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Description
Technical Field

[0001] The present invention relates to a cooling de-
vice, a refrigeration cycle device including the cooling
device, and a method of manufacturing the cooling de-
vice.

Background Art

[0002] In an air-conditioning device as a conventional
refrigeration cycle device, a power element that gener-
ates heatis generally used as an electrical circuit for con-
trolling operation of an electric motor of a compressor.
The electrical circuit is housed in a control box. In the
control box, there is a component that generates heat
other than the power element.

[0003] Some conventional refrigeration cycle devices
include a cooling mechanism for preventing the power
element from reaching a high temperature higher than a
temperature at which the power element can operate (for
example, refer to Patent Document 1).

[0004] PatentDocument 1 discloses arefrigerant jack-
et that cools a power element. The refrigerant jacket dis-
closed in Patent Document 1 is configured to partially
cover refrigerant piping that connects an outdoor heat
exchanger to an expansion valve. A refrigerant flowing
through the part of the refrigerant piping cools the power
element via the refrigerant jacket.

Citation List
Patent Document

[0005] Patent Document 1: JP 4488093 B

Summary of Invention
Technical Problem

[0006] Itisimportantforthe refrigerant jacketdisclosed
in Patent Document 1 that an outer peripheral surface of
the refrigerant piping closely contact to the refrigerant
jacket without a gap therebetween in order to efficiently
cool the power element.

[0007] However, Patent Document 1 does not disclose
any means for eliminating a gap between the outer pe-
ripheral surface of the refrigerant piping and the refriger-
ant jacket and increasing contactness between the outer
peripheral surface of the refrigerant piping and the refrig-
erant jacket.

[0008] Thus, it is difficult to efficiently cool a member
that is housed in the control box and generates heat to
be cooled (hereinafter referred to as a "cooling subject")
in the refrigerant jacket disclosed in Patent Document 1.
[0009] Thus, the present invention provides a cooling
device capable of efficiently cooling a cooling subject in
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a control box, a refrigeration cycle device, and a method
of manufacturing a cooling device.

Solution to Problem

[0010] A cooling device according to one aspect of the
presentinvention is a cooling device for causing a cooling
subject that is housed in a control box and generates
heat and a refrigerant circulated in a refrigeration cycle
device to exchange heat and thus cools the cooling sub-
ject. The cooling device includes a metallic member. The
metallic member includes a metallic member main body,
a pair of openings provided in the metallic member main
body while being exposed from an outer surface of the
metallic member main body and functioning as an en-
trance and an exit of the refrigerant, and a refrigerant
flow path provided in the metallic member main body
while being connected to the pair of openings and through
which the refrigerant flows. A portion of the metallic mem-
ber main body that defines the refrigerant flow path con-
tacts the refrigerant.

[0011] According to the present invention, the refriger-
ant flow path through which the refrigerant flows while
contacting with the metallic member main body is pro-
vided in the metallic member main body. Thus, the re-
frigerant can directly cool the metallic member main
body. As a result, the cooling subject that is housed in
the control box and generates heat can be efficiently
cooled by the cold of the refrigerant via the metallic mem-
ber main body.

[0012] In the cooling device according to one aspect
of the presentinvention, the pair of openings may include
afirstopening and a second opening. The cooling device
may include a first connect tube formed of a metallic ma-
terial that is the same as that for the metallic member
main body and different from that for a first refrigerant
tube forming the refrigeration cycle device, and a second
connect tube formed of a metallic material that is the
same as that for the metallic member main body and
different from that for a second refrigerant tube forming
the refrigeration cycle device. A first end of the first con-
nect tube may be connected to the first opening, and a
second end of the first connect tube may be connected
to the first refrigerant tube. A first end of the second con-
nect tube may be connected to the second opening, and
a second end of the second connect tube may be con-
nected to the second refrigerant tube.

[0013] In this way, the first connect tube formed of the
metallic material that is the same as that for the metallic
member main body and different from that for the first
refrigerant tube is connected to the first opening provided
in the metallic member main body. Thus, the same me-
tallic material is joined together. This can easily join the
first connect tube and the first opening together in an
excellent state.

[0014] Further, the second connect tube formed of the
metallic material that is the same as that for the metallic
member main body and different from that for the second
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refrigerant tube is connected to the second opening pro-
vided in the metallic member main body. Thus, the same
metallic material is joined together. This can easily join
the second connect tube and the second opening togeth-
er in an excellent state.

[0015] In the cooling device according to one aspect
of the present invention, the refrigerant flow path may
include a plurality of penetrating flow paths that penetrate
the metallic member main body in a predetermined di-
rection. The plurality of penetrating flow paths may be
provided in the metallic member main body and include
third openings each disposed at an end to be exposed
from an outer surface of the metallic member main body.
The cooling device may further include a U-shaped tube
connected to two of the third openings provided in adja-
cent positions.

[0016] Inthis way, evenin a case where the refrigerant
flow path includes the plurality of penetrating flow paths
penetrating the metallic member main body in the pre-
determined direction, the cooling subject housed in the
control box can be efficiently cooled by the cold of the
refrigerant via the metallic member main body.

[0017] For example, in a case where the refrigerant
flow path includes only the plurality of penetrating flow
paths, the refrigerant flow path can be easily processed
in comparison with a case where winding refrigerant flow
paths are processed.

[0018] In the cooling device according to one aspect
of the present invention, the U-shaped tube may be
formed of the same metallic material as that for the me-
tallic member main body.

[0019] In this way, the U-shaped tube is formed of the
same metallic material as that for the metallic member
main body. Thus, the same metallic material is joined
together when the metallic member main body is joined
to the U-shaped tube. This eliminates occurrence of con-
tact corrosion between dissimilar metals, and thus the
U-shaped tube and the metallic member main body can
be joined together in an excellent state.

[0020] The cooling device according to one aspect of
the presentinvention may further include: a first moisture
suppressing member covering a connection portion be-
tween the first connect tube and the first refrigerant tube;
and a second moisture suppressing member covering a
connection portion between the second connect tube and
the second refrigerant tube.

[0021] Inthis way, the first moisture suppressing mem-
ber covering the connection portion between the first con-
nect tube and the first refrigerant tube is provided, so that
the first moisture suppressing member can suppress ad-
hesion of moisture to the connection portion at which
different metallic materials are connected. This can sup-
press occurrence of contact corrosion between dissimilar
metals at the connection portion.

[0022] The second moisture suppressingmember cov-
ering the connection portion between the second connect
tube and the second refrigerant tube is provided, so that
the second moisture suppressing member can suppress
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adhesion of moisture to the connection portion at which
different metallic materials are connected. This can sup-
press occurrence of contact corrosion between dissimilar
metals at the connection portion.

[0023] To solve the above-described problem, a refrig-
eration cycle device according to one aspect of the
present invention may include: an outdoor unit including
the above-described cooling device; and an indoor unit
connected to the outdoor unit while the refrigerant flowing
through the outdoor unit can be introduced into or led out
from the indoor unit.

[0024] According to the present invention, the refriger-
ant flow path through which the refrigerant flows while
contacting with the metallic member main body is pro-
vided in the metallic member main body. Thus, the re-
frigerant can directly cool the metallic member main
body. As a result, the cooling subject that is housed in
the control box and generates heat can be efficiently
cooled by the cold of the refrigerant via the metallic mem-
ber main body.

[0025] To solve the above-described problem, a meth-
od of manufacturing a cooling device according to one
aspect of the present invention is a method of manufac-
turing a cooling device including a metallic member that
causes a cooling subject that is housed in a control box
and generates heat and a refrigerant to exchange heat
and thus cools the cooling subject. The method of man-
ufacturing a cooling device may include the steps of:
forming a first opening and a second opening functioning
as an entrance and an exit of the refrigerant in a metallic
member main body and a refrigerant flow path provided
in the metallic member main body so as to be connected
to the first opening and the second opening to obtain the
metallic member; joining a first connect tube formed of
the same metallic material as that for the metallic member
main body to the first opening; and joining a second con-
nect tube formed of the same metallic material as that
for the metallic member main body to the second open-
ing.

