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(54) HEAT EXCHANGER

(57) Stress concentration on a specific part of a head-
er is alleviated in a heat exchanger including the header
having an Ω-shaped cross section. A first member (20)
of a header (10) in the heat exchanger includes a first
opening (O1) extending in a first direction (dr1). A
cross-sectional shape of the first member (20) perpen-
dicular to the first direction (dr1) is an Ω-shape. A second
member (30) includes a plurality of second openings (O2)
each having a width (W2) larger than a width (W1) of the
first opening (O1) in a third direction (dr3).
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Description

Technical Field

[0001] The present disclosure relates to a heat ex-
changer.

Background Art

[0002] In a conventional heat exchanger that exchang-
es heat between a refrigerant flowing in the heat ex-
changer and air uses an aluminum member extruded into
a shape having an Ω-shaped cross section as described
in PTL 1 (International Publication No. WO2016/152127)
in some cases. An aluminum elongated member having
an Ω-shaped cross section described in PTL 1 is used
as a component of a header tank.

Summary of Invention

Technical Problem

[0003] In the heat exchanger of PTL 1, heat exchange
occurs between a high-pressure refrigerant such as car-
bon dioxide, for example, and air. In this case, a high
pressure is also applied from the refrigerant to the elon-
gated member having an Ω-shaped cross section that
forms the heat exchanger. The heat exchanger is expen-
sive if sufficient safety is imparted against stress concen-
trated on a part of the heat exchanger due to a high pres-
sure applied to the elongated member having the Ω-
shaped cross section. If such stress concentration can
be alleviated in the heat exchanger, sufficient safety can
be imparted to the heat exchanger while avoiding an in-
crease in the cost of the heat exchanger.
[0004] In a heat exchanger provided with a header in-
cluding an elongated member having an Ω-shaped cross
section as a component, there is an issue of improving
pressure resistance strength of the heat exchanger by
alleviating stress concentration on a specific portion with-
in the header.

Solution to Problem

[0005] A heat exchanger of a first aspect includes a
header and a plurality of multi-hole heat transfer tubes.
The header extends in a first direction and has an inside
where a refrigerant flows. The plurality of multi-hole heat
transfer tubes are inserted into the header in a second
direction intersecting the first direction, each of the multi-
hole heat transfer tubes having a width in a third direction
intersecting the first direction larger than a height in the
first direction at a portion inserted into the header and
including a plurality of holes communicating with the in-
side of the header. The header includes a first member
that includes a first opening extending in the first direction
and having an Ω-shaped cross section perpendicular to
the first direction, a second member that includes a plu-

rality of second openings each having a larger width than
the first opening in the third direction, and a third member
that includes a plurality of third openings each having a
larger width than the plurality of second openings in the
third direction and communicating with the plurality of
multi-hole heat transfer tubes, and with which the plurality
of multi-hole heat transfer tubes are in contact. The first
member, the second member, and the third member are
disposed in the order of the first member, the second
member, and the third member, and are joined such that
each of the second openings overlaps each of the third
openings within a range of a width of each of the third
openings in the third direction, and the first opening over-
laps each of the second openings within a range of a
width of each of the second openings in the third direction.
[0006] In the heat exchanger of the first aspect, the
stress concentration at the joint portion between the mul-
ti-hole heat transfer tube and the header can be alleviated
by the second member, thus improving the pressure re-
sistance strength of the heat exchanger.
[0007] A heat exchanger of a second aspect is the heat
exchanger of the first aspect, in which the first member
is an extruded member extruded so as to have an Ω-
shaped cross section.
[0008] In the heat exchanger of the second aspect, the
extruded member, which is extruded into a complicated
Ω-shaped cross section, can be used as a part of the first
member and the manufacturing cost of the heat exchang-
er can be suppressed to be low.
[0009] A heat exchanger of a third aspect is the heat
exchanger of the first aspect or the second aspect, in
which the first member includes a flat plate portion having
a flat plate shape in which a thickness is larger than a
length of the first opening in the second direction.
[0010] In the heat exchanger of the third aspect, since
the thickness of the flat plate portion of the first member
is larger than the length of the first opening in the second
direction, the pressure receiving area that receives pres-
sure from a refrigerant can be made smaller as compared
with a case where the thickness of the flat plate portion
is the same as the length of the first opening in the second
direction. In the heat exchanger in which the thickness
of the flat plate portion is larger than the length of the first
opening in the second direction, it is easier to ensure
pressure resistance strength.
[0011] A heat exchanger of a fourth aspect is the heat
exchanger of any one of the first aspect to the third as-
pect, in which the first member in the header and the
plurality of multi-hole heat transfer tubes are made of
aluminum or an aluminum alloy.
[0012] A heat exchanger of a fifth aspect is the heat
exchanger of any one of the first aspect to the fourth
aspect, in which the refrigerant flowing through the inside
of the header is a carbon dioxide refrigerant.
[0013] A heat exchanger of a sixth aspect is the heat
exchanger of any one of the first aspect to the fifth aspect,
further including a fourth member and a fifth member.
The fourth member includes a plurality of fourth openings
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through which the plurality of multi-hole heat transfer
tubes pass, and is joined to the third member. The fifth
member includes a plurality of fifth openings through
which the plurality of multi-hole heat transfer tubes fit and
penetrate, and is joined to side surfaces of the first mem-
ber, the second member, and the third member, and to
the fourth member.
[0014] A heat exchanger of a seventh aspect is the
heat exchanger of any one of the first aspect to the sixth
aspect, in which a width of each of the second openings
in the third direction is larger than twice a width of the
first opening in the third direction.
[0015] In the heat exchanger of the seventh aspect,
since the width of each of the second openings is larger
than twice the width of the first opening, the first opening
is less likely to be narrowed by brazing when the first
member and the second member are brazed, for exam-
ple.
[0016] A heat exchanger of an eighth aspect is the heat
exchanger of any one of the first aspect to the seventh
aspect, in which a width of each of the third openings in
the third direction is larger than twice a width of each of
the second openings in the third direction.
[0017] In the heat exchanger of the eighth aspect,
since the width of each of the third openings is larger
than twice the width of each of the second openings, it
is possible to sufficiently obtain the effect, by the second
member having the second openings, of alleviating
stress concentration.

