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Description
Technical Field

[0001] The present disclosure relates to a heat ex-
changer including a heat transfer part that has a heat
transfer tube and a fin that extends along a direction of
the tube axis of the heat transfer tube, and also relates
to a refrigeration cycle apparatus and a method of man-
ufacturing a heat exchanger.

Background Art

[0002] A heat transfer part for this type of heat ex-
changer includes a fin that has an elongated plate shape
and a recessed portion extending in the longitudinal di-
rection of the fin at the central portion in its short-side
direction to braze a heat transfer tube to this recessed
portion (see, for example, Patent Literature 1).

Citation List
Patent Literature

[0003] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 2018-155479

Summary of Invention
Technical Problem

[0004] In Patent Literature 1, since the fin and the heat
transfer tube are formed as separate pieces, both the fin
and the heat transfer tube need to be brazed together
during the production process. Thus, heat generated be-
cause of the brazing causes the fin and the heat transfer
tube to be thermally deformed. There is thus a problem
in thatthe occurrence of such thermal deformation results
in degradation in the heat exchange performance of the
heat exchanger.

[0005] From the viewpoint of improvement in heat ex-
change efficiency, heat exchangers are required to im-
prove heat conductivity of the heat transfer part.

[0006] The present disclosure has been made in view
of the above problems, and it is an object of the present
disclosure to provide a heat exchanger that improves
heat exchange performance by employing a structure
that eliminates the need for joining a fin and a heat trans-
fer tube together, and that makes it possible to improve
heat conductivity of a heat transfer part, and also to pro-
vide a refrigeration cycle apparatus and a method of man-
ufacturing a heat exchanger.

Solution to Problem
[0007] A heat exchanger according to one embodi-

ment of the present disclosure includes a heat transfer
part that has a heat transfer tube that has a refrigerant
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flow passage inside the heat transfer tube, and a fin that
has a plate shape that extends along a direction of a tube
axis of the heat transfer tube and that is integrated with
the heat transfer tube, the fin having an integrated portion
and a fin portion, the integrated portion being a portion
at which the fin is integrated with the heat transfer tube,
the fin portion being a portion of the fin that is other than
the integrated portion, the fin portion having a plate thick-
ness that is smaller than a plate thickness of the integrat-
ed portion.

[0008] A refrigeration cycle apparatus according to an-
other embodiment of the present disclosure includes the
heat exchanger described above.

[0009] A method of manufacturing a heat exchanger
according to still another embodiment of the present dis-
closure is a method of manufacturing a heat exchanger
provided with a heat transfer part that has a heat transfer
tube that has a refrigerant flow passage inside the heat
transfer tube and a fin that has a plate shape that extends
along a direction of a tube axis of the heat transfer tube,
the method including an extrusion process for forming
the heat transfer tube and the fin through extrusion, and
arolling process for extending the fin through application
of pressure. Advantageous Effects of Invention

[0010] According to an embodiment of the present dis-
closure, a structure is employed in which the heat transfer
tube and the fin are integrated with each other. Thus, this
makes it possible to avoid thermal deformation during
the production process due to heat generated in a case
where the heat transfer tube and the fin are joined to-
gether, and to consequently improve the heat exchange
performance. The fin portion that is a portion of the fin
other than the integrated portion that is integrated with
the heat transfer tube is formed to have a plate thickness
smaller than the plate thickness of the integrated portion.
Accordingly, heat conductivity of the heat transfer part
can be improved.

Brief Description of Drawings
[0011]

[Fig. 1] Fig. 1 is a perspective view schematically
illustrating the configuration of a heat exchanger ac-
cording to Embodiment 1.

[Fig. 2] Fig. 2 is a side view of a heat transfer part of
the heat exchanger according to Embodiment 1.
[Fig. 3] Fig. 3 is a cross-sectional view of the heat
transfer part taken along the A-A line in Fig. 2.

[Fig. 4] Fig. 4 is a partially-enlarged cross-sectional
view of Fig. 3.

