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DEVICE

(57) An air-conditioning apparatus includes: a com-
pressor, a first heat exchanger, an expansion unit and a
second heat exchanger that are connected, by a pipe, in
a refrigerant circuit through which refrigerant flows,
wherein the first heat exchanger includes: a radiator fin,
multiple tubes extending through the radiator fin and
through which the refrigerant flows, and a side plate pro-
vided at end portions of the multiple tubes, and having
multiple holes formed thereon, through which the multiple
tubes are extended, wherein, on the side plate, between
the holes corresponding to the multiple tubes to be con-
nected, a marking corresponding to a type of a connec-
tion member that connects the multiple tubes is provided.
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Description

Technical Field

[0001] The present invention relates to an air-condi-
tioning apparatus including a heat exchanger provided
with side plates and a method of manufacturing the air-
conditioning apparatus.

Background Art

[0002] A heat exchanger employed in an air-condition-
ing apparatus is configured with, for example, a radiator
fin, a tube and a side plate. There are provided multiple
radiator fins and tubes, and the multiple tubes are insert-
ed into the multiple radiator fins. The side plate is provid-
ed at end portions of the tubes, and the side plate has
multiple holes formed thereon through which the multiple
tubes are inserted. In the heat exchanger, connection
members that connect the multiple tubes are provided
on the side plate. As the connection member, for exam-
ple, a U-bent tube, a three-way bent tube, a bulge three-
way tube and other tubes can be provided. Moreover,
when the tube is a hairpin tube, the tube and the connec-
tion member are integrally formed.
[0003] The connection member provided to such a
heat exchanger has various kinds of connection patterns
(path patterns) that are complex. Therefore, a drawing
on which a path pattern is provided is separately pre-
pared. Then, a worker who manufactures the heat ex-
changer attaches parts to assemble the heat exchanger
while alternately comparing the heat exchanger and the
drawing providing the path pattern. When the number of
parts related to the path pattern is large, it exceeds 100
per a single heat exchanger. Moreover, the parts include
several types in some cases. Consequently, there is a
possibility that the working hours are increased and a
failure caused by an attachment mistake occurs.
[0004] Moreover, as described above, the parts related
to the path pattern are mainly four types: the hairpin tube;
the U-bent tube; the three-way bent tube; and the bulge
three-way tube. In these connection members, there is
no limitation to functions, an outer shape, attachment
number and place, and so forth. Therefore, there is a
possibility of increase in working hours due to inadequate
confirmation of attachment places and inadequate con-
firmation of the connection member itself, and occur-
rence of failure caused by attachment mistake due to
inadequate confirmation of attachment places and inad-
equate confirmation of the connection member itself.
[0005] Note that, when these connection members are
attached by brazing, it is difficult to detach the members
that have been attached once. Therefore, when an at-
tachment mistake occurs, the whole heat exchanger in-
cluding the radiator fins and the side plates has to be
discarded.
[0006] Here, in Patent Literature 1, there is disclosed
a method of manufacturing a heat exchanger including

multiple bent tubes. In Patent Literature 1, a heat ex-
changer is manufactured by attaching multiple bent tubes
in advance to a support material having holes for inserting
the bent tubes formed thereon, and fitting the support
material to a tube inserted into a plate fin. In this manner,
Patent Literature 1 employs the support material to elim-
inate the confirmation of attachment places of the bent
tubes, thereby, intends to improve workability in assem-
bly of the heat exchanger.

Citation List

Patent Literature

[0007] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 2009-68805

Summary of Invention

Technical Problem

[0008] However, since the heat exchanger disclosed
in Patent Literature 1 requires the support material, man-
ufacturing costs are increased. Moreover, in Patent Lit-
erature 1, attachment of bent tubes only is disclosed, and
attachment workability when there are multiple connec-
tion members is not at all considered.
[0009] The present invention has been made in view
of the above circumstances, and provides an air-condi-
tioning apparatus and a method of manufacturing the air-
conditioning apparatus that reduce manufacturing costs
and improve attachment workability even when there are
multiple connection members.