Brief Description of Drawings

[0018]

[Fig. 1] Fig. 1 is a schematic view of an example of
the configuration of a heat exchanger according to
an embodiment as viewed in a third direction.
[Fig. 2] Fig. 2 is a schematic view of the heat ex-
changer of Fig. 1 as viewed in a first direction.
[Fig. 3] Fig. 3 is a schematic view of a heat exchang-
ing part of the heat exchanger of Fig. 1 as viewed
obliquely.
[Fig. 4] Fig. 4 is a partially enlarged sectional view
showing a part of the heat exchanger taken along
line I-I in Fig. 1.
[Fig. 5] Fig. 5 is an exploded perspective view show-
ing a part of a disassembled header of the heat ex-
changer of Fig. 1.
[Fig. 6] Fig. 6 is a cross-sectional view of the header
of Fig. 5 taken along a plane perpendicular to the
first direction.
[Fig. 7] Fig. 7 is a cross-sectional view showing a
state in which a multi-hole heat transfer tube is fitted
to the header of Fig. 6.
[Fig. 8] Fig. 8 is a partially enlarged plan view show-
ing a part of the header and the multi-hole heat trans-
fer tube of Fig. 7 cut at a central portion in the third
direction.

[Fig. 9] Fig. 9 is a perspective view showing the pe-
riphery of a joint portion between the header and the
multi-hole heat transfer tube shown in Fig. 8.
[Fig. 10] Fig. 10 is a schematic view for explaining
stress concentration in the vicinity of the joint portion
between the header and the multi-hole heat transfer
tube shown in Fig. 9.
[Fig. 11] Fig. 11 is an exploded perspective view par-
tially showing the disassembled header without a
second member.
[Fig. 12] Fig. 12 is a cross-sectional view of the head-
er of Fig. 11 taken along a plane perpendicular to
the first direction.
[Fig. 13] Fig. 13 is a perspective view showing the
periphery of the joint portion between the header and
the multi-hole heat transfer tube shown in Fig. 12.
[Fig. 14] Fig. 14 is a schematic view for explaining
stress concentration in the vicinity of the joint portion
between the header and the multi-hole heat transfer
tube shown in Fig. 13.

Description of Embodiments

[0019] Hereinafter, a heat exchanger according to an
embodiment will be described. A first direction dr1 shown
in the drawings is a direction in which a header 10 ex-
tends, and a second direction dr2 is a direction intersect-
ing the first direction dr1. Here, a case where the first
direction dr1 and the second direction dr2 are orthogonal
to each other will be described. A multi-hole heat transfer
tube 60 is inserted into the header 10 in the second di-
rection dr2. A third direction dr3 is a direction intersecting
both the first direction dr1 and the second direction dr2.
Here, a case where the third direction dr3 is orthogonal
to the first direction dr1 and the second direction dr2 will
be described. The third direction dr3 is a width direction
of the multi-hole heat transfer tube 60 at a portion where
the multi-hole heat transfer tube 60 is inserted into the
header 10. The third direction dr3 is a direction in which
a fluid, as an object of heat exchange with a refrigerant,
passes through the heat exchanger 1 at a portion where
the multi-hole heat transfer tube 60 is inserted into the
header 10. The fluid as an object of heat exchange is,
for example, air. For example, in a case where the first
direction dr1 is a vertical direction, the second direction
dr2 and the third direction dr3 are horizontal directions.
In the following description, the expression "extending in
a direction" or "arranged in a direction" includes not only
the case where the extending direction or the arranged
direction of an extending object coincides with either of
the above-described directions, but also the case where
the smaller angle between the extending direction or the
arranged direction of the object and the above-described
direction is equal to or smaller than 45 degrees. For ex-
ample, a case where the multi-hole heat transfer tube 60
extending linearly extends at an inclination of 45 degrees
with respect to the second direction dr2 also corresponds
to a case where the multi-hole heat transfer tube 60 ex-
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tends in the second direction dr2. In addition, a case
where the multi-hole heat transfer tube 60 is curved also
corresponds to a case where the multi-hole heat transfer
tube 60 extends in the second direction dr2 if the incli-
nation of the tangent line with respect to the second di-
rection dr2 is equal to or smaller than 45 degrees.

(1) Overall configuration

[0020] Fig. 1 shows the heat exchanger 1 as viewed
in the third direction dr3. Fig. 2 shows the heat exchanger
1 as viewed in the first direction dr1. The heat exchanger
1 is, for example, an air heat exchanger that exchanges
heat between a refrigerant and air. A refrigeration cycle
apparatus including the heat exchanger 1 is used for, for
example, air-conditioning. For example, the heat ex-
changer 1 is applied to a refrigeration cycle apparatus
that performs a refrigeration cycle in which a refrigerant
is brought into a supercritical state. The heat exchanger
1 can be used as an evaporator for evaporating a refrig-
erant or a radiator for radiating heat from a refrigerant in
the refrigeration cycle apparatus. The radiator here in-
cludes a condenser for condensing a refrigerant. The re-
frigerant heat-exchanged in the heat exchanger 1 is, for
example, a high-pressure refrigerant having a high pres-
sure of 4.5 MPa or more in the heat exchanger 1. The
high-pressure refrigerant is, for example, carbon dioxide.
[0021] The heat exchanger 1 includes a plurality of
headers 10, a plurality of multi-hole heat transfer tubes
60, and a plurality of fins 70. To distinguish the plurality
of headers 10 from each other, one of them is referred
to as a first header 11, and the other is referred to as a
second header 12. The header 10 has a main body in-
ternal space S1 that is a long hollow portion extending
in the first direction dr1. The refrigerant flows through the
main body internal space S1. Here, the cross-sectional
shape of the main body internal space S1 taken along a
plane orthogonal to the first direction dr1 is a combination
of a circular shape and a small rectangular shape. The
cross-sectional shape of the main body internal space
S1 is not necessarily a combination of a circular shape
and a small rectangular shape, and may be a combination
of an elliptical shape and a trapezoidal shape, for exam-
ple. However, the sectional shape of the main body in-
ternal space S1 is preferably a combination of a circular
shape and another shape in order to avoid concentration
of stress applied to the header 10 from a refrigerant.
[0022] The first header 11 distributes a refrigerant to
the plurality of multi-hole heat transfer tubes 60, and the
second header 12 merges the refrigerant flowing out from
the plurality of multi-hole heat transfer tubes 60. A refrig-
erant sent from another device to the heat exchanger 1
flows into the first header 11. The refrigerant merged in
the second header 12 is sent from the heat exchanger 1
to another device. Therefore, an inlet pipe (not shown)
through which the refrigerant sent to the heat exchanger
1 passes is connected to the first header 11, and an outlet
pipe (not shown) through which the refrigerant sent out

