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(54) REFRIGERATION CYCLE DEVICE

(57) Provided is a refrigeration cycle apparatus ca-
pable of efficiently performing a cooling operation and a
heating operation using a low-pressure refrigerant and a
high-pressure refrigerant. Arefrigeration cycle apparatus
using a first refrigerant having 1 MPa or less at 30°C and
a second refrigerant having 1.5 MPa or more at 30°C
performs a heating operation by performing a two-stage
refrigeration cycle including a use-side refrigeration cycle
using the first refrigerant and a heat-source-side refrig-
eration cycle using the second refrigerant, and performs
a cooling operation by performing a single-stage refrig-
eration cycle using the first refrigerant.
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to a refrigeration
cycle apparatus.

BACKGROUND ART

[0002] To date, refrigeration cycle apparatuses have
been proposed that use refrigerants with low global
warming potential (GWP), taking into account the global
environment.

[0003] Forexample, in a refrigeration cycle apparatus
described in PTL 1 (Japanese Unexamined Patent Ap-
plication Publication No. 2015-197254), it is proposed to
fill a refrigerant circuit with a working fluid having a GWP
equal to or less than a predetermined value.

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] The refrigerantswith low GWP described above
include a low-pressure refrigerant used at a relatively low
refrigerant pressure. Such a low-pressure refrigerant has
low heat transfer capacity, and a sufficient amount of
circulation of the refrigerant is difficult to secure during a
heating operation, with the tendency that the heating op-
eration is difficult to perform or the COP (Coefficient of
Performance) is low during the heating operation.
[0005] To address this, a two-stage refrigeration cycle
in which a carbon dioxide refrigerant serving as a high-
pressure refrigerant with low GWP is used as a heat-
source-side refrigerant and a low-pressure refrigerant is
used as a use-side refrigerant may be used to secure
heating operation capacity. However, even in this case,
the critical pressure of the carbon dioxide refrigerant on
the heat-source side is exceeded during a cooling oper-
ation, and the COP is low during the cooling operation.
[0006] Accordingly, itis desirable to provide a refriger-
ation cycle apparatus capable of efficiently performing a
cooling operation and a heating operation when using a
high-pressure refrigerant and a low-pressure refrigerant.

SOLUTION TO PROBLEM

[0007] A refrigeration cycle apparatus according to a
first aspect performs a heating operation by performing
a two-stage refrigeration cycle, the two-stage refrigera-
tion cycle including a use-side refrigeration cycle using
afirst refrigerant and a heat-source-side refrigeration cy-
cle using a second refrigerant. The first refrigerant has 1
MPa orless at 30°C. The second refrigeranthas 1.5 MPa
or more at 30°C. The refrigeration cycle apparatus per-
forms a cooling operation by performing a single-stage
refrigeration cycle using the first refrigerant.

[0008] In this refrigeration cycle apparatus, a two-
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stage refrigeration cycle is performed during the heating
operation, the two-stage refrigeration cycle including a
use-side refrigeration cycle using a first refrigerant that
is alow-pressure refrigeranthaving 1 MPa orless at 30°C
and a heat-source-side refrigeration cycle using a second
refrigerant that is a high-pressure refrigerant having 1.5
MPa or more at 30°C. Thus, it is easy to secure heating
capacity while achieving a high COP. In this refrigeration
cycle apparatus, furthermore, a single-stage refrigeration
cycle using the first refrigerant, which is a low-pressure
refrigerant having 1 MPa or less at 30°C, is performed
during the cooling operation. Thus, it is possible to per-
form the two-stage refrigeration cycle in which the second
refrigerant is used in the heat-source-side refrigeration
cycle, without causing a reduction in COP due to the sec-
ond refrigerant exceeding a critical pressure. According-
ly, the cooling operation and the heating operation can
be efficiently performed when a high-pressure refrigerant
and a low-pressure refrigerant are used.

[0009] A refrigeration cycle apparatus according to a
second aspect is the refrigeration cycle apparatus ac-
cording to the first aspect, including an outdoor heat ex-
changer. The outdoor heat exchanger functions as an
evaporator of the second refrigerant during the heating
operation, and functions as a radiator of the first refrig-
erant during the cooling operation.

[0010] The outdoor heat exchanger is not limited. For
example, the refrigerant flowing through the outdoor heat
exchanger may exchange heat with air.

[0011] Inthis refrigeration cycle apparatus, the heating
operation and the cooling operation can be efficiently per-
formed by using an outdoor heat source.

[0012] A refrigeration cycle apparatus according to a
third aspectis the refrigeration cycle apparatus according
to the second aspect, including a cascade heat exchang-
er. The cascade heat exchanger includes a first cascade
flow path through which the first refrigerant flows during
the heating operation, and a second cascade flow path
that is independent of the first cascade flow path and
through which the second refrigerant flows during the
heating operation. The cascade heat exchanger is con-
figured to exchange heatbetween the first refrigerantand
the second refrigerant.

[0013] In this refrigeration cycle apparatus, the effi-
ciency of heat exchange between the refrigerant flowing
through the heat-source-side refrigeration cycle and the
refrigerant flowing through the use-side refrigeration cy-
cle can be increased.

[0014] A refrigeration cycle apparatus according to a
fourth aspect is the refrigeration cycle apparatus accord-
ing to the third aspect, including a use heat exchanger.
In the use heat exchanger, the first refrigerant radiates
heat during the heating operation. During the heating op-
eration, the first refrigerant evaporates when passing
through the first cascade flow path, and the second re-
frigerant radiates heat when passing through the second
cascade flow path.

[0015] Inthis refrigeration cycle apparatus, the heating
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operation can be efficiently performed by using an out-
door heat source.

[0016] A refrigeration cycle apparatus according to a
fifth aspect s the refrigeration cycle apparatus according
to the fourth aspect, in which the first refrigerant evapo-
rates in the use heat exchanger during the cooling oper-
ation.

[0017] Inthis refrigeration cycle apparatus, the cooling
operation can be efficiently performed by using an out-
door heat source.

[0018] A refrigeration cycle apparatus according to a
sixth aspect is the refrigeration cycle apparatus accord-
ing to any one of the second to fifth aspects, in which the
first refrigerant is collectable in a first region other than
the outdoor heat exchanger. In this refrigeration cycle
apparatus, furthermore, the second refrigerant is collect-
able in a second region other than the outdoor heat ex-
changer and other than the first region.

[0019] In this refrigeration cycle apparatus, collecting
the first refrigerantin the first region or collecting the sec-
ond refrigerant in the second region makes it possible to
switch the refrigerant to be caused to flow through the
outdoor heat exchanger between the first refrigerant and
the second refrigerant.

[0020] A refrigeration cycle apparatus according to a
seventh aspect performs a heating operation by perform-
ing a two-stage refrigeration cycle, the two-stage refrig-
eration cycle including a use-side refrigeration cycle us-
ing a first refrigerant and a heat-source-side refrigeration
cycle using a second refrigerant. The first refrigerant has
1 MPa or less at 30°C. The second refrigerant has 1.5
MPa or more at 30°C. The refrigeration cycle apparatus
performs a cooling operation by performing a two-stage
refrigeration cycle, the two-stage refrigeration cycle in-
cluding a use-side refrigeration cycle using the second
refrigerant and a heat-source-side refrigeration cycle us-
ing the first refrigerant.

[0021] In this refrigeration cycle apparatus, a two-
stage refrigeration cycle is performed during the heating
operation, the two-stage refrigeration cycle including a
use-side refrigeration cycle using a first refrigerant that
is alow-pressure refrigerant having 1 MPa orless at 30°C
and a heat-source-side refrigeration cycle using a second
refrigerant that is a high-pressure refrigerant having 1.5
MPa or more at 30°C. Thus, it is easy to secure heating
capacity while achieving a high COP. In this refrigeration
cycle apparatus, furthermore, a two-stage refrigeration
cycle is performed during the cooling operation, the two-
stage refrigeration cycle including a use-side refrigera-
tion cycle using the second refrigerant, which is a high-
pressure refrigerant having 1.5 MPa or more at 30°C,
and a heat-source-side refrigeration cycle using the first
refrigerant, which is a low-pressure refrigerant having 1
MPa or less at 30°C. Thus, it is possible to perform the
two-stage refrigeration cycle in which the second refrig-
erant is used in the heat-source-side refrigeration cycle,
without causing a reduction in COP due to the second
refrigerant exceeding a critical pressure. Accordingly, the
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cooling operation and the heating operation can be effi-
ciently performed when a high-pressure refrigerant and
a low-pressure refrigerant are used.

[0022] A refrigeration cycle apparatus according to an
eighth aspectis the refrigeration cycle apparatus accord-
ing to the seventh aspect, in which a refrigerant to be
used in the heat-source-side refrigeration cycle and a
refrigerant to be used in the use-side refrigeration cycle
are interchanged between the heating operation and the
cooling operation.

[0023] Inthisrefrigeration cycle apparatus, atleast part
of the location where the first refrigerant flows or the lo-
cation where the second refrigerant flows during the cool-
ing operation can be shared as atleast part of the location
where the second refrigerant flows or the location where
the first refrigerant flows during the heating operation.
[0024] A refrigeration cycle apparatus according to a
ninth aspect is the refrigeration cycle apparatus accord-
ing to the eighth aspect, including a refrigerant tank. The
refrigerant tank temporarily stores either the first refrig-
erant or the second refrigerant when the refrigerants are
interchanged.

[0025] In this refrigeration cycle apparatus, it is possi-
ble to interchange the refrigerants while avoiding mixing
of the first refrigerant and the second refrigerant.
[0026] A refrigeration cycle apparatus according to a
tenth aspect is the refrigeration cycle apparatus accord-
ing to any one of the seventh to ninth aspects, including
acascade heat exchanger. The cascade heat exchanger
includes a first cascade flow path in which the first refrig-
erant evaporates during the heating operation and a sec-
ond cascade flow path that is independent of the first
cascade flow path and in which the second refrigerant
radiates heat during the heating operation. The cascade
heat exchanger is configured to exchange heat between
the first refrigerant and the second refrigerant.

[0027] In this refrigeration cycle apparatus, the effi-
ciency of heat exchange between the refrigerant flowing
through the heat-source-side refrigeration cycle and the
refrigerant flowing through the use-side refrigeration cy-
cle can be increased.

[0028] A refrigeration cycle apparatus according to an
eleventh aspect is the refrigeration cycle apparatus ac-
cording to any one of the seventh to tenth aspects, in-
cluding a use heat exchanger. The use heat exchanger
functions as a radiator of the first refrigerant during the
heating operation and functions as an evaporator of the
second refrigerant during the cooling operation.

[0029] The use heat exchanger is preferably a heat
exchanger that processes a heat load. The refrigerant
flowing through the use heat exchanger may exchange
heat with air, or may exchange heat with a fluid such as
brine or water.

[0030] In this refrigeration cycle apparatus, the use
heat exchanger can perform heat load processing by us-
ing the first refrigerant and heat load processing by using
the second refrigerant.

[0031] A refrigeration cycle apparatus according to a
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twelfth aspectis the refrigeration cycle apparatus accord-
ing to any one of the seventh to eleventh aspects, includ-
ing an outdoor heat exchanger. The outdoor heat ex-
changer functions as an evaporator of the second refrig-
erant during the heating operation and functions as a
condenser of the first refrigerant during the cooling op-
eration.

[0032] The outdoor heat exchanger is not limited. For
example, the refrigerant flowing through the outdoor heat
exchanger may exchange heat with air.

[0033] In this refrigeration cycle apparatus, the cooling
operation and the heating operation can be efficiently
performed by using an outdoor heat source.

[0034] A refrigeration cycle apparatus according to a
thirteenth aspect is the refrigeration cycle apparatus ac-
cording to any one of the first to twelfth aspects, in which
the refrigeration cycle apparatus detects a state of mixing
of the first refrigerant and the second refrigerant.
[0035] The state of mixing of the first refrigerant and
the second refrigerant to be detected is not limited. For
example, it may be detected that the weight percentage
of the first refrigerant in the fluid becomes 90% or less
or 95% or less, or it may be detected that the weight
percentage of the second refrigerant in the fluid becomes
90% or less or 95% or less.

[0036] A specific method of the detection is not limited.
For example, the detection may be performed based on
an increase in the degree of change in the temperature
of the refrigerant flowing through the heat exchanger that
functions as an evaporator due to an increase in mixing
ratio.

[0037] The refrigeration cycle apparatus may provide
a notification of a result of the detection.

[0038] In this refrigeration cycle apparatus, it is possi-
ble to ascertain a reduction in operation efficiency due
to mixing of the first refrigerant and the second refriger-
ant.

[0039] A refrigeration cycle apparatus according to a
fourteenth aspect is the refrigeration cycle apparatus ac-
cording to any one of the first to thirteenth aspects, in
which the refrigeration cycle apparatus separates the first
refrigerant and the second refrigerant from each other.
[0040] The method of separating the first refrigerant
and the second refrigerant from each other is not limited,
and a known separation method can be used. For exam-
ple, adsorbents that adsorb the first refrigerant and the
second refrigerant to different degrees may be used, and
the refrigerant having higher adsorption efficiency may
be separated. Alternatively, the separation may be per-
formed by repeating an operation of separating the re-
frigerant having a higher purity phase of the gas-phase
refrigerant and the liquid-phase refrigerant at a location
in agas-liquid two-phase state. The separation described
above may be performed as an operation of the refriger-
ation cycle apparatus.

[0041] In this refrigeration cycle apparatus, separating
the first refrigerant and the second refrigerant from each
other makes it possible to recover the reduced operation
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efficiency caused by mixing of the first refrigerant and
the second refrigerant.

[0042] A refrigeration cycle apparatus according to a
fifteenth aspect is the refrigeration cycle apparatus ac-
cording to any one of the first to fourteenth aspects, in
which the firstrefrigerant includes at least one of R1234yf
or R1234ze.

[0043] The first refrigerant may include only R1234yf
or may include only R1234ze.

[0044] In this refrigeration cycle apparatus, an opera-
tion can be performed using a refrigerant having a suffi-
ciently low global warming potential (GWP).

[0045] A refrigeration cycle apparatus according to a
sixteenth aspect is the refrigeration cycle apparatus ac-
cording to any one of the first to fifteenth aspects, in which
the second refrigerant includes carbon dioxide.

[0046] The second refrigerant may include only carbon
dioxide.

[0047] In this refrigeration cycle apparatus, an opera-
tion can be performed using a refrigerant having a suffi-
ciently low ozone depletion potential (ODP) and a suffi-
ciently low global warming potential (GWP).

Brief Description of Drawings
[0048]

[Fig.1] Fig. 1 is an overall configuration diagram of
a refrigeration cycle apparatus according to a first
embodiment.

[Fig. 2] Fig. 2 is a functional block configuration dia-
gram of the refrigeration cycle apparatus according
to the first embodiment.

[Fig. 3] Fig. 3 is a diagram illustrating how a refrig-
erant flows during a cooling operation according to
the first embodiment.

[Fig. 4] Fig. 4 is a diagram illustrating how a refrig-
erant flows during a heating operation according to
the first embodiment.

[Fig. 5] Fig. 5 is an overall configuration diagram of
arefrigeration cycle apparatus according to a second
embodiment.

[Fig. 6] Fig. 6 is a functional block configuration dia-
gram of the refrigeration cycle apparatus according
to the second embodiment.

[Fig. 7] Fig. 7 is a diagram illustrating how a refrig-
erant flows during a cooling operation according to
the second embodiment.

[Fig. 8] Fig. 8 is a diagram illustrating how a refrig-
erant flows during a heating operation according to
the second embodiment.

[Fig. 9] Fig. 9 is an overall configuration diagram of
a refrigeration cycle apparatus according to a third
embodiment.

[Fig. 10] Fig. 10 is a functional block configuration
diagram of the refrigeration cycle apparatus accord-
ing to the third embodiment.

[Fig. 11] Fig. 11 is a diagram illustrating how a re-
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frigerant flows during a cooling operation according
to the third embodiment.

[Fig. 12] Fig. 12 is a diagram illustrating how a re-
frigerant flows during a heating operation according
to the third embodiment.

[Fig. 13] Fig. 13 is an overall configuration diagram
of a refrigeration cycle apparatus according to a
fourth embodiment.

[Fig. 14] Fig. 14 is a functional block configuration
diagram of the refrigeration cycle apparatus accord-
ing to the fourth embodiment.

[Fig. 15] Fig. 15 is a diagram illustrating how a re-
frigerant flows during a cooling operation according
to the fourth embodiment.

[Fig. 16] Fig. 16 is a diagram illustrating how a re-
frigerant flows during a heating operation according
to the fourth embodiment.

Description of Embodiments
(1) First Embodiment

[0049] Fig. 1 is a schematic configuration diagram of
a refrigeration cycle apparatus 1 according to a first em-
bodiment. Fig. 2 is a functional block configuration dia-
gram of the refrigeration cycle apparatus 1 according to
the first embodiment.

[0050] The refrigeration cycle apparatus 1 is an appa-
ratus used to process a heat load through a vapor-com-
pression refrigeration cycle operation. The refrigeration
cycle apparatus 1 includes a heat-load circuit 90, a re-
frigerant circuit 10, an outdoor fan 9, and a controller 7.
[0051] The heat load to be processed by the refriger-
ation cycle apparatus 1 is not limited, and a fluid such as
air, water, or brine may be subjected to heat exchange.
In the refrigeration cycle apparatus 1 according to the
present embodiment, water flowing through the heat-
load circuit 90 is supplied to a heat-load heat exchanger
91, and the heat load in the heat-load heat exchanger 91
is processed. The heat-load circuit 90 is a circuit in which
water serving as a heat medium circulates, and includes
the heat-load heat exchanger 91, a pump 92, and a use
heat exchanger 13 shared with the refrigerant circuit 10.
The pump 92 is driven and controlled by the controller 7,
which will be described below, to circulate the water
through the heat-load circuit 90. In the heat-load circuit
90, the water flows through a heat-load flow path 13b
included in the use heat exchanger 13. As described be-
low, the use heat exchanger 13 includes a first use flow
path 13a through which a first refrigerant flowing through
the refrigerant circuit 10 passes. The water flowing
through the heat-load flow path 13b of the use heat ex-
changer 13 exchanges heat with the first refrigerant flow-
ing through the first use flow path 13a. As a result, the
water is cooled during a cooling operation and is heated
during a heating operation.