Solution to Problem

[0010] An air-conditioning apparatus of an embodi-
ment of the present invention includes: a compressor, a
first heat exchanger, an expansion unit and a second
heat exchanger that are connected, by a pipe, in a refrig-
erant circuit through which refrigerant flows, wherein the
first heat exchanger includes: a radiator fin, a plurality of
tubes extending through the radiator fin and through
which the refrigerant flows, and a side plate provided at
end portions of the tubes, and having a plurality of holes
formed thereon through which the tubes are extended,
wherein, on the side plate, between the holes corre-
sponding to the tubes to be connected, a marking corre-
sponding to a type of a connection member that connects
the tubes is provided. Advantageous Effects of Invention
[0011] According to the present invention, on the side
plate, between the holes corresponding to the multiple
tubes to be connected, markings corresponding to the
types of the connection members that connect the mul-
tiple tubes is provided. Therefore, positioning is per-
formed with ease without any support material. Conse-
quently, the manufacturing costs is reduced. Moreover,
the markings are different by respective types of the con-
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nection members, and thereby the connection member
to be attached is recognized with ease. Therefore, the
attachment workability is improved even when there are
multiple connection members. Brief Description of Draw-
ings
[0012]

[Fig. 1] Fig. 1 is a circuit diagram showing an air-
conditioning apparatus 1 according to Embodiment
1 of the present invention.
[Fig. 2A] Fig. 2A is a side view showing a first heat
exchanger 4 in Embodiment 1 of the present inven-
tion.
[Fig. 2B] Fig. 2B is a front view showing the first heat
exchanger 4 in Embodiment 1 of the present inven-
tion.
[Fig. 3] Fig. 3 is a front view showing a side plate 13
of the first heat exchanger 4 in Embodiment 1 of the
present invention.
[Fig. 4] Fig. 4 is a diagram showing types of markings
15 in Embodiment 1 of the present invention.
[Fig. 5] Fig. 5 is a flowchart showing a method of
manufacturing the air-conditioning apparatus 1 ac-
cording to Embodiment 1 of the present invention.
[Fig. 6] Fig. 6 is a front view showing the side plate
13 of the first heat exchanger 4 in Embodiment 1 of
the present invention.

Description of Embodiments

[0013] Hereinafter, an embodiment of an air-condition-
ing apparatus 1 and a method of manufacturing the air-
conditioning apparatus 1 according to the present inven-
tion will be described with reference to drawings. Note
that the embodiment to be described below does not limit
the present invention. Moreover, including Fig. 1, rela-
tions between sizes of respective components in the fol-
lowing drawings are different from those in actuality in
some cases.

Embodiment 1

[0014] Fig. 1 is a circuit diagram showing an air-con-
ditioning apparatus 1 according to Embodiment 1 of the
present invention. The air-conditioning apparatus 1 will
be described based on Fig. 1. As shown in Fig. 1, the air-
conditioning apparatus 1 includes a refrigerant circuit 2.
In the refrigerant circuit 2, a compressor 3, a first heat
exchanger 4, an expansion unit 5 and a second heat
exchanger 6 are connected by a pipe 7 to allow a flow of
refrigerant.
[0015] The compressor 3 compresses the refrigerant.
The first heat exchanger 4 is provided, for example, out-
door, and exchanges heat between outdoor air and the
refrigerant. The first heat exchanger 4 is provided with
an inflow header 4a on an inflow side of the refrigerant,
and the inflow header 4a distributes the refrigerant dis-
charged from the compressor 3 to each of tubes 12 of