[0026] According to the present invention, the refriger-
ant flows through the refrigerant flow path while contact-
ing the portion of the metallic member main body that
defines the refrigerant flow path. Thus, the refrigerant
can directly cool the metallic member main body. As a
result, the cooling subject that is housed in the control
box and generates heat can be efficiently cooled by the
cold of the refrigerant via the metallic member main body.
[0027] The first connecttube is joined to the first open-
ing, and the second connect tube is joined to the second
opening. Thus, the pair of piping that supply and collect
the refrigerant to and from the refrigerant flow path via
the first opening or the second opening can be joined in
a position away from the metallic member main body.
[0028] Thus, for example, in a case where the pair of
piping are formed of a metallic material different from that
for the metallic member main body, the moisture sup-
pressing members can be easily provided to the connec-
tion portions (joint portions). This can suppress contact
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corrosion between dissimilar metals at the connection
portions (joint portions).

Advantageous Effects of Invention

[0029] According to the present invention, a cooling
subject in a control box can be efficiently cooled.

Brief Description of Drawings
[0030]

FIG. 1 is a system diagram illustrating a schematic
configuration of a refrigeration cycle device accord-
ing to a first embodiment of the present invention.
FIG. 2 is an enlarged view of a portion surrounded
as a region A of the refrigeration cycle device illus-
trated in FIG. 1.

FIG. 3 is a diagram schematically illustrating a state
where a first connect tube and a second connect
tube are located away from a metallic member with
the exclusion of a first moisture suppressing member
and a second moisture suppressing member from a
structural body illustrated in FIG. 2.

FIG. 4 is a diagram when the metallic member illus-
trated in FIG. 3 is seen from a B view.

FIG. 5 is a system diagram illustrating a schematic
configuration of a refrigeration cycle device accord-
ing to a first modification of the first embodiment of
the present invention.

FIG. 6 is a system diagram illustrating a schematic
configuration of a refrigeration cycle device accord-
ing to a second modification of the first embodiment
of the present invention.

FIG. 7 is a diagram illustrating a cooling device ac-
cording to a second embodiment of the present in-
vention.

FIG. 8 is a diagram illustrating a cooling device ac-
cording to a third embodiment of the present inven-
tion.

FIG. 9 is a diagram illustrating a cooling device ac-
cording to a fourth embodiment of the presentinven-
tion.

FIG. 10is adiagram schematically illustrating a state
where a metallic member and a U-shaped tube illus-
trated in FIG. 9 are located away from each other.
FIG. 11 is a diagram when the metallic member il-
lustrated in FIG. 10 is seen from a C view.

FIG. 12 is a diagram illustrating a cooling device ac-
cording to a fifth embodiment of the present inven-
tion.

FIG. 13 is a diagram illustrating a cooling device ac-
cording to a sixth embodiment of the present inven-
tion.

FIG. 14 is a diagram illustrating a cooling device ac-
cording to a seventh embodiment of the present in-
vention.

FIG. 15is adiagram schematically illustrating a state
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where a U-shaped tube and a metallic member illus-
trated in FIG. 14 are located away from each other.
FIG. 16 is a diagram schematically illustrating a
stage before U-shaped piping illustrated in FIG. 15
has a diameter expanded.

Description of Embodiments

[0031] Embodiments to which the present invention is
applied will be described below in detail with reference
to the drawings. Note that the drawings used in the fol-
lowing description are for illustrating the configurations
of the embodiments of the present invention, and interms
of the size, thickness, dimensions, and the like of each
illustrated part, the actual dimensional relationships
thereof in a cooling device and a refrigeration cycle de-
vice may be different.

First Embodiment

[0032] FIG. 1 is a system diagram illustrating a sche-
matic configuration of a refrigeration cycle device accord-
ing to a first embodiment of the present invention. FIG.
1 illustrates a configuration of a multi-type air-condition-
ing device as an example of a refrigeration cycle device
10.

[0033] With reference to FIG. 1, the refrigeration cycle
device 10 according to the firstembodiment includes one
outdoor unit 11, gas-side piping 12, a branching device
14A, a branching device 14B, a branching device 17A,
a branching device 17B, liquid-side piping 16, an indoor
unit 18, and an indoor unit 19.

[0034] The outdoor unit 11 includes a compressor 21,
discharge piping 22, a four-way selector valve 23, gas
piping 24, 26, and 36, an outdoor heat exchanger 25, an
outdoor expansion valve 27 for heating (EEVH), a receiv-
er 28, liquid piping 29, intake piping 31, liquid piping 32,
a control box (not illustrated), a cooling device 34, an
accumulator 35, a gas-side operation valve 37, a liquid-
side operation valve 39, and an outdoor fan 41.

[0035] The compressor 21 is connected to a first end
of the discharge piping 22 and a second end of the intake
piping 31. The compressor 21 compresses a refrigerant
to generate a high-temperature, high-pressure refriger-
ant gas. The high-temperature, high-pressure refrigerant
gas is supplied to the four-way selector valve 23 via the
discharge piping 22. A second end of the discharge piping
22 is connected to the four-way selector valve 23.
[0036] The four-way selector valve 23 is connected to
the gas piping 24, the intake piping 31, and a second end
of the gas piping 36. The four-way selector valve 23 is a
valve for switching piping that supplies the high-temper-
ature, high-pressure refrigerant gas supplied via the dis-
charge piping 22 (in other words, for switching a circula-
tion path of the refrigerant).

[0037] The outdoor heat exchanger 25 is connected to
a second end of the gas piping 24 and a first end of the
gas piping 26. The outdoor heat exchanger 25 causes
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the refrigerant supplied from the gas piping 24 or the gas
piping 26 and outside air supplied from the outdoor fan
41 to exchange heat.

[0038] A part of the gas piping 26 penetrates the re-
ceiver 28 such that a second end of the gas piping 26 is
disposed in the receiver 28.

[0039] The outdoor expansion valve 27 is provided in
the gas piping 26 located between the outdoor heat ex-
changer 25 and the receiver 28.

[0040] Thereceiver28isatankthat storesarefrigerant
in a fluid state (hereinafter simply referred to as a "liquid
refrigerant").

[0041] A part of the liquid piping 29 penetrates the re-
ceiver 28 such that a first end of the liquid piping 29 is
disposed in the receiver 28. A second end of the liquid
piping 29 is connected to the liquid-side operation valve
39.

[0042] The second end of the intake piping 31 is con-
nected to the compressor 21.

[0043] The liquid piping 32 includes a first refrigerant
tube 32A and a second refrigerant tube 32B. The first
refrigerant tube 32A is branched from the intake piping
31 located between the four-way selector valve 23 and
the accumulator 35. The first refrigerant tube 32A is con-
nected to the cooling device 34. Some of the liquid re-
frigerant flowing through the intake piping 31 flows into
the first refrigerant tube 32A. In other words, the liquid
refrigerant is introduced into the cooling device 34 via
the first refrigerant tube 32A.

[0044] The second refrigerant tube 32B is branched
from the liquid piping 29 located between the receiver 28
and the liquid-side operation valve 39. The second re-
frigerant tube 32B is connected to the cooling device 34.
A liquid refrigerant passing through the cooling device
34 and contributing to heat exchange is led into the sec-
ond refrigerant tube 32B. The liquid refrigerant led into
the second refrigerant tube 32B flows into the intake pip-
ing 31.

[0045] The first and second refrigerant tubes 32A and
32B are formed of a metallic material having a high co-
efficient of thermal conductivity. For example, coppercan
be used as the metallic material forming the first and sec-
ond refrigerant tubes 32A and 32B.

[0046] The control box (not illustrated) houses a cool-
ing subject 33 that generates heat and the cooling device
34. The cooling subject 33 is disposed so as to contact
a metallic member 45 forming the cooling device 34. For
example, a power element, a diode module, a reactor,
and the like can be exemplified as the cooling subject 33.
[0047] FIG.2isanenlarged view of a portion surround-
ed as a region A of the refrigeration cycle device illus-
trated in FIG. 1. In FIG. 2, the same reference signs are
used for constituent components that are the same as
those illustrated in FIG. 1. In FIG. 2, an X direction indi-
cates a width direction of a metallic member main body
51 while a Y direction indicates a length direction of the
metallic member main body 51.

[0048] FIG. 3 is a diagram schematically illustrating s
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state where a first connect tube and a second connect
tube are located away from the metallic member with the
exclusion of a first moisture suppressing member and a
second moisture suppressing member from a structural
body illustrated in FIG. 2. In FIG. 3, the same reference
signs are used for constituent components that are the
same as those illustrated in FIG. 2.

[0049] FIG. 4 is a diagram when the metallic member
illustrated in FIG. 3 is seen from a B view. In FIG. 4, the
same reference signs are used for constituent compo-
nents that are the same as those illustrated in FIG. 3. A
Z direction illustrated in FIG. 4 indicates a thickness di-
rection of the metallic member main body 51 orthogonal
to the X direction.

