As illustrated in Fig. 4, when receiving an in-
struction from a user or other information to start opera-
tion of the refrigeration cycle apparatus 100, the control-
ler 3 drives the first compressor 11 and the second com-
pressor 21 (S11). This causes the high-stage refrigerant
to circulate in the high-stage circuit 1, and causes the
low-stage refrigerant to circulate in the low-stage circuit 2.
[0041] The controller 3 determines whether to stop op-
eration of the refrigeration cycle apparatus 100 based on
an instruction or the like from a user (S12). When the
controller 3 does not stop operation of the refrigeration
cycle apparatus 100 (S12: NO), the controller 3 continues
operation of the high-stage circuit 1 and the low-stage
circuit 2 until receiving an instruction to stop operation of
the refrigeration cycle apparatus 100.
[0042] In contrast, when the controller 3 stops opera-
tion of the refrigeration cycle apparatus 100 (S12: YES),
the controller 3 performs pump-down operation of the
low-stage circuit 2 (S13). Specifically, the controller 3 fully
closes the second expansion device 23, while continuing
operation of the second compressor 21. Since the sec-
ond expansion device 23 is closed, the low-stage refrig-
erant in the low-stage circuit 2 is collected on a high-
pressure side of the low-stage circuit 2. The high-pres-
sure side of the low-stage circuit 2 is between a discharge
port of the second compressor 21 and a refrigerant inlet
of the second expansion device 23. This generates a
negative pressure (equal to or lower than the atmospher-
ic pressure) on a low-pressure side of the low-stage cir-
cuit 2. The low-pressure side of the low-stage circuit 2 is
between a refrigerant outlet of the second expansion de-
vice 23 and a suction port of the second compressor 21.
[0043] Thereafter, the controller 3 deactivates the sec-
ond compressor 21 (S14). This causes the low-stage re-
frigerant to stop circulating in the low-stage circuit 2. Note
that a solenoid valve may be provided between the low-
stage flow passage 142 in the cascade heat exchanger
14 and the second expansion device 23 to perform the
pump-down operation by closing the solenoid valve. A
pressure sensor configured to detect a low pressure of
the low-stage refrigerant may be provided on the low-
pressure side of the low-stage circuit 2, that is, between
the refrigerant outlet of the second expansion device 23
and the suction port of the second compressor 21. When
the low pressure of the low-stage refrigerant is equal to
or lower than the atmospheric pressure, the controller 3
may deactivate the second compressor 21. This can pre-
vent a fault or other problems caused by continuously
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driving the second compressor 21 even after there is no
refrigerant left on the low-pressure side of the low-stage
circuit 2.
[0044] The subsequent processes in steps S15 to S18
are the same as those in steps S4 to S7 in Embodiment
1. The high-stage circuit 1 is controlled such that the pres-
sure P of the low-stage refrigerant is equal to or lower
than the threshold PT. However, in the present embodi-
ment, the pressure sensor 26 is configured to detect the
pressure P of the low-stage refrigerant collected on the
high-pressure side of the low-stage circuit 2. That is, the
pressure sensor 26 is provided between the discharge
port of the second compressor 21 and the refrigerant inlet
of the second expansion device 23.
[0045] The refrigeration cycle apparatus 100 in the
present embodiment performs pump-down operation af-
ter stopping operation of the low-stage circuit 2, and can
thereby generate a negative pressure on the low-pres-
sure side of the low-stage circuit 2. This can prevent gas
refrigerant from leaking from the welding portion provided
on the low-pressure side of the low-stage circuit 2. As a
result, it is possible to further reduce variations in the
composition of the liquid refrigerant in the low-stage cir-
cuit 2 during a stop of operation of the refrigeration cycle
apparatus 100.
[0046] While the embodiments have been described
above, the present disclosure is not limited to the em-
bodiments described above, and can be variously mod-
ified or combined without departing from the scope of the
present disclosure. For example, the low-stage refriger-
ant is not limited to the zeotropic refrigerant mixture of
CO2 and R290, but may be other zeotropic refrigerant
mixtures. However, when the low-stage refrigerant is the
zeotropic refrigerant mixture containing CO2 and a flam-
mable refrigerant, the effects achieved by the above em-
bodiments can be particularly obtained.
[0047] In the above embodiments, the refrigeration cy-
cle apparatus 100 has the configuration in which the con-
troller 3 controls the refrigeration cycle apparatus 100 in
its entirety. However, the controller 3 may be provided in
each of the high-stage circuit 1 and the low-stage circuit
2, such that the controllers 3 individually control operation
of the high-stage circuit 1 and operation of the low-stage
circuit 2.
[0048] In the above embodiments, the refrigeration cy-
cle apparatus 100 has the configuration in which the con-
troller 3 controls the operating frequency of the first com-
pressor 11 to thereby control the capacity of the high-
stage circuit 1. However, the refrigeration cycle appara-
tus 100 is not limited to having this configuration. For
example, instead of, or in addition to, the operating fre-
quency of the first compressor 11, the controller 3 may
control the opening degree of the first expansion device
13 in the high-stage circuit 1 or the rotation speed of the
first fan 15 to thereby control the capacity of the high-
stage circuit 1. In this case, when the pressure P of the
low-stage refrigerant is higher than the threshold PT, the
controller 3 increases the opening degree of the first ex-

