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EP 4 134 601 B1
Description
TECHNICAL FIELD
[0001] The present invention relates to a refrigeration cycle apparatus.
BACKGROUND ART

[0002] HFO1123 is known as refrigerant having a low global warming potential (GWP) (low GWP refrigerant). Also,
HFO1123 has a characteristic causing a disproportionation reaction (a self-decomposition reaction) and also has flam-
mability.

[0003] International Publication No. 2020/003494 (PTL 1) discloses a refrigeration cycle apparatus in which a non-
azeotropic refrigerant mixture containing R32, CF3l, and HFO1123 is sealed. In the refrigeration cycle apparatus in PTL
1, the weight ratios of R32, CF3I, and HFO1123 in the non-azeotropic refrigerant mixture sealed in the refrigeration cycle
apparatus are specified. Thereby, HFO1123 mixes with CF3l and R32, so that the disproportionation reaction of HFO1123
is suppressed, the temperature gradient of the non-azeotropic refrigerant mixture is suppressed, and performance
degradation is suppressed.

Document JP HO6 281293 A discloses an outdoor heat exchanger that is formed of a tube bent continuously in an S
shape and fins. Latent heat of the air to be condensed to the par to pass through the fins by a blower of an outdoor unit
is derived of refrigerant gas fed in a high temperature and high pressure gas state from a compressor to become liquid
state. The tube is reduced in its inner diameter of an inlet side and sequentially increased in its inner diameter toward
an outlet side. The tubes molded in the same sectional area may be sequentially so increased in number of buses to
two, three from the inlet side to the outlet side. Thus, cooling and heating capacities can be improved. Moreover, JP
HO06 281293 A discloses a refrigeration cycle apparatus comprising: a non-azeotropic refrigerant mixture;a compressor;
a flow path switching portion; a first heat exchanger having a first flow inlet/outlet portion and a second flow inlet/outlet
portion through which the non-azeotropic refrigerant mixture flows in and out, and a first tube portion and a second tube
portion that are connected in series to each other between the first flow inlet/outlet portion and the second flow inlet/outlet
portion, the non-azeotropic refrigerant mixture flowing through the first tube portion and the second tube portion; a
decompressing device; and a second heat exchanger, wherein the non-azeotropic refrigerant mixture contains refrigerant
having a characteristic causing a disproportionation reaction, and refrigerant not having the characteristic causing a
disproportionation reaction, the flow path switching portion performs switching between a first state in which the non-
azeotropic refrigerant mixture flows in order of the compressor, the first heat exchanger, the decompressing device, and
the second heat exchanger, and a second state in which the non-azeotropic refrigerant mixture flows in a direction
opposite to a direction in which the non-azeotropic refrigerant mixture flows in the first state, in the first state, the non-
azeotropic refrigerant mixture flows through the first heat exchanger in order of the first flow inlet/outlet portion, the first
tube portion, the second tube portion, and the second flow inlet/outlet portion, in the second state, the non-azeotropic
refrigerant mixture flows through the first heat exchanger in order of the second flow inlet/outlet portion, the second tube
portion, the first tube portion, and the first flow inlet/outlet portion, the first tube portion has a first inner circumferential
surface provided with protrusions and recesses, the second tube portion has a second inner circumferential surface
provided with protrusions and recesses, and the first inner circumferential surface of the first tube portion is higher in
area expansion ratio than the second inner circumferential surface of the second tube portion. Document EP 3 115 730
A1 describes arefrigeration cycle apparatus, including a load-side heat exchanger and a heat source-side heat exchanger
each including tubes with inner grooves, each of the tubes having inner grooves extending obliquely with respect to a
direction of a tube axis, and inner fins each being formed between the inner grooves.

Document US 2016/341453 A1 describes a refrigeration cycle apparatus which includes a refrigeration cycle connecting
a compressor, a heat source side heat exchanger, an expansion device, and a load side heat exchanger by refrigerant
pipes and configured to circulate refrigerant. At least one of the heat source side heat exchanger and the load side heat
exchanger includes one or more passages, a heattransfer enhancement mechanism (concavo-convex surface) provided
to the one or more passages, and two connecting pipes serving as an inlet and an outlet for the refrigerant from and to
another component in the refrigeration cycle. A total cross sectional area of internal cross sectional areas of the one or
more passages is larger than an internal cross sectional area of at least one of the two connecting pipes.

CITATION LIST
PATENT LITERATURE

[0004] PTL 1: International Publication No. 2020/003494
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SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0005] The relation of magnitude of the density of each of R32, CF3l, and HFO1123 varies between when R32, CF3l,
and HFO1123 each are in a liquid-phase state and when R32, CF3l, and HFO1123 each are in a gas-phase state. When
R32, CF3Il, and HFO1123 each are in a liquid-phase state, the density of CF3l is higher than the density of each of R32
and HFO1123. On the other hand, when R32, CF3Il, and HFO1123 each are in a gas-phase state, the density of CF3I
is lower than the density of each of R32 and HFO1123. Thus, in the non-azeotropic refrigerant mixture containing R32,
CF3l, and HFO1123, CF3l is less likely to mix with R32 and HFO1123. In the state in which CF3I does not sufficiently
mix with R32 and HFO1123, CF3l is less likely to contribute to the effect of suppressing the disproportionation reaction
of HFO1123, with the result that the degree of contribution of CF3I to this effect is lower than that of R32.

[0006] A main object of the present disclosure is to provide a refrigeration cycle apparatus in which refrigerant having
a characteristic causing a disproportionation reaction easily mixes with refrigerant not having the characteristic causing
a disproportionation reaction, and thus, the disproportionation reaction of the refrigerant having the characteristic causing
a disproportionation reaction is less likely to occur, so that performance degradation is suppressed.

SOLUTION TO PROBLEM

[0007] The present invention is defined by the appended set of claims. A refrigeration cycle apparatus according to
the presentinvention is a refrigeration cycle apparatus comprising a non-azeotropic refrigerant mixture. The refrigeration
cycle apparatus includes inter alia: a compressor; a flow path switching portion; a first heat exchanger having a first flow
inlet/outlet portion and a second flow inlet/outlet portion through which the non-azeotropic refrigerant mixture flows in
and out, and a first tube portion and a second tube portion that are connected in series to each other between the first
flow inlet/outlet portion and the second flow inlet/outlet portion, the non-azeotropic refrigerant mixture flowing through
the first tube portion and the second tube portion; a decompressing device; and a second heat exchanger. The non-
azeotropic refrigerant mixture contains refrigerant having a characteristic causing a disproportionation reaction and
refrigerant not having the characteristic causing a disproportionation reaction. The flow path switching portion performs
switching between: a first state in which the non-azeotropic refrigerant mixture flows in order of the compressor, the first
heat exchanger, the decompressing device, and the second heat exchanger; and a second state in which the non-
azeotropic refrigerant mixture flows in a direction opposite to a direction in which the non-azeotropic refrigerant mixture
flows in the first state. In the first state, the non-azeotropic refrigerant mixture flows through the first heat exchanger in
order of the first flow inlet/outlet portion, the first tube portion, the second tube portion, and the second flow inlet/outlet
portion. In the second state, the non-azeotropic refrigerant mixture flows through the first heat exchanger in order of the
second flow inlet/outlet portion, the second tube portion, the first tube portion, and the first flow inlet/outlet portion. The
first tube portion has afirstinner circumferential surface provided with protrusions and recesses. The second tube portion
has a second inner circumferential surface provided with protrusions and recesses. The firstinner circumferential surface
of the first tube portion is higher in area expansion ratio than the second inner circumferential surface of the second tube
portion.

[0008] A refrigeration cycle apparatus according to the present disclosure not forming part of the claimed invention
includes: a first refrigerant circuit through which first refrigerant circulates; a second refrigerant circuit through which
second refrigerant circulates; and an intermediate heat exchanger configured to exchange heat between the first refrig-
erant and the second refrigerant. The first refrigerant circuit includes: a compressor configured to compress the first
refrigerant; a flow path switching portion; a third heat exchanger configured to exchange heat between the first refrigerant
and air; a decompressing device configured to decompress the first refrigerant; and a first flow path through which the
first refrigerant passes in the intermediate heat exchanger. The second refrigerant circuit includes: a pump configured
to increase pressure of the second refrigerant and convey the second refrigerant; a second flow path through which the
second refrigerant passes in the intermediate heat exchanger; and a fourth heat exchanger configured to exchange heat
between the second refrigerant and air. The first refrigerant is a non-azeotropic refrigerant mixture containing refrigerant
having a characteristic causing a disproportionation reaction and refrigerant not having the characteristic causing a
disproportionation reaction. The intermediate heat exchanger includes a fifth flow inlet/outlet portion and a sixth flow
inlet/outlet portion through which the first refrigerant flows into and out of the first flow path. The fifth flow inlet/outlet
portion is disposed above the sixth flow inlet/outlet portion. The flow path switching portion performs switching between:
a first state in which the non-azeotropic refrigerant mixture flows in order of the compressor, the third heat exchanger,
the decompressing device, and the intermediate heat exchanger; and a second state in which the non-azeotropic re-
frigerant mixture flows in a direction opposite to a direction in which the non-azeotropic refrigerant mixture flows in the
first state. In the first state, the non-azeotropic refrigerant mixture flows through the intermediate heat exchanger from
the fifth flow inlet/outlet portion toward the sixth flow inlet/outlet portion. In the second state, the non-azeotropic refrigerant



10

15

20

25

30

35

40

45

50

55

EP 4 134 601 B1

mixture flows through the intermediate heat exchanger from the sixth flow inlet/outlet portion toward the fifth flow inlet/outlet
portion.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] The present invention can provide a refrigeration cycle apparatus in which refrigerant having a characteristic
causing a disproportionation reaction easily mixes with refrigerant not having the characteristic causing a disproportion-
ation reaction, and thus, the disproportionation reaction of the refrigerant having the characteristic causing a dispropor-
tionation reaction is less likely to occur, so that performance degradation is suppressed.

BRIEF DESCRIPTION OF DRAWINGS
[0010]

Fig. 1 is a block diagram showing a refrigeration cycle apparatus according to a first embodiment.

Fig. 2 is a diagram showing a heat exchanger of the refrigeration cycle apparatus according to the first embodiment.
Fig. 3 is a cross-sectional view of an upper heat transfer tube of the heat exchanger shown in Fig. 2.

Fig. 4 is a cross-sectional view of a lower heat transfer tube of the heat exchanger shown in Fig. 2.

Fig. 5 is a partial cross-sectional view of an upper heat transfer tube in a first modification of the refrigeration cycle
apparatus according to the first embodiment.

Fig. 6 is a partial cross-sectional view of a lower heat transfer tube in the first modification of the refrigeration cycle
apparatus according to the first embodiment.

Fig. 7 is a partial cross-sectional view of an upper heat transfer tube in a second modification of the refrigeration
cycle apparatus according to the first embodiment.

Fig. 8 is a partial cross-sectional view of a lower heat transfer tube in the second modification of the refrigeration
cycle apparatus according to the first embodiment.

Fig. 9 is a diagram showing a modification of the heat exchanger of the refrigeration cycle apparatus according to
the first embodiment.

Fig. 10 is a partial cross-sectional view of an upper heat transfer tube in a third modification of the refrigeration cycle
apparatus according to the first embodiment.

Fig. 11 is a partial cross-sectional view of a lower heat transfer tube in the third modification of the refrigeration cycle
apparatus according to the first embodiment.

Fig. 12 is a partial cross-sectional view of an upper heat transfer tube in a fourth modification of the refrigeration
cycle apparatus according to the first embodiment.