[0050] With reference to FIGS. 1 to 4, the cooling de-
vice 34 includes the metallic member 45, a first connect
tube 46, a second connect tube 47, a first moisture sup-
pressing member 59, and a second moisture suppress-
ing member 62.

[0051] The metallic member 45 includes the metallic
member main body 51, afirstopening 52, asecond open-
ing 54, and a refrigerant flow path 56.

[0052] The metallic member main body 51 is a metal
block having a predetermined thickness. The metallic
member main body 51 includes a pair of outer surfaces
51a and 51b orthogonal to the Y direction.

[0053] A metallic material forming the metallic member
main body 51 is preferably a metallic material having a
high coefficient of thermal conductivity (for example, alu-
minum, copper, and the like). For example, lightweight
and inexpensive aluminum is more preferable as the me-
tallic material forming the metallic member main body 51.
[0054] Note that FIGS. 2 and 3 exemplify a rectangle
as an example of a shape of the metallic member main
body 51 in plan view, but the shape of the metallic mem-
ber main body 51 is not limited to this.

[0055] The first opening 52 is provided in the metallic
member main body 51 while being exposed from the out-
er surface 51a of the metallic member main body 51. The
first opening 52 is connected to a first end portion 46A
of the first connect tube 46. The refrigerant in the fluid
state flowing through the first refrigerant tube 32A is in-
troduced into the first opening 52 via the first connect
tube 46.

[0056] The second opening 54 is provided in the me-
tallic member main body 51 while being exposed from
the outer surface 51a of the metallic member main body
51.The second opening 54 is disposed on the same outer
surface 51a side as the first opening 52. The second
opening 54 is located away from the first opening 52 in
the X direction.

[0057] The second opening 54 is connected to a first
end portion47A of the second connecttube 47. The liquid
refrigerant flowing through the refrigerant flow path 56 to
contribute to cooling of the cooling subject 33 and having
atemperature increased is led out from the second open-
ing 54 into the second connect tube 47.

[0058] The refrigerant flow path 56 is provided in the



9 EP 3 370 015 A1 10

metallic member main body 51 so as to be connected to
the first opening 52 and the second opening 54. The re-
frigerant flow path 56 has a U shape. The refrigerant flow
path 56 is a flow path defined by the metallic member
main body 51. The liquid refrigerant is introduced into the
refrigerant flow path 56 via the first opening 52. The re-
frigerant flows through the refrigerant flow path 56 while
directly contacting a portion of the metallic member main
body 51 that defines the refrigerant flow path 56 (a part
of the metallic member main body 51).

[0059] The metallic member 45 having the above-de-
scribed configuration causes the cooling subject 33 gen-
erating heat and the refrigerant flowing through the re-
frigerant flow path 56 to exchange heat and thus cools
the cooling subject 33.

[0060] In this way, the refrigerant flow path 56 through
which the refrigerant flows while contacting with the me-
tallic member main body 51 is provided in the metallic
member main body 51. Thus, the refrigerant can directly
cool the metallic member main body 51. As a result, the
cooling subject 33 that is housed in the control box and
generates heat can be efficiently cooled by the cold of
the refrigerant via the metallic member main body 51.
[0061] The first connect tube 46 is piping having an L
shape. The first connect tube 46 is formed of a metallic
material that is the same as that for the metallic member
main body 51 and different from that for the first refriger-
ant tube 32A. For example, in a case where a metallic
material for the metallic member main body 51 is alumi-
num and a metallic material for the first refrigerant tube
32A is copper, aluminum can be used as a metallic ma-
terial for the first connect tube 46.

[0062] The first end portion 46A of the first connect
tube 46 is connected to the first opening 52. The first end
portion 46A is affixed to the first opening 52 by welding
or brazing.

[0063] In a case where the first end portion 46A is
joined to the first opening 52 by welding, a welded portion
(notillustrated) is formed at a connection portion between
the first end portion 46A and the first opening 52. The
welded portion is formed by solidifying the first end por-
tion 46A and the first opening 52 after melting.

[0064] In a case where the first end portion 46A is
joined to the first opening 52 by brazing, a brazed portion
(not illustrated) is formed at the connection portion be-
tween the first end portion 46A and the first opening 52.
The brazed portion is formed by solidifying an alloy (sol-
der) having a melting point lower than that of a metallic
material forming the metallic member main body 51 and
the first connect tube 46 after melting.

[0065] In this way, the first connect tube 46 formed of
the metallic material that is the same as that for the me-
tallic member main body 51 and different from that for
thefirstrefrigeranttube 32Ais connected to the firstopen-
ing 52 provided in the metallic member main body 51.
Thus, the same metallic material is joined together. This
can easily join the first connect tube 46 and the first open-
ing 52 together in an excellent state.
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[0066] Note thatin the case where the first end portion
46A of the first connect tube 46 is joined to the first open-
ing 52, the first end portion 46A and the first opening 52
may be joined together while the first end portion 46A is
partially inserted in the first opening 52.

[0067] A second end portion 46B is connected to the
first refrigerant tube 32A. As described above, the first
connect tube 46 is formed of the same metallic material
as that for the metallic member main body 51. Thus, dif-
ferent kinds of metal are joined together between the
second end portion 46B and the first refrigerant tube 32A.
Therefore, moisture adhering to a connection portion 58
between the second end portion 46B and the first refrig-
erant tube 32A may cause contact corrosion between
dissimilar metals.

[0068] The second end portion 46B is affixed to the
first refrigerant tube 32A by welding or brazing.

[0069] In a case where the second end portion 46B is
joined to the first refrigerant tube 32A by welding, a weld-
ed portion (not illustrated) is formed at the connection
portion 58 between the second end portion 46B and the
first refrigerant tube 32A.

[0070] In a case where the second end portion 46B is
joined to thefirstrefrigerant tube 32A by brazing, a brazed
portion (not illustrated) is formed at the connection por-
tion 58 between the second end portion 46B and the first
refrigerant tube 32A.

[0071] The second connect tube 47 is piping having
an L shape. The second connect tube 47 is formed of a
metallic material that is the same as that for the metallic
member main body 51 and different from that for the sec-
ond refrigerant tube 32B. For example, in a case where
a metallic material for the metallic member main body 51
is aluminum and a metallic material for the second refrig-
erant tube 32B is copper, aluminum can be used as a
metallic material for the second connect tube 47.
[0072] The firstend portion 47A of the second connect
tube 47 is connected to the first opening 52. The first end
portion 47A is affixed to the second opening 54 by weld-
ing or brazing.

[0073] In a case where the first end portion 47A is
joined to the second opening 54 by welding, a welded
portion (not illustrated) is formed at a connection portion
between the firstend portion 47A and the second opening
54. The welded portion is formed by solidifying the first
end portion 47A and the second opening 54 after melting.
[0074] In a case where the first end portion 47A is
joined to the second opening 54 by brazing, a brazed
portion (not illustrated) is formed at the connection por-
tion between the first end portion 47A and the second
opening 54. The brazed portion is formed by solidifying
an alloy (solder) having a melting point lower than that
of a metallic material forming the metallic member main
body 51 and the second connect tube 47 after melting.
[0075] In this way, the second connect tube 47 formed
of the metallic material that is the same as that for the
metallic member main body 51 and different from that for
the first refrigerant tube 32A is connected to the second
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opening 54 provided in the metallic member main body
51. Thus, the same metallic material is joined together.
This can easily join the second connect tube 47 and the
second opening 54 together in an excellent state.
[0076] Note thatin the case where the first end portion
47A ofthe second connect tube 47 is joined to the second
opening 54, the first end portion 47A and the second
opening 54 may be joined together while the first end
portion 47Ais partially inserted in the second opening 54.
[0077] A second end portion 47B is connected to the
second refrigerant tube 32B. As described above, the
second connect tube 47 is formed of the same metallic
material as that for the metallic member main body 51.
Thus, differentkinds of metal are joined together between
the second end portion 47B and the second refrigerant
tube 32B. Therefore, moisture adhering to a connection
portion 61 between the second end portion 47B and the
second refrigerant tube 32B may cause contact corrosion
between dissimilar metals.

[0078] The second end portion 47B is affixed to the
second refrigerant tube 32B by welding or brazing.
[0079] In a case where the second end portion 47B is
joined to the second refrigerant tube 32B by welding, a
welded portion (not illustrated) is formed at the connec-
tion portion 61 between the second end portion 47B and
the second refrigerant tube 32B.

