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(54) REFRIGERATION CYCLE DEVICE

(57) Provided is a refrigeration cycle apparatus with
improved period efficiency, when compared with a con-
ventional refrigeration cycle apparatus. The refrigeration
cycle apparatus (100) includes a refrigerant circuit which
includes a compressor (1), a first heat exchanger (3), and
a second heat exchanger (4), and through which refrig-
erant circulates. The refrigerant circuit is provided to be
switchable between a first state in which the first heat
exchanger (3) acts as a condenser and the second heat
exchanger (4) acts as an evaporator and a second state
in which the second heat exchanger (4) acts as a con-
denser and the first heat exchanger (3) acts as an evap-

orator. The first heat exchanger (3) includes a first heat
transfer tube (6) inside which the refrigerant flows. The
first heat transfer tube (6) has a first tube portion (61)
located downstream of an intermediate position in a flow-
ing direction of the refrigerant when the first heat ex-
changer acts as a condenser. The first heat exchanger
(3) further includes a first inner member (7) arranged in-
side the first tube portion (61). In the first state and the
second state, an inner diameter D1 and an equivalent
diameter M1 of the first tube portion (61) satisfy a rela-
tional expression Di/2.5 < M1 < D1/1.5.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a refrigeration
cycle apparatus including a first heat exchanger and a
second heat exchanger, and in particular to a refrigera-
tion cycle apparatus provided to be switchable between
a first state in which a first heat exchanger acts as a
condenser and a second heat exchanger acts as an
evaporator and a second state in which the second heat
exchanger acts as a condenser and the first heat ex-
changer acts as an evaporator.

BACKGROUND ART

[0002] Refrigerant circulating through a refrigeration
cycle apparatus condenses from a gas single-phase
state through a gas-liquid two-phase state to a liquid sin-
gle-phase state in the course of flowing from one end to
the other end of a heat transfer tube of a condenser.
Further, the refrigerant evaporates from a gas-liquid two-
phase state to a gas single-phase state in the course of
flowing from one end to the other end of a heat transfer
tube of an evaporator.
[0003] When the heat transfer tube of the condenser
has a uniform configuration between the one end and
the other end thereof, heat transfer performance between
the refrigerant flowing inside the heat transfer tube and
a heat medium such as air flowing outside the heat trans-
fer tube (hereinafter referred to as in-tube heat transfer
performance) changes according to the position in a di-
rection in which the heat transfer tube extends. The in-
tube heat transfer performance in a first portion located
on a downstream side including the other end of the heat
transfer tube of the condenser is lower than the in-tube
heat transfer performance in a second portion located
upstream of the first portion and located downstream of
the one end. This is because the flow velocity of the re-
frigerant in the liquid single-phase state flowing through
the first portion of the condenser is lower than the flow
velocity of the refrigerant in the gas-liquid two-phase
state flowing through the second portion of the condens-
er.
[0004] Japanese Patent Laying-Open No. 2000-55509
(PTL 1) discloses a heat exchanger including an insertion
body provided inside a heat transfer tube on a refrigerant
outlet side when the heat exchanger acts as a condenser,
in order to improve in-tube heat transfer performance in
a portion located on a downstream side of a heat transfer
tube of the condenser, and improve heat exchanger per-
formance in an operation state in which the heat exchang-
er acts as the condenser.

CITATION LIST

PATENT LITERATURE

[0005] PTL 1: Japanese Patent Laying-Open No.
2000-55509

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0006] However, when the above heat exchanger acts
as an evaporator, refrigerant in a gas-liquid two-phase
state or a gas single-phase state flows inside the heat
transfer tube in which the insertion body is inserted. Ac-
cordingly, when the above heat exchanger acts as an
evaporator, the pressure loss of the refrigerant flowing
through a portion in which the insertion body is inserted
in the heat transfer tube is significantly larger than the
pressure loss of the refrigerant flowing through a portion
in which the insertion body is not inserted in the heat
transfer tube. Accordingly, the heat exchanger perform-
ance when the above heat exchanger acts as an evap-
orator is significantly lower than the heat exchanger per-
formance when a heat exchanger not provided with the
above insertion body acts as an evaporator. As a result,
it has been difficult to improve period efficiency in a re-
frigeration cycle apparatus provided to be switchable be-
tween an operation state in which the above heat ex-
changer acts as an condenser and an operation state in
which the above heat exchanger acts as an evaporator.
[0007] A main object of the present invention is to pro-
vide a refrigeration cycle apparatus with improved period
efficiency, when compared with a refrigeration cycle ap-
paratus as described above.

SOLUTION TO PROBLEM

[0008] A refrigeration cycle apparatus in accordance
with the present invention includes a refrigerant circuit
which includes a compressor, a flow path switching valve,
a first heat exchanger, a second heat exchanger, and a
decompression unit, and through which refrigerant circu-
lates. The refrigerant circuit is provided to be switchable
between a first state in which the first heat exchanger
acts as a condenser and the second heat exchanger acts
as an evaporator and a second state in which the second
heat exchanger acts as a condenser and the first heat
exchanger acts as an evaporator. The first heat exchang-
er and the second heat exchanger each include a heat
transfer tube inside which the refrigerant flows. The heat
transfer tube has a first tube portion located downstream
of an intermediate position of a first heat transfer tube in
a flowing direction of the refrigerant when the first heat
exchanger acts as a condenser. The first heat exchanger
further includes a first inner member arranged inside the
first tube portion. In the first state and the second state,
an inner diameter D1 of the first tube portion and an equiv-
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alent diameter M1 calculated from the following relational
expression (1) satisfy the following relational expression
(2): 

and 

where A1 is a flow path cross sectional area of the first
tube portion, and S1 is a wetted perimeter of the first tube
portion.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] Since the first heat exchanger in the refrigera-
tion cycle apparatus of the present invention includes the
first tube portion in which equivalent diameter M satisfies
the above relational expression (2), the first heat ex-
changer exhibits a high heat exchange performance
when it acts as a condenser. Further, since the first heat
exchanger includes the first tube portion in which equiv-
alent diameter M satisfies the above relational expres-
sion (2), the first heat exchanger exhibits a high heat
exchange performance when it acts as an evaporator,
when compared with a conventional heat exchanger in-
cluding a heat transfer tube in which an equivalent diam-
eter does not satisfy the above relational expression (2).
As a result, according to the present invention, it is pos-
sible to provide a refrigeration cycle apparatus with im-
proved period efficiency, when compared with a refrig-
eration cycle apparatus including the conventional heat
exchanger including the heat transfer tube in which the
equivalent diameter does not satisfy the above relational
expression (2).