from the heat exchanger 1 passes is connected to the
second header 12.
[0023] In the heat exchanger 1 shown in Fig. 1, one
end and the other end of ten or more multi-hole heat
transfer tubes 60 are respectively inserted into the two
headers 10 (first header 11 and second header 12). Here,
the multi-hole heat transfer tubes 60 are inserted into the
header 10 so that the multi-hole heat transfer tubes 60
are orthogonal to the header 10. However, the multi-hole
heat transfer tubes 60 are not necessarily inserted so as
to be orthogonal to the header 10, and an angle formed
by the multi-hole heat transfer tubes 60 and the header
10 can be set to any angle. Each multi-hole heat transfer
tube 60 extends between the two headers 10. In other
words, the two headers 10 and a large number of the
multi-hole heat transfer tubes 60 are assembled in a shelf
form. Here, each of the multi-hole heat transfer tubes 60
is arranged so as to be parallel to other adjacent multi-
hole heat transfer tubes 60. However, the multi-hole heat
transfer tubes 60 adjacent to each other are not neces-
sarily arranged in parallel to each other, and the positional
relationship between the adjacent multi-hole heat trans-
fer tubes 60 can be set to any form. Here, ten or more
multi-hole heat transfer tubes 60 are arranged side by
side at equal intervals. However, the multi-hole heat
transfer tubes 60 are not necessarily arranged at equal
intervals, and may be arranged side by side at irregular
intervals, for example.
[0024] Fig. 3 shows a heat exchanging part 100 includ-
ing a plurality of multi-hole heat transfer tubes 60 and a
plurality of fins 70. The heat exchanging part 100 will be
described later in detail. Fig. 4 shows a section of the
header 10 taken along line I-I in Fig. 1. As shown in Fig.
3 and Fig. 4, one multi-hole heat transfer tube 60 has a
plurality of holes 65 that are flow paths of a refrigerant.
Each multi-hole heat transfer tube 60 has a width of a
length LA and a thickness of a length LB. Each multi-hole
heat transfer tube 60 is manufactured by, for example,
extrusion. The multi-hole heat transfer tube 60 is made
of, for example, aluminum or an aluminum alloy. Here,
the third direction dr3 coincides with the width direction
of the multi-hole heat transfer tube 60. Here, the plurality
of holes 65 extend in the second direction dr2 and are
arranged in the third direction dr3. Here, the plurality of
holes 65 are arranged parallel to each other at equal
intervals. The main body internal space S1 of the header
10 communicates with the plurality of holes 65 of the
multi-hole heat transfer tube 60. A refrigerant flows out
from the main body internal space S1 of the first header
11 to the plurality of holes 65 of the plurality of multi-hole
heat transfer tubes 60. The refrigerant flows into the main
body internal space S1 of the second header 12 from the
plurality of holes 65 of the plurality of multi-hole heat
transfer tubes 60. The refrigerant flowing through the plu-
rality of holes 65 of the multi-hole heat transfer tube 60
exchanges heat with the air passing on the surface of
the multi-hole heat transfer tube 60.
[0025] The fin 70 is a member that accelerates heat
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exchange between the refrigerant flowing through the
holes 65 of the multi-hole heat transfer tube 60 and the
air passing through the heat exchanger 1. The plurality
of fins 70 increase a heat transfer area of the heat ex-
changer 1 for the air passing through the heat exchanger
1. Each fin 70 is formed by deforming a thin plate-shaped
member by press working or the like. The fin 70 is made
of, for example, aluminum or an aluminum alloy. Each
fin 70 extends in the first direction dr1. Here, the plurality
of fins 70 are arranged side by side at equal intervals in
the second direction dr2. However, the fins 70 are not
necessarily arranged at equal intervals, and may be ar-
ranged side by side at irregular intervals, for example.
Each fin 70 is thermally connected to the plurality of multi-
hole heat transfer tubes 60. Each multi-hole heat transfer
tube 60 is thermally connected to the plurality of fins 70.
The plurality of multi-hole heat transfer tubes 60 are in-
serted into a plurality of notches 75 of each fin 70, where-
by the plurality of multi-hole heat transfer tubes 60 and
each fin 70 are in contact with each other directly or via
a brazing material, and are thermally connected to each
other. The heat exchanger 1 is manufactured, for exam-
ple, by furnace brazing.
[0026] The plurality of multi-hole heat transfer tubes
60 and the plurality of fins 70 between the first header
11 and the second header 12 of the heat exchanger 1
function as the heat exchanging part 100. The heat ex-
change performed in the heat exchanger 1 is mainly per-
formed in the heat exchanging part 100. The shape of
the heat exchanging part 100 shown in Fig. 3 is config-
ured to extend in the first direction dr1 and the second
direction dr2. In other words, the heat exchanging part
100 in Fig. 3 has an I-shape when viewed in the first
direction dr1. However, the shape of the heat exchanging
part 100 is not limited to the shape shown in Fig. 3. The
shape of the heat exchanging part 100 may be, for ex-
ample, a shape that extends in the second direction dr2
when viewed in the first direction dr1 and then curves to
extend in the third direction dr3. For example, the heat
exchanging part 100 may have an L-shape, a U-shape,
or a polygonal shape when viewed in the first direction
dr1. The shape of the heat exchanging part 100 may be
such that the flow of air passing through the heat ex-
changing part 100 is limited to one direction, or may be
such that the flow of air passing through the heat ex-
changing part 100 is directed in multiple directions.

