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(57) In a tank structure of a heat exchanger 1 where
end portions of a plurality of tubes 8 are inserted in and
fixed to a tube plate 5, 6 of a tank 3, 4 that is made of
aluminum material, a bead 12a is provided at a position

FIG. 2

TANK STRUCTURE OF HEAT EXCHANGER

of a tube 8 side heading from a half position of a height
H of a side wall portions 11a and 11b of the tank 3, 4 to
extend in a direction perpendicular to a longitudinal di-
rection of the tubes 8.
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Description
[TECHNICAL FIELD]

[0001] The presentinventionrelates to atank structure
of a heat exchanger such as a radiator that is adapted
for a motor vehicle.

[BACKGROUND OF THE INVENTION]

[0002] Japanese Patent Applications Laid-Open Pub-
lication No. 2005 - 299989 and No. 2005 - 326100 dis-
close atechnology of conventional tank structures of heat
exchangers in which both end portions of a plurality of
tubes are inserted into and fixed to a bottom portion of a
tank that is made of aluminum material.

[DISCLOSURE OF THE INVENTION]
[PROBLEM(S) TO BE SOLVED BY THE INVENTION]

[0003] The conventional inventions, however, have a
problem in that they cannot improve coolability of the
heat exchangers, because the tubes of the heat exchang-
ers are limited to thin ones for the reason that the tanks
thereof could have been deformed to expand outwardly
due to thermal shock generated when each tube thereof
thermally expands and contracts in a longitudinal direc-
tion thereof.

[0004] The present invention is made to solve the
above-described problem, and its object is to provide a
tank structure of a heat exchanger that can prevent a
tank from being deformed due to thermal shock gener-
ated when each tube of a heat exchanger thermally ex-
pands and contracts in a longitudinal direction thereof.

[MEANS FOR SOLVING THE PROBLEMS]

[0005] According to a first aspect of the present inven-
tion there is provided a tank structure of a heat exchanger
in which end portions of a plurality of tubes are inserted
in and fixed to a bottom portion of a tank that is made of
aluminum material, where the tank structure is charac-
terized in that a bead is provided at a position of a tube
side heading from a half position of a height of a side wall
portion of the tank to extend in a direction perpendicular
to a longitudinal direction of the tubes.

[0006] According to a second aspect of the present
invention there is provided a tank structure of a heat ex-
changer in which end portions of a plurality of tubes are
inserted in and fixed to a bottom portion of a tank that is
made of aluminum material, where the tank structure is
characterized in that the tank is formed like a vessel to
open toward the tubes, a tube plate is fixed to an opening
peripheral portion of the tank, in a state where the tube
plate and the opening peripheral portion are overlapped
with each other, to form a bottom portion of the tank, and
W1 >2 X 1.5, where W1 is a plate thickness of the tank
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and W2 is a plate thickness of the tube plate.
[EFFECT OF THE INVENTION]

[0007] In the first invention, the tank structure of the
heat exchanger, in which the end portions of the plurality
of tubes are inserted in and fixed to the bottom portion
of the tank that is made of aluminum material, has the
bead thatis provided at the position of the tube side head-
ing from the half position of the height of the side wall
portion of the tank to extend in the direction perpendicular
to the longitudinal direction of the tubes. Therefore, the
tank can be prevented from being deformed due to ther-
mal shock generated when the tubes of the heat ex-
changer thermally expand and contract. In addition, a
flow amount of flowing medium in the tank can be uni-
formed.

[0008] In the second invention, the tank structure of
the heat exchanger, in which the end portions of the plu-
rality of tubes are inserted in and fixed to the bottom por-
tion of the tank that is made of aluminum material, has
the tank that is formed like the vessel to open toward the
tubes. The tube plate is fixed to the opening peripheral
portion of the tank, in the state where the tube plate and
the opening peripheral portion are overlapped with each
other, to form the bottom portion of the tank, and W1 >
2 X 1.5, where W1 is the plate thickness of the tank and
W2 is the plate thickness of the tube plate. Therefore,
each tube can be allowed to thermally expand and con-
tract in a longitudinal direction thereof, and necessary
rigidity of the tank can be ensured.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0009] The objects, features and advantages of the
present invention will become apparent as the descrip-
tion proceeds when taken in conjunction with the accom-
panying drawings, in which:

FIG 1 is a rear view showing a tank structure of a
heat exchanger of a first embodiment according to
the present invention;

FIG 2 is a cross sectional view taken along a line S2
-S2in FIG 1;

FIG. 3 is a perspective cross sectional view taken
along aline S2 - S2in FIG 1;