BRIEF DESCRIPTION OF DRAWINGS

[0010]

Fig. 1 is a schematic configuration diagram of a re-
frigeration cycle apparatus in accordance with a first
embodiment.
Fig. 2 is a schematic cross sectional view of a heat
transfer tube of a first heat exchanger when the re-
frigeration cycle apparatus in accordance with the
first embodiment is in a first state.
Fig. 3 is a schematic cross sectional view seen from
arrows III-III in Fig. 2.
Fig. 4 is a schematic cross sectional view seen from
arrows IV-IV in Fig. 2.
Fig. 5 is a graph showing the relation between the
period efficiency of the first heat exchanger and the
equivalent diameter of a first tube portion of the first

heat exchanger in the refrigeration cycle apparatus
in accordance with the first embodiment.
Fig. 6 is a graph showing the relation between the
circulation amount of refrigerant and the equivalent
diameter of the first tube portion of the first heat ex-
changer in the refrigeration cycle apparatus in ac-
cordance with the first embodiment.
Fig. 7 is a schematic cross sectional view of a heat
transfer tube of a first heat exchanger when a refrig-
eration cycle apparatus in accordance with a third
embodiment is in the first state.
Fig. 8 is a schematic cross sectional view seen from
arrows VIII-VIII in Fig. 7.
Fig. 9 is a schematic cross sectional view of the heat
transfer tube of the first heat exchanger when the
refrigeration cycle apparatus in accordance with the
third embodiment is in a second state.
Fig. 10 is a schematic cross sectional view seen from
arrows X-X in Fig. 9.
Fig. 11 is a schematic cross sectional view of a heat
transfer tube of a first heat exchanger when a refrig-
eration cycle apparatus in accordance with a fourth
embodiment is in the first state.
Fig. 12 is a schematic cross sectional view seen from
arrows XII-XII in Fig. 11.
Fig. 13 is a schematic cross sectional view of the
heat transfer tube of the first heat exchanger when
the refrigeration cycle apparatus in accordance with
the fourth embodiment is in the second state.
Fig. 14 is a schematic cross sectional view seen from
arrows XIV-XIV in Fig. 13.
Fig. 15 is a schematic cross sectional view of a heat
transfer tube of a first heat exchanger when a refrig-
eration cycle apparatus in accordance with a fifth
embodiment is in the first state.
Fig. 16 is a schematic cross sectional view seen from
arrows XVI-XVI in Fig. 15.
Fig. 17 is a flowchart when the refrigeration cycle
apparatus in accordance with the fifth embodiment
is intermittently operated.
Fig. 18(a) is a graph showing the relation between
operation time and compressor frequency when the
refrigeration cycle apparatus in accordance with the
fifth embodiment is intermittently operated, and Fig.
18(b) is a graph showing the relation between oper-
ation time and indoor temperature when the refrig-
eration cycle apparatus in accordance with the fifth
embodiment is intermittently operated.
Fig. 19 is a schematic cross sectional view of a heat
transfer tube of a first heat exchanger when a refrig-
eration cycle apparatus in accordance with a sixth
embodiment is in the first state.
Fig. 20 is a schematic cross sectional view seen from
arrows XX-XX in Fig. 19.
Fig. 21 is a schematic cross sectional view of a heat
transfer tube of a first heat exchanger when a refrig-
eration cycle apparatus in accordance with a seventh
embodiment is in the first state.
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Fig. 22 is a schematic cross sectional view seen from
arrows XXII-XXII in Fig. 21.
Fig. 23 is a schematic cross sectional view of a heat
transfer tube of the first heat exchanger when a var-
iation of the refrigeration cycle apparatus in accord-
ance with the first embodiment is in the first state.
Fig. 24 is a schematic cross sectional view seen from
arrows XXIV-XXIV in Fig. 23.

DESCRIPTION OF EMBODIMENTS

[0011] Hereinafter, embodiments of the present inven-
tion will be described with reference to the drawings. It
should be noted that, in the drawings below, identical or
corresponding parts will be designated by the same ref-
erence numerals, and the description thereof will not be
repeated.

First Embodiment

configuration of Refrigeration Cycle Apparatus>

[0012] As shown in Fig. 1, a refrigeration cycle appa-
ratus 100 in accordance with a first embodiment includes
a refrigerant circuit which includes a compressor 1, a
four-way valve 2 serving as a flow path switching valve,
a first heat exchanger 3, a second heat exchanger 4, and
a decompression unit 5, and through which refrigerant
circulates. Refrigeration cycle apparatus 100 is provided
to be switchable between a first state in which first heat
exchanger 3 acts as a condenser and second heat ex-
changer 4 acts as an evaporator and a second state in
which first heat exchanger 3 acts as an evaporator and
second heat exchanger 4 acts as a condenser, by means
of four-way valve 2. In the first state, the refrigerant flows
through compressor 1, first heat exchanger 3, decom-
pression unit 5, and second heat exchanger 4 in order,
along a direction F1. In the second state, the refrigerant
flows through compressor 1, second heat exchanger 4,
decompression unit 5, and first heat exchanger 3 in order,
along a direction F2. First heat exchanger 3 is an indoor
heat exchanger placed inside a room, for example. Sec-
ond heat exchanger 4 is an outdoor heat exchanger
placed outside the room, for example. In this case, the
first state is achieved during heating operation, and the
second state is achieved during cooling operation.
[0013] As shown in Fig. 1, first heat exchanger 3 has
a plurality of first heat transfer tubes 6 inside which the
refrigerant flows, and is intended to perform heat ex-
change between the refrigerant flowing inside first heat
transfer tubes 6 and a heat medium such as air, for ex-
ample, flowing outside first heat transfer tubes 6. First
heat exchanger 3 includes a heat exchange unit 30 in-
cluding the plurality of first heat transfer tubes 6 and a
fin not shown, a distributor 31, and a distributor 32. Each
of the plurality of first heat transfer tubes 6 of first heat
exchanger 3 has a mutually equal configuration, for ex-
ample.

[0014] As shown in Figs. 1 and 2, each of the plurality
of first heat transfer tubes 6 of first heat exchanger 3 has
a first end portion 6A and a second end portion 6B pro-
vided with refrigerant inlet and outlet. First end portion
6A of each of the plurality of first heat transfer tubes 6 is
connected with distributor 31. Second end portion 6B of
each of the plurality of first heat transfer tubes 6 is con-
nected with distributor 32. Further, each of the plurality
of first heat transfer tubes 6 has an inner circumferential
surface 6C and an outer circumferential surface 6D. In
first heat exchanger 3, the refrigerant flows through a
region surrounded by inner circumferential surface 6C of
each first heat transfer tube 6. In the first state, the re-
frigerant condenses from a gas single-phase state
through a gas-liquid two-phase state to a liquid single-
phase state in the course of flowing from second end
portion 6B to first end portion 6A of each of the plurality
of first heat transfer tubes 6. In the second state, the
refrigerant evaporates from a gas-liquid two-phase state
to a gas single-phase state in the course of flowing from
first end portion 6A to second end portion 6B of each of
the plurality of first heat transfer tubes 6.
[0015] As shown in Fig. 2, each of the plurality of first
heat transfer tubes 6 of first heat exchanger 3 can be
divided into a third tube portion 63 located upstream of
an intermediate position of first heat transfer tube 6 in
flowing direction F1 of the refrigerant in the first state, a
fourth tube portion 62 including the intermediate position
and located downstream of third tube portion 63 in direc-
tion F1, and a first tube portion 61 located downstream
of fourth tube portion 62 in direction F1. First tube portion
61 is located downstream of the intermediate position of
first heat transfer tube 6 in direction F1. Flowing direction
F1 of the refrigerant inside first heat transfer tube 6 ex-
tends along an axis line direction of first heat transfer
tube 6. The axis line direction of first heat transfer tube
6 may extend linearly, or may meander. A material con-
stituting first heat transfer tube 6 includes copper (Cu),
for example.
[0016] First heat exchanger 3 includes a plurality of
first inner members 7, for example. Each first inner mem-
ber 7 is arranged inside each first tube portion 61. Each
first inner member 7 has a mutually equal configuration,
for example.
[0017] As shown in Fig. 2, first inner member 7 has a
third end portion 7A and a fourth end portion 7B. Third
end portion 7A of first inner member 7 is arranged at a
position closer to first end portion 6A of first heat transfer
tube 6 than fourth end portion 7B. An end portion of first
tube portion 61 located closer to fourth tube portion 62
is a portion arranged on a cross section perpendicular to
the axis line direction of first heat transfer tube 6, on which
fourth end portion 7B of first inner member 7 is also ar-
ranged.
[0018] As shown in Fig. 2, first inner member 7 has an
outer circumferential surface 7D. At least a portion of
outer circumferential surface 7D is arranged to face inner
circumferential surface 6C of first tube portion 61 with a
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space therebetween. The refrigerant flowing through first
tube portion 61 flows through a region sandwiched be-
tween inner circumferential surface 6C of first tube por-
tion 61 and outer circumferential surface 7D of first inner
member 7. Inside first tube portion 61, only one refriger-
ant flow path is arranged, for example. On a cross section
perpendicular to the axis line direction, a shape formed
by outer circumferential surface 7D of first inner member
7 is similar to a shape formed by inner circumferential
surface 6C of first heat transfer tube 6, for example. The
shape formed by outer circumferential surface 7D of first
inner member 7 and the shape formed by inner circum-
ferential surface 6C of first heat transfer tube 6 are cir-
cular, for example.
[0019] On the cross section perpendicular to the axis
line direction, the following relational expression (5) is
satisfied, where E1 is a length of the outer circumferential
surface of first inner member 7, E2 is a length of the inner
circumferential surface of first heat transfer tube 6, and
S is a wetted perimeter of first tube portion 61. On the
cross section perpendicular to the axis line direction, the
above relational expression (1) is satisfied, where D1 is
an inner diameter of first tube portion 61, A1 is a flow path
cross sectional area of first tube portion 61, and M1 is an
equivalent diameter of first tube portion 61. 

