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(54) FLAT TUBE FOR ALUMINIUM HEAT EXCHANGER

(57) An aluminum-made flat tube for a heat exchang-
er is fabricated from an aluminum strip-shaped material
which is structured by a core material (1) coated with a
sacrificial anode material (2) on the inner face thereof
and coated with a brazing filler metal (3) on the outer face
thereof by bending in the width direction to form a nearly

B-shaped flat cross section. To improve the corrosion
resistance of the inner face of the tube, the both edge
parts of the strip-shaped material in the width direction
thereof are bent inward into the tube so as the front end
edge of the edge part to become apart from the flat inner
face of the tube.
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Description

Technical Field

[0001] The present invention relates to an alumi-
num-made flat tube for a heat exchanger, having a
B-shape-bend cross section and being coated with a
brazing filler metal on the outer face thereof.

Background Art

[0002] As seen in Fig. 9, the aluminum-made flat tube
for a heat exchanger, has a flat and nearly B-shaped
cross section, in which a partition part 7 stands erect at
the center of the width direction and comprises its top to
connect with a joint part 8 formed by folding the both edge
parts of a strip-shaped material. At the joint part 8, the
both edge parts of the strip-shaped material are
turned-up by 180° to expose their respective brazing filler
metals 3 to the inner side, the brazing filler metals 3 con-
tacting the top of the partition part 7.
[0003] The flat tube thus formed is placed in a high
temperature furnace, where the brazing filler metal 3 is
fused, and then is cooled to solidify, allowing the brazing
filler metal 3 to braze the top of the partition part 7 and
the joint part 8 to fix with each other, as seen in Fig. 10.
At that moment, fins 11 and a tube plate (not shown) also
are integrally brazed to fix with each other, (for example,
see the Description of USP 5765634).
[0004] The above B-shaped flat tube has an advantage
of high pressure-resistance owing to the presence of the
partition part 7.
[0005] The above B-shaped flat tube, however, is
found to have a drawback of poor corrosion resistance
in inner face of the tube. For a radiator, for example, it is
a known practice that the inner face of the tube is coated
with a sacrificial anode material made of an aluminum
alloy to improve the corrosion resistance. However, on
brazing the partition part 7 by the brazing filler metal on
the outer face of the tube, both edge parts of the
strip-shaped material in the width direction thereof are
turned-up inward, then, it was found that the brazing filler
metal 3 is held on the turned-up top face during fusing
the brazing filler metal, as shown in Fig. 10, which held
brazing filler metal then contacts the sacrificial anode ma-
terial, and the corrosion likely proceeds at the contact
section.
[0006] The reason of the phenomenon is as follows.
[0007] When the brazing filler metal 3 adheres to the
sacrificial anode material 2 and when it is heated, the
sacrificial anode material 2 and the brazing filler metal 2
yield a new aluminum alloy. The potential of the new alu-
minum alloy becomes close to the potential of the core
material, thus the effect of sacrificial anode becomes ex-
tremely weak, and thereby the corrosion attack concen-
trates against the contact section.
[0008] In this regard, an object of the present invention
is to provide a B-shaped flat tube to solve the problem

of the inner face corrosion.