[0080] In a case where the second end portion 47B is
joined to the second refrigerant tube 32B by brazing, a
brazed portion (not illustrated) is formed at the connec-
tion portion 61 between the second end portion 47B and
the second refrigerant tube 32B.

[0081] The first moisture suppressing member 59 is
provided so as to cover the connection portion 58. The
first moisture suppressing member 59 is a member for
suppressing adhesion of moisture from the outside to a
portion at which different kinds of metallic materials are
connected. For example, a tube capable of suppressing
transmission of moisture can be used as the first moisture
suppressing member 59.

[0082] Specifically, for example, a heat-shrinkable
tube can be used as the first moisture suppressing mem-
ber 59.

[0083] In this way, the first moisture suppressing mem-
ber 59 is disposed so as to cover the connection portion
between the first connect tube 46 and the first refrigerant
tube 32A, so that the first moisture suppressing member
59 can suppress adhesion of moisture to the connection
portion 58 at which different metallic materials are con-
nected. This can suppress occurrence of contact corro-
sion between dissimilar metals at the connection portion
58.

[0084] The second moisture suppressing member 62
is provided so as to cover the connection portion 61. The
second moisture suppressing member 62 is a member
for suppressing adhesion of moisture from the outside to
a portion at which different kinds of metallic materials are
connected. Specifically, for example, the same member
as the first moisture suppressing member 59 described
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above can be used as the second moisture suppressing
member 62.

[0085] In this way, the second moisture suppressing
member 62 covering the connection portion 61 between
the second connect tube 47 and the second refrigerant
tube 32B is provided, so that the second moisture sup-
pressing member 62 can suppress adhesion of moisture
to the connection portion 61 at which different metallic
materials are connected. This can suppress occurrence
of contact corrosion between dissimilar metals at the con-
nection portion 61.

[0086] With reference to FIG. 1, the accumulator 35 is
provided in the intake piping 31 located between the
branched position of the second refrigerant tube 32B and
the compressor 21.

[0087] The accumulator 35 separates a liquid portion
of a component contained in the refrigerant suctioned
into the compressor 21 and causes the compressor 21
to suction only a gas portion.

[0088] A second end of the gas piping 36 is connected
to the gas-side operation valve 37. The liquid-side oper-
ation valve 39 is connected to a second end of the liquid
piping 29.

[0089] The outdoor fan 41 is located at a position so
as to face the outdoor heat exchanger 25.

[0090] Afirstend ofthe gas-side piping 12is connected
to the gas-side operation valve 37 while a second end of
the gas-side piping 12 is connected to the branching de-
vice 14A.

[0091] The branching device 14A divides branched
gas-side piping 12A and is connected to a first end of the
branched gas-side piping 12A. The branching device 14B
divides branched gas-side piping 12B and is connected
to a first end of the branched gas-side piping 12B.
[0092] The branched gas-side piping 12Ais connected
to the indoor unit 18. The branched gas-side piping 12B
is connected to the indoor unit 19.

[0093] A first end of the liquid-side piping 16 is con-
nected to the liquid-side operation valve 39 while a sec-
ond end of the liquid-side piping 16 is connected to the
branching device 17A.

[0094] The branchingdevice 17A divides branched lig-
uid-side piping 16A and is connected to a first end of the
branched liquid-side piping 16A. The branching device
17B divides branched liquid-side piping 16B and is con-
nected to a first end of the branched liquid-side piping
16B.

[0095] The branched liquid-side piping 16A is connect-
ed to the indoor unit 18. The branched liquid-side piping
16B is connected to the indoor unit 19.

[0096] The indoor unit 18 includes an indoor heat ex-
changer 71 that causes the refrigerant and inside air to
exchange heat and thus performs indoor air conditioning,
an indoor expansion valve for cooling 72 (EEVC), and
anindoor fan 74 that circulates the inside air via the indoor
heat exchanger 71.

[0097] The indoor heat exchanger 71 is connected to
the branched gas-side piping 12A. The indoor expansion
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valve 72 is connected to the branched liquid-side piping
16A.

[0098] The indoor unit 19 has the same configuration
as that of the above-described indoor unit 18. The indoor
heat exchanger 71 forming the indoor unit 19 is connect-
ed to the branched gas-side piping 12B. The indoor ex-
pansion valve 72 forming the indoor unit 19 is connected
to the branched liquid-side piping 16B.

[0099] In the refrigeration cycle device 10 having the
above-described configuration, heating operation is per-
formed by the following technique. The high-tempera-
ture, high-pressure refrigerant gas that has been com-
pressed by the compressor 21 is discharged to the dis-
charge piping 22, and is then circulated to the gas piping
36 side by the four-way selector valve 23. This refrigerant
is led out from the outdoor unit 11 via the gas-side oper-
ation valve 37 and the gas-side piping 12, and is further
introduced into the indoor units 18 and 19 via the branch-
ing devices 14A and 14B and the branched gas-side pip-
ing 12A and 12B on the indoor side.

[0100] The high-temperature, high-pressure refriger-
ant gas introduced into the indoor units 18 and 19 is sub-
jected to heat exchange with the inside air circulated by
the indoor fan 74. The inside air is thus heated by the
heat exchange and provided for indoor heating.

[0101] Onthe otherhand, therefrigerantis condensed,
flows to the branching devices 17A and 17B via the indoor
expansion valve 72 and the branched liquid-side piping
16A and 16B, and merges with the refrigerant from other
indoor units. The refrigerant then returns to the outdoor
unit 11 via the liquid-side piping 16.

[0102] The refrigerant that has returned to the outdoor
unit 11 is introduced into the receiver 28 via the liquid-
side operation valve 39 and the liquid piping 29. The re-
frigerant is then stored temporarily, and a circulation
amount of the liquid refrigerant is adjusted.

[0103] This liquid refrigerant is supplied to the outdoor
expansion valve 27 via the liquid piping 29, is then adi-
abatically expanded, and subsequently introduced into
the outdoor heat exchanger 25.

[0104] In the outdoor heat exchanger 25, heat is ex-
changed between the refrigerant and the outside air
blown from the outdoor fan 41, and the refrigerant ab-
sorbs the heat from the outside air and is evaporated and
gasified. The gasified refrigerant flows from the outdoor
heat exchanger 25 via the gas piping 24, the four-way
selector valve 23, and the intake piping 31, merges with
the liquid refrigerant led out from the second refrigerant
tube 32B, and is then introduced into the accumulator 35.
[0105] In the accumulator 35, the liquid portion con-
tained in the refrigerant is separated, and only the gas
portion is suctioned into the compressor 21 and once
again compressed in the compressor 21.

[0106] The heating operation is performed by repeat-
ing the above-described cycle.

[0107] On the other hand, cooling operation is per-
formed by the following technique.

[0108] The high-temperature, high-pressure refriger-
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ant gas compressed in the compressor 21 is discharged
to the discharge piping 22. Subsequently, the refrigerant
gas is circulated toward the gas piping 24 side by the
four-way selector valve 23, and subjected to heat ex-
change with the outside air blown by the outdoor fan 41
to be condensed and liquefied in the outdoor heat ex-
changer 25. This liquid refrigerant passes through the
outdoor expansion valve 27 and is stored temporarily in
the receiver 28.

[0109] The liquid refrigerant having a circulation
amount adjusted by the receiver 28 is led out from the
outdoor unit 11 to the liquid-side piping 16 via the liquid-
side operation valve 39. Then, the liquid refrigerant in-
troduced into the liquid-side piping 16 is diverted to the
branched liquid-side piping 16A and 16B of the respec-
tive indoor units 18 and 19 by the branching devices 14A
and 14B.

[0110] The liquid refrigerant diverted to the branched
liquid-side piping 16A and 16B flows into each of the in-
door units 18 and 19, is adiabatically expanded by the
indoor expansion valve 72 to form a gas-liquid two-phase
flow, and is introduced into the indoor heat exchanger 71.
[0111] In the indoor heat exchanger 71, heat is ex-
changed between the refrigerant forming the gas-liquid
two-phase flow and the inside air circulated by the indoor
fan 74.

[0112] The inside air is thus cooled by the heat ex-
change and provided for indoor cooling. On the other
hand, the refrigerant is gasified, flows to the branching
devices 14A and 14B via the branched gas-side piping
12A and 12B, and merges with the refrigerant gas from
other indoor units in the gas-side piping 12.