the first heat exchanger 4. Moreover, the first heat ex-
changer 4 is provided with a first outflow header 4b on
an outflow side of the refrigerant, and the first outflow
header 4b collects the refrigerant flowing out of each tube
12 to allow the refrigerant to flow out to the expansion
unit 5.
[0016] The expansion unit 5 expands the refrigerant
and reduces the pressure of the refrigerant. The second
heat exchanger 6 is provided, for example, indoor, and
exchanges heat between indoor air and the refrigerant.
The second heat exchanger 6 is provided with a distrib-
utor 6a on an inflow side of the refrigerant, and the dis-
tributor 6a distributes the refrigerant flowing out of the
expansion unit 5 to each of tubes 12 of the second heat
exchanger 6. Moreover, the second heat exchanger 6 is
provided with a second outflow header 6b on an outflow
side of the refrigerant, and the second outflow header 6b
collects the refrigerant flowing out of each tube 12 to allow
the refrigerant to flow out to the compressor 3.
[0017] Fig. 2A is a side view showing the first heat ex-
changer 4 in Embodiment 1 of the present invention, and
Fig. 2B is a front view showing the first heat exchanger
4 in Embodiment 1 of the present invention. Next, the
first heat exchanger 4 will be described. As shown in Fig.
2A and Fig. 2B, the first heat exchanger 4 includes a
radiator fin 11, multiple tubes 12 and side plates 13. For
example, multiple radiator fins 11 are provided and the
multiple radiator fins 11 are disposed at intervals mutu-
ally. The outdoor air flows through the multiple radiator
fins 11.
[0018] The multiple tubes 12 are inserted through the
radiator fins 11 and allows the refrigerant to flow there-
through.
[0019] The side plate 13 is provided at end portions of
the tubes 12, and has multiple holes 13a formed thereon
through which the multiple tubes 12 are inserted. The
side plates 13 are provided, for example, at both end
portions of the tubes 12 to sandwich the radiator fins 11.
An upper end portion and a lower end portion of the side
plate 13 are bent 90 degrees in the direction opposite to
the radiator fins 11.
[0020] Fig. 3 is a front view showing the side plate 13
of the first heat exchanger 4 in Embodiment 1 of the
present invention. Next, the side plate 13 of the first heat
exchanger 4 will be described. As shown in Fig. 3, on the
side plate 13, between the holes 13a corresponding to
the multiple tubes 12 to be connected, markings 15 cor-
responding to the types of the connection members 14
that connect the multiple tubes 12 are provided.
[0021] As the connection member 14, for example, a
U-bent tube 14A in a U shape, a three-way bent tube 14b
in a T shape, a bulge three-way tube 14c in a non-T
shape, and other tubes can be provided. Moreover, in
Embodiment 1, the tube 12 is a hairpin tube, and the tube
12 and the connection member 14 are integrally formed.
[0022] Fig. 4 is a diagram showing types of the mark-
ings 15 in Embodiment 1 of the present invention. As
shown in Fig. 4, in the case of the hairpin tube, the mark-
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ing 15 is a single straight line. In the case of the U-bent
tube 14A, the marking 15 is two parallel straight lines. In
the case of the three-way bent tube 14b, the marking 15
is two straight lines that are orthogonally crossed. In the
case of the bulge three-way tube 14c, the marking 15 is
two straight lines that are crossed non-orthogonally, and
an attachment direction is also indicated. Note that the
sizes of the markings 15 are appropriately determined.
[0023] In Embodiment 1, the markings 15 are provided
by a marking jig, and the marking jig is made of metal.
On the marking jig, a shape corresponding to the type of
the marking 15 is formed. Note that the marking 15 may
be provided by a writing material, or may be provided by
a sticker. Further, the marking 15 may be provided to
cover the multiple holes 13a.
[0024] Fig. 5 is a flowchart showing a method of man-
ufacturing the air-conditioning apparatus 1 according to
Embodiment 1 of the present invention. Next, the method
of manufacturing the air-conditioning apparatus 1 will be
described. First, on the side plate 13, the multiple holes
13a, through which the multiple tubes 12 are inserted,
are formed. Specifically, on a metal plate in a flat-plate
shape to serve as the side plate 13 of the first heat ex-
changer 4, the multiple holes 13a are formed by, for ex-
ample, burring processing (step ST1).
[0025] Next, on the side plate 13, the markings 15 cor-
responding to the type of the connection member 14 that
connects the multiple tubes 12 are provided between the
holes 13a corresponding to the multiple tubes 12 to be
connected. Specifically, between the multiple holes 13a,
the markings 15 are inscribed by a marking jig (step ST2).
Then, the upper end portion and the lower end portion
of the metal plate are bent 90 degrees. Accordingly, the
side plate 13 of the first heat exchanger 4 is manufactured
(step ST3). Thereafter, the first heat exchanger 4 is man-
ufactured by employing the side plates 13, and the air-
conditioning apparatus 1 is manufactured by incorporat-
ing the first heat exchanger 4 thereinto.
[0026] Next, an operation state of the air-conditioning
apparatus 1 according to Embodiment 1 will be de-
scribed. The compressor 3 sucks the refrigerant and
compresses the refrigerant to discharge the refrigerant
in a gas state of high temperature and high pressure.
The discharged refrigerant flows into the first heat ex-
changer 4, and the first heat exchanger 4 condenses the
refrigerant by heat exchange with the outdoor air. The
condensed refrigerant flows into the expansion unit 5,
and the expansion unit 5 expands the condensed refrig-
erant and reduces the pressure thereof. Then, the refrig-
erant reduced in pressure flows into the second heat ex-
changer 6, and the second heat exchanger 6 evaporates
the refrigerant by heat exchange with the indoor air. At
this time, the indoor air is cooled, and thereby cooling of
the indoor space is performed. Then, the refrigerant
evaporated and brought into a gas state of high temper-
ature and low pressure is sucked by the compressor 3.
[0027] The air-conditioning apparatus 1 according to
Embodiment 1 is used in performing the cooling opera-