Disclosure of the Invention

[0009] The first aspect of the present invention, dis-
closed in claim 1, is an aluminum-made flat tube for a
heat exchanger, fabricated by an aluminum strip-shaped
material being structured by a core material (1) coated
with a sacrificial anode material (2) on the inner face
thereof and coated with a brazing filler metal (3) on the
outer face thereof into a nearly B-shaped cross section,
which strip-shaped material is bent in the width direction
thereof to have: a pair of a first flat plane (4) and a second
flat plane (5), facing and extending in parallel to each
other; a pair of curved parts (6) connecting the first flat
plane (4) and the second flat plane (5) in the width direc-
tion; a partition part (7) being formed by turning-up the
first flat plane (4) at the center in the width direction there-
of vertically inward therefrom; a joint part (8) formed by
turning-up the each edge part of the strip-shaped material
at the center in the width direction of the second flat plane
(5) to butt the turned-up edges with each other, and by
connecting the turned-up edge parts to the partition part
(7); wherein the both edge parts in the width direction of
the strip-shaped material are folded inward into the tube,
and the edges are apart from the inner face of the second
flat plane (5).
[0010] The second aspect of the present invention, dis-
closed in claim 2, is the aluminum-made flat tube for a
heat exchanger as in claim 1, wherein the both edge parts
in the width direction are formed to butt to each other in
a form of umbrella-shaped cross section, and the top of
the partition part (7) contacts the inner top face of the
umbrella.
[0011] The third aspect of the present invention, dis-
closed in claim 3, is the aluminum-made flat tube for a
heat exchanger as in claim 2, wherein a concave brazing
filler metal basin (9) is formed near the front end of each
edge part.
[0012] The fourth aspect of the present invention, dis-
closed in claim 4, is the aluminum-made flat tube for a
heat exchanger as in claim 1, wherein the each edge
parts in the width direction have their respective leg parts
(13) formed by bending orthogonal to the second flat
plane (5), while the front end portion of each bent part is
turned-up toward the second flat plane (5) by a length
shorter than the length of the leg part (13), and the
turned-up top face contacts the top of the partition part
(7).
[0013] The fifth aspect of the present invention, dis-
closed in claim 5, is the aluminum-made flat tube for heat
exchanger as in claim 1, wherein the both edge parts in
the width direction have their respective leg parts (13)
bent orthogonal to the second flat plane (5), while the
front end portion of each bent part is further bent to nearly
parallel to the second flat plane (5), and the bent top face
contacts the top of the partition part (7).
[0014] The sixth aspect of the present invention, dis-
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closed in claim 6, is an aluminum-made flat tube for a
heat exchanger, fabricated by an aluminum strip-shaped
material being structured by a core material (1) coated
with a sacrificial anode material (2) on the inner face
thereof and coated with a brazing filler metal (3) on the
outer face thereof into a nearly B-shaped flat cross sec-
tion, which strip-shaped material is bent in the width di-
rection thereof to have: a first flat plane (4) and a second
flat plane (5), facing and extending in parallel to each
other; a pair of curved parts (6) connecting the first flat
plane (4) and the second flat plane (5) in the width direc-
tion; a partition part (7) being formed by turning-up the
first flat plane (4) at the center in the width direction there-
of vertically inward therefrom; an overlapping part (8)
formed by overlapping the each edge part of the
strip-shaped material at the center in the width direction
of the second flat plane (5) with each other, and by con-
necting the overlapped part to the partition part (7) ;
wherein one edge part in the width direction of the
strip-shaped material extends over the second flat plane
(5), while the other edge part is formed into a step inward
the inner face by the thickness of the strip-shaped ma-
terial, and the front end portion of the stepped part is
turned-up to a middle position of the stepped part, then
the turned-up overlapped part (10) contacts the top of
the partition part (7).
[0015] The flat tube according to the present invention
has a structure described above, and provides following
effects.
[0016] The flat tube is an aluminum-made flat tube fab-
ricated by an aluminum strip-shaped material being
structured by a core material 1 coated with a sacrificial
anode material 2 on the inner face thereof and coated
with a brazing filler metal 3 on the outer face thereof.
Both end parts of the strip-shaped material at the joint 8
are folded inward into the tube, while each edge of the
folded parts is apart from the second flat plane 5. The
configuration prevents the fused brazing filler metal from
adhering to the sacrificial anode material 2 on the inner
face of the second flat plane 5 during brazing, thus pre-
venting the inner face corrosion caused by the adhesion
of brazing filler metal, and thereby providing a highly re-
liable flat tube.
[0017] With the configuration, it is possible to structure
a flat tube by letting both the edge parts in the width di-
rection of the strip-shaped material as the basic material
are formed to butt to each other in an umbrella-shaped
cross section, and by letting the top of the partition part
7 contact the inner top face of the umbrella. The config-
uration ensures easy forming and high corrosion resist-
ance on the inner face of the tube.
[0018] The above configuration may further have a
concave brazing filler metal basin 9 formed near the front
end of each edge part. With the configuration, the pres-
ence of brazing filler metal basin 9 holds the fused brazing
filler metal, thereby further surely preventing the adhe-
sion of brazing filler metal to the sacrificial anode material
2.