[0113] The refrigerant gas merged in the gas-side pip-
ing 12 returns to the outdoor unit 11 once again, and
flows to the intake piping 31 via the gas-side operation
valve 37, the gas piping 36, and the four-way selector
valve 23.

[0114] In the accumulator 35, the liquid portion con-
tained in the refrigerant is separated, and only the gas
portion is suctioned into the compressor 21. This refrig-
erant is once again compressed in the compressor 21.
[0115] The cooling operationis performed by repeating
the cycle described above.

[0116] According to the cooling device 34 in the first
embodiment, the refrigerant flow path 56 through which
the refrigerant flows while contacting with the metallic
member main body 51 is provided in the metallic member
main body 51. Thus, the refrigerant can directly cool the
metallic member main body 51. As a result, the cooling
subject 33 thatis housed in the control box and generates
heat can be efficiently cooled by the cold of the refrigerant
via the metallic member main body 51.

[0117] The refrigeration cycle device 10in the firstem-
bodiment including the cooling device 34 having the
above-described configuration can obtain the same ef-
fects as those of the above-described cooling device 34.
[0118] Here, a method of manufacturing a cooling de-
vice in the first embodiment is simply described with ref-
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erence to FIGS. 2 and 3.

[0119] The method of manufacturing a cooling device
in the first embodiment includes the steps of: forming, in
the previously prepared metallic member main body 51,
the first and second openings 52 and 54 and the refrig-
erant flow path 56 provided in the metallic member main
body 51 so as to be connected to the first opening 52
and the second opening 54 by the widely known tech-
nique to obtain the metallic member 45; joining the first
connect tube 46 formed of the same metallic material as
that for the metallic member main body 51 to the first
opening 52; and joining the second connect tube 47
formed of the same metallic material as that for the me-
tallic member main body 51 to the second opening 54.
[0120] The refrigerant flow path 56 can be formed by
a technique such as machining and electrochemical ma-
chining, for example.

[0121] According to the method of manufacturing a
cooling device in the first embodiment, the refrigerant
flows through the refrigerant flow path 56 while contacting
the portion of the metallic member main body 51 that
defines the refrigerant flow path 56. Thus, the refrigerant
can directly cool the metallic member main body 51. As
a result, the cooling subject 33 that is housed in the con-
trol box and generates heat can be efficiently cooled by
the cold of the refrigerant via the metallic member main
body 51.

[0122] The first connect tube 46 is joined to the first
opening 52, and the second connect tube 47 is joined to
the second opening 54. Thus, the first and second refrig-
eranttubes 32A and 32B can be joined in a position away
from the metallic member main body 51 (the first opening
52 and the second opening 54).

[0123] Thus, for example, in a case where the first and
second refrigerant tubes 32A and 32B are formed of a
metallic material different from that for the metallic mem-
ber main body 51, the first and second moisture sup-
pressing members 59 and 62 can be easily provided to
the connection portions 58 and 61 (joint portions). This
can suppress contact corrosion between dissimilar met-
als at the connection portions 58 and 61.

[0124] Note that the case where the first and second
connect tubes 46 and 47 have an L shape is described
as an example in the first embodiment, but the shape of
the firstand second connect tubes 46 and 47 is notlimited
to this. The first and second connect tubes 46 and 47
may have, for example, a shape extending in one direc-
tion or a shape bent at a plurality of areas.

[0125] In the first embodiment, the case where the
cooling device 34 includes the first and second connect
tubes 46 and 47 is described as an example. However,
the first refrigerant tube 32A may be connected to the
first opening 52 while the second refrigerant tube 32B
may be connected to the second opening 54 by excluding
the first and second connect tubes 46 and 47 from the
configuration of the cooling device, and the first and sec-
ond moisture suppressing members 59 and 62 may be
provided at the connection portions.
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[0126] Eveninacase where the cooling device having
such a configuration is used, the cooling subject 33 that
is housed in the control box and generates heat can be
efficiently cooled.

[0127] Inthe firstembodiment, the case where the me-
tallic material for the metallic member main body 51 is
different from the metallic material for the first and second
refrigerant tubes 32A and 32B is described as an exam-
ple. However, the metallic member main body 51, the
first refrigerant tube 32A, and the second refrigerant tube
32B may be formed of the same metallic material.
[0128] In this case, contact corrosion between dissim-
ilar metals due to moisture does not occur even in a case
where the first refrigerant tube 32A is directly connected
to the first opening 52 while the second refrigerant tube
32Bis directly connected to the second opening 54. Thus,
the first and second moisture suppressing members 59
and 62 can be excluded from the structural components
of the cooling device.

[0129] FIG. 5 is a system diagram illustrating a sche-
matic configuration of a refrigeration cycle device accord-
ing to a first modification of the first embodiment of the
present invention. In FIG. 5, the same reference signs
are used for constituent components that are the same
as those illustrated in FIG. 1.

[0130] FIG. 5illustrates a case where the first connect
tube 46 and the second connect tube 47 forming the cool-
ing device 34 extend in one direction as an example.
[0131] With reference to FIG. 5, a refrigeration cycle
device 80 according to the first modification of the first
embodiment has the same configuration as that of the
refrigeration cycle device 10 except for that the liquid
piping 32 forming the refrigeration cycle device 10 in the
first embodiment is excluded from the structural compo-
nents, afirstrefrigeranttube 29A and a secondrefrigerant
tube 29B form liquid piping 29, and the first refrigerant
tube 29A and the second refrigerant tube 29B are con-
nected to the cooling device 34.

[0132] Inotherwords, the refrigeration cycle device 80
is different from the refrigeration cycle device 10 in the
arrangement position of the cooling device 34.

[0133] The first refrigerant tube 29A is connected to
the first connect tube 46. The second refrigerant tube
29B is connected to the second connect tube 47.
[0134] The refrigeration cycle device 80 having such
a configuration can also obtain the same effects as those
of the refrigeration cycle device 10 in the first embodi-
ment.

[0135] Inthe refrigeration cycle device 10 illustrated in
FIG. 1 described above, the cooling device 34 is provided
to the liquid piping 32 functioning as a bypass line. In
contrast, in the refrigeration cycle device 80 illustrated in
FIG. 5, the cooling device 34 is provided to the liquid
piping 29 functioning as a main line.

[0136] This eliminates the need for the liquid piping 32,
and the cooling device 34 can be constructed more easily
in the refrigeration cycle device 80 than the refrigeration
cycle device 10.
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[0137] Therefore, a construction cost of the cooling de-
vice 34 can be reduced more in the refrigeration cycle
device 80 than the refrigeration cycle device 10.

[0138] FIG. 6 is a system diagram illustrating a sche-
matic configuration of a refrigeration cycle device accord-
ing to a second modification of the first embodiment of
the presentinvention. InFIG. 6, the same reference signs
are used for constituent components that are the same
as those illustrated in FIG. 1.

[0139] FIG. 6 illustrates a case where the first connect
tube 46 and the second connect tube 47 forming the cool-
ing device 34 extend in one direction as an example.
[0140] With reference to FIG. 6, a refrigeration cycle
device 90 according to the second modification of the
first embodiment has the same configuration as that of
the refrigeration cycle device 10 except for that the liquid
piping 32 forming the refrigeration cycle device 10 in the
first embodiment is excluded from the structural compo-
nents, afirstrefrigeranttube 26A and a second refrigerant
tube 26B form gas piping 26, and the first refrigerant tube
26A and the second refrigerant tube 26B are connected
to the cooling device 34.

[0141] In other words, the refrigeration cycle device 90
is different from the refrigeration cycle device 10 in the
arrangement position of the cooling device 34.

[0142] The first refrigerant tube 26A is connected to
the first connect tube 46. The second refrigerant tube
26B is connected to the second connect tube 47.
[0143] The refrigeration cycle device 90 having such
a configuration can also obtain the same effects as those
of the refrigeration cycle device 10 in the first embodi-
ment.

[0144] The cooling device 34 is provided in the gas
piping 26 located between the outdoor heat exchanger
25 and the receiver 28 in the refrigeration cycle device
90. Thus, the cooling device 34 is located on a front stage
of the receiver 28 in a flow direction of the refrigerant
during the cooling operation.

[0145] Therefore, even in a case where the refrigerant
is temporarily brought into a phase state of a two phase
in the cooling device 34 during the cooling operation, the
refrigeration cycle device 90 can cause the receiver 28
located on a rear stage of the cooling device 34 to bring
the refrigerant back into a fluid state.