[Figs. 5] Figs. 5 are explanatory diagramsiillustrating
a method of manufacturing the heat transfer part of
the heat exchanger according to Embodiment 1.
[Fig. 6] Fig. 6 is an end view of the heat transfer tube
in cross-section taken along the A-A line in step S6
in Fig. 5(c).

[Figs. 7]Figs. 7 are explanatory diagramsiillustrating
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a modification of the method of manufacturing the
heat transfer part of the heat exchanger according
to Embodiment 1.

[Figs. 8] Figs. 8 illustrate pattern 1 in Modification 1
of the heat transfer part of the heat exchanger ac-
cording to Embodiment 1.

[Figs. 9] Figs. 9 illustrate pattern 2 in Modification 1
of the heat transfer part of the heat exchanger ac-
cording to Embodiment 1.

[Figs. 10] Figs. 10 illustrate pattern 3 in Modification
1 of the heat transfer part of the heat exchanger ac-
cording to Embodiment 1.

[Fig. 11] Fig. 11 illustrates Modification 2 of the heat
transfer part of the heat exchanger according to Em-
bodiment 1.

[Fig. 12] Fig. 12 illustrates Modification 3 of the heat
transfer part of the heat exchanger according to Em-
bodiment 1.

[Fig. 13] Fig. 13 illustrates Modification 4 of the heat
transfer part of the heat exchanger according to Em-
bodiment 1.

[Fig. 14] Fig. 14 illustrates Modification 5 of the heat
transfer part of the heat exchanger according to Em-
bodiment 1.

[Fig. 15] Fig. 15 illustrates Modification 6 of the heat
transfer part of the heat exchanger according to Em-
bodiment 1.

[Fig. 16] Fig. 16 is a refrigerant circuit diagram of a
refrigeration cycle apparatus according to Embodi-
ment 2.

Description of Embodiments

[0012] Embodiments of the present disclosure will be
described hereinafter with reference to the drawings.
Note that the relative relationship of sizes, the shapes,
and other properties of components in the drawings be-
low including Fig. 1 may differ from those of actual ones.
In addition, in the drawings below, the same reference
signs denote the same or equivalent components, which
are common throughout the entire specification. The
shape, size, location, and other properties of the compo-
nents described in each of the drawings may be appro-
priately changed within the scope of the present disclo-
sure.

Embodiment 1

[0013] Fig. 1is a perspective view schematically illus-
trating the configuration of a heat exchanger according
to Embodiment 1. Fig. 2 is a side view of a heat transfer
part of the heat exchanger according to Embodiment 1.
Fig. 3 is a cross-sectional view of the heat transfer part
taken along the A-A line in Fig. 2. Fig. 4 is a partially-
enlarged cross-sectional view of Fig. 3. With reference
to Figs. 1 to 4, a heat exchanger 1 according to Embod-
iment 1 is described below.

[0014] As illustrated in Fig. 1, the heat exchanger 1

10

15

20

25

30

35

40

45

50

55

includes a plurality of heat transfer parts 2, a first header
3, and a second header 4. The plurality of heat transfer
parts 2 are spaced from each other in the X-direction,
such that air flows in the Y-direction perpendicular to the
X-direction between the heat transfer parts 2. The plu-
rality of heat transfer parts 2 are each formed into an
elongated shape extending in the Z-direction perpendic-
ular to the X-direction and the Y-direction. Opposite ends
of the heat transfer parts 2 in the Z-direction are connect-
ed to the first header 3 and the second header 4.
[0015] Each of the heat transfer parts 2 includes a heat
transfer tube 20 in which refrigerant flows, and fins 21.
The heat transfer part 2 is of an integrated structure in
which the heat transfer tube 20 and the fins 21 are inte-
grated with each other. The heat transfer part 2 is made
of metal material with heat conductivity. Examples of the
metal material to be used include aluminum, aluminum
alloy, copper, and copper alloy.