[0020] As shown in Fig. 3, equivalent diameter M1 of
first tube portion 61 satisfies the following relational ex-
pression (6) in the first state and the second state. Pref-
erably, equivalent diameter M1 of first tube portion 61
satisfies the above relational expression (2) in the first
state and the second state. 

[0021] As shown in Fig. 2, first tube portion 61 includes
a portion through which the liquid phase refrigerant flows
when refrigeration cycle apparatus 100 is in the first state.
First tube portion 61 includes a portion through which for
example the gas-liquid two-phase refrigerant flows when
refrigeration cycle apparatus 100 is in the second state.
Fourth tube portion 62 includes a portion through which
the gas-liquid two-phase refrigerant flows when refriger-
ation cycle apparatus 100 is in the first state. Third tube
portion 63 includes a portion through which the gas phase
refrigerant flows when refrigeration cycle apparatus 100
is in the first state. It should be noted that Fig. 2 sche-
matically shows the refrigerant in order to describe the
change of state thereof.
For example, Fig. 2 merely shows that the refrigerant
inside fourth tube portion 62 is in the gas-liquid two-phase
state, and Fig. 2 does not show a mixed state and a flow-
ing state of a liquid phase portion and a gas phase portion

of the refrigerant in the gas-liquid two-phase state.
[0022] A length L1 of first inner member 7 in the axis
line direction of the first tube portion is less than or equal
to half of a length L2 of first heat transfer tube 6. Length
L2 of first heat transfer tube 6 is a length between first
end portion 6A and second end portion 6B of first heat
transfer tube 6 along the axis line direction.
[0023] Positional deviation of first inner member 7 with
respect to first tube portion 61 of first heat transfer tube
6 in the axis line direction is restricted by an arbitrary
configuration. For example, when the axis line direction
of first heat transfer tube 6 meanders and first heat trans-
fer tube 6 has a bent portion not shown, first tube portion
61 is located downstream of the bent portion in flowing
direction F1. For example, a boundary portion between
first tube portion 61 and fourth tube portion 62 of first heat
transfer tube 6 is provided to be continuous to the bent
portion. With such a configuration, first inner member 7
is positioned between the bent portion and first end por-
tion 6A in the axis line direction.
[0024] A material constituting first inner member 7 may
be any material. For example, it is a material having a
corrosion resistance with respect to the refrigerant which
is equal to that of the material constituting first heat trans-
fer tube 6, and includes at least one selected from the
group consisting of copper (Cu), rubber, and plastic, for
example.

<Function and Effect>

[0025] Refrigeration cycle apparatus 100 includes the
refrigerant circuit which includes compressor 1, four-way
valve 2, first heat exchanger 3, second heat exchanger
4, and decompression unit 5, and through which the re-
frigerant circulates. The refrigerant circuit is provided to
be switchable between the first state in which first heat
exchanger 3 acts as a condenser and second heat ex-
changer 4 acts as an evaporator and the second state in
which second heat exchanger 4 acts as a condenser and
first heat exchanger 3 acts as an evaporator. First heat
exchanger 3 includes first heat transfer tube 6 inside
which the refrigerant flows. First heat transfer tube 6 has
first tube portion 61 located downstream of the interme-
diate position of first heat transfer tube 6 in the flowing
direction of the refrigerant when first heat exchanger 3
acts as a condenser. First heat exchanger 3 further in-
cludes first inner member 7 arranged inside first tube
portion 61. In the first state and the second state, inner
diameter D1 of first tube portion 61 and equivalent diam-
eter M1 calculated from the following relational expres-
sion (1) satisfy the following relational expression (2): 

and 
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where A1 is the flow path cross sectional area of first tube
portion 61, and S1 is the wetted perimeter of first tube
portion 61.
[0026] As described above, when refrigeration cycle
apparatus 100 is in the first state, the refrigerant con-
denses in the course of flowing through third tube portion
63, fourth tube portion 62, and first tube portion 61 of first
heat transfer tube 6 of first heat exchanger 3 in order,
and changes from the gas single-phase state through
the gas-liquid two-phase state to the liquid single-phase
state. On the other hand, when refrigeration cycle appa-
ratus 100 is in the second state, the refrigerant evapo-
rates in the course of flowing through first tube portion
61, fourth tube portion 62, and third tube portion 63 of
first heat transfer tube 6 of first heat exchanger 3 in order,
and changes from the gas-liquid two-phase state to the
gas single-phase state. That is, the refrigerant flowing
through first tube portion 61 is mainly in the liquid single-
phase state in the first state, and is mainly in the gas-
liquid two-phase state in the second state. In addition, in
the first state and the second state, the refrigerant in the
liquid single-phase state flows through only first tube por-
tion 61 and rarely flows through fourth tube portion 62
and third tube portion 63 of first heat transfer tube 6.
[0027] Since first inner member 7 is arranged inside
first tube portion 61 of first heat transfer tube 6, flow path
cross sectional area A of first tube portion 61 is smaller
than flow path cross sectional areas of fourth tube portion
62 and third tube portion 63 of first heat transfer tube 6
inside which first inner member 7 is not arranged. Ac-
cordingly, the flow velocity of the refrigerant in the liquid
single-phase state when it flows through first tube portion
61 is faster than the flow velocity of the refrigerant in the
liquid single-phase state when it flows through a conven-
tional heat transfer tube in which first inner member 7 is
not arranged. As a result, the in-tube heat transfer per-
formance of first tube portion 61 in the first state is higher
than the in-tube heat transfer performance of the con-
ventional heat transfer tube in which first inner member
7 is not arranged.
[0028] In addition, the heat exchanger provided with
the insertion body described in PTL 1 does not satisfy
the above relational expression (2). Specifically, as
shown in Fig. 9 of PTL 1, an equivalent diameter Mr and
an inner diameter Dr of the portion in which the insertion
body is inserted satisfy a relational expression Mr <
Dr/2.5.
[0029] In contrast, since equivalent diameter M of first
tube portion 61 satisfies the above relational expression
(2), the period efficiency of first heat exchanger 3 in re-
frigeration cycle apparatus 100 is improved, when com-
pared with the heat exchanger in PTL1 which does not
satisfy the above relational expression (2). Fig. 5 is a
graph showing the relation between equivalent diameter