Second Embodiment

[0146] FIG. 7 is a diagram illustrating a cooling device
according to a second embodiment of the present inven-
tion. In FIG. 7, the same reference signs are used for
constituent components that are the same as those illus-
trated in FIG. 2.

[0147] With reference to FIG. 7, a cooling device 95 in
the second embodiment has the same configuration as
that of the cooling device 34 except for that the cooling
device 95 includes a metallic member 96 and a first con-
nect tube 97 instead of the metallic member 45 and the
first connect tube 46 forming the cooling device 34 in the
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first embodiment.

[0148] The metallic member 96 has the same config-
uration as that of the metallic member 45 except for that
the metallic member 96 includes a refrigerant flow path
99 having a length longer than that of the refrigerant flow
path 56 instead of the refrigerant flow path 56 forming
the metallic member 45 described in the firstembodiment
and a first opening 52 is provided on an outer surface
51b side of a metallic member main body 51. In this way,
the first opening 52 and a second opening 54 may be
disposed on the different outer surfaces of the metallic
member main body 51.

[0149] A first end of the refrigerant flow path 99 is in-
tegrated with the first opening 52, and a second end
thereof is integrated with the second opening 54.
[0150] The first connect tube 97 has the same config-
uration as that of the first connect tube 46 described in
the first embodiment except for that the first connect tube
97 is bent at three areas.

[0151] The cooling device 95 in the second embodi-
ment having such a configuration can increase a width
of the metallic member main body 51 in the X direction.
[0152] The cooling device 95 in the second embodi-
ment can obtain the same effects as those of the cooling
device 34 in the first embodiment described above.

Third Embodiment

[0153] FIG. 8 is a diagram illustrating a cooling device
according to a second embodiment of the present inven-
tion. In FIG. 8, the same reference signs are used for
constituent components that are the same as those illus-
trated in FIG. 2.

[0154] With reference to FIG. 8, a cooling device 105
in the third embodiment has the same configuration as
that of the cooling device 34 except for that the cooling
device 105 includes a metallic member 106 instead of
the metallic member 45 forming the cooling device 34 in
the first embodiment.

[0155] The metallic member 106 has the same config-
uration as that of the metallic member 45 except for that
the metallic member 106 includes a refrigerant flow path
108 having a length longer than that of the refrigerant
flow path 56 instead of the refrigerant flow path 56 forming
the metallic member 45 described in the first embodi-
ment.

[0156] A first end of the refrigerant flow path 108 is
integrated with a first opening 52, and a second end
thereof is integrated with a second opening 54. The re-
frigerant flow path 108 is formed to have a length longer
than that of the refrigerant flow path 99 illustrated in FIG.
7.

[0157] The cooling device 105 in the third embodiment
having such a configuration can increase a width of the
metallic member main body 51 in the X direction more
than that of the metallic member main body 51 forming
the cooling device 95 in the second embodiment.
[0158] The cooling device 105 in the third embodiment
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can obtain the same effects as those of the cooling device
34 in the first embodiment described above.

Fourth Embodiment

[0159] FIG. 9is a diagram illustrating a cooling device
according to a fourth embodiment of the present inven-
tion. In FIG. 9, the same reference signs are used for
constituent components that are the same as those illus-
trated in FIG. 2.

[0160] FIG. 10 is a diagram schematically illustrating
a state where a metallic member and a U-shaped tube
illustrated in FIG. 9 are located away from each other. In
FIG. 10, the same reference signs are used for constit-
uent components that are the same as those illustrated
in FIG. 9.

[0161] FIG. 11 is adiagram when the metallic member
illustrated in FIG. 10 is seen from a C view. In FIG. 11,
the same reference signs are used for constituent com-
ponents that are the same as those illustrated in FIGS.
4 and 10.

[0162] WithreferencetoFIGS.9to 11, acoolingdevice
110in the fourth embodiment has the same configuration
as that of the cooling device 34 except for that the cooling
device 110 includes a metallic member 111 and a U-
shaped tube 113 instead of the metallic member 45 form-
ing the cooling device 34 in the first embodiment.
[0163] The metallic member 111 has the same config-
uration as that of the metallic member 45 except for that
the metallic member 111 includes a refrigerant flow path
115 instead of the refrigerant flow path 56 forming the
metallic member 45 described in the first embodiment.
[0164] Therefrigerantflow path 115includes penetrat-
ing flow paths 116 and 117 (a plurality of penetrating flow
paths). The penetrating flow paths 116 and 117 penetrate
a metallic member main body 51 in the Y direction. The
penetrating flow paths 116 and 117 are aligned in the X
direction.

[0165] The penetrating flow path 116 includes a first
opening 52 disposed at a first end of the penetrating flow
path 116 and a third opening 116A disposed at a second
end of the penetrating flow path 116. The third opening
116A is disposed on an outer surface 51b side of the
metallic member main body 51.

[0166] The penetrating flow path 117 includes a sec-
ond opening 54 disposed at a first end of the penetrating
flow path 117 and a third opening 117A disposed at a
second end of the penetrating flow path 117. The third
opening 117A is disposed on the outer surface 51b side
of the metallic member main body 51. The third openings
116A and 117A are exposed from the same outer surface
51b.

[0167] The U-shaped tube 113 includes a firstend por-
tion 113A and a second end portion 113B. The first end
portion 113A is connected (joined) to the third opening
116A of the penetrating flow path 116. The second end
portion 113B is connected (joined) to the third opening
117A of the penetrating flow path 117. The U-shaped
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tube 113 may be formed of, for example, the same me-
tallic material as that for the metallic member main body
51.

[0168] In this way, the U-shaped tube 113 is formed of
the same metallic material as that for the metallic member
main body 51. Thus, the same metallic material is joined
together when the metallic member main body 51 is
joined to the U-shaped tube 113. This eliminates occur-
rence of contact corrosion between dissimilar metals,
and thus the U-shaped tube 113 and the metallic member
main body can be joined together in an excellent state.
[0169] According tothe cooling device 110 in the fourth
embodiment, the refrigerant flow path 115 can be easily
processed by forming the refrigerant flow path 115 with
only the penetrating flow paths 116 and 117 in compar-
ison with a case where the winding refrigerant flow paths
56, 99, and 108 (see FIGS. 2, 7, and 8) are processed.
[0170] Further, the refrigerant flow path 115 having a
long length can be provided by using the metallic member
main body 51 having the same size as that of the cooling
device 34 in the first embodiment.

[0171] Note that the cooling device 110 in the fourth
embodiment can obtain the same effects as those of the
cooling device 34 in the first embodiment.

Fifth Embodiment

[0172] FIG. 12is adiagramillustrating a cooling device
according to a fifth embodiment of the present invention.
In FIG. 12, the same reference signs are used for con-
stituent components that are the same as those illustrat-
ed in FIGS. 2 and 7.

[0173] With reference to FIG. 12, a cooling device 120
in the fifth embodiment has the same configuration as
that of the cooling device 95 except for that the cooling
device 120 includes a metallic member 121 and two U-
shaped tubes 113 instead of the metallic member 96
forming the cooling device 95 in the second embodiment.
[0174] The metallic member 121 has the same config-
uration as that of the metallic member 96 except for that
the metallic member 121 includes a refrigerant flow path
123 having a length longer than that of the refrigerant
flow path 99 instead of the refrigerant flow path 99 forming
the metallic member 96 described in the second embod-
iment.

[0175] The refrigerantflow path 123 includes penetrat-
ing flow paths 124 to 125 (a plurality of penetrating flow
paths) penetrating a metallic member main body 51 in
the Y direction.

[0176] The penetrating flow path 124 includes a first
opening 52 disposed on an outer surface 51b side and
a third opening 124A disposed on an outer surface 51a
side. The third opening 124A is connected (joined) to a
first end portion 113A of one of the U-shaped tubes 113.
[0177] The penetrating flow path 125 has a third open-
ing 125A disposed on the outer surface 51a side and a
third opening 125B disposed on the outer surface 51b
side. The third opening 125A is connected (joined) to a
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second end portion 113B of one of the U-shaped tubes
113. The third opening 125B is connected (joined) to a
first end portion 113A of the other U-shaped tube 113.
[0178] The penetrating flow path 126 includes a sec-
ond opening 54 disposed on the outer surface 51a side
and a third opening 126A disposed on the outer surface
51b side. The third opening 126A is connected (joined)
to a second end portion 113B of the other U-shaped tube
113.