FIG 4 is a cross sectional view showing a tank struc-
ture of a heat exchanger of a second embodiment
according to the present invention;

FIG 5is a cross sectional view showing a tank struc-
ture of a heat exchanger of a third embodiment ac-
cording to the present invention; and

FIG. 6 is a view showing a tank structure of a heat
exchanger of the other embodiment according to the
present invention.
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[DESCRIPTION OF REFERENCE NUMBERS]

[0010]

P1 vehicle mounting pin

R1, R2 reinforcement member

1 heat exchanger

2 core part

3,4 tank

5,6 tube plate

7 burring hole

8 tube

9 fin

10 outer circumferential wall portion

11,12 bead

13 inlet port

14 outlet port

20 tube plate

21 opening peripheral portion of the tube plate

22 a part of a seat surface of the tube of the tube
plate

23 opening peripheral portion of the tank

24 a part of the bead of the tank

25 skirt-like shaped portion

30 tank

31 skirt-like shaped portion

[BEST MODE FOR CARRYING OUT THE INVENTION]

[0011] Hereinafter, embodiments according to the
present invention will be described with reference to the
accompanying drawings.

[FIRST EMBODIMENT]

[0012] Hereinafter, afirstembodimentaccording tothe
present invention will be described.

Incidentally, the first embodiment in a case where a heat
exchanger is applied to a radiator will be described.
FIG. 1 is a rear view showing a tank structure of a heat
exchanger of the first embodiment according to the
present invention, FIG. 2 is a cross sectional view taken
along aline S2-S2in FIG. 1, and FIG 3 is a perspective
cross sectional view of the same.

[0013] First, an entire construction of the first embod-
iment will be described.

As shown in FIG. 1, a heat exchanger 1 of the first em-
bodiment includes a core part 2, and a pair of tanks 3
and 4 that are arranged above and below the core part
2, respectively.

The core part 2 is composed of a pair of tube plates 5
and 6, a plurality of tubes 8 and a plurality of corrugated
fins 9, where the tube plates 5 and 6 are formed like a
tray to each open in a direction opposite to a tube 8 side,
the tubes 8 have both end portions that are inserted into
and fixed to burring holes 7, shown in FIG. 2, of the cor-
responding tube plates 5 and 6, and the corrugated fms
9 are disposed between the adjacent tubes 8.
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In addition, both end portions of the tube plates 5 and 6
are connected with each other to add to the strength
thereof through a pair of reinforcement members R1 and
R2, respectively.

[0014] Asshownin FIG 2 and FIG. 3, both of the tanks
3 and 4 are formed like a vessel to open toward the tube
8 side, and opening peripheral portions thereof are stuck
up and joined with inner sides of outer peripheral wall
portions 10 of the corresponding tube plates 5 and 6,
respectively, to be formed like a box, so that the tanks 3
and 4 are provided with bottom portions, respectively.
[0015] Inaddition, near the bottom portions of side wall
portions 11a and 11b of the tank 3(4), beads 12a are
provided to extend in a direction perpendicular to the lon-
gitudinal direction of the tubes 8 in a state where the
beads 12a sink toward an interior of the tank 3(4). This
considerably increases the rigidity of the tank 3(4) in a
height direction thereof.

Incidentally, the dimensions of the depth A1 and the
height A2 of the beads 12a may be set appropriately.
Further, the beads 12a are formed in the state where
they sink inwardly from the side wall portions 11a and
11b of the tank 3(4) in the first embodiment, while they
may be formed to project outwardly therefrom.

[0016] Further, beads 12b similar to the beads 12a are
formed above the beads 12a, which further increases the
rigidity of the tank 3(4).

[0017] Incidentally, the plate thickness of the tank 3(4)
of the first embodiment is set to be 1.8 mm, and the plate
thickness of the tube plate 5(6) is set to be 1.0 mm.
[0018] In addition, the tank 3 is provided with an inlet
port 13 that projects rearward in a state where it is fluid-
ically communicated with the interior of the tank 3. On
the other hand, the tank 4 is provided with an outlet port
14 in a state where it is fluidically communicated with the
interior of the tank 4.

Further, eachtank 3, 4 is provided at its both end portions
with vehicle mounting pins P1 that projects in a vertical
direction.

[0019] Incidentally, in the heat exchanger 1 of the first
embodiment, all of construction parts thereof are made
of aluminum material, and at least one sides of joining
portions of the construction parts are provided with a clad
layer (a brazing sheet) of brazing filler material. The con-
struction parts are heat-treated in a not-shown heat fur-
nace to be integrally joined in a state where they are
temporally assembled with each other.

[0020] Next, the operation of the first embodiment will
be described.