[0052] The refrigerant circuit 10 includes a first com-
pressor 11, a second compressor 21, a first switching
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mechanism 12, the use heat exchanger 13 shared with
the heat-load circuit 90, a first expansion valve 15, a sec-
ond expansion valve 16, a third expansion valve 14, a
cascade heat exchanger 17, an outdoor heat exchanger
18, a first on-off valve 41, and a second on-off valve 42.
[0053] The refrigerant circuit 10 is filled with the first
refrigerant, which is a low-pressure refrigerant, and a
second refrigerant, which is a high-pressure refrigerant,
as refrigerants in a substantially separated state. The
first refrigerant is a refrigerant having 1 MPa or less at
30°C, and is a refrigerant including, for example, at least
one of R1234yf or R1234ze. The first refrigerant may
include only R1234yf or may include only R1234ze. The
second refrigerantis arefrigerant having 1.5 MPa or more
at 30°C. Forexample, the second refrigerant may include
carbon dioxide, or may include only carbon dioxide.
[0054] The first compressor 11 is a positive-displace-
ment compressor to be driven by a compressor motor.
The compressor motor is driven by electric power sup-
plied via an inverter device. The first compressor 11 has
an operating capacity that is changeable by varying a
drive frequency that is the number of rotations of the com-
pressor motor. A discharge side of the first compressor
11 is connected to a first port of the first switching mech-
anism 12. A suction side of the first compressor 11 is
connected to a second port of the first switching mech-
anism 12 and a gas refrigerant side of a first cascade
flow path 17a of the cascade heat exchanger 17.
[0055] The first switching mechanism 12 switches be-
tween a state in which the discharge side of the first com-
pressor 11 is connected to a gas refrigerant side of the
first use flow path 13a of the use heat exchanger 13 and
the suction side of the first compressor 11 is connected
to the first on-off valve 41 and the gas refrigerant side of
the first cascade flow path 17a of the cascade heat ex-
changer 17 and a state in which the discharge side of
the first compressor 11 is connected to the first on-off
valve 41 and the suction side of the first compressor 11
is connected to the gas refrigerant side of the first use
flow path 13a of the use heat exchanger 13 and the gas
refrigerant side of the first cascade flow path 17a of the
cascade heat exchanger 17. In the presentembodiment,
the first switching mechanism 12 is constituted by a four-
way switching valve having four ports including the first
port, the second port, a third port, and a fourth port. The
first port is connected to the discharge side of the first
compressor 11. The second port is connected to the suc-
tion side of the first compressor 11 and the gasrefrigerant
side of the first cascade flow path 17a of the cascade
heat exchanger 17. The third portis connected to the gas
refrigerant side of the first use flow path 13a of the use
heat exchanger 13. The fourth port is connected to the
first on-off valve 41.

[0056] The gasrefrigerant side of the first use flow path
13a of the use heat exchanger 13 through which the first
refrigerant flowing through the refrigerant circuit 10 pass-
es is connected to the first switching mechanism 12. A
liquid refrigerant side of the first use flow path 13a is
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connected to a branch point A included in the refrigerant
circuit 10.

[0057] At the branch point A, a flow path extending
from the liquid refrigerant side of the first use flow path
13a, a flow path extending to the side of the first expan-
sion valve 15 opposite to the cascade heat exchanger
17 side, and a flow path extending from the third expan-
sion valve 14 are connected.

[0058] The firstexpansion valve 15is configured as an
electronic expansion valve that is adjustable in valve
opening degree. In the refrigerant circuit 10, the first ex-
pansion valve 15 is disposed between the branch point
A and a liquid refrigerant side of the first cascade flow
path 17a of the cascade heat exchanger 17.

[0059] The third expansion valve 14 is configured as
an electronic expansion valve that is adjustable in valve
opening degree. In the refrigerant circuit 10, the third ex-
pansion valve 14 is disposed at a certain point in a flow
path connecting the branch point A and a branch point B.
[0060] At the branch point B, a flow path extending
from the third expansion valve 14, a flow path extending
from the second expansion valve 16, and a flow path
extending from a liquid refrigerant side of the outdoor
heat exchanger 18 are connected.

[0061] The second expansion valve 16 is configured
as an electronic expansion valve that is adjustable in
valve opening degree. In the refrigerant circuit 10, the
second expansion valve 16 is disposed between the
branch point B and a liquid refrigerant side of a second
cascade flow path 17b of the cascade heat exchanger 17.
[0062] The cascade heat exchanger 17 is a cascade
heat exchanger that includes the first cascade flow path
17a through which one of the first refrigerant and the
second refrigerant passes and the second cascade flow
path 17b through which the other of the first refrigerant
and the second refrigerant passes, and that exchanges
heat between the first refrigerant and the second refrig-
erant. In the cascade heat exchanger 17, the first cas-
cade flow path 17a and the second cascade flow path
17b are independent of each other, and the first refriger-
antand the second refrigerant do not mix with each other
in the cascade heat exchanger 17. The gas refrigerant
side of the first cascade flow path 17a is connected to
the suction side of the first compressor 11. The liquid
refrigerant side of the first cascade flow path 17a is con-
nected to a flow path extending from the first expansion
valve 15. A gas refrigerant side of the second cascade
flow path 17b is connected to a discharge side of the
second compressor 21. The liquid refrigerant side of the
second cascade flow path 17b is connected to a flow
path extending from the second expansion valve 16.
[0063] The outdoor heat exchanger 18 includes a plu-
rality of heat transfer tubes and a plurality of fins joined
to the plurality of heat transfer tubes. In the present em-
bodiment, the outdoor heat exchanger 18 is arranged
outdoors. A refrigerant flowing through the outdoor heat
exchanger 18 exchanges heatwith air sent to the outdoor
heat exchanger 18.
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[0064] The outdoor fan 9 generates an air flow of out-
door air passing through the outdoor heat exchanger 18.
[0065] A branch point C is connected to a flow path
extending from a gas refrigerant side of the outdoor heat
exchanger 18, a flow path extending from the first on-off
valve 41, and a flow path extending from the second on-
off valve 42.

[0066] The first on-off valve 41 is disposed at a certain
point in a flow path connecting the branch point C and
the fourth port of the first switching mechanism 12.
[0067] The second on-off valve 42 is disposed at a cer-
tain point in a flow path connecting the branch point C
and a suction side of the second compressor 21.
[0068] The second compressor 21 is a positive-dis-
placement compressor to be driven by a compressor mo-
tor. The compressor motor is driven by electric power
supplied via an inverter device. The second compressor
21 has an operating capacity that is changeable by var-
ying a drive frequency that is the number of rotations of
the compressor motor. The discharge side of the second
compressor 21 is connected to the gas refrigerant side
of the second cascade flow path 17b of the cascade heat
exchanger 17. The suction side of the second compres-
sor 21 is connected to a flow path extending from the
second on-off valve 42.

[0069] The controller 7 controls the operation of the
devices included in the heat-load circuit 90 and the re-
frigerant circuit 10. Specifically, the controller 7 includes
a processor serving as a CPU provided for performing
control, a memory, and the like.

[0070] In the refrigeration cycle apparatus 1 described
above, the controller 7 controls the devices to execute a
refrigeration cycle, thereby performing a cooling opera-
tion for processing a cooling load in the heat-load heat
exchanger 91, a heating operation for processing a heat-
ing load in the heat-load heat exchanger 91, a cooling-
to-heating transition operation, and a heating-to-cooling
transition operation.

(1-1) Cooling Operation

[0071] During the cooling operation, as illustrated in
Fig. 3, the second refrigerant is confined in a flow path
(flow path indicated by a dotted line) from the second on-
off valve 42 to the second expansion valve 16 via the
second compressor 21 and the second cascade flow path
17b of the cascade heat exchanger 17, and the first re-
frigerant is circulated through the first compressor 11,
the outdoor heat exchanger 18, the third expansion valve
14, and the use heat exchanger 13. As a result, a single-
stage refrigeration cycle is performed. The single-stage
refrigeration cycle is performed using the first refrigerant
by causing the use heat exchanger 13 to function as an
evaporator of the first refrigerant and the outdoor heat
exchanger 18 to function as a condenser of the first re-
frigerant. In Fig. 3, a single-headed arrow indicates a flow
path through which the first refrigerant flows.

[0072] Specifically, the second on-off valve 42 and the
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second expansion valve 16 are controlled to be in a fully
closed state to confine the second refrigerant in the flow
path from the second on-off valve 42 to the second ex-
pansion valve 16. Further, a connection state of the first
switching mechanism 12 is switched to a connection
state indicated by solid lines in Fig. 3, the pump 92, the
first compressor 11, and the outdoor fan 9 are driven, the
first on-off valve 41 is controlled to be in an open state,
the first expansion valve 15 is controlled to be in a fully
closed state, and the second compressor 21 is stopped.
Further, the valve opening degree of the third expansion
valve 14 is controlled such that the degree of superheat-
ing of the first refrigerant to be sucked into the first com-
pressor 11 satisfies a predetermined condition.

[0073] Accordingly, the first refrigerant discharged
from the first compressor 11 is sent to the outdoor heat
exchanger 18 via the first switching mechanism 12 and
the first on-off valve 41. The first refrigerant sent to the
outdoor heat exchanger 18 is condensed by heat ex-
change with the outdoor air supplied by the outdoor fan
9. The firstrefrigerant having passed through the outdoor
heat exchanger 18 passes through the branch point B
and is then decompressed in the third expansion valve
14. After that, the first refrigerant passes through the
branch point A and is sent to the first use flow path 13a
of the use heat exchanger 13. The first refrigerant flowing
through the first use flow path 13a of the use heat ex-
changer 13 is evaporated by heat exchange with the wa-
ter flowing through the heat-load flow path 13b of the use
heat exchanger 13 included in the heat-load circuit 90.
The water cooled by this heat exchange is sent to the
heat-load heat exchanger 91 in the heat-load circuit 90
to process the cooling load. The first refrigerant evapo-
rated in the first use flow path 13a of the use heat ex-
changer 13 is sucked into the first compressor 11 via the
first switching mechanism 12.

(1-2) Cooling-to-Heating Transition Operation

[0074] The refrigeration cycle apparatus 1 performs a
cooling-to-heating transition operation for making a tran-
sition from a cycle state for performing the cooling oper-
ation to a cycle state for performing the heating operation.
[0075] In the cooling-to-heating transition operation,
first, the third expansion valve 14 is controlled to be in a
fully closed state from the state in which the cooling op-
eration is performed, the connection state of the first
switching mechanism 12 is switched to a state in which
the discharge side of the first compressor 11 is connected
to the gas refrigerant side of the first use flow path 13a
of the use heat exchanger 13 and the suction side of the
first compressor 11 is connected to the first on-off valve
41 and the gas refrigerant side of the first cascade flow
path 17a of the cascade heat exchanger 17, and the first
compressor 11 is operated, with the second on-off valve
42 closed and the first expansion valve 15 and the second
expansion valve 16 controlled to be in the fully closed
state. After this operation state is maintained for a while,
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the first on-off valve 41 is closed. As a result, the first
refrigerant can be collected in a flow path from the first
on-off valve 41 to the third expansion valve 14 via the
first compressor 11 and the use heat exchanger 13.
[0076] Then,opening thefirstexpansionvalve 15 while
maintaining the third expansion valve 14 in the fully
closed state and also maintaining the first on-off valve
41 in the closed state allows the first refrigerant to circu-
late through the first compressor 11, the use heat ex-
changer 13, the firstexpansion valve 15, and the cascade
heat exchanger 17. Further, opening the second expan-
sion valve 16 and the second on-off valve 42 allows the
second refrigerant to circulate through the second com-
pressor 21, the cascade heat exchanger 17, the second
expansion valve 16, and the outdoor heat exchanger 18.
[0077] Thus, the cooling-to-heating transition opera-
tion is completed.

(1-3) Heating Operation

[0078] During the heating operation, as illustrated in
Fig. 4, a two-stage refrigeration cycle is performed in
which the second refrigerant is used in the heat-source-
side refrigeration cycle and the first refrigerant is used in
the use-side refrigeration cycle. InFig. 4, a single-headed
arrow indicates a flow path through which the first refrig-
erant flows, and a double-headed arrow indicates a flow
path through which the second refrigerant flows. In this
two-stage refrigeration cycle, the use heat exchanger 13
is caused to function as a condenser of the first refriger-
ant, the cascade heat exchanger 17 is caused to function
as an evaporator of the first refrigerant, the cascade heat
exchanger 17 is caused to function as a radiator of the
second refrigerant, and the outdoor heat exchanger 18
is caused to function as an evaporator of the second re-
frigerant.

[0079] Specifically, in this two-stage refrigeration cy-
cle, the third expansion valve 14 is controlled to be in a
fully closed state, and the first on-off valve 41 is controlled
to be in a closed state to prevent mixing of the first re-
frigerant and the second refrigerant. The connection
state of the first switching mechanism 12 is switched to
a connection state indicated by broken lines in Fig. 4, the
pump 92, the first compressor 11, the second compres-
sor 21, and the outdoor fan 9 are driven, and the second
on-off valve 42 is controlled to be in an open state. Fur-
ther, the valve opening degree of the first expansion valve
15 is controlled such that the degree of superheating of
the first refrigerant to be sucked into the first compressor
11 satisfies a predetermined condition, and the valve
opening degree of the second expansion valve 16 is con-
trolled such that the degree of superheating of the second
refrigerant to be sucked into the second compressor 21
satisfies a predetermined condition.

[0080] Accordingly, the second refrigerant discharged
from the second compressor 21 is sent to the cascade
heat exchanger 17. When flowing through the second
cascade flow path 17b, the second refrigerant radiates
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heat by heat exchange with the first refrigerant flowing
through the first cascade flow path 17a. The second re-
frigerant, which has radiated heat in the cascade heat
exchanger 17, is decompressed in the second expansion
valve 16. After that, the second refrigerant is evaporated
by heat exchange with the outdoor air supplied by the
outdoor fan 9 in the outdoor heat exchanger 18, and is
sucked into the second compressor 21. The first refrig-
erant discharged from the first compressor 11 is sent to
the first use flow path 13a of the use heat exchanger 13
via the first switching mechanism 12. The first refrigerant
flowing through the first use flow path 13a of the use heat
exchanger 13 is condensed by heat exchange with the
water flowing through the heat-load flow path 13b of the
use heat exchanger 13 included in the heat-load circuit
90. The water heated by this heat exchange is sent to
the heat-load heat exchanger 91 in the heat-load circuit
90 to process the heating load. The first refrigerant con-
densed in the first use flow path 13a of the use heat ex-
changer 13 passes through the branch point A and is
then decompressed in the first expansion valve 15. The
first refrigerant decompressed by the first expansion
valve 15 is evaporated, when passing through the first
cascade flow path 17a of the cascade heat exchanger
17, by heat exchange with the second refrigerant flowing
through the second cascade flow path 17b. The first re-
frigerant evaporated in the first cascade flow path 17a of
the cascade heat exchanger 17 is sucked into the first
compressor 11 via the first switching mechanism 12.

(1-4) Heating-to-Cooling Transition Operation

[0081] The refrigeration cycle apparatus 1 performs a
heating-to-cooling transition operation for making a tran-
sition from a cycle state for performing the heating oper-
ation to a cycle state for performing the cooling operation.
[0082] In the heating-to-cooling transition operation,
first, the second expansion valve 16 is controlled to be
in a fully closed state from the state in which the heating
operation is performed, and the second compressor 21
is driven, with the third expansion valve 14 also main-
tained in the fully closed state. After this operation state
is maintained for a while, the second on-off valve 42 is
closed. As aresult, the second refrigerant can be collect-
ed in a flow path from the second on-off valve 42 to the
second expansion valve 16 via the second compressor
21 and the second cascade flow path 17b of the cascade
heat exchanger 17.

[0083] Then, the first expansion valve 15 is controlled
to be in a fully closed state, the third expansion valve 14
and the first on-off valve 41 is opened, and the first switch-
ing mechanism 12 is brought into a state in which the
discharge side of the first compressor 11 is connected
to the first on-off valve 41 and the suction side of the first
compressor 11 is connected to the gas refrigerant side
of the first use flow path 13a of the use heat exchanger
13 and the gas refrigerant side of the first cascade flow
path 17a of the cascade heat exchanger 17. This makes
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it possible to perform a cooling operation based on a
single-stage refrigeration cycle using the first refrigerant.
[0084] Thus, the heating-to-cooling transition opera-
tion is completed.

(1-5) Features of First Embodiment

[0085] In the refrigeration cycle apparatus 1 according
to the first embodiment, the refrigerant circuit 10 uses
the first refrigerant having a sufficiently low global warm-
ing potential (GWP) and the second refrigerant having a
sufficiently low ozone depletion potential (ODP) and a
sufficiently low global warming potential (GWP). Thus,
global environmental deterioration can be reduced.
[0086] In addition, even when the refrigerant circuit 10
uses the first refrigerant having a sufficiently low global
warming potential (GWP), the two-stage refrigeration cy-
cle in which the second refrigerant, which is a high-pres-
sure refrigerant, is used in the heat-source-side refriger-
ation cycle and the first refrigerant, which is a low-pres-
sure refrigerant, is used in the use-side refrigeration cycle
is performed as the heating operation. This makes it eas-
ier to secure heating operation capacity than a single-
stage refrigeration cycle using the first refrigerant, which
is a low-pressure refrigerant.

[0087] Further, the refrigerant circuit 10 uses carbon
dioxide as the second refrigerant. However, during the
cooling operation, a single-stage refrigeration cycle using
the second refrigerant is not performed, nor is performed
a two-stage refrigeration cycle in which the second re-
frigerant is used in the heat-source-side refrigeration cy-
cle and the first refrigerant is used in the use-side refrig-
eration cycle. Instead of this, a single-stage refrigeration
cycle using the first refrigerant is performed. This makes
it possible to perform the cooling operation without caus-
ing a reduction in COP, as in the case of performing a
single-stage refrigeration cycle using a carbon dioxide
refrigerant, which is a high-pressure refrigerant, or as in
the case of performing a two-stage refrigeration cycle in
which carbon dioxide, which is a high-pressure refriger-
ant, is used in the heat-source-side cycle, the reduction
in COP being due to the pressure of the carbon dioxide
refrigerant exceeding the critical pressure. It is also pos-
sible to reduce the compression strength standards re-
quired for the components of the refrigerant circuit 10 in
which carbon dioxide, which is a high-pressure refriger-
ant, is used.