Fig. 13 is a partial cross-sectional view of a lower heat transfer tube in the fourth modification of the refrigeration
cycle apparatus according to the first embodiment.

Fig. 14 is a block diagram showing a refrigeration cycle apparatus according to a second embodiment not forming
part of the claimed invention.

Fig. 15 is a diagram showing a heat exchanger of the refrigeration cycle apparatus according to the second embod-
iment not forming part of the claimed invention.

Fig. 16 is a schematic diagram showing a distribution of R32, CF3I, HFO1123 and incompatible oil contained as
components in a liquid-phase refrigerant mixture, which occurs when the liquid-phase refrigerant mixture of a liquid
temperature of 10 °C flows through a circular tube having a smooth inner circumferential surface and extending in
a horizontal direction.

Fig. 17 is a schematic diagram showing a distribution of R32, CF3I, HFO1123 and incompatible oil contained as
components in a liquid-phase refrigerant mixture, which occurs when the liquid-phase refrigerant mixture of a liquid
temperature of 60 °C flows through a circular tube having a smooth inner circumferential surface and extending in
the horizontal direction.

Fig. 18 is a schematic diagram showing ease of distribution of R32, CF3l, HFO1123, and incompatible oil contained
as components in a gas-phase refrigerant mixture, which occurs when the gas-phase refrigerant mixture flows
through a circular tube having a smooth inner circumferential surface and extending in the horizontal direction.

DESCRIPTION OF EMBODIMENTS
[0011] The following describes embodiments of the present disclosure with reference to the accompanying drawings,

in which the same or corresponding components are denoted by the same reference characters, and the description
thereof will not be repeated.
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First Embodiment

[0012] A refrigeration cycle apparatus 100 according to the first embodiment forming part of the claimed invention. is
configured, for example, as a room air conditioner (RAC). As shown in Fig. 1, refrigeration cycle apparatus 100 includes
an outdoor unit 110 and an indoor unit 120. Outdoor unit 110 includes a compressor 1, a four-way valve 2 (a flow path
switching portion), an outdoor heat exchanger 3 (a first heat exchanger), an expansion valve 4A (a decompressing
device), an expansion valve 4B (a decompressing device), a receiver 5 (a refrigerant container), a controller 10, an
outdoor fan 11, and a temperature sensor 13. Indoor unit 120 includes an indoor heat exchanger 6 (a second heat
exchanger) and an indoor fan 12.

[0013] In refrigeration cycle apparatus 100, a non-azeotropic refrigerant mixture containing R32 (difluoromethane
(CH5F5)), CF3lI (trifluoroiodomethane (CF4l)), and HFO1123 (trifluoroethylene (CF,=CHF)) is used.

[0014] The weight ratio of R32 in the non-azeotropic refrigerant mixture sealed in refrigeration cycle apparatus 100 is
43 wt% or less, for example. The weight ratio of CF3I in the non-azeotropic refrigerant mixture sealed in refrigeration
cycle apparatus 100 is equal to or less than the weight ratio of R32, for example. The weight ratio of HFO1123 in the
non-azeotropic refrigerant mixture sealed in refrigeration cycle apparatus 100 is 14 wt% or more, for example. From the
viewpoint of suppressing the disproportionation reaction, when the weight ratio of HFO1123 is 60 wt% or more, the
weight ratio of CF3l is preferably 2 wt% or more, and more preferably about 5 wt%. In other words, when the weight
ratio of IVO 1123 is 60 wt% or more, the weight ratio of CF3l is 2 wt% or more and 5 wt% or less. In the case where the
weight ratio of HFO1123 is 60 wt% or more, the disproportionation reaction of HFO1123 is suppressed when the weight
ratio of CF3l is more than 2 wt%, and the disproportionation reaction of HFO1123 is sufficiently suppressed when the
weight ratio of CF3l is about 5 wt%. For example, the weight ratio among HFO1123, R32, and CF3l is defined as
HFO1123 : R32 : CF3I =65 wt% : 30 wt% : 5 wt%. Even in the case where the amount of used non-azeotropic refrigerant
mixture increases as the number of shipments of refrigeration cycle apparatuses 100 increases, it is desirable to further
reduce the GWP with the weight ratio of R32 set at 30 wt% or less, so as to comply with the regulations for refrigerant
(for example, the Montreal Protocol or the F-gas regulations). The GWP of R32 is 675, the GWP of CF3l is about 0.4,
and the GWP of HFO1123 is about 0.3. The GWP of the non-azeotropic refrigerant mixture is lower than the GWP of R32.
[0015] The normal boiling points of R32, CF3Il, and HFO1123 are -52°C, -22°C, and -59°C, respectively. Such a
difference among the boiling points causes a concentration distribution, which will be described later, in the non-azeotropic
refrigerant mixture in a gas-phase state.

[0016] Note that the sum of the weight ratios of HFO1123, R32, and CF3l in the non-azeotropic refrigerant mixture
sealed in refrigeration cycle apparatus 100 is preferably 99.5 wt% or more, more preferably 99.7 wt% or more, and most
preferably 99.9 wt% or more.

[0017] In addition, in the range in which reduction of the GWP is not hindered, the non-azeotropic refrigerant mixture
may contain refrigerant other than R32, CF3l, and HFO1123 (for example, R1234yf (2,3,3,3-tetrafluoropropene
(CF3CF=CH,)), R1234ze (E) (trans-1,3,3,3-tetrafluoropropene (trans-CF;CH=CHF), R290 (propane (C5Hg)), CO, (car-
bon dioxide), or R1132 (trans- 1,2-difluoroethylene). R132 has a characteristic causing a disproportionation reaction (a
self-decomposition reaction).

[0018] In compressor 1, incompatible oil that is incompatible with the non-azeotropic refrigerant mixture is used as
lubricating oil. Incompatible oil includes, for example, at least one selected from the group consisting of alkylbenzene
oil, mineral oil, naphthalene-based mineral oil, and polyalphaolefin oil.

[0019] Four-way valve 2 has: a first port connected to a discharge port of compressor 1; a second port connected to
a suction port of compressor 1 through receiver 5; a third port connected to an upper flow inlet/outlet portion 3A of outdoor
heat exchanger 3; and a fourth port connected to an upper flow inlet/outlet portion 6A of indoor heat exchanger 6. Four-
way valve 2 is configured to perform switching between the first state and the second state. In the first state, outdoor
heat exchanger 3 acts as a condenser and indoor heat exchanger 6 acts as an evaporator. In the second state, indoor
heatexchanger 6 acts as a condenser and outdoor heat exchanger 3 acts as an evaporator. The first state is implemented
during a cooling operation, and the second state is implemented during a heating operation.

[0020] Asshownin Fig. 2, outdoor heatexchanger 3 is a fin-tube heat exchanger, for example. Outdoor heat exchanger
3 includes: an upper flow inlet/outlet portion 3A (the first flow inlet/outlet portion) and a lower flow inlet/outlet portion 3B
(the second flow inlet/outlet portion) through which a non-azeotropic refrigerant mixture flows in and out; a plurality of
upper heat transfer tubes 31A (the first tube portion) and a plurality of lower heat transfer tubes 31B (the second tube
portion) connected in series to each other between upper flow inlet/outlet portion 3A and lower flow inlet/outlet portion
3B; and a plurality of fins 32 each connected to upper heat transfer tubes 31A and lower heat transfer tubes 31B.
[0021] Upper flow inlet/outlet portion 3A is disposed above lower flow inlet/outlet portion 3B. Upper flow inlet/outlet
portion 3A is connected to the third port of four-way valve 2 through an extension pipe. Lower flow inlet/outlet portion
3B is connected to expansion valve 4A. Each of the plurality of upper heat transfer tubes 31A is disposed above each
of the plurality of lower heat transfer tubes 31B. Each of the plurality of upper heat transfer tubes 31A is disposed above
the center of outdoor heat exchanger 3, for example, in an up-down direction A. Each of the plurality of lower heat transfer
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tubes 31B is disposed below the center of outdoor heat exchanger 3, for example, in up-down direction A. Upper heat
transfer tubes 31A and lower heat transfer tubes 31B each extend in a direction B intersecting with up-down direction A.
[0022] One end of an upper heat transfer tube 31A in direction B that is positioned lowermost among the plurality of
upper heat transfer tubes 31A is connected via a bent portion 31C in series, for example, to one end of a lower heat
transfer tube 31B in direction B that is positioned uppermost among the plurality of lower heat transfer tubes 31B. Also,
one ends of upper heat transfer tubes 31A in direction B other than an upper heat transfer tube 31A positioned lowermost
among the plurality of upper heat transfer tubes 31A are connected in series to each other via bent portion 31C. One
ends of lower heat transfer tubes 31B in direction B other than a lower heat transfer tube 31B positioned uppermost
among the plurality of lower heat transfer tubes 31B are connected in series to each other via bent portion 31C. In
outdoor heat exchanger 3, upper flow inlet/outlet portion 3A, the plurality of upper heat transfer tubes 31A, the plurality
of lower heat transfer tubes 31B, and lower flow inlet/outlet portion 3B are connected in series in this order.

[0023] The plurality of fins 32 are arranged side by side at intervals in direction B. The plurality of upper heat transfer
tubes 31A and the plurality of lower heat transfer tubes 31B penetrate through each fin 32.

[0024] As shown in Fig. 2, indoor heat exchanger 6 is a fin-tube heat exchanger, for example. Indoor heat exchanger
6 includes: an upper flow inlet/outlet portion 6A (the third flow inlet/outlet portion) and a lower flow inlet/outlet portion 6B
(the fourth flow inlet/outlet portion) through which a non-azeotropic refrigerant mixture flows in and out; a plurality of
upper heat transfer tubes 61A (the third tube portion) and a plurality of lower heat transfer tubes 61B (the fourth tube
portion) connected in series to each other between upper flow inlet/outlet portion 6A and lower flow inlet/outlet portion
6B; and a plurality of fins 62 each connected to upper heat transfer tubes 61A and lower heat transfer tubes 61B.
[0025] Upper flow inlet/outlet portion 6A is disposed above lower flow inlet/outlet portion 6B. Upper flow inlet/outlet
portion 6A is connected to the fourth port of four-way valve 2 through an extension pipe. Lower flow inlet/outlet portion
6B is connected to expansion valve 4B through an extension pipe. Each of the plurality of upper heat transfer tubes 61A
is disposed above each of the plurality of lower heat transfer tubes 61B. Each of the plurality of upper heat transfer tubes
61A is disposed above the center of indoor heat exchanger 6, for example, in up-down direction A. Each of the plurality
of lower heat transfer tubes 61B is disposed below the center of indoor heat exchanger 6, for example, in up-down
direction A. Upper heat transfer tubes 61A and lower heat transfer tubes 61B each extend in direction B intersecting
with up-down direction A.

[0026] One end of upper heat transfer tube 61A in direction B that is positioned lowermost among the plurality of upper
heat transfer tubes 61A is connected via a bent portion 61C in series, for example, to one end of a lower heat transfer
tube 61B in direction B that is positioned uppermost among the plurality of lower heat transfer tubes 61B. Also, one ends
of upper heat transfer tubes 61A in direction B other than an upper heat transfer tube 61A positioned lowermost among
the plurality of upper heat transfer tubes 61A are connected in series to each other via bent portion 61C. One ends of
lower heat transfer tubes 61B in direction B other than a lower heat transfer tube 61B positioned uppermost among the
plurality of lower heat transfer tubes 61B are connected in series to each other via bent portion 61C. In indoor heat
exchanger 6, upper flow inlet/outlet portion 6A, the plurality of upper heat transfer tubes 61A, the plurality of lower heat
transfer tubes 61B, and lower flow inlet/outlet portion 6B are connected in series in this order.