(2) Detailed configuration of header 10

[0027] Fig. 5 shows the header 10 disassembled into
components and viewed obliquely. Fig. 6 shows the
shape of a cross section of the header 10 perpendicular
to the longitudinal direction (first direction dr1). In the fol-
lowing description of the header 10, the terms "first head-
er 11" and "second header 12" are used only in a case
where the first header 11 and the second header 12 need
to be distinguished from each other.

(2-1) Components of header 10

[0028] The header 10 includes a first member 20 which
is a main body member, a second member 30 which is
a reinforcing member, a third member 40 which is a stiff-
ening plate member, a fourth member 45 which is an
insertion margin adjusting member, and a fifth member
50 which is a support. Although not shown in Fig. 5, the
header 10 also includes closing plates disposed at both
ends of the header 10 in the first direction dr1. The closing
plates are attached to attachment holes 59 of the fifth
member 50. The closing plates attached to the attach-
ment holes 59 of the fifth member 50 close both ends of
the main body internal space S1. In the header 10, the
first member 20, the second member 30, the third mem-
ber 40, the fourth member 45, and the fifth member 50
are joined together. The joining in the header 10 is, for
example, fixing of members to each other by brazing. For
example, the fifth member 50 is a cladding member, and
a brazing material is supplied from the fifth member 50
to the first member 20, the second member 30, the third
member 40, and the fourth member 45, whereby the
members can be fixed to each other by brazing. For ex-
ample, a cladding member may be used for all or some
of the second member 30, the third member 40, and the
fourth member 45 other than the fifth member 50. More-
over, a brazing material may be supplied from other than
the second member 30, the third member 40, the fourth
member 45, and the fifth member 50, for example. Fur-
ther, here, the first member 20, the second member 30,
the third member 40, and the fourth member 45 are fixed
by being physically held by a claw portion 57 of the fifth
member 50. Although the fixing by the claw portion 57
can be omitted, it is preferable to also perform the fixing
by the claw portion 57 in order to withstand the use of
the high-pressure refrigerant. However, the physical fix-
ing method is not limited to the holding by the claw portion
57.
[0029] In a case where the fifth member 50 is a cladding
member, the first member 20, the second member 30,
the third member 40, and the fourth member 45 can be
joined to each other even if they are made of, for example,
aluminum or an aluminum alloy. In a case where the fifth
member 50 is a cladding member, a member in which a
portion excluding the brazing material is made of alumi-
num or an aluminum alloy, for example, can be used as
the fifth member 50. In this way, in a case where alumi-
num or an aluminum alloy is used for the header 10, it is
preferable to set the pressure of a refrigerant to smaller
than 110 MPa. The first member 20 is formed by extru-
sion. In the extrusion, the first member 20 is formed by
being extruded so that the cross-sectional shape is Ω-
shaped. The first member 20 formed by such extrusion
is an extruded member. Each of the second member 30,
the third member 40, the fourth member 45, and the fifth
member 50 is formed by, for example, pressing a metal
plate. Here, the press working is processing of punching
a metal plate to form a hole or bending a metal plate by
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a press machine.

(2-1-1) First member 20 (main body member)

[0030] Fig. 6 shows a cross-sectional shape of the first
member 20 taken along a plane extending in the second
direction dr2 and the third direction dr3. Moreover, Fig.
7 shows a state where the first member 20 in which the
multi-hole heat transfer tubes 60 are fitted is cut along a
plane extending in the second direction dr2 and the third
direction dr3. Since the first member 20 extends in the
first direction dr1, the longitudinal direction of the first
member 20 coincides with the first direction dr1. As
shown in Fig. 6 and Fig. 7, the main body internal space
S1 of the first member 20 includes a columnar space S11
that is a portion having a circular cross-section and a first
opening O1 that is a portion having a rectangular cross-
section. The columnar space S11 and the first opening
O1 are connected to each other, and both the columnar
space S11 and the first opening O1 extend in the first
direction dr1. The first member 20 includes a cylindrical
portion 21 around the columnar space S11, and two flat
plate portions 22 protruding from the cylindrical portion
21 in the third direction dr3. In other words, the flat plate
portions 22 extend in the first direction dr1 and the third
direction dr3. A cross section of the cylindrical portion 21
and the two flat plate portions 22 taken along a plane
perpendicular to the first direction dr1 is an Ω-shape.
[0031] The first opening O1 has a width W1 in the third
direction dr3. The width W1 of the first openings O1 is
set, for example, within a range of 0.8 mm ≤ W1 ≤ 2.0
mm. The first opening O1 has a length L1 in the second
direction dr2. The first opening O1 is an opening com-
municating with the holes 65 of the multi-hole heat trans-
fer tube 60. Each flat plate portion 22 has a thickness T1
in the second direction dr2. The thickness T1 of the flat
plate portion 22 is set, for example, within a range of 2
mm ≤ T1 ≤ 4.5 mm. In order to reduce a pressure receiving
area of the first opening O1, the length L1 of the first
opening O1 is set to be smaller than the thickness T1 of
the flat plate portion 22.

