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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a composite
pipe, a refrigerating apparatus, and a method for manu-
facturing the composite pipe.

Description of Related Art

[0002] Conventionally, an apparatus which cools a
heat generation component of a substrate unit by a cool-
ing jacket supporting a copper pipe through which a cool-
ant flows to a heat generation component being mounted
is known. In such an apparatus, a heat transfer sheet is
interposed between the cooling jacket and the pipe to
reduce the thermal resistance between the cooling jacket
and the pipe.

[0003] Suchaheattransfer sheetis disclosed in Patent
Document 1. In the invention of Patent Document 1, po-
sitional displacement, breakage or the like of the heat
transfer sheet is inhibited by holding the heat transfer
sheet in a sheet holding portion.

[Patent Documents]

[0004] [Patent Document 1] Japanese Unexamined
Patent Application, First Publication No. 2015-233074

SUMMARY OF THE INVENTION

[0005] However, in the apparatus for cooling the heat
generation component as disclosed in Patent Document
1, a refrigerant pipe such as a copper pipe may become
damaged by corrosion, and there is a risk of leakage of
refrigerant when the damage is significant. That is, in a
case where the refrigerant pipe and the cooling jacket
are made of dissimilar metals, there is a portion in which
a pipe wall of the refrigerant pipe and the cooling jacket
come into direct contact with each other, and when mois-
ture is present at the contact position, damage to the
refrigerant pipe due to dissimilar metal contact corrosion
is likely to occur.

[0006] An object of the present invention is to provide
a composite pipe, a refrigerating apparatus, and a meth-
od for manufacturing the composite pipe that are capable
of inhibiting corrosion.

[0007] A composite pipe according to a first aspect of
the present invention includes a metallic refrigerant pipe;
a plate-like joining portion formed of the same type of
metal as the refrigerant pipe and having one surface to
which a pipe wall of the refrigerant pipe is joined; and a
metallic cooling body having a front surface which comes
into contact with the other surface of the joining portion
and a back surface which is provided on the opposite
side to the front surface and comes into contact with the
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heat generation component.

[0008] According to this configuration, the pipe wall of
the metallic refrigerant pipe is joined to the one surface
of the joining portion formed of the same kind of metal,
and the other surface of the joining portion is in contact
with the metallic cooling body. Therefore, the pipe wall
of the refrigerant pipe does not directly come into contact
with the cooling body.

[0009] Further, even if the joining portion and the cool-
ing body made of dissimilar metals are in direct contact
with each other, dissimilar metal contact corrosion occurs
only between the joining portion and the cooling body,
and corrosion docs not reach refrigerant pipe. Therefore,
irrespective of what kind of metal the cooling body is
formed, it is possible to inhibit occurrence of dissimilar
metal contact corrosion in the refrigerant pipe.

[0010] According to the composite pipe of the second
aspect of the present invention, in the first aspect, the
refrigerant pipe may be joined to the one surface of the
joining portion by brazing.

[0011] According to this configuration, since the joining
portion and the refrigerant pipe are joined by brazing, the
facing portions of the one surface of the joining portion
and the refrigerant pipe are accurately joined via a braze
of the same kind of metal. Therefore, it is possible to
prevent corrosion from occurring between the one sur-
face of the joining portion and the refrigerant pipe, while
securing sufficient thermal conductivity between the one
surface of the joining portion and the refrigerant pipe.
[0012] Further, the plate-like joining portion and the
cooling body are attached in contact with each other.
Thus, a contact area between the joining portion and the
cooling body can be increased. Therefore, it is possible
to secure sufficient thermal conductivity between the re-
frigerant pipe and the cooling body. Therefore, it is not
necessary to provide a heat transfer accelerating mem-
ber such as a heat transfer sheet or grease between the
joining portion and the cooling body.

[0013] According to the composite pipe of a third as-
pectofthe presentinvention, in the first or second aspect,
the joining portion may be screwed onto the cooling body.
[0014] With such aconfiguration, itis possible to further
improve the contact state between the cooling body and
the joining portion.

[0015] According to the refrigerating apparatus of a
fourth aspect of the present invention, in the first to third
aspects, a heat generation component mounted on a cir-
cuit board provided so that the back surface of the cooling
body comes into contact with the heat generation com-
ponent may be further included.

[0016] According to this configuration, it is possible to
cool the heat generation component with the cooling
body, while inhibiting corrosion reaching the refrigerant
pipe.

[0017] A method for manufacturing a composite pipe
according to a fifth aspect of the present invention is a
method for installing the composite pipe in the first to
third aspects, the method including joining the pipe wall
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of the refrigerant pipe to the one surface of the joining
portion formed ofthe same type of metal as the refrigerant
pipe; and bringing the cooling body into contact with the
other surface of the joining portion.