[0027] The plurality of fins 62 are arranged side by side at intervals in direction B. The plurality of upper heat transfer
tubes 61A and the plurality of lower heat transfer tubes 61B penetrate through each fin 62.

[0028] Asshown inFigs. 3 and 4, upper heat transfer tubes 31A and lower heat transfer tubes 31B each are configured
as a circular tube.

[0029] As shown in Fig. 3, each upper heat transfer tube 31A has a first inner circumferential surface 33A provided
with protrusions and recesses. First inner circumferential surface 33A comes into contact with the non-azeotropic re-
frigerant mixture flowing through each upper heat transfer tube 31A. First inner circumferential surface 33A is provided
with a plurality of first groove portions 34A. First groove portions 34A have the same configuration, for example. First
groove portions 34A are spaced apart from each other in the circumferential direction of upper heat transfer tube 31A.
Each first groove portion 34A extends spirally with respect to a central axis O of upper heat transfer tube 31A. Each first
groove portion 34A is formed such that its width in the circumferential direction is narrower, for example, toward the
outer circumference of upper heat transfer tube 31A in the radial direction.

[0030] Asshown in Fig. 4, each lower heat transfer tube 31B has a second inner circumferential surface 33B provided
with protrusions and recesses. Second inner circumferential surface 33B comes into contact with the non-azeotropic
refrigerant mixture flowing through each lower heat transfer tube 31B. Second inner circumferential surface 33B is
provided with a plurality of second groove portions 34B. Second groove portions 34B have the same configuration, for
example. Second groove portions 34B are spaced apart from each other in the circumferential direction of lower heat
transfer tube 31B. Each second groove portion 34B extends spirally with respect to a central axis O of lower heat transfer
tube 31B. Each second groove portion 34B is formed such that its width in the circumferential direction is narrower, for
example, toward the outer circumference of lower heat transfer tube 31B in the radial direction.

[0031] Each upper heat transfer tube 31A is identical in outer shape, for example, to each lower heat transfer tube
31B. Each upper heat transfer tube 31A is equal in outer diameter, for example, to each lower heat transfer tube 31B.
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Each upper heat transfer tube 31A is equal in inner diameter, for example, to each lower heat transfer tube 31B.
[0032] Each of the area of first inner circumferential surface 33A of each upper heat transfer tube 31A and the area
of second inner circumferential surface 33B of each lower heat transfer tube 31B is larger than the area of the inner
circumferential surface not provided with a groove portion though the above-mentioned inner diameter is equal to the
inner diameter of each of first inner circumferential surface 33A and second inner circumferential surface 33B. In other
words, the area expansion ratio of each of first inner circumferential surface 33A of upper heat transfer tube 31A and
second inner circumferential surface 33B of lower heat transfer tube 31B is 1 or more. The area expansion ratio of each
of first inner circumferential surface 33A and second inner circumferential surface 33B is a ratio based on the areas of
the inner circumferential surfaces each not provided with a groove portion though the lengths in direction B are the same
and the above-mentioned inner diameter is equal to the inner diameter of each of first inner circumferential surface 33A
and second inner circumferential surface 33B.

[0033] The area expansion ratio of first inner circumferential surface 33A of upper heat transfer tube 31A (the first
tube portion) is higher than the area expansion ratio of second inner circumferential surface 33B of lower heat transfer
tube 31B (the second tube portion). As shown in Fig. 3, the number of threads as first groove portions 34A is defined
as the number of first groove portions 34A arranged side by side in the circumferential direction along a cross section
perpendicular to the axial direction of upper heat transfer tube 31A. As shown in Fig. 4, the number of threads as second
groove portions 34B is defined as the number of second groove portions 34B arranged side by side in the circumferential
direction along a cross section perpendicular to the axial direction of lower heat transfer tube 31B. The number of first
groove portions 34A is larger than the number of second groove portions 34B. In other words, the width of each first
groove portion 34A in the circumferential direction is smaller than the width of each second groove portion 34B in the
circumferential direction. In upper heat transfer tube 31A and lower heat transfer tube 31B shown in Figs. 3 and 4, the
relation of magnitude of the area expansion ratio between first inner circumferential surface 33A of upper heat transfer
tube 31A and second inner circumferential surface 33B of lower heat transfer tube 31B is implemented by the relation
of magnitude of the number of threads between first groove portions 34A and second groove portions 34B.

[0034] In this case, the depth of each first groove portion 34A (described later in detail) is equal, for example, to the
depth of each second groove portion 34B. The lead angle (described later in detail) of each first groove portion 34A is
equal, for example, to the lead angle of each second groove portion 34B. The wall thickness (described later in detail)
of each upper heat transfer tube 31A is equal, for example, to the wall thickness of each lower heat transfer tube 31B.
[0035] Asshown inFigs. 3 and 4, upper heat transfer tubes 61A and lower heat transfer tubes 61B each are configured
as a circular tube.

[0036] As shown in Fig. 3, each upper heat transfer tube 61A has a third inner circumferential surface 63A provided
with protrusions and recesses. Inner circumferential surface 63A comes into contact with the non-azeotropic refrigerant
mixture flowing through each upper heat transfer tube 61A. Third inner circumferential surface 63A is provided with a
plurality of groove portions 64A. Groove portions 64A have the same configuration, for example. Groove portions 64A
are spaced apart from each other in the circumferential direction of upper heat transfer tube 61A. Each groove portion
64A is formed spirally with respect to a central axis O of upper heat transfer tube 61A. Each groove portion 64A is formed
such that its width in the circumferential direction is narrower, for example, toward the outer circumference of upper heat
transfer tube 61A in the radial direction.

[0037] As shown in Fig. 4, each lower heat transfer tube 61B has a fourth inner circumferential surface 63A provided
with protrusions and recesses. Fourth inner circumferential surface 63B comes into contact with the non-azeotropic
refrigerant mixture flowing through each lower heat transfer tube 61B. Fourth inner circumferential surface 63B is provided
with a plurality of groove portions 64B. Groove portions 64B have the same configuration, for example. Groove portions
64B are spaced apart from each other in the circumferential direction of lower heat transfer tube 61A. Each groove
portion 64B is formed spirally with respect to a central axis O of lower heat transfer tube 61B. Each groove portion 64B
is formed such that its width in the circumferential direction is narrower, for example, toward the outer circumference of
lower heat transfer tube 61B in the radial direction.

[0038] Each upper heat transfer tube 61A is identical in outer shape, for example, to each lower heat transfer tube
61B. Each upper heat transfer tube 61A is equal in outer diameter, for example, to each lower heat transfer tube 61B.
Each upper heat transfer tube 61A is equal in inner diameter, for example, to each lower heat transfer tube 61B.
[0039] Each of the area of third inner circumferential surface 63A of each upper heat transfer tube 61A and the area
of fourth inner circumferential surface 63B of each lower heat transfer tube 61B is larger than the area of the inner
circumferential surface not provided with a groove portion though the above-mentioned inner diameter is equal to the
inner diameter of each of third inner circumferential surface 63A and fourth inner circumferential surface 63B. In other
words, the area expansion ratio of each of third inner circumferential surface 63A of upper heat transfer tube 61A and
fourth inner circumferential surface 63B of lower heat transfer tube 61B is 1 or more. The area expansion ratio of each
of third inner circumferential surface 63A and fourth inner circumferential surface 63B is a ratio based on the area of the
inner circumferential surface not provided with a groove portion though the above-mentioned inner diameter is equal to
the inner diameter of each of third inner circumferential surface 63A and fourth inner circumferential surface 63B.
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[0040] The area expansion ratio of third inner circumferential surface 63A of upper heat transfer tube 61A (the third
tube portion) is higher than the area expansion ratio of fourth inner circumferential surface 63B of lower heat transfer
tube 61B (the fourth tube portion). As shown in Fig. 3, the number of threads as groove portions 64A is defined as the
number of groove portions 64A arranged side by side in the circumferential direction along a cross section perpendicular
to the axial direction of upper heat transfer tube 61A. As shown in Fig. 4, the number of threads as groove portions 64B
is defined as the number of groove portions 64B arranged side by side in the circumferential direction along a cross
section perpendicular to the axial direction of lower heat transfer tube 61B. The number of groove portions 64A is larger
than the number of groove portions 64B. In other words, the width of each groove portion 64A in the circumferential
direction is smaller than the width of each groove portion 64B in the circumferential direction. In upper heat transfer tube
61A and lower heat transfer tube 61B shown in Figs. 3 and 4, respectively, the relation of magnitude of the area expansion
ratio between third inner circumferential surface 63A of upper heat transfer tube 61A and fourth inner circumferential
surface 63B of lower heat transfer tube 61B is implemented by the relation of magnitude of the number of threads
between groove portions 64A and groove portions 64B.

[0041] In this case, the depth of each first groove portion 34A (described later in detail) is equal, for example, to the
depth of each second groove portion 34B. The lead angle (described later in detail) of each first groove portion 34A is
equal, for example, to the lead angle of each second groove portion 34B. The wall thickness (described later in detail)
of each upper heat transfer tube 31A is equal, for example, to the wall thickness of each lower heat transfer tube 31B.
[0042] Controller 10 controls the driving frequency of compressor 1 to thereby control the amount of refrigerant dis-
charged from compressor 1 per unit time such that the temperature inside indoor unit 120 obtained by a temperature
sensor (not shown) reaches a desired temperature (for example, the temperature set by a user). Controller 10 controls
the degrees of opening of expansion valves 4A and 4B such that the degree of superheating or supercooling of the non-
azeotropic refrigerant mixture attains a value in a desired range. Controller 10 controls the amount of air blown from
outdoorfan 11 and indoor fan 12 per unit time. From temperature sensor 13, controller 10 obtains a discharge temperature
Td of the non-azeotropic refrigerant mixture discharged from compressor 1. Controller 10 controls four-way valve 2 to
switch the direction in which the non-azeotropic refrigerant mixture circulates.

[0043] Controller 10 controls four-way valve 2 to perform switching between the cooling operation (the first state) and
the heating operation (the second state).

[0044] Inthe cooling operation, the non-azeotropic refrigerant mixture circulates through compressor 1, four-way valve
2, outdoor heat exchanger 3, expansion valve 4A, receiver 5, expansion valve 4B, indoor heat exchanger 6, four-way
valve 2, and receiver 5 in this order. A part of the non-azeotropic refrigerant mixture having flowed through expansion
valve 4A into receiver 5 is separated into a liquid-phase non-azeotropic refrigerant mixture and a gas-phase non-azeo-
tropic refrigerant mixture, and then, stored in receiver 5. In the cooling operation, outdoor heat exchanger 3 acts as a
condenser and indoor heat exchanger 6 acts as an evaporator.

[0045] In the cooling operation, the non-azeotropic refrigerant mixture flows through outdoor heat exchanger 3 in order
of upper flow inlet/outlet portion 3A, the plurality of upper heat transfer tubes 31A, the plurality of lower heat transfer
tubes 31B, and lower flow inlet/outlet portion 3B, and then, condenses. A gas-phase non-azeotropic refrigerant mixture
mainly flows through upper flow inlet/outlet portion 3A and the plurality of upper heat transfer tubes 31A. A liquid-phase
non-azeotropic refrigerant mixture mainly flows through the plurality of lower heat transfer tubes 31B and lower flow
inlet/outlet portion 3B.