(2) Second Embodiment

[0088] Fig. 5 is a schematic configuration diagram of
a refrigeration cycle apparatus 1a according to a second
embodiment. Fig. 6 is a functional block configuration
diagram of the refrigeration cycle apparatus 1a according
to the second embodiment.

[0089] The refrigeration cycle apparatus 1a is an ap-
paratus used to process a heat load through a vapor-
compression refrigeration cycle operation. The refriger-
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ation cycle apparatus 1a includes a heat-load circuit 90,
a refrigerant circuit 10, an outdoor fan 9, and a controller
7.

[0090] The heat load to be processed by the refriger-
ation cycle apparatus 1a and the heat-load circuit 90 are
similar to those according to the first embodiment.
[0091] In the present embodiment, as described be-
low, a use heat exchanger 13 includes a first use flow
path 13a through which a first refrigerant or a second
refrigerant flowing through the refrigerant circuit 10 pass-
es. Water flowing through a heat-load flow path 13b of
the use heat exchanger 13 exchanges heat with the first
refrigerant or second refrigerant flowing through the first
use flow path 13a. As a result, the water is cooled during
a cooling operation and is heated during a heating oper-
ation.

[0092] The refrigerant circuit 10 includes a first com-
pressor 11, a second compressor 21, a first switching
mechanism 12, a second switching mechanism 22, the
use heat exchanger 13 shared with the heat-load circuit
90, afirst expansion valve 15, a second expansion valve
16, a cascade heat exchanger 17, an outdoor heat ex-
changer 18, arefrigerant container 19, a third on-off valve
43, a fourth on-off valve 44, a fifth on-off valve 45, a sixth
on-off valve 46, a seventh on-off valve 47, an eighth on-
off valve 48, and a ninth on-off valve 49.

[0093] The refrigerant circuit 10 is filled with the first
refrigerant, which is a low-pressure refrigerant, and the
second refrigerant, which is a high-pressure refrigerant,
as refrigerants in a substantially separated state. The
first refrigerant is a refrigerant having 1 MPa or less at
30°C, and is a refrigerant including, for example, at least
one of R1234yf or R1234ze. The first refrigerant may
include only R1234yf or may include only R1234ze. The
second refrigerantis arefrigeranthaving 1.5 MPa or more
at30°C. For example, the second refrigerant may include
carbon dioxide, or may include only carbon dioxide.
[0094] The specific configuration of the first compres-
sor 11 is similar to that according to the first embodiment.
A discharge side of the first compressor 11 is connected
to a first port of a switching valve 12a of the first switching
mechanism 12. A suction side of the first compressor 11
is connected to a branch point D 1.

[0095] The branch point D1 is connected to a second
port of the switching valve 12a of the first switching mech-
anism 12, a second port of a switching valve 12b of the
first switching mechanism 12, and a flow path extending
from the eighth on-off valve 48.

[0096] The first switching mechanism 12 includes the
switching valve 12a and the switching valve 12b.
[0097] Inthe present embodiment, the switching valve
12a is constituted by a four-way switching valve having
four ports including the first port, the second port, a third
port, and a fourth port. The first port of the switching valve
12a is connected to the discharge side of the first com-
pressor 11. The second port of the switching valve 12a
is connected to the suction side of the first compressor
11. The third port of the switching valve 12a is connected
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to a flow path extending from a branch point E2. The
fourth port of the switching valve 12a is connected to a
first port of the switching valve 12b.

[0098] Inthe present embodiment, the switching valve
12b is constituted by a four-way switching valve having
four ports including the first port, the second port, a third
port, and a fourth port. The first port of the switching valve
12b is connected to the fourth port of the switching valve
12a. The second port of the switching valve 12b is con-
nected to the suction side of the first compressor 11. The
third port of the switching valve 12b is connected to a
gas refrigerant side of the first use flow path 13a of the
use heat exchanger 13. The fourth port of the switching
valve 12b is connected to a gas refrigerant side of a first
cascade flow path 17a of the cascade heatexchanger 17.
[0099] The switching valve 12a switches between a
state in which the discharge side of the first compressor
11 is connected to the first port of the switching valve 12b
and the suction side of the first compressor 11 is con-
nected to the branch point E2 and a state in which the
discharge side of the first compressor 11 is connected
to the branch point E2 and the suction side of the first
compressor 11 is connected to the first port of the switch-
ing valve 12b.

[0100] The switching valve 12b switches between a
state in which the fourth port of the switching valve 12a
is connected to the gas refrigerant side of the first cas-
cade flow path 17a of the cascade heat exchanger 17
and the suction side of the first compressor 11 is con-
nected to the gas refrigerant side of the first use flow path
13a of the use heat exchanger 13 and a state in which
the fourth port of the switching valve 12a is connected to
the gas refrigerant side of the first use flow path 13a of
the use heat exchanger 13 and the suction side of the
first compressor 11 is connected to the gas refrigerant
side of the first cascade flow path 17a of the cascade
heat exchanger 17.

[0101] The gasrefrigerant side of the first use flow path
13a of the use heat exchanger 13 through which the re-
frigerant flowing through the refrigerant circuit 10 passes
is connected to the switching valve 12b of the first switch-
ing mechanism 12. Aliquid refrigerant side of the first use
flow path 13a is connected to a branch point A included
in the refrigerant circuit 10.

[0102] At the branch point A, a flow path extending
from the liquid refrigerant side of the first use flow path
13a, a flow path extending to the side of the first expan-
sion valve 15 opposite to the cascade heat exchanger
17 side, and a flow path extending from a branch point
J are connected.

[0103] The first expansion valve 15 is configured as an
electronic expansion valve that is adjustable in valve
opening degree. In the refrigerant circuit 10, the first ex-
pansion valve 15 is disposed at a certain point in a flow
path connecting the branch point A and a branch point F.
[0104] The branchpointF connects a flow path extend-
ing from the first expansion valve 15, a flow path extend-
ing from a branch point H1, and a flow path extending
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from a liquid refrigerant side of the first cascade flow path
17a of the cascade heat exchanger 17.

[0105] The cascade heat exchanger 17 is a cascade
heat exchanger that includes the first cascade flow path
17a through which one of the first refrigerant and the
second refrigerant passes and a second cascade flow
path 17b through which the other of the first refrigerant
and the second refrigerant passes, and that exchanges
heat between the first refrigerant and the second refrig-
erant. In the cascade heat exchanger 17, the first cas-
cade flow path 17a and the second cascade flow path
17b are independent of each other, and the first refriger-
antand the second refrigerant do not mix with each other
in the cascade heat exchanger 17. The gas refrigerant
side of the first cascade flow path 17a is connected to
the switching valve 12b of the first switching mechanism
12. The liquid refrigerant side of the first cascade flow
path 17a is connected to a flow path extending from the
branch point F. A gas refrigerant side of the second cas-
cade flow path 17b is connected to a switching valve 22b
of the second switching mechanism 22. A liquid refriger-
ant side of the second cascade flow path 17b is connect-
ed to a flow path extending from a branch point G.
[0106] The specific configuration of the second com-
pressor 21 is similar to that according to the first embod-
iment. A discharge side of the second compressor 21 is
connected to a first port of a switching valve 22a of the
second switching mechanism 22. A suction side of the
second compressor 21 is connected to a branch point E1.
[0107] The branch point E1 is connected to a second
port of the switching valve 22a of the second switching
mechanism 22, a second port of the switching valve 22b
of the second switching mechanism 22, and a flow path
extending from the seventh on-off valve 47.

[0108] The second switching mechanism 22 includes
the switching valve 22a and the switching valve 22b.
[0109] Inthe present embodiment, the switching valve
22a is constituted by a four-way switching valve having
four ports including the first port, the second port, a third
port, and a fourth port. The first port of the switching valve
22a is connected to the discharge side of the second
compressor 21. The second port of the switching valve
22ais connected to the suction side of the second com-
pressor 21. The third port of the switching valve 22a is
connected to a flow path extending from a branch point
D2. The fourth port of the switching valve 22a is connect-
ed to a first port of the switching valve 22b.

[0110] Inthe present embodiment, the switching valve
22b is constituted by a four-way switching valve having
four ports including the first port, the second port, a third
port, and a fourth port. The first port of the switching valve
22b is connected to the fourth port of the switching valve
22a. The second port of the switching valve 22b is con-
nected to the suction side of the second compressor 21.
The third port of the switching valve 22b is connected to
the gas refrigerant side of the second cascade flow path
17b of the cascade heat exchanger 17. The fourth port
of the switching valve 22b is connected to a gas refrig-
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erant side of the outdoor heat exchanger 18.

[0111] The switching valve 22a switches between a
state in which the discharge side of the second compres-
sor 21 is connected to the first port of the switching valve
22b and the suction side of the second compressor 21
is connected to the branch point D2 and a state in which
the discharge side of the second compressor 21 is con-
nected to the branch point D2 and the suction side of the
second compressor 21 is connected to the first port of
the switching valve 22b.

[0112] The switching valve 22b switches between a
state in which the fourth port of the switching valve 22a
is connected to the gas refrigerant side of the outdoor
heat exchanger 18 and the suction side of the second
compressor 21 is connected to the gas refrigerant side
of the second cascade flow path 17b of the cascade heat
exchanger 17 and a state in which the fourth port of the
switching valve 22a is connected to the gas refrigerant
side of the second cascade flow path 17b of the cascade
heat exchanger 17 and the suction side of the second
compressor 21 is connected to the gas refrigerant side
of the outdoor heat exchanger 18.

[0113] The branch point G is connected to a flow path
extending from the liquid refrigerant side of the second
cascade flow path 17b of the cascade heat exchanger
17, a flow path extending from the second expansion
valve 16, and a flow path extending from a branch point
H2.

[0114] The second expansion valve 16 is configured
as an electronic expansion valve that is adjustable in
valve opening degree. The second expansion valve 16
is disposed between the branch point G and the liquid
refrigerant side of the outdoor heat exchanger 18.
[0115] The outdoor heat exchanger 18 includes a plu-
rality of heat transfer tubes and a plurality of fins joined
to the plurality of heat transfer tubes. In the present em-
bodiment, the outdoor heat exchanger 18 is arranged
outdoors. A refrigerant flowing through the outdoor heat
exchanger 18 exchanges heat with air sentto the outdoor
heat exchanger 18.

[0116] The outdoor fan 9 generates an air flow of out-
door air passing through the outdoor heat exchanger 18.
[0117] The branch point J is connected to a flow path
extending from the branch point A, a flow path extending
from the sixth on-off valve 46, and a flow path extending
from a branch point K 1. The branch point K1 connects
a flow path extending from the branch point J, a flow path
extending from an upper end portion of the refrigerant
container 19, and a flow path extending from the ninth
on-off valve 49. The ninth on-off valve 49 is disposed at
a certain point in a flow path connecting the branch point
D2 and the branch point K1. The branch point D2 con-
nects a flow path extending from the ninth on-off valve
49, a flow path extending from the eighth on-off valve 48,
and a flow path extending from the third port of the switch-
ing valve 22a of the second switching mechanism 22.
The eighth on-off valve 48 is disposed at a certain point
in a flow path connecting the branch point D2 and the
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branch point D1. The sixth on-off valve 46 is disposed at
a certain pointin a flow path connecting the branch point
J and the branch point E2. The branch point E2 connects
a flow path extending from the seventh on-off valve 47,
a flow path extending from the sixth on-off valve 46, and
a flow path extending from the third port of the switching
valve 12a of the first switching mechanism 12. The sev-
enth on-off valve 47 is disposed at a certain point in a
flow path connecting the branch point E1 and the branch
point E2.

[0118] A branch point K2 connects a flow path extend-
ing from a lower end portion of the refrigerant container
19, a flow path extending from the fourth on-off valve 44,
and a flow path extending from the fifth on-off valve 45.
The fourth on-off valve 44 is disposed at a certain point
in a flow path connecting the branch point K2 and the
branch point H1. The fifth on-off valve 45 is disposed at
a certain pointin a flow path connecting the branch point
K2 and the branch point H2. The branch point H1 con-
nects a flow path extending from the third on-off valve
43, a flow path extending from the fourth on-off valve 44,
and a flow path extending from the branch point F. The
branch point H2 connects a flow path extending from the
third on-off valve 43, a flow path extending from the fifth
on-off valve 45, and a flow path extending from the branch
point G. The third on-off valve 43 is disposed at a certain
point in a flow path connecting the branch point H1 and
the branch point H2.

[0119] The third on-off valve 43, the fourth on-off valve
44, the fifth on-off valve 45, the sixth on-off valve 46, the
seventh on-off valve 47, the eighth on-off valve 48, and
the ninth on-off valve 49 are each an electromagnetic
valve controllable to switch between an open state and
a closed state.

[0120] The refrigerant container 19 is a container ca-
pable of holding therein the first refrigerant or the second
refrigerant. The refrigerant container 19 can be used to
move the second refrigerant within the refrigerant circuit
10 while the first refrigerant is stored in the refrigerant
container 19 or to move the first refrigerant within the
refrigerant circuit 10 while the second refrigerantis stored
in the refrigerant container 19. The refrigerant container
19 has a capacity such that the refrigerant container 19
can store the first refrigerant and store the second refrig-
erant. In the present embodiment, the refrigerant con-
tainer 19 used to move the first refrigerant within the re-
frigerant circuit 10 while the second refrigerant is stored
in the refrigerant container 19 will be described as an
example.

[0121] The controller 7 controls the operation of the
devices included in the heat-load circuit 90 and the re-
frigerant circuit 10. Specifically, the controller 7 includes
a processor serving as a CPU provided for performing
control, a memory, and the like.

[0122] In the refrigeration cycle apparatus 1a de-
scribed above, the controller 7 controls the devices to
execute a refrigeration cycle, thereby performing a cool-
ing operation for processing a cooling load in the heat-
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load heat exchanger 91, a heating operation for process-
ing a heating load in the heat-load heat exchanger 91, a
cooling-to-heating transition operation, and a heating-to-
cooling transition operation.

(2-1) Cooling Operation

[0123] During the cooling operation, as illustrated in
Fig. 7, a two-stage refrigeration cycle operation is per-
formed in which the first refrigerant is used in a heat-
source-side refrigeration cycle and the second refriger-
ant is used in a use-side refrigeration cycle. In Fig. 7, a
single-headed arrow indicates a flow path through which
the first refrigerant flows, and a double-headed arrow in-
dicates a flow path through which the second refrigerant
flows. In this two-stage refrigeration cycle, the use heat
exchanger 13 is caused to function as an evaporator of
the second refrigerant, the cascade heat exchanger 17
is caused to function as a radiator of the second refrig-
erant, the cascade heat exchanger 17 is caused to func-
tion as an evaporator of the first refrigerant, and the out-
door heat exchanger 18 is caused to function as a con-
denser of the first refrigerant.

[0124] Specifically, in this two-stage refrigeration cy-
cle, all of the third on-off valve 43, the fourth on-off valve
44, the fifth on-off valve 45, the sixth on-off valve 46, the
seventh on-off valve 47, the eighth on-off valve 48, and
the ninth on-off valve 49 are controlled to be in a closed
state to prevent mixing of the first refrigerant and the sec-
ond refrigerant. Then, a connection state of the first
switching mechanism 12 is switched to a connection
state indicated by solid lines in Fig. 7, a connection state
of the second switching mechanism 22 is switched to a
connection state indicated by solid lines in Fig. 7, and
the pump 92, the first compressor 11, the second com-
pressor 21, and the outdoor fan 9 are driven. Further, the
valve opening degree of the first expansion valve 15 is
controlled such that the degree of superheating of the
second refrigerant to be sucked into the first compressor
11 satisfies a predetermined condition, and the valve
opening degree of the second expansion valve 16 is con-
trolled such that the degree of superheating of the first
refrigerant to be sucked into the second compressor 21
satisfies a predetermined condition.

[0125] Accordingly, the first refrigerant discharged
from the second compressor 21 is sent to the outdoor
heat exchanger 18 via the switching valve 22a and the
switching valve 22b of the second switching mechanism
22. The first refrigerant flowing through the outdoor heat
exchanger 18 is condensed by heat exchange with the
outdoor air supplied by the outdoor fan 9. The first refrig-
erant condensed in the outdoor heat exchanger 18 is
decompressed inthe second expansion valve 16, passes
through the branch point G, and is sent to the second
cascade flow path 17b of the cascade heat exchanger
17. When flowing through the second cascade flow path
17b of the cascade heatexchanger 17, the firstrefrigerant
is evaporated by heat exchange with the second refrig-
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erant flowing through the first cascade flow path 17a. The
firstrefrigerant evaporated in the cascade heat exchang-
er 17 is sucked into the second compressor 21 via the
switching valve 22b of the second switching mechanism
22. The second refrigerant discharged from the first com-
pressor 11 is sent to the first cascade flow path 17a of
the cascade heat exchanger 17 via the switching valve
12a and the switching valve 12b of the first switching
mechanism 12. When flowing through the first cascade
flow path 17a of the cascade heat exchanger 17, the
second refrigerant radiates heat by heat exchange with
the first refrigerant flowing through the second cascade
flow path 17b. The second refrigerant, which has radiated
heat in the cascade heat exchanger 17, passes through
the branch point F, is decompressed in the first expansion
valve 15, passes through the branch point A, and is sent
to the first use flow path 13a of the use heat exchanger
13. The second refrigerant flowing through the first use
flow path 13a of the use heat exchanger 13 is evaporated
by heatexchange with the water flowing through the heat-
load flow path 13b of the use heat exchanger 13 included
in the heat-load circuit 90. The water cooled by this heat
exchange is sent to the heat-load heat exchanger 91 in
the heat-load circuit 90 to process the cooling load. The
second refrigerant evaporated in the first use flow path
13a of the use heat exchanger 13 is sucked into the first
compressor 11 via the switching valve 12b of the first
switching mechanism 12.

