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Description
Technical Field

[0001] The present disclosure relates to a heat ex-
changer and a refrigeration cycle device including the
heatexchanger, and particularly to a structure preventing
deformation of heat transfer tubes.

Background Art

[0002] In recent years, a heat exchanger of a refriger-
ating and air-conditioning apparatus in which corrugated
fins disposed in gaps among a plurality of heat transfer
tubes are eliminated and each of the heat transfer tubes
is reduced in diameter to narrow the gaps among the
heat transfer tubes has been known. In such a heat ex-
changer, the plurality of heat transfer tubes are densely
arranged, and air passes through the gaps among the
heat transfer tubes, which makes it possible to improve
heat exchange performance, and to achieve high per-
formance and light weight of a refrigeration cycle device.
Further, in recent years, reduction of a use amount of
refrigerant having high global warming potential is an im-
portantissue. It is desirable to develop a heat exchanger
that is small in capacity of each of the heat transfer tubes
and is high in performance as compared with the existing
heat exchanger.

[0003] For example, a heat exchanger disclosed in
Patent Literature 1 includes flat tubes made of aluminum,
in place of existing circular tubes made of copper. The
heat exchanger includes the plurality of flat tubes ar-
ranged at intervals, and a pair of headers connected to
both ends of each of the flat tubes in a tube axis direction.
[0004] A heatexchangerdisclosed in Patent Literature
2 includes heat transfer tubes. Each of the heat transfer
tubes is configured such that a plurality of circular tubes
reduced in diameter are arranged in a ventilation direc-
tion, and fins are joined to the circular tubes to connect
the circular tubes. The heat exchanger includes the plu-
rality of heat transfer tubes arranged at intervals in a di-
rection orthogonal to the ventilation direction, and a pair
of headers connected to both ends of each of the circular
tubes configuring the heat transfer tubes.

Citation List

Patent Literature

[0005]
Patent Literature 1: International Publication No.
W02015/005352

Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2018-155479
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Summary of Invention
Technical Problem

[0006] Each of the heat transfer tubes of the heat ex-
changer disclosed in each of Patent Literature 1 and Pat-
ent Literature 2 has a small area of a cross-section or-
thogonal to the tube axis direction as compared with the
existing technique, and has low rigidity and low strength.
Further, the heat exchanger does not include heat trans-
fer promoting elements such as corrugated fins among
the plurality of heat transfer tubes. Therefore, itis difficult
to prevent buckling of each of the heat transfer tubes in
the tube axis direction and warpage of each of the heat
transfer tubes in an arrangement direction, which may
deform the entire shape.

[0007] The presentdisclosure has been made to solve
the above-described issues, and an object thereof is to
provide a heat exchanger that includes the plurality of
heat transfer tubes connected to one another at both
ends in the tube axis direction and can prevent deforma-
tion, and to provide a refrigeration cycle device.

Solution to Problem

[0008] A heat exchanger according to one embodi-
ment of the present disclosure includes: a plurality of heat
transfer tubes configured to allow refrigerant to pass
therethrough, arranged in a first direction and being
spaced from each other; a first header connected to one
end of each of the plurality of the heat transfer tubes; a
second header connected to an other end of each of the
plurality of the heat transfer tubes; and a plurality of re-
inforcing elements connected to each of the first header
and the second header. Each of the plurality of heat trans-
fer tubes and each of the plurality of reinforcing elements
are disposed between the first header and the second
header and are connected by the first header and the
second header without being connected by a component
connecting side surfaces of the plurality of heat transfer
tubes and a side surface of each of the plurality of heat
transfer tubes and a side surface of each of reinforcing
elements.

[0009] A refrigeration cycle device according to anoth-
er embodiment of the present disclosure includes the
above-described heat exchanger.

Advantageous Effects of Invention

[0010] According tothe embodiment ofthe present dis-
closure, it is possible to prevent deformation in the ar-
rangement direction of the plurality of heat transfer tubes
of the heat exchanger by the reinforcing elements con-
nected to each of the first header and the second header.

Brief Description of Drawings

[0011]
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[Fig. 1] Fig. 1 is a refrigerant circuit diagram illustrat-
ing a configuration of a refrigeration cycle device in-
cluding a heat exchanger 50 according to Embodi-
ment 1.

[Fig. 2] Fig. 2 is afrontview illustrating a configuration
of a main part of the heat exchanger 50 according
to Embodiment 1.

[Fig. 3] Fig. 3 is a plan view of the heat exchanger
50 in Fig. 2.

[Fig. 4] Fig. 4 is a side view of the heat exchanger
50 in Fig. 2.

[Fig. 5] Fig. 5 is a cross-sectional view of the heat
exchanger 50 in Fig. 2.

[Fig. 6] Fig. 6 is a front view of a heat exchanger 150
as a comparative example of the heat exchanger 50
according to Embodiment 1.

[Fig. 7] Fig. 7 is a cross-sectional view of a heat ex-
changer 50A as a modification of the heat exchanger
50 according to Embodiment 1.

[Fig. 8] Fig. 8 is a cross-sectional view of a heat ex-
changer 50B as another modification of the heat ex-
changer 50 according to Embodiment 1.

[Fig. 9] Fig. 9 is a perspective view of a single rein-
forcing element 3B in Fig. 8.

[Fig. 10] Fig. 10 is a cross-sectional view of a heat
exchanger 50C as still another modification of the
heat exchanger 50 according to Embodiment 1.
[Fig. 11] Fig. 11 is a cross-sectional view of a heat
exchanger 250 according to Embodiment 2.

[Fig. 12] Fig. 12 is a cross-sectional view of a heat
exchanger 350 according to Embodiment 3.