[0016] Asiillustrated in Fig. 3, the heat transfer tube 20
is a flat tube formed into a flat shape in cross-section
having the major axis and the minor axis. The flat tube
has a plurality of refrigerant flow passages 20a made up
of through holes. The major axis extends in the Y-direc-
tion. The minor axis extends in the X-direction. Note that
the heat transfer tube 20 is not limited to the flat tube,
but may be a circular tube. Note that the configuration is
described in this example in which the plurality of heat
transfer parts 2 are provided. However, any number of
heat transfer parts 2 may be provided. One or more heat
transfer parts 2 are only required.

[0017] Each of the fins 21 is made up of an elongated
planar plate that extends along the direction of the tube
axis of the heat transfer tube 20. The longitudinal direc-
tion of the fin 21 corresponds to the Z-direction, while the
short-side direction of the fin 21 corresponds to the Y-
direction. At least two fins 21 are located at positions
opposite to each other with the heat transfer tube 20 in-
terposed between the two fins 21. Specifically, the fins
21 are provided at opposite end portions of the heat trans-
fer tube 20 in the Y-direction, and at the middle portion
of the heat transfer tube 20 in the X-direction. Each of
the fins 21 includes an integrated portion 22 at which the
fin 21 is integrated with the heat transfer tube 20, and a
fin portion 23 that is smaller than the integrated portion
22. As described above, the fin portion 23 is formed to
have a plate thickness "t" that is smaller than a plate
thickness "p" of the integrated portion 22. This makes it
possible to improve the heat conductivity of the fin 21
compared to the configuration in which the fin 21 is
formed in its entirety with a plate thickness equal to that
of the integrated portion 22.

[0018] As illustrated in Fig. 2, opposite end portions of
the fins 21 in the Z-direction are located further inside
than opposite end portions of the heat transfer tube 20
in the Z-direction. The opposite end portions of the heat
transfer tube 20 protrude further outside than the oppo-
site end portions of the fins 21. Portions of the heat trans-
fer tube 20 that protrude further outside than the fins 21
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are denoted as insertion portions 20b to be inserted into
the first header 3 and the second header 4.

[0019] As illustrated in Fig. 3, the fin portion 23 is
formed to have dimensions such that t/w is equal to 0.1
or smaller, where the plate thickness of the fin portion 23
is represented as "t" and the width of the fin portion 23
is represented as "w." Because of these dimensions, the
weight of the fin 21 can be reduced compared to the case
where the fin portion 23 has a plate thickness equal to
that of the integrated portion 22. As the plate thickness
of the fin portion 23 is reduced, the heat resistance inside
the fin material is decreased. Accordingly, heatexchange
efficiency between refrigerant and air improves.

[0020] The first header 3 and the second header 4 are
hollow containers extending in the X-direction. In Fig. 1,
the first header 3 and the second header 4 are each
formed into a cuboid shape. However, the shape of the
first header 3 and the second header 4 is not particularly
limited, but may be a cylindrical or other shape. The first
header 3 and the second header 4 are formed to have a
plurality of insertion holes (not illustrated). In each of the
insertion holes of the first header 3, one of the insertion
portions 20b of the corresponding one of the heat transfer
tubes 20 is inserted. The inserted end portions of the
plurality of heat transfer tubes 20 communicate with each
other inside the first header 3. In each of the insertion
holes of the second header 4, the other insertion portion
20b of the corresponding one of the heat transfer tubes
20 isinserted. The other inserted end portions of the plu-
rality of heat transfer tubes 20 communicate with each
other inside the first header 3. A refrigerant inlet-outlet
pipe 5 is connected to the first header 3. A refrigerant
inlet-outlet pipe 6 is connected to the second header 4.
[0021] Inthe heatexchanger 1 havingthe configuration
as described above, refrigerant flows into the first header
3 from the refrigerant inlet-outlet pipe 5. The refrigerant
having flowed into the first header 3 is distributed from
the first header 3 to the heat transfer tubes 20 of the heat
transfer parts 2, and then flows through the heat transfer
tubes 20 toward the second header 4. The refrigerant
flowing through the heat transfer tubes 20 exchanges
heat with air flowing in the Y-direction, and subsequently
joins together in the second header 4 and flows out of
the second header 4 from the refrigerant inlet-outlet pipe
6. Note that in this example, refrigerant flows into the first
header 3 from the refrigerantinlet-outlet pipe 5 connected
to the first header 3, and then flows out of the second
header 4 from the refrigerantinlet-outlet pipe 6 connected
to the second header 4, however, refrigerant may flow in
the reverse direction. That is, refrigerant may flow into
the second header 4 from the refrigerant inlet-outlet pipe
6 connected to the second header 4, and then flows out
of the first header 3 from the refrigerant inlet-outlet pipe
5 connected to the first header 3.