M of first tube portion 61 and the heat exchange perform-
ance of first heat exchanger 3 in the first state (a line
segment A in Fig. 5), the heat exchange performance of
first heat exchanger 3 in the second state (a line segment
B in Fig. 5), and the period efficiency of first heat ex-
changer 3 (a line segment C in Fig. 5). The axis of ab-
scissas in Fig. 5 represents equivalent diameter M of first
tube portion 61, and the axis of ordinates in Fig. 5 rep-
resents the heat exchange performance and the period
efficiency of first heat exchanger 3.
[0030] As shown in Fig. 5, in a case where equivalent
diameter M1 of first tube portion 61 is less than or equal
to D1/2.5, the period efficiency of first heat exchanger 3
is significantly decreased, when compared with a case
where equivalent diameter M1 of first tube portion 61 is
more than Di/2.5.
[0031] Referring to line segment B in Fig. 5, in the case
where equivalent diameter M1 of first tube portion 61 is
less than or equal to D1/2.5, the pressure loss of the
refrigerant in the gas-liquid two-phase state flowing
through first tube portion 61 in the second state is signif-
icantly increased, and the heat exchange performance
of first heat exchanger 3 in the second state is signifi-
cantly decreased, when compared with the case where
equivalent diameter M1 of first tube portion 61 is more
than D1/2.5. On the other hand, referring to line segment
A in Fig. 5, in the case where equivalent diameter M1 of
first tube portion 61 is less than or equal to Di/2.5, the
velocity of the refrigerant in the liquid single-phase state
flowing through first tube portion 61 in the first state is
not significantly increased, and thus the heat exchange
performance of first heat exchanger 3 in the first state is
not significantly improved, when compared with the case
where equivalent diameter M1 of first tube portion 61 is
more than D1/2.5. Due to the above reason, the period
efficiency of first heat exchanger 3 in which equivalent
diameter M1 of first tube portion 61 is more than D1/2.5
is significantly improved, when compared with the period
efficiency of the heat exchanger in PTL 1 in which equiv-
alent diameter Mr in the heat transfer tube having inner
diameter Dr is less than Dr/2.5.
[0032] In addition, as shown in Fig. 5, in a case where
equivalent diameter M1 of first tube portion 61 is more
than or equal to Di/1.5, the period efficiency of first heat
exchanger 3 is not fully improved, when compared with
a case where equivalent diameter M1 of first tube portion
61 is less than Di/1.5. In the case where equivalent di-
ameter M1 of first tube portion 61 is more than or equal
to D1/1.5, the pressure loss of the refrigerant in the gas-
liquid two-phase state flowing through first tube portion
61 in the second state is suppressed, when compared
with the case where equivalent diameter M1 of first tube
portion 61 is less than D1/1.5. However, in the case where
equivalent diameter M1 of first tube portion 61 is more
than or equal to D1/1.5, the velocity of the refrigerant in
the liquid single-phase state flowing through first tube
portion 61 in the first state is not fully increased, and thus
the heat exchange performance of first heat exchanger
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3 in the first state is not fully significantly improved, when
compared with the case where equivalent diameter M1
of first tube portion 61 is less than Di/1.5.
Due to the above reason, the period efficiency of first
heat exchanger 3 in which equivalent diameter M1 of first
tube portion 61 is less than D1/1.5 is significantly im-
proved, when compared with the case where equivalent
diameter M1 of first tube portion 61 is more than or equal
to D1/1.5.
[0033] In addition, as shown in Fig. 6, since equivalent
diameter M1 of first tube portion 61 is more than D1/2.5
in refrigeration cycle apparatus 100, the amount of re-
frigerant enclosed in the refrigerant circuit can be re-
duced, when compared with the case where equivalent
diameter M1 of first tube portion 61 is less than or equal
to D1/2.5. A surface area of the outer circumferential sur-
face of first inner member 7 in the case where equivalent
diameter M1 of first tube portion 61 is more than Di/2.5
is smaller than a surface area of the outer circumferential
surface of first inner member 7 in the case where equiv-
alent diameter M1 of first tube portion 61 is less than or
equal to D1/2.5. Accordingly, the amount of refrigerant
remaining inside first tube portion 61 in which equivalent
diameter M1 is more than Di/2.5 is smaller than the
amount of refrigerant remaining inside first tube portion
61 in which equivalent diameter M1 is less than or equal
to D1/2.5. As a result, the amount of refrigerant enclosed
in the refrigerant circuit of refrigeration cycle apparatus
100 can be reduced, when compared with that in PTL 1
in which equivalent diameter Mr in the heat transfer tube
having inner diameter Dr is less than Dr/2.5. It should be
noted that, when refrigerant and oil circulate through the
refrigerant circuit of refrigeration cycle apparatus 100,
the amount of oil enclosed in the refrigerant circuit can
also be reduced, when compared with that in PTL 1, due
to the same reason as that for the refrigerant.
[0034] In addition, in refrigeration cycle apparatus 100,
only one refrigerant flow path is arranged inside first tube
portion 61. When a plurality of refrigerant flow paths are
arranged inside first tube portion 61, the refrigerant is
distributed to the plurality of refrigerant flow paths. In this
case, depending on the distribution ratio between the plu-
rality of refrigerant flow paths, the in-tube heat transfer
performance of first heat transfer tube 6 in the second
state is deteriorated. Accordingly, the distribution ratio
between the plurality of refrigerant flow paths should be
set so as not to deteriorate the in-tube heat transfer per-
formance of first heat transfer tube 6 in the second state
in which the refrigerant in the gas-liquid two-phase state
flows through first tube portion 61. In contrast, in refrig-
eration cycle apparatus 100, deterioration of in-tube heat
transfer performance due to the distribution ratio de-
scribed above is not caused.
[0035] It should be noted that, in the heat exchanger
in PTL 1, a plurality of refrigerant flow paths divided by
a plurality of projections are arranged, and when the heat
exchanger acts as an evaporator, the refrigerant in the
gas-liquid two-phase state flows around the insertion

body. However, in the heat exchanger in PTL 1, the dis-
tribution ratio of the refrigerant in the gas-liquid two-
phase state is not taken into consideration. Accordingly,
heat exchange performance in a case where first heat
exchanger 3 acts as an evaporator is improved, when
compared with that of the heat exchanger in PTL 1.

Second Embodiment

[0036] A refrigeration cycle apparatus in accordance
with a second embodiment has basically the same con-
figuration as that of refrigeration cycle apparatus 100 in
accordance with the first embodiment, and differs there-
from in that length L1 of first inner member 7 (see Fig. 6)
in the axis line direction of first tube portion 61 is defined
to be less than 1/3 of length L2 of first heat transfer tube
6 (see Fig. 6).
[0037] When length L1 of first inner member 7 is more
than or equal to 1/3 of length L2 of first heat transfer tube
6, a portion in which the refrigerant in the liquid single-
phase state flows in first heat transfer tube 6 can be re-
stricted within first tube portion 61. On the other hand, in
this case, the refrigerant in the gas-liquid two-phase state
flows upstream of first tube portion 61 in the first state,
which may increase pressure loss.
[0038] Since length L1 of first inner member 7 is less
than 1/3 of length L2 of first heat transfer tube 6 in the
refrigeration cycle apparatus in accordance with the sec-
ond embodiment, such a configuration suppresses an
increase in pressure loss associated with the refrigerant
in the gas-liquid two-phase state flowing through first tube
portion 61 in the first state.
[0039] In addition, since the refrigeration cycle appa-
ratus in accordance with the second embodiment has
the same configuration as that of refrigeration cycle ap-
paratus 100 in accordance with the first embodiment ex-
cept for the above configuration, it can exhibit the same
effect as that of refrigeration cycle apparatus 100.