Description of Embodiments

[0012] A heat exchanger and a refrigeration cycle de-
vice according to Embodiment 1 are described below with
reference to drawings and the like. In the following draw-
ings including Fig. 1, relative dimensional relationship,
shapes, and the like of components may be different from
those of actual components. Further, in the following
drawings, the same or equivalent components are de-
noted by the same reference numerals, and this applies
to the entire description of the specification. Further,
terms representing directions (for example, "up”, "down",
"right", "left", "front", and "rear") are appropriately used
to facilitate understanding; however, these terms are
used for description and do not limit arrangement and
directions of devices or components. In the specification,
positional relationship of the components, extending di-
rections of the components, and arrangement directions
of the components are exhibited when the heat exchang-
er is installed in a usable state, in principle.

Embodiment 1
[Refrigeration Cycle Device 100]

[0013] Fig. 1is a refrigerant circuit diagram illustrating
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a configuration of a refrigeration cycle device 100 includ-
ing a heat exchanger 50 according to Embodiment 1. In
Fig. 1, an arrow illustrated by a dashed line indicates a
flowing direction of refrigerant in the refrigerant circuit
110 during cooling operation, and an arrow illustrated by
asolidline indicates the flowing direction of the refrigerant
during heating operation. First, the refrigeration cycle de-
vice 100 including the heat exchanger 50 is described
with reference to Fig. 1. In the embodiment, an air-con-
ditioning apparatus is illustrated as the refrigeration cycle
device 100; however, the refrigeration cycle device 100
is used for refrigeration application or air-conditioning ap-
plication, for example, a refrigerator, a freezer, an auto-
matic vending machine, an air-conditioning apparatus, a
refrigeration device, and a water heater. The illustrated
refrigerant circuit 110 is only illustrative, and a configu-
ration and the like of circuit elements are not limited to
contents described in the embodiment, and can be ap-
propriately modified within the technical scope according
to the embodiment.

[0014] The refrigeration cycle device 100 includes the
refrigerant circuit 110 in which a compressor 101, a flow
switching device 102, an indoor heat exchanger 103, a
decompression device 104, and an outdoor heat ex-
changer 105 are sequentially connected through refrig-
erant pipes. The heat exchanger 50 described below is
used for at least one of the outdoor heat exchanger 105
and the indoor heat exchanger 103. The refrigeration cy-
cledevice 100 includes an outdoor unit 106 and an indoor
unit 107. The outdoor unit 106 houses the compressor
101, the flow switching device 102, the outdoor heat ex-
changer 105, the decompression device 104, and an out-
door fan 108 supplying outdoor air to the outdoor heat
exchanger 105. The indoor unit 107 houses the indoor
heat exchanger 103 and an indoor fan 109 supplying air
to the indoor heat exchanger 103. The outdoor unit 106
and the indoor unit 107 are connected through two ex-
tension pipes 111 and 112that are a part of the refrigerant
pipes.

[0015] The compressor 101 is a fluid machine that
compresses suctioned refrigerant and discharges com-
pressed refrigerant. The flow switching device 102 is, for
example, a four-way valve, and switches a flow path of
the refrigerant during the cooling operation and the heat-
ing operation under control of acontroller (not illustrated).
[0016] The indoor heat exchanger 103 is a heat ex-
changer performing heat exchange between the refrig-
erant flowing through an inside of the indoor heat ex-
changer 103 and indoor air supplied by the indoor fan
109. The indoor heat exchanger 103 functions as a con-
denser during the heating operation, and functions as an
evaporator during the cooling operation.

[0017] The decompression device 104 is, for example,
an expansion valve, and decompresses the refrigerant.
As the decompression device 104, an electronic expan-
sion valve, an opening degree of which is controlled by
the controller, is usable.

[0018] The outdoor heat exchanger 105 is a heat ex-
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changer performing heat exchange between the refrig-
erant flowing through an inside of the outdoor heat ex-
changer 105 and air supplied by the outdoor fan 108.
The outdoor heat exchanger 105 functions as an evap-
orator during the heating operation, and functions as a
condenser during the cooling operation.

[Operation of Refrigeration Cycle Device]

[0019] Next, an example of operation of the refrigera-
tion cycle device 100 is described with reference to Fig.
1. During the heating operation of the refrigeration cycle
device 100, the refrigerant in a high-pressure and high-
temperature gas state, that is discharged from the com-
pressor 101, flows into the indoor heat exchanger 103
through the flow switching device 102, and exchanges
heat with the air supplied by the indoor fan 109, thereby
being condensed. The condensed refrigerantis in a high-
pressure liquid state, flows out from the indoor heat ex-
changer 103, and is put into a low-pressure two-phase
gas-liquid state by the decompression device 104. The
refrigerant in the low-pressure two-phase gas-liquid state
flows into the outdoor heat exchanger 105, and is evap-
orated by exchanging heat with the air supplied by the
outdoor fan 108. The evaporated refrigerant is in a low-
pressure gas state, and is suctioned into the compressor
101.

[0020] During the cooling operation of the refrigeration
cycle device 100, the refrigerant flowing through the re-
frigerant circuit 110 flows in a direction opposite to the
direction during the heating operation. More specifically,
during the cooling operation of the refrigeration cycle de-
vice 100, the refrigerant in the high-pressure and high-
temperature gas state, discharged from the compressor
101 flows into the outdoor heat exchanger 105 through
the flow switching device 102, and exchanges heat with
the air supplied by the outdoor fan 108, thereby being
condensed. The condensed refrigerant is in the high-
pressure liquid state, flows out from the outdoor heat ex-
changer 105, and is put into the low-pressure two-phase
gas-liquid state by the decompression device 104. The
refrigerant in the low-pressure two-phase gas-liquid state
flows into the indoor heat exchanger 103, and is evapo-
rated by exchanging heat with the air supplied by the
indoor fan 109. The evaporated refrigerant is in the low-
pressure gas state, and is suctioned into the compressor
101.