[0022] During heat exchange between air and refrig-
erant flowing through the heat transfer tubes 20, heat of
the refrigerant flowing through the heat transfer tubes 20
is transferred to the fins 21, so that the heat is exchanged
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between air and the heat transfer parts 2 in their entirety.
The fin portion 23 of the fin 21 is formed to have a plate
thickness thatis smaller than that of the integrated portion
22 as described above. Because of this configuration,
the heat conductivity of the fin 21 improves compared to
the configuration in which the fin 21 is formed inits entirety
with a thickness equal to that of the integrated portion
22. Therefore, heat of the refrigerant is transmitted from
the heat transfer tubes 20 efficiently to the fins 21 in their
entirety, so that the heat exchange efficiency between
the heat transfer parts 2 and air is increased.

[0023] Next, a method of manufacturing the heattrans-
fer part 2 is described.

[0024] Figs. 5 are explanatory diagramsiillustrating the
method of manufacturing the heat transfer part of the
heat exchanger according to Embodiment 1. Fig. 5(a) is
aflowchart of the method of manufacturing the heattrans-
fer part. Fig. 5(b) is a cross-sectional view of the heat
transfer partin each step taken along the X-Y plane. Fig.
5(c) is a side view of the heat transfer part in each step
when viewed from the X-direction. As illustrated in Fig.
5(a), the method of manufacturing the heat transfer part
includes processes in steps S1 to S6. Fig. 5(b) illustrates
cross-sectional views corresponding to the respective
steps. Fig. 5(c) illustrates side views corresponding to
the respective steps. In Fig. 5(c), the fin portions are
shown by dots. Fig. 6 is an end view of the heat transfer
tube in cross-section taken along the A-A line in step S6
in Fig. 5(c).

[0025] In manufacturing the heat transfer part 2, extru-
sion is first performed in which heated metal material is
extruded from a die hole to form a heat-transfer-part base
100 having a cross-sectional shape in step S1 in Fig. 5(b)
(extrusion process (step S1)). The heat-transfer-part
base 100 has the heat transfer tube 20 and the two fins
21 formed at opposite end portions of the heat transfer
tube 20 in the Y-direction. Next, the dimensions of the
heat transfer tube 20 are corrected to suit the dimensions
of the insertion holes provided in the first header 3 and
the second header 4 (resizing process (step S2)). This
resizing process is performed by applying pressure to
the fins 21 from opposite end portions of the heat-trans-
fer-partbase 100 in the Y-direction. The resizing process
is performed before the rolling process is performed next,
thatis, before the plate thickness ofthe fins 21 is reduced,
so that even when the heat transfer tube 20 is applied
with a force, the fins 21 can still be prevented from bend-
ing.

[0026] Subsequently, the two fins 21 are extended
through application of pressure (rolling process (step
S3)). In the rolling process, the fins 21 are extended
through application of pressure into a set plate thickness.
Through this rolling process, the fin portion 23, that is a
portion of the fin 21 other than the integrated portion 22
thatis integrated with the heat transfer tube 20, is formed
to have a set plate thickness. In this state, ifthe integrated
portion 22 is also extended through application of pres-
sure into a set plate thickness, there may be a possibility
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that the heat transfer tube 20 can be deformed. In view
of the above, the fin portion 23 of the fin 21, other than
the integrated portion 22, is only extended through ap-
plication of pressure. The rolling process is performed at
a temperature exceeding the recrystallization tempera-
ture for the material of the heattransfer part 2. The reason
for this is that when the rolling process is performed at a
temperature equal to or below the recrystallization tem-
perature for the material of the heat transfer part 2, the
material is hardened, which makes it difficult to form the
material into a set plate thickness, and the machining
accuracy is thus degraded.