[0019] According to the first aspect of the present in-
vention, both edge parts in the width direction are bent
orthogonal to the second flat plane 5, and the leg part 13
is formed at the bent part, further the bent part is
turned-up so as the front end portion of the bent part to
become shorter than the length of the leg part 13, thereby
allowing the turned-up top face to contact the top of the
partition part 7. Also in this case, the turned-up part is
shorter than the length of the leg part 13 so that the fused
brazing filler metal is prevented from reaching the sacri-
ficial anode material 12 on the second flat plane 5, there-
by providing a highly durable flat tube.
[0020] According to the first aspect of the present in-
vention, both end parts of the strip-shaped material are
bent orthogonal to the second flat plane 5 to form the leg
part 13, and the front end portion of the bent part is bent
to near parallel to the second flat plane 5, thereby allow-
ing the bent top face to contact the top of the partition
part 7. In this case, the presence of leg part 13 further
prevents the fused brazing filler metal from adhering to
the sacrificial anode material 2 on the second flat plane
5 on fusing the brazing filler material, thereby providing
a highly reliable flat tube.
[0021] Furthermore, it is possible that both edge parts
in the width direction of the strip-shaped material overlap
with each other to form a step for only one edge part by
the thickness of the strip-shaped material, and that the
front end portion of the stepped edge part is turned-up
to a middle position of the stepped part, thereby allowing
the overlapped part 10 of the turned-up part to contact
the top of the partition part 7. Also in this case, the fused
brazing filler metal is effectively prevented from reaching
the sacrificial anode material 2 on the second flat plane
5 during fusing the brazing filler metal, thus providing a
highly durable flat tube.

Brief Description of the Drawings

[0022]

Fig. 1 shows a cross sectional view of a flat tube in
the first embodiment according to the present inven-
tion, giving the state before brazing.
Fig. 2 shows a cross sectional view of a main-part
of the flat tube, giving the state after brazing.
Fig. 3 shows a cross sectional view of a main part
of a flat tube in the second embodiment according
to the present invention.
Fig. 4 shows a cross sectional view of a main part
of a flat tube in the third embodiment according to
the present invention.
Fig. 5 shows a cross sectional view of a main part
of a flat tube in the fourth embodiment according to
the present invention.
Fig. 6 shows a cross sectional view of a main part
of a flat tube in the fifth embodiment according to the
present invention.
Fig. 7 shows a cross sectional view of a main part
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of a flat tube in the sixth embodiment according to
the present invention.
Fig. 8 shows a cross sectional view of a main part
of a flat tube in the seventh embodiment according
to the present invention.
Fig. 9 shows a cross sectional view of a conventional
flat tube, giving the state before brazing.
Fig. 10 shows a cross sectional view of a conven-
tional flat tube, giving the state after brazing.

