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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to a refrigeration
cycle apparatus through which a non-azeotropic refrig-
erant mixture circulates.

BACKGROUND ART

[0002] A refrigeration cycle apparatus through which
a non-azeotropic refrigerant mixture circulates has con-
ventionally been known. For example, International Pub-
lication No. WO 2020/003494 (PTL 1) discloses a refrig-
eration cycle apparatus through which a non-azeotropic
refrigerant mixture containing R32, CF3l, and R1123 cir-
culates. In the refrigeration cycle apparatus, when the
temperature gradient of the non-azeotropic refrigerant
mixture exceeds a threshold value, R1123 having the
lowest boiling point among R32, CF3Il, and R1123 is re-
turned from a refrigerant container to the non-azeotropic
refrigerant mixture (circulating refrigerant) circulating
through the refrigeration cycle apparatus, to thereby sup-
press an increase in temperature gradient and an in-
crease in pressure loss ratio. This consequently can sup-
press the performance deterioration of the refrigeration
cycle apparatus resulting from a decrease in the weight
ratio of R1123 in the circulating refrigerant.

CITATION LIST
PATENT LITERATURE

[0003] PTL 1:
2020/003494

International Publication No. WO

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] In the refrigeration cycle apparatus disclosed in
PTL 1, the circulation direction of the non-azeotropic re-
frigerant mixture in a heating mode is opposite to the
circulation direction of the non-azeotropic refrigerant mix-
ture in a cooling mode. Thus, the route of the circulation
path of the non-azeotropic refrigerant mixture through
which R1123 is returned from the refrigerant container
is switched by a three-way valve in accordance with the
circulation direction of the non-azeotropic refrigerant mix-
ture. However, the three-way valve that often includes a
coil tends to be increased in cost and also tends to be
increased in power consumption.

[0005] The presentdisclosure has been made in order
to solve the above-described problems, and an object of
the present disclosure is to, in a refrigeration cycle ap-
paratus in which a circulation direction of a non-azeo-
tropic refrigerant mixture is switched according to an op-
eration mode, reduce the manufacturing cost and the
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power consumption of the refrigeration cycle apparatus
while suppressing a performance deterioration of the re-
frigeration cycle apparatus resulting from a change in the
composition ratio of the non-azeotropic refrigerant mix-
ture.

SOLUTION TO PROBLEM

[0006] In a refrigeration cycle apparatus according to
the present disclosure, a non-azeotropic refrigerant mix-
ture circulates. The refrigeration cycle apparatus in-
cludes a compressor, a first heat exchanger, a second
heat exchanger, a third heat exchanger, a flow path
switching valve, a first expansion valve, a second expan-
sion valve, a third expansion valve, a refrigerant contain-
er, a first check valve, and a second check valve. The
flow path switching valve is configured to switch a circu-
lation direction of the non-azeotropic refrigerant mixture
between a first circulation direction and a second circu-
lation direction. The third expansion valve includes a first
port and a second port. In the first circulation direction,
the non-azeotropic refrigerant mixture circulates in order
of the compressor, the flow path switching valve, the first
heat exchanger, the first expansion valve, the refrigerant
container, the second expansion valve, the second heat
exchanger, the flow path switching valve, and the third
heat exchanger. In the second circulation direction, the
non-azeotropic refrigerant mixture circulates in order of
the compressor, the flow path switching valve, the sec-
ond heat exchanger, the second expansion valve, the
refrigerant container, the first expansion valve, the first
heat exchanger, the flow path switching valve, and the
third heat exchanger. The first port communicates with
the refrigerant container through the third heat exchang-
er. The second port communicates through the first check
valve with afirst flow path between the first heat exchang-
er and the first expansion valve, and communicates
through the second check valve with a second flow path
between the second heat exchanger and the second ex-
pansion valve.

ADVANTAGEOUS EFFECTS OF INVENTION

[0007] According to the refrigeration cycle apparatus
of the present disclosure, the second port of the third
expansion valve communicates through the first check
valve with the first flow path between the first heat ex-
changer and the first expansion valve and also commu-
nicates through the second check valve with the second
flow path between the second heat exchanger and the
second expansion valve. Thereby, in the refrigeration cy-
cle apparatus in which the circulation direction of the non-
azeotropic refrigerant mixture is switched according to
the operation mode, the manufacturing cost and the pow-
er consumption of the refrigeration cycle apparatus can
be reduced while suppressing the performance deterio-
ration of the refrigeration cycle apparatus resulting from
a change in the composition ratio of the non-azeotropic
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refrigerant mixture.
BRIEF DESCRIPTION OF DRAWINGS
[0008]

Fig. 1isadiagram showing a functional configuration
of a refrigeration cycle apparatus according to a first
embodiment.

Fig. 2is adiagram showing a hardware configuration
of a controller in Fig. 1.

Fig. 3 is a Mollier diagram showing a change in the
state of a non-azeotropic refrigerant mixture in a
heating mode.

Fig. 4 is a diagram showing the functional configu-
ration of the refrigeration cycle apparatus according
to the first embodiment together with a flow of the
non-azeotropic refrigerant mixture in a cooling
mode.

Fig. 5 is a Mollier diagram showing a change in the
state of a non-azeotropic refrigerant mixture in the
cooling mode.

Fig. 6 is a flowchart showing a flow of a control proc-
ess performed for an expansion valve by the con-
troller in Figs. 1 and 4.

Fig. 7 is a flowchart showing a specific process flow
of a process of setting a degree of opening of a spe-
cific expansion valve that receives a non-azeotropic
refrigerant mixture from a receiver, as shown in Fig.
6.

Fig. 8is a diagram showing a functional configuration
of a refrigeration cycle apparatus according to a sec-
ond embodiment.

Fig. 9 is a flowchart showing a specific process flow
of the process of setting the degree of opening of
the expansion valve that receives a non-azeotropic
refrigerant mixture from an internal heat exchanger,
as shown in Fig. 6.

Fig. 10 is a diagram showing a functional configura-
tion of a refrigeration cycle apparatus according to
a third embodiment.

Fig. 11 is a flowchart showing a specific process flow
of the process of setting the degree of opening of
the expansion valve that receives a non-azeotropic
refrigerant mixture from an internal heat exchanger,
as shown in Fig. 6.