The thus-constructed heat exchanger 1 is installed on a
motor vehicle in a state where the vehicle mounting pins
P1 are fixed on anot-shown radiator core support through
mount members that are made of elastic material. The
inlet port 13 and the outlet port 14 are connected with
connecting pipes of a not-shown engine side.

[0021] The high-temperature flowing medium, which
flows in the tank 3 through the inlet port 13 from the engine
side, is cooled down due to heat transfer by air flow gen-



5 EP 2 058 620 A1 6

erated when the motor vehicle is running or air flow gen-
erated by a not-shown electric motor fan, while the flow
medium flows through the core part 2. Then it flows in
the tank 4, and itis discharged toward the engine through
the outlet port 14. Thus, the heat exchanger 1 functions
as a radiator.

[0022] Meantime, in the conventional inventions, the
tanks could have been deformed to expand due to the
thermal shock that is generated when each tubes of the
heat exchanger thermally expands and contracts in the
longitudinal direction thereof. This does not allow the
tubes to be formed thin, and as a result the improvement
in coolability of the heat exchanger cannot be realized.

[0023] Conversely, in the first embodiment, the beads
12a are formed near bottom portions of the side wall por-
tions 11a and 11b of the tanks 3 and 4 to extend in the
direction perpendicular to the longitudinal direction of the
tubes 8 as described above, so that they can especially
reinforce peripheral portions of the bottom portions of the
tanks 3 and 4, thereby preventing the tanks 3 and 4 from
being deformed due to the thermal shock that is gener-
ated when the tubes 8 expand and contract in the longi-
tudinal direction.

Therefore, the tubes 8 can be formed thin, thereby im-
proving the coolability of the heat exchanger 1.

[0024] In addition, the plate thickness of the tank 3(4)
is set to be equal to or larger than that of the tube plate
5(6), so that the stress concentration at the tank 3(4) can
be decreased by absorbing and dispersing the thermal
shock mainly by the tube plate 5(6). Therefore, the du-
rability thereof can be improved.

[0025] Further, in the first embodiment, the opening
peripheral portions of the tanks 3 and 4 are joined with
the inner side of the outer peripheral wall portions 10 of
the tube plates 5 and 6, respectively, in the state where
they are overlapped with each other, so that the rigidity
of these joined portions can be considerably and desir-
ably increased.

[0026] Incidentally, as shown in FIG 2, experiment re-
sults show that desired effect can be obtained in a case
where the beads 12a are provided within an area H2 of
the tube 8 side heading from a half position of the height
H1 of the side wall portions 11a and 11b of the tank 3 (4).
[0027] In the first embodiment, the bottom portions of
the tanks 3 and 4 consist of the tube plates 5 and 6,
respectively, and accordingly the height H1 of the wall
portion of the tank includes the height (the plate thick-
ness) of the tube plate 5, 6.

In other word, the height H1 of the side wall portions of
the tank accurately means the height from a tank-side
root portion of the tube 8 to upper wall portions of the
tank, and itis preferable that the beads 12a be set nearer
the tube 8 side of the tank.

[0028] Inaddition,itis proved thatthe durability against
the thermal expansion and contraction of the tubes 8 in
the longitudinal direction can be improved by setting a
relationship of W1 > W2 X 1.5, where W1 is the plate
thickness of the tank 3(4) and W2 is the plate thickness
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of the tube plate 5(6).

[0029] In the first embodiment, the beads 12a are
formed and the plate thicknesses are set to satisfy the
relationship of W1 > W2 X 1.5, where W1 is the plate
thickness of the tank 3(4) and W2 is the plate thickness
of the tube plate 5(6). Nevertheless, according to config-
urations of the tanks and requested specifications of ther-
mal shock, the plate thicknesses may be set to satisfy
W1 > W2 X 1.5, and no bead may be provided on the
tank. On the other hand, only a bead may be provided
without satisfying the above relationship, or they may be
constructed like the first embodiment.

[0030] In addition, the conventional inventions have a
problem in that a flow amount of flowing medium flowing
through the tubes cannot be uniformed because a flow
distribution thereof in the tank 3 tends to incline toward
a vicinity of the inlet outlet port 13.

[0031] Conversely, in the first embodiment, the flowing
medium, which flows in the tank 3 through the inlet port
13, can be easily flow in the longitudinal direction in the
tank 3 along the beads 12a and 12b. Therefore, the flow-
ing medium can uniformly flow in the tubes 8 from the
tank 3, thereby further improving the coolability of the
heat exchanger 1.

[0032] In addition, the tank 4 is also formed with the
beads 12a and 12b, and accordingly it can obtain the
effects similartothose of the tank 3. There is no possibility
of the increase in flow resistance.