Best Mode for Carrying Out the Invention

[0023] The embodiments of the present invention are
described below referring to the drawings.
[0024] Fig. 1 shows a cross sectional view of a flat tube
in the first embodiment according to the present inven-
tion, giving the state before brazing. Fig. 2 shows a cross
sectional view of a main part of the flat tube, giving the
state after brazing.
[0025] The first embodiment gives a flat tube formed
by bending an aluminum strip-shaped material in the
width direction thereof, which strip-shaped material is
structured by the aluminum core material 1 coated with
a brazing filler metal 3 made of an aluminum alloy on the
outer face thereof and coated with a sacrificial anode
material 2 made of an aluminum alloy on the inner face
thereof.
[0026] The strip-shaped material is bent in the width
direction thereof to let the first flat plane 4 and the second
flat plane 5 face to each other in parallel, while connecting
both the first and second flat planes in the width direction
thereof by a pair of curved parts 6. Furthermore, the par-
tition part 7 is formed at the center of the first flat plane
4 in the width direction thereof by turning-up the first flat
plane 4 at that position vertically inward therefrom, while
both the edge parts of the strip-shaped material are fold-
ed inward into the tube at the center of the second flat
plane 5 in the width direction thereof to butt to each other
in a form of umbrella-shaped cross section, and the top
of the partition part 7 contacts the inner top face of the
umbrella. The folded part is in a state of non-contact with
the inner face of the second flat plane 5. In addition, the
brazing filler metal basin 9 in a concave V-shape cross
section is formed near the front end of the folded part.
[0027] A plurality of the flat tubes having the above
cross sectional shape is arranged at a certain space, and
fins 11 are arranged between individual flat tubes, as
shown in Fig. 2. At each end of the flat tube in the longi-
tudinal direction, a hole for a header tube on the header
plate (not shown) is provided to connect therewith, thus
forming a core. On the both sides of the core, support
members are placed to structure the heat exchanger.
[0028] Thus assembled heat exchanger is placed in a
high temperature furnace, where the brazing filler metal
3 on the outer face of each flat tube is fused. By cooling
to solidify the fused brazing filler metal 3, every contact
part of the joint 8 of the flat tube, the top of the partition
part 7 of the flat tube, the fin 11, and the like is brazed.

Since there is a gap between the folded part and the inner
face of the second flat plane 5, the brazing filler metal
exposed to the inner face of the tube does not adhere to
the sacrificial anode material 2. In addition, the brazing
filler metal basin 9 holds the brazing filler metal 3, thereby
effectively preventing the migration of the brazing filler
metal toward the sacrificial anode material 2.
[0029] Fig. 3 shows a flat tube of the second embodi-
ment of the present invention. The difference from the
first embodiment of Fig. 1 is that the angle between the
folded pat 14 and the second flat plane 5 is larger than
that of the first embodiment. The large angle further ef-
fectively prevents the adhesion of brazing filler metal 3
to the inner face of the second flat plane 5 during fusing
the brazing filler metal.
[0030] Fig. 4 shows a flat tube of the third embodiment
of the present invention. The folded part 14 of the joint
part 8 is formed by firstly turning-up by 180° to the second
flat plane 5, and then the folded edge portion is tilted
inward so as the front end portion of the folded edge part
to become apart from the inner face of the second flat
plane 5. With the configuration, the fused brazing filler
metal is prevented from adhering to the inside face of the
second flat plane 5 during fusing the brazing filler metal.
[0031] Fig. 5 shows a flat tube of the fourth embodi-
ment of the present invention. The strip-shaped material
is bent orthogonal to the second flat plane 5 at the joint
part 8. A pair of leg parts 13 is placed to contact the bent
part, while the front end portion of the bent part is further
turned-up by a length shorter than the length of the leg
part 13. With the configuration, even when the brazing
filler metal on the outer face of the tube is fused, the fused
brazing filler metal does not reach the inner face of the
second flat plane 5. Even if a trace amount of brazing
filler metal adheres to the leg part 13, that part is inde-
pendent of the tube leak so that no effect on the corrosion
resistance occurs.
[0032] Fig. 6 shows a flat tube of the fifth embodiment
of the present invention. The differences from the fourth
embodiment of Fig. 5 are that the front end portion of the
leg part 13 is bent parallel to the second flat plane 5 and
that the bent top face contacts the partition part 7. Also
the embodiment does not allow the fused brazing filler
metal to adhere to the sacrificial anode material 2 on the
inner face of the second flat plane 5 during fusing the
brazing filler metal.
[0033] Fig. 7 shows a flat tube of the sixth embodiment
of the present invention. According to the embodiment,
an edge part of the strip-shaped material extends over
the second flat plane 5, while the other edge part is
formed into a step inward into the tube by the thickness
of the strip-shaped material, and the stepped edge part
is further turned-up by 180°. The length of the turned-up
part is shorter than the length of the stepped part. The
overlapped part 10 contacts the top of the partition part
7. In this case, the brazed part at the joint of the second
flat plane 5 is formed in triple layers, thereby further in-
creasing the corrosion resistance.
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[0034] Fig. 8 shows a flat tube of the seventh embod-
iment of the present invention. According to the embod-
iment, an edge part of the strip-shaped material is formed
into a step by a length of double the thickness of the
strip-shaped material, while the other edge part is
turned-up by 180° and further is bent so as the front end
of the turned-up part to become apart from the inner face
of the second flat plane 5. Then, notches 12 are formed
at the top of the partition part 7 at a certain interval. From
the notches, the brazing filler metal 3 on the outer face
of the partition part 7 flows out, thus brazing the
key-shaped bend part 15 at one edge part of the second
flat plane 5 with the top of the partition part 7. Both edge
parts of the strip-shaped material are brazed together by
the brazing filler metal coating the outer face of them.