DESCRIPTION OF EMBODIMENTS

[0009] Embodiments of the present disclosure will be
hereinafter described in detail with reference to the ac-
companying drawings, in which the same or correspond-
ing components are denoted by the same reference char-
acters, and the description thereof will not be basically
repeated.
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First Embodiment

[0010] Fig. 1is a diagram showing a functional config-
uration of a refrigeration cycle apparatus 100 according
to the first embodiment. In refrigeration cycle apparatus
100, a non-azeotropic refrigerant mixture circulates
therethrough. Refrigeration cycle apparatus 100 oper-
ates in operation modes including a heating mode and a
cooling mode. Fig. 1 shows the flow of the non-azeotropic
refrigerant mixture in the heating mode. Refrigeration cy-
cle apparatus 100 may be a package air conditioner
(PAC), for example.

[0011] AsshowninFig. 1, refrigeration cycle apparatus
100 includes an indoor unit 110 and an outdoor unit 120.
Indoor unit 110 includes an indoor heat exchanger 3 (a
first heat exchanger). Outdoor unit 120 includes a com-
pressor 1, a four-way valve 2 (a flow path switching
valve), an expansion valve 4A (a first expansion valve),
an expansion valve 4B (a second expansion valve), an
expansion valve 4C (a third expansion valve), a receiver
5 (a refrigerant container), an outdoor heat exchanger 6
(a second heat exchanger), an internal heat exchanger
7 (athird heat exchanger), a check valve 8A (a first check
valve), a check valve 8B (a second check valve), a con-
troller 10, and a temperature sensor 13. Although con-
troller 10isincluded in outdoor unit 120 in Fig. 1, controller
10 may be included in indoor unit 110 or may be disposed
outside each of indoor unit 110 and outdoor unit 120.
[0012] Inrefrigeration cycle apparatus 100, a non-aze-
otropic refrigerant mixture or R463A is used, forexample,
that is reduced in GWP by mixing R32, CF3l, and R1123
into this non-azeotropic refrigerant mixture. The boiling
points of R32, CF3l, and R1123 are -52°C, -22.5°C, and
-56°C, respectively. R1123 raises the operating pressure
of the non-azeotropic refrigerant mixture. R1123 is con-
tained in the non-azeotropic refrigerant mixture to there-
by allow reduction of the volume (stroke volume) of com-
pressor 1 that is required for ensuring desired operating
pressure, with the result that compressor 1 can be re-
duced in size. In addition, the non-azeotropic refrigerant
mixture may include refrigerant other than R32, CF3l,
and R1123 (for example, may include R1234yf,
R1234ze(E), R290, or CO2).

[0013] Four-way valve 2 switches the circulation direc-
tion of the non-azeotropic refrigerant mixture between
the circulation direction in the heating mode (the first cir-
culation direction) and the circulation direction in the cool-
ing mode (the second circulation direction). In the heating
mode, four-way valve 2 allows communication between
a discharge port of compressor 1 and indoor heat ex-
changer 3, and allows communication between outdoor
heat exchanger 6 and a suction port of compressor 1. As
aresult, in the heating mode, the non-azeotropic refrig-
erant mixture circulates in order of compressor 1, four-
way valve 2, indoor heat exchanger 3, expansion valve
4A, receiver 5, expansion valve 4B, outdoor heat ex-
changer 6, four-way valve 2, and internal heat exchanger
7.
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[0014] Expansion valve 4C includes a port Pt1 (a first
port) and a port Pt2 (a second port). Port Pt1 communi-
cates with receiver 5 through internal heat exchanger 7.
Port Pt2 communicates through check valve 8A with a
flow path FP1 (a first flow path) between indoor heat ex-
changer 3 and expansion valve 4A. Port Pt2 communi-
cates through check valve 8B with a flow path FP2 (a
second flow path) between outdoor heat exchanger 6
and expansion valve 4B.

[0015] Check valve 8A includes an input port Pt3 and
an output port Pt4. Input port Pt3 communicates with port
Pt2. Output port Pt4 communicates with flow path FP1.
The forward direction of check valve 8A corresponds to
the direction from input port Pt3 to output port Pt4.
[0016] Check valve 8B includes an input port Pt5 and
an output port Pt6. Input port Pt5 communicates with port
Pt2. Output port Pt6 communicates with flow path FP2.
The forward direction of check valve 8B corresponds to
the direction from input port Pt5 to output port Pt6.
[0017] The non-azeotropic refrigerant mixture from ex-
pansion valve 4Ais guided through a pipe Pp1 to receiver
5. A non-azeotropic refrigerant mixture (moist vapor) in
a gas-liquid two-phase state flows into receiver 5. The
non-azeotropic refrigerant mixture flowing into receiver
5 is separated inside receiver 5 into a non-azeotropic
refrigerant mixture in a liquid state (liquid refrigerant) and
a non-azeotropic refrigerant mixture in a gas state (gas
refrigerant). Among the plurality of types of refrigerant
contained in the non-azeotropic refrigerant mixture, the
refrigerant having a lower boiling point is higher in weight
ratio in the gas refrigerant.

[0018] The liquid refrigerantinside receiver 5 is guided
through a pipe Pp2 to expansion valve 4B. The gas re-
frigerant inside receiver 5 is guided through a pipe Pp3
to internal heat exchanger 7. In a gravity direction Gd,
an end En3 of pipe Pp3 inside receiver 5 is located higher
than an end En1 of pipe Pp1 inside receiver 5 and an
end En2 of pipe Pp2 inside receiver 5. The non-azeo-
tropic refrigerant mixture from the heat exchanger (out-
door heat exchanger 6 in the heating mode) functioning
as an evaporator is heated in internal heat exchanger 7
by the gas refrigerant guided through pipe Pp3 to internal
heat exchanger 7.

[0019] The gas refrigerant guided through pipe Pp3 to
internal heat exchanger 7 is guided through expansion
valve 4C and check valve 8B to outdoor heat exchanger
6. The pressure of the non-azeotropic refrigerant mixture
flowing out of expansion valve 4C is lower than the pres-
sure of the non-azeotropic refrigerant mixture flowing out
ofindoor heat exchanger 3, and is substantially the same
as the pressure of the non-azeotropic refrigerant mixture
flowing out of expansion valve 4B. Thus, the non-azeo-
tropic refrigerant mixture flowing out of expansion valve
4C isdirected notto check valve 8A butto check valve 8B.
[0020] Assuming that the flow rate of the moist vapor
flowing through pipe Pp1 into receiver 5 per unit time is
defined as Q1 (kg/hr), the flow rate of the liquid refrigerant
flowing out of receiver 5 through pipe Pp2 per unit time
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is defined as Q2 (kg/hr), and the flow rate of the gas
refrigerant flowing out of receiver 5 through pipe Pp3 per
unit time is defined as Q3 (kg/hr), the condition Q1 = Q2
+Q3is satisfied. Flow rate Q1 is determined by the driving
frequency of compressor 1 or the density of the non-aze-
otropic refrigerant mixture suctioned into compressor 1.
Flow rates Q2 and Q3 are respectively determined by
the degrees of opening of expansion valves 4B and 4C.
[0021] The degree of opening of expansion valve 4B
is adjusted such that a discharge temperature Td falls
within a desired range (a second reference range). The
degree of opening of expansion valve 4B may be adjust-
ed such that the degree of superheating of the non-aze-
otropic refrigerant mixture suctioned into compressor 1
falls within a desired range.