[0027] The heat-transfer-part base 100 having under-
gone the above processes is cooled (cooling process
(step S4)). Subsequently, the end portion of each fin 21
in the Y-direction is cut (cutting process (step S5)). After
the rolling process is performed, the end portions of the
fins 21 are twisted in Fig. 5(b). Thus, in the cutting proc-
ess, the twisted end portions are cut to shape the fins
21. Then, opposite end portions of each fin 21 in the Z-
direction are cut (end portion machining process (step
S6)). In the end portion machining process, along with
the fins 21, opposite end portions of the heat transfer
tube 20 in the Y-direction are also cut as illustrated in
Fig. 6. Through this end portion machining process, the
heat transfer tube 20 protrudes further outside than op-
posite end portions of the fins 21 in the Z-direction, and
the insertion portions 20b are thus formed, which are to
be inserted into the first header 3 and the second header
4, as illustrated in step S6 in Fig. 5(c). Through the proc-
esses described above, manufacturing of the heat trans-
fer part 2 is completed.

<Modification of manufacturing method>

[0028] The method of manufacturing the heat transfer
part 2 is not limited to the manufacturing method illus-
trated in Figs. 5, but may be modified without departing
from the scope of Embodiment 1, for example, in the
manner as described below.

(Modification)

[0029] Figs. 7 are explanatory diagrams illustrating a
modification of the method of manufacturing the heat
transfer part of the heat exchanger according to Embod-
iment 1. The manufacturing method in Figs. 7 is de-
scribed below through explanation of the differences from
the manufacturing method illustrated in Figs. 5.

[0030] Inthe manufacturing method illustrated in Figs.
5, both two fins 21 are extended through application of
pressure simultaneously in the rolling process. In con-
trast, in this modification, two fins 21 are extended
through application of pressure at different timings. That
is, as illustrated in Figs. 7, one of the two fins 21 is ex-
tended through application of pressure (first rolling proc-
ess (step S3a)), and subsequently the other of the two
fins 21 is extended through application of pressure (sec-
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ond rolling process (step S3b)). When both two fins 21
positioned opposite to each other with the heat transfer
tube 20 interposed between the two fins 21 are extended
through application of pressure simultaneously, there
may be a possibility that the heat transfer tube 20 may
be stretched and deformed. For this reason, in the mod-
ification, the two fins 21 are extended through application
of pressure one by one at different timings. This can re-
duce deformation of the heat transfer tube 20.

<Modification of heat transfer part 2>

[0031] The heattransfer part2 is not limited to the con-
figuration of the basic embodiment illustrated in Figs. 1
to 4, but may be modified without departing from the
scope of Embodiment 1, for example, in the manner as
described below.

(Modification 1)

[0032] Figs. 8 illustrate pattern 1 in Modification 1 of
the heat transfer part of the heat exchanger according to
Embodiment 1. Figs. 9 illustrate pattern 2 in Modification
1 ofthe heat transfer part of the heatexchanger according
to Embodiment 1. Figs. 10 illustrate pattern 3 in Modifi-
cation 1 of the heat transfer part of the heat exchanger
according to Embodiment 1. Figs. 8(a), 9(a), and 10(a)
are cross-sectional views of the heat transfer part. Figs.
8(b), 9(b), and 10(b) are side views of the heat transfer
part.

[0033] In Modification 1, the fin portions 23 are each
formed into a wavy shape. The fin portions 23 may have
a wavy shape in which wave displacement in the X-di-
rection continues along the Y-direction as illustrated in
Figs. 8. The fin portions 23 may have a wavy shape in
which wave displacement in the X-direction continues
along the Z-direction as illustrated in Figs. 9. The fin por-
tions 23 may have a wavy shape in which wave displace-
ment in the X-direction continues along both the Y-direc-
tion and the Z-direction as illustrated in Figs. 10. Such a
wavy shape of the fin portions 23 as described above
can increase the surface area of the fin portions 23, and
consequently improve the heat conductivity to air. Such
a wavy shape of the fin portions 23 as described above
may be formed simultaneously with the rolling process,
or may be formed after the rolling process.