[0033] Next, the effects of the first embodiment will be
described.

As explained above, in the first embodiment, the tank
structure of the heat exchanger 1, in which the end por-
tions of the plurality of tubes 8 are inserted into and fixed
to the tube plates 5 and 6 of the tanks 3 and 4 that are
made of the aluminum material, has the beads 12a that
extend in the direction perpendicular to the longitudinal
direction of the tubes 8, being arranged at the position
of the tube 8 side heading from the half position of the
height H1 of the side wall portions 11a and 11b of the
tank 3(4). Therefore, the tank 3(4) can be prevented from
being deformed due to the thermal shock that is gener-
ated when the tubes 8 of the heat exchanger 1 thermally
expand and contract in the longitudinal direction thereof,
and the flow amount of the flowing medium in the tank 3
can be uniformed.

[0034] In addition, the tank 3(4) is formed like the ves-
sel, and its opening peripheral portion are joined with the
tube pate 5(6), in the state where they are overlapped
with each other to be formed like the box, so that the
bottom portion of the tank 3(4) can be formed. In addition,
the plate thicknesses are set to satisfy the relationship
of W1 > W2 X 1.5, where W1 is the plate thickness of
the tank 3(4) and W2 is the plate thickness of the tube
plate 5(6). Therefore, it can allow the tubes 8 to thermally
expand and contract in the longitudinal direction, ensur-
ing necessary rigidity of the tank 3(4).
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[SECOND EMBODIMENT]

[0035] Hereinafter, a second embodiment according
to the prevent invention will be described.

In the second embodiment, parts and portions similar to
those of the first embodiment are indicated by the same
reference numbers, and their explanation will be omitted,
while only their different parts will be described.

[0036] FIG. 4 is a cross sectional view illustrating a
tank structure of a heat exchanger of the second embod-
iment.

[0037] AsshowninFIG.4,inthe second embodiment,
a tube plate 20 that is formed like a tray to open toward
a tube 8 side is employed instead of the tube plate 5(6)
that is formed like the first embodiment. In addition, the
tube plate 20 is press-fitted in an opening peripheral por-
tion 23 of a tank 3(4), and they are joined with each other
by brazing in a state where they are overlapped with each
other. These constructions are different from the firstem-
bodiment.

[0038] Specifically, an opening peripheral portion 21
and a part 22 of seat surfaces, for the tubes 8, of the tube
plate 20 are fixed by brazing with a skirt-like shaped por-
tion 25 that has a cross section like an L-letter shape
formed by the opening peripheral portion 23 of the tank
3(4) and a part 24 of beads 12a, in a state where they
are surface-contacted with the skirt-like shaped portion
25,whenthetube plate 20 are press-fitted inthe tank 3(4).
[0039] Therefore, the second embodiment can obtain
the following effects in addition to those of the first em-
bodiment. Contact areas of the tubes 8 and the tank 3
(4) can be increased, thereby being well brazed with each
other and increasing the rigidity of their peripheral por-
tions.

[0040] In addition, the tube plate 20 and the tank 3(4)
can be positioned relative to each other by contacting
the part 22 of the seat surfaces of the tubes 8 with the
part 24 of the bead 12 when the tube plate 20 is press-
fitted in the tank 3(4). Therefore, they can be brazed with
each other, being assembled with high accuracy.

[THIRD EMBODIMENT]

[0041] Herein after, a third embodiment according to
the present invention will be described.

In the third embodiment, parts and portions similar to
those of the second embodiment are indicated by the
same reference numbers, and their explanation will be
omitted, while only their different parts will be described.
[0042] FIG. 5 is a cross sectional view illustrating a
tank structure of a heat exchanger of the third embodi-
ment.

[0043] AsshowninFIG 5, inthe third embodiment, the
beads 12a and 12b, which are explained in the first em-
bodiment, are removed, and it employs a tank 50, which
is shaped like avesselto open toward tubes 8. In addition,
a tube plate 20 and a skirt-like shaped portion 31 are
fixed with each other by brazing in a state where the tube
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plate 20 is press-fitted in an inner side of the skirt-like
shaped portion 31, where the tube plate 20 is constructed
as explained in the second embodiment, and the skirt-
like shaped portion 31 has a cross section formed like
an L-letter shape and is formed around an opening pe-
ripheral portion thereof. These constructions are different
from the second embodiment.