[0022] Since the liquid refrigerant having flow rate Q2
and the gas refrigerant having flow rate Q3 that sepa-
rately flow out of receiver 5 merge into flow path FP2,
the non-azeotropic refrigerant mixture having flow rate
Q1 flows into outdoor heat exchanger 6. In refrigeration
cycle apparatus 100, the composition ratio of the non-
azeotropic refrigerant mixture that flows into receiver 5
can be maintained also in the non-azeotropic refrigerant
mixture that flows into the heat exchanger functioning as
an evaporator. According to refrigeration cycle apparatus
100, the refrigerant having a relatively low boiling point
among the plurality of types of refrigerant included in the
non-azeotropic refrigerant mixture stays in receiver 5, to
thereby suppress a change in the composition ratio of
the non-azeotropic refrigerant mixture circulating through
refrigeration cycle apparatus 100, with the result that the
performance deterioration of refrigeration cycle appara-
tus 100 resulting from a change in the composition ratio
can be suppressed.

[0023] Controller 10 controls the driving frequency of
compressor 1 to thereby control the amount of refrigerant
to be discharged from compressor 1 per unit time such
that the temperature inside indoor unit 120 acquired by
atemperature sensor (not shown)reaches adesired tem-
perature (for example, a temperature setby a user). Con-
troller 10 controls four-way valve 2 to switch the circula-
tion direction of the non-azeotropic refrigerant mixture.
Controller 10 controls the degrees of opening of expan-
sion valves 4A and 4B such that discharge temperature
Td of the non-azeotropic refrigerant mixture discharged
from compressor 1 falls within a desired range. Temper-
ature sensor 13 outputs, to controller 10, discharge tem-
perature Td of the non-azeotropic refrigerant mixture dis-
charged from compressor 1.

[0024] Nodes N1 to N12 are included in a flow path
through which the non-azeotropic refrigerant mixture
passes in refrigeration cycle apparatus 100. Node N1 is
anode through which the non-azeotropic refrigerant mix-
ture flowing between the discharge port of compressor
1 and four-way valve 2 passes. Nodes N2 and N3 are
includedin flow path FP1. Check valve 8A communicates
with flow path FP1 at node N2. Node N3 is a node through
which the non-azeotropic refrigerant mixture flowing be-
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tween node N2 and expansion valve 4A passes. Node
N4 is anode through which the non-azeotropic refrigerant
mixture flowing between expansion valve 4A and receiv-
er 5 passes.

[0025] Node N5 is a node through which the non-aze-
otropic refrigerant mixture flowing between receiver 5
and expansion valve 4B passes. Nodes N6 and N7 are
includedin flow path FP2. Check valve 8B communicates
with flow path FP2 atnode N7. Node N6 is a node through
which the non-azeotropic refrigerant mixture flowing be-
tween expansion valve 4B and node N7 passes. Node
N8 is anode through which the non-azeotropic refrigerant
mixture flowing between four-way valve 2 and internal
heat exchanger 7 passes. Node N9 is a node through
which the non-azeotropic refrigerant mixture flowing be-
tween internal heat exchanger 7 and the suction port of
compressor 1 passes.

[0026] Node N10isanode through which the non-aze-
otropic refrigerant mixture flowing between receiver 5
and internal heat exchanger 7 passes. Node N11 is a
node through which the non-azeotropic refrigerant mix-
ture flowing between internal heat exchanger 7 and ex-
pansion valve 4C passes. Node N12 is a node through
which the non-azeotropic refrigerant mixture flowing out
of expansion valve 4C passes.

[0027] Fig. 2 is a diagram showing a hardware config-
uration of controller 10 in Fig. 1. Each of controllers 20
and 30 described in the second and third embodiments
also has the hardware configuration shown in Fig. 2.
[0028] As shown in Fig. 2, controller 10 includes cir-
cuitry 91, a memory 92, and an input/output unit 93. Cir-
cuitry 91 may be dedicated hardware or a central
processing unit (CPU) that executes a program stored in
memory 92. When circuitry 91 is dedicated hardware,
circuitry 91 is, for example, a single circuit, a composite
circuit, a programmed processor, a parallel programmed
processor, an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA), or a
combination thereof. When circuitry 91 is a CPU, the
function of controller 10 is implemented by software,
firmware, or a combination of software and firmware.
Software or firmware is described as a program and
stored in memory 92. Circuitry 91 reads and executes
the program stored in memory 92. Memory 92 includes
a nonvolatile or volatile semiconductor memory (for ex-
ample, a random access memory (RAM), a read only
memory (ROM), a flash memory, an erasable program-
mable read only memory (EPROM), or an electrically
erasable programmable read only memory (EEPROM)),
amagnetic disk, a flexible disk, an optical disk, a compact
disk, a mini disk, or a digital versatile disc (DVD). Note
that the CPU is also referred to as a central processing
unit, a processing unit, a computing unit, a microproces-
sor, a microcomputer, a processor, or a digital signal
processor (DSP).

[0029] Input/output unit 93 receives an operation from
a user and outputs a process result to the user. Input/out-
put unit 93 includes, for example, a mouse, a keyboard,
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a touch panel, a display, and a speaker.

[0030] Fig.3isaMollierdiagram (a P-h diagram) show-
ing a change in the state of a non-azeotropic refrigerant
mixture in a heating mode. In Fig. 3, curved lines LC and
GC represent a saturated liquid line and a saturated va-
por line, respectively. Saturated liquid line LC and satu-
rated vapor line GC are connected at a critical point CP.
The states shown in Fig. 3 correspond to the respective
states of the non-azeotropic refrigerant mixture at nodes
N1 to N12 in Fig. 1. The same also applies to Fig. 5,
which will be described later.

[0031] ReferringtobothFigs. 1and 3, the process from
the state at node N9 to the state at node N1 represents
the adiabatic compression process by compressor 1. The
temperature of the non-azeotropic refrigerant mixture in
the state at node N1 is measured as discharge temper-
ature Td by temperature sensor 13. The process from
the state at node N1 to the state at node N2 (N3) repre-
sents the condensation process by indoor heat exchang-
er 3. In the condensation process between saturated va-
por line GC and saturated liquid line LC (in the gas-liquid
two-phase state), the temperature of the non-azeotropic
refrigerant mixture decreases as the condensation proc-
ess proceeds.