(Modification 2)

[0034] Fig. 11 illustrates Modification 2 of the heat
transfer part of the heat exchanger according to Embod-
iment 1.

[0035] In Modification 2, each of the fin portions 23 has
an uneven shape 24 on its surface. The fin portion 23
has the uneven shape 24 on its surface as described
above, so that a flow of air on the surface of the fin portion
23 is turbulent, and the heat conductivity to air can be
improved accordingly. The uneven shape 24 as de-
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scribed above may be formed simultaneously with the
rolling process, or may be formed after the rolling proc-
ess.

(Modification 3)

[0036] Fig. 12 illustrates Modification 3 of the heat
transfer part of the heat exchanger according to Embod-
iment 1.

[0037] In the above basic embodiment, the integrated
portion 22 of the fin 21 that is integrated with the heat
transfer tube 20 is positioned at the central portion of the
heattransfer tube 20 in the X-direction. However, in Mod-
ification 3, the integrated portion 22 is positioned at the
end portion of the heat transfer tube 20 in the X-direction.
With this configuration, an extension roller used for ex-
tending the fins 21 through application of pressure can
be simplified.

(Modification 4)

[0038] Fig. 13 illustrates Modification 4 of the heat
transfer part of the heat exchanger according to Embod-
iment 1.

[0039] In Modification 4, the fin 21 is provided only at
one end of the heat transfer tube 20.

(Modification 5)

[0040] Fig. 14 illustrates Modification 5 of the heat
transfer part of the heat exchanger according to Embod-
iment 1.

[0041] In Modification 5, the heat transfer tube 20 in-
cluded in the heat transfer part 2 includes a plurality of
heat transfer tubes 20. The heat transfer tubes 20 are
connected to each other by the fin 21. Note that Fig. 14
omits illustrations of the integrated portion 22.

(Modification 6)

[0042] Fig. 15 illustrates Modification 6 of the heat
transfer part of the heat exchanger according to Embod-
iment 1.

[0043] InModification 6, each ofthe heattransfer tubes
20 is a circular tube. In Modification 6, an example is
shown in which each of the heat transfer tubes 20 of the
heat transfer part 2 in the modification in Fig. 14 is made
up of a circular tube. However, the heat transfer tube 20
in any of the basic embodiment and Modifications 1 to 5
described above may be a circular tube. Note that Fig.
15 omits illustrations of the integrated portion 22.

(Modification 7)

[0044] The above modifications may be appropriately
combined. For example, Modification 1 and Modification
2 may be combined such that the uneven shape 24 is
provided on the surface of the fin portion 23 with a wavy
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shape.

[0045] As described above, the heat exchanger 1 ac-
cording to Embodiment 1 includes the heat transfer part
2 that has the heat transfer tube 20 in which refrigerant
flows, and the fin 21 that has an elongated plate shape
that extends along a direction of the tube axis of the heat
transfer tube 20 and that is integrated with the heat trans-
fer tube 20. In the fin 21 of the heat transfer part 2, the
fin portion 23 other than the integrated portion 22 that is
integrated with the heat transfer tube 20 is formed to have
a plate thickness that is smaller than the plate thickness
of the integrated portion 22. In this manner, a structure
is employed that the heat transfer tube 20 and the fin 21
are integrated with each other and thus the fin 21 and
the heat transfer tube 20 do not need to be joined togeth-
er. Therefore, this makes it possible to avoid the fin 21
and the heat transfer tube 20 from being deformed be-
cause of heat generated by the joining, and to improve
the heat exchange performance. The fin portion 23 is
formed to have a plate thickness that is smaller than the
plate thickness of the integrated portion 22. This can im-
prove the heat conductivity of the fin 21 compared to the
configuration in which the fin 21 is formed in its entirety
with a plate thickness equal to that of the integrated por-
tion 22.