Third Embodiment

[0040] As shown in Figs. 7 to 10, a refrigeration cycle
apparatus in accordance with a third embodiment has
basically the same configuration as that of refrigeration
cycle apparatus 100 in accordance with the first embod-
iment, and differs therefrom in that it includes a first inner
member 71 instead of first inner member 7. First inner
member 71 differs from first inner member 7 in that a
thermal expansion coefficient of a material constituting
first inner member 71 is higher than a thermal expansion
coefficient of the material constituting first heat transfer
tube 6.
[0041] In the first state, first inner member 71 thermally
expands, when compared with first heat transfer tube 6.
Further, a temperature of the liquid single-phase refrig-
erant flowing through first tube portion 61 in the first state
(hereinafter referred to as a first temperature) is higher
than a temperature of the gas-liquid two-phase refriger-
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ant flowing through first tube portion 61 in the second
state (hereinafter referred to as a second temperature).
Accordingly, first inner member 71 in the first state ther-
mally expands, when compared with first inner member
71 in the second state. As a result, in the refrigeration
cycle apparatus in accordance with the third embodi-
ment, flow path cross sectional area A of first tube portion
61 of first heat transfer tube 6 in the first state is smaller
than flow path cross sectional area A of first tube portion
61 of first heat transfer tube 6 in the second state.
[0042] That is, both an equivalent diameter M3 of first
tube portion 61 of first heat transfer tube 6 in the first
state and an equivalent diameter M4 of first tube portion
61 of first heat transfer tube 6 in the second state satisfy
the above relational expression (2) as with equivalent
diameter M1, and equivalent diameter M3 is smaller than
equivalent diameter M4. That is, the refrigeration cycle
apparatus in accordance with the third embodiment sat-
isfies the following relational expression (7): 

[0043] As described above, in the refrigeration cycle
apparatus in accordance with the third embodiment,
equivalent diameter M3 of first tube portion 61 of first heat
transfer tube 6 when first heat exchanger 3 acts as a
condenser is smaller than equivalent diameter M4 of first
tube portion 61 of first heat transfer tube 6 when first heat
exchanger 3 acts as an evaporator. Accordingly, the pe-
riod efficiency of the refrigeration cycle apparatus in ac-
cordance with the third embodiment is improved, when
compared with the period efficiency of refrigeration cycle
apparatus 100 in accordance with the first embodiment.
[0044] For example, when first inner member 71 is de-
signed such that equivalent diameter M1 in the first state
is equal to that of refrigeration cycle apparatus 100,
equivalent diameter M2 in the second state is smaller
than that of refrigeration cycle apparatus 100. In first heat
exchanger 3 including such first inner member 71, the
pressure loss in first tube portion 61 in the second state
is decreased, and thus heat exchange performance is
improved, when compared with first heat exchanger 3
including first inner member 7.
[0045] In addition, when first inner member 71 is de-
signed such that equivalent diameter M4 in the second
state is equal to that of refrigeration cycle apparatus 100,
equivalent diameter M1 in the first state is larger than that
of refrigeration cycle apparatus 100. In first heat ex-
changer 3 including such first inner member 71, the ve-
locity of the refrigerant in the liquid single-phase state in
the first state is increased, and thus heat exchange per-
formance is improved, when compared with first heat ex-
changer 3 including first inner member 7.
[0046] In addition, since the refrigeration cycle appa-
ratus in accordance with the third embodiment has the
same configuration as that of refrigeration cycle appara-

tus 100 in accordance with the first embodiment except
for the above configuration, it can exhibit the same effect
as that of refrigeration cycle apparatus 100. It should be
noted that the refrigeration cycle apparatus in accord-
ance with the third embodiment may have the same con-
figuration as that of the refrigeration cycle apparatus in
accordance with the second embodiment except for the
above configuration.

Fourth Embodiment

[0047] As shown in Figs. 11 to 14, a refrigeration cycle
apparatus in accordance with a fourth embodiment has
basically the same configuration as that of refrigeration
cycle apparatus 100 in accordance with the first embod-
iment, and differs therefrom in that it includes a first inner
member 72 instead of first inner member 7. First inner
member 72 differs from first inner member 7 in that a
material constituting first inner member 72 includes a
shape memory alloy.
[0048] First inner member 72 is provided to be de-
formed between the first state and the second state. First
inner member 72 is deformed such that flow path cross
sectional area A of first tube portion 61 of first heat trans-
fer tube 6 in the first state is smaller than flow path cross
sectional area A of first tube portion 61 of first heat trans-
fer tube 6 in the second state. That is, both equivalent
diameter M3 of first tube portion 61 of first heat transfer
tube 6 in the first state and equivalent diameter M4 of first
tube portion 61 of first heat transfer tube 6 in the second
state satisfy the above relational expression (2) as with
equivalent diameter M1, and equivalent diameter M3 is
smaller than equivalent diameter M4.
[0049] The temperature of the liquid single-phase re-
frigerant flowing through first tube portion 61 in the first
state (hereinafter referred to as the first temperature) is
higher than the temperature of the gas-liquid two-phase
refrigerant flowing through first tube portion 61 in the sec-
ond state (hereinafter referred to as the second temper-
ature).
[0050] The transition temperature of the shape mem-
ory alloy constituting first inner member 72 is less than
or equal to the first temperature and more than the sec-
ond temperature. When the temperature of first inner
member 72 is less than the transition temperature, first
inner member 72 is deformed under the pressure of the
refrigerant in the gas-liquid two-phase state in the second
state, for example. When the temperature of first inner
member 72 is more than or equal to the transition tem-
perature, first inner member 72 is restored from the de-
formed state.
[0051] Such a refrigeration cycle apparatus in accord-
ance with the fourth embodiment satisfies the following
relational expression (7), as with the refrigeration cycle
apparatus in accordance with the third embodiment: 
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[0052] As described above, in the refrigeration cycle
apparatus in accordance with the fourth embodiment,
equivalent diameter M1 of first tube portion 61 of first heat
transfer tube 6 when first heat exchanger 3 acts as a
condenser is smaller than equivalent diameter M2 of first
tube portion 61 of first heat transfer tube 6 when first heat
exchanger 3 acts as an evaporator. Accordingly, the pe-
riod efficiency of the refrigeration cycle apparatus in ac-
cordance with the fourth embodiment is improved, when
compared with the period efficiency of refrigeration cycle
apparatus 100 in accordance with the first embodiment.
[0053] For example, when first inner member 72 is de-
signed such that equivalent diameter M1 in the first state
is equal to that of refrigeration cycle apparatus 100,
equivalent diameter M2 in the second state is smaller
than that of refrigeration cycle apparatus 100. In first heat
exchanger 3 including such first inner member 72, the
pressure loss in first tube portion 61 in the second state
is decreased, and thus heat exchange performance is
improved, when compared with first heat exchanger 3
including first inner member 7.
[0054] In addition, when first inner member 72 is de-
signed such that equivalent diameter M2 in the second
state is equal to that of refrigeration cycle apparatus 100,
equivalent diameter M1 in the first state is larger than that
of refrigeration cycle apparatus 100. In first heat ex-
changer 3 including such first inner member 72, the ve-
locity of the refrigerant in the liquid single-phase state in
the first state is increased, and thus heat exchange per-
formance is improved, when compared with first heat ex-
changer 3 including first inner member 7.
[0055] In addition, since the refrigeration cycle appa-
ratus in accordance with the fourth embodiment has the
same configuration as that of refrigeration cycle appara-
tus 100 in accordance with the first embodiment except
for the above configuration, it can exhibit the same effect
as that of refrigeration cycle apparatus 100. It should be
noted that the refrigeration cycle apparatus in accord-
ance with the fourth embodiment may have the same
configuration as that of the refrigeration cycle apparatus
in accordance with the second embodiment except for
the above configuration.