[0032] The process from the state at node N2 (N3) to
the state atnode N4 represents the decompression proc-
ess by expansion valve 4A. The state at node N5 repre-
sents the state of the saturated liquid flowing out of re-
ceiver 5 and is shown on saturated liquid line LC in Fig.
3. The process from the state at node N5 to the state at
node N6 represents the decompression process by ex-
pansion valve 4B.

[0033] The state at node N10 represents the state of
the saturated vapor flowing out of receiver 5 and is shown
on saturated vapor line GC in Fig. 3. The process from
the state at node N10 to the state at node N11 represents
acooling process by internal heatexchanger 7. The proc-
ess from the state at node N11 to the state at node N12
represents the decompression process by expansion
valve 4C. An enthalpy h1 in the state at node N12 is
smallerthan an enthalpy h3 in the state atnode N6. Thus,
an enthalpy h2 in the state at node N7 at which the non-
azeotropic refrigerant mixture in the state at node N12
merges into the non-azeotropic refrigerant mixture in the
state at node N6 is larger than enthalpy h1 and smaller
than enthalpy h3. Note that enthalpy h2 is determined by
the ratio between flow rates Q2 and Q3.

[0034] The process from the state at node N7 to the
state at node N8 represents the evaporation process by
outdoor heat exchanger 6. In the evaporation process (in
the gas-liquid two-phase state) between saturated vapor
line GC and saturated liquid line LC, the temperature of
the non-azeotropic refrigerant mixture rises as the evap-
oration process proceeds. In the process from the state
at node N8 to the state at node N9, the non-azeotropic
refrigerant mixture that passes through internal heat ex-
changer 7 absorbs heat from the non-azeotropic refrig-
erant mixture in the state between the state at node N10
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and the state at node N11. Thus, an enthalpy h6 in the
state at node N9 is larger than an enthalpy h5 in the state
at node N8.

[0035] In refrigeration cycle apparatus 100, enthalpy
h2 of the non-azeotropic refrigerant mixture that flows
into outdoor heat exchanger 6 functioning as an evapo-
rator in the heating mode is smaller, by cooling with in-
ternal heat exchanger 7, than enthalpy h3 of the non-
azeotropic refrigerant mixture that flows out of expansion
valve 4B. Further, enthalpy h6 of the non-azeotropic re-
frigerant mixture suctioned into compressor 1 is larger,
by heating with internal heat exchanger 7, than enthalpy
h5 of the non-azeotropic refrigerant mixture that flows
out of outdoor heat exchanger 6. Thus, the difference
between the enthalpy of the non-azeotropic refrigerant
mixture flowing into outdoor heat exchanger 6 and the
enthalpy of the non-azeotropic refrigerant mixture suc-
tioned into compressor 1 can be increased as compared
with the case where the non-azeotropic refrigerant mix-
ture in the state at node N6 flows into outdoor heat ex-
changer 6 and the non-azeotropic refrigerant mixture in
the state at node N8 is suctioned into compressor 1. As
a result, the efficiency of refrigeration cycle apparatus
100 in the heating mode can be improved.

[0036] Fig. 4 is a diagram showing the functional con-
figuration of refrigeration cycle apparatus 100 according
to the first embodiment together with the flow of the non-
azeotropic refrigerant mixture in the cooling mode. In the
cooling mode, four-way valve 2 allows communication
between the discharge port of compressor 1 and outdoor
heat exchanger 6, and also allows communication be-
tween indoor heat exchanger 3 and the suction port of
compressor 1. As a result, in the cooling mode, the non-
azeotropic refrigerant mixture circulates in order of com-
pressor 1, four-way valve 2, outdoor heat exchanger 6,
expansion valve 4B, receiver 5, expansion valve 4A, in-
door heat exchanger 3, four-way valve 2, and internal
heat exchanger 7.

[0037] The pressure of the non-azeotropic refrigerant
mixture flowing out of expansion valve 4C is lower than
the pressure of the non-azeotropic refrigerant mixture
flowing out of outdoor heat exchanger 6, and is substan-
tially the same as the pressure of the non-azeotropic re-
frigerant mixture flowing out of expansion valve 4A. Thus,
the non-azeotropic refrigerant mixture flowing out of ex-
pansion valve 4C is directed not to check valve 8B but
to check valve 8A.

[0038] Assuming that the flow rate of the moist vapor
flowing into receiver 5 through pipe Pp2 per unit time is
defined as Q11 (kg/hr), the flow rate of the liquid refrig-
erant flowing out of receiver 5 through pipe Pp1 per unit
time is defined as Q12 (kg/hr), and the flow rate of the
gas refrigerant flowing out of receiver 5 through pipe Pp3
per unit time is defined as Q13 (kg/hr), the condition Q11
= Q12 + Q13 is satisfied. Flow rate Q11 is determined
by the driving frequency of compressor 1 or the density
of the non-azeotropic refrigerant mixture suctioned into
compressor 1. Flow rates Q12 and Q13 are determined
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by the degrees of opening of expansion valves 4A and
4C, respectively.

[0039] In the cooling mode, the degree of opening of
expansion valve 4A is adjusted such that discharge tem-
perature Td falls within a desired range (the second ref-
erence range). The degree of opening of expansion valve
4A may be adjusted such that the degree of superheating
of the non-azeotropic refrigerant mixture suctioned into
compressor 1 falls within a desired range.

[0040] Fig. 5is a Mollier diagram showing a change in
the state of the non-azeotropic refrigerant mixture in the
cooling mode. Referring to both Figs. 4 and 5, the process
from the state at node N9 to the state at node N1 repre-
sents the adiabatic compression process by compressor
1. The process from the state at node N1 to the state at
node N7 (N6) represents the condensation process by
outdoor heat exchanger 6.

[0041] The process from the state at node N7 (N6) to
the state at node N5 represents a decompression proc-
ess by expansion valve 4B. The state at node N4 repre-
sents the state of the saturated liquid flowing out of re-
ceiver 5 and is shown on saturated liquid line LC in Fig.
5. The process from the state at node N4 to the state at
node N3 represents a decompression process by expan-
sion valve 4A.