(2-2) Cooling-to-Heating Transition Operation

[0126] The refrigeration cycle apparatus 1a performs
a cooling-to-heating transition operation including (a1) to
(f1) below in this order to make a transition from a cycle
state for performing the cooling operation to a cycle state
for performing the heating operation.

(a1) First, the first expansion valve 15 is controlled
to be in a fully closed state from the state in which
the cooling operation is performed, and the first com-
pressor 11 is operated, with the fourth on-off valve
44 opened. Here, the second compressor 21 and
the like are operated such that the refrigeration cycle
for the cooling operation using the first refrigerant is
performed. As a result, an operation of recovering
the second refrigerant into the refrigerant container
19 from below the refrigerant container 19 is per-
formed. At this time, the sixth on-off valve 46 is con-
trolled to switch between the open state and the
closed state at predetermined time intervals, thereby
allowing the gaseous second refrigerant in a flow
path from an upper end of the refrigerant container
19 to the sixth on-off valve 46 to be sucked into the
first compressor 11. This provides efficient recovery
of the second refrigerant into the refrigerant contain-
er 19. This operation is continued for a predeter-
mined period of time, for example, until a predeter-
mined sufficient amount of the second refrigerant is
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recovered in the refrigerant container 19.

(b 1) Then, the fourth on-off valve 44 is closed after
the second refrigerant has been recovered into the
refrigerant container 19 by a predetermined amount
or more. After that, the switching valve 12a is
switched to a state in which the discharge side of the
first compressor 11 is connected to the branch point
E2 and the suction side of the first compressor 11 is
connected to the first port of the switching valve 12b,
and the switching valve 12b is switched to a state in
which the fourth port of the switching valve 12a is
connected to the gas refrigerant side of the first use
flow path 13a of the use heat exchanger 13 and the
suction side of the first compressor 11 is connected
to the gas refrigerant side of the first cascade flow
path 17a of the cascade heat exchanger 17. Further,
the switching valve 22a s switched to a state in which
the discharge side of the second compressor 21 is
connected to the first port of the switching valve 22b
and the suction side of the second compressor 21
is connected to the branch point D2, and the switch-
ing valve 22b is switched to a state in which the fourth
port of the switching valve 22a is connected to the
gas refrigerant side of the second cascade flow path
17b of the cascade heat exchanger 17 and the suc-
tion side of the second compressor 21 is connected
to the gas refrigerant side of the outdoor heat ex-
changer 18. In this state, the sixth on-off valve 46 is
controlled to be in an open state, and the first com-
pressor 11 and the second compressor 21 are op-
erated to heat and expel the second refrigerant re-
maining in the first cascade flow path 17a of the cas-
cade heat exchanger 17 by using the heat of the first
refrigerant. Then, the second refrigerant is collected
in the refrigerant container 19 via the first compres-
sor 11, the branch point E2, the sixth on-off valve
46, the branch point J, and the branch point K1. After
this operation is continued for a predetermined pe-
riod of time, the sixth on-off valve 46 is controlled to
be in a closed state, and the recovery of the second
refrigerant into the refrigerant container 19 is com-
pleted.

(c1) Then, the switching valve 12a is switched to a
state in which the discharge side of the first com-
pressor 11 is connected to the first port of the switch-
ing valve 12b and the suction side of the first com-
pressor 11 is connected to the branch point E2, and
the switching valve 12b is switched to a state in which
the fourth port of the switching valve 12a is connect-
ed to the gas refrigerant side of the first use flow path
13a of the use heat exchanger 13 and the suction
side of the first compressor 11 is connected to the
gasrefrigerant side of the first cascade flow path 17a
of the cascade heat exchanger 17. In this state, the
second expansion valve 16 is controlled to be in a
fully closed state, the third on-off valve 43 is opened
while the fourth on-off valve 44 and the fifth on-off
valve 45 are maintained in the closed state, and the
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first compressor 11 and the second compressor 21
are operated. As aresult, the first refrigerant existing
in a portion from the second expansion valve 16 to
the suction side of the second compressor 21 is sent
to the first cascade flow path 17a of the cascade heat
exchanger 17 via the second switching mechanism
22,the second cascade flow path 17b of the cascade
heat exchanger 17, the branch point G, the branch
point H2, the third on-off valve 43, the branch point
H1, and the branch point F. Further, the first refrig-
erant is sucked into the first compressor 11 via the
switching valve 12b of the first switching mechanism
12. Then, the first refrigerant discharged from the
first compressor 11 is sentto the use heat exchanger
13 via the switching valve 12a of the first switching
mechanism 12.

(d1) Then, the third on-off valve 43 is closed, and
the eighth on-off valve 48 is opened. The switching
valve 22a is switched to a state in which the dis-
charge side of the second compressor 21 is connect-
ed to the branch point D2 and the suction side of the
second compressor 21 is connected to the first port
of the switching valve 22b, and the switching valve
22b is switched to a state in which the fourth port of
the switching valve 22a is connected to the gas re-
frigerant side of the outdoor heat exchanger 18 and
the suction side of the second compressor 21 is con-
nected to the gas refrigerant side of the second cas-
cade flow path 17b of the cascade heat exchanger
17. In this state, the first compressor 11 and the sec-
ond compressor 21 are operated to discharge, from
the second compressor 21, the first refrigerant ex-
isting in a portion from the third on-off valve 43 to the
suction side of the second compressor 21. Then, the
firstrefrigerantis sucked into the first compressor 11
via the branch point D2, the eighth on-off valve 48,
and the branch point D 1.

(e1) Then, the eighth on-off valve 48 is closed, the
first expansion valve 15 is opened, with the opening
degree thereof controlled. The switching valve 12a
is switched to a state in which the discharge side of
the first compressor 11 is connected to the first port
of the switching valve 12b and the suction side of
the first compressor 11 is connected to the branch
point E2, and the switching valve 12b is switched to
a state in which the fourth port of the switching valve
12a is connected to the gas refrigerant side of the
first cascade flow path 17a of the cascade heat ex-
changer 17 and the suction side of the first compres-
sor 11 is connected to the gas refrigerant side of the
first use flow path 13a of the use heat exchanger 13.
Further, the fifth on-off valve 45 is opened, with the
second expansion valve 16 maintained in the fully
closed state. The switching valve 22a is switched to
a state in which the discharge side of the second
compressor 21 is connected to the first port of the
switching valve 22b and the suction side of the sec-
ond compressor 21 is connected to the branch point
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D2, and the switching valve 22b is switched to a state
in which the fourth port of the switching valve 22a is
connected to the gas refrigerant side of the outdoor
heatexchanger 18 and the suction side of the second
compressor 21 is connected to the gas refrigerant
side of the second cascade flow path 17b of the cas-
cade heat exchanger 17. In this state, the first com-
pressor 11 and the second compressor 21 are op-
erated. As a result, the second refrigerant stored in
the refrigerant container 19 is drawn into the second
cascade flow path 17b of the cascade heat exchang-
er 17 via the branch point K2, the fifth on-off valve
45, the branch point H2, and the branch point G. At
this time, the second refrigerant flowing through the
second cascade flow path 17b of the cascade heat
exchanger 17 is heated by heat exchange with the
first refrigerant flowing through the first cascade flow
path 17a of the cascade heat exchanger 17. After
that, the heated second refrigerant is sent to the sec-
ond compressor 21 via the switching valve 22b. The
second refrigerantis further discharged from the sec-
ond compressor 21, passes through the switching
valve 22a and the switching valve 22b, and is then
stored in the outdoor heat exchanger 18.

(f1) Finally, the fifth on-off valve 45 is closed and the
ninth on-off valve 49 is opened, with the second ex-
pansion valve 16 maintained in the fully closed state
while the connection state of the second switching
mechanism 22 is maintained. The switching valve
12b is switched to a state in which the fourth port of
the switching valve 12a is connected to the gas re-
frigerant side of the first use flow path 13a of the use
heat exchanger 13 and the suction side of the first
compressor 11 is connected to the gas refrigerant
side of the first cascade flow path 17a of the cascade
heat exchanger 17. In this state, the second com-
pressor 21 is operated, and the first compressor 11
is operated or stopped. As a result, the gaseous sec-
ond refrigerant remaining in an upper portion of the
refrigerant container 19 can be sucked into the sec-
ond compressor 21 via the branch point K1, the ninth
on-off valve 49, the branch point D2, and the switch-
ing valve 22a. After the refrigerant container 19 is
emptied through this operation, the ninth on-off valve
49 is closed.

[0127] Thus, the cooling-to-heating transition opera-
tion is completed.

(2-3) Heating Operation

[0128] During the heating operation, as illustrated in
Fig. 8, a two-stage refrigeration cycle is performed in
which the second refrigerant is used in the heat-source-
side refrigeration cycle and the first refrigerant is used in
the use-side refrigeration cycle. InFig. 8, a single-headed
arrow indicates a flow path through which the first refrig-
erant flows, and a double-headed arrow indicates a flow
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path through which the second refrigerant flows. In this
two-stage refrigeration cycle, the use heat exchanger 13
is caused to function as a condenser of the first refriger-
ant, the cascade heat exchanger 17 is caused to function
as an evaporator of the first refrigerant, the cascade heat
exchanger 17 is caused to function as a radiator of the
second refrigerant, and the outdoor heat exchanger 18
is caused to function as an evaporator of the second re-
frigerant.

[0129] Specifically, in this two-stage refrigeration cy-
cle, all of the third on-off valve 43, the fourth on-off valve
44, the fifth on-off valve 45, the sixth on-off valve 46, the
seventh on-off valve 47, the eighth on-off valve 48, and
the ninth on-off valve 49 are controlled to be in a closed
state to prevent mixing of the first refrigerant and the sec-
ond refrigerant. Then, a connection state of the switching
valve 12a of the first switching mechanism 12 is changed
to a state indicated by solid lines in Fig. 8, a connection
state of the switching valve 12b of the first switching
mechanism 12 is changed to a state indicated by broken
lines in Fig. 8, a connection state of the switching valve
22a of the second switching mechanism 22 is changed
to a state indicated by solid lines in Fig. 8, a connection
state of the switching valve 22b of the second switching
mechanism 22 is switched to a connection state indicated
by broken lines in Fig. 8, and the pump 92, the first com-
pressor 11, the second compressor 21, and the outdoor
fan 9 are driven. Further, the valve opening degree of
the first expansion valve 15 is controlled such that the
degree of superheating of the first refrigerant to be
sucked into the first compressor 11 satisfies a predeter-
mined condition, and the valve opening degree of the
second expansion valve 16 is controlled such that the
degree of superheating of the second refrigerant to be
sucked into the second compressor 21 satisfies a pre-
determined condition.

[0130] Accordingly, the second refrigerant discharged
from the second compressor 21 is sent to the cascade
heat exchanger 17. When flowing through the second
cascade flow path 17b, the second refrigerant radiates
heat by heat exchange with the first refrigerant flowing
through the first cascade flow path 17a. The second re-
frigerant, which has radiated heat in the cascade heat
exchanger 17, is decompressed in the second expansion
valve 16. After that, the second refrigerant is evaporated
by heat exchange with the outdoor air supplied by the
outdoor fan 9 in the outdoor heat exchanger 18, and is
sucked into the second compressor 21. The first refrig-
erant discharged from the first compressor 11 is sent to
the first use flow path 13a of the use heat exchanger 13
via the first switching mechanism 12. The first refrigerant
flowing through the first use flow path 13a of the use heat
exchanger 13 is condensed by heat exchange with the
water flowing through the heat-load flow path 13b of the
use heat exchanger 13 included in the heat-load circuit
90. The water heated by this heat exchange is sent to
the heat-load heat exchanger 91 in the heat-load circuit
90 to process the heating load. The first refrigerant con-
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densed in the first use flow path 13a of the use heat ex-
changer 13 passes through the branch point A and is
then decompressed in the first expansion valve 15. The
first refrigerant decompressed by the first expansion
valve 15 is evaporated, when passing through the first
cascade flow path 17a of the cascade heat exchanger
17, by heat exchange with the second refrigerant flowing
through the second cascade flow path 17b. The first re-
frigerant evaporated in the first cascade flow path 17a of
the cascade heat exchanger 17 is sucked into the first
compressor 11 via the first switching mechanism 12.

(2-4) Heating-to-Cooling Transition Operation

[0131] The refrigeration cycle apparatus 1a performs
a heating-to-cooling transition operation including (a2) to
(f2) below in this order to make a transition from a cycle
state for performing the heating operation to a cycle state
for performing the cooling operation.

(a2) First, the second expansion valve 16 is control-
led to be in a fully closed state from the state in which
the heating operation is performed, the fifth on-off
valve 45 is controlled to be in an open state, and the
second compressor 21 is operated. Here, the first
compressor 11 and the like are operated such that
the use-side refrigeration cycle for the heating oper-
ation using the first refrigerant is maintained. As a
result, an operation of recovering the second refrig-
erant into the refrigerant container 19 from below the
refrigerant container 19 is performed. At this time,
the ninth on-off valve 49 is controlled to switch be-
tween the open state and the closed state at prede-
termined time intervals, thereby allowing the gase-
ous second refrigerant in a flow path from the upper
end of the refrigerant container 19 to the ninth on-
off valve 49 to be sucked into the second compressor
21. This provides efficient recovery of the second
refrigerant into the refrigerant container 19. This op-
eration is continued for a predetermined period of
time, for example, until a predetermined sufficient
amount of the second refrigerant is recovered in the
refrigerant container 19.

(b2) Then, the fifth on-off valve 45 is closed after the
second refrigerant has been recovered into the re-
frigerant container 19 by a predetermined amount or
more. After that, the switching valve 12a is switched
to a state in which the discharge side of the first com-
pressor 11 is connected to the first port of the switch-
ing valve 12b and the suction side of the first com-
pressor 11 is connected to the branch point E2, and
the switching valve 12b is switched to a state in which
the fourth port of the switching valve 12a is connect-
ed to the gas refrigerant side of the first cascade flow
path 17a of the cascade heat exchanger 17 and the
suction side of the first compressor 11 is connected
to the gas refrigerant side of the first use flow path
13a of the use heat exchanger 13. Further, the
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switching valve 22a is switched to a state in which
the discharge side of the second compressor 21 is
connected to the branch point D2 and the suction
side of the second compressor 21 is connected to
the first port of the switching valve 22b, and the
switching valve 22b is switched to a state in which
the fourth port of the switching valve 22a is connect-
ed to the gas refrigerant side of the outdoor heat
exchanger 18 and the suction side of the second
compressor 21 is connected to the gas refrigerant
side of the second cascade flow path 17b of the cas-
cade heat exchanger 17. In this state, the ninth on-
off valve 49 is opened, and the first compressor 11
and the second compressor 21 are operated to heat
and expel the second refrigerant remaining in the
second cascade flow path 17b of the cascade heat
exchanger 17 by using the heat of the first refrigerant.
Then, the second refrigerant is collected in the re-
frigerant container 19 via the second compressor 21,
the branch point D2, the ninth on-off valve 49, and
the branch point K1. After this operation is continued
for a predetermined period of time, the ninth on-off
valve 49 is controlled to be in a closed state, and the
recovery of the second refrigerant into the refrigerant
container 19 is completed.

(c2) Then, the switching valve 22a is switched to a
state in which the discharge side of the second com-
pressor 21 is connected to the first port of the switch-
ing valve 22b and the suction side of the second
compressor 21 is connected to the branch point D2,
and the switching valve 22b is changed to a state in
which the fourth port of the switching valve 22a is
connected to the gas refrigerant side of the outdoor
heatexchanger 18 and the suction side of the second
compressor 21 is connected to the gas refrigerant
side of the second cascade flow path 17b of the cas-
cade heat exchanger 17. In this state, the first ex-
pansion valve 15 is controlled to be in a fully closed
state, the third on-off valve 43 is opened while the
fourth on-off valve 44 and the fifth on-off valve 45
are maintained in the closed state, and the first com-
pressor 11 and the second compressor 21 are op-
erated. As a result, the first refrigerant existing in a
portion from the first expansion valve 15 to the suc-
tion side of the first compressor 11 is sent to the
second cascade flow path 17b of the cascade heat
exchanger 17 via the first switching mechanism 12,
the first cascade flow path 17a of the cascade heat
exchanger 17, the branch point F, the branch point
H1, the third on-off valve 43, the branch point H2,
and the branch point G. Further, the first refrigerant
is sucked into the second compressor 21 via the
switching valve 22b of the second switching mech-
anism 22. The first refrigerant discharged from the
second compressor 21 is sent to the outdoor heat
exchanger 18 via the switching valve 22a of the sec-
ond switching mechanism 22.

(d2) Then, the third on-off valve 43 is closed, the
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seventh on-off valve 47 is opened, the switching
valve 12a is switched to a state in which the dis-
charge side of the first compressor 11 is connected
to the branch point E2 and the suction side of the
first compressor 11 is connected to the first port of
the switching valve 12b, and the switching valve 12b
is switched to a state in which the fourth port of the
switching valve 12a is connected to the gas refrig-
erant side of the first use flow path 13a of the use
heat exchanger 13 and the suction side of the first
compressor 11 is connected to the gas refrigerant
side of the first cascade flow path 17a of the cascade
heat exchanger 17. In this state, the first compressor
11 and the second compressor 21 are operated to
discharge, from the first compressor 11, the first re-
frigerant existing in a portion from the third on-off
valve 43 to the suction side of the first compressor
11. Then, the first refrigerant is sucked into the sec-
ond compressor 21 through the branch point E2, the
seventh on-off valve 47, and the branch point E1.