[Heat Exchanger 50]

[0021] Fig. 2 is a front view illustrating a configuration
of a main part of the heat exchanger 50 according to
Embodiment 1. Fig. 3 is a plan view of the heat exchanger
50 in Fig. 2. Fig. 4 is a side view of the heat exchanger
50 in Fig. 2. Fig. 5 is a cross-sectional view of the heat
exchanger 50 in Fig. 2. Fig. 5 illustrates a cross-section
taken along line A-A in Fig. 2, orthogonal to tube axes of
flat tubes 1. The cross-section illustrated in Fig. 5 is re-
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ferred to as a first cross-section in some cases. In Fig.
2, hatched arrows RF indicate a flow of the refrigerant
flowing into the heat exchanger 50 and flowing out from
the heatexchanger 50. The heatexchanger 50 according
to Embodiment 1 is described with reference to Fig. 2 to
Fig. 5.

[0022] The heat exchanger 50 according to Embodi-
ment 1 includes the plurality of flat tubes 1, a first header
2b and a second header 2a connected to ends of each
of the plurality of flat tubes 1, and a plurality of reinforcing
elements 3 disposed in parallel with the plurality of flat
tubes 1. The plurality of flat tubes 1 are arranged in an x
direction. In addition, the plurality of flat tubes 1 are ar-
ranged such that the tube axes extend along a y direction.
In Embodiment 1, the y direction is parallel to a gravity
direction. However, arrangement of the heat exchanger
50 is not limited thereto, and the y direction may be in-
clined to the gravity direction. The plurality of flat tubes
1 are arranged at equal intervals in the x direction, and
each of the intervals is a width w1.

[0023] The first header 2b is connected to one end 12
in the tube axis direction of each of the plurality of flat
tubes 1. Further, the second header 2a is connected to
the other end 11 in the tube axis direction of each of the
plurality of flattubes 1. The firstheader 2b and the second
header 2a are disposed such that longitudinal directions
extend in the arrangement direction of the plurality of flat
tubes 1. The longitudinal directions of the first header 2b
and the second header 2a are parallel to each other. In
the following description, the first header 2b and the sec-
ond header 2a are collectively referred to as headers 2
in some cases.

[0024] The reinforcing elements 3 are disposed out-
side of the flat tubes 1 positioned at both ends among
the plurality of flat tubes 1 arranged in the x direction. In
the heat exchanger 50 illustrated in Fig. 2 to Fig. 5, two
reinforcing elements 3 are disposed. One of the reinforc-
ing elements 3 is disposed at an end in the x direction of
each of the first header 2b and the second header 2a.
The other reinforcing element 3 is disposed at an end in
a direction opposite to the x direction of each of the first
header 2b and the second header 2a.

[0025] The ends 11 and 12 of each of the plurality of
flat tubes 1 are inserted into the headers 2 and are joined
to the headers 2 by a joining method such as brazing.
Ends 31 and 32 of each of the plurality of reinforcing
elements 3 are also inserted into the headers 2 and are
joined to the headers 2 by a joining method such as braz-
ing. Further, the plurality of flat tubes 1 and the plurality
of reinforcing elements 3 are arranged side by side in the
x direction. Each of the plurality of flat tubes 1 has a heat
transfer portion 13 that is a portion other than the ends
11 and 12 and is positioned between a lower surface of
the first header 2b and an upper surface of the second
header 2a. Each of the reinforcing elements 3 has a cent-
er portion 33 that is a portion other than the ends 31 and
32 and is positioned between the lower surface of the
firstheader 2b and the upper surface of the second head-
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er 2a.
(Flat Tube 1)

[0026] Each of the plurality of flat tubes 1 allows the
refrigerant to pass therethrough. Each of the plurality of
flat tubes 1 extends between the first header 2b and the
second header 2a. The plurality of flat tubes 1 are ar-
ranged atintervals w1 in the x direction and are arranged
side by side in the extending direction of the headers 2.
The plurality of flat tubes 1 are disposed to face one an-
other. A gap that is a flow path of air is formed between
two adjacent flat tubes 1 among the plurality of flat tubes
1. In Embodiment 1, the arrangement direction of the
plurality of flat tubes 1 and the extending direction of the
headers 2, namely, the x direction is referred to as a first
direction.

[0027] In the heat exchanger 50, the arrangement di-
rection of the plurality of flat tubes 1 that is the first direc-
tion is coincident with a horizontal direction. The arrange-
ment direction of the plurality of flat tubes 1 that is the
first direction, however, is not limited to the horizontal
direction, and may be coincident with a vertical direction
or a direction inclined to the vertical direction. Likewise,
in the heat exchanger 50, the extending direction of the
plurality of flat tubes 1 is coincident with the vertical di-
rection. The extending direction of the plurality of flat
tubes 1, however, is not limited to the vertical direction,
and may be coincident with the horizontal direction or the
direction inclined to the vertical direction.

[0028] The adjacent flat tubes 1 among the plurality of
flat tubes 1 are not connected by a heat transfer promot-
ing element 130. The heat transfer promoting element
130is, forexample, a plate fin or a corrugated fin. In other
words, the plurality of flat tubes are connected to one
another only by the headers 2.

[0029] As illustrated in Fig. 5, each of the flat tubes 1
has a cross-sectional shape flat in one direction, such as
an elliptical shape. Each of the flat tubes 1 has a first side
end 60a, a second side end 60b, and a pair of flat surfaces
60c and 60d. In the cross-section illustrated in Fig. 5, the
first side end 60a may be formed to protrude outward
between one of ends of the flat surface 60c and one of
ends of the flat surface 60d. In the same cross-section,
the second side end 60b may be formed to protrude out-
ward between the other end of the flat surface 60c and
the other end of the flat surface 60d. In other words, each
of the flat tubes 1 may include a fin extending in the z
direction from the end 60a in a long axis direction of the
cross-section and a fin extending in a direction opposite
to the z direction from the end 60b. The fins extending
from the first side end 60a and the second side end 60b
of each of the plurality of flat tubes 1 are provided to
improve heat exchange performance of each of the flat
tubes 1 in the heat exchanger 50 including no heat trans-
fer promoting element 130 (see Fig. 6) among the plu-
rality of flat tubes 1.