[0018] According to this configuration, it is possible to
cool the heat generation component with the cooling
body, while inhibiting corrosion reaching the refrigerant
pipe.

[0019] Accordingtothe presentinvention, itis possible
to provide a composite pipe, a refrigerating apparatus,
and a method for manufacturing the composite pipe ca-
pable of inhibiting corrosion of the refrigerant pipe and
preventing damage.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

FIG. 1 is a refrigerant circuit diagram of an air con-
ditioner according to a first embodiment of the
present invention.

FIG. 2A is a partially exploded perspective view of a
controller of the air conditioner according to the em-
bodiment of the present invention.

FIG. 2B is a cross-sectional view taken along line A-
A of FIG. 2A.

FIG. 3 is a cross-sectional view of a main part of the
air conditioner according to the embodiment of the
present invention.

FIG. 4 is a cross-sectional view schematically show-
ing a composite pipe and a heat generation compo-
nent of the air conditioner according to the embodi-
ment of the present invention.

FIG. 5 is a cross-sectional view showing a method
for manufacturing the composite pipe of the air con-
ditioner according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0021] An air conditioner (refrigerating apparatus) 1
according to an embodiment of the present invention will
be described.

[0022] An air conditioner 1 shown in FIG. 1 mainly in-
cludes a compressor 2, a four-way switching valve 3, an
outdoorfan 4, an outdoor heat exchanger 5, an electronic
expansion valve (EEV) 6, anindoor fan 7, an indoor heat
exchanger 8, and an accumulator 9. These devices are
connected by a refrigerant pipe 10 to constitute a refrig-
eration cycle 11 in a closed cycle. Among these compo-
nents, the compressor 2, the four-way switching valve 3,
the outdoor fan 4, the outdoor heat exchanger 5, the elec-
tronic expansion valve (EEV) 6, and the accumulator 9
are accommodated in a casing 23 of an outdoor unit, and
the indoor fan 7 and the indoor heat exchanger 8 are
accommodated in a casing (not shown) of an indoor unit.
[0023] The compressor 2 is a device that compresses
refrigerant.
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[0024] The four-way switching valve 3 is a device that
switches a circulation direction of the refrigerant.

[0025] The outdoor heatexchanger 5 is a device which
allows exchange of heat between the refrigerant and the
outside air from the outdoor fan 4.

[0026] The electronic expansion valve (EEV) 6 is a de-
vice that adiabatically expands the refrigerant.

[0027] The indoor heat exchanger 8 is a device which
allows exchange of heat between the refrigerant and the
inside air from the indoor fan 7. The accumulator 9 is a
device which separates the liquid phase of the refrigerant
that has not evaporated in the evaporator to prevent the
liquid phase from flowing into the compressor 2.

[0028] Furthermore, the air conditioner 1 further in-
cludes a controller 12 that controls the operation of the
air conditioner 1 on the basis of an operation command
from an operation unit such as a remote controller. The
controller 12 is accommodated in the casing 23 of the
outdoor unit.

[0029] For example, the controller 12 is equipped with
an inverter that controls the rotation speed of the com-
pressor 2. The controller 12 has the function of switching
the four-way switching valve 3 depending on the opera-
tion mode and further controlling the rotation speed of
the outdoorfan 4 and the indoorfan 7, the opening degree
of the electronic expansion valve 6, and the like.

[0030] Here, as shown in FIGS. 2A and 2B, the casing
23 has a board accommodating portion 14 therein. The
controller 12 is attached to the board accommodating
portion 14. The board accommodating portion 14 is dis-
posed in the casing 23 of the outdoor unit with intervals
between an inner surface on a front side of the casing
23 and an inner surface on a back side. Here, the front
side means the front side when the outdoor unit is in-
stalled, and the back side indicates the back side when
the outdoor unit is installed.

[0031] The controller 12 includes a board 21 (circuit
board) attached to the board accommodating portion 14.
In the present embodiment, a front surface 21a of the
board 21 is disposed toward the front side and a back
surface 21b of the board 21 is disposed toward the back
side.