[0179] As in the above-described cooling device 120
in the fifth embodiment, the three penetrating flow paths
124 to 125 may form the refrigerant flow path 123, and
one U-shaped tube 113 may be provided to each of the
sides (the outer surface 51a and the outer surface 51b)
of the metallic member main body 51.

[0180] The cooling device 120 in the fifth embodiment
having such a configuration can obtain the same effects
as those of the cooling device 95 in the second embod-
iment and the cooling device 110 in the fourth embodi-
ment.

Sixth Embodiment

[0181] FIG. 13isadiagramillustrating a cooling device
according to a sixth embodiment of the presentinvention.
In FIG. 13, the same reference signs are used for con-
stituent components that are the same as those illustrat-
ed in FIGS. 2 and 8.

[0182] Withreference to FIG. 13, a cooling device 130
in the sixth embodiment has the same configuration as
that of the cooling device 105 except for that the cooling
device 130 includes a metallic member 131 and three U-
shaped tubes 113-1to 113-3 instead of the metallic mem-
ber 106 forming the cooling device 105 in the third em-
bodiment.

[0183] The metallic member 131 has the same config-
uration as that of the metallic member 106 except for that
the metallic member 131 includes a refrigerant flow path
133 having a length longer than that of the refrigerant
flow path 108 instead of the refrigerant flow path 108
forming the metallic member 106 described in the third
embodiment.

[0184] Therefrigerantflow path 133 includes penetrat-
ing flow paths 135 to 138 (a plurality of penetrating flow
paths) penetrating a metallic member main body 51 in
the Y direction. The penetrating flow paths 135 to 138
are aligned at predetermined intervals in the X direction.
[0185] The penetrating flow path 135 includes a first
opening 52 disposed on an outer surface 51a side and
a third opening 135A disposed on an outer surface 51b
side. The third opening 135A is connected (joined) to a
first end portion 113-1A of the U-shaped tube 113-1.
[0186] The penetrating flow path 136 includes a third
opening 136A disposed on the outer surface 51b side
and a third opening 136B disposed on the outer surface
51a side. The third opening 136A is connected (joined)
to a second end portion 113-1B of the U-shaped tube
113-1. The third opening 136B is connected (joined) to
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a first end portion 113-2A of the U-shaped tube 113-2.
[0187] The penetrating flow path 137 includes a third
opening 137A disposed on the outer surface 51b side
and a third opening 137B disposed on the outer surface
51a side. The third opening 137A is connected (joined)
to afirst end portion 113-3A of the U-shaped tube 113-3.
The third opening 137B is connected (joined) to a second
end portion 113-2B of the U-shaped tube 113-2.

[0188] The penetrating flow path 138 includes a third
opening 138A disposed on the outer surface 51b side
and a second opening 54 disposed on the outer surface
51a side. The third opening 138A is connected (joined)
to a second end portion 113-3B of the U-shaped tube
113-3.

[0189] The U-shaped tubes 113-1 to 113-3 can be
formed of, for example, the same metallic material as
that for the metallic member main body 51.

[0190] As in the above-described cooling device 130
in the sixth embodiment, the refrigerant flow path 133
can have a length longer than that of the refrigerant flow
path 123 illustrated in FIG. 12 by forming the refrigerant
flow path 133 with the four penetrating flow paths 135 to
138.

[0191] The cooling device 130 in the sixth embodiment
having such a configuration can obtain the same effects
as those of the cooling device 110 in the fourth embod-
iment.

Seventh Embodiment

[0192] FIG. 14is adiagramillustrating a cooling device
according to a seventh embodiment of the present inven-
tion. In FIG. 14, the same reference signs are used for
constituent components that are the same as those illus-
trated in FIG. 9.

[0193] FIG. 15 is a diagram schematically illustrating
a state where a U-shaped tube and a metallic member
illustrated in FIG. 14 are located away from each other.
In FIG. 15, the same reference signs are used for con-
stituent components that are the same as those illustrat-
ed in FIG. 14.

[0194] FIG. 16 is a diagram schematically illustrating
a stage before U-shaped piping illustrated in FIG. 15 has
a diameter expanded. In FIG. 16, the same reference
signs are used for constituent components that are the
same as those illustrated in FIG. 15.

[0195] With reference to FIGS. 14 to 16, a cooling de-
vice 140 in the seventh embodiment has the same con-
figuration as that of the cooling device 110 except for that
the cooling device 140 includes U-shaped piping 142 in-
stead of the first connect tube 46, the second connect
tube 47, and the U-shaped tube 113 forming the cooling
device 110 in the fourth embodiment.

[0196] The U-shaped piping 142 includes a first
straight tube portion 144, a second straight tube portion
145, and a U-shaped tube portion 146.

[0197] First ends of the first and second straight tube
portions 144 and 145 are formed integrally with the U-
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shaped tube portion 146.

[0198] Thefirst straight tube portion 144 extendsin the
Y direction and has a diameter expanded after being in-
serted into a penetrating flow path 116. The first straight
tube portion 144 has a diameter expanded, thereby being
in surface contact with a metallic member main body 51
that defines the penetrating flow path 116. A second end
of the first straight tube portion 144 is connected to a first
refrigerant tube 32A.

[0199] The second straight tube portion 145 extends
in the Y direction and has a diameter expanded after
being inserted into a penetrating flow path 117. The sec-
ond straight tube portion 145 has a diameter expanded,
thereby beingin surface contact with the metallic member
main body 51 that defines the penetrating flow path 117.
A second end of the second straight tube portion 145 is
connected to a second refrigerant tube 32B.

[0200] The U-shaped tube portion 146 connects the
first straight tube portion 144 to the second straight tube
portion 145. FIG. 14 does not illustrate a case where the
U-shaped tube portion 146 does not have a diameter
expanded as an example, but the U-shaped tube portion
146 may have a diameter expanded.

[0201] The U-shaped piping 142 having the above-de-
scribed configuration may be formed of, for example, the
same metallic material having a high coefficient of ther-
mal conductivity as that for the metallic member main
body 51.

[0202] Forexample,aluminumis preferable as the me-
tallic material for the U-shaped piping 142.

[0203] The cooling device 140 in the seventh embod-
iment can obtain the same effects as those of the cooling
device 34 in the first embodiment described above be-
cause the outer peripheral surfaces of the first and sec-
ond straight tube portions 144 and 145 contact the sur-
face of the metallic member main body 51 that defines
the penetrating flow paths 116 and 117.

[0204] Next, a method for mounting the first and sec-
ond straight tube portions 144 and 145 into the penetrat-
ing flow paths 116 and 117 will be described.

[0205] First, the U-shaped piping 142 before having a
diameter expanded as illustrated in FIG. 16 is prepared.
At this stage, an outer diameter of the first and second
straight tube portions 144 and 145 are formed to be small-
er than an inner diameter of the penetrating flow paths
116 and 117. In other words, when the first and second
straight tube portions 144 and 145 are inserted into the
penetrating flow paths 116 and 116, a gap is formed be-
tween the surface of the metallic member main body 51
that defines the penetrating flow paths 116 and 117 and
the outer peripheral surfaces of the first and second
straight tube portions 144 and 145.

[0206] Next, the first straight tube portion 144 is insert-
ed into the penetrating flow path 116 formed in a metallic
member 111, and the second straight tube portion 145
is inserted into the penetrating flow path 117.

[0207] Subsequently, a process of expanding a diam-
eter of the first and second straight tube portions 144 and
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145 is performed. For example, a mechanical tube ex-
panding method with a tube expanding punch, a hydrau-
lic tube expanding method by using water pressure, or
the like is used as the method for expanding a diameter.
[0208] Thus, the outer peripheral surfaces of the first
and second straight tube portions 144 and 145 contact
the surface of the metallic member main body 51 that
defines the penetrating flow paths 116 and 117.

[0209] Although preferable embodiments of the
present invention have been described above in detail,
the present invention is not limited to those specific em-
bodiments. Various modifications and changes can be
made to the embodiments without departing from the
scope and spirit of the presentinvention described in the
claims.

Industrial Applicability

[0210] The presentinvention is applicable to a cooling
device, arefrigeration cycle device, and a method of man-
ufacturing a cooling device.