Fifth Embodiment

[0056] As shown in Figs. 15 and 16, a refrigeration cy-
cle apparatus in accordance with a fifth embodiment has
basically the same configuration as that of refrigeration
cycle apparatus 100 in accordance with the first embod-
iment, and differs therefrom in that it includes a first inner
member 73 instead of first inner member 7. First inner
member 73 differs from first inner member 7 in that a
specific heat of a material constituting first inner member
73 is higher than a specific heat of the material consti-

tuting first heat transfer tube 6.
[0057] The material constituting first inner member 73
includes aluminum (Al), for example. A heat capacity of
first inner member 73 is larger than a heat capacity of
first tube portion 61, for example. First inner member 73
may be constituted of a single material, or may be con-
stituted of a plurality of materials. The material constitut-
ing first inner member 73 may include a material having
a specific heat equal to that of the material constituting
first heat transfer tube 6, and a material having a specific
heat higher than that of that material. The material con-
stituting first inner member 73 may include copper (Cu),
and any material having a specific heat higher than that
of Cu, for example. In addition, first inner member 73 may
be constituted by an external member provided with an
internal space partitioned from the outside, and a filling
member which fills the internal space. In this case, a ma-
terial constituting the external member includes Cu, and
a material constituting the filling member may include
any material having a specific heat higher than that of
Cu, for example, at least one of oil and water.
[0058] As shown in Figs. 17, 18(a) and 18(b), the re-
frigeration cycle apparatus in accordance with the fifth
embodiment is provided such that it can perform inter-
mittent operation in the first state. The intermittent oper-
ation is operation that alternately switches between a
state where compressor 1 is driven and a state where
compressor 1 is stopped. In the following, an example of
a control flow for the intermittent operation in the first
state is described, taking a case where the refrigeration
cycle apparatus performs heating operation as the first
state, as an example.
[0059] When the intermittent operation is started in the
refrigeration cycle apparatus in accordance with the fifth
embodiment, compressor 1 is driven and the first state
is maintained until the indoor temperature becomes
equal to or higher than a target set temperature, for ex-
ample. Thereafter, when it is confirmed that the indoor
temperature becomes equal to or higher than the target
set temperature, compressor 1 is stopped, and circula-
tion of the refrigerant through the refrigerant circuit is also
stopped. On this occasion, when a heat medium that ex-
changes heat with the refrigerant in first heat exchanger
3 is air or the like, a fan for supplying the air to first heat
exchanger 3 is driven continuously. In addition, when the
heat medium is a brine or the like, a pump for supplying
the brine to first heat exchanger 3 is driven continuously.
Stop time of compressor 1 is counted. The fan or the
pump is driven until the stop time of compressor 1 be-
comes equal to or longer than a set time. Thereafter,
when it is confirmed that the stop time of compressor 1
becomes equal to or longer than the set time, the fan or
the pump is stopped. Thereafter, when it is confirmed
that the indoor temperature becomes lower than the tar-
get set temperature, driving of compressor 1 and the fan
or the pump is resumed.
[0060] When such intermittent operation is performed,
the frequency of compressor 1 is controlled as shown in
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Fig. 18(a). In addition, as a result of such intermittent
operation, the indoor temperature changes as shown in
Fig. 18(b). In Figs. 18(a) and 18(b), a line segment D
indicates the state of the intermittent operation in the re-
frigeration cycle apparatus in accordance with the fifth
embodiment, and a line segment E indicates the state of
the intermittent operation in a conventional refrigeration
cycle apparatus in which driving of a compressor and a
fan or a pump is stopped simultaneously when it is con-
firmed that the indoor temperature becomes equal to or
higher than the target set temperature.
[0061] As shown in Figs. 18(a) and 18(b), in the refrig-
eration cycle apparatus in accordance with the fifth em-
bodiment, although the number of times of operation of
compressor 1 is reduced, a decrease in the indoor tem-
perature is suppressed, when compared with the con-
ventional refrigeration cycle apparatus. In the conven-
tional refrigeration cycle apparatus, the amount of heat
of a heat transfer tube of an indoor heat exchanger and
the amount of heat of refrigerant remaining inside the
heat transfer tube as the driving of the compressor is
stopped are lost relatively quickly, due to heat exchange
with a heat medium existing outside the heat transfer
tube. As a result, the indoor temperature after the driving
of the compressor is stopped decreases relatively quickly
to lower than the target set temperature.
[0062] In contrast, in the refrigeration cycle apparatus
in accordance with the fifth embodiment, while compres-
sor 1 is driven, a portion of the amount of heat of the
refrigerant flowing through first tube portion 61 is accu-
mulated in first inner member 73. Accordingly, even when
the driving of compressor 1 is stopped, first heat transfer
tube 6 and the refrigerant remaining inside first heat
transfer tube 6 can receive supply of the amount of heat
from first inner member 73. Thereby, in the refrigeration
cycle apparatus in accordance with the fifth embodiment,
a decrease in the indoor temperature during the intermit-
tent operation proceeds slowly, and thus comfortable-
ness during the intermittent operation is improved, when
compared with the conventional refrigeration cycle ap-
paratus.
[0063] Further, in the refrigeration cycle apparatus in
accordance with the fifth embodiment, the stop time of
compressor 1 can be increased, and thus the number of
times of driving of compressor 1 within a predetermined
time can be reduced, when compared with the conven-
tional refrigeration cycle apparatus. As a result, the re-
frigeration cycle apparatus in accordance with the fifth
embodiment can reduce power consumption, and further
can reduce load on compressor 1, and thus has a high
reliability, when compared with the conventional refrig-
eration cycle apparatus.
[0064] In addition, since the refrigeration cycle appa-
ratus in accordance with the fifth embodiment has the
same configuration as that of refrigeration cycle appara-
tus 100 in accordance with the first embodiment except
for the above configuration, it can exhibit the same effect
as that of refrigeration cycle apparatus 100. It should be

noted that the refrigeration cycle apparatus in accord-
ance with the fifth embodiment may have the same con-
figuration as that of any of the refrigeration cycle appa-
ratuses in accordance with the second to fourth embod-
iments except for the above configuration.