(2-1-2) Second member 30 (reinforcing member)

[0032] The second member 30, which is a reinforcing
member, is a flat plate having a plurality of second open-
ings O2 arranged in the first direction dr1. The second
member 30, which is a reinforcing member, has a function
of alleviating the stress concentration occurring around
the joint portion between the header 10 and the multi-
hole heat transfer tube 60. The second member 30 and
the flat plate portions 22 of the first member 20 are brazed
to each other at the surfaces of the second member 30
and the flat plate portions 22 extending in the first direc-
tion dr1 and the third direction dr3. The thickness T2 of
the second member 30 is set, for example, within a range
of 2 mm ≤ T2 ≤ 4.5 mm. The second member 30 is man-
ufactured by, for example, processing a metal flat plate

of aluminum or an aluminum alloy by press working. In
a case where the thickness T2 is in the above-described
range, the second member 30 can be easily processed
by press working. The second member 30 can be formed
by punching out the portion of the second openings O2
from a metal flat plate by press working.
[0033] Each second opening O2 has a width W2 in the
third direction dr3. The second opening O2 has an oval
shape obtained by connecting two semi-circles with
straight lines. In order to form the second opening O2 by
press working, the width W2 of the second opening O2
is preferably 1.5 times or more the thickness T2. If the
thickness T2 is 2 mm ≤ T2 ≤ 4.5 mm, for example, the
width W2 of the second opening O2 is set within a range
of 3 mm ≤ W2 ≤ 6.75 mm. In order to obtain a high pres-
sure resistance strength, the width W2 of the second
opening O2 is preferably narrow, and is preferably equal
to or less than 10 mm. In order to prevent the first opening
O1 from being blocked by the brazing material during
brazing, the width W2 of the second opening O2 is pref-
erably set to be equal to or more than the length obtained
by adding a length of the brazing material protruding from
the end of the second opening O2 (for example, equal
to or more than 0.8 mm and equal to or less than 2 mm)
to the width W1 of the first opening O1. For example, if
the width W1 of the first opening O1 is 1.6 mm, the width
W2 of the second opening O2 is preferably set within a
range of 3.2 mm ≤ W2 ≤ 5.6 mm in consideration of the
pressure resistance strength and the protrusion of the
brazing material.
[0034] The length L2 of the second openings O2 in the
first direction dr1 is, for example, longer than the length
LB of the multi-hole heat transfer tube 60 in the first di-
rection dr1 and shorter than twice the length LB (LB ≤ L2
≤ {LB32}).

(2-1-3) Third member 40 (stiffening plate member)

[0035] The third member 40, which is a stiffening plate
member, is a flat plate having a plurality of third openings
O3 arranged in the first direction dr1. Each third opening
O3 is oval. The third member 40, which is a stiffening
plate member, is a member that is in contact with the
distal ends of the multi-hole heat transfer tubes 60 fitted
to the header 10 to allow all the holes 65 to communicate
with the first opening O1. Surfaces of the second member
30 and the third member 40 extending in the first direction
dr1 and the third direction dr3 are brazed to each other.
The thickness T3 of the third member 40 is set, for ex-
ample, within a range of 2 mm ≤ T3 ≤ 4.5 mm. The third
member 40 is manufactured by, for example, processing
a metal flat plate of aluminum or an aluminum alloy by
press working. If the thickness T3 is in the above-de-
scribed range, the third member 40 can be easily proc-
essed by press working. The third member 40 can be
formed by punching out the portion of the third openings
O3 from the metal flat plate by press working.
[0036] Each third opening O3 has a width W3 in the
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third direction dr3.
[0037] In order to form the third opening O3 by press
working, the width W3 of the third opening W3 is prefer-
ably 1.5 times or more the thickness T3. The width W3
of the third opening O3 is set to be shorter than the length
LA of the multi-hole heat transfer tube 60. However, in
order to allow all the holes 65 of the multi-hole heat trans-
fer tube 60 to communicate with the third opening O3,
the width W3 is set such that the ends of the third opening
O3 are located outside the width W6 (see Fig. 7) including
the outermost holes 65. In order to obtain a high pressure
resistance strength, the width W3 of the third opening O3
is preferably narrow. In order to prevent the second open-
ing O2 from being narrowed by the brazing material dur-
ing brazing, the width W3 of the third opening O3 is pref-
erably set to equal to or more than the length obtained
by adding a length of the brazing material protruding from
the ends of the third opening O3 (for example, equal to
or more than 0.8 mm and equal to or less than 2 mm) to
the width W2 of the second opening O2. In addition, it is
preferable that the length from the hole 65 of the multi-
hole heat transfer tube 60 to the end of the third opening
O3 is longer than the protruding length of the brazing
material.
[0038] The length L3 of the third openings O3 in the
first direction dr1 is, for example, longer than the length
LB of the multi-hole heat transfer tube 60 in the first di-
rection dr1 and shorter than three times the length LB
(LB ≤ L2 ≤ {LB33}).

(2-1-4) Fourth member 45 (insertion margin adjusting 
member)

[0039] The fourth member 45, which is an insertion
margin adjusting member, is a flat plate having a plurality
of fourth openings O4 arranged in the first direction dr1.
Each fourth opening O4 is oval. The fourth member 45,
which is an insertion margin adjusting member, is a mem-
ber for determining the length (insertion margin) from the
fifth member 50, which is a support, to the distal end of
the header 10. Surfaces of the third member 40 and the
fourth member 45 extending in the first direction dr1 and
the third direction dr3 are brazed to each other. The multi-
hole heat transfer tube 60 is brazed to the inner surface
of the fourth opening O4. The thickness T4 of the fourth
member 45 is set, for example, within a range of 2 mm
≤ T4 ≤ 4.5 mm. The fourth member 45 is manufactured
by, for example, processing a metal flat plate of aluminum
or an aluminum alloy by press working. If the thickness
T4 is in the above-described range, the fourth member
45 can be easily processed by press working. The fourth
member 45 can be formed by punching out the portion
of the fourth openings O4 from the metal flat plate by
press working.
[0040] Each fourth opening O4 has a width W4 in the
third direction dr3. In order to form the fourth opening O4
by press working, the width W4 of the fourth opening O4
is preferably 1.5 times or more the thickness T4. The

width W4 of the fourth opening O4 is set to be longer
than the length LA of the multi-hole heat transfer tube
60. The width W4 of the fourth opening O4 is preferably
close to the length LA of the multi-hole heat transfer tube
60 so that side surfaces 60s of the multi-hole heat transfer
tube 60 and the inner surface of the fourth opening O4
are brazed to each other.
[0041] The length L4 of the fourth opening O4 in the
first direction dr1 is, for example, longer than the length
LB of the multi-hole heat transfer tube 60 in the first di-
rection dr1 and shorter than three times the length LB
(LB ≤ L2 ≤ {LB33}).