Claims

1. An aluminum-made flat tube for a heat exchanger,
fabricated by an aluminum strip-shaped material be-
ing structured by a core material (1) coated with a
sacrificial anode material (2) on the inner face thereof
and coated with a brazing filler metal (3) on the outer
face thereof into a nearly B-shaped flat cross section,
the strip-shaped material being bent in the width di-
rection thereof to have: a pair of a first flat plane (4)
and a second flat plane (5), facing and extending in
parallel to each other; a pair of curved parts (6) con-
necting the first flat plane (4) and the second flat
plane (5) in the width direction; a partition part (7)
being formed by turning-up the first flat plane (4) at
the center in the width direction thereof vertically in-
ward therefrom; a joint part (8) formed by turning-up
each edge part of the strip-shaped material at the
center in the width direction of the second flat plane
(5) to butt the turned-up edges with each other, and
by connecting the turned-up edge parts to the parti-
tion part (7); wherein the both edge parts in the width
direction of the strip-shaped material are folded in-
ward into the tube, and the edges are apart from the
inner face of the second flat plane (5).

2. The aluminum-made flat tube for a heat exchanger
as in claim 1, wherein the both edge parts in the width
direction are formed to butt to each other in a form
of umbrella-shape cross section, and the top of the
partition part (7) contacts the inner top face of the
umbrella.

3. The aluminum-made flat tube for a heat exchanger
as in claim 2, wherein a concave brazing filler metal
basin (9) is formed near the front end of each edge
part.

4. The aluminum-made flat tube for heat exchanger as
in claim 1, wherein the both edge parts in the width
direction have their respective leg parts (13) formed

by bending orthogonal to the second flat plane (5),
while the front end portion of each bent part is
turned-up toward the second flat plane (5) by a length
shorter than the length of the leg part (13), and the
turned-up top face contacts the top of the partition
part (7).

5. The aluminum-made flat tube for a heat exchanger
as in claim 1, wherein the both edge parts in the width
direction have their respective leg parts (13) bent
orthogonal to the second flat plane (5), while the front
end portion of each bent part is further bent to nearly
parallel to the second flat plane (5), and the bent top
face contacts the top of the partition part (7).

6. An aluminum-made flat tube for heat exchanger, fab-
ricated by an aluminum strip-shaped material being
structured by a core material (1) coated with a sac-
rificial anode material (2) on the inner face thereof
and coated with a brazing filler metal (3) on the outer
face thereof into a nearly B-shaped flat cross section,
the strip-shaped material being bent in the width di-
rection thereof to have: a first flat plane (4) and a
second flat plane (5), facing and extending in parallel
to each other; a pair of curved parts (6) connecting
the first flat plane (4) and the second flat plane (5)
in the width direction; a partition part (7) being formed
by turning-up the first flat plane (4) at the center in
the width direction thereof vertically inward there-
from; an overlapping part formed by overlapping
each edge part of the strip-shaped material at the
center in the width direction of the second flat plane
(5) with each other, and by connecting the over-
lapped part to the partition part (7); wherein an edge
part in the width direction of the strip-shaped material
extends over the second flat plane (5), while the other
edge part is formed into a step inward the inner face
by the thickness of the strip-shaped material, and
the front end part of the stepped part is turned-up to
a middle position of the stepped part, then a
turned-up overlapped part (10) contacts the top of
the partition part (7).
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