[0030] In a case where the heat exchanger 50 func-

10

15

20

25

30

35

40

45

50

55

tions as an evaporator of the refrigeration cycle device
100, the refrigerant flows from one end to the other end
in the extending direction inside each of the plurality of
flat tubes 1. In contrast, in a case where the heat ex-
changer 50 functions as a condenser of the refrigeration
cycle device 100, the refrigerant flows from the other end
to the one end in the extending direction inside each of
the plurality of flat tubes 1.

(Header 2)

[0031] Eachofthefirstheader2bandthe second head-
er 2a extends in the x direction, and allows the refrigerant
to flow therethrough. As illustrated in Fig. 2, for example,
the refrigerant flows into the second header 2a from one
end thereof, and is distributed to the plurality of flat tubes
1. The refrigerant passing through the plurality of flat
tubes 1 is merged in the first header 2b, and the refrig-
erant flows out from one end of the first header 2b.
[0032] In Fig. 2 to Fig. 5, each of the headers 2 has a
cuboid outer shape; however, the outer shape is not lim-
ited thereto. Each of the headers 2 may have, for exam-
ple, a columnar shape or an elliptic columnar shape, and
the cross-sectional shape of each of the headers 2 is
appropriately changeable. Further, as a structure of each
of the headers 2, for example, a cylindrical body having
closed ends, a stacked body in which plates each having
aslitare stacked can be adopted. Each of the first header
2b and the second header 2a has arefrigerant inflow port
from which the refrigerant can flow in/out.

(Reinforcing Element 3)

[0033] As illustrated in Fig. 5, in the heat exchanger
50, the reinforcing elements 3 are arranged side by side
with the plurality of flat tubes 1. In other words, the rein-
forcing elements 3 are disposed such that longitudinal
directions of the reinforcing elements 3 are parallel to the
tube axes of the plurality of flat tubes 1. Further, in Em-
bodiment 1, the reinforcing elements 3 are disposed at
both ends of the arrangement of the plurality of flat tubes
1. In other words, the reinforcing elements 3 are provided
at two positions of the heat exchanger 50. One of the
reinforcing elements 3 is disposed adjacently to a flat
tube 1a positioned at the end in the direction opposite to
the x direction, and is positioned outside the arrangement
of the plurality of flat tubes 1. The other reinforcing ele-
ment 3 is disposed adjacently to a flat tube 1b positioned
at the end in the x direction, and is positioned outside the
arrangement of the plurality of flat tubes 1.

[0034] In Embodiment 1, each of the reinforcing ele-
ments 3 is a columnar body, and two columnar bodies
are disposed as a pair at each of both ends of the ar-
rangement of the plurality of flat tubes 1. When focusing
on areinforcing element 3a or 3b at one position, the two
columnar bodies are arranged in the z direction. The two
columnar bodies are disposed at an interval thatis equiv-
alent to a width in the z direction of each of the plurality
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of flat tubes 1.

[0035] Each of the reinforcing elements 3 is made of
a material higher in strength than a material of each of
the flat tubes 1. Each of the flat tubes 1 is made of alu-
minum. Therefore, each of the reinforcing elements 3 is
preferably made of a material higher in rigidity and
strength than aluminum, for example, stainless steel.

(Action of Reinforcing Element 3)

[0036] Fig. 6 is a front view of a heat exchanger 150
as a comparative example of the heat exchanger 50 ac-
cording to Embodiment 1. The heat exchanger 150 ac-
cording to the comparative example has a structure sim-
ilar to that of Embodiment 1, but is different in that the
heat exchanger 150 according to the comparative exam-
ple includes corrugated fins as heat transfer promoting
elements 130 among the plurality of flat tubes 1x and
does not include the reinforcing elements 3. Each of the
heat transfer promoting elements 130 connects side sur-
faces of adjacent flat tubes 1x among the plurality of flat
tubes 1x. The heat transfer promoting elements 130 are
joined to the side surfaces of the plurality of flat tubes 1x
by a method such as brazing.

[0037] In the heat exchanger 50 according to Embod-
iment 1, the intervals w1 of the plurality of flat tubes 1 are
narrowed to increase the number of arranged flat tubes
1. As a result, the heat exchanger 50 can improve heat
exchange performance between the refrigerant and fluid
passing through the heat exchanger while the capacity
of the heat exchanger 50 is reduced, without being pro-
vided with the heat transfer promoting elements 130 dis-
posed among the plurality of flat tubes 1 to connect the
side surfaces of the flat tubes 1. Further, each of the
plurality of flat tubes 1 according to Embodiment 1 has
a width dimension in the x direction smaller than a width
dimension of each of the flat tubes 1x of the heat ex-
changer 150 including the heat transfer promoting ele-
ments 130 according to the comparative example. There-
fore, for example, in a case where aload in the x direction
is applied to the heat transfer portion 13 of each of the
flat tubes 1 of the heat exchanger 50 according to Em-
bodiment 1 while the ends 11 and 12 are fixed, each of
the flat tubes 1 is lower in strength and rigidity to bending
than each of the flattubes 1x of the comparative example.
In contrast, in the heat exchanger 150 of the comparative
example, the heat transfer promoting elements 130 are
disposed among the plurality of flat tubes 1x. Therefore,
even if a load is applied to a heat transfer portion 113 of
each of the plurality of flat tubes 1x, deformation hardly
occurs because the heat transfer promoting elements
130 and the adjacent flat tubes 1x are joined.