[0046] In the cooling operation, a non-azeotropic refrigerant mixture flows through indoor heat exchanger 6 in order
of lower flow inlet/outlet portion 6B, the plurality of lower heat transfer tubes 61B, the plurality of upper heat transfer
tubes 61A, and upper flow inlet/outlet portion 6A, and then, evaporates. A non-azeotropic refrigerant mixture in a gas-
liquid two-phase state mainly flows through lower flow inlet/outlet portion 6B and the plurality of lower heat transfer tubes
61B. A gas-phase non-azeotropic refrigerant mixture mainly flows through the plurality of upper heat transfer tubes 61A
and upper flow inlet/outlet portion 6A.

[0047] Inthe heating operation, the non-azeotropic refrigerant mixture circulates through compressor 1, four-way valve
2, indoor heat exchanger 6, expansion valve 4B, receiver 5, expansion valve 4A, outdoor heat exchanger 3, four-way
valve 2, and receiver 5 in this order. A part of the non-azeotropic refrigerant mixture having flowed from expansion valve
4B into receiver 5 is separated into a liquid-phase non-azeotropic refrigerant mixture and a gas-phase non-azeotropic
refrigerant mixture, and then, stored inreceiver 5. In the heating operation, outdoor heat exchanger 3 acts as an evaporator
and indoor heat exchanger 6 acts as a condenser.

[0048] In the heating operation, a non-azeotropic refrigerant mixture flows through indoor heat exchanger 6 in order
of upper flow inlet/outlet portion 6A, the plurality of upper heat transfer tubes 61A, the plurality of lower heat transfer
tubes 61B, and lower flow inlet/outlet portion 6B, and then, condenses. A gas-phase non-azeotropic refrigerant mixture
mainly flows through upper flow inlet/outlet portion 6A and the plurality of upper heat transfer tubes 61A. A liquid-phase
non-azeotropic refrigerant mixture mainly flows through the plurality of lower heat transfer tubes 61B and lower flow
inlet/outlet portion 6B.

[0049] Inthe heating operation, the non-azeotropic refrigerant mixture flows through outdoor heat exchanger 3 in order
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of lower flow inlet/outlet portion 3B, the plurality of lower heat transfer tubes 31B, the plurality of upper heat transfer
tubes 31A, and upper flow inlet/outlet portion 3A, and then, evaporates. A non-azeotropic refrigerant mixture in a gas-
liquid two-phase state mainly flows through lower flow inlet/outlet portion 3B and the plurality of lower heat transfer tubes
31B. Also, a gas-phase non-azeotropic refrigerant mixture mainly flows through the plurality of upper heat transfer tubes
31A and upper flow inlet/outlet portion 3A.

<Functions and Effects>

[0050] Table 1 shows the densities of R32, CF3l, HFO1123, and alkylbenzene oil as an example of incompatible oil.
Figs. 16 to 18 are schematic diagrams each showing the state in which the refrigerant mixture of R32, CF3I, HFO1123
and the incompatible oil flows through a circular tube extending in the horizontal direction and having a smooth inner
circumferential surface. Fig. 16 is a schematic diagram showing the state of the refrigerant mixture in a liquid-phase
state and at a temperature of 10 °C. Fig. 17 is a schematic diagram showing the state of the refrigerant mixture in a
liquid-phase state and at a temperature of 60 °C. Fig. 18 is a schematic diagram showing the state of the refrigerant
mixture in a gas-phase state. As shown in Table 1 and Figs. 16 to 18, the relation of magnitude of the density of each
of R32, CF3l, and IvO 1123 varies between when R32, CF3l, and HFO1123 each are in a liquid-phase state and when
R32, CF3l, and HFO1123 each are in a gas-phase state.

[Table 1]
Temperature | State R32 R1123 CF3l Incompatible Oil
10 °C Liquid Phase | 1020 g/L | 1020g/L | 2264 g/L 874 g/L
Gas Phase 30g/L | 65.49/L 28.5g/L -
60 °C Liquid Phase 773g/L | 773g/lL | 1716g/L 846 g/L
Gas Phase 1359g/L 294 g/L 128 g/L -

[0051] When each refrigerant is in a liquid-phase state, the relation of magnitude of the density of each refrigerant at
a temperature of 10 °C is equal to the relation of magnitude of the density of each refrigerant at a temperature of 60 °C.
When each refrigerant is in a liquid-phase state, irrespective of the temperature of each refrigerant, the density of CF3I
is higher than the density of each of R32 and HFO1123, and R32 and HFO1123 are equal in density.

[0052] When eachrefrigerantisin aliquid-phase state, the relation of magnitude of the density between each refrigerant
and the incompatible oil varies between when each refrigerant is at a temperature of 10 °C and when each refrigerant
is at a temperature of 60 °C. When each refrigerant is in a liquid-phase state and also when each refrigerant and the
incompatible oil are at a temperature of 10 °C, the density of each refrigerant is higher than the density of the incompatible
oil. On the other hand, when each refrigerant is in a liquid-phase state and when each refrigerant and the incompatible
oil are at a temperature of 60 °C, the density of each of R32 and HFO1123 is lower than the density of the incompatible
oil, but the density of CF3l is higher than the density of the incompatible oil.

[0053] In other words, as shown in Figs. 16 and 17, when the non-azeotropic refrigerant mixture is in a liquid-phase
state, irrespective of its temperature, CF3l tends to be distributed below R32, HFO1123, and the incompatible oil. As
shown in Fig. 16, when the non-azeotropic refrigerant mixture is in a liquid-phase state and at a temperature of 10 °C,
CF3l tends to be distributed so as to come into contact with HFO1123 and R32. As shown in Fig. 17, when the non-
azeotropic refrigerant mixture is in a liquid-phase state and at a temperature of 60°C, the incompatible oil tends to be
distributed between CF3l and HFO1123 in up-down direction A.

[0054] When each refrigerant is in a gas-phase state, the relation of magnitude of the density of each refrigerant at a
temperature of 10 °C is equal to the relation of magnitude of the density of each refrigerant at a temperature of 60 °C.
When each refrigerant is in a gas-phase state, irrespective of the temperature of each refrigerant, the density of CF3I
is lower than the density of each of R32 and HFO1123, and the density of HFO1123 is higher than the density of R32.
[0055] In other words, as shown in Fig. 18, when the non-azeotropic refrigerant mixture is in a gas-phase state,
irrespective of its temperature, CF3l tends to be distributed above R32, HFO1123, and the incompatible oil. When the
non-azeotropic refrigerant mixture is in a gas-phase state, R32 tends to be distributed between CF3l and HFO1123 in
up-down direction A.

[0056] Thus, forexample, in arefrigeration cycle apparatus as a comparative example in which the inner circumferential
surface of the heat transfer tube in each heat exchanger is configured as a smooth surface, the non-azeotropic refrigerant
mixture is hard to stir and CF3l is hard to mix with HFO1123. Accordingly, the degree of contribution of CF 3l to the effect
of suppressing the disproportionation reaction of HFO1123 is lower than the degree of contribution of R32 to the effect.
[0057] On the other hand, in refrigeration cycle apparatus 100, upper heat transfer tube 31A and lower heat transfer
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tube 31B of outdoor heat exchanger 3 have first groove portions 34A and second groove portions 34B, respectively, so
that the non-azeotropic refrigerant mixture is stirred more easily than in the refrigeration cycle apparatus as the above-
mentioned comparative example.

[0058] Further, in refrigeration cycle apparatus 100, first inner circumferential surface 33A of upper heat transfer tube
31A is higher in area expansion ratio than second inner circumferential surface 33B of lower heat transfer tube 31B,
and thus, the non-azeotropic refrigerant mixture is stirred more easily in upper heat transfer tube 31A than in lower heat
transfer tube 31B.

[0059] Forexample, during a cooling operation in which outdoor heat exchanger 3 acts as a condenser, the gas-phase
non-azeotropic refrigerant mixture in which R32 tends to be distributed between CF31 and HFO1123 flows through upper
heat transfer tube 31A. Since the non-azeotropic refrigerant mixture flowing through upper heat transfer tube 31A is
easily stirred as described above, CF3l, HFO1123, and R32 that is distributed between CF3l and HFO1123 are easily
stirred, and thus, CF3I easily mixes with HFO1123. Consequently, in refrigeration cycle apparatus 100, CF3I more easily
mixes with R32 and HFO1123 than in the refrigeration cycle apparatus as the above-mentioned comparative example.
Accordingly, the disproportionation reaction of HFO1123 is less likely to occur, so that performance degradation is
suppressed.

[0060] Further, in refrigeration cycle apparatus 100, upper heat transfer tube 61A and lower heat transfer tube 61B of
indoor heat exchanger 6 have groove portions 64A and groove portions 64B, respectively, so that the non-azeotropic
refrigerant mixture is stirred more easily than in the refrigeration cycle apparatus as the above-mentioned comparative
example.

[0061] Further, in refrigeration cycle apparatus 100, the inner circumferential surface of upper heat transfer tube 61A
is higher in area expansion ratio than the inner circumferential surface of lower heat transfer tube 61B, so that the non-
azeotropic refrigerant mixture is stirred more easily in upper heat transfer tube 61A than in lower heat transfer tube 61B.
[0062] For example, during a heating operation in which indoor heat exchanger 6 acts as a condenser, the non-
azeotropic refrigerant mixture in a gas-phase state in which R32 tends to be distributed between CF3l and HFO1123
flows through upper heat transfer tube 61A. Thus, R32 is stirred, so that CF3I easily mixes with HFO1123. Consequently,
in refrigeration cycle apparatus 100, as compared with the refrigeration cycle apparatus as the above-mentioned com-
parative example, CF3I more easily mixes with R32 and HFO1123, so that the disproportionation reaction of HFO1123
is less likely to occur, and thus, performance degradation is suppressed.

[0063] Further, in refrigeration cycle apparatus 100, in the case where second inner circumferential surface 33B of
lower heat transfer tube 31B is equal in area expansion ratio to first inner circumferential surface 33A of upper heat
transfer tube 31A, the pressure loss of the non-azeotropic refrigerant mixture entirely in outdoor heat exchanger 3 and
indoor heat exchanger 6 is reduced as compared with the case where fourth inner circumferential surface 63B of lower
heat transfer tube 61B is equal in area expansion ratio to third inner circumferential surface 63A of upper heat transfer
tube 61A. Thus, in refrigeration cycle apparatus 100, performance degradation is more effectively suppressed.

<Modifications>

[0064] In refrigeration cycle apparatus 100, the area expansion ratio of the inner circumferential surface of upper heat
transfer tube 31A is set to be larger than the area expansion ratio of the inner circumferential surface of lower heat
transfer tube 31B only by the configuration in which first groove portions 34A are larger in number than second groove
portions 34B, but the present invention is not limited thereto. The relation of magnitude of the area expansion ratio of
the inner circumferential surface between upper heat transfer tube 31A and lower heat transfer tube 31B may be achieved
by the relation of magnitude of at least one of the number, the depth, and the lead angle of each first groove portion 34A
and each second groove portion 34B.

[0065] Figs. 5 and 6 each show the first modification of refrigeration cycle apparatus 100 in which the relation of
magnitude of the area expansion ratio of the inner circumferential surface between upper heat transfer tube 31A and
lower heat transfer tube 31B is achieved by the relation of magnitude of the depth between first groove portion 34A and
second groove portion 34B.

[0066] As shown in Fig. 5, a depth H1 of first groove portion 34A is defined as a distance between an imaginary line
L1 extending along first inner circumferential surface 33A and the inner surface of first groove portion 34A at the center
of first groove portion 34A in the circumferential direction. First groove portions 34A have the same depth H1.