[0046] The fin portion 23 may be formed into a wavy
shape, or the uneven shape 24 may be formed on the
surface of the fin portion 23. The fin portion 23 is formed
in this manner, so that the heat conductivity to air can be
improved.

[0047] In the fin 21, where the plate thickness of the
fin portion 23 is represented as "t" and the width of the
fin portion 23 in its short-side direction is represented as
"w," t/w is equal to or smaller than 0.1. Because of these
dimensions, the weight of the heat transfer part 2 can be
reduced compared to the case where the fin portion 23
has a plate thickness equal to the plate thickness of the
integrated portion 22.

[0048] The heattransfertube 20included in heattrans-
fer part 2 may include a plurality of heat transfer tubes
20 that are connected to each other by the fin 21. Each
ofthe heattransfertubes 20 may be aflat tube or a circular
tube.

[0049] The method of manufacturing the heat ex-
changer 1 in Embodiment 1 includes an extrusion proc-
ess for forming the heat transfer tube 20 and the fin 21
through extrusion, and a rolling process for extending the
fin 21 through application of pressure. The heat transfer
tube 20 and the fin 21 are integrated with each other in
the manner as described above, so that the need for the
joining process can be eliminated, and consequently heat
exchange performance can be improved. The fin 21 is
extended through application of pressure, so that the
plate thickness of the fin 21 can be reduced, and the heat
conductivity of the heat transfer part 2 can be improved
accordingly.

[0050] In the rolling process, the fin 21 is extended
through application of pressure, except for the integrated
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portion 22 that is integrated with the heat transfer tube
20. This can reduce deformation of the heat transfer tube
20 during the rolling process.

[0051] The rolling process is performed at a tempera-
ture exceeding the recrystallization temperature for the
material of the heat transfer part 2. In this temperature
state, the fin 21 can be extended through application of
pressure with high machining accuracy.

[0052] Aresizing process is performed in between the
extrusion process and the rolling process. The resizing
process corrects the dimensions of the heat transfer tube
20 while the fin 21 is applied with pressure. As described
above, the resizing process is performed before the fin
21 is extended through application of pressure, so that
even when the heat transfer tube 20 is applied with a
force, the fin 21 can still be prevented from bending.
[0053] The fin 21 includes two fins located at positions
opposite to each other with the heat transfer tube 20 in-
terposed between the fins 21. The rolling process in-
cludes a first process for extending one of the fins 21
through application of pressure, and a second process
for extending the other fin 21 through application of pres-
sure, and these first and second processes are per-
formed at different timings. This can reduce deformation
of the heat transfer tube 20.

[0054] Embodiment 1 includes a cutting process for
cutting the end portion of the fin 21 in the short-side di-
rection after the fin 21 is extended through application of
pressure in the rolling process. Because of this cutting
process, the twisted portion of the fin 21 after the fin 21
has been extended through application of pressure can
be cut to shape the fin 21.

Embodiment 2

[0055] Embodiment 2 relates to a refrigeration cycle
apparatus including the heat exchanger 1 of Embodiment
1 described above.

[0056] Fig. 16 is a refrigerant circuit diagram of the re-
frigeration cycle apparatus according to Embodiment 2.
[0057] The refrigeration cycle apparatus 200 includes
acompressor 201, acondenser 202, a pressure reducing
device 203 that is an expansion valve or other valve, and
an evaporator 204. The heat exchanger 1 of Embodiment
1 is used in one or both of the condenser 202 and the
evaporator 204.

[0058] The refrigeration cycle apparatus 200 having
the configuration as described above operates in the
manner as described below.

[0059] Refrigerant compressed in the compressor 201
flows into the condenser 202. The refrigerant having
flowed into the condenser 202 exchanges heat with air
passing through the condenser 202, is then cooled, and
flows into the pressure reducing device 203. The refrig-
erant having flowed into the pressure reducing device
203 is reduced in the pressure, and flows into the evap-
orator 204. The refrigerant having flowed into the evap-
orator 204 exchanges heat with air passing through the
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evaporator 204, is thus heated, and then suctioned into
the compressor 201 again.