Reference Signs List
[0211]

10, 80, 90 Refrigeration cycle device
11 Outdoor unit

12 Gas-side piping

12A, 12B Branched gas-side piping
14A, 14B, 17A, 17B Branching device
16 Liquid-side piping

16A, 16B Branched liquid-side piping
18, 19 Indoor unit

21 Compressor

22 Discharge piping

23 Four-way selector valve

24, 26, 36 Gas piping

25 Outdoor heat exchanger

27 Outdoor expansion valve

28 Receiver

29, 32 Liquid piping

31 Intake piping

26A, 29A, 32A First refrigerant tube
26B, 29B, 32B Second refrigerant tube
33 Cooling subject

34, 95, 105, 110, 120, 130, 140 Cooling device
35 Accumulator

37 Gas-side operation valve

39 Liquid-side operation valve

41 Outdoor fan

45, 96, 106, 111, 121, 131 Metallic member
46, 97 First connect tube

46A, 47A First end portion

46B, 47B Second end portion

47 Second connect tube

51 Metallic member main body

51A, 51b Outer surface
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52 First opening

54 Second opening

56, 99, 108, 115, 123, 133 Refrigerant flow path
58, 61 Connection portion

59 First moisture suppressing member

62 Second moisture suppressing member

71 Indoor heat exchanger

72 Indoor expansion valve

74 Indoor fan

113, 113-1, 113-2, 113-3 U-shaped tube

113A, 113-1A, 113-2A, 113-3A First end portion
113B, 113-1B, 113-2B, 113-3B Second end portion
116, 117, 124 to 126, 135 to 138 Penetrating flow
path

116A, 117A, 124A, 125A, 125B, 126A, 135A, 136A,
136B, 137A, 137B, 138A Third opening

142 U-shaped piping

144 First straight tube portion

145 Second straight tube portion

146 U-shaped tube portion

Claims

A cooling device for causing a cooling subject that
is housed in a control box and generates heat and
a refrigerant circulated in a refrigeration cycle device
to exchange heat and thus cools the cooling subject,
the cooling device comprising:

a metallic member including

a metallic member main body,

a pair of openings provided in the metallic mem-
ber main body while being exposed from an out-
er surface of the metallic member main body
and functioning as an entrance and an exit of
the refrigerant, and

a refrigerant flow path provided in the metallic
member main body while being connected to
the pair of openings and through which the re-
frigerant flows,

wherein a portion of the metallic member main
body that defines the refrigerant flow path con-
tacts the refrigerant.

The cooling device according to claim 1,

wherein the pair of openings include a first opening
and a second opening,

the cooling device includes:

afirst connect tube formed of a metallic material
that is the same as that for the metallic member
main body and different from that for a first re-
frigerant tube forming the refrigeration cycle de-
vice; and

a second connect tube formed of a metallic ma-
terial that is the same as that for the metallic
member main body and different from that for a
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second refrigerant tube forming the refrigeration
cycle device,

a first end of the first connect tube is connected
to the first opening, and a second end of the first
connect tube is connected to the first refrigerant
tube, and

a first end of the second connect tube is con-
nected to the second opening, and a second end
of the second connect tube is connected to the
second refrigerant tube.

The cooling device according to claim 1 or 2,
wherein the refrigerant flow path includes a plurality
of penetrating flow paths that penetrate the metallic
member main body in a predetermined direction,
the plurality of penetrating flow paths are provided
in the metallic member main body and include third
openings each disposed at an end to be exposed
from an outer surface of the metallic member main
body, and

the cooling device further includes a U-shaped tube
connected to two of the third openings provided in
adjacent positions.

The cooling device according to claim 3,

wherein the U-shaped tube is formed of the same
metallic material as that for the metallic member
main body.

The cooling device according to claim 2 further com-
prising:

a first moisture suppressing member covering a
connection portion between the first connect
tube and the first refrigerant tube; and

a second moisture suppressing member cover-
ing a connection portion between the second
connect tube and the second refrigerant tube.

6. A refrigeration cycle device comprising:

an outdoor unit including the cooling device ac-
cording to any one of claims 1 to 5; and

an indoor unit connected to the outdoor unit
while the refrigerant flowing through the outdoor
unit can be introduced into or led out from the
indoor unit.

A method of manufacturing a cooling device includ-
ing a metallic member that causes a cooling subject
that is housed in a control box and generates heat
and a refrigerant to exchange heat and thus cools
the cooling subject, the method of manufacturing a
cooling device comprising the steps of:

forming a first opening and a second opening
functioning as an entrance and an exit of the
refrigerant in a metallic member main body and
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a refrigerant flow path provided in the metallic
member main body so as to be connected to the
first opening and the second opening to obtain
the metallic member;

joining a first connect tube formed of the same
metallic material as that for the metallic member
main body to the first opening; and

joining a second connect tube formed of the
same metallic material as that for the metallic
member main body to the second opening.

Amended claims under Art. 19.1 PCT

[Amended] A cooling device for causing a cooling
subject that is housed in a control box and generates
heat and a refrigerant circulated in a refrigeration
cycle device to exchange heat and thus cools the
cooling subject, the cooling device comprising:

a metallic member including

a metallic member main body,

a pair of openings provided in the metallic mem-
ber main body while being exposed from an out-
er surface of the metallic member main body
and functioning as an entrance and an exit of
the refrigerant, and

a refrigerant flow path provided in the metallic
member main body while being connected to
the pair of openings and through which the re-
frigerant flows,

wherein a portion of the metallic member main
body that defines the refrigerant flow path con-
tacts the refrigerant,

the pair of openings include a first opening and
a second opening,

the cooling device further includes:

afirst connect tube formed of a metallic ma-
terial that is the same as that for the metallic
member main body and different from that
for a first refrigerant tube forming the refrig-
eration cycle device; and

a second connect tube formed of a metallic
material that is the same as that for the me-
tallic member main body and different from
that for a second refrigerant tube forming
the refrigeration cycle device,

a first end of the first connect tube is connected
to the first opening, and a second end of the first
connect tube is connected to the first refrigerant
tube, and

a first end of the second connect tube is con-
nected to the second opening, and asecond end
of the second connect tube is connected to the
second refrigerant tube.
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2,

3.

6.

[Deleted]
[Amended] The cooling device according to claim 1,

wherein the refrigerant flow path includes a plu-
rality of penetrating flow paths that penetrate the
metallic member main body in a predetermined
direction,

the plurality of penetrating flow paths are pro-
vided in the metallic member main body and in-
clude third openings each disposed at an end
to be exposed from an outer surface of the me-
tallic member main body, and

the cooling device further includes a U-shaped
tube connected to two of the third openings pro-
vided in adjacent positions.

The cooling device according to claim 3,

wherein the U-shaped tube is formed of the same
metallic material as that for the metallic member
main body.

[Amended] The cooling device according to claim 1
further comprising:

a first moisture suppressing member covering a
connection portion between the first connect
tube and the first refrigerant tube; and

a second moisture suppressing member cover-
ing a connection portion between the second
connect tube and the second refrigerant tube.

[Amended] A refrigeration cycle device comprising:

an outdoor unit including the cooling device ac-
cording to any one of Claims 1 and 3 to 5; and
an indoor unit connected to the outdoor unit
while the refrigerant flowing through the outdoor
unit can be introduced into or led out from the
indoor unit.

[Amended] A method of manufacturing a cooling de-
vice including a metallic member that causes a cool-
ing subject that is housed in a control box and gen-
erates heat and a refrigerant circulated in a refriger-
ation cycle device to exchange heat and thus cools
the cooling subject, the method of manufacturing a
cooling device comprising the steps of:

forming a first opening and a second opening
functioning as an entrance and an exit of the
refrigerant in a metallic member main body and
a refrigerant flow path provided in the metallic
member main body so as to be connected to the
first opening and the second opening to obtain
the metallic member;

joining a first end of a first connect tube formed
of a metallic material that is the same as that for
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the metallic member main body and different
from that for a first refrigerant tube forming the
refrigeration cycle device to the first opening;
joining a first end of a second connect tube
formed of a metallic material thatis the sameas &
that for the metallic member main body and dif-
ferent from that for a second refrigerant tube
forming the refrigeration cycle device to the sec-
ond opening;

connecting a second end of the first connect 170
tube to the first refrigerant tube; and

connecting a second end of the second connect
tube to the second refrigerant tube.

15
Statement under Art. 19.1 PCT

Claims 1 and 7 are amended as indicated on the
attached sheets. Specifically, the configuration of Claim
2 was added to the pre-amendment Claim 1. The limita- 20
tions (support of the amendment; paragraphs [0026] to
[0028] and paragraphs [0033] to [0054]) were added to
the pre-amendment Claim 7. The pre-amendment Claim
2 was deleted.

Along with the deletion of the pre-amendment Claim 25
2, the dependency relationships of the pre-amendment
Claims 3, 5, and 6 were revised.
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