(e2) Then, the seventh on-off valve 47 is closed, the
second expansion valve 16 is opened, with the open-
ing degree thereof controlled. The switching valve
22a s switched to a state in which the discharge side
of the second compressor 21 is connected to the first
port of the switching valve 22b and the suction side
of the second compressor 21 is connected to the
branch point D2, and the switching valve 22b is
switched to a state in which the fourth port of the
switching valve 22a is connected to the gas refrig-
erant side of the second cascade flow path 17b of
the cascade heat exchanger 17 and the suction side
of the second compressor 21 is connected to the gas
refrigerant side of the outdoor heat exchanger 18.
Further, the fourth on-off valve 44 is opened, with
the first expansion valve 15 maintained in the fully
closed state. The switching valve 12a is switched to
a state in which the discharge side of the first com-
pressor 11 is connected to the first port of the switch-
ing valve 12b and the suction side of the first com-
pressor 11 is connected to the branch point E2, and
the switching valve 12b is switched to a state in which
the fourth port of the switching valve 12a is connect-
ed to the gas refrigerant side of the first use flow path
13a of the use heat exchanger 13 and the suction
side of the first compressor 11 is connected to the
gasrefrigerant side of the first cascade flow path 17a
of the cascade heat exchanger 17. In this state, the
first compressor 11 and the second compressor 21
are operated. As a result, the second refrigerant
stored in the refrigerant container 19 is drawn into
the first cascade flow path 17a of the cascade heat
exchanger 17 via the branch point K2, the fourth on-
off valve 44, the branch point H1, and the branch
point F. At this time, the second refrigerant flowing
through the first cascade flow path 17a of the cas-
cade heat exchanger 17 is heated by heat exchange
with the first refrigerant flowing through the second



29 EP 4 317 844 A1 30

cascade flow path 17b of the cascade heat exchang-
er 17. After that, the heated second refrigerant is
senttothe first compressor 11 via the switching valve
12b. The second refrigerant is further discharged
from the first compressor 11, passes through the
switching valve 12a and the switching valve 12b, and
is then stored in the use heat exchanger 13.

(f2) Finally, the fourth on-off valve 44 is closed and
the sixth on-off valve 46 is opened, with the first ex-
pansion valve 15 maintained in the fully closed state
while the connection state of the first switching mech-
anism 12 is maintained. In this state, the first com-
pressor 11 is operated, and the second compressor
21 is operated or stopped. As a result, the gaseous
second refrigerant remaining in the upper portion of
the refrigerant container 19 can be sucked into the
first compressor 11 via the branch point K 1, the
branch point J, the sixth on-off valve 46, the branch
point E2, and the switching valve 12a. After the re-
frigerant container 19 is emptied through this oper-
ation, the sixth on-off valve 46 is closed.

[0132] Thus, the heating-to-cooling transition opera-
tion is completed.

(2-5) Features of Second Embodiment

[0133] In the refrigeration cycle apparatus 1a accord-
ing to the second embodiment, the refrigerant circuit 10
uses the first refrigerant having a sufficiently low global
warming potential (GWP) and the second refrigerant hav-
ing a sufficiently low ozone depletion potential (ODP) and
a sufficiently low global warming potential (GWP). Thus,
global environmental deterioration can be reduced.
[0134] In addition, even when the refrigerant circuit 10
uses the first refrigerant having a sufficiently low global
warming potential (GWP), the two-stage refrigeration cy-
cle in which the second refrigerant, which is a high-pres-
sure refrigerant, is used in the heat-source-side refriger-
ation cycle and the first refrigerant, which is a low-pres-
sure refrigerant, is used in the use-side refrigeration cycle
is performed as the heating operation. This makes it eas-
ier to secure heating operation capacity than a single-
stage refrigeration cycle using the first refrigerant, which
is a low-pressure refrigerant.

[0135] Further, the refrigerant circuit 10 uses carbon
dioxide as the second refrigerant. However, during the
cooling operation, a single-stage refrigeration cycle using
the second refrigerant is not performed, nor is performed
a two-stage refrigeration cycle in which the second re-
frigerant is used in the heat-source-side refrigeration cy-
cle and the first refrigerant is used in the use-side refrig-
eration cycle. Instead of this, a two-stage refrigeration
cycleinwhich the first refrigerant, which is a low-pressure
refrigerant, is used in the heat-source-side refrigeration
cycle and the second refrigerant, which is a high-pres-
sure refrigerant, is used in the use-side refrigeration cycle
is performed. This makes it possible to perform the cool-
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ing operation without causing a reduction in COP, as in
the case of performing a single-stage refrigeration cycle
using a carbon dioxide refrigerant, which is a high-pres-
sure refrigerant, or as in the case of performing a two-
stage refrigeration cycle in which carbon dioxide, which
is a high-pressure refrigerant, is used in the heat-source-
side cycle, the reduction being due to the pressure of the
carbon dioxide refrigerant exceeding the critical pres-
sure. It is also possible to reduce the compression
strength standards required for the components of the
refrigerant circuit 10 in which carbon dioxide, which is a
high-pressure refrigerant, is used.

(3) Third Embodiment

[0136] Fig. 9 is a schematic configuration diagram of
a refrigeration cycle apparatus 1b according to a third
embodiment. Fig. 10 is a functional block configuration
diagram of the refrigeration cycle apparatus 1b according
to the third embodiment.

[0137] The refrigeration cycle apparatus 1b is an ap-
paratus used to process a heat load through a vapor-
compression refrigeration cycle operation. The refriger-
ation cycle apparatus 1b includes a heat-load circuit 90,
a refrigerant circuit 10, an outdoor fan 9, and a controller
7.

[0138] The heat load to be processed by the refriger-
ation cycle apparatus 1b and the heat-load circuit 90 are
similar to those according to the first embodiment.
[0139] In the present embodiment, as described be-
low, a use heat exchanger 13 includes a first use flow
path 13a through which a first refrigerant or a second
refrigerant flowing through the refrigerant circuit 10 pass-
es. Water flowing through a heat-load flow path 13b of
the use heat exchanger 13 exchanges heat with the first
refrigerant or second refrigerant flowing through the first
use flow path 13a. As aresult, the water is cooled during
a cooling operation and is heated during a heating oper-
ation.

[0140] The refrigerant circuit 10 includes a first com-
pressor 11, a second compressor 21, a first switching
mechanism 12, a second switching mechanism 22, the
use heat exchanger 13 shared with the heat-load circuit
90, afirst expansion valve 15, a second expansion valve
16, a third expansion valve 33, a fourth expansion valve
34, a fifth expansion valve 35, a sixth expansion valve
36, a cascade heat exchanger 17, an outdoor heat ex-
changer 18, a first receiver 19a, a second receiver 19b,
a tenth on-off valve 50, an eleventh on-off valve 51, a
twelfth on-off valve 52, and a thirteenth on-off valve 53.
[0141] The refrigerant circuit 10 is filled with the first
refrigerant, which is a low-pressure refrigerant, and the
second refrigerant, which is a high-pressure refrigerant,
as refrigerants in a substantially separated state. The
first refrigerant is a refrigerant having 1 MPa or less at
30°C, and is a refrigerant including, for example, at least
one of R1234yf or R1234ze. The first refrigerant may
include only R1234yf or may include only R1234ze. The
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second refrigerantis arefrigeranthaving 1.5 MPa or more
at30°C. For example, the second refrigerant may include
carbon dioxide, or may include only carbon dioxide.
[0142] The specific configuration of the first compres-
sor 11 is similar to that according to the first embodiment.
A discharge side of the first compressor 11 is connected
to a first port of the first switching mechanism 12. A suc-
tion side of the first compressor 11 is connected to a
second port of the first switching mechanism 12.

[0143] In the present embodiment, the first switching
mechanism 12 is constituted by a four-way switching
valve having four ports including the first port, the second
port, a third port, and a fourth port. The first port of the
first switching mechanism 12 is connected to a branch
point P. The branch point P is connected to a flow path
extending from the discharge side of the first compressor
11, a flow path extending from a gas refrigerant side of
a first cascade flow path 17a of the cascade heat ex-
changer 17, and a flow path extending from the first port
of the first switching mechanism 12. The second port of
the first switching mechanism 12 is connected to the suc-
tion side of the first compressor 11. The third port of the
first switching mechanism 12 is connected to a flow path
extending from the eleventh on-off valve 51. The fourth
port of the first switching mechanism 12 is connected to
a flow path extending from the tenth on-off valve 50.
[0144] The first switching mechanism 12 switches be-
tween a state in which the branch point P is connected
to the eleventh on-off valve 51 and the suction side of
the first compressor 11 is connected to the tenth on-off
valve 50 and a state in which the branch point P is con-
nected to the tenth on-off valve 50 and the suction side
of the first compressor 11 is connected to the eleventh
on-off valve 51.

[0145] The tenth on-off valve 50 is an electromagnetic
valve controllable to switch between an open state and
a closed state. The tenth on-off valve 50 is disposed at
a certain point in a flow path connecting the fourth port
of the first switching mechanism 12 and a branch point M.
[0146] The branch point M is connected to a flow path
extending from the tenth on-off valve 50, a flow path ex-
tending from the thirteenth on-off valve 53, and a flow
path extending from a gas refrigerant side of the first use
flow path 13a of the use heat exchanger 13.

[0147] The gas refrigerant side of the first use flow path
13a of the use heat exchanger 13 through which the re-
frigerant flowing through the refrigerant circuit 10 passes
is connected to a flow path extending from the branch
point M. A liquid refrigerant side of the first use flow path
13ais connected to a flow path extending from a branch
point A.

[0148] At the branch point A, a flow path extending
from the liquid refrigerant side of the first use flow path
13a, a flow path extending to the side of the first expan-
sion valve 15 opposite to a branch point F side, and a
flow path extending from the sixth expansion valve 36
are connected.

[0149] The firstexpansion valve 15is configured as an
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electronic expansion valve that is adjustable in valve
opening degree. In the refrigerant circuit 10, the first ex-
pansion valve 15 is disposed at a certain point in a flow
path connecting the branch point A and the branch point
F.

[0150] The branchpointF connects a flow path extend-
ing from the first expansion valve 15, a flow path extend-
ing from the fifth expansion valve 35, and a flow path
extending from an upper end of the first receiver 19a.
[0151] The first receiver 19a is a refrigerant container
that stores a refrigerant therein. The first receiver 19a is
disposed at a certain point in a flow path connecting the
branch point F and the third expansion valve 33. In the
present embodiment, the first receiver 19a stores the
second refrigerant.

[0152] The third expansion valve 33 is configured as
an electronic expansion valve that is adjustable in valve
opening degree. The third expansion valve 33 is dis-
posed at a certain point in a flow path connecting a lower
end of the first receiver 19a and a liquid refrigerant side
of the first cascade flow path 17a of the cascade heat
exchanger 17.

[0153] The cascade heat exchanger 17 is a cascade
heat exchanger that includes the first cascade flow path
17a through which one of the first refrigerant and the
second refrigerant passes and a second cascade flow
path 17b through which the other of the first refrigerant
and the second refrigerant passes, and that exchanges
heat between the first refrigerant and the second refrig-
erant. In the cascade heat exchanger 17, the first cas-
cade flow path 17a and the second cascade flow path
17b are independent of each other, and the first refriger-
ant and the second refrigerant do not mix with each other
in the cascade heat exchanger 17. The gas refrigerant
side of the first cascade flow path 17a is connected to a
flow path extending from the branch point P. The liquid
refrigerant side of the first cascade flow path 17a is con-
nected to a flow path extending from the third expansion
valve 33. A gas refrigerant side of the second cascade
flow path 17b is connected to a flow path extending from
a second port of the second switching mechanism 22
and a flow path extending from a suction side of the sec-
ond compressor 21. Aliquid refrigerant side of the second
cascade flow path 17b is connected to a flow path ex-
tending from the fourth expansion valve 34.

[0154] The specific configuration of the second com-
pressor 21 is similar to that according to the first embod-
iment. A discharge side of the second compressor 21 is
connected to a first port of the second switching mech-
anism 22. The suction side of the second compressor 21
is connected to the second port of the second switching
mechanism 22 and the gas refrigerant side of the second
cascade flow path 17b of the cascade heatexchanger 17.
[0155] Inthe present embodiment, the second switch-
ing mechanism 22 is constituted by a four-way switching
valve having four ports including the first port, the second
port, a third port, and a fourth port. The first port of the
second switching mechanism 22 is connected to the dis-
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charge side of the second compressor 21. The second
port of the second switching mechanism 22 is connected
to the suction side of the second compressor 21 and the
gas refrigerant side of the second cascade flow path 17b
of the cascade heat exchanger 17. The third port of the
second switching mechanism 22 is connected to a flow
path extending from the thirteenth on-off valve 53. The
fourth port of the second switching mechanism 22 is con-
nected to a flow path extending from the twelfth on-off
valve 52.

[0156] The second switching mechanism 22 switches
between a state in which the discharge side of the second
compressor 21 is connected to the twelfth on-off valve
52 and the suction side of the second compressor 21 and
the gas refrigerant side of the second cascade flow path
17b of the cascade heat exchanger 17 are connected to
the thirteenth on-off valve 53 and a state in which the
discharge side of the second compressor 21 is connected
to the thirteenth on-off valve 53 and the suction side of
the second compressor 21 and the gas refrigerant side
of the second cascade flow path 17b of the cascade heat
exchanger 17 are connected to the twelfth on-off valve
52.

[0157] The liquid refrigerant side of the second cas-
cade flow path 17b of the cascade heat exchanger 17 is
connected to a flow path extending from the fourth ex-
pansion valve 34.

[0158] The fourth expansion valve 34 is configured as
an electronic expansion valve that is adjustable in valve
opening degree. The fourth expansion valve 34 is dis-
posed between the liquid refrigerant side of the second
cascade flow path 17b of the cascade heat exchanger
17 and an upper end of the second receiver 19b.
[0159] The second receiver 19b is a refrigerant con-
tainer that stores a refrigerant therein. The second re-
ceiver 19b is disposed at a certain point in a flow path
connecting a branch point G and the fourth expansion
valve 34. In the presentembodiment, the secondreceiver
19b stores the first refrigerant.

[0160] The branch point G is connected to a flow path
extending from a lower end of the second receiver 19b,
a flow path extending from the sixth expansion valve 36,
and a flow path extending from the second expansion
valve 16.

[0161] The second expansion valve 16 is configured
as an electronic expansion valve that is adjustable in
valve opening degree. The second expansion valve 16
is disposed between the branch point G and a branch
point B.

[0162] The branch point B is connected to a flow path
extending from the second expansion valve 16, a flow
path extending from a liquid refrigerant side of the outdoor
heat exchanger 18, and a flow path extending from the
fifth expansion valve 35.

[0163] The outdoor heat exchanger 18 includes a plu-
rality of heat transfer tubes and a plurality of fins joined
to the plurality of heat transfer tubes. In the present em-
bodiment, the outdoor heat exchanger 18 is arranged
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outdoors. A refrigerant flowing through the outdoor heat
exchanger 18 exchanges heat with air sentto the outdoor
heat exchanger 18. The outdoor heat exchanger 18 is
disposed at a certain point in a flow path connecting the
branch point B and a branch point N.

[0164] The outdoor fan 9 generates an air flow of out-
door air passing through the outdoor heat exchanger 18.
[0165] The branch point N is connected to a flow path
extending from a gas refrigerant side of the outdoor heat
exchanger 18, a flow path extending from the twelfth on-
off valve 52, and a flow path extending from the eleventh
on-off valve 51.

[0166] The eleventh on-off valve 51 is an electromag-
netic valve controllable to switch between an open state
and a closed state. The eleventh on-off valve 51 is dis-
posed at a certain point in a flow path connecting the
third port of the first switching mechanism 12 and the
branch point N.

[0167] The twelfth on-off valve 52 is an electromagnet-
ic valve controllable to switch between an open state and
a closed state. The twelfth on-off valve 52 is disposed at
a certain point in a flow path connecting the fourth port
of the second switching mechanism 22 and the branch
point N.

[0168] The thirteenth on-off valve 53 is an electromag-
netic valve controllable to switch between an open state
and a closed state. The thirteenth on-off valve 53 is dis-
posed at a certain point in a flow path connecting the
third port of the second switching mechanism 22 and the
branch point M.

[0169] The fifth expansion valve 35 is configured as an
electronic expansion valve that is adjustable in valve
opening degree. The fifth expansion valve 35 is disposed
at a certain point in a flow path connecting the branch
point F and the branch point B.

[0170] The sixth expansion valve 36 is configured as
an electronic expansion valve that is adjustable in valve
opening degree. The sixth expansion valve 36 is dis-
posed at a certain point in a flow path connecting the
branch point A and the branch point G.

[0171] The controller 7 controls the operation of the
devices included in the heat-load circuit 90 and the re-
frigerant circuit 10. Specifically, the controller 7 includes
a processor serving as a CPU provided for performing
control, a memory, and the like.

[0172] In the refrigeration cycle apparatus 1b de-
scribed above, the controller 7 controls the devices to
execute a refrigeration cycle, thereby performing a cool-
ing operation for processing a cooling load in the heat-
load heat exchanger 91, a heating operation for process-
ing a heating load in the heat-load heat exchanger 91, a
cooling-to-heating transition operation, and a heating-to-
cooling transition operation.

(3-1) Cooling Operation

[0173] During the cooling operation, as illustrated in
Fig. 11, a two-stage refrigeration cycle operation is per-
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formed in which the first refrigerant is used in a heat-
source-side refrigeration cycle and the second refriger-
antis used in a use-side refrigeration cycle. In Fig. 11, a
single-headed arrow indicates a flow path through which
the first refrigerant flows, and a double-headed arrow in-
dicates a flow path through which the second refrigerant
flows. In this two-stage refrigeration cycle, the use heat
exchanger 13 is caused to function as an evaporator of
the second refrigerant, the cascade heat exchanger 17
is caused to function as a radiator of the second refrig-
erant, the cascade heat exchanger 17 is caused to func-
tion as an evaporator of the first refrigerant, and the out-
door heat exchanger 18 is caused to function as a con-
denser of the first refrigerant.