[0032] The board 21 includes various electronic com-
ponents such as an active converter, a diode module,
and a power transistor that constitute an inverter. A part
of the various electronic components are mounted on the
front surface 21a of the board 21. Further, a heat gener-
ation component 25 among the electronic components
is mounted on the back surface 21b of the board 21.
[0033] As shown in FIG. 3, in the refrigerant pipe 10,
a part 10A provided between the electronic expansion
valve 6 and the indoor heat exchanger 8 is disposed on
the back surface 21b side of the board 21 and on the
back side of the board accommodating portion 14 inside
the casing 23. In the part 10A, a pair of tubular portions
10B are provided by forming the refrigerant pipe 10 into
aUshapeasshowninFIG. 2A. As aresult, therefrigerant
pipe 10 has a pair of tubular portions 10B and a joining
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portion 28 disposed between the tubular portions 10B to
support the tubular portions 10B.

[0034] The pair of tubular portions 10B are disposed
side by sideinaninclined direction with respectto a depth
direction (a direction from the front side to the back side)
of the casing 23. More specifically, with respect to one
tubular portion 10B, the other tubular portion 10B is dis-
posed on the side of the side surface 24, which is the
back side in the casing and an end surface of the casing
23 in the width direction.

[0035] The joining portion 28 is formed of the same
material as the tubular portion 10B in a plate shape. The
joining portion 28 is provided to be inclined obliquely with
the tubular portions 10B along a direction in which the
pair of tubular portions 10B are aligned. The pair of tu-
bular portions 10B of the refrigerant pipe 10 are joined
to the joining portion 28 by brazing or the like, respec-
tively. Further, the joining portion 28 is fitted between the
tubular portions 10B to protrude toward the tubular por-
tions 10B between the tubular portions 10B.

[0036] The tubular portions 10B of the refrigerant pipe
10 are clamped at a predetermined position and in a pre-
determined direction, by an inclined surface of a bracket
29 having a substantially triangular shape in a top view
and provided to protrude from the board accommodating
portion 14 to the back surface side below the joining por-
tion 28, and a clamping piece 30 facing the inclined sur-
face.

[0037] Here, in the casing 23, a cooling block (cooling
body) made of metal (metal with good thermal conduc-
tivity such as aluminum) which comes into contact with
the pair of tubular portions 10B and the heat generation
component 25 of the controller 12 is provided on the back
surface 21b side of the board 21.

[0038] The cooling block 26 includes a first block 26a
attached to the refrigerant pipe 10, a second block 26b
attached to the heat generation component 25, and a
block attachment and detachment screw 31 which allows
mounting of the first block 26a and the second block 26b
such that they are in contact with each other in a heat
transferable manner.

[0039] The first block 26a includes a refrigerant pipe
attachment surface (front surface) 26c¢ that is provided
obliquely to the back surface 21b of the board 21 and
attached to the tubular portion 10B of the refrigerant pipe
10 along the inclined direction of the joining portion 28,
a opposite abutting surface 26e which abuts against the
second block 26b, and a refrigerant pipe attachment and
detachment screw 32 which detachably attaches the join-
ing portion 28 to the refrigerant pipe attachment surface
26¢.

[0040] The refrigerant pipe attachment surface 26¢
has a shape corresponding to the joining portion 28 of
the refrigerant pipe 10. That is, the refrigerant pipe at-
tachment surface 26¢ has a shape that protrudes toward
the side surface 24 between the tubular portions 10B.
[0041] In the present embodiment, the opposite abut-
ting surface 26e has a curved shape that is convex from
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the joining portion 28 toward the back surface 21b of the
board 21, but may be a simple flat surface, or may be
formed in a stepwise shape when viewed from above. A
positioning protrusion 26g protruding in the width direc-
tion of the casing 23 is provided on the opposite abutting
surface 26e. The positioning protrusion 269 is provided
at a position close to the end portion of the opposite abut-
ting surface 26e away from the board 21.

[0042] The second block 26b has two heat generation
component attachment surfaces (back surfaces) 26d to
which the heat generation component 25 is attached, and
an opposite abutting surface 26f which abuts against the
opposite abutting surface 26e of the first block 26a.
[0043] One (asurface 26d1) ofthe two heat generation
component attachment surfaces 26d faces the back sur-
face 21b of the board 21, and the other (a surface 26d2)
faces the width direction of the casing 23. That is, the
two heat generation component attachment surfaces 26d
are provided in a direction along the board 21 and a di-
rection of rising from the board 21. Here, the board ac-
commodating portion 14 is provided with an opening por-
tion 14a. The heat generation component 25 on the back
surface 21b of the board 21 protrudes to the back side
of the board accommodating portion 14 through the
opening portion 14a. Further, the heat generation com-
ponent 25 disposed along the board 21 and mounted on
the board 21, and the heat generation component 25
disposed to stand up from the board 21 and mounted on
the board 21 are attached to the heat generation com-
ponent attachment surface 26d by mounting screws (not
shown) or the like, respectively.