(2-1-5) Fifth member 50 (support)

[0042] The fifth member 50, which is a support, has a
plurality of fifth openings O5 arranged in the first direction
dr1. Each fifth opening O5 is oval. The fifth member 50
has a shape in which both ends of a flat plate in the third
direction dr3 are bent in the second direction dr2. Thus,
a cross section of the fifth member 50 taken along a plane
orthogonal to the first direction dr1 is C-shaped. With the
C-shape, the fifth member 50 can be in contact with the
flat plate portions 22 of the first member 20, the second
member 30, and the third member 40. The fifth member
50 includes a heat transfer tube support portion 51 in
which a plurality of fifth openings O5 are formed, and a
first side portion 52 and a second side portion 53 that are
in contact with the flat plate portions 22 of the first member
20, the second member 30, and the third member 40
(see Fig. 7). The heat transfer tube support portion 51,
the first side portion 52, and the second side portion 53
each have a flat plate shape.
[0043] The fifth member 50, which is a support, is a
member that supports the multi-hole heat transfer tube
60 fitted in the fifth opening O5 by the inner surface of
the fifth opening O5. The entire inner surface of the fifth
opening O5 is brazed to the outer peripheral surface of
the multi-hole heat transfer tube 60. Such brazing pre-
vents a refrigerant from leaking from the boundary be-
tween the fifth member 50 and the multi-hole heat transfer
tube 60. Surfaces of the fourth member 45 and the heat
transfer tube support portion 51 of the fifth member 50
extending in the first direction dr1 and the third direction
dr3 are brazed to each other. The first side portion 52 is
brazed to one side surface 22s of the flat plate portion
22 of the first member 20, one side surface 30s of the
second member 30, one side surface 40s of the third
member 40, and one side surface 45s of the fourth mem-
ber 45. Similarly, the second side portion 53 is brazed to
the other side surface 22s of the flat plate portion 22 of
the first member 20, the other side surface 30s of the
second member 30, the other side surface 40s of the
third member 40, and the other side surface 45s of the
fourth member 45.
[0044] The thickness T5 of the fifth member 50 is set,
for example, within a range of 2 mm ≤ T5 ≤ 4.5 mm. The
fifth member 50 is manufactured by, for example,
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processing a metal flat plate of aluminum or an aluminum
alloy by press working. If the thickness T5 is in the above-
described range, the fifth member 50 can be easily proc-
essed by press working. The fifth member 50 can be
formed by punching out the portion of the fifth openings
O5 and the portion of an attachment hole 59 from the
metal flat plate by press working, and then bending the
portions corresponding to the first side portion 52 and
the second side portion 53 by press working.
[0045] Each fifth opening O5 has a width W5 in the
third direction dr3. In order to form the fifth opening O5
by press working, the width W5 of the fifth opening O5
is preferably equal to or more than 1.5 times the thickness
T5. The width W5 of the fifth opening O5 is set to coincide
with the length LA of the multi-hole heat transfer tube 60.
However, the outer shape of the multi-hole heat transfer
tube 60 is set to be slightly smaller than the shape of the
fifth opening O5 so that the multi-hole heat transfer tube
60 is smoothly inserted into the fifth opening O5 when
the multi-hole heat transfer tube 60 is assembled. There-
fore, the length L5 of the fifth opening O5 in the first di-
rection dr1 coincides with the length LB of the multi-hole
heat transfer tube 60 in the first direction dr1.

(2-1-6) Ratio between widths of openings

[0046] In order to prevent the width W1 of the first open-
ing O1 of the first member 20 from being blocked by braz-
ing, the width W2 of the second opening O2 of the second
member 30 is preferably equal to or larger than a value
obtained by adding twice the protruding length La of the
brazing material (Lαx2) to the width W1. For example, in
a case where the width O1 of the first opening W1 is 1.6
mm and the protruding length La of the brazing material
is 0.8 mm to 2 mm, the width W2 of the second opening
O2 is preferably set to 3.2 mm to 5.6 mm or more. From
the viewpoint of brazing, it is preferable to set the ratio
between W1 and W2 so as to be 2/1 ≤ W2/W1 if the width
W2 is 3.2 mm, and so as to be 3.5/1 ≤ W2/W1 if the width
W2 is 5.6 mm. If the width W2 of each second opening
O2 is larger than twice the width W1 of the first opening
O1, the first opening O1 is less likely to be narrowed by
brazing when the first member 20 and the second mem-
ber 30 are brazed. In addition, even if the first member
20 and the second member 30 are misaligned and brazed
at the time of manufacturing, it is possible to prevent the
first opening O1 from being narrowed by the second
member 30.
[0047] As the second member 30, which is a reinforc-
ing member, a metal plate made of aluminum or an alu-
minum alloy having a plate thickness (thickness) of 2 mm
to 4.5 mm is usually used. In order to press such a second
member 30, the width W2 is preferably 1.5 times or more
the plate thickness of the metal plate. Therefore, in gen-
eral, it is preferable that the width W2 is set to be equal
to or more than 3 mm if the plate thickness is 2 mm, and
is set to be equal to or more than 6.75 mm if the plate
thickness is 4.5 mm. From the viewpoint of the relation-

ship between the plate thickness of the metal plate and
the width W2, the ratio between W1 and W2 is preferably
set so as to be, for example, 1.88/1 ≤ W2/W1 if the width
W1 of the first opening O1 is 1.6 mm and the plate thick-
ness is 2 mm, and so as to be 4.2/1 ≤ W2/W1 if the plate
thickness is 4.5 mm.
[0048] From the viewpoint of the pressure resistance
strength, the width W2 of the second openings O2 is pref-
erably equal to or less than 10 mm. Therefore, if the width
W1 of the first opening O1 is 1.6 mm, for example, it is
preferable to set the ratio between W1 and W2 so as to
be W2/W1 ≤ 6.25/1.
[0049] With the consideration as described above on
the width W1 of the first opening O1 that is usually used,
it is preferable that the width W1 satisfies the condition
of 2/1 ≤ W2/W1 ≤ 6/1, and it is more preferable that the
width W1 satisfies the condition of 2.5/1 ≤ W2/W1 ≤ 4/1.
[0050] The width W3 of each third opening O3 in the
third direction is larger than twice the width W2 of each
second opening O2 in the third direction. In other words,
the width W2 of each second opening O2 is smaller than
half the width W3 of each third opening O3 (W2/W3 ≤
1/2) . With the setting satisfying W2/W3 ≤ 1/2, it is pos-
sible to suppress deterioration of the reinforcing effect of
the second member 30, as compared with a case where
the width W2 of each second opening O2 is larger than
half the width W3 of each third opening O3. For example,
when the width W3 of the third opening O3 is the same
as the width W2 of the second opening O2, it is not pos-
sible to obtain the effect of alleviating stress concentra-
tion by providing the second member 30 having the sec-
ond opening O2.