[0174] Specifically, in this two-stage refrigeration cy-
cle, all of the eleventh on-off valve 51 and the thirteenth
on-off valve 53 are controlled to be in a closed state, and
the fifth expansion valve 35 and the sixth expansion valve
36 are controlled to be in a fully closed state to prevent
mixing of the first refrigerant and the second refrigerant.
The tenth on-off valve 50 and the twelfth on-off valve 52
are controlled to be in an open state. Then, a connection
state of the first switching mechanism 12 is switched to
a connection state indicated by solid lines in Fig. 11, a
connection state of the second switching mechanism 22
is switched to a connection state indicated by solid lines
in Fig. 11, and the pump 92, the first compressor 11, the
second compressor 21, and the outdoor fan 9 are driven.
Further, the valve opening degree of the first expansion
valve 15 is controlled such that the degree of superheat-
ing of the second refrigerant to be sucked into the first
compressor 11 satisfies a predetermined condition, and
the valve opening degree of the fourth expansion valve
34 is controlled such that the degree of superheating of
the first refrigerant to be sucked into the second com-
pressor 21 satisfies a predetermined condition.

[0175] Accordingly, the first refrigerant discharged
from the second compressor 21 is sent to the outdoor
heat exchanger 18 via the second switching mechanism
22 and the twelfth on-off valve 52. The first refrigerant
flowing through the outdoor heat exchanger 18 is con-
densed by heat exchange with the outdoor air supplied
by the outdoor fan 9. The first refrigerant condensed in
the outdoor heat exchanger 18 passes through the sec-
ond expansion valve 16, which is controlled to be in a
fully open state. After that, the first refrigerant passes
through the branch point G and flows into the second
receiver 19b. The refrigerant having flowed out of the
second receiver 19b is decompressed in the fourth ex-
pansion valve 34 and is sent to the second cascade flow
path 17b of the cascade heat exchanger 17. When flow-
ing through the second cascade flow path 17b of the cas-
cade heat exchanger 17, the first refrigerant is evaporat-
ed by heat exchange with the second refrigerant flowing
through the first cascade flow path 17a. The first refrig-
erant evaporated in the cascade heat exchanger 17 is
sucked into the second compressor 21. The second re-
frigerant discharged from the first compressor 11 passes
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through the branch point P and is sent to the first cascade
flow path 17a of the cascade heat exchanger 17. When
flowing through the first cascade flow path 17a of the
cascade heat exchanger 17, the second refrigerant ra-
diates heat by heat exchange with the first refrigerant
flowing through the second cascade flow path 17b. The
second refrigerant, which has radiated heat in the cas-
cade heat exchanger 17, passes through the third ex-
pansion valve 33, which is controlled to be in a fully open
state, and flows into the first receiver 19a. The second
refrigerant having flowed out of the first receiver 19a is
decompressed in the first expansion valve 15, passes
through the branch point A, and is sent to the first use
flow path 13a of the use heat exchanger 13. The second
refrigerant flowing through the first use flow path 13a of
the use heat exchanger 13 is evaporated by heat ex-
change with the water flowing through the heat-load flow
path 13b of the use heat exchanger 13 included in the
heat-load circuit 90. The water cooled by this heat ex-
change is sent to the heat-load heat exchanger 91 in the
heat-load circuit 90 to process the cooling load. The sec-
ond refrigerant evaporated in the first use flow path 13a
of the use heat exchanger 13 is sucked into the first com-
pressor 11 via the tenth on-off valve 50 and the first
switching mechanism 12.

(3-2) Cooling-to-Heating Transition Operation

[0176] The refrigeration cycle apparatus 1b performs
a cooling-to-heating transition operation including (a3) to
(b3) below in this order to make a transition from a cycle
state for performing the cooling operation to a cycle state
for performing the heating operation.

(a3) First, the first compressor 11 is operated after
the first expansion valve 15 is controlled to be in a
fully closed state from the state in which the cooling
operation is performed. Here, the second compres-
sor 21 and the like are operated such that the refrig-
eration cycle for the cooling operation using the first
refrigerant is performed. As a result, an operation of
recovering the second refrigerantinto the first receiv-
er 19afrom below the firstreceiver 19ais performed.
This operation is continued for a predetermined pe-
riod of time, for example, until a predetermined suf-
ficient amount of the second refrigerant is recovered
in the first receiver 19a.

(b3) Then, the tenth on-off valve 50 is closed and
the first compressor 11 is stopped after the second
refrigerant has been recovered into the first receiver
19a by a predetermined amount or more. After that,
the second switching mechanism 22 is switched to
a state in which the discharge side of the second
compressor 21 is connected to the thirteenth on-off
valve 53 and the suction side of the second com-
pressor 21 is connected to the twelfth on-off valve
52 and the gas refrigerant side of the second cas-
cade flow path 17b of the cascade heat exchanger
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17. Further, the twelfth on-off valve 52 and the thir-
teenth on-off valve 53 are controlled to be in an open
state, the second expansion valve 16 and the fourth
expansion valve 34 are controlled to be in a fully
closed state, and the sixth expansion valve 36 is con-
trolled to be in an open state. In this state, the second
compressor 21 is operated to heat and expel the first
refrigerant remaining in the outdoor heat exchanger
18 by using the heat of the air obtained from the
outdoor fan 9. Then, the first refrigerant is sucked
into the second compressor 21 via the twelfth on-off
valve 52 and the second switching mechanism 22.
The firstrefrigerant remaining in the second cascade
flow path 17b of the cascade heat exchanger 17 is
also sucked into the second compressor 21. The first
refrigerant discharged from the second compressor
21 is sent to the first use flow path 13a of the use
heat exchanger 13 via the second switching mech-
anism 22, the thirteenth on-off valve 53, and the
branch point M. Further, the first refrigerant condens-
es when flowing through the first use flow path 13a
of the use heat exchanger 13, and flows into the sec-
ond receiver 19b via the branch point A and the sixth
expansion valve 36. After this operation is continued
for a predetermined period of time, the twelfth on-off
valve 52 is controlled to be in a closed state, and the
fourth expansion valve 34 is controlled to be in an
open state.

[0177] Thus, the cooling-to-heating transition opera-
tion is completed.

(3-3) Heating Operation

[0178] During the heating operation, as illustrated in
Fig. 12, a two-stage refrigeration cycle is performed in
which the second refrigerant is used in the heat-source-
side refrigeration cycle and the first refrigerant is used in
the use-side refrigeration cycle. In Fig. 12, a single-head-
ed arrow indicates a flow path through which the first
refrigerant flows, and a double-headed arrow indicates
a flow path through which the second refrigerant flows.
In this two-stage refrigeration cycle, the use heat ex-
changer 13 is caused to function as a condenser of the
firstrefrigerant, the cascade heatexchanger 17 is caused
to function as an evaporator of the first refrigerant, the
cascade heat exchanger 17 is caused to function as a
radiator of the second refrigerant, and the outdoor heat
exchanger 18 is caused to function as an evaporator of
the second refrigerant.

[0179] Specifically, in this two-stage refrigeration cy-
cle, the tenth on-off valve 50 and the twelfth on-off valve
52 are controlled to be in a closed state, and the first
expansion valve 15 and the second expansion valve 16
are controlled to be in a fully closed state to prevent mix-
ing of the first refrigerant and the second refrigerant.
Then, aconnection state of the first switching mechanism
12 is changed to a state indicated by broken lines in Fig.
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12, a connection state of the second switching mecha-
nism 22 is switched to a connection state indicated by
broken lines in Fig. 12, and the pump 92, the first com-
pressor 11, the second compressor 21, and the outdoor
fan 9 are driven. Further, the valve opening degree of
the fifth expansion valve 35 is controlled such that the
degree of superheating of the second refrigerant to be
sucked into the first compressor 11 satisfies a predeter-
mined condition, and the valve opening degree of the
fourth expansion valve 34 is controlled such that the de-
gree of superheating of the first refrigerant to be sucked
into the second compressor 21 satisfies a predetermined
condition.

[0180] Accordingly, the second refrigerant discharged
from the first compressor 11 is sent to the cascade heat
exchanger 17. When flowing through the first cascade
flow path 17a, the second refrigerant radiates heat by
heat exchange with the first refrigerant flowing through
the second cascade flow path 17b. The second refriger-
ant, which has radiated heat in the cascade heat ex-
changer 17, is decompressed in the fifth expansion valve
35 via the third expansion valve 33, the first receiver 19a,
and the branch point F. The second refrigerant decom-
pressed in the fifth expansion valve 35 is sent to the out-
door heat exchanger 18 via the branch point B. The sec-
ond refrigerant is evaporated by heat exchange with the
outdoor air supplied by the outdoor fan 9 in the outdoor
heat exchanger 18, and is sucked into the first compres-
sor 11 via the branch point N, the eleventh on-off valve
51, and the first switching mechanism 12. The first refrig-
erant discharged from the second compressor 21 is sent
to the first use flow path 13a of the use heat exchanger
13 via the second switching mechanism 22, the thirteenth
on-off valve 53, and the branch point M. The first refrig-
erant flowing through the first use flow path 13a of the
use heat exchanger 13 is condensed by heat exchange
with the water flowing through the heat-load flow path
13b of the use heat exchanger 13 included in the heat-
load circuit 90. The water heated by this heat exchange
is sent to the heat-load heat exchanger 91 in the heat-
load circuit 90 to process the heating load. The first re-
frigerant condensed in the first use flow path 13a of the
use heat exchanger 13 passes through the branch point
A. After that, the first refrigerant passes through the sixth
expansion valve 36 and flows into the second receiver
19b. The first refrigerant having flowed out of the second
receiver 19b is decompressed in the fourth expansion
valve 34. Thefirst refrigerant decompressed by the fourth
expansion valve 34 is evaporated, when passing through
the second cascade flow path 17b of the cascade heat
exchanger 17, by heat exchange with the second refrig-
erant flowing through the first cascade flow path 17a. The
first refrigerant evaporated in the second cascade flow
path 17b of the cascade heat exchanger 17 is sucked
into the second compressor 21.
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(3-4) Heating-to-Cooling Transition Operation

[0181] The refrigeration cycle apparatus 1b performs
a heating-to-cooling transition operation including (a4) to
(c4) below in this order to make a transition from a cycle
state for performing the heating operation to a cycle state
for performing the cooling operation.

(a4) First, the fifth expansion valve 35 is controlled
to be in a fully closed state from the state in which
the heating operation is performed, and the first com-
pressor 11 is operated. Here, the second compres-
sor 21 and the like are operated such that the use-
side refrigeration cycle for the heating operation us-
ing the first refrigerant is maintained. Accordingly,
an operation of, while sucking the second refrigerant
in the outdoor heat exchanger 18 into the first com-
pressor 11, causing the second refrigerant dis-
charged from the first compressor 11 to radiate heat
in the first cascade flow path 17a of the cascade heat
exchanger 17, causing the second refrigerant to flow
into the first receiver 19a, and recovering the second
refrigerant into the first receiver 19a is performed.
This operation is continued for a predetermined pe-
riod of time, for example, until a predetermined suf-
ficient amount of the second refrigerant is recovered
in the first receiver 19a.

(b4) Then, the eleventh on-off valve 51 is closed and
the first compressor 11 is stopped after the second
refrigerant has been recovered into the first receiver
19a by a predetermined amount or more. After that,
the second switching mechanism 22 is switched to
a state in which the discharge side of the second
compressor 21 is connected to the twelfth on-off
valve 52 and the suction side of the second com-
pressor 21 is connected to the thirteenth on-off valve
53 and the gas refrigerant side of the second cas-
cade flow path 17b of the cascade heat exchanger
17. Then, the sixth expansion valve 36 and the fourth
expansion valve 34 are controlled to be in a fully
closed state, and the second expansion valve 16 is
controlled to be in a fully open state. In this state, the
second compressor 21 is operated to suck the first
refrigerant remaining in and around the first use flow
path 13a of the use heat exchanger 13 into the sec-
ond compressor 21 and discharge the firstrefrigerant
from the second compressor 21. As a result, the first
refrigerant is condensed in the outdoor heat ex-
changer 18. The first refrigerant condensed in the
outdoor heat exchanger 18 begins to accumulate in
the second receiver 19b. Then, this operation is con-
tinued for a predetermined period of time.

(c4) Then, after a predetermined amount or more of
the first refrigerant has accumulated in the second
receiver 19b, the thirteenth on-off valve 53 is con-
trolled to be in a closed state. Then, the first switching
mechanism 12 is switched to a state in which the
discharge side of the first compressor 11 is connect-
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ed to the eleventh on-off valve 51 and the suction
side of the first compressor 11 is connected to the
tenth on-off valve 50, the tenth on-off valve 50 is
controlled to be in an open state, and the first expan-
sion valve 15 is controlled to have a predetermined
valve opening degree.

[0182] Thus, the heating-to-cooling transition opera-
tion is completed.

(3-5) Features of Third Embodiment

[0183] In the refrigeration cycle apparatus 1b accord-
ing to the third embodiment, the refrigerant circuit 10 uses
the first refrigerant having a sufficiently low global warm-
ing potential (GWP) and the second refrigerant having a
sufficiently low ozone depletion potential (ODP) and a
sufficiently low global warming potential (GWP). Thus,
global environmental deterioration can be reduced.
[0184] In addition, even when the refrigerant circuit 10
uses the first refrigerant having a sufficiently low global
warming potential (GWP), the two-stage refrigeration cy-
cle in which the second refrigerant, which is a high-pres-
sure refrigerant, is used in the heat-source-side refriger-
ation cycle and the first refrigerant, which is a low-pres-
sure refrigerant, is used in the use-side refrigeration cycle
is performed as the heating operation. This makes it eas-
ier to secure heating operation capacity than a single-
stage refrigeration cycle using the first refrigerant, which
is a low-pressure refrigerant.

[0185] Further, the refrigerant circuit 10 uses carbon
dioxide as the second refrigerant. However, during the
cooling operation, a single-stage refrigeration cycle using
the second refrigerant is not performed, nor is performed
a two-stage refrigeration cycle in which the second re-
frigerant is used in the heat-source-side refrigeration cy-
cle and the first refrigerant is used in the use-side refrig-
eration cycle. Instead of this, a two-stage refrigeration
cycle in which the firstrefrigerant, which is a low-pressure
refrigerant, is used in the heat-source-side refrigeration
cycle and the second refrigerant, which is a high-pres-
sure refrigerant, is used in the use-side refrigeration cycle
is performed. This makes it possible to perform the cool-
ing operation without causing a reduction in COP, as in
the case of performing a single-stage refrigeration cycle
using a carbon dioxide refrigerant, which is a high-pres-
sure refrigerant, or as in the case of performing a two-
stage refrigeration cycle in which carbon dioxide, which
is a high-pressure refrigerant, is used in the heat-source-
side cycle, the reduction being due to the pressure of the
carbon dioxide refrigerant exceeding the critical pres-
sure. It is also possible to reduce the compression
strength standards required for the components of the
refrigerant circuit 10 in which carbon dioxide, which is a
high-pressure refrigerant, is used.

[0186] In the refrigeration cycle apparatus 1b accord-
ing to the third embodiment, furthermore, the first refrig-
erant and the second refrigerant can be collected by us-
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ing the first receiver 19a and the second receiver 19b
used in the heat-source-side refrigeration cycle and the
use-side refrigeration cycle. This eliminates the need to
separately secure the refrigerant container 19 as de-
scribed in the second embodiment, which is not used in
the heat-source-side refrigeration cycle or the use-side
refrigeration cycle.

(4) Fourth Embodiment

[0187] Fig. 13 is a schematic configuration diagram of
a refrigeration cycle apparatus 1c according to a fourth
embodiment. Fig. 14 is a functional block configuration
diagram of the refrigeration cycle apparatus 1c according
to the fourth embodiment.

[0188] The refrigeration cycle apparatus 1c is an ap-
paratus used to process a heat load through a vapor-
compression refrigeration cycle operation. The refriger-
ation cycle apparatus 1c includes a heat-load circuit 90,
a refrigerant circuit 10, an outdoor fan 9, and a controller
7.

[0189] The heat load to be processed by the refriger-
ation cycle apparatus 1c¢ and the heat-load circuit 90 are
similar to those according to the first embodiment.
[0190] In the present embodiment, as described be-
low, a use heat exchanger 13 includes a first use flow
path 13a through which a first refrigerant or a second
refrigerant flowing through the refrigerant circuit 10 pass-
es. Water flowing through a heat-load flow path 13b of
the use heat exchanger 13 exchanges heat with the first
refrigerant or second refrigerant flowing through the first
use flow path 13a. As a result, the water is cooled during
a cooling operation and is heated during a heating oper-
ation.

[0191] The refrigerant circuit 10 includes a first com-
pressor 11, a second compressor 21, a first switching
mechanism 12, a second switching mechanism 22, the
use heat exchanger 13 shared with the heat-load circuit
90, afirst expansion valve 15, a second expansion valve
16, a third expansion valve 33, a fourth expansion valve
34, a fifth expansion valve 35, a sixth expansion valve
36, a cascade heat exchanger 17, an outdoor heat ex-
changer 18, a first receiver 19a, a second receiver 19b,
a fourteenth on-off valve 54, a fifteenth on-off valve 55,
a sixteenth on-off valve 56, and a seventeenth on-off
valve 57.

[0192] The refrigerant circuit 10 is filled with the first
refrigerant, which is a low-pressure refrigerant, and the
second refrigerant, which is a high-pressure refrigerant,
as refrigerants in a substantially separated state. The
first refrigerant is a refrigerant having 1 MPa or less at
30°C, and is a refrigerant including, for example, at least
one of R1234yf or R1234ze. The first refrigerant may
include only R1234yf or may include only R1234ze. The
second refrigerantis arefrigeranthaving 1.5 MPa or more
at30°C. For example, the second refrigerant may include
carbon dioxide, or may include only carbon dioxide.
[0193] The specific configuration of the first compres-
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sor 11 is similar to that according to the first embodiment.
A discharge side of the first compressor 11 is connected
to a switching valve 12c, a switching valve 12d, and a
switching valve 12e of the first switching mechanism 12.
A suction side of the first compressor 11 is connected to
different ports of the switching valve 12¢, the switching
valve 12d, and the switching valve 12e of the first switch-
ing mechanism 12.