[0042] The state at node N10 represents the state of
the saturated vapor flowing out of receiver 5 and is shown
on saturated vapor line GC in Fig. 5. The process from
the state at node N10 to the state at node N11 represents
the cooling process by internal heat exchanger 7. The
process from the state at node N11 to the state at node
N12 represents the decompression process by expan-
sion valve 4C. An enthalpy h11 in the state at node N12
is smaller than an enthalpy h13 in the state at node N3.
Thus, an enthalpy h12 in the state at node N2 at which
the non-azeotropic refrigerant mixture in the state atnode
N12 merges into the non-azeotropic refrigerant mixture
in the state at node N3 is larger than enthalpy h11 and
smaller than enthalpy h13. Note that enthalpy h12 is de-
termined by the ratio between flow rates Q12 and Q13.
[0043] The process from the state at node N2 to the
state at node N8 represents the evaporation process by
indoor heat exchanger 3. In the process from the state
at node N8 to the state at node N9, the non-azeotropic
refrigerant mixture passing through internal heat ex-
changer 7 absorbs heat from the non-azeotropic refrig-
erant mixture in the state between the state at node N10
and the state at node N11. Thus, an enthalpy h16 in the
state at node N9 is larger than an enthalpy h15 in the
state at node N8.

[0044] In refrigeration cycle apparatus 100, enthalpy
h12 of the non-azeotropic refrigerant mixture flowing into
indoor heat exchanger 3 functioning as an evaporator in
the cooling mode is smaller, by cooling with internal heat
exchanger 7, than enthalpy h13 of the non-azeotropic
refrigerant mixture flowing out of expansion valve 4A.
Further, enthalpy h16 of the non-azeotropic refrigerant
mixture suctioned into compressor 1 is larger, by heating
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with internal heat exchanger 7, than enthalpy h15 of the
non-azeotropic refrigerant mixture flowing out of indoor
heat exchanger 3. Thus, the difference between the en-
thalpy of the non-azeotropic refrigerant mixture flowing
into indoor heat exchanger 3 and the enthalpy of the non-
azeotropic refrigerant mixture suctioned into compressor
1 can be increased as compared with the case where
the non-azeotropic refrigerant mixture in the state atnode
N3 flows into indoor heat exchanger 3 and the non-aze-
otropic refrigerant mixture in the state at node N8 is suc-
tioned into compressor 1. As a result, the efficiency of
refrigeration cycle apparatus 100 in the cooling mode
can be improved.

[0045] According to refrigeration cycle apparatus 100,
check valves 8A and 8B can suppress the performance
deterioration of refrigeration cycle apparatus 100 result-
ing from a change in the composition ratio of the non-
azeotropic refrigerant mixture both in the heating mode
and the cooling mode. Further, according to refrigeration
cycle apparatus 100, since check valves 8A and 8B each
do notinclude a coil, the manufacturing cost and the pow-
er consumption of the refrigeration cycle apparatus can
be suppressed as compared with the configuration in
which the flow path into which the non-azeotropic refrig-
erant mixture flowing out of expansion valve 4C merges
is switched according to the operation mode by a switch-
ing valve including a coil like a three-way valve.

[0046] Fig. 6 is a flowchart showing a flow of a control
process performed for expansion valves 4A to 4C by con-
troller 10 in Figs. 1 and 4. The process shown in Fig. 6
is invoked at each sampling time by a main routine (not
shown). The degree of opening of each of expansion
valves 4A to 4C is set at an initial value when the oper-
ation mode is started. In the following description, a step
will be simply abbreviated as S.

[0047] As shown in Fig. 6, in S100, controller 10 de-
termines whether or not discharge temperature Td is
equal to or higher than a temperature Tmin and is equal
to or lower than a temperature Tmax (> Tmin). Temper-
ature Tmin (the minimum value in the second reference
range) and temperature Tmax (the maximum value in
the second reference range) can be determined as ap-
propriate by experiments on an actual machine or by sim-
ulations.

[0048] When discharge temperature Td is lower than
temperature Tmin or is higher than temperature Tmax
(NOin S 100), then in S 110, controller 10 performs the
process of setting the degree of opening of the specific
expansion valve that receives the non-azeotropic refrig-
erant mixture from receiver 5, and then, returns the proc-
ess to the main routine. The specific expansion valve in
S110 is expansion valve 4B in the heating mode and
expansion valve 4A in the cooling mode. When discharge
temperature Td is equal to or higher than temperature
Tmin and is equal to or lower than temperature Tmax
(YES in S100), then in S120, controller 10 performs the
process of setting the degree of opening of expansion
valve 4C thatreceives the non-azeotropic refrigerant mix-
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ture from internal heat exchanger 7, and thereatfter, re-
turns the process to the main routine. The specific proc-
ess flow in S120 will be described in the second and third
embodiments.

[0049] Fig. 7 is a flowchart showing a specific process
flow of a process of setting the degree of opening of the
specific expansion valve that receives the non-azeotrop-
ic refrigerant mixture from receiver 5, as shown in Fig. 6.
As shown in Fig. 7, in S111, controller 10 determines
whether or not discharge temperature Td is higher than
temperature Tmax. When discharge temperature Td is
higher than temperature Tmax (YES in S111), then in
S112, controller 10 increases the degree of opening of
the specific expansion valve by a predetermined degree
of opening, and returns the process to the main routine.
When discharge temperature Td is equal to or lower than
temperature Tmax (lower than temperature Tmin) (NO
in S111), then in S113, controller 10 decreases the de-
gree of opening of the specific expansion valve by a pre-
determined degree of opening, and returns the process
to the main routine.

[0050] Inrefrigeration cycle apparatus 100, expansion
valves 4A and 4B are controlled such that discharge tem-
perature Td falls within a desired range, and thereby, the
stability of refrigeration cycle apparatus 100 can be im-
proved.

[0051] As described above, according to the refriger-
ation cycle apparatus in the first embodiment, in the re-
frigeration cycle apparatus in which the circulation direc-
tion of the non-azeotropic refrigerant mixture is switched
according to the operation mode, the manufacturing cost
and the power consumption of the refrigeration cycle ap-
paratus can be reduced while preventing a performance
deterioration of the refrigeration cycle apparatus result-
ing from a change in the composition ratio of the non-
azeotropic refrigerant mixture. Further, according to the
refrigeration cycle apparatus of the first embodiment, the
stability of the refrigeration cycle apparatus can be im-
proved.

Second Embodiment

[0052] The second embodiment will be hereinafter de-
scribed with regard to a configuration for determining the
degree of opening of the third expansion valve based on
the degree of supercooling of the non-azeotropic refrig-
erant mixture flowing out of a heat exchanger functioning
as an evaporator and the pressure inside the refrigerant
container.