Sixth Embodiment

[0065] As shown in Figs. 19 and 20, a refrigeration cy-
cle apparatus in accordance with a sixth embodiment
has basically the same configuration as that of refriger-
ation cycle apparatus 100 in accordance with the first
embodiment, and differs therefrom in that first tube por-
tion 61 has a plurality of protrusions 64 protruding with
respect to inner circumferential surface 6C that faces out-
er circumferential surface 7D of first inner member 7.
[0066] The plurality of protrusions 64 extend along the
axis line direction. Each of the plurality of protrusions 64
has a fifth end portion 64A located closer to first end
portion 6A, and a sixth end portion 64B located closer to
second end portion 6B, in the axis line direction. Sixth
end portion 64B and fourth end portion 7B of first inner
member 7 are arranged on the same cross section per-
pendicular to the axis line direction.
[0067] The plurality of protrusions 64 are arranged to
be spaced from each other in a circumferential direction
with respect to the axis line direction. The number of pro-
trusions 64 arranged to be spaced from each other in the
circumferential direction may be any number that is two
or more, and is five, for example. Each of the plurality of
protrusions 64 has a mutually equal configuration, for
example. The plurality of protrusions 64 are fixed to first
tube portion 61. A material constituting the plurality of
protrusions 64 may be any material. For example, it is a
material having a corrosion resistance with respect to the
refrigerant which is equal to that of the material consti-
tuting first heat transfer tube 6, and includes at least one
selected from the group consisting of copper (Cu), rub-
ber, and plastic, for example.
[0068] The plurality of protrusions 64 are in contact with
outer circumferential surface 7D of first inner member 7.
The plurality of protrusions 64 are provided to maintain
a state where outer circumferential surface 7D and inner
circumferential surface 6C of first tube portion 61 are ar-
ranged with a space therebetween. The plurality of pro-
trusions 64 are provided such that first tube portion 61
and first inner member 7 are coaxially arranged. In other
words, the plurality of protrusions 64 are provided such
that an axis line of first tube portion 61 matches an axis
line of first inner member 7. Positional deviation of first
inner member 7 with respect to first tube portion 61 in a
direction perpendicular to the axis line direction is sup-
pressed by the plurality of protrusions 64. Positional de-
viation of first inner member 7 with respect to first tube
portion 61 in the axis line direction, for example, is also
suppressed by the plurality of protrusions 64.
[0069] In order to suppress a decrease in the heat ex-
change performance of first heat exchanger 3 associated
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with the refrigerant in the gas-liquid two-phase state flow-
ing through first tube portion 61 in the second state being
distributed by the plurality of protrusions 64, the distribu-
tion ratio of the refrigerant in the gas-liquid two-phase
state distributed by the plurality of protrusions 64 is de-
signed as appropriate.
[0070] A cross sectional area perpendicular to the axis
line direction of the plurality of protrusions 64, that is, a
total value of cross sectional areas perpendicular to the
axis line direction of respective protrusions 64, is less
than a cross sectional area perpendicular to the axis line
direction of first inner member 7.
[0071] Such a refrigeration cycle apparatus in accord-
ance with the sixth embodiment satisfies the above re-
lational expression (2), as with the refrigeration cycle ap-
paratus in accordance with the first embodiment. It
should be noted that, when comparison is made between
first tube portion 61 in accordance with the sixth embod-
iment and first tube portion 61 in accordance with the first
embodiment having equal inner diameter D1 and includ-
ing first inner member 7 having an equal configuration,
flow path cross sectional area A of first tube portion 61
in accordance with the sixth embodiment is smaller than
flow path cross sectional area A of first tube portion 61
in accordance with the first embodiment, and thus equiv-
alent diameter M1 of first tube portion 61 in accordance
with the sixth embodiment is smaller than equivalent di-
ameter M1 of first tube portion 61 in accordance with the
first embodiment.
[0072] In the refrigeration cycle apparatus in accord-
ance with the sixth embodiment, since the plurality of
protrusions 64 maintain the state where outer circumfer-
ential surface 7D and inner circumferential surface 6C of
first tube portion 61 are arranged with a space therebe-
tween, vibration of first inner member 7 due to pulsation
of the refrigerant is suppressed. As a result, in the refrig-
eration cycle apparatus in accordance with the sixth em-
bodiment, occurrence of noise associated with the vibra-
tion of first inner member 7 is suppressed, and comfort-
ableness is improved, when compared with refrigeration
cycle apparatus 100 in accordance with the first embod-
iment.
[0073] In addition, since the plurality of protrusions 64
prevent contact between outer circumferential surface
7D of first inner member 7 and inner circumferential sur-
face 6C of first tube portion 61, a decrease in heat transfer
area in inner circumferential surface 6C of first tube por-
tion 61 is suppressed.
[0074] In addition, since the refrigeration cycle appa-
ratus in accordance with the sixth embodiment has the
same configuration as that of refrigeration cycle appara-
tus 100 in accordance with the first embodiment except
for the above configuration, it can exhibit the same effect
as that of refrigeration cycle apparatus 100. It should be
noted that the refrigeration cycle apparatus in accord-
ance with the sixth embodiment may have the same con-
figuration as that of any of the refrigeration cycle appa-
ratuses in accordance with the second to fifth embodi-

ments except for the above configuration.
[0075] As shown in Figs. 19 and 20, inner circumfer-
ential surface 6C of first tube portion 61 may be provided
with a plurality of groove portions. The plurality of groove
portions are arranged to be spaced from each other in
the circumferential direction. Between two groove por-
tions adjacent in the circumferential direction, each of a
plurality of minute protrusions 65 or the plurality of pro-
trusions 64 provided to protrude with respect to bottom
portions of the groove portions is arranged. That is, each
protrusion 64 is arranged between two groove portions
adjacent in the circumferential direction. In a cross sec-
tion perpendicular to the axis line direction, a tip of each
minute protrusion 65 has an intersection at which two
curved surfaces intersect to form an acute angle there-
between, for example. The height of each protrusion 64
with respect to inner circumferential surface 6C is higher
than the height of each minute protrusion 65 with respect
to inner circumferential surface 6C. The number of
minute protrusions 65 arranged to be spaced from each
other in the circumferential direction may be any number
that is two or more, and is more than the number of the
plurality of protrusions 64, for example. Each of the plu-
rality of minute protrusions 65 has a mutually equal con-
figuration, for example.
[0076] In a case where first tube portion 61 is provided
with the plurality of minute protrusions 65 as described
above, the heat transfer area in inner circumferential sur-
face 6C of first tube portion 61 is increased, and thus the
heat exchange performance of first heat exchanger 3 is
improved, when compared with a case where first tube
portion 61 is not provided with the plurality of minute pro-
trusions 65.

Seventh Embodiment

[0077] As shown in Figs. 21 and 22, a refrigeration cy-
cle apparatus in accordance with a seventh embodiment
has basically the same configuration as that of the refrig-
eration cycle apparatus in accordance with the sixth em-
bodiment, and differs therefrom in that the plurality of
protrusions 64 are arranged to be spaced from each other
in the axis line direction. That is, the plurality of protru-
sions 64 are arranged to be spaced from each other in
the circumferential direction with respect to the axis line
direction, and are also arranged to be spaced from each
other in the axis line direction.
[0078] The number of protrusions 64 arranged to be
spaced from each other in the axis line direction may be
any number that is two or more, and is three, for example.
Each of the plurality of protrusions 64 has a mutually
equal configuration, for example.
[0079] Such a refrigeration cycle apparatus in accord-
ance with the seventh embodiment satisfies the above
relational expression (2), as with the refrigeration cycle
apparatus in accordance with the first embodiment.
[0080] In the refrigeration cycle apparatus in accord-
ance with the seventh embodiment, since the plurality of
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protrusions 64 are arranged to be spaced from each other
in the axis line direction, occurrence of pressure loss re-
sulting from the plurality of protrusions 64 is suppressed,
when compared with the refrigeration cycle apparatus in
accordance with the sixth embodiment. As a result, in
the refrigeration cycle apparatus in accordance with the
seventh embodiment, the heat exchange performance
of first heat exchanger 3 in the second state is improved,
and period efficiency is improved, when compared with
the refrigeration cycle apparatus in accordance with the
sixth embodiment.
[0081] In addition, since the refrigeration cycle appa-
ratus in accordance with the seventh embodiment has
the same configuration as that of refrigeration cycle ap-
paratus 100 in accordance with the first embodiment ex-
cept for the above configuration, it can exhibit the same
effect as that of refrigeration cycle apparatus 100. It
should be noted that the refrigeration cycle apparatus in
accordance with the seventh embodiment may have the
same configuration as that of any of the refrigeration cycle
apparatuses in accordance with the second to fifth em-
bodiments except for the above configuration.