[0060] Since the refrigeration cycle apparatus 200 of
Embodiment 2 includes the heat exchanger 1 of Embod-
iment 1, the refrigeration cycle apparatus 200 with im-
proved heat exchange performance can be formed.
[0061] Note that the refrigeration cycle apparatus 200
is applicable to air-conditioning apparatuses, refrigera-
tors, refrigerating machines, or other machines.

Reference Signs List

[0062] 1: heat exchanger, 2: heat transfer part, 3: first
header, 4: second header, 5: refrigerant inlet-outlet pipe,
6: refrigerant inlet-outlet pipe, 20: heat transfer tube, 20a:
refrigerant flow passage, 20b: insertion portion, 21: fin,
22: integrated portion, 23: fin portion, 24: uneven shape,
100: heat-transfer-part base, 200: refrigeration cycle ap-
paratus, 201: compressor, 202: condenser, 203: pres-
sure reducing device, 204: evaporator

Claims
1. A heat exchanger, comprising
a heat transfer part that has

a heat transfer tube that has a refrigerant
flow passage inside the heat transfer tube,
and

a fin that has a plate shape that extends
along a direction of a tube axis of the heat
transfer tube and that is integrated with the
heat transfer tube,

the fin having an integrated portion and a fin por-
tion, the integrated portion being a portion at
which the fin is integrated with the heat transfer
tube, the fin portion being a portion of the fin that
is other than the integrated portion,

the fin portion having a plate thickness that is
smaller than a plate thickness of the integrated
portion.

2. The heat exchanger of claim 1, wherein the fin is
formed into a wavy shape.

3. The heat exchanger of claim 1 or 2, wherein an un-
even shape is formed on a surface of the fin.

4. The heat exchanger of any one of claims 1 to 3,
wherein the heat transfer tube included in the heat
transfer part comprises a plurality of heat transfer
tubes, the plurality of heat transfer tubes being con-
nected to each other by the fin.

5. The heat exchanger of any one of claims 1 to 4,
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wherein the heat transfer tube is a flat tube.

The heat exchanger of any one of claims 1 to 4,
wherein the heat transfer tube is a circular tube.

A refrigeration cycle apparatus comprising the heat
exchanger of any one of claims 1 to 6.

A method of manufacturing a heat exchanger pro-
vided with a heat transfer partthat has a heat transfer
tube that has a refrigerant flow passage inside the
heat transfer tube and a fin that has a plate shape
that extends along a direction of a tube axis of the
heat transfer tube, the method comprising:

an extrusion process for forming the heat trans-
fer tube and the fin through extrusion; and

a rolling process for extending the fin through
application of pressure, the rolling process being
performed after the extrusion process is per-
formed.

The method of manufacturing the heat exchanger of
claim 8, wherein in the rolling process, the fin is ex-
tended through application of pressure, except for
an integrated portion of the fin, the integrated portion
being integrated with the heat transfer tube.

The method of manufacturing the heat exchanger of
claim 8 or 9, wherein the rolling process is performed
at a temperature exceeding a recrystallization tem-
perature for material of the heat transfer part.

The method of manufacturing the heat exchanger of
any one of claims 8 to 10, further comprising a re-
sizing process for correcting a dimension of the heat
transfer tube while the fin is applied with pressure,
the resizing process being performed in between the
extrusion process and the rolling process.

The method of manufacturing the heat exchanger of
any one of claims 8 to 11, wherein the fin comprises
two fins located at positions opposite to each other
with the heat transfer tube interposed between the
two fins, and the rolling process includes a first proc-
ess for extending one of the two fins through appli-
cation of pressure, and a second process for extend-
ing an other of the two fins through application of
pressure, the first and second processes being per-
formed at different timings.

The method of manufacturing the heat exchanger of
any one of claims 8 to 12, further comprising a cutting
process for cutting an end portion of the fin in a short-
side direction of the fin after the fin is extended
through application of pressure in the rolling process.
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