[0194] The first switching mechanism 12 includes the
switching valve 12c, the switching valve 12d, and the
switching valve 12e, which are disposed in parallel to
each other on the discharge side of the first compressor
11. In the present embodiment, the switching valve 12c,
the switching valve 12d, and the switching valve 12e are
each constituted by a three-way valve. The switching
valve 12c switches between a state in which the dis-
charge side of the first compressor 11 is connected to
the fourteenth on-off valve 54 and a state in which the
suction side of the first compressor 11 is connected to
the fourteenth on-off valve 54. The switching valve 12d
switches between a state in which the discharge side of
the first compressor 11 is connected to a gas refrigerant
side of a first cascade flow path 17a of the cascade heat
exchanger 17 and a state in which the suction side of the
first compressor 11 is connected to the gas refrigerant
side of the first cascade flow path 17a of the cascade
heat exchanger 17. The switching valve 12e switches
between a state in which the discharge side of the first
compressor 11 is connected to the sixteenth on-off valve
56 and a state in which the suction side of the first com-
pressor 11 is connected to the sixteenth on-off valve 56.
[0195] The fourteenth on-off valve 54 is an electromag-
netic valve controllable to switch between an open state
and a closed state. The fourteenth on-off valve 54 is dis-
posed at a certain point in a flow path connecting the
switching valve 12c of the first switching mechanism 12
and a branch point M.

[0196] The branch point M is connected to a flow path
extending from the fourteenth on-off valve 54, a flow path
extending from the fifteenth on-off valve 55, and a flow
path extending from a gas refrigerant side of the first use
flow path 13a of the use heat exchanger 13.

[0197] The gasrefrigerant side of the first use flow path
13a of the use heat exchanger 13 through which the re-
frigerant flowing through the refrigerant circuit 10 passes
is connected to a flow path extending from the branch
point M. A liquid refrigerant side of the first use flow path
13a is connected to a flow path extending from a branch
point A.

[0198] At the branch point A, a flow path extending
from the liquid refrigerant side of the first use flow path
13a, a flow path extending to the side of the first expan-
sion valve 15 opposite to a branch point F side, and a
flow path extending from the sixth expansion valve 36
are connected.

[0199] The first expansion valve 15 is configured as an
electronic expansion valve that is adjustable in valve
opening degree. In the refrigerant circuit 10, the first ex-
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pansion valve 15 is disposed at a certain point in a flow
path connecting the branch point A and the branch point
F.

[0200] The branch pointF connects a flow path extend-
ing from the first expansion valve 15, a flow path extend-
ing from the fifth expansion valve 35, and a flow path
extending from an upper end of the first receiver 19a.
[0201] The first receiver 19a is a refrigerant container
that stores a refrigerant therein. The first receiver 19a is
disposed at a certain point in a flow path connecting the
branch point F and the third expansion valve 33. In the
present embodiment, the first receiver 19a stores the
second refrigerant.

[0202] The third expansion valve 33 is configured as
an electronic expansion valve that is adjustable in valve
opening degree. The third expansion valve 33 is dis-
posed at a certain pointin a flow path connecting a lower
end of the first receiver 19a and a liquid refrigerant side
of the first cascade flow path 17a of the cascade heat
exchanger 17.

[0203] The cascade heat exchanger 17 is a cascade
heat exchanger that includes the first cascade flow path
17a through which one of the first refrigerant and the
second refrigerant passes and a second cascade flow
path 17b through which the other of the first refrigerant
and the second refrigerant passes, and that exchanges
heat between the first refrigerant and the second refrig-
erant. In the cascade heat exchanger 17, the first cas-
cade flow path 17a and the second cascade flow path
17b are independent of each other, and the first refriger-
antand the second refrigerant do not mix with each other
in the cascade heat exchanger 17. The gas refrigerant
side of the first cascade flow path 17ais connected to a
flow path extending from the switching valve 12d of the
first switching mechanism 12. The liquid refrigerant side
of the first cascade flow path 17a is connected to a flow
path extending from the third expansion valve 33. A gas
refrigerant side of the second cascade flow path 17b is
connected to aflow path extending from a switching valve
22d of the second switching mechanism 22. A liquid re-
frigerant side of the second cascade flow path 17b is
connected to a flow path extending from the fourth ex-
pansion valve 34.

[0204] The specific configuration of the second com-
pressor 21 is similar to that according to the first embod-
iment. A discharge side of the second compressor 21 is
connected to a switching valve 22c, the switching valve
22d, and a switching valve 22e of the second switching
mechanism 22. A suction side of the second compressor
21 is connected to different ports of the switching valve
22c, the switching valve 22d, and the switching valve 22e
of the second switching mechanism 22.

[0205] The second switching mechanism 22 includes
the switching valve 22c, the switching valve 22d, and the
switching valve 22e, which are disposed in parallel to
each other on the discharge side of the second compres-
sor 21. In the present embodiment, the switching valve
22c, the switching valve 22d, and the switching valve 22e
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are each constituted by a three-way valve. The switching
valve 22c switches between a state in which the dis-
charge side of the second compressor 21 is connected
to the fifteenth on-off valve 55 and a state in which the
suction side of the second compressor 21 is connected
to the fifteenth on-off valve 55. The switching valve 22d
switches between a state in which the discharge side of
the second compressor 21 is connected to the gas re-
frigerant side of the second cascade flow path 17b of the
cascade heat exchanger 17 and a state in which the suc-
tion side of the second compressor 21 is connected to
the gas refrigerant side of the second cascade flow path
17b of the cascade heat exchanger 17. The switching
valve 22e switches between a state in which the dis-
charge side of the second compressor 21 is connected
to the seventeenth on-off valve 57 and a state in which
the suction side of the second compressor 21 is connect-
ed to the seventeenth on-off valve 57.

[0206] The liquid refrigerant side of the second cas-
cade flow path 17b of the cascade heat exchanger 17 is
connected to a flow path extending from the fourth ex-
pansion valve 34.

[0207] The fourth expansion valve 34 is configured as
an electronic expansion valve that is adjustable in valve
opening degree. The fourth expansion valve 34 is dis-
posed between the liquid refrigerant side of the second
cascade flow path 17b of the cascade heat exchanger
17 and an upper end of the second receiver 19b.
[0208] The second receiver 19b is a refrigerant con-
tainer that stores a refrigerant therein. The second re-
ceiver 19b is disposed at a certain point in a flow path
connecting a branch point G and the fourth expansion
valve 34. Inthe presentembodiment, the second receiver
19b stores the first refrigerant.

[0209] The branch point G is connected to a flow path
extending from a lower end of the second receiver 19b,
a flow path extending from the sixth expansion valve 36,
and a flow path extending from the second expansion
valve 16.

[0210] The second expansion valve 16 is configured
as an electronic expansion valve that is adjustable in
valve opening degree. The second expansion valve 16
is disposed between the branch point G and a branch
point B.

[0211] The branch point B is connected to a flow path
extending from the second expansion valve 16, a flow
path extending from a liquid refrigerant side of the outdoor
heat exchanger 18, and a flow path extending from the
fifth expansion valve 35.

[0212] The outdoor heat exchanger 18 includes a plu-
rality of heat transfer tubes and a plurality of fins j oined
to the plurality of heat transfer tubes. In the present em-
bodiment, the outdoor heat exchanger 18 is arranged
outdoors. A refrigerant flowing through the outdoor heat
exchanger 18 exchanges heat with air sentto the outdoor
heat exchanger 18. The outdoor heat exchanger 18 is
disposed at a certain point in a flow path connecting the
branch point B and a branch point N.
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[0213] The outdoor fan 9 generates an air flow of out-
door air passing through the outdoor heat exchanger 18.
[0214] The branch point N is connected to a flow path
extending from a gas refrigerant side of the outdoor heat
exchanger 18, a flow path extending from the sixteenth
on-off valve 56, and a flow path extending from the sev-
enteenth on-off valve 57.

[0215] The fifteenth on-off valve 55 is an electromag-
netic valve controllable to switch between an open state
and a closed state. The fifteenth on-off valve 55 is dis-
posed at a certain point in a flow path connecting the
switching valve 22c¢ of the second switching mechanism
22 and a branch point M.

[0216] The sixteenth on-off valve 56 is an electromag-
netic valve controllable to switch between an open state
and a closed state. The sixteenth on-off valve 56 is dis-
posed at a certain point in a flow path connecting the
switching valve 12e of the first switching mechanism 12
and the branch point N.

[0217] The seventeenth on-off valve 57 is an electro-
magnetic valve controllable to switch between an open
state and a closed state. The seventeenth on-off valve
57 is disposed at a certain pointin a flow path connecting
the switching valve 22e of the second switching mecha-
nism 22 and the branch point N.

[0218] The fifth expansion valve 35 is configured as an
electronic expansion valve that is adjustable in valve
opening degree. The fifth expansion valve 35 is disposed
at a certain point in a flow path connecting the branch
point F and the branch point B.

[0219] The sixth expansion valve 36 is configured as
an electronic expansion valve that is adjustable in valve
opening degree. The sixth expansion valve 36 is dis-
posed at a certain point in a flow path connecting the
branch point A and the branch point G.

[0220] The controller 7 controls the operation of the
devices included in the heat-load circuit 90 and the re-
frigerant circuit 10. Specifically, the controller 7 includes
a processor serving as a CPU provided for performing
control, a memory, and the like.

[0221] In the refrigeration cycle apparatus 1c de-
scribed above, the controller 7 controls the devices to
execute a refrigeration cycle, thereby performing a cool-
ing operation for processing a cooling load in the heat-
load heat exchanger 91, a heating operation for process-
ing a heating load in the heat-load heat exchanger 91, a
cooling-to-heating transition operation, and a heating-to-
cooling transition operation.

(4-1) Cooling Operation

[0222] During the cooling operation, as illustrated in
Fig. 15, a two-stage refrigeration cycle operation is per-
formed in which the first refrigerant is used in a heat-
source-side refrigeration cycle and the second refriger-
antis used in a use-side refrigeration cycle. In Fig. 15, a
single-headed arrow indicates a flow path through which
the first refrigerant flows, and a double-headed arrow in-
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dicates a flow path through which the second refrigerant
flows. In this two-stage refrigeration cycle, the use heat
exchanger 13 is caused to function as an evaporator of
the second refrigerant, the cascade heat exchanger 17
is caused to function as a radiator of the second refrig-
erant, the cascade heat exchanger 17 is caused to func-
tion as an evaporator of the first refrigerant, and the out-
door heat exchanger 18 is caused to function as a con-
denser of the first refrigerant.

[0223] Specifically, in this two-stage refrigeration cy-
cle, all of the fifteenth on-off valve 55 and the sixteenth
on-off valve 56 are controlled to be in a closed state, and
the fifth expansion valve 35 and the sixth expansion valve
36 are controlled to be in a fully closed state to prevent
mixing of the first refrigerant and the second refrigerant.
The fourteenth on-off valve 54 and the seventeenth on-
off valve 57 are controlled to be in an open state. Then,
a connection state of the first switching mechanism 12
is switched to a connection state indicated by solid lines
in Fig. 15, a connection state of the second switching
mechanism 22 is switched to a connection state indicated
by solid lines in Fig. 15, and the pump 92, the first com-
pressor 11, the second compressor 21, and the outdoor
fan 9 are driven. Further, the valve opening degree of
the first expansion valve 15 is controlled such that the
degree of superheating of the second refrigerant to be
sucked into the first compressor 11 satisfies a predeter-
mined condition, and the valve opening degree of the
fourth expansion valve 34 is controlled such that the de-
gree of superheating of the first refrigerant to be sucked
into the second compressor 21 satisfies a predetermined
condition.

[0224] Accordingly, the first refrigerant discharged
from the second compressor 21 is sent to the outdoor
heat exchanger 18 via the switching valve 22e of the
second switching mechanism 22, the seventeenth on-off
valve 57, and the branch point N. The first refrigerant
flowing through the outdoor heat exchanger 18 is con-
densed by heat exchange with the outdoor air supplied
by the outdoor fan 9. The first refrigerant condensed in
the outdoor heat exchanger 18 passes through the sec-
ond expansion valve 16, which is controlled to be in a
fully open state. After that, the first refrigerant passes
through the branch point G and flows into the second
receiver 19b. The refrigerant having flowed out of the
second receiver 19b is decompressed in the fourth ex-
pansion valve 34 and is sent to the second cascade flow
path 17b of the cascade heat exchanger 17. When flow-
ing through the second cascade flow path 17b of the cas-
cade heat exchanger 17, the first refrigerant is evaporat-
ed by heat exchange with the second refrigerant flowing
through the first cascade flow path 17a. The first refrig-
erant evaporated in the cascade heat exchanger 17 is
sucked into the second compressor 21 via the switching
valve 22d of the second switching mechanism 22. The
second refrigerant discharged from the first compressor
11 is sentto the first cascade flow path 17a of the cascade
heat exchanger 17 via the switching valve 12d of the first
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switching mechanism 12. When flowing through the first
cascade flow path 17a of the cascade heat exchanger
17, the second refrigerant radiates heat by heat ex-
change with the first refrigerant flowing through the sec-
ond cascade flow path 17b. The second refrigerant,
which has radiated heat in the cascade heat exchanger
17, passes through the third expansion valve 33, which
is controlled to be in a fully open state, and flows into the
first receiver 19a. The second refrigerant having flowed
out of the first receiver 19a is decompressed in the first
expansion valve 15, passes through the branch point A,
and is sent to the first use flow path 13a of the use heat
exchanger 13. The second refrigerant flowing through
the first use flow path 13a of the use heat exchanger 13
is evaporated by heat exchange with the water flowing
through the heat-load flow path 13b of the use heat ex-
changer 13 included in the heat-load circuit 90. The water
cooled by this heat exchange is sent to the heat-load
heat exchanger 91 in the heat-load circuit 90 to process
the cooling load. The second refrigerant evaporated in
the first use flow path 13a of the use heat exchanger 13
is sucked into the first compressor 11 via the fourteenth
on-off valve 54 and the switching valve 12c of the first
switching mechanism 12.

(4-2) Cooling-to-Heating Transition Operation

[0225] The refrigeration cycle apparatus 1c performs
a cooling-to-heating transition operation including (a5) to
(b5) below in this order to make a transition from a cycle
state for performing the cooling operation to a cycle state
for performing the heating operation.

(ab) First, the first compressor 11 is operated after
the first expansion valve 15 is controlled to be in a
fully closed state from the state in which the cooling
operation is performed. Here, the second compres-
sor 21 and the like are operated such that the refrig-
eration cycle for the cooling operation using the first
refrigerant is performed. As a result, an operation of
recovering the second refrigerant into the firstreceiv-
er 19a from below the first receiver 19a is performed.
This operation is continued for a predetermined pe-
riod of time, for example, until a predetermined suf-
ficient amount of the second refrigerant is recovered
in the first receiver 19a.

(b5) Then, the fourteenth on-off valve 54 is closed
and the first compressor 11 is stopped after the sec-
ond refrigerant has been recovered into the first re-
ceiver 19a by apredetermined amount or more. After
that, the switching valve 22c of the second switching
mechanism 22 is switched to a state in which the
discharge side of the second compressor 21 is con-
nected to the fifteenth on-off valve 55, the switching
valve 22e of the second switching mechanism 22 is
switched to a state in which the suction side of the
second compressor 21 is connected to the seven-
teenth on-off valve 57, and the switching valve 22d
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of the second switching mechanism 22 is maintained
in a state in which the suction side of the second
compressor 21 is connected to the gas refrigerant
side of the second cascade flow path 17b of the cas-
cade heat exchanger 17. Further, the fifteenth on-
off valve 55 is controlled to be in an open state, the
second expansion valve 16 and the fourth expansion
valve 34 are controlled to be in a fully closed state,
and the sixth expansion valve 36 is controlled to be
inan openstate. In this state, the second compressor
21 is operated to heat and expel the first refrigerant
remaining in the outdoor heat exchanger 18 by using
the heat of the air obtained from the outdoor fan 9.
Then, the first refrigerant is sucked into the second
compressor 21 via the seventeenth on-off valve 57
and the switching valve 22e of the second switching
mechanism 22. The first refrigerant remaining in the
second cascade flow path 17b of the cascade heat
exchanger 17 is also sucked into the second com-
pressor 21 via the switching valve 22d of the second
switching mechanism 22. The first refrigerant dis-
charged from the second compressor 21 is sent to
the first use flow path 13a of the use heat exchanger
13 via the switching valve 22c of the second switch-
ing mechanism 22, the fifteenth on-off valve 55, and
the branch point M. Further, the first refrigerant con-
denses when flowing through the first use flow path
13a of the use heat exchanger 13, and flows into the
second receiver 19b via the branch point A and the
sixth expansion valve 36. After this operation is con-
tinued for a predetermined period of time, the sev-
enteenth on-off valve 57 is controlled to be in a closed
state, and the fourth expansion valve 34 is controlled
to be in an open state.

[0226] Thus, the cooling-to-heating transition opera-
tion is completed.

(4-3) Heating Operation

[0227] During the heating operation, as illustrated in
Fig. 16, a two-stage refrigeration cycle is performed in
which the second refrigerant is used in the heat-source-
side refrigeration cycle and the first refrigerant is used in
the use-side refrigeration cycle. In Fig. 16, a single-head-
ed arrow indicates a flow path through which the first
refrigerant flows, and a double-headed arrow indicates
a flow path through which the second refrigerant flows.
In this two-stage refrigeration cycle, the use heat ex-
changer 13 is caused to function as a condenser of the
firstrefrigerant, the cascade heatexchanger 17 is caused
to function as an evaporator of the first refrigerant, the
cascade heat exchanger 17 is caused to function as a
radiator of the second refrigerant, and the outdoor heat
exchanger 18 is caused to function as an evaporator of
the second refrigerant.

[0228] Specifically, in this two-stage refrigeration cy-
cle, the fourteenth on-off valve 54 and the seventeenth
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on-off valve 57 are controlled to be in a closed state, and
the first expansion valve 15 and the second expansion
valve 16 are controlled to be in a fully closed state to
prevent mixing of the first refrigerant and the second re-
frigerant. Then, a connection state of the switching valve
12d and the switching valve 12c of the first switching
mechanism 12 is changed to a state indicated by solid
lines in Fig. 16, a connection state of the switching valve
12e of the first switching mechanism 12 is changed to a
state indicated by a broken line in Fig. 16, a connection
state of the switching valve 22d and the switching valve
22e of the second switching mechanism 22 is changed
to a connection state indicated by solid lines in Fig. 16,
a connection state of the switching valve 22c of the sec-
ond switching mechanism 22 is switched to a connection
state indicated by a broken line in Fig. 16, and the pump
92, the first compressor 11, the second compressor 21,
and the outdoor fan 9 are driven. Further, the valve open-
ing degree of the fifth expansion valve 35 is controlled
such that the degree of superheating of the second re-
frigerant to be sucked into the first compressor 11 satis-
fies a predetermined condition, and the valve opening
degree of the fourth expansion valve 34 is controlled such
that the degree of superheating of the first refrigerant to
be sucked into the second compressor 21 satisfies a pre-
determined condition.