[0067] As shown in Fig. 6, a depth H2 of second groove portion 34B is defined as a distance between an imaginary
line L2 extending along second inner circumferential surface 33B and the inner surface of second groove portion 34B
at the center of second groove portion 34B in the circumferential direction. Second groove portions 34B have the same
depth H2.

[0068] In the above-mentioned first modification, depth H1 of first groove portion 34A is deeper than depth H2 of
second groove portion 34B. In this case, even when first groove portions 34A are equal in number to second groove
portions 34B and each first groove portion 34A is equal in lead angle to each second groove portion 34B, first inner
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circumferential surface 33A of upper heat transfer tube 31A is larger in area expansion ratio than second inner circum-
ferential surface 33B of lower heat transfer tube 31B. In the first modification, only one first groove portion 34A may be
formed in upper heat transfer tube 31A, and only one second groove portion 34B may be formed in lower heat transfer
tube 31B.

[0069] Figs. 7 and 8 each show the second modification of refrigeration cycle apparatus 100 in which the relation of
magnitude of the area expansion ratio of the inner circumferential surface between upper heat transfer tube 31A and
lower heat transfer tube 31B is achieved by the relation of magnitude of the lead angle between first groove portion 34A
and second groove portion 34B.

[0070] As shown in Fig. 7, a lead angle 61 of first groove portion 34A is defined as an angle formed by the extending
direction of first groove portion 34A with respect to central axis O of upper heat transfer tube 31A in a cross section
along the central axis of upper heat transfer tube 31A. First groove portions 34A have the same lead angle 61.

[0071] Asshownin Fig. 8, alead angle 62 of second groove portion 34B is defined as an angle formed by the extending
direction of second groove portion 34B with respect to central axis O of lower heat transfer tube 31B in a cross section
along the central axis of lower heat transfer tube 31B. Second groove portions 34B have the same lead angle 62.
[0072] In the second modification, lead angle 61 of each first groove portion 34A is larger than lead angle 62 of each
second groove portion 34B. In this case, even when first groove portions 34A are equal in number to second groove
portions 34B and each first groove portion 34A is equal in depth to each second groove portion 34B, first inner circum-
ferential surface 33A of upper heat transfer tube 31A is larger in area expansion ratio than second inner circumferential
surface 33B of lower heat transfer tube 31B. In the above-mentioned second modification, only one first groove portion
34A may be formed in upper heat transfer tube 31A, and only one second groove portion 34B may be formed in lower
heat transfer tube 31B.

[0073] In refrigeration cycle apparatus 100, two of the first embodiment, the first modification, and the second modi-
fication may be combined, or all of the first embodiment, the first modification, and the second modification may be
combined. For example, first groove portions 34A may be larger in number than second groove portions 34B, lead angle
01 of each first groove portion 34A may be larger than lead angle 62 of each second groove portion 34B, and lead angle
01 of each first groove portion 34A may be larger than lead angle 62 of each second groove portion 34B.

[0074] Similarly, in refrigeration cycle apparatus 100, the relation of magnitude of the area expansion ratio of the inner
circumferential surface between upper heat transfer tube 61A and lower heat transfer tube 61B may be achieved by the
relation of magnitude of at least one of the number, the depth, and the lead angle of each groove portion 64A and each
groove portion 64B.

[0075] In refrigeration cycle apparatus 100, upper heat transfer tube 31A, lower heat transfer tube 31B, upper heat
transfer tube 61A, and lower heat transfer tube 61B each are configured as a circular tube, but are not limited thereto.
As shown in Figs. 10 to 13, upper heat transfer tube 31A, lower heat transfer tube 31B, upper heat transfer tube 61A,
and lower heat transfer tube 61B each may be configured as a flat tube. Upper heat transfer tube 31A and lower heat
transfer tube 31B have the same outer shape. Upper heat transfer tube 31A has a wall thickness W, for example, equal
to a wall thickness W of lower heat transfer tube 31B. Upper heat transfer tube 31A and lower heat transfer tube 31B
each are provided with at least one of: at least one wall partitioning an inner space into a plurality of minute spaces; and
at least one protrusion and recess facing the inner space. In this case, the area expansion ratio of each of upper heat
transfer tube 31A and lower heat transfer tube 31B is defined as a ratio based on the area of the inner circumferential
surface not provided with a wall and protrusions and recesses though the length in direction B and the wall thickness
are equal to those of upper heat transfer tube 31A and lower heat transfer tube 31B.

[0076] As shown in Figs. 10 and 11, upper heat transfer tube 31A, 61A and lower heat transfer tube 31B, 61B are
provided with, for example, walls 38A, walls 38B, walls 68A, and walls 68B. The number of walls 38A, walls 68A (in
other words, the number of minute spaces) formed in upper heat transfer tube 31A, 61A is larger than, for example, the
number of walls 38B, walls 68B (in other words, the number of minute spaces)formed in lower heat transfer tube 31B, 61B.
[0077] As shown in Figs. 12 and 13, upper heat transfer tube 31A, 61A and lower heat transfer tube 31B, 61B are
provided with, forexample: walls 38A, walls 38B, walls 68A, and walls 68B; and protrusions and recesses 39A, protrusions
and recesses 39B, protrusions and recesses 69A, and protrusions and recesses 69B each facing the corresponding
minute space partitioned by each wall. Each wall and each protrusion and recess extend in the direction in which each
of upper heat transfer tube 31A, 61A extends. Protrusions and recesses 39A and protrusions and recesses 69A formed
in upper heattransfertube 31A, 61A are larger in number, for example, than protrusions and recesses 39B and protrusions
and recesses 69B formed in lower heat transfer tube 31B, 61B . In upper heat transfer tube 31A, 61A and lower heat
transfer tube 31B, 61B shown in Figs. 12 and 13, the number of walls 38A, walls 68A may be the same as or greater
than the number of walls 38B, walls 68B formed in lower heat transfer tube 31B, for example.

[0078] Further, each of outdoor heat exchanger 3 and indoor heat exchanger 6 in refrigeration cycle apparatus 100
is configured as a fin-tube heat exchanger, but is not limited thereto. As shown in Fig. 9, outdoor heat exchanger 3 and
indoor heat exchanger 6 each may be configured as a corrugated heat exchanger.

[0079] As shown in Fig. 9, outdoor heat exchanger 3 configured as a corrugated heat exchanger includes: an upper
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header 35A (the first header) connected to upper flow inlet/outlet portion 3A (the first flow inlet/outlet portion); a lower
header 35B (the second header) connected to lower flow inlet/outlet portion 3B (the second flow inlet/outlet portion); a
plurality of heat transfer tubes 36 connected between upper header 35A and lower header 35B and extending in up-
down direction A; and a plurality of corrugated fins 37. Upper header 35A is disposed above lower header 35B. Upper
header 35A is connected to each of the upper ends of the plurality of heat transfer tubes 36. Lower header 35B is
connected to each of the lower ends of the plurality of heat transfer tubes 36. Upper header 35A and lower header 35B
serve to distribute the non-azeotropic refrigerant mixture to the plurality of heat transfer tubes 36, or join together the
non-azeotropic refrigerant mixtures having flowed through the plurality of heat transfer tubes 36. Upper header 35A and
lower header 35B extend in direction B intersecting with up-down direction A. The inner circumferential surface of upper
header 35A is higher in area expansion ratio than the inner circumferential surface of lower header 35B.

[0080] As shown in Fig. 9, indoor heat exchanger 6 configured as a corrugated heat exchanger includes: an upper
header 65A (the third header) connected to upper flow inlet/outlet portion 6A (the third flow inlet/outlet portion); a lower
header 65B (the fourth header) connected to lower flow inlet/outlet portion 6B (the second flow inlet/outlet portion); a
plurality of heat transfer tubes 66 connected between upper header 65A and lower header 65B and extending in up-
down direction A; and a plurality of corrugated fins 67. Upper header 65A is disposed above lower header 65B. Upper
header 65A is connected to each of the upper ends of the plurality of heat transfer tubes 66. Lower header 65B is
connected to each of the lower ends of the plurality of heat transfer tubes 66. Upper header 65A and lower header 65B
serve to distribute the non-azeotropic refrigerant mixture to the plurality of heat transfer tubes 66, or join together the
non-azeotropic refrigerant mixtures having flowed through the plurality of heat transfer tubes 66. Upper header 65A and
lower header 65B extend in direction B intersecting with up-down direction A. Upper header 65A has an inner circum-
ferential surface (the first inner circumferential surface) provided with protrusions and recesses. Lower header 65B has
an inner circumferential surface (the second inner circumferential surface) provided with protrusions and recesses. The
inner circumferential surface (the first inner circumferential surface) of upper header 65A is higher in area expansion
ratio than the inner circumferential surface (the second inner circumferential surface) of lower header 65B.

[0081] Upper header 35A and upper header 65A are similar in configuration to upper heat transfer tube 31A and upper
heat transfer tube 61A, respectively, each as the first tube portion shown in Figs. 3, 5, and 7. Lower header 35B and
lower header 65B are similarin configuration to lower heat transfertube 31B and lower heat transfertube 61B, respectively,
each as the second tube portion shown in Figs. 4, 6 and 8.

[0082] In refrigeration cycle apparatus 100, one of outdoor heat exchanger 3 and indoor heat exchanger 6 may be a
fin-tube heat exchanger shown in Fig. 2 while the other of outdoor heat exchanger 3 and indoor heat exchanger 6 may
be a corrugated heat exchanger shown in Fig. 9.

[0083] Further, in refrigeration cycle apparatus 100, as long as at least one of outdoor heat exchanger 3 and indoor
heat exchanger 6 has the above-described configuration, outdoor heat exchanger 3 or indoor heat exchanger 6 may be
configured as a conventional heat exchanger. For example, in outdoor heat exchanger 3, the first inner circumferential
surface of upper heat transfer tube 31A may be higher in area expansion ratio than the second inner circumferential
surface of lower heat transfer tube 31B. Also, in indoor heat exchanger 6, the third inner circumferential surface of upper
heat transfer tube 61A may be equal in area expansion ratio to the fourth inner circumferential surface of lower heat
transfer tube 61B. Alternatively, for example, in indoor heat exchanger 6, the inner circumferential surface of upper heat
transfer tube 61A may be higher in area expansion ratio than the inner circumferential surface of lower heat transfer
tube 61B. Also, in outdoor heat exchanger 3, the inner circumferential surface of upper heat transfer tube 31A may be
equal in area expansion ratio to the inner circumferential surface of lower heat transfer tube 31B.

Second Embodiment

[0084] A refrigeration cycle apparatus 100 according to the second embodiment not forming part of the claimed
invention. includes: a first refrigerant circuit 130 through which first refrigerant circulates; and a second refrigerant circuit
140 through which second refrigerant circulates. First refrigerant circuit 130 corresponds to an "outdoor-side cycle", a
"heat source-side cycle", or a "primary circuit". Second refrigerant circuit 140 corresponds to an "indoor-side cycle", a
use-side cycle, or a "secondary circuit".

[0085] Firstrefrigerant circuit 130 includes a compressor 1, a four-way valve 2, an outdoor heat exchanger 3 (the third
heat exchanger), an expansion device 4, and a first flow path H1 of an intermediate heat exchanger 7.

[0086] The firstrefrigerant is a non-azeotropic refrigerant mixture with which R32, CF3l, and HFO1123 are mixed such
that its GWP is reduced. The first refrigerant has a structure equivalent to that of the non-azeotropic refrigerant mixture
in the first embodiment. The second refrigerant has a lower limit of flammable concentration lower than that of the first
refrigerant and is, for example, CF3l single refrigerant or a refrigerant mixture such as R466A, which contains CF3l.
[0087] Compressor 1 compresses the first refrigerant and discharges the compressed first refrigerant. Compressor 1
is similar in configuration to compressor 1 in the first embodiment.