[0038] Here, as a comparative example in which the
reinforcing elements 3 are not provided in the heat ex-
changer 50 according to Embodiment 1 and the flat tubes
1 are disposed at the positions of the reinforcing elements
3, aheat exchanger 50x is assumed. For example, when
the second header 2ais fixed and a load in the x direction
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is applied to the first header 2b, the heat exchanger 50x
is easily deformed from an initial shape FO to a shape F1
as illustrated by alternate long and two short dashes lines
in Fig. 2. Note that the shapes FO and F1 are rectangles
configured by connecting a center line along the x direc-
tion of each of the headers 2 and a center line along the
y direction of each of the reinforcing elements 3 when
the heat exchanger 50x is viewed from a front side, and
each illustrates a rough shape of the heat exchanger 50x
as viewed from the front side. As described above, in the
case of the heat exchanger 50x thatis configured by elim-
inating the heat transfer promoting elements 130 of the
heat exchanger 150, there is a problem that strength to
deformation in the arrangement direction of the plurality
of flat tubes 1 is deteriorated.

[0039] In other words, in the case of the above-de-
scribed heat exchanger 50x not including the reinforcing
elements 3 of comparative example, there is a problem
that strength to bending in the x direction of each of the
plurality of flat tubes 1 is low, and in a case where a load
in the x direction is applied to the first header 2b, each
of the plurality of flat tubes 1 is easily deformed, and the
entire shape of the heat exchanger 50x is accordingly
easily deformed. In addition, there is a problem that, in
a case where a load in the y direction is applied to the
heat exchanger 50x, each of the plurality of flat tubes 1
is buckled and deformed, and the heat exchanger 50x is
easily deformed in a direction in which a distance be-
tween the first header 2b and the second header 2a is
reduced.

[0040] In contrast, the heat exchanger 50 according to
Embodiment 1 includes the reinforcing elements 3 at both
ends of the arrangement of the plurality of flat tubes 1.
When the reinforcing elements 3 are added to the ar-
rangement of the plurality of flat tubes 1, the load applied
to the heat exchanger 50 can be shared by the reinforcing
elements 3. This makes it possible to improve strength
of the heat exchanger 50 and to prevent deformation of
the heat exchanger 50. Further, when the reinforcing el-
ements 3 are made higher in strength and rigidity to bend-
ing in the x direction than the flat tubes 1, it is possible
to enhance an effect of preventing deformation of the
entire body of the heat exchanger 50. In addition, since
the reinforcing elements 3 are higher in strength and ri-
gidity to buckling than the flat tubes 1, it is possible to
prevent deformation in which the heat exchanger 50 is
reduced in length in the y direction.

[0041] Further, since the reinforcing elements 3 are
disposed such that the longitudinal directions of the re-
inforcing elements 3 extend along the tube axes of the
plurality of flat tubes 1, it is possible to improve strength
and rigidity of the heat exchanger 50 and to prevent de-
formation of the heat exchanger 50 without inhibiting
flow-down of moisture generated by dew condensation
or melting of frost of the plurality of flat tubes 1.
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(Modifications of Reinforcing Element 3)

[0042] Inthe above description, each of the reinforcing
elements 3 has a columnar shape; however, the shape
of each of the reinforcing elements 3 is not limited thereto.
In the following, modifications of each of the reinforcing
elements 3 are described.

[0043] Fig. 7 is a cross-sectional view of a heat ex-
changer 50A as a modification of the heat exchanger 50
according to Embodiment 1. Fig. 7 illustrates a cross-
sectiontaken alongline A-Ain Fig. 2. The heat exchanger
50A is configured by replacing the reinforcing elements
3 of the heat exchanger 50 with reinforcing elements 3A
each having the cross-sectional outer shape same as
the cross-sectional outer shape of each of the plurality
of flat tubes 1. Each of the reinforcing elements 3A has
the cross-sectional outer shape same as the cross-sec-
tional outer shape of each of the flat tubes 1 in the cross-
section illustrated in Fig. 7, and an inside of each of the
reinforcing elements 3A is solid. In contrast, each of the
flat tubes 1 internally includes a refrigerant flow path.
Therefore, when a neutral axis N along the z direction is
assumed in the cross-section illustrated in Fig. 7, a sec-
tion modulus of each of the reinforcing elements 3A
around the neutral axis N is greater than a section mod-
ulus of each of the flat tubes 1 around the neutral axis N.
Therefore, even if each of the reinforcing elements 3A is
made of the material same as the material of each of the
flat tubes 1, strength and rigidity of each of the reinforcing
elements 3A are higher than strength and rigidity of each
of the flat tubes 1. Further, in Embodiment 1, since each
of the reinforcing elements 3A is made of a material high-
er in strength and rigidity than the material of each of the
flattubes 1, each of the reinforcing elements 3A is further
higherin strength and rigidity than each of the flat tubes 1.
[0044] In addition, in the heat exchanger 50A accord-
ing to the modification, the plurality of flat tubes 1 and
the reinforcing elements 3A connected to the headers 2
each have the same cross-sectional outer shape. There-
fore, when the headers 2 and the plurality of flat tubes 1
are joined by brazing in manufacturing, the reinforcing
elements 3A are also joined by using a positioning tool
common to the plurality of flat tubes 1. This makes it
possible to simplify the positioning tool of the reinforcing
elements 3A and the plurality of flat tubes 1 in manufac-
turing. In addition, in the headers 2, shapes of insertion
portions into which the ends 11 and 12 of the plurality of
flat tubes 1 and the ends 31 and 32 of the reinforcing
elements 3A are inserted can also be made common.
This makes it possible to reduce a manufacturing cost of
the headers 2.

[0045] Each of the reinforcing elements 3A illustrated
in Fig. 7 has flat side surfaces 35 in the cross-section
illustrated in Fig. 7, and is disposed such that one of the
side surfaces 35 faces one of flat surfaces 15 of the ad-
jacent flat tube 1. Accordingly, as with the plurality of flat
tubes 1, the reinforcing elements 3A allow the fluid to
flow through spaces between the side surfaces 35 and
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the flat surfaces 15, and do not inhibit the flow of the fluid.
[0046] Fig. 8 is a cross-sectional view of a heat ex-
changer 50B as another modification of the heat ex-
changer 50 according to Embodiment 1. Fig. 8 illustrates
a cross-section taken along line A-A in Fig. 2. The heat
exchanger 50B includes reinforcing elements 3B each
having an I-shaped cross-section in Fig. 8. Each of the
reinforcing elements 3B has flange portions extending in
the x direction and in the direction opposite to the x di-
rection, at both ends in the z direction. Each of the rein-
forcing elements 3B can have a section modulus around
the neutral axis N greater than the section modulus of
each of the flat tubes 1 by appropriately setting a width
in the x direction of each of the flange portions.