(3) Characteristics

[0051] (3-1)
The heat exchanger 1 of the above-described embodi-
ment includes the second member 30 with the plurality
of second openings O2 each having the width W2 larger
than the width W1 of the first opening O1 in the third
direction dr3. With the second member 30, stress con-
centration on the joint portion between the multi-hole heat
transfer tube 60 and the header 10 can be alleviated,
thus improving the pressure resistance strength of the
heat exchanger 1.
[0052] The improvement of the pressure resistance
strength in the heat exchanger 1 will be described with
reference to Fig. 8 to Fig. 14. Fig. 8 shows a part of the
multi-hole heat transfer tube 60 and a part of the header
10 cut along a plane passing through the center of the
multi-hole heat transfer tube 60 in the third direction dr3
and the center axis of the columnar space S11 of the
header 10 in the above-described embodiment. Fig. 9
shows the periphery of one multi-hole heat transfer tube
60 in the part of the header 10 shown in Fig. 8. Fig. 10
shows a stress-concentrated portion Ar1 indicated by
hatching where particularly high stress is generated in a
simulation result in a case where a high-pressure refrig-
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erant is caused to flow through the header 10 and the
multi-hole heat transfer tube 60.
[0053] A header 210 shown in Fig. 11 to Fig. 14 has a
configuration in which the second member 30 as a rein-
forcing member is removed from the header 10 of the
embodiment. Fig. 11 shows the header 210 disassem-
bled and viewed obliquely. The first member 20, the third
member 40, the fourth member 45, and the fifth member
50 shown in Fig. 11 are the same members as the mem-
bers with the same reference numerals described in the
above embodiment. As shown in Fig. 11, in the header
210, the third member 40 is brazed to the surface of the
first member 20 extending in the first direction dr1 and
the third direction dr3. Fig. 12 shows a part of the multi-
hole heat transfer tube 60 and a part of the header 210
cut along a plane passing through the center of the multi-
hole heat transfer tube 60 in the third direction dr3 and
the center axis of the cylindrical space S11 of the header
210 to be compared. Fig. 13 shows the periphery of one
multi-hole heat transfer tube 60 in the part of the header
210 shown in Fig. 12. Fig. 14 shows a stress-concentrat-
ed portion Ar2 indicated by hatching where particularly
high stress is generated in a simulation result in a case
where a high-pressure refrigerant is caused to flow
through the header 210 and the multi-hole heat transfer
tube 60. The simulation results shown in Fig. 10 and Fig.
14 are results obtained by performing simulations under
the same conditions except the shapes of the headers
10, 210.
[0054] As can be seen from comparison between Fig.
10 and Fig. 14, when a high-pressure refrigerant is
caused to flow, stress-concentrated portions Ar1, Ar2
where particularly high stress is generated occurring
around the first opening O1 of the headers 10, 210. In
the header 210, a stress-concentrated portion Ar2 where
particularly high stress is generated also occurring
around the joint portion between the multi-hole heat
transfer tube 60 and the header 210. However, in the
header 10, a stress-concentrated portion Ar1 where par-
ticularly high stress is generated not occurring around
the joint portion between the multi-hole heat transfer tube
60 and the header 10. The simulation results shown in
Fig. 10 and Fig. 14 indicate the function of the second
member 30 as a reinforcing member alleviating stress
around the joint portion between the multi-hole heat
transfer tube 60 and the header 10.
(3-2)
[0055] In a case where the first member 20 of the
above-described embodiment is an extruded member
extruded so as to have an Ω-shaped cross section, the
extruded member formed by extrusion can be used as it
is for the first member 20 having a complicated shape.
With the use of an extruded member for the first member
20 having a complicated shape, it is possible to save time
and effort for manufacturing the heat exchanger 1 and
to suppress the manufacturing cost to be low.
(3-3)
[0056] As shown in Fig. 6, the first member 20 has the

flat plate portions 22 having a flat plate-shape and having
a thickness T1 larger than the length L1 of the first open-
ing O1 in the second direction dr2. Since the thickness
T1 of the flat plate portions of the first member 20 is larger
than the length L1 of the first opening O1 in the second
direction dr2, the pressure receiving area that receives
pressure from a refrigerant can be made smaller as com-
pared with a case where the thickness T1 of the flat plate
portions 22 is the same as the length L1 of the first open-
ing O1 in the second direction dr2. In this way, in the heat
exchanger 1 in which the thickness T1 of the flat plate
portions 22 is larger than the length L1 of the first opening
O1 in the second direction dr2, a pressure resistance
strength can be ensured easily.
(3-4)
[0057] If the width W2 of each second opening O2 of
the second member 30 is larger than twice the width W1
of the first opening O1 of the first member 20, the first
opening O1 is less likely to be narrowed by brazing when
the first member 20 and the second member 30 are
brazed.
(3-5)
[0058] With the width W2 of each second opening O2
smaller than half the width W3 of each third opening O3,
it is possible to suppress deterioration of the reinforcing
effect of the second member 30, as compared with a
case where the width W2 is larger than half the width W3.

(4) Modification

(4-1) Modification A

[0059] In the above-described embodiment, in the heat
exchanger 1, the air to be heat-exchanged passes
through only one heat exchanging part 100, as shown in
Fig. 2. However, the number of heat exchanging parts
100 through which the air to be heat-exchanged passes
is not limited to one. For example, two structures shown
in Fig. 2 may be arranged double in the third direction
dr3 to form one heat exchanger 1.