<Variation>

[0082] Although first heat exchanger 3 includes first
inner member 7, 71, 72, or 73 in the refrigeration cycle
apparatuses in accordance with the first to seventh em-
bodiments, second heat exchanger 4 may also include
a second inner member having the same configuration
as that of any of first inner members 7, 71, 72, and 73. It
should be noted that Fig. 23 shows a configuration in
which second heat exchanger 4 includes a second inner
member 9 having the same configuration as that of first
inner member 7.
[0083] As shown in Figs. 23 and 24, second heat ex-
changer 4 has a plurality of second heat transfer tubes
8 having the same configuration as that of first heat trans-
fer tubes 6 of first heat exchanger 3. Each of second heat
transfer tubes 8 can be divided into a fifth tube portion
83 located upstream of an intermediate position of sec-
ond heat transfer tube 8 in flowing direction F2 of the
refrigerant in the second state, a sixth tube portion 82
including the intermediate position of second heat trans-
fer tube 8 and located downstream of fifth tube portion
83 in direction F2, and a second tube portion 81 located
downstream of sixth tube portion 82 in direction F2. Sec-
ond tube portion 81 of the second heat transfer tube is a
portion located downstream of the intermediate position
of second heat transfer tube 8 in flowing direction F2 of
the refrigerant when second heat exchanger 4 acts as a
condenser. Second tube portion 81 of the second heat
transfer tube corresponds to first tube portion 61 of first
heat transfer tube 6, sixth tube portion 82 of second heat
transfer tube 8 corresponds to fourth tube portion 62 of
first heat transfer tube 6, and fifth tube portion 83 of sec-
ond heat transfer tube 8 corresponds to third tube portion
63 of first heat transfer tube 6. Second tube portion 81

of second heat transfer tube 8 includes a portion through
which the liquid phase refrigerant flows when the refrig-
eration cycle apparatus is in the second state. Second
tube portion 81 of second heat transfer tube 8 includes
a portion through which for example the gas-liquid two-
phase refrigerant flows when the refrigeration cycle ap-
paratus is in the first state.
[0084] When second heat exchanger 4 includes a plu-
rality of second inner members 9, each second inner
member 9 is arranged inside second tube portion 81 of
each second heat transfer tube 8. In this case, an equiv-
alent diameter M2 of second tube portion 81 of second
heat transfer tube 8 is calculated from the following re-
lational expression (3), as with equivalent diameter M1
of first tube portion 61 of first heat transfer tube 6: 

where A2 is a flow path cross sectional area of second
tube portion 81, and S2 is a wetted perimeter of second
tube portion 81.
[0085] Further, equivalent diameter M2 and an inner
diameter D2 of second tube portion 81 satisfy the follow-
ing relational expression (4) in the first state and the sec-
ond state: 

[0086] In addition, the heat exchange performance of
such second heat exchanger 4 in the second state is
indicated by line segment A in Fig. 5, the heat exchange
performance of second heat exchanger 4 in the first state
is indicated by line segment B in Fig. 5, and the period
efficiency of second heat exchanger 4 is indicated by line
segment C in Fig. 5.
[0087] Accordingly, the in-tube heat transfer perform-
ance of second tube portion 81 of second heat transfer
tube 8 in the second state is higher than that in a case
where second inner member 9 is not arranged. In addi-
tion, the period efficiency of second heat exchanger 4 as
described above is higher than the period efficiency of a
heat exchanger provided with an insertion body which
does not satisfy the above relational expression (4). In
addition, the second inner member may have the same
configuration as that of first inner member 71, 72, or 73.
[0088] In addition, first inner member 7, 71, 72, or 73
may be arranged inside at least one first tube portion 61
of the plurality of first heat transfer tubes 6 of first heat
exchanger 3. Second inner member 9 may be arranged
inside at least one second tube portion 81 of the plurality
of second heat transfer tubes 8 of second heat exchanger
4.
[0089] Although the embodiments of the present in-
vention have been described above, it is also possible
to modify the embodiments described above in various

21 22 



EP 3 795 928 A1

13

5

10

15

20

25

30

35

40

45

50

55

manners. In addition, the scope of the present invention
is not limited to the embodiments described above. The
scope of the present invention is defined by the scope of
the claims, and is intended to include any modifications
within the scope and meaning equivalent to the scope of
the claims.

REFERENCE SIGNS LIST

[0090] 1: compressor; 2: four-way valve; 3: first heat
exchanger; 4: second heat exchanger; 5: decompression
unit; 6: first heat transfer tube; 6A: first end portion; 6B:
second end portion; 6C: inner circumferential surface;
6D, 7D: outer circumferential surface; 7, 71, 72, 73: first
inner member; 7A: third end portion; 7B: fourth end por-
tion; 8: second heat transfer tube; 9: second inner mem-
ber; 30: heat exchange unit; 31, 32: distributor; 61: first
tube portion; 62: fourth tube portion; 63: third tube portion;
64: protrusion; 64A: fifth end portion; 64B: sixth end por-
tion; 65: minute protrusion; 81: second tube portion; 82:
sixth tube portion; 83: fifth tube portion; 100: refrigeration
cycle apparatus.

Claims

1. A refrigeration cycle apparatus comprising a refrig-
erant circuit which includes a compressor, a flow
path switching valve, a first heat exchanger, a sec-
ond heat exchanger, and a decompression unit, and
through which refrigerant circulates,
the refrigerant circuit being provided to be switchable
between a first state in which the first heat exchanger
acts as a condenser and the second heat exchanger
acts as an evaporator and a second state in which
the second heat exchanger acts as a condenser and
the first heat exchanger acts as an evaporator,
the first heat exchanger including a first heat transfer
tube inside which the refrigerant flows,
the first heat transfer tube having a first tube portion
located downstream of an intermediate position of
the first heat transfer tube in a flowing direction of
the refrigerant in the first state,
the first heat exchanger further including a first inner
member arranged inside the first tube portion,
in the first state and the second state, an equivalent
diameter M1 calculated from a following relational
expression (1) and an inner diameter D1 of the first
tube portion satisfying a following relational expres-
sion (2): 

and 

where A1 is a flow path cross sectional area of the
first tube portion, and S1 is a wetted perimeter of the
first tube portion.

2. The refrigeration cycle apparatus according to claim
1, wherein a length of the first inner member in an
axis line direction of the first tube portion is less than
1/3 of a length of the first heat transfer tube.

3. The refrigeration cycle apparatus according to claim
1 or 2, wherein
a thermal expansion coefficient of a material consti-
tuting the first inner member is higher than a thermal
expansion coefficient of a material constituting the
first heat transfer tube, and
the equivalent diameter in the first state is smaller
than the equivalent diameter in the second state.

4. The refrigeration cycle apparatus according to claim
1 or 2, wherein
a material constituting the first inner member in-
cludes a shape memory alloy, and
the equivalent diameter when the first heat exchang-
er acts as the condenser is smaller than the equiv-
alent diameter in the second state.

5. The refrigeration cycle apparatus according to any
one of claims 1 to 4,
wherein a specific heat of a material constituting the
first inner member is higher than a specific heat of a
material constituting the first heat transfer tube.

6. The refrigeration cycle apparatus according to any
one of claims 1 to 5,
wherein
the first tube portion has a plurality of protrusions
protruding with respect to an inner circumferential
surface that faces an outer circumferential surface
of the first inner member, and
the plurality of protrusions are in contact with the
outer circumferential surface.

7. The refrigeration cycle apparatus according to claim
6, wherein the plurality of protrusions are arranged
to be spaced from each other in a circumferential
direction with respect to an axis line of the first tube
portion.

8. The refrigeration cycle apparatus according to any
one of claims 1 to 7,
wherein
the second heat exchanger includes a second heat
transfer tube inside which the refrigerant flows,
the second heat transfer tube has a second tube
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portion located downstream of an intermediate po-
sition of the second heat transfer tube in a flowing
direction of the refrigerant in the second state,
the second heat exchanger further includes a second
inner member arranged inside the second tube por-
tion of the second heat transfer tube,
in the first state and the second state, an inner di-
ameter D2 of the second tube portion and an equiv-
alent diameter M2 calculated from a following rela-
tional expression (3) satisfy a following relational ex-
pression (4): 

and 

where A2 is a flow path cross sectional area of the
second tube portion, and S2 is a wetted perimeter of
the second tube portion.
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