tion in this manner; however, the air-conditioning appa-
ratus 1 may be configured to make it possible to perform,
not only the cooling operation, but also the heating op-
eration by providing a flow switching unit in the refrigerant
circuit 2.
[0028] Fig. 6 is a front view showing the side plate 13
of the first heat exchanger 4 in Embodiment 1 of the
present invention. Next, action of the air-conditioning ap-
paratus 1 according to Embodiment 1 will be described.
In Fig. 6, solid-line arrows indicate attachment positions
of the connection members 14 that are attached to the
side plate 13 on one end portion of the first heat exchang-
er 4 and flow directions of the refrigerant. Further, in Fig.
6, broken lines indicate attachment positions of the con-
nection members 14 that are attached to the side plate
13 on the other end portion of the first heat exchanger 4.
In this manner, in the first heat exchanger 4, since the
connection members 14 attached to the side plates 13
on both end portions are different, different markings 15
are provided to the side plate 13 on each of the both end
portions.
[0029] As shown in Fig. 6, each connection member
14 is attached in accordance with the types of the mark-
ings 15. For example, at the portion where the marking
15 of two parallel straight lines is provided, the U-bent
tube 14A is attached. Meanwhile, at the portion where
the marking 15 of two straight lines that are orthogonally
crossed is provided, the three-way bent tube 14b is at-
tached. Further, on the broken line, although the marking
15 is not shown, the hairpin tube (the tube 12) is attached.
Then, the refrigerant flowing in from the inflow header 4a
flows through the hairpin tube (the tube 12), the U-bent
tube 14A, the hairpin tube (the tube 12), and the three-
way bent tube 14b in this order.
[0030] One of the refrigerant branched at the three-
way bent tube 14b flows through the hairpin tube (the
tube 12), the U-bent tube 14A, the hairpin tube (the tube
12), the U-bent tube 14A and the hairpin tube (the tube
12) in this order, and flows out to the first outflow header
4b. Meanwhile, the other one of the refrigerant branched
at the three-way bent tube 14b flows through the hairpin
tube (the tube 12), the U-bent tube 14A, the hairpin tube
(the tube 12), the U-bent tube 14A and the hairpin tube
(the tube 12) in this order, and flows out to the first outflow
header 4b.
[0031] As described above, on the side plate 13, be-
tween the holes 13a corresponding to the multiple tubes
12 to be connected, markings 15 corresponding to the
types of the connection members 14 that connect the
multiple tubes 12 are provided. Therefore, positioning is
performed with ease without any support material. Con-
sequently, the manufacturing costs are reduced. Further,
the markings 15 are different by respective types of the
connection members 14, and thereby the connection
members 14 to be attached are recognized with ease.
Therefore, the attachment workability is improved even
when there are multiple connection members 14.
[0032] Moreover, this configuration reduces time for
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attaching the connection members 14 to the first heat
exchanger 4. Moreover, since the attachment workability
is improved, quality of the first heat exchanger 4 is im-
proved. Further, even when the connection member 14
is attached by brazing, since occurrence of attachment
mistake is suppressed, the risk of discarding the whole
first heat exchanger 4 including the radiator fins 11 and
the side plates 13 is reduced. This contributes to energy
saving.
[0033] Note that, in Embodiment 1, the markings 15
are provided on the side plates 13 of the first heat ex-
changer 4, however, the markings 15 may be provided
on the side plates 13 of the second heat exchanger 6. In
this case, the refrigerant flowing in from the expansion
unit 5 flows through the hairpin tube, the U-bent tube
14A, the three-way bent tube 14b and others, to flow out
to the second outflow header 6b. Further, in Embodiment
1, the markings 15 are provided on the side plates 13 of
the first heat exchanger 4, however, the markings 15 may
be provided on the side plates 13 of the second heat
exchanger 6.
[0034] Further, the tube 12 is a hairpin tube, and the
tube 12 and the connection member 14 are integrally
formed. This configuration improves attachment worka-
bility of the hairpin tube.
[0035] Even further, as the connection member 14, the
U-bent tube 14A in the U shape is used. This configura-
tion improves attachment workability of the U-bent tube
14A.
[0036] Still further, as the connection member 14, the
three-way bent tube 14b in the T shape is used. This
configuration improves attachment workability of the
three-way bent tube 14b.
[0037] Then, as the connection member 14, the bulge
three-way tube 14c in a non-T shape is used, and the
marking 15 indicating the attachment direction of the con-
nection member 14 is provided on the side plate 13. This
configuration improves attachment workability of the
bulge three-way tube 14c, and the attachment direction
thereof is recognized with ease.
[0038] Further, on the side plate 13, the markings 15
are provided by the marking jigs. This improves worka-
bility in providing the markings 15.
[0039] Even further, on the side plate 13, the markings
15 are provided by the writing material. This improves
workability in providing the markings 15.
[0040] Still further, on the side plate 13, the markings
15 are provided by the stickers. This improves workability
in providing the markings 15.
[0041] Then, on the side plate 13, the marking 15 is
provided to cover the multiple holes 13a. This improves
workability in providing the marking 15.
[0042] Moreover, in a method of manufacturing an air-
conditioning apparatus 1 having a refrigerant circuit 2
through which refrigerant flows, the refrigerant circuit 2
including a compressor 3, a first heat exchanger 4, an
expansion unit 5 and a second heat exchanger 6 that are
connected by a pipe 7, the first heat exchanger 4 includ-