(4-2) Modification B

[0060] In the above-described embodiment, the case
where the first member 20 is an extruded member has
been described. However, the first member 20 is not nec-
essarily formed by extrusion, and may be formed by an-
other method.

(4-3) Modification C

[0061] In the above-described embodiment, the case
where the heat exchanger 1 is manufactured by brazing
in a furnace has been described. However, the members
forming the heat exchanger 1 may be joined to each other
by a method other than furnace brazing. For example,
the members forming the heat exchanger 1 may be joined
to each other by welding.
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(4-4) Modification D

[0062] In the above-described embodiment, the case
where each component of the header 10 is made of alu-
minum or an aluminum alloy has been described. How-
ever, any or all of the components of the header 10 may
be made of a metal other than aluminum or an aluminum
alloy.

(4-5) Modification E

[0063] In the above-described embodiment, the case
where the heat exchanger 1 is an air heat exchanger that
exchanges heat between the refrigerant and the air. How-
ever, the heat exchanger 1 is not necessarily limited to
an air heat exchanger. The heat exchanger 1 may be
configured to exchange heat between the refrigerant and
another heat medium.

(4-6) Modification F

[0064] In the above-described embodiment, the case
where the fin 70 has a plurality of notches 75 and the
multi-hole heat transfer tube 60 is inserted into each of
the notches 75 has been described. However, other
forms of fin may be used for the fin 70. For example, the
fin 70 may have a plurality of through holes arranged in
the first direction dr1, and the multi-hole heat transfer
tubes 60 may be inserted into the through holes. The
header 10 can also be applied to a heat exchanger of a
type without the fin 70.

(4-7) Modification G

[0065] In the above-described embodiment, the case
where the high-pressure refrigerant flowing through the
heat exchanger 1 is the CO2 refrigerant (carbon dioxide
refrigerant) has been described. However, the refrigerant
flowing through the heat exchanger 1 is not necessarily
limited to CO2 refrigerant and may be other refrigerants.

(4-8) Modification H

[0066] In the above-described embodiment, the case
where one fourth member 45 as an insertion margin ad-
justing member is provided has been described. Howev-
er, the number of the fourth members 45 is not limited to
one, and may be two or more.

(4-9) Modification I

[0067] In the above-described embodiment, the case
where the second opening O2, the third opening O3, the
fourth opening O4, and the fifth opening O5 have an oval
shape has been described. However, the shapes of the
second opening O2, the third opening O3, the fourth
opening O4, and the fifth opening O5 are not limited to
an oval shape. The shapes of the second opening O2,

the third opening O3, the fourth opening O4, and the fifth
opening O5 may be, for example, an elliptical shape, a
rectangle shape, or a trapezoid shape.
[0068] While embodiments of the present disclosure
have been described above, it will be understood that
various changes in forms and details may be made there-
in without departing from the spirit and scope of the
present disclosure as set forth in the appended claims.

Reference Signs List

[0069]

1 heat exchanger
10 header
20 first member
21 cylindrical portion
22 flat plate portion
30 second member
40 third member
45 fourth member
50 fifth member
60 multi-hole heat transfer tube
65 hole
O1 first opening
O2 second opening
O3 third opening
O4 fourth opening
O5 fifth opening
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Claims

1. A heat exchanger (1), comprising:

a header (10) that extends in a first direction and
has an inside where a refrigerant flows; and
a plurality of multi-hole heat transfer tubes (60)
inserted into the header in a second direction
intersecting the first direction, each of the multi-
hole heat transfer tubes having a flat shape in
which a width in a third direction intersecting the
first direction is larger than a height in the first
direction at a portion inserted into the header
and including a plurality of holes (65) communi-
cating with the inside of the header, wherein
the header includes
a first member (20) that includes a first opening
(O1) extending in the first direction and having
an Ω-shaped cross section perpendicular to the
first direction,
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a second member (30) that includes a plurality
of second openings (O2) each having a larger
width than the first opening in the third direction,
and
a third member (40) that includes a plurality of
third openings (O3) each having a larger width
than the plurality of second openings in the third
direction and communicating with the plurality
of multi-hole heat transfer tubes, and with which
the plurality of multi-hole heat transfer tubes are
in contact, and
the first member, the second member, and the
third member are disposed in an order of the
first member, the second member, and the third
member, and are joined such that each of the
second openings overlaps each of the third
openings within a range of a width of each of the
third openings in the third direction, and the first
opening overlaps each of the second openings
within a range of a width of each of the second
openings in the third direction.

2. The heat exchanger (1) according to claim 1, wherein
the first member is an extruded member extruded
so as to have an Ω-shaped cross section.

3. The heat exchanger (1) according to claim 1 or 2,
wherein the first member includes a flat plate portion
(22) having a flat plate-shape in which a thickness
is larger than a length of the first opening in the sec-
ond direction.

4. The heat exchanger (1) according to any one of
claims 1 to 3, wherein the first member in the header
and the plurality of multi-hole heat transfer tubes are
made of aluminum or an aluminum alloy.

5. The heat exchanger (1) according to any one of
claims 1 to 4, wherein the refrigerant flowing through
the inside of the header is a carbon dioxide refriger-
ant.

6. The heat exchanger (1) according to any one of
claims 1 to 5, further comprising:

a fourth member (45) that includes a plurality of
fourth openings (O4) through which the plurality
of multi-hole heat transfer tubes pass and is
joined to the third member; and
a fifth member (50) that includes a plurality of
fifth openings (O5) through which the plurality
of multi-hole heat transfer tubes fit and penetrate
and is joined to side surfaces of the first member,
the second member, and the third member, and
to the fourth member.

7. The heat exchanger (1) according to any one of
claims 1 to 6, wherein a width of each of the second

openings in the third direction is larger than twice a
width of the first opening in the third direction.

8. The heat exchanger (1) according to any one of
claims 1 to 7, wherein a width of each of the third
openings in the third direction is larger than twice a
width of each of the second openings in the third
direction.
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