[0088] Four-way valve 2 switches the flow path of the first refrigerant. Four-way valve 2 has: a first port connected to
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the discharge port of compressor 1; a second port connected to the suction port of compressor 1; a third port connected
to outdoor heat exchanger 3; and a fourth port connected to a lower flow inlet/outlet portion 7B of intermediate heat
exchanger 7. Four-way valve 2 switches the flow path of the first refrigerant discharged from compressor 1. During a
cooling operation in which the first refrigerant is circulated in the direction indicated by a solid line arrow in Fig. 14, four-
way valve 2 serves to form a flow path extending from compressor 1 toward outdoor heat exchanger 3. On the other
hand, during a heating operation in which the first refrigerant is circulated in the direction indicated by a broken line arrow
in Fig. 14, four-way valve 2 serves to form a flow path extending from compressor 1 toward intermediate heat exchanger 7.
[0089] Outdoor heat exchanger 3 exchanges heat between the first refrigerant and the outdoor air. Expansion device
4 serves to decompress and expand the refrigerant flowing through expansion device 4 to be turned into low-temperature
and low-pressure refrigerant. As expansion device 4, for example, an electronic expansion valve can be used.

[0090] Second refrigerant circuit 140 includes a second flow path H2 of intermediate heat exchanger 7, a pump 150,
and indoor temperature control units 160, 170, and 180. Indoor temperature control units 160, 170, and 180 are connected
in parallel with each other.

[0091] Pump 150 is configured to be switchable its rotation direction between a forward direction and a backward
direction. During the cooling operation, pump 150 switches the circulation direction of the second refrigerant so as to
guide the second refrigerant in a liquid state from pump 150 to indoor heat exchangers 161, 171, and 181. During the
heating operation, pump 150 switches the circulation direction of the second refrigerant so as to guide the second
refrigerant in a liquid state from pump 150 to second flow path H2 of intermediate heat exchanger 7.

[0092] Indoor temperature control unit 160 includes an indoor heat exchanger 161 (the fourth heat exchanger), a fan
(not shown) serving to deliver indoor air to indoor heat exchanger 161, and a flow rate control valve 162 for controlling
the flow rate of the second refrigerant. Indoor heat exchanger 161 exchanges heat between the second refrigerant and
indoor air.

[0093] Indoor temperature control unit 170 includes an indoor heat exchanger 171, a fan (not shown) serving to deliver
indoor air to indoor heat exchanger 171, and a flow rate control valve 172 for controlling the flow rate of the second
refrigerant. Indoor heat exchanger 171 exchanges heat between the second refrigerant and indoor air.

[0094] Indoor temperature control unit 180 includes an indoor heat exchanger 181, a fan (not shown) serving to deliver
indoor air to indoor heat exchanger 181, and a flow rate control valve 182 for controlling the flow rate of the second
refrigerant. Indoor heat exchanger 181 exchanges heat between the second refrigerant and indoor air.

[0095] Although the air conditioner including three indoor temperature control units is exemplified in the present em-
bodiment, the number of indoor temperature control units is not particularly limited.

[0096] Fig. 15is a schematic side view of intermediate heat exchanger 7. In Fig. 15, the structure shown by a broken
line represents a main internal structure related to first flow path H1 in intermediate heat exchanger 7. As shown in Figs.
14 and 15, intermediate heat exchanger 7 is configured as a plate heat exchanger. Intermediate heat exchanger 7
includes a plurality of heat transfer plates 71 stacked in direction B intersecting with up-down direction A. A plurality of
first flow paths H1 and a plurality of second flow paths H2 are arranged in direction B alternately between the plurality
of heat transfer plates 71. The plurality of heat transfer plates 71 are provided with: their respective upper through holes
contiguous to each other in direction B and located on the relatively upper side; and their respective lower through holes
contiguous to each other in direction B and disposed below the upper through holes. Inside the plurality of upper through
holes of intermediate heat exchanger 7, an upper distribution region 72A extending in direction B and contiguous to
each first flow path H1 is provided. Inside the plurality of lower through holes of intermediate heat exchanger 7, a lower
distribution region 72B extending in direction B and contiguous to each first flow path H1 is provided.

[0097] Note thatthe maininternalstructure related to second flow path H2 in intermediate heat exchanger 7 is equivalent
to the main internal structure related to first flow path H1 in intermediate heat exchanger 7.

[0098] Intermediate heat exchanger 7 exchanges heat between the first refrigerant flowing through each first flow path
H1 and the second refrigerant flowing through each second flow path H2. Intermediate heat exchanger 7 is connected
to first refrigerant circuit 130 and second refrigerant circuit 140, for example, such that first flow path H1 is opposite in
flow direction to second flow path H2.

[0099] Intermediate heat exchanger 7 further includes: an upper flow inlet/outlet portion 7A (the fifth flow inlet/outlet
portion) and a lower flow inlet/outlet portion 7B (the sixth flow inlet/outlet portion) through which the first refrigerant flows
into and out of first flow path H1; and an upper flow inlet/outlet portion 7C and a lower flow inlet/outlet portion 7D through
which the second refrigerant flows into and out of second flow path H2. Upper flow inlet/outlet portion 7A is disposed
above lower flow inlet/outlet portion 7B. Upper flow inlet/outlet portion 7A is contiguous to upper distribution region 72A
in direction B. Lower flow inlet/outlet portion 7B is contiguous to lower distribution region 72B in direction B. Upper flow
inlet/outlet portion 7C is disposed above lower flow inlet/outlet portion 7D.

[0100] Upper flow inlet/outlet portion 7A is connected to expansion device 4. Lower flow inlet/outlet portion 7B is
connected to the fourth port of four-way valve 2. Upper flow inlet/outlet portion 7C is connected to pump 150. Lower flow
inlet/outlet portion 7D is connected to indoor heat exchangers 161, 171, and 181.

[0101] In refrigeration cycle apparatus 101, during the cooling operation, the first refrigerant circulating through first

14



10

15

20

25

30

35

40

45

50

55

EP 4 134 601 B1

refrigerant circuit 130 cools the second refrigerant circulating through second refrigerant circuit 140. On the other hand,
during the heating operation, the first refrigerant circulating through first refrigerant circuit 130 heats the second refrigerant
circulating through second refrigerant circuit 140.

[0102] Particularly during the cooling operation, the first refrigerant in the gas-liquid two-phase state of a relatively low
temperature evaporates and turns into gas-phase refrigerant while flowing downward through first flow path H1 in
intermediate heat exchanger 7. During the heating operation, the first refrigerant in the gas-phase state condenses and
turns into liquid-phase refrigerant while flowing upward through first flow path H1 in intermediate heat exchanger 7.
[0103] Controller 10 controls the overall operation of refrigeration cycle apparatus 101. According to the outputs from
the pressure sensor, the temperature sensor, and the like, controller 10 controls the rotation speeds of compressor 1,
expansion device 4, pump 150, flow rate control valves 152, 172, and 182, and fans (not shown) attached to heat
exchangers 3, 161, 171, and 181.

[0104] Controller 10 causes four-way valve 2 to switch the circulation direction of the first refrigerant in first refrigerant
circuit 130 between the cooling operation and the heating operation. In a manner responding to this switching operation,
controller 10 changes the rotation direction of pump 150 in second refrigerant circuit 140 such that the second refrigerant
flows in the direction opposite to the flow direction of the first refrigerant in intermediate heat exchanger 7 and thus
exchanges heat with the first refrigerant, to thereby bring about a supercooled state at the suction port of pump 150.

<Functions and Effects>

[0105] According to the refrigeration cycle apparatus as a comparative example including the intermediate heat ex-
changer in which the first refrigerant in the gas-liquid two-phase state of a relatively low temperature flows upward during
the cooling operation, in the first refrigerant flowing through the lower distribution region, R32, CF3l, HFO1123, and
incompatible oil tend to be distributed as shown in Fig. 16 while CF3l tends to be distributed below R32 and HFO1123.
In this case, the ease of flow (fluidity) of CF3l is hindered by a plate portion located below the lower through hole in each
heat transfer plate. Further, in the first refrigerant flowing through the upper distribution region, R32, CF3I, HFO1123,
and incompatible oil tend to be distributed as shown in Fig. 18 while CF 3l tends to be distributed above R32 and HFO1123.
In this case, the fluidity of CF3l is hindered by a plate portion located above the upper through hole in each heat transfer
plate.

[0106] Further, during the heating operation of the refrigeration cycle apparatus as the above-mentioned comparative
example, in the first refrigerant flowing through the upper distribution region, R32, CF3I, HFO1123, and incompatible oil
tend to be distributed as shown in Fig. 18 while CF3I tends to be distributed above R32 and HFO1123. In this case, the
fluidity of CF3l is hindered by a plate portion located above the upper through hole in each heat transfer plate. Further,
in the first refrigerant flowing through the lower distribution region, R32, CF3l, HFO1123, and incompatible oil tend to
be distributed as shown in Fig. 17 while CF3l tends to be distributed below R32 and HFO1123. In this case, the ease
of flow (fluidity) of CF3l is hindered by a plate portion located below the lower through hole in each heat transfer plate.
[0107] In contrast, during the cooling operation of refrigeration cycle apparatus 101, the first refrigerant in the gas-
liquid two-phase state of a relatively low temperature flows through intermediate heat exchanger 7 in order of upper flow
inlet/outlet portion 7A, upper distribution region 72A, each first flow path H1, lower distribution region 72B, and lower
flow inlet/outlet portion 7B. Thus, in the first refrigerant flowing through upper distribution region 72A, R32, CF31, HFO1123,
and incompatible oil tend to be distributed as shown in Fig. 16. In other words, CF3I tends to be distributed below R32
and HFO1123 in upper distribution region 72A. Further, in the first refrigerant flowing through lower distribution region
72B, R32, CF3l, HFO1123, and incompatible oil tend to be distributed as shown in Fig. 18. In other words, CF3I tends
to be distributed above R32 and HFO1123 in lower distribution region 72B.

[0108] Further, during the heating operation of refrigeration cycle apparatus 101, the first refrigerant in the gas-phase
state of a relatively high temperature flows through intermediate heat exchanger 7 in order of lower flow inlet/outlet
portion 7B, lower distribution region 72B, each first flow path H1, upper distribution region 72A, and upper flow inlet/outlet
portion 7A. Thus, in the first refrigerant flowing through lower distribution region 72B, R32, CF3l, HFO1123, and incom-
patible oil tend to be distributed as shown in Fig. 18. In other words, CF3I tends to be distributed above R32 and HFO1123
in lower distribution region 72B. Further, in the first refrigerant flowing through upper distribution region 72A, R32, CF3l,
HFO1123, and incompatible oil tend to be distributed as shown in Fig. 17. In other words, CF3l tends to be distributed
below R32 and HFO1123 in upper distribution region 72A.

[0109] Thus, in refrigeration cycle apparatus 101, the fluidity of CF3l in the first refrigerant in intermediate heat ex-
changer 7 is higher than that in the refrigeration cycle apparatus according to the comparative example. Since the fluidity
of CF3linintermediate heat exchanger 7 is relatively high, CF 3l easily mixes with HFO1123, so that the disproportionation
reaction of HFO1123 is less likely to occur, and thus, performance degradation is suppressed.