ing a radiator fin 11, multiple tubes 12 that are inserted
through the radiator fin 11 and allows the refrigerant to
flow therethrough, and a side plate 13 that is provided at
end portions of the multiple tubes 12, the method in-
cludes: a step of forming multiple holes 13a, through
which the multiple tubes 12 are inserted, on the side plate
13; and a step of providing, on the side plate 13, between
the holes 13a corresponding to the multiple tubes 12 to
be connected, a marking 15 corresponding to a type of
a connection member 14 connecting the multiple tubes
12. Therefore, positioning is performed with ease without
any support material. Consequently, manufacturing
costs are reduced. Moreover, the markings 15 are differ-
ent by respective types of the connection members 14,
and thereby the connection members 14 to be attached
are recognized with ease. Therefore, the attachment
workability is improved even when there are multiple con-
nection members 14.

Reference Signs List

[0043] 1 air-conditioning apparatus 2 refrigerant circuit
3 compressor 4 first heat exchanger 4a inflow header 4b
first outflow header 5 expansion unit 6 second heat ex-
changer 6a distributor 6b second outflow header 7 pipe
11 radiator fin 12 tube 13 side plate 13a hole 14 connec-
tion member 14a U-bent tube 14b three-way bent tube
14c bulge three-way tube 15 marking

Claims

1. An air-conditioning apparatus comprising:

a compressor, a first heat exchanger, an expan-
sion unit and a second heat exchanger connect-
ed, by a pipe, in a refrigerant circuit through
which refrigerant flows,
the first heat exchanger including
a radiator fin,
a plurality of tubes extending through the radia-
tor fin and through which the refrigerant flows,
and
a side plate provided at end portions of the plu-
rality of tubes, and having a plurality of holes
formed thereon, through which the plurality of
tubes are extended,
on the side plate, between the holes correspond-
ing to the plurality of tubes to be connected, a
marking corresponding to a type of a connection
member connecting the plurality of tubes being
provided.

2. The air-conditioning apparatus of claim 1, wherein
the plurality of tubes include a hairpin tube, and
the plurality of tubes and the connection member are
integrally formed.
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3. The air-conditioning apparatus of claim 1 or 2,
wherein, as the connection member, a U-bent tube
having a U shape is employed.

4. The air-conditioning apparatus of any one of claims
1 to 3, wherein, as the connection member, a three-
way bent tube having a T shape is employed.

5. The air-conditioning apparatus of any one of claims
1 to 4, wherein,
as the connection member, a bulge three-way tube
having a non-T shape is employed, and
a marking indicating an attachment direction of the
connection member is provided on the side plate.

6. The air-conditioning apparatus of any one of claims
1 to 5, wherein, on the side plate, the marking is
provided by a marking jig.

7. The air-conditioning apparatus of any one of claims
1 to 6, wherein, on the side plate, the marking is
provided by a writing material.

8. The air-conditioning apparatus of any one of claims
1 to 7, wherein, on the side plate, the marking is
provided by a sticker.

9. The air-conditioning apparatus of any one of claims
1 to 8, wherein, on the side plate, the marking is
provided to cover the plurality of holes.

10. A method of manufacturing an air-conditioning ap-
paratus including a compressor, a first heat exchang-
er, an expansion unit and a second heat exchanger
connected, by a pipe, in a refrigerant circuit through
which refrigerant flows, the first heat exchanger in-
cluding a radiator fin, a plurality of tubes extending
through the radiator fin and through which the refrig-
erant flows, and a side plate provided at end portions
of the plurality of tubes,
the method comprising:

forming a plurality of holes, through which the
plurality of tubes are inserted, on the side plate;
and
providing, on the side plate, between the holes
corresponding to the plurality of tubes to be con-
nected, a marking corresponding to a type of a
connection member connecting the plurality of
tubes.
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