[0047] Fig. 9is a perspective view of a single reinforc-
ing element 3B in Fig. 8. A cross-sectional outer shape
of each of the ends 31 and 32 of each of the reinforcing
elements 3B is the same as the cross-sectional outer
shape of each of the flat tubes 1. With this configuration,
strength and rigidity of the center portion 33 of each of
the reinforcing elements 3B are higher than strength and
rigidity of the heat transfer portion 13 of each of the flat
tubes 1. In addition, the ends 31 and 32 of each of the
reinforcing elements 3B inserted into the insertion por-
tions of the headers 2 have the shape same as the shape
of each of the flat tubes 1. Therefore, the insertion por-
tions of the headers 2 into which the reinforcing elements
3B are inserted can be made in the shape same as the
insertion portions into which the flat tubes 1 are inserted.
As a result, the reinforcing elements 3B can be inserted
into the headers 2 as with the flat tubes 1 while each
having the shape higher in strength and rigidity than each
of the flat tubes 1, which facilitates manufacturing of the
heat exchanger 50B.

[0048] Further, each ofthereinforcing elements 3B has
end surfaces 34 and 35 at both ends in the longitudinal
direction. The end surfaces 34 and 35 of each of the
reinforcing elements 3B respectively come into contact
with the lower surface of the first header 2b and the upper
surface of the second header 2a while the ends 31 and
32 are inserted into the headers 2. Therefore, when a
load is applied in a direction in which the reinforcing el-
ements 3B of the heat exchanger 50B are bent, the end
surfaces 34 and 35 respectively come into contact with
the lower surface of the first header 2b and the upper
surface of the second header 2a to receive the load. This
further improves strength and rigidity of the heat ex-
changer 50B. Furthermore, when the end surfaces 34
and 35 of each of the reinforcing elements 3B are joined
to the headers 2, a joining area of the reinforcing ele-
ments 3B and the headers 2 is increased, which makes
it possible to further improve strength and rigidity of the
heat exchanger 50B.

[0049] Fig. 10 is a cross-sectional view of a heat ex-
changer 50C as a still another modification of the heat
exchanger 50 according to Embodiment 1. Fig. 10 illus-
trates a cross-section taken along line A-Ain Fig. 2. Each
of reinforcing elements 3C of the heat exchanger 50C
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has a cross-sectional shape bent at a center portion. A
width in the z direction of each of the reinforcing elements
3C is set to be equal to the width of each of the flat tubes
1. A width in the x direction of each of the reinforcing
elements 3C is a width from both ends to the bent center
portion in the z direction in each of the reinforcing ele-
ments 3C. In Embodiment 1, the width in the x direction
of each of the reinforcing elements 3C is greater than the
width in the x direction of each of the flat tubes 1. As a
result, each of the reinforcing elements 3C can have the
section modulus around the neutral axis N greater than
the section modulus of each of the flat tubes 1.

[0050] Further, the reinforcing element 3C positioned
at the end in the x direction of the heat exchanger 50C
and the reinforcing element 3C positioned at the end in
the direction opposite to the x direction of the heat ex-
changer 50C are disposed symmetrically about the cent-
er of the heat exchanger 50C in Fig. 10. With this con-
figuration, strength and rigidity to deformation in the x
direction and strength and rigidity to deformation in the
direction opposite to the x direction are equal to each
other in the heat exchanger 50C, which can exert stable
strength.

[0051] Further, each of the reinforcing elements 3C is
formed to open outward from the center toward both ends
in the z direction, relative to the arrangement of the plu-
rality of flat tubes 1 of the heat exchanger 50C. Therefore,
the reinforcing elements 3C easily introduce the fluid to
both ends of the arrangement of the plurality of flat tubes
1.

Embodiment 2

[0052] A heat exchanger 250 according to Embodi-
ment 2 is described. The heat exchanger 250 is config-
ured by changing positions of the reinforcing elements
3A of the heat exchanger 50A according to Embodiment
1. Note that components having the functions and the
actions same as the components of Embodiment 1 are
denoted by the same reference numerals, and descrip-
tions of the components are omitted.

[0053] Fig. 11 is a cross-sectional view of the heat ex-
changer 250 according to Embodiment 2. Fig. 11 illus-
trates a cross-section taken along line A-A in Fig. 2. The
heat exchanger 250 includes reinforcing elements 3Aa
and 3Ab at both ends of the arrangement of the plurality
of flat tubes 1 as with the heat exchanger 50A according
to Embodiment 1, and further includes reinforcing ele-
ments 3Ac and 3Ad in the arrangement of the plurality
of flat tubes 1. In other words, the reinforcing elements
3Ac and 3Ad are each disposed adjacently to two flat
tubes 1 among the plurality of flat tubes 1. In Embodiment
2, the reinforcing elements 3Aa, 3Ab, 3Ac, and 3Ad are
disposed at equal intervals. Further, the reinforcing ele-
ments 3Aa and 3Ab are disposed symmetrically about
the center of the arrangement of the plurality of flat tubes
1, and the reinforcing elements 3Ac and 3Ad are dis-
posed symmetrically about the center of the arrangement
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of the plurality of flat tubes 1. Note that the reinforcing
elements 3Ac and 3Ad are referred to as first reinforcing
elements, and the reinforcing elements 3Aa and 3Ab are
referred to as second reinforcing elements in some cas-
es.