[0053] Fig. 8 is a diagram showing a functional config-
uration of a refrigeration cycle apparatus 200 according
to the second embodiment. Refrigeration cycle appara-
tus 200 has a configuration in which refrigeration cycle
apparatus 100 shown in Fig. 1 is additionally provided
with temperature sensors 14, 15, 16, and 17 and a pres-
sure sensor 18, and also provided with a controller 20 in
place of controller 10. The other configurations of refrig-
eration cycle apparatus 200 are the same as those of
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refrigeration cycle apparatus 100, and therefore, the de-
scription of the same configurations as those of refriger-
ation cycle apparatus 100 will not be repeated.

[0054] Asshownin Fig. 8, temperature sensor 14 out-
puts, to controller 20, a temperature T1 (the first temper-
ature) of the non-azeotropic refrigerant mixture passing
through indoor heat exchanger 3. Temperature sensor
15 outputs, to controller 20, atemperature T2 (the second
temperature) of the non-azeotropic refrigerant mixture
flowing between indoor heat exchanger 3 and node N2.
Temperature sensor 16 outputs, to controller 20, a tem-
perature T3 (the first temperature) of the non-azeotropic
refrigerant mixture flowing through outdoor heat ex-
changer 6. Temperature sensor 17 outputs, to controller
20, a temperature T4 (the second temperature) of the
non-azeotropic refrigerant mixture flowing between out-
door heat exchanger 6 and node N7. Pressure sensor
18 outputs pressure P1 inside receiver 5 to controller 20.
[0055] Referring again to Fig. 3, temperature T1 is a
temperature of the non-azeotropic refrigerant mixture in
the condensation process between saturated vapor line
GC and saturated liquid line LC. Temperature T2 is a
temperature of the non-azeotropic refrigerant mixture in
the state at node N2 (N3). The degree of opening of ex-
pansion valve 4C is determined according to the degree
of dryness of the moist vapor (the non-azeotropic refrig-
erantmixture in the state at node N4 ) flowing into receiver
5. The degree of dryness is calculated from pressure P1
and enthalpy h4 in the state at node N2. Enthalpy h4 is
calculated from a degree of supercooling Sc1. Degree
of supercooling Sc1 is calculated from temperatures T1
and T2.

[0056] Referring again to Fig. 5, temperature T3 is a
temperature of the non-azeotropic refrigerant mixture in
the condensation process between saturated vapor line
GC and saturated liquid line LC. Temperature T4 is a
temperature of the non-azeotropic refrigerant mixture in
the state at node N7 (N6). The degree of opening of ex-
pansion valve 4C is determined according to the degree
of dryness of the moist vapor (the non-azeotropic refrig-
erantmixture in the state at node N5) flowing into receiver
5. The degree of dryness is calculated from pressure P1
and enthalpy h14 in the state at node N7. Enthalpy h14
is calculated from a degree of supercooling Sc2. Degree
of supercooling Sc2 is calculated from temperatures T3
and T4.

[0057] Fig. 9 is a flowchart showing a specific process
flow of the process of setting the degree of opening of
expansion valve 4C that receives a non-azeotropic re-
frigerant mixture from internal heat exchanger 7, as
shown in Fig. 6. As shown in Fig. 9, in S221, controller
20 calculates a degree of dryness Dr of the non-azeo-
tropic refrigerant mixture that flows into receiver 5 based
on pressure P1 and the degree of supercooling (Sc1 or
Sc2) of the non-azeotropic refrigerant mixture that flows
out of the specific heat exchanger functioning as a con-
denser, and then proceeds the process to S222. The
specific heat exchanger in the heating mode is indoor
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heat exchanger 3 while the specific heat exchanger in
the cooling mode is outdoor heat exchanger 6. Controller
20 calculates the degree of supercooling Sc1 from tem-
peratures T1 and T2 in the heating mode, and calculates
the degree of supercooling Sc2 from temperatures T3
and T4 in the cooling mode.

[0058] In S222, controller 20 determines whether or
not the degree of dryness Dr is equal to or higher than a
degree of dryness Dmin and equal to or lower than a
degree of dryness Dmax (> Dmin). When the degree of
dryness Dr is equal to or higher than the degree of dry-
ness Dmin and equal to or lower than the degree of dry-
ness Dmax (YES in S222), controller 20 determines that
the degree of dryness Dr falls within a desired range (the
first reference range), and then, returns the process to
the main routine. Note that the degrees of dryness Dmin
and Dmax can be determined as appropriate by experi-
ments on an actual machine or by simulations.

[0059] When the degree of dryness Dr is lower than
the degree of dryness Dmin or is higher than the degree
of dryness Dmax (NO in S222), then in S223, controller
20 determines whether or not the degree of dryness Dr
is higher than the degree of dryness Dmax. When the
degree of dryness Dris higher than the degree of dryness
Dmax (YES in S223), then in S224, controller 20 increas-
es the degree of opening of expansion valve 4C by a
predetermined amount in order to decrease the gas re-
frigerant inside receiver 5, and then, returns the process
to the main routine. When the degree of dryness Dr is
equal to or lower than the degree of dryness Dmax (i.e.,
lower than the degree of dryness Dmin) (NO in S223),
thenin S225, controller 20 decreases the degree of open-
ing of expansion valve 4C by a predetermined amount
in order to increase the gas refrigerant inside receiver 5,
and then, returns the process to the main routine.
[0060] According to refrigeration cycle apparatus 200,
since the degree of opening of expansion valve 4C is
controlled according to the state of the non-azeotropic
refrigerant mixture inside receiver 5, a performance de-
terioration of the refrigeration cycle apparatus resulting
from a change in the composition ratio of the non-azeo-
tropic refrigerant mixture can be further suppressed as
compared with the case of refrigeration cycle apparatus
100.

[0061] As described above, according to the refriger-
ation cycle apparatus of the second embodiment, in the
refrigeration cycle apparatus in which the circulation di-
rection of the non-azeotropic refrigerant mixture is
switched according to the operation mode, the manufac-
turing cost and the power consumption of the refrigera-
tion cycle apparatus can be reduced while further sup-
pressing the performance deterioration of the refrigera-
tion cycle apparatus resulting from a change in the com-
position ratio of the non-azeotropic refrigerant mixture as
compared with the case of the refrigeration cycle appa-
ratus of the first embodiment. Further, according to the
refrigeration cycle apparatus of the second embodiment,
the stability of the refrigeration cycle apparatus can be
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improved.
Third Embodiment

[0062] The third embodiment will be hereinafter de-
scribed with regard to a configuration for determining the
degree of opening of the third expansion valve based on
the temperature of the gas refrigerant flowing out of the
refrigerant container and the temperature of the liquid
refrigerant flowing out of the refrigerant container.
[0063] Fig. 10 is a diagram showing a functional con-
figuration of a refrigeration cycle apparatus 300 accord-
ing to the third embodiment. Refrigeration cycle appara-
tus 300 has a configuration in which refrigeration cycle
apparatus 100 shown in Fig. 1 is additionally provided
with temperature sensors 31 to 33 and also provided with
a controller 30 in place of controller 10. The other con-
figurations of refrigeration cycle apparatus 300 are the
same as those of refrigeration cycle apparatus 100, and
therefore, the description of the same configurations as
those of refrigeration cycle apparatus 100 will not be re-
peated.