[0110] Further, in refrigeration cycle apparatus 101, as compared with the refrigeration cycle apparatus according to
the above-described comparative example, the fluidity of CF3l in upper distribution region 72A disposed upstream of
each first flow path H1 is relatively high during the cooling operation, and the fluidity of CF3I in lower distribution region
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72B disposed upstream of each first flow path H1 is relatively high during the heating operation. Thus, in refrigeration
cycle apparatus 101, the flow rate of CF3l flowing through each first flow path H1 is less variable than that in the
refrigeration cycle apparatus according to the comparative example.

[0111] Refrigeration cycle apparatuses 100 and 101 each are not limited to an RAC. The usage and capability of each
of refrigeration cycle apparatuses 100, 101 may be arbitrarily set.

[0112] Although the embodiments of the present invention have been described above, the above-described embod-
iments may be variously modified. The scope of the presentinvention is not limited to the embodiments described above.
The scope of the present invention is defined by the terms of the claims, and is intended to include any modifications
within the meaning and scope equivalent to the terms of the claims.

REFERENCE SIGNS LIST

[0113] 1 compressor, 2 four-way valve, 3, 6, 7, 161, 171, 181 heat exchanger, 3A, 6A, 7A, 7C upper flow inlet/outlet
portion, 3B, 6B, 7B, 7D lower flow inlet/outlet portion, 4, 4A, 4B expansion device, 5 receiver, 10 controller, 11 outdoor
fan, 12 indoor fan, 13 temperature sensor, 31B, 61B lower heat transfer tube, 31A, 61A upper heat transfer tube, 31C,
61C bent portion, 32, 62 fin, 33A, 33B, 63A, 63B inner circumferential surface, 34A, 34B, 64A, 64B groove portion, 35A,
65A upper header, 35B, 65B lower header, 36, 66 heat transfer tube, 37, 67 corrugated fin, 71 heat transfer plate, 72A
upper distribution region, 72B lower distribution region, 100, 101 refrigeration cycle apparatus, 110 outdoor unit, 120
indoor unit, 130 first refrigerant circuit, 140 second refrigerant circuit, 150 pump, 152, 162, 172, 182 flow rate control
valve, 160, 170, 180 indoor temperature control unit.

Claims
1. Arefrigeration cycle apparatus (100) comprising:

a non-azeotropic refrigerant mixture; a compressor (1);
a flow path switching portion (2);
a first heat exchanger (3) having

afirstflowinlet/outlet portion (3A) and a second flow inlet/outlet portion (3B) through which the non-azeotropic
refrigerant mixture flows in and out, and

afirsttube portion (31A) and a second tube portion (31B) that are connected in series to each other between
the first flow inlet/outlet portion (3A) and the second flow inlet/outlet portion (3B), the non-azeotropic refrig-
erant mixture flowing through the first tube portion (31A) and the second tube portion (31B);

a decompressing device (4A, 4B); and
a second heat exchanger (6), wherein
the non-azeotropic refrigerant mixture contains

refrigerant having a characteristic causing a disproportionation reaction, and
refrigerant not having the characteristic causing a disproportionation reaction,

the flow path switching portion (2) is configured to perform switching between

a first state in which the non-azeotropic refrigerant mixture flows in order of the compressor (1), the first
heat exchanger (3), the decompressing device (4A, 4B), and the second heat exchanger (6), and

a second state in which the non-azeotropic refrigerant mixture flows in a direction opposite to a direction
in which the non-azeotropic refrigerant mixture flows in the first state,

in the first state, the non-azeotropic refrigerant mixture flows through the first heat exchanger (3) in order of the
first flow inlet/outlet portion (3A), the first tube portion (31A), the second tube portion (31B), and the second
flow inlet/outlet portion (3B),

in the second state, the non-azeotropic refrigerant mixture flows through the first heat exchanger (3) in order
of the second flow inlet/outlet portion (3B), the second tube portion (31B), the first tube portion (31A), and the
first flow inlet/outlet portion (3A),

the first tube portion (31A) has a firstinner circumferential surface (33A) provided with protrusions and recesses,
the second tube portion (31B) has a second inner circumferential surface (33B) provided with protrusions and
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recesses,
the first inner circumferential surface (33A) of the first tube portion (31A) is higher in area expansion ratio than
the second inner circumferential surface (33B) of the second tube portion (31B),

the first inner circumferential surface (33A) is provided with at least one first groove portion (34A) that helically
extends,

the second inner circumferential surface (33B) is provided with at least one second groove portion (34B) that
helically extends, and

in terms of at least one of a number, a depth, and a lead angle of each of the at least one first groove portion
(34A) and the at least one second groove portion (34B), the at least one first groove portion (34A) is greater
than the at least one second groove portion (34B).

2. The refrigeration cycle apparatus (100) according to claim 1, wherein
the second heat exchanger (6) comprises

athird flow inlet/outlet portion (6A) and a fourth flow inlet/outlet portion (6B) through which the non-azeotropic
refrigerant mixture flows in and out, and

a third tube portion (61A) and a fourth tube portion (61B) disposed between the third flow inlet/outlet portion
(6A) and the fourth flow inlet/outlet portion (6B), the non-azeotropic refrigerant mixture flowing through the
third tube portion (61A) and the fourth tube portion (61B),

in the first state, the non-azeotropic refrigerant mixture flows through the second heat exchanger (6) in order
of the fourth flow inlet/outlet portion (6B), the fourth tube portion (61B), the third tube portion (61A), and the third
flow inlet/outlet portion (6A),

in the second state, the non-azeotropic refrigerant mixture flows through the second heat exchanger (6) in order
of the third flow inlet/outlet portion (6A), the third tube portion (61A), the fourth tube portion (61B), and the fourth
flow inlet/outlet portion (6B),

the third tube portion (61A) has a third inner circumferential surface (63A) provided with protrusions and recesses,
the fourth tube portion (61B) has a fourth inner circumferential surface (63B) provided with protrusions and
recesses, and

the third inner circumferential surface (63A) of the third tube portion (61A) is higher in area expansion ratio than
the fourth inner circumferential surface (63B) of the fourth tube portion (61B).

3. Therefrigeration cycle apparatus (100) according to claim 1 or 2, wherein the first tube portion (31A) and the second
tube portion (31B) extend in a direction intersecting with an up-down direction.

4. The refrigeration cycle apparatus (100) according to any one of claims 1 to 3, wherein the first heat exchanger (3)
is afin-tube heat exchanger in which the first tube portion (31A) and the second tube portion (31B) each are configured
as a heat transfer tube.

5. The refrigeration cycle apparatus (100) according to any one of claims 1 to 3, wherein

the first heat exchanger (3) further comprises a heat transfer tube having an upper end and a lower end and
extending in an up-down direction, and

each of the first heat exchanger (3) and the second heat exchanger (6) is a corrugated heat exchanger in which
the first tube portion (31A) is configured as a first header connected to the upper end of the heat transfer tube,
and the second tube portion (31B) is configured as a second header connected to the lower end of the heat
transfer tube.

6. Therefrigeration cycle apparatus (100) according to any one of claims 1 to 5, wherein the non-azeotropic refrigerant
mixture contains R32, CF3l, and HFO1123.

7. The refrigeration cycle apparatus (100) according to claim 6, wherein
aweightratio ofthe HFO1123 in the non-azeotropic refrigerant mixture sealed in the refrigeration cycle apparatus
(100) is 60 wt% or more, and

a weight ratio of the CF3l in the non-azeotropic refrigerant mixture sealed in the refrigeration cycle apparatus
(100) is 2 wt% or more and 5 wt% or less.
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Patentanspriiche

1.

Kaltekreislaufvorrichtung (100), umfassend:

ein nichtazeotropes Kaltemittelgemisch;
einen Verdichter (1);

einen Strdomungspfad-Schaltabschnitt (2);
einen ersten Warmetauscher (3), aufweisend:

einen ersten Einlass-/Auslassabschnitt (3A) und einen zweiten Einlass-/Auslassabschnitt (3B), durch die
das nichtazeotrope Kaltemittelgemisch ein- und ausstromt, und

einen ersten Leitungsabschnitt (31A) und einen zweiten Leitungsabschnitt (31B), die zwischen dem ersten
Strdmungseinlass-/Auslassabschnitt (3A) und dem zweiten Strémungseinlass-/Auslassabschnitt (3B) in
Reihe miteinander verbunden sind, wobei das nichtazeotrope Kaltemittelgemisch durch den ersten Lei-
tungsabschnitt (31A) und den zweiten Leitungsabschnitt (31B) stromt;

eine Entspannungseinrichtung (4A, 4B); und
einen zweiten Warmetauscher (6), wobei
das nichtazeotrope Kaltemittelgemisch enthalt:

ein Kaltemittel mit einer Eigenschaft, die eine Disproportionierungsreaktion hervorruft, und
ein Kaltemittel mit keiner Eigenschaft, die eine Disproportionierungsreaktion hervorruft,

wobei der Stromungspfad-Schaltabschnitt (2) eingerichtet ist, Schalten durchzufiihren zwischen

einem ersten Zustand, in dem das nichtazeotrope Kaltemittelgemisch in Reihendfolge durch den Verdichter
(1), den ersten Warmetauscher (3), die Entspannungseinrichtung (4A, 4B) und den zweiten Warmetauscher
(6) stromt, und

einem zweiten Zustand, in dem das nichtazeotrope Kaltemittelgemisch in eine Richtung stromt, die einer
Richtung entgegengesetzt ist, in der das nichtazeotrope Kaltemittelgemisch in dem ersten Zustand stromt,

in dem ersten Zustand, das nichtazeotrope Kaltemittelgemisch durch den ersten Warmetauscher (3) in Reihen-
folge durch den ersten Einlass-/Auslassabschnitt (3A), den ersten Leitungsabschnitt (31A), den zweiten Lei-
tungsabschnitt (31B) und den zweiten Einlass-/Auslassabschnitt (3B),

in dem zweiten Zustand, das nichtazeotrope Kaltemittelgemisch durch den ersten Warmetauscher (3) in Rei-
henfolge durch den zweiten Strdmungseinlass-/Auslassabschnitt (3B), den zweiten Leitungsabschnitt (31B),
den ersten Leitungsabschnitt (31A) und den ersten Strémungseinlass-/Auslassabschnitt (3A),

der erste Leitungsabschnitt (31A) eine erste innere Umfangsoberflache (33A) aufweist, die mit Vorspriingen
und Vertiefungen versehen ist,

der zweite Leitungsabschnitt (31B) eine zweite innere Umfangsoberflache (33B) aufweist, die mit Vorspriingen
und Vertiefungen versehen ist,

die erste innere Umfangsoberflache (33A) des ersten Leitungsabschnitts (31A) ein héheres Flachenausdeh-
nungsverhaltnis aufweist als die zweite innere Umfangsoberflache (33B) des zweiten Leitungsabschnitts (31B),
die erste innere Umfangsoberflache (33A) mit mindestens einem ersten Rillenabschnitt (34A) versehen ist, der
sich spiralférmig erstreckt,

die zweite innere Umfangsoberflache (33B) mit mindestens einem zweiten Rillenabschnitt (34B) versehen ist,
der sich spiralférmig erstreckt, und

in Bezug auf zumindest eines von einer Anzahl, einer Tiefe und einem Steigungswinkel jedes von dem zumindest
einen ersten Rillenabschnitts (34A) und dem zumindest einen zweiten Rillenabschnitt (34B), der zumindest
eine erste Rillenabschnitt (34A) groRer ist als der zumindest eine zweite Rillenabschnitt (34B).