[0054] Since the heat exchanger 250 according to Em-
bodiment 2 further includes the reinforcing elements 3Ac
and 3Ad, strength and rigidity are further improved as
compared with the heat exchanger 50 according to Em-
bodiment 1. In a case where the headers 2 are long in
the x direction, strength at the center portion of the heat
exchanger 250 in the x direction becomes weak. For ex-
ample, in the case where the reinforcing elements 3A are
disposed at both ends as with the heat exchanger 50A
according to Embodiment 1, if a load in a direction op-
posite to the y direction is applied to the center portion
of the first header 2b, the first header 2b is bent and the
flat tubes 1 disposed at the center portion receive force
in abuckling direction. However, since the heat exchang-
er 250 according to Embodiment 2 includes the reinforc-
ing elements 3Ac and 3Ad in the arrangement in addition
to the reinforcing elements at both ends of the plurality
of flat tubes 1, it is possible to improve strength at the
center portion of the heat exchanger 250. Therefore, the
heat exchanger 250 is advantageous in a case where
the structure is long in the x direction.

[0055] The arrangement of the reinforcing elements 3
is not limited to the form illustrated in Fig. 11. Forexample,
the reinforcing elements 3 may be disposed only in the
arrangement of the plurality of flat tubes 1. The arrange-
ment of the reinforcing elements 3 can be appropriately
set depending on the length in the x direction of the heat
exchanger 250, and the reinforcing elements 3 are pref-
erably disposed at positions symmetrical about the cent-
er of the arrangement of the plurality of flat tubes 1.
[0056] The arrangement of the reinforcing elements 3
may be set based on flow rate distribution of the fluid
flowing into the heat exchanger 250. For example, in a
case where air is sent to the heat exchanger 250 by a
fan, the reinforcing elements 3 are preferably disposed
at positions where the flow rate of the air is small by taking
into consideration the flow rate of the air at positions of
the heat exchanger 250 by the position of the fan.
[0057] Further, in the heat exchanger 250, the cross-
sectional shape of each of the reinforcing elements 3
may be changed. Forexample, the cross-sectional shape
of each of the reinforcing elements 3 may be changed
depending on the position in the heat exchanger 250. In
the heat exchanger 250 according to Embodiment 2, no
heat transfer promoting element 130 is provided between
each of the reinforcing elements 3Ac and 3Ad and the
adjacent flat tubes 1. Therefore, the cross-sectional
shape of each of the reinforcing elements 3Ac and 3Ad
is appropriately changeable. The heat exchanger 250
can adopt reinforcing elements 3 high in section modulus
and having non-flat side surface shape, such as the
above-described reinforcing elements 3B each having
the I-shaped cross-section and the above-described re-
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inforcing elements 3C each having the bent shape.
Embodiment 3

[0058] A heat exchanger 350 according to Embodi-
ment 3 is described. The heat exchanger 350 is config-
ured by replacing the plurality of flat tubes 1 of the heat
exchanger 50 according to Embodiment 1 with heat
transfer tubes each having a structure different from the
structure of each of the plurality of flat tubes 1. Note that
components having the functions and the actions same
as the components of Embodiment 1 are denoted by the
same reference numerals, and descriptions of the com-
ponents are omitted.

[0059] Fig. 12 is a cross-sectional view of the heat ex-
changer 350 according to Embodiment 3. Fig. 12 illus-
trates a cross-section taken along line A-A in Fig. 2. The
heat exchanger 350 includes a plurality of heat transfer
tubes 1A. Each of the plurality of heat transfer tubes 1A
is configured such that two circular tubes 301 are dis-
posed to cause tube axes of the two circular tubes 301
to be parallel to each other and are connected by a fin
4. Each of the heat transfer tubes 1A includes a fin 5
extending in the direction opposite to the z direction from
an end of one of the circular tubes 301, and a fin 6 ex-
tending in the z direction from an end of the other circular
tube 301. In Embodiment 3, each of the heat transfer
tubes 1A includes the two circular tubes 301 connected
to each other, but may include more circular tubes 301
connected to one another. Further, although the refrig-
erant flows through an inside of each of the circular tubes
301, a cross-sectional shape of each of the circular tubes
301 is not limited to a circular shape, and may be an
elliptical shape or other shapes.

[0060] The heatexchanger 350 includes reinforcing el-
ements 303 in the arrangement of the plurality of heat
transfer tubes 1A. In the cross-section illustrated in Fig.
12, an outer shape of each of the reinforcing elements
303 is the same as the outer shape of each of the plurality
of heat transfer tubes 1A. Each of the reinforcing ele-
ments 303 is configured such that two columnar bar ma-
terials 3D are disposed side by side and are connected
by a plate material 304. Further, each of the reinforcing
elements 303 includes a plate material 305 extending in
the direction opposite to the z direction from one of ends
and a plate material 306 extending in the z direction from
the other end. Since each of the reinforcing elements 303
is configured by connecting the solid bar materials 3D by
the plate material 304, a section modulus around the neu-
tral axis N along the z direction of each of the reinforcing
elements 303 is greater than the section modulus of each
of the plurality of heat transfer tubes 1A.

[0061] In the heat exchanger 350, the arrangement of
the reinforcing elements 303 may be changed. For ex-
ample, as with the heat exchanger 50 according to Em-
bodiment 1, the reinforcing elements 303 may be dis-
posed at ends of the arrangement of the plurality of heat
transfer tubes 1A. Further, in the heat exchanger 350,
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the number of reinforcing elements 303 may be further
increased.

[0062] Inthe heatexchanger 350 according to Embod-
iment 3, strength and rigidity of each of the reinforcing
elements 303 are higher than strength and rigidity of each
of the heat transfer tubes 1A. Further, the ends 31 and
32 of each of the reinforcing elements 303 inserted into
the insertion portions of the headers 2 have the shape
same as the ends of each of the heat transfer tubes 1A.
Therefore, the insertion portions of the headers 2 into
which the reinforcing elements 303 are inserted can be
made in the shapes same as the insertion portions into
which the heat transfer tubes 1A are inserted. Accord-
ingly, the reinforcing elements 303 can be inserted into
the headers 2 in a manner similar to the heat transfer
tubes 1A while each having the shape higher in strength
and rigidity than each of the heat transfer tubes 1A. This
facilitates manufacturing of the heat exchanger 350.
[0063] Further, not only the bar materials 3D but also
the plate materials 304, 305, and 306 of each of the re-
inforcing elements 303 can be joined to the headers 2.
As a result, the plate materials 304, 305, and 306 can
contribute to strength and rigidity of the heat exchanger
350.