[0044] The opposite abutting surface 26f has a shape
running along the opposite abutting surface 26e. In other
words, in the present embodiment, the opposite abutting
surface 26f has a curved shape that is concave toward
the back surface 21b of the board 21. Thus, the opposite
abutting surface 26f and the opposite abutting surface
26e come into surface contact with each other. When the
opposite abutting surface 26f and the opposite abutting
surface 26e come into surface contact with each other,
the end portion of the second block 26b on the side away
from the board 21 abuts against the positioning protru-
sion 26g.

[0045] The block attachment and detachment screw
31 is disposed at a position corresponding to the attach-
ing and detaching through hole 27 penetrating the board
21. A head portion 31a of the block attachment and de-
tachment screw 31 is exposed to the front surface 21a
of the board 21. When the block attachment and detach-
ment screw 31 is screwed into the first block 26a through
the second block 26b, the second block 26b and the first
block 26a are fixed in a state in which the opposite abut-
ting surfaces 26f and 26e are in contact with each other.
The head portion 31a is formed to be smaller than the
attaching and detaching through hole 27 so that the block
attachment and detachment screw 31 can pass through
the attaching and detaching through hole 27 of the board
21 from the front surface 21a side of the board 21. As a
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result, the block attachment and detachment screw 31
can be manipulated from the front surface 21a side of
the board 21, and the first block 26a and the second block
26b are detachable.

[0046] Next, the joining portion 28 will be described in
detail referring to FIG. 4.

[0047] Thejoiningportion 28isametal memberformed
in a plate shape as described above. The shape of the
joining portion 28 is not particularly limited, but a flat plate
shape having a plate thickness of, for example, 0.5 mm
to 10 mm can be used. The joining portion 28 is made of
the same kind of metal as the refrigerant pipe 10. For
example, when the refrigerant pipe 10 is constituted by
a copper pipe, the joining portion 28 may be made of
copper or a copper-based alloy.

[0048] A pipe wall of the refrigerant pipe 10 is joined
to one surface of the joining portion 28 by brazing. It is
preferable that a braze 34 be made of an alloy of the
same kind of metal as that of the refrigerant pipe 10. For
example, when the refrigerant pipe 10 is made of a cop-
per pipe, it may be brazed with copper brazing.

[0049] Brazingis performed on both left and right sides
orthogonal to the axial direction in a state in which the
refrigerant pipe 10 is disposed along the joining portion
28, and brazing is performed continuously substantially
over the entire length of the facing portions of the refrig-
erant pipe 10 (tubular portion 10B) and the joining portion
28.

[0050] The othersurface ofthe plate-like joining portion
28 comes into contact with the refrigerant pipe attach-
ment surface (surface) 26¢ of the first block 26a.

[0051] A member including the tubular portion 10B
which is a part of the refrigerant pipe 10 formed in this
manner, the joining portion 28, and the cooling block 26
is referred to as a composite pipe 22.

[0052] Next, a method for manufacturing such a com-
posite pipe 22 will be described.

[0053] First, the pipe wall of the refrigerant pipe 10 is
joined to one surface of the plate-like joining portion 28
by brazing. The brazing may be performed continuously
over the entire region in the extending direction of the
joining portion 28 or may be performed at intervals.
[0054] Thereafter, as shown in FIG. 5, the refrigerant
pipe attachment surface 26c¢ of the first block 26a which
is formed in advance is brought into contact with the other
surface of the joining portion 28 in a heat transferable
manner. Therefore, the composite pipe 22 is manufac-
tured.

[0055] According to the air conditioner 1 of the present
embodiment described above, the pipe wall of the me-
tallic refrigerant pipe 10 is joined to one surface of the
joining portion 28 formed of the same kind of metal, and
the other surface of the joining portion 28 is on the cooling
block 26. Therefore, the pipe wall of the refrigerant pipe
10 does not directly come into contact with the cooling
block 26.

[0056] Therefore, even if the joining portion 28 and the
cooling block 26 made of dissimilar metals are in direct
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contact with each other, dissimilar metal contact corro-
sion occurs in the joining portion 28 and the cooling block
26, and the dissimilar metal contact corrosion does not
occur in the refrigerant pipe 10. Therefore, irrespective
of what kind of metal the cooling block 26 is formed, it is
possible to inhibit dissimilar metal contact corrosion of
the refrigerant pipe 10.

[0057] Therefore, it is possible to prevent the situation
in which the refrigerant pipe 10 is damaged by corrosion
during use and the refrigerant flows out, and itis possible
to improve the durability of the refrigerant pipe 10.
[0058] Even when the joining portion 28 is corroded, it
is possible to avoid progress of corrosion to the refriger-
ant pipe 10 by replacing the joining portion 28.