pansion device 13 or the rotation speed of the first fan
15 to thereby increase the capacity of the high-stage cir-
cuit 1.
[0049] The low-stage circuit 2 in the refrigeration cycle
apparatus 100 may include a receiver 22. Fig. 5 is a sche-
matic configuration diagram of a refrigeration cycle ap-
paratus 100A according to Modification 1. As illustrated
in Fig. 5, the low-stage circuit 2 in the refrigeration cycle
apparatus 100A includes the receiver 22 between the
cascade heat exchanger 14 and the second expansion
device 23. The receiver 22 is configured to temporarily
accumulate therein the low-stage refrigerant flowing out
from the low-stage flow passage 142 in the cascade heat
exchanger 14. Surplus refrigerant generated due to var-
iations in cooling load is accumulated in the receiver 22.
[0050] Even when the refrigeration cycle apparatus
100A includes the receiver 22, operation of the high-
stage circuit 1 is continued after stopping operation of
the low-stage circuit 2, and the high-stage circuit 1 is
controlled such that the pressure P of the low-stage re-
frigerant is equal to or lower than the threshold PT at or
below which the low-stage refrigerant is non-flammable.
When the refrigeration cycle apparatus 100A includes
the receiver 22, the high-stage circuit 1 may be controlled
such that a high pressure of the low-stage refrigerant is
equal to or lower than the threshold PT at or below which
the low-stage refrigerant is non-flammable, even during
operation of the low-stage circuit 2.
[0051] In the above embodiments, the refrigeration cy-
cle apparatus 100 has the configuration in which the con-
troller 3 controls the high-stage circuit 1 based on the
pressure P of the low-stage refrigerant detected by the
pressure sensor 26 after stopping operation of the low-
stage circuit 2. However, the refrigeration cycle appara-
tus 100 is not limited to having this configuration. For
example, the controller 3 may control the high-stage cir-
cuit 1 based on the temperature of a low-stage refrigerant
associated with the pressure P of the low-stage refriger-
ant. Alternatively, the low-stage circuit 2 may be provided
with a pressure relief device configured to be opened
when the pressure or temperature increases to a refer-
ence value, and the pressure relief device may be used
to maintain the pressure P of the low-stage refrigerant in
the low-stage circuit 2 to be equal to or lower than a pres-
sure value at or below which the low-stage refrigerant is
non-flammable.
[0052] Fig. 6 is a schematic configuration diagram of
a refrigeration cycle apparatus 100B according to Mod-
ification 2. As illustrated in Fig. 6, the refrigeration cycle
apparatus 100B includes a pressure relief device 27. The
pressure relief device 27 is provided at any location in
the low-stage circuit 2. Note that in a case where the
pump-down operation is performed as described in Em-
bodiment 2, the pressure relief device 27 is provided on
the high-pressure side of the low-stage circuit 2. The
pressure relief device 27 is a pressure relief valve or a
fusible plug. When the pressure P or temperature of the
low-stage refrigerant is equal to or higher than the thresh-
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old PT, the valve or the plug is opened, so that gas re-
frigerant is discharged to the outside, and consequently
the pressure P of the low-stage refrigerant decreases.
The threshold PT refers to a pressure value or a temper-
ature at or below which the low-stage refrigerant is non-
flammable, similarly to the above embodiments. This
helps maintain the pressure P of the low-stage refrigerant
to be equal to or lower than the pressure value at or below
which the low-stage refrigerant is non-flammable even
after stopping operation of the low-stage circuit 2. Note
that in the present modification, after stopping operation
of the low-stage circuit 2, operation of the high-stage cir-
cuit 1 may be stopped. Alternatively, even after stopping
operation of the low-stage circuit 2, the high-stage circuit
1 may still be continuously operated, and a pressure con-
trol using the pressure relief device 27 may be executed
in combination with a control of the high-stage circuit 1
based on the pressure P of the low-stage refrigerant.