[0064] Although the embodiments have been de-
scribed above, the configurations are not limited to the
configurations described in the above-described embod-
iments. For example, the heat exchanger may be con-
figured by combining the configurations described in the
embodiments. In short, various modifications, applica-
tions, and utilization ranges made by a person skilled in
the artas needed are alsoincluded in the technical scope.
Note that the flat tubes 1, 1a, and 1b of Embodiments 1
and 2, and the heat transfer tubes 1A of Embodiment 3
are all referred to as heat transfer tubes in some cases.

Reference Signs List

[0065] 1:flattube, 1A: heat transfer tube, 1a: flat tube,
1b: flat tube, 1x: flat tube, 2: header, 2a: second header,
2b: first header, 3: reinforcing element, 3A: reinforcing
element, 3Aa: reinforcing element, 3Ab: reinforcing ele-
ment, 3Ac: reinforcing element, 3B: reinforcing element,
3C: reinforcing element, 3D: bar material, 3a: reinforcing
element, 3b: reinforcing element, 4: fin, 5: fin, 11: end,
12: end, 13: heat transfer portion, 31: end, 32: end, 33:
center portion, 34: end surface, 50: heat exchanger, 50A:
heat exchanger, 50B: heat exchanger, 50C: heat ex-
changer, 50x: heat exchanger, 60a: first side end, 60b:
second side end, 60c: flat surface, 60d: flat surface, 100:
refrigeration cycle device, 101: compressor, 102: flow
switching device, 103: indoor heat exchanger, 104: de-
compression device, 105: outdoor heat exchanger, 106:
outdoor unit, 107: indoor unit, 108: outdoor fan, 109: in-
door fan, 110: refrigerant circuit, 111: extension pipe,
112: extension pipe, 113: center portion, 130: heat trans-
fer promoting element, 150: heat exchanger, 250: heat
exchanger, 301: circular tube, 303: reinforcing element,
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304: plate material, 305: plate material, 350: heat ex-
changer, F0O: shape, F1:shape, N: neutral axis, RF: arrow

Claims
1. A heat exchanger comprising:

a plurality of heat transfer tubes configured to
allow refrigerant to pass therethrough, arranged
in a first direction and being spaced from each
other;

a first header connected to one end of each of
the plurality of heat transfer tubes;

a second header connected to an other end of
each of the plurality of heat transfer tubes; and
a plurality of reinforcing elements connected to
each of the first header and the second header,
each of the plurality of heat transfer tubes and
each of the plurality of reinforcing elements be-
ing disposed between the first header and the
second header and being connected by the first
header and the second header without being
connected by a component connecting side sur-
faces of the plurality of heat transfer tubes and
a side surface of each of the plurality of heat
transfer tubes and a side surface of each of re-
inforcing elements.

2. The heat exchanger of claim 1, wherein the plurality
of reinforcing elements include first reinforcing ele-
ments each disposed adjacently to two heat transfer
tubes in the first direction among the plurality of heat
transfer tubes.

3. The heat exchanger of claim 1 or 2, wherein the plu-
rality of reinforcing elements include second rein-
forcing elements disposed outside of the respective
heat transfer tubes disposed on both ends in the first
direction among the plurality of heat transfer tubes.

4. The heat exchanger of any one of claims 1 to 3,
wherein the plurality of reinforcing elements are ar-
ranged in the first direction together with the plurality
of heat transfer tubes, and are disposed at positions
symmetrical about a center of arrangement of the
plurality of heat transfer tubes.

5. The heat exchanger of any one of claims 1 to 4,
wherein the plurality of reinforcing elements and the
plurality of heat transfer tubes are disposed at equal
intervals in the first direction.

6. The heat exchanger of any one of claims 1 to 5,
wherein each of the plurality of reinforcing elements
is higher in section modulus around a neutral axis
than each of the plurality of heat transfer tubes in a
first cross-section orthogonal to tube axes of the plu-
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10

10.

1.

rality of heat transfer tubes, the neutral axis inter-
secting the first direction.

The heat exchanger of any one of claims 1 to 6,
wherein

each of the plurality of reinforcing elements in-
cludes two insertion portions inserted into the
first header and the second header, at both
ends, and a heat transfer portion positioned be-
tween the two insertion portions,

each of the two insertion portions has an outer
shape same as an outer shape of each of the
plurality of heat transfer tubes, in a first cross-
section orthogonal to tube axes of the plurality
of heat transfer tubes, and

the heat transfer portion has an outer shape dif-
ferent from the outer shape of each of the two
insertion portions in the first cross-section.

The heat exchanger of any one of claims 1 to 7,
wherein each of the plurality of reinforcing elements
has a cross-sectional shape same as a cross-sec-
tional shape perpendicular to a tube axis of each of
the plurality of heat transfer tubes.

The heat exchanger of any one of claims 1 to 8,
wherein each of the plurality of reinforcing elements
is made of a material higher in strength than a ma-
terial of each of the plurality of heat transfer tubes.

The heat exchanger of any one of claims 1 to 9,
wherein

each of the plurality of heat transfer tubes is a
flat tube, and

each of the plurality of reinforcing elements has
a flat side surface, and is disposed to cause the
side surface to face a flat surface along a longi-
tudinal direction of a cross-sectional shape of
the adjacent flat tube in a cross-section perpen-
dicular to the tube axes of the flat tubes.

A refrigeration cycle device comprising the heat ex-
changer of any one of claims 1 to 10.
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