[0059] According to the composite pipe 22 of the
present embodiment, since the joining portion 28 and the
refrigerant pipe 10 are joined by brazing, the opposing
portions of the one surface of the joining portion 28 and
the refrigerant pipe 10 are accurately joined via the braze
34. Therefore, it is easy to ensure sufficient thermal con-
ductivity between one surface of the joining portion 28
and the refrigerant pipe 10.

[0060] Further, since the plate-like joining portion 28
and the cooling block 26 are attached to be in contact
with each other, a contact area between the joining por-
tion 28 and the cooling block 26 can be increased. There-
fore, itis possible to secure sufficient thermal conductivity
between the refrigerant pipe 10 and the cooling block 26.
Therefore, it is not necessary to provide a heat transfer
accelerating member such as a heat transfer sheet or
grease between the joining portion 28 and the cooling
block 26.

[0061] Further, since the joining portion 28 is fixed to
the refrigerant pipe attachment surface 26¢ by the Re-
frigerant pipe attachment and detachment screw 32 by
screwing, itis possible to furtherimprove the contact state
between the cooling block 26 and the joining portion 28.
[0062] Although the embodiments of the present in-
vention have been described in detail with reference to
the drawings, the specific configuration is not limited to
this embodiment, and design changes and the like within
a scope that does not depart from the gist of the present
invention are included.

[0063] For example, the portion of the refrigerant pipe
10 disposed in contact with the cooling block 26 is not
necessarily limited to the part 10A between the electronic
expansion valve 6 and the indoor heat exchanger 8, and
may be another portion of the refrigerant pipe 10 that is
kept at a temperature at which the heat generation com-
ponent 25 provided on the controller 12 can be cooled.
Such another portion may be, for example, a portion be-
tween the electronic expansion valve 6 and the outdoor
heat exchanger 5. That is, the composite pipe 22 can be
applied to various portions in the refrigeration cycle 11.
[0064] Although the air conditioner 1 has been de-
scribed as an example of the refrigeration apparatus, the
above configuration may be applied to another refriger-
ation apparatus having a refrigeration cycle.
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EXPLANATION OF REFERENCES

[0065]

1 Air conditioner

2 Compressor

3 Four-way switching valve

4 Outdoor fan

5 Outdoor heat exchanger

6 Electronic expansion valve

7 Indoor fan

8 Indoor heat exchanger

9 Accumulator

10 Refrigerant pipe

10A Part

10B Tubular portion

12 Controller

13 Outdoor unit

14 Board accommodating portion

14a Opening portion

21 Board (circuit board)

21a Front surface

21b Back surface

22 Composite pipe

23 Casing

24 Side surface

25 Heat generation component

26 Cooling block (cooling body)

26a First block

26b Second block

26¢ Refrigerant pipe attachment surface (front sur-
face)

26d (26d1, 26d2) Heat generation component at-
tachment surface (back surface)

26e Opposite abutting surface

26f Opposite abutting surface

27 Attaching and detaching through hole
28 Joining portion

29 Bracket

29a Inclined surface

30 Clamping piece

31 Block attachment and detachment screw
31a Head portion

32 Refrigerant pipe attachment and detachment
screw

34 Braze

Claims

A composite pipe comprising:

a metallic refrigerant pipe (10);

a plate-like joining portion (28) formed of the
same type of metal as the refrigerant pipe (10)
and having one surface to which a pipe wall of
the refrigerant pipe (10) is joined; and

a metallic cooling body (26) having a front sur-
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face (26¢) which comes into contact with the oth-
er surface of the joining portion (28) and a back
surface (26d) which is provided on the opposite
side to the front surface (26¢) and is intended to
come into contact with a heat generation com-
ponent (25).

The composite pipe according to claim 1, wherein
the refrigerant pipe (10) is joined to the one surface
of the joining portion (28) by brazing.

The composite pipe according to claim 1 or 2, where-
in the joining portion (28) is screwed onto the cooling
body (26).

A refrigerating apparatus comprising:

the composite pipe (22) according to any one of
claims 1 to 3; and

a heat generation component (25) mounted on
a circuit board (21) provided so that the back
surface of the cooling body (26) comes into con-
tact with the heat generation component (25).

5. A method for manufacturing the composite pipe ac-

cording to any one of claims 1 to 3, the method com-
prising:

joining the pipe wall of the refrigerant pipe (10)
to the one surface of the joining portion (28)
formed of the same type of metal as the refrig-
erant pipe (10); and

bringing the cooling body (26) into contact with
the other surface of the joining portion (28).
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