Reference Signs List

[0053] 1: high-stage circuit, 2: low-stage circuit, 3: con-
troller, 11: first compressor, 12: condenser, 13: first ex-
pansion device, 14: cascade heat exchanger, 15: first
fan, 21: second compressor, 22: receiver, 23: second
expansion device, 24: evaporator, 25: second fan, 26:
pressure sensor, 27: pressure relief device, 100, 100A,
100B: refrigeration cycle apparatus, 141: high-stage flow
passage, 142: low-stage flow passage

Claims

1. A refrigeration cycle apparatus comprising:

a high-stage circuit through which a high-stage
refrigerant circulates, the high-stage circuit in-
cluding a first compressor, a condenser, a first
expansion device, and a cascade heat exchang-
er; and
a low-stage circuit through which a low-stage
refrigerant circulates, the low-stage circuit in-
cluding a second compressor, the cascade heat
exchanger, a second expansion device, and an
evaporator, wherein
the cascade heat exchanger is configured to ex-
change heat between the high-stage refrigerant
and the low-stage refrigerant,
the low-stage refrigerant is a zeotropic refriger-
ant mixture, and
pressure of the low-stage refrigerant in the low-
stage circuit after deactivating the second com-
pressor is maintained to be equal to or lower
than a pressure at or below which the low-stage
refrigerant is non-flammable.

2. The refrigeration cycle apparatus of claim 1, further
comprising a controller, wherein

the controller is configured to control the high-
stage circuit such that pressure of the low-stage
refrigerant in the low-stage circuit after deacti-
vating the second compressor is equal to or low-
er than a threshold, and
the threshold is a pressure at or below which the
low-stage refrigerant is non-flammable.

3. The refrigeration cycle apparatus of claim 2, wherein
the controller increases a capacity of the high-stage
circuit when the pressure of the low-stage refrigerant
is higher than the threshold.

4.  The refrigeration cycle apparatus of claim 2 or 3,
wherein the controller increases an operating fre-
quency of the first compressor when the pressure of
the low-stage refrigerant is higher than the threshold.

5. The refrigeration cycle apparatus of any one of
claims 2 to 4, wherein the controller performs pump-
down operation of the low-stage circuit before deac-
tivating the second compressor.

6. The refrigeration cycle apparatus of claim 1, wherein

the low-stage circuit includes a pressure relief
device configured to be opened when the pres-
sure of the low-stage refrigerant in the low-stage
circuit is equal to or higher than a threshold, and
the threshold is a pressure at or below which the
low-stage refrigerant is non-flammable.

7. The refrigeration cycle apparatus of any one of
claims 1 to 6, wherein the low-stage refrigerant is a
zeotropic refrigerant mixture containing CO2 and a
flammable refrigerant.

8. A method for controlling a refrigeration cycle appa-
ratus,

the refrigeration cycle apparatus comprising a
high-stage circuit through which a high-stage re-
frigerant circulates and a low-stage circuit
through which a low-stage refrigerant circulates,
the high-stage circuit including a first compres-
sor, a condenser, a first expansion device, and
a cascade heat exchanger,
the low-stage circuit including a second com-
pressor, the cascade heat exchanger, a second
expansion device, and an evaporator,
the cascade heat exchanger being configured
to exchange heat between the high-stage refrig-
erant and the low-stage refrigerant,
the low-stage refrigerant being a zeotropic re-
frigerant mixture,
the method comprising
maintaining pressure of the low-stage refriger-
ant in the low-stage circuit after deactivating the
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second compressor to be equal to or lower than
a pressure at or below which the low-stage re-
frigerant is non-flammable.
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