2. Kaltekreislaufvorrichtung (100) nach Anspruch 1, wobei

der zweite Warmeaustauscher (6) umfasst:
einen dritten Einlass-/Auslassabschnitt (6A) und einen vierten Einlass-/Auslassabschnitt (6B), durch die

das nichtazeotrope Kaltemittelgemisch ein- und ausstromt, und
einen dritten Leitungsabschnitt (61A) und einen vierten Leitungsabschnitt (61B), die zwischen dem dritten
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Strdmungseinlass-/Auslassabschnitt (6A) und dem vierten Strémungseinlass-/Auslassabschnitt (6B) an-
geordnet sind, wobei das nichtazeotrope Kaltemittelgemisch durch den dritten Leitungsabschnitt (61A) und
den vierten Leitungsabschnitt (61B) stromt,

in dem ersten Zustand das nichtazeotrope Kaltemittelgemisch durch den zweiten Warmetauscher (6) in Rei-
henfolge durch den vierten Strdmungseinlass-/Auslassabschnitt (6B), den vierten Leitungsabschnitt (61B), den
dritten Leitungsabschnitt (61A) und den dritten Strémungseinlass-/Auslassabschnitt (6A) stromt,

in dem vierten Zustand, das nichtazeotrope Kaltemittelgemisch durch den zweiten Warmetauscher (6) in Rei-
henfolge durch den dritten Stromungseinlass-/Auslassabschnitt (6A), den dritten Leitungsabschnitt (61A), den
vierten Leitungsabschnitt (61B) und des den vierten Stromungseinlass-/Auslassabschnitt (6B) stromt,

der dritte Leitungsabschnitt (61A) eine dritte innere Umfangsoberflache (63A) aufweist, die mit Vorspriingen
und Vertiefungen versehen ist,

der vierte Leitungsabschnitt (61B) eine vierte innere Umfangsoberflache (63B) aufweist, die mit Vorspriingen
und Vertiefungen versehen ist, und

die dritte innere Umfangsoberflache (63A) des dritten Leitungsabschnitts (61A) ein héheres Flachenausdeh-
nungsverhaltnis aufweist als die vierte innere Umfangsoberflache (63B) des vierten Leitungsabschnitts (61B).

3. Kaltekreislaufvorrichtung (100) nach Anspruch 1 oder 2, wobei sich der erste Leitungsabschnitt (31A) und der zweite
Leitungsabschnitt (31B) in einer Richtung erstrecken, die sich mit einer Auf-Ab-Richtung schneidet.

4. Kaltekreislaufvorrichtung (100) nach einem der Anspriiche 1 bis 3, wobei der erste Warmetauscher (3) ein Rippen-
rohrwarmetauscher ist, bei dem der erste Leitungsabschnitt (31A) und der zweite Leitungsabschnitt (31B) jeweils
als eine Warmeubertragungsleitung ausgebildet sind.

5. Kaltekreislaufvorrichtung (100) nach einem der Anspriiche 1 bis 3, wobei

der erste Warmetauscher (3) ferner eine Warmeubertragungsleitung umfasst, die ein oberes Ende und ein
unteres Ende aufweist und sich in einer Auf-Ab-Richtung erstreckt, und

sowohl der erste Warmetauscher (3) als auch der zweite Warmetauscher (6) ein gewellter Warmetauscher ist,
bei dem der erste Leitungsabschnitt (31A) als ein mit dem oberen Ende der Warmeubertragungsleitung ver-
bundenes erstes Kopfstiick ausgebildet ist, und der zweite Leitungsabschnitt (31B) als ein mit dem unteren
Ende der Warmedubertragungsleitung verbundenes zweites Kopfstlick ausgebildet ist.

6. Kaltekreislaufvorrichtung (100) nach einem der Anspriiche 1 bis 5, wobei das nichtazeotrope Kaltemittelgemisch
R32, CF3l und HFO1123 enthalt.

7. Kaltekreislaufvorrichtung (100) nach Anspruch 6, wobei

ein Gewichtsverhaltnis des HFO1123 in dem nichtazeotropen Kaltemittelgemisch, das in der Kaltekreislaufvor-
richtung (100) eingeschlossen ist, 60 Gew.-% oder mehr betragt, und

ein Gewichtsverhaltnis des CF3l in dem nichtazeotropen Kaltemittelgemisch, das in der Kaltekreislaufvorrich-
tung (100) eingeschlossen ist, 2 Gew.-% oder mehr und 5 Gew.-% oder weniger betragt.

Revendications
1. Appareil a cycle de réfrigération (100) comprenant :

un mélange réfrigérant non azéotropique ;

un compresseur (1) ;

une premiere unité de commutation de chemin d’écoulement (2) ;
un premier échangeur de chaleur (3) ayant

une premiére partie d’entrée/sortie (3A) et une deuxieme partie d’entrée/sortie (3B) a travers lesquelles le
mélange réfrigérant non azéotropique entre et sort, et

une premiéere partie de tube (31A) et une deuxiéme partie de tube (31B) qui sont reliées en série I'une a
l'autre entre la premiére partie d’entrée/sortie (3A) et la deuxiéme partie d’entrée/sortie (3B), le mélange
réfrigérant non azéotropique s’écoulant a travers la premiére partie de tube (31A) et la deuxieme partie de
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tube (31B) ;

un dispositif de décompression (4A, 4B) ; et
un deuxieme échangeur de chaleur (6), dans lequel
le mélange réfrigérant non azéotropique contient

un réfrigérant ayant une caractéristique provoquant une réaction de dismutation, et
un réfrigérant n’ayant pas la caractéristique provoquant une réaction de dismutation,

la partie de commutation de chemin d’écoulement (2) est configurée pour réaliser une commutation entre

un premier état dans lequel le mélange réfrigérant non azéotropique s’écoule dans 'ordre du compresseur
(1), du premier échangeur de chaleur (3), du dispositif de décompression (4A, 4B) et du deuxiéme échangeur
de chaleur (6), et

un deuxiéme état dans lequel le mélange réfrigérant non azéotropique s’écoule dans une direction opposée
a une direction dans laquelle le mélange réfrigérant non azéotropique s’écoule dans le premier état,

dans le premier état, le mélange réfrigérant non azéotropique s’écoule a travers le premier échangeur de chaleur
(3) dans I'ordre de la premiére partie d’entrée/sortie (3A), de la premiéere partie de tube (31A), de la deuxiéme
partie de tube (31B) et de la deuxiéme partie d’entrée/sortie (3B),

dans le deuxiéme état, le mélange réfrigérant non azéotropique s’écoule a travers le premier échangeur de
chaleur (3) dans I'ordre de la deuxiéme partie d’entrée/sortie (3B), de la deuxiéme partie de tube (31B), de la
premiere partie de tube (31A) et de la premiére partie d’entrée/sortie (3A),

la premiére partie de tube (31A) a une premiére surface circonférentielle intérieure (33A) pourvue de saillies et
d’évidements,

la deuxiéme partie de tube (31B) a une deuxieme surface circonférentielle intérieure (33B) pourvue de saillies
et d’évidements,

la premiére surface circonférentielle intérieure (33A) de la premiere partie de tube (31A) a un rapportd’expansion
de surface plus élevé que la deuxiéme surface circonférentielle intérieure (33B) de la deuxiéme partie de tube
(31B),

la premiére surface circonférentielle intérieure (33A) est pourvue d’au moins une premiére partie de rainure
(34A) qui s’étend de fagon hélicoidale,

la deuxiéme surface circonférentielle intérieure (33B) est pourvue d’au moins une deuxiéme partie de rainure
(34B) qui s’étend de fagon hélicoidale, et

en termes d’au moins un nombre, une profondeur et un angle d’attaque de chacune de la au moins une premiere
partie de rainure (34A) et de la au moins une deuxieme partie de rainure (34B), la au moins une premiére partie
de rainure (34A) est plus grande que la au moins une deuxieme partie de rainure (34B).

2. Appareil a cycle de réfrigération (100) selon la revendication 1, dans lequel

le deuxiéme échangeur de chaleur (6) comprend

une troisieme partie d’entrée/sortie (6A) et une quatrieme partie d’entrée/sortie (6B) a travers lesquelles le
mélange réfrigérant non azéotropique entre et sort, et

une troisiéme partie de tube (61A) et une quatrieme partie de tube (61B) disposées entre la troisieme partie
d’entrée/sortie (6A) et la quatriéme partie d’entrée/sortie (6B), le mélange réfrigérant non azéotropique
s’écoulant a travers la troisieme partie de tube (61A) et la quatrieme partie de tube (61B),

dans le premier état, le mélange réfrigérant non azéotropique s’écoule a travers le deuxieme échangeur de
chaleur (6) dans I'ordre de la quatrieme partie d’entrée/sortie (6B), de la quatriéme partie de tube (61B), de la
troisieme partie de tube (61A) et de la troisieme partie d’entrée/sortie (6A),

dans le deuxiéme état, le mélange réfrigérant non azéotropique s’écoule a travers le deuxieme échangeur de
chaleur (6) dans 'ordre de la troisieme partie d’entrée/sortie (6A), de la troisieme partie de tube (61A), de la
quatrieme partie de tube (61B) et de la quatrieme partie d’entrée/sortie (6B),

la troisieme partie de tube (61A) a une troisieme surface circonférentielle intérieure (63A) pourvue de saillies
et d’évidements,

la quatrieme partie de tube (61B) a une quatrieme surface circonférentielle intérieure (63B) pourvue de saillies
et d’évidements, et
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la troisiéme surface circonférentielle intérieure (63A) de la troisieme partie de tube (61A) a un rapport d’expansion
de surface plus élevé que la quatrieme surface circonférentielle intérieure (63B) de la quatrieme partie de tube
(61B).

3. Appareil a cycle de réfrigération (100) selon la revendication 1 ou 2, dans lequel la premiére partie du tube (31A)
et la deuxieme partie du tube (31B) s’étendent dans une direction croisant une direction de haut en bas.

4. Appareil a cycle de réfrigération (100) selon I'une quelconque des revendications 1 a 3, dans lequel le premier
échangeur de chaleur (3) est un échangeur de chaleur a tubes a ailettes dans lequel la premiére partie de tube
(31A) et la deuxiéeme partie de tube (31B) sont chacune configurées comme un tube de transfert de chaleur.

5. Appareil a cycle de réfrigération (100) selon I'une quelconque des revendications 1 a 3, dans lequel

le premier échangeur de chaleur (3) comprend en outre un tube de transfert de chaleur ayant une extrémité
supérieure et une extrémité inférieure et s’étendant dans la direction de haut en bas, et

chacun du premier échangeur de chaleur (3) et du deuxieme échangeur de chaleur (6) est un échangeur de
chaleur ondulé dans lequel la premiére partie de tube (31A) est configurée comme un premier collecteur relié
a l'extrémité supérieure du tube de transfert de chaleur, et la deuxiéme partie de tube (31B) est configurée
comme un deuxieéme collecteur relié a I'extrémité inférieure du tube de transfert de chaleur.

6. Appareil a cycle de réfrigération (100) selon I'une quelconque des revendications 1 a 5, dans lequel le mélange
réfrigérant non azéotropique contient du R32, du CF3l et du HFO1123.

7. Appareil a cycle de réfrigération (100) selon la revendication 6, dans lequel
un premier rapport pondéral du HFO1123 dans le mélange réfrigérant non azéotropique scellé dans I'appareil
a cycle de réfrigération (100) est supérieur ou égal a 60 % en poids, et

un premier rapport pondéral du CF3l dans le mélange réfrigérant non azéotropique scellé dans I'appareil a
cycle de réfrigération (100) est supérieur ou égal a 2 % en poids et inférieur ou égal a 5 % en poids.
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