[0229] Accordingly, the second refrigerant discharged
from the first compressor 11 is sent to the cascade heat
exchanger 17 via the switching valve 12d of the first
switching mechanism 12. When flowing through the first
cascade flow path 17a, the second refrigerant radiates
heat by heat exchange with the first refrigerant flowing
through the second cascade flow path 17b. The second
refrigerant, which has radiated heat in the cascade heat
exchanger 17, is decompressed in the fifth expansion
valve 35 via the third expansion valve 33, the firstreceiver
19a, and the branch point F. The second refrigerant de-
compressed in the fifth expansion valve 35 is sent to the
outdoor heat exchanger 18 via the branch point B. The
second refrigerant is evaporated by heat exchange with
the outdoor air supplied by the outdoor fan 9 in the out-
door heat exchanger 18, and is sucked into the first com-
pressor 11 via the branch point N, the sixteenth on-off
valve 56, and the switching valve 12e of the first switching
mechanism 12. The first refrigerant discharged from the
second compressor 21 is sent to the first use flow path
13a of the use heat exchanger 13 via the switching valve
22c of the second switching mechanism 22, the fifteenth
on-off valve 55, and the branch point M. The first refrig-
erant flowing through the first use flow path 13a of the
use heat exchanger 13 is condensed by heat exchange
with the water flowing through the heat-load flow path
13b of the use heat exchanger 13 included in the heat-
load circuit 90. The water heated by this heat exchange
is sent to the heat-load heat exchanger 91 in the heat-
load circuit 90 to process the heating load. The first re-
frigerant condensed in the first use flow path 13a of the
use heat exchanger 13 passes through the branch point
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A. After that, the first refrigerant passes through the sixth
expansion valve 36 and flows into the second receiver
19b. The first refrigerant having flowed out of the second
receiver 19b is decompressed in the fourth expansion
valve 34. Thefirst refrigerant decompressed by the fourth
expansion valve 34 is evaporated, when passing through
the second cascade flow path 17b of the cascade heat
exchanger 17, by heat exchange with the second refrig-
erant flowing through the first cascade flow path 17a. The
first refrigerant evaporated in the second cascade flow
path 17b of the cascade heat exchanger 17 is sucked
into the second compressor 21 via the switching valve
22d of the second switching mechanism 22.

(4-4) Heating-to-Cooling Transition Operation

[0230] The refrigeration cycle apparatus 1c performs
a heating-to-cooling transition operation including (a6) to
(c6) below in this order to make a transition from a cycle
state for performing the heating operation to a cycle state
for performing the cooling operation.

(ab) First, the fifth expansion valve 35 is controlled
to be in a fully closed state from the state in which
the heating operation is performed, and the first com-
pressor 11 is operated. Here, the second compres-
sor 21 and the like are operated such that the use-
side refrigeration cycle for the heating operation us-
ing the first refrigerant is maintained. Accordingly,
an operation of, while sucking the second refrigerant
in the outdoor heat exchanger 18 into the first com-
pressor 11, causing the second refrigerant dis-
charged from the first compressor 11 to radiate heat
inthe first cascade flow path 17a of the cascade heat
exchanger 17, causing the second refrigerant to flow
into the first receiver 19a, and recovering the second
refrigerant into the first receiver 19a is performed.
This operation is continued for a predetermined pe-
riod of time, for example, until a predetermined suf-
ficient amount of the second refrigerant is recovered
in the first receiver 19a.

(b6) Then, the sixteenth on-off valve 56 is closed and
the first compressor 11 is stopped after the second
refrigerant has been recovered into the first receiver
19a by a predetermined amount or more. After that,
the switching valve 22c of the second switching
mechanism 22 is switched to a state in which the
suction side of the second compressor 21 is con-
nected to the fifteenth on-off valve 55, the switching
valve 22e of the second switching mechanism 22 is
switched to a state in which the discharge side of the
second compressor 21 is connected to the seven-
teenth on-off valve 57, and the switching valve 22d
of the second switching mechanism 22 is maintained
in a state in which the suction side of the second
compressor 21 is connected to the gas refrigerant
side of the second cascade flow path 17b of the cas-
cade heat exchanger 17. Then, the fourth expansion
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valve 34 and the sixth expansion valve 36 are con-
trolled to be in a fully closed state, the second ex-
pansion valve 16 is controlled to be in a fully open
state, and the seventeenth on-off valve 57 is control-
led to be in an open state. In this state, the second
compressor 21 is operated to suck the first refriger-
ant remaining in and around the first use flow path
13a of the use heat exchanger 13 into the second
compressor 21 via the branch point M, the fifteenth
on-off valve 55, and the switching valve 22c of the
second switching mechanism 22. Then, the first re-
frigerant discharged from the second compressor 21
is sent to the outdoor heat exchanger 18 via the
switching valve 22e of the second switching mech-
anism 22, the seventeenth on-off valve 57, and the
branch point N. The first refrigerant, which has ex-
changed heat with the air sent by the outdoor fan 9
in the outdoor heat exchanger 18, is condensed,
passes through the branch point B, the second ex-
pansion valve 16, and the branch point G, and begins
to accumulate in the second receiver 19b. Then, this
operation is continued for a predetermined period of
time.

(c6) Then, after a predetermined amount or more of
the first refrigerant has accumulated in the second
receiver 19b, the fifteenth on-off valve 55 is control-
led to be in a closed state. Further, the fourteenth
on-off valve 54 is controlled to be in an open state,
and the first expansion valve 15 is controlled to have
a predetermined valve opening degree. Then, the
switching valve 12c of the first switching mechanism
12 is switched to a state in which the suction side of
thefirstcompressor 11 is connected to the fourteenth
on-off valve 54, the switching valve 12e of the first
switching mechanism 12 is switched to a state in
which the discharge side of the first compressor 11
is connected to the sixteenth on-off valve 56, and
the switching valve 12d of the first switching mech-
anism 12 is switched to a state in which the discharge
side of the first compressor 11 and the gas refrigerant
side of the first cascade flow path 17a is connected
to the cascade heat exchanger 17 is maintained.

[0231] Thus, the heating-to-cooling transition opera-
tion is completed.

(4-5) Features of Fourth Embodiment

[0232] In the refrigeration cycle apparatus 1c accord-
ing to the fourth embodiment, the refrigerant circuit 10
uses the first refrigerant having a sufficiently low global
warming potential (GWP) and the second refrigerant hav-
ing a sufficiently low ozone depletion potential (ODP) and
a sufficiently low global warming potential (GWP). Thus,
global environmental deterioration can be reduced.

[0233] In addition, even when the refrigerant circuit 10
uses the first refrigerant having a sufficiently low global
warming potential (GWP), the two-stage refrigeration cy-
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cle in which the second refrigerant, which is a high-pres-
sure refrigerant, is used in the heat-source-side refriger-
ation cycle and the first refrigerant, which is a low-pres-
sure refrigerant, is used in the use-side refrigeration cycle
is performed as the heating operation. This makes it eas-
ier to secure heating operation capacity than a single-
stage refrigeration cycle using the first refrigerant, which
is a low-pressure refrigerant.

[0234] Further, the refrigerant circuit 10 uses carbon
dioxide as the second refrigerant. However, during the
cooling operation, a single-stage refrigeration cycle using
the second refrigerant is not performed, nor is performed
a two-stage refrigeration cycle in which the second re-
frigerant is used in the heat-source-side refrigeration cy-
cle and the first refrigerant is used in the use-side refrig-
eration cycle. Instead of this, a two-stage refrigeration
cycle in which the firstrefrigerant, which is a low-pressure
refrigerant, is used in the heat-source-side refrigeration
cycle and the second refrigerant, which is a high-pres-
sure refrigerant, is used in the use-side refrigeration cycle
is performed. This makes it possible to perform the cool-
ing operation without causing a reduction in COP, as in
the case of performing a single-stage refrigeration cycle
using a carbon dioxide refrigerant, which is a high-pres-
sure refrigerant, or as in the case of performing a two-
stage refrigeration cycle in which carbon dioxide, which
is a high-pressure refrigerant, is used in the heat-source-
side cycle, the reduction being due to the pressure of the
carbon dioxide refrigerant exceeding the critical pres-
sure. It is also possible to reduce the compression
strength standards required for the components of the
refrigerant circuit 10 in which carbon dioxide, which is a
high-pressure refrigerant, is used.

[0235] In the refrigeration cycle apparatus 1c accord-
ing to the fourth embodiment, furthermore, the first re-
frigerant and the second refrigerant can be collected by
using the first receiver 19a and the second receiver 19b
used in the heat-source-side refrigeration cycle and the
use-side refrigeration cycle. This eliminates the need to
separately secure the refrigerant container 19 as de-
scribed in the second embodiment, which is not used in
the heat-source-side refrigeration cycle or the use-side
refrigeration cycle.

(5) Other Embodiments
(5-1) Other Embodiment A

[0236] Inthe embodiments described above, basically,
the first refrigerant and the second refrigerant are circu-
lated without mixing each other. However, various oper-
ations performed in the refrigerant circuit 10 may cause
a flow of the second refrigerant to a location where the
first refrigerant has flowed, and cause a flow of the first
refrigerant to a location where the second refrigerant has
flowed. In consequence, the first refrigerant and the sec-
ond refrigerant may sometimes be slightly mixed with
each other.
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[0237] The first refrigerant and the second refrigerant
are of different refrigerant types. As a result of mixing of
these refrigerants, a non-azeotropic refrigerant mixture
flows. In a heat exchanger that functions as an evapora-
tor, the non-azeotropic refrigerant mixture has a temper-
ature gradient such that the refrigerant temperature on
the upstream side at the start of evaporation is different
from the refrigerant temperature on the downstream side
at the end of evaporation. In a heat exchanger that func-
tions as a condenser, the non-azeotropic refrigerant mix-
ture has a temperature gradient such that the refrigerant
temperature on the upstream side at the start of conden-
sation is different from the refrigerant temperature on the
downstream side at the end of condensation.

[0238] Accordingly, the controller 7 may evaluate that
the first refrigerant and the second refrigerant are mixed
with each other if the difference between the evaporation
temperature of the refrigerant at a predetermined up-
stream position and the evaporation temperature of the
refrigerant at a predetermined downstream position in
the heat exchanger that functions as an evaporator is
equal to or greater than a predetermined value. The con-
troller 7 may evaluate that the first refrigerant and the
second refrigerant are mixed with each other if the dif-
ference between the condensation temperature of the
refrigerant at a predetermined upstream position and the
condensation temperature of the refrigerant at a prede-
termined downstream position in the heat exchanger that
functions as a condenser is equal to or greater than a
predetermined value. The detection of each temperature
is not limited. These temperatures can be detected with
temperature sensors disposed at predetermined up-
stream and downstream locations in the heat exchanger.
The controller 7 may evaluate that the first refrigerant
and the second refrigerant are mixed with each other
when the concentration of one of the refrigerants is 90
wt% or less, 95 wt% or less, or 98 wt% or less.

[0239] In addition, when the controller 7 evaluates that
the first refrigerant and the second refrigerant are mixed
with each other, the controller 7 may display and output
the evaluation result on a display (not illustrated) to pro-
vide a notification.

(5-2) Other Embodiment B

[0240] As described in the other embodiment A de-
scribed above, in some cases, the first refrigerant and
the second refrigerant are mixed with each other.
[0241] Accordingly, the refrigeration cycle apparatus
may be configured to perform a separation process for
separating the first refrigerant and the second refrigerant
from each other when, as described in the other embod-
iment A described above, it is evaluated that the first re-
frigerant and the second refrigerant are mixed with each
other, when the cooling operation and the heating oper-
ation are switched, or when the cooling operation and
the heating operation are switched a predetermined
number of times.
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[0242] The separation process is not limited. For ex-
ample, the refrigerant container 19, the first receiver 19a,
and the second receiver 19b may be provided with an
adsorbent that selectively adsorbs the first refrigerant or
the second refrigerant. Examples of the adsorbent may
include, but not limited to, a metal-organic framework
(MOF).

[0243] Further, the refrigeration cycle apparatus may
be capable of performing an operation of distilling the
first refrigerant or an operation of distilling the second
refrigerant.

<Supplementary Note>

[0244] While embodiments of the present disclosure
have been described, it will be understood that various
changes may be made in form and details without de-
parting from the spirit and scope of the presentdisclosure
as defined in the claims.

REFERENCE SIGNS LIST
[0245]

1, 1a, 1b, 1c refrigeration cycle apparatus
12 first switching mechanism

13 use heat exchanger

13a first use flow path

13b heat-load flow path

14 third use expansion valve

15 first expansion valve

16 second expansion valve

17 cascade heat exchanger

17a first cascade flow path

17b second cascade flow path

18 outdoor heat exchanger

19 refrigerant container (second region)
19a first receiver (second region)

19b second receiver (first region)

21 second compressor

33-36 third to sixth expansion valves
41-49 first to ninth on-off valves

50-57 tenth to seventeenth on-off valves
90 heat-load circuit

91 heat-load heat exchanger

92 pump

CITATION LIST

PATENT LITERATURE

[0246] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2015-197254

Claims

1. A refrigeration cycle apparatus (1), wherein the re-



55
frigeration cycle apparatus

performs a heating operation by performing a
two-stage refrigeration cycle, the two-stage re-
frigeration cycle including a use-side refrigera-
tion cycle using a first refrigerant having 1 MPa
orless at 30°C and a heat-source-side refriger-
ation cycle using a second refrigerant having 1.5
MPa or more at 30°C, and

performs a cooling operation by performing a
single-stage refrigeration cycle using the first re-
frigerant.

The refrigeration cycle apparatus according to claim
1, comprising

an outdoor heat exchanger (18) that functions as an
evaporator of the second refrigerant during the heat-
ing operation and functions as a radiator of the first
refrigerant during the cooling operation.

The refrigeration cycle apparatus according to claim
2, comprising

a cascade heat exchanger (17) including a first cas-
cade flow path (17a) through which the first refriger-
ant flows during the heating operation and a second
cascade flow path (17b) that is independent of the
firstcascade flow path and through which the second
refrigerant flows during the heating operation, the
cascade heat exchanger (17) being configured to
exchange heat between the first refrigerant and the
second refrigerant.

The refrigeration cycle apparatus according to claim
3, comprising

a use heat exchanger (13) in which the first re-
frigerant radiates heat during the heating oper-
ation, wherein

during the heating operation, the first refrigerant
evaporates when passing through the first cas-
cade flow path (17a), and the second refrigerant
radiates heat when passing through the second
cascade flow path (17b).

The refrigeration cycle apparatus according to claim
4, wherein

the first refrigerant evaporates in the use heat ex-
changer (13) during the cooling operation.

The refrigeration cycle apparatus according to any
one of claims 2 to 5, wherein

the first refrigerantis collectable in afirst region (19b)
other than the outdoor heat exchanger, and the sec-
ond refrigerant is collectable in a second region (19,
19a) other than the outdoor heat exchanger and oth-
er than the first region.

A refrigeration cycle apparatus (1a, 1b, 1c), wherein
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10.

1.

12.

13.

56
the refrigeration cycle apparatus

performs a heating operation by performing a
two-stage refrigeration cycle, the two-stage re-
frigeration cycle including a use-side refrigera-
tion cycle using a first refrigerant having 1 MPa
or less at 30°C and a heat-source-side refriger-
ation cycle using a second refrigeranthaving 1.5
MPa or more at 30°C, and

performs a cooling operation by performing a
two-stage refrigeration cycle, the two-stage re-
frigeration cycle including a use-side refrigera-
tion cycle using the second refrigerant and a
heat-source-side refrigeration cycle using the
first refrigerant.

The refrigeration cycle apparatus according to claim
7, wherein

a refrigerant to be used in the heat-source-side re-
frigeration cycle and a refrigerant to be used in the
use-side refrigeration cycle are interchanged be-
tween the heating operation and the cooling opera-
tion.

The refrigeration cycle apparatus according to claim
8, comprising

a refrigerant tank (19, 19a, 19b) that temporarily
stores either the first refrigerant or the second refrig-
erant when the refrigerants are interchanged.

The refrigeration cycle apparatus according to any
one of claims 7 to 9, comprising

a cascade heat exchanger (17) including a first cas-
cade flow path (17a) in which the first refrigerant
evaporates during the heating operation and a sec-
ond cascade flow path (17b) that is independent of
the first cascade flow path and in which the second
refrigerant radiates heat during the heating opera-
tion, the cascade heat exchanger (17) being config-
ured to exchange heat between the first refrigerant
and the second refrigerant.

The refrigeration cycle apparatus according to any
one of claims 7 to 10, comprising

ause heatexchanger (13) thatfunctions as aradiator
of the first refrigerant during the heating operation
and functions as an evaporator of the second refrig-
erant during the cooling operation.

The refrigeration cycle apparatus according to any
one of claims 7 to 11, comprising

an outdoor heat exchanger (18) that functions as an
evaporator of the second refrigerant during the heat-
ing operation and functions as a condenser of the
first refrigerant during the cooling operation.

The refrigeration cycle apparatus according to any
one of claims 1 to 12, wherein



14.

15.

16.

57 EP 4 317 844 A1

the refrigeration cycle apparatus detects a state of
mixing of the first refrigerant and the second refrig-
erant.

The refrigeration cycle apparatus according to any
one of claims 1 to 13, wherein

the refrigeration cycle apparatus separates the first
refrigerant and the second refrigerant from each oth-
er.

The refrigeration cycle apparatus according to any
one of claims 1 to 14, wherein

the first refrigerant includes at least one of R1234yf
or R1234ze.

The refrigeration cycle apparatus according to any
one of claims 1 to 15, wherein
the second refrigerant includes carbon dioxide.
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