[0064] Temperature sensor 31 outputs, to controller
30, a temperature Tq1 (the second temperature) of the
non-azeotropic refrigerant mixture flowing between node
N4 and receiver 5. Temperature sensor 32 outputs, to
controller 30, a temperature Tg2 (the second tempera-
ture) of the non-azeotropic refrigerant mixture flowing be-
tween node N5 and receiver 5. Temperature sensor 33
outputs, to controller 30, a temperature Tg (the first tem-
perature) of the gas refrigerant flowing out of receiver 5.
In the following description, the temperature of the non-
azeotropic refrigerant mixture flowing out of receiver 5 to
expansion valve 4A or 4B is denoted as Tq. In other
words, temperature Tq is temperature Tg2 in the heating
mode and temperature Tq1 in the cooling mode.

[0065] When an absolute value (|{Tg - Tq} - Tgdl) of
the difference between a temperature difference be-
tween temperatures Tg and Tq and a temperature differ-
ence (a temperature gradient) Tgd between the temper-
atures of the saturated vapor and the saturated liquid at
the pressure of receiver 5 is smaller than a threshold
value 8, and when the temperature difference is substan-
tially equal to temperature gradient Tgd, the non-azeo-
tropic refrigerant mixture of the saturated vapor flows out
through pipe Pp3, and the saturated liquid flows out
through pipe Pp2. In this case, the degree of opening of
expansion valve 4C is appropriate and therefore does
not need to be changed. Temperature gradient Tgd can
be calculated in advance by theoretical calculation. Fur-
ther, threshold value & can be determined as appropriate
by experiments on an actual machine or by simulations.
[0066] On the other hand, when the absolute value of
the difference between the temperature difference and
temperature gradient Tgd is larger than threshold value
8, it is assumed that moist vapor flows out through at
least one of pipes Pp2 and Pp3. In this case, the degree
of opening of expansion valve 4C needs to be adjusted
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in order to suppress the performance deterioration of re-
frigeration cycle apparatus 300.

[0067] In the situation conceivable when moist vapor
flows out through pipe Pp2, the excessively small degree
of opening of expansion valve 4C decreases the amount
of gas refrigerant flowing out of receiver 5 per unit time,
and thus, receiver 5 is filled with gas refrigerant, so that
liquid refrigerant becomes insufficient. In the situation
conceivable when moist vapor flows out through pipe
Pp3, the excessively large degree of opening of expan-
sion valve 4C increases the amount of gas refrigerant
flowing out of receiver 5 per unit time, and thus, receiver
5 is almost filled with liquid refrigerant, so that gas refrig-
erant becomes insufficient inside receiver 5.

[0068] Accordingly, in refrigeration cycle apparatus
300, it is determined whether adjustment of the degree
of opening of expansion valve 4C is required or not based
on whether or not the difference between temperatures
Tg and Tq is substantially equal to temperature gradient
Tgd. Fig. 11 is a flowchart showing a specific process
flow of the process of setting the degree of opening of
expansion valve 4C that receives the non-azeotropic re-
frigerant mixture from internal heat exchanger 7, as
shown in Fig. 6. In Fig. 11, time t represents the current
sampling time, and time t-1 represents the previous sam-
pling time.

[0069] As shown in Fig. 11, in S321, controller 30 de-
termines whether or not the absolute value of the differ-
ence between the current temperature difference (Tg(t)
- Tq(t)) and temperature gradient Tgd is smaller than
threshold value 8. When the absolute value is smaller
than threshold value 5 (YES in S321), controller 30 pro-
ceeds the process to S327.

[0070] When the absolute value is equal to or larger
than threshold value & (NO in S321), then in S322, con-
troller 30 determines whether the process of setting the
degree of opening of expansion valve 4C is the first proc-
ess (t= 1) or not. When the process of setting the degree
of opening of expansion valve 4C is thefirst process (YES
in S322), then in S323, controller 30 changes the degree
of opening of expansion valve 4C by a predetermined
amount, and then proceeds the process to S327. In step
S323, the degree of opening of expansion valve 4C may
be changed to be increased or decreased. When the
process of setting the degree of opening of expansion
valve 4C is not the first process (NO in S322), then in
S324, controller 30 determines whether or not the current
temperature difference is smaller than the previous tem-
perature difference.

[0071] When the current temperature difference is
smaller than the previous temperature difference (YES
in S324), controller 30 determines that the amount of
moist vapor flowing out of receiver 5 per unit time has
increased by the previous change of the degree of open-
ing of expansion valve 4C, then in S325, controller 30
changes the degree of opening by a predetermined
amount such that the change to increase or decrease
the degree of opening of expansion valve 4C at this time
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is opposite to the previous change to increase or de-
crease the degree of opening, and then, proceeds the
process to S327. When the degree of opening of expan-
sion valve 4C is increased in the previous process of
setting the degree of opening, the degree of opening of
expansion valve 4C is decreased in S325. When the de-
gree of opening of expansion valve 4C is decreased in
the previous process of setting the degree of opening,
the degree of opening of expansion valve 4C is increased
in S$325.

[0072] When the current temperature difference is
equal to or larger than the previous temperature differ-
ence (NO in S324), controller 30 determines that the
amount of moist vapor that flows out of receiver 5 per
unit time has decreased by the previous change of the
degree of opening of expansion valve 4C, then in S326,
controller 30 changes the degree of opening by a prede-
termined amount such that the change to increase or
decrease the degree of opening of expansion valve 4C
at this time is the same as the previous change to in-
crease or decrease the degree of opening, and then, pro-
ceeds the process to S327. When the degree of opening
of expansion valve 4C is increased in the previous proc-
ess of setting the degree of opening, the degree of open-
ing of expansion valve 4C is increased in S326. When
the degree of opening of expansion valve 4C is de-
creased in the previous process of setting the degree of
opening, the degree of opening of expansion valve 4C
is decreased in S326.

[0073] In S327, controller 30 assigns current temper-
atures Tg(t) and Tq(t) to previous temperatures Tg(t-1)
and Tq(t-1), respectively, and returns the process to the
main routine.

[0074] According to refrigeration cycle apparatus 300,
the degree of opening of expansion valve 4C is controlled
in accordance with the state of the non-azeotropic refrig-
erant mixture inside receiver 5, and thereby, the perform-
ance deterioration of the refrigeration cycle apparatus
resulting from the change in the composition ratio of the
non-azeotropic refrigerant mixture can be further sup-
pressed as compared with the case of refrigeration cycle
apparatus 100. Further, according to refrigeration cycle
apparatus 300, since the number of temperature sensors
required for the process of setting the degree of opening
of expansion valve 4C can be reduced to three and the
pressure sensor is not required for the setting process,
the manufacturing cost can be reduced as compared with
the case of refrigeration cycle apparatus 200 that re-
quires four temperature sensors and one pressure sen-
sor for the setting process.

[0075] As described above, according to the refriger-
ation cycle apparatus of the third embodiment, in the re-
frigeration cycle apparatus in which the circulation direc-
tion of the non-azeotropic refrigerant mixture is switched
according to the operation mode, the manufacturing cost
and the power consumption of the refrigeration cycle ap-
paratus can be reduced while further suppressing the
performance deterioration of the refrigeration cycle ap-
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paratus resulting from the change in the composition ratio
of the non-azeotropic refrigerant mixture as compared
with the case of the refrigeration cycle apparatus of the
first embodiment. Further, according to the refrigeration
cycle apparatus of the third embodiment, the stability of
the refrigeration cycle apparatus can be improved. Fur-
ther, according to the refrigeration cycle apparatus of the
third embodiment, the manufacturing cost can be re-
duced as compared with the case of the refrigeration cy-
cle apparatus of the second embodiment.

[0076] The embodiments disclosed herein are also in-
tended to be implemented in combination as appropriate
within a consistent scope. It should be understood that
the embodiments disclosed herein are illustrative and
non-restrictive in every respect. The scope of the present
disclosure is defined by the terms of the claims, rather
than the description above, and is intended to include
any modifications within the meaning and scope equiv-
alent to the terms of the claims.

REFERENCE SIGNS LIST

[0077] 1 compressor, 2 four-way valve, 3 indoor heat
exchanger, 4A to 4C expansion valve, 5 receiver, 6 out-
door heat exchanger, 7 heat exchanger, 8A, 8B check
valve, 10, 20, 30 controller, 13to 17, 31 to 33 temperature
sensor, 18 pressure sensor, 91 circuitry, 92 memory, 93
input/output unit 100, 200, 300 refrigeration cycle appa-
ratus, 110 indoor unit, 120 outdoor unit, En1 to En3 end,
FP1, FP2 flow path, Pp1 to Pp3 pipe, Pt1, Pt2 port, Pt3,
Pt5 input port, Pt4, Pt6 output port.

Claims

1. Arefrigeration cycle apparatus through which a non-
azeotropic refrigerant mixture circulates, the refrig-
eration cycle apparatus comprising:

a compressor;
a first heat exchanger;

a second heat exchanger;

a third heat exchanger;

a flow path switching valve configured to switch
a circulation direction of the non-azeotropic re-
frigerant mixture between a first circulation di-
rection and a second circulation direction;

a first expansion valve;

a second expansion valve;

a third expansion valve having a first port and a
second port;

a refrigerant container;

a first check valve; and

a second check valve, wherein

in the first circulation direction, the non-azeo-
tropic refrigerant mixture circulates in order of
the compressor, the flow path switching valve,
the first heat exchanger, the first expansion
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valve, the refrigerant container, the second ex-
pansion valve, the second heat exchanger, the
flow path switching valve, and the third heat ex-
changer,

in the second circulation direction, the non-aze-
otropic refrigerant mixture circulates in order of
the compressor, the flow path switching valve,
the second heat exchanger, the second expan-
sion valve, the refrigerant container, the first ex-
pansion valve, the first heat exchanger, the flow
path switching valve, and the third heat ex-
changer,

the first port communicates with the refrigerant
container through the third heat exchanger, and
the second port communicates through the first
check valve with a first flow path between the
first heat exchanger and the first expansion
valve, and communicates through the second
check valve with a second flow path between
the second heat exchanger and the second ex-
pansion valve.

The refrigeration cycle apparatus according to claim
1, further comprising a controller configured to con-
trol a degree of opening of the third expansion valve,
wherein

based on: a first temperature of the non-azeotropic
refrigerant mixture inside a specific heat exchanger
functioning as a condenser among the first heat ex-
changer and the second heat exchanger; a second
temperature of the non-azeotropic refrigerant mix-
ture that flows out of the specific heat exchanger;
and pressure of the non-azeotropic refrigerant mix-
ture inside the refrigerant container, the controller is
configured to control the degree of opening of the
third expansion valve such that a degree of dryness
of the non-azeotropic refrigerant mixture inside the
refrigerant container falls within a first reference
range.

The refrigeration cycle apparatus according to claim
1, further comprising a controller configured to con-
trol a degree of opening of the third expansion valve,
wherein

based on: a first temperature of the non-azeo-
tropic refrigerant mixture that flows out of the
refrigerant container into the third heat exchang-
er; and a second temperature of the non-azeo-
tropic refrigerant mixture that flows out of the
refrigerant container into the first expansion
valve or the second expansion valve, the con-
troller is configured to control the degree of
opening of the third expansion valve such that
a difference between the first temperature and
the second temperature approaches a temper-
ature gradient at pressure of the non-azeotropic
refrigerant mixture inside the refrigerant contain-
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er, and

the temperature gradient is a temperature dif-
ference between saturated vapor and saturated
liquid of the non-azeotropic refrigerant mixture
at the pressure.

4. The refrigeration cycle apparatus according to claim

2 or 3, wherein
the controller is configured to

increase a degree of opening of a specific ex-
pansion valve which is the first expansion valve
orthe second expansion valve when adischarge
temperature of the non-azeotropic refrigerant
mixture discharged from the compressor is high-
er than a maximum value of a second reference
range, the specific expansion valve receiving
the non-azeotropic refrigerant mixture from the
refrigerant container,

decrease the degree of opening of the specific
expansion valve when the discharge tempera-
ture is lower than a minimum value of the second
reference range, and

control the degree of opening of the third expan-
sion valve when the discharge temperature falls
within the second reference range.
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FIG.7
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