[0044] Specifically, the opening peripheral portion 21
of the tube plate 20 and a part of seat surfaces of the
tubes 8 are fixed with the skirt-like shaped portion 31 of
the tank 3(4) by brazing in a state where they are surface-
contacted with the inner side of the skirt-like portion 31,
when the tube plate 20 is press-fitted in the tank 3(4).
[0045] Similarly to the second embodiment, in the third
embodiment, the tube plate 20 and the tank 3(4) can be
well brazed due to the increase in the contact area there-
of, thereby obtaining necessary rigidity of the peripheral
portions.

[0046] As the embodiments have been explained, but
the present invention is not limited to the embodiments,
and its design changes and modifications are contained
in the present invention as long as they do not depart
from the subject of matter of the present invention.

For example, the heat exchanger employs the radiator
in the embodiments, while it may employ a general heat
exchanger such as an intercooler.

[0047] In addition, as shown in FIG 6, it may employ a
tank 41 that has a cross section shaped like a U-letter to
open in a front and back direction of a motor vehicle, its
opening portion being closed up by a lid plate 40. In this
case, a bead 42, which is formed similarly to the first
embodiment, may be provided on a portion near a bottom
portion of a tank 41 on one side wall portion 41 of side
the wall portions 41a and 41b of the tank 41, and a portion
near a bottom portion of the other side wall portion 41b
thereof may be overlapped with the lid plate 40, in order
to increase the rigidity of a peripheral portion near the
bottom portion of the tank 41.

Claims

1. A tank structure of a heat exchanger in which end
portions of a plurality of tubes are inserted in and
fixed to a bottom portion of a tank that is made of
aluminum material, the tank structure characterized
in that
abeadis provided at a position of a tube side heading
from a half position of a height of a side wall portion
of the tank to extend in a direction perpendicular to
a longitudinal direction of the tubes.

2. The tank structure of the heat exchanger according
to the claim 1, wherein
the tank is formed like a vessel to open toward the
tubes, and wherein
a tube plate, which is formed like a tray to open to-
ward the tubes, forms the bottom portion of the tank
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by being fixed to a skirt-like shaped portion which
has a cross section shaped like an L-letter and is
formed around an opening peripheral portion of the
tank in a state where the tube plate is press-fitted in
to be overlapped with an inner side of the skirt-like
shaped portion.

A tank structure of a heat exchanger in which end
portions of a plurality of tubes are inserted in and
fixed to a bottom portion of a tank that is made of
aluminum material, the tank structure characterized
in that

the tank is formed like a vessel to open toward the
tubes, wherein

a tube plate is fixed to an opening peripheral portion
of the tank, in a state where the tube plate and the
opening peripheral portion are overlapped with each
other, to form a bottom portion of the tank, and
wherein

W1 > W2 X 1.5, where W1 is a plate thickness of
the tank and W2 is a plate thickness of the tube plate.

The tank structure of the heat exchanger according
to claim 3, wherein

the tank is formed like a vessel to open toward the
tubes, and wherein

a tube plate, which is formed like a tray to open to-
ward the tubes, forms the bottom portion of the tank
by being fixed to a skirt-like shaped portion which
has a cross section shaped like an L-letter and is
formed around an opening peripheral portion of the
tank in a state where the tube plate is press-fitted in
to be overlapped with an inner side of the skirt-like
shaped portion.
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FIG. 2
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FIG. 3
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FIG. 4
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FIG. 5
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FIG. 6
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extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIT Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

A matter common to the invention in claim 1 (hereafter, referred to as "the
specific invention") and the invention in claim 3 is "the tank structure
of the heat exchanger in which the ends of the tubes are inserted into and
fixed to the bottom parts of the aluminum tanks". However, it is apparent
that the common matter makes no contribution over the prior art.

There ig no same or corresponding technical features in those portions other
than the matter common to the specific invention and the invention in claim
3.

(continued to extra sheet)

L. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest L] The additional search fees were accompanied by the applicant’s protest and, where applicable,
the payment of a protest fee.

|:| The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.
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Since the invention in independent claim 3 and the invention in claim
4 referring to claim 3 do not have a common matter considered to be
a special technical feature in the meaning of the second sentence of
PCTrule 13.2 inregard to the specific invention, any technical relation
in the meaning of PCT rule 13 cannot be found out.

The result of gsearch reveals that the specific invention is not novel
gince it is disclosed in the paragraphs [0035] to [0043] of Japanese
Patent Laid-open No. 9-126684.

Therefore, since the gspecific invention makes no contribution over
the prior art, there is no special technical feature in the matter for
specifying the specific invention in the meaning of the second sentence
of PCT rule 13.2.

Consequently, the invention in independent c¢laim 3 and the invention
in claim4 referring to that claim do not have a common matter considered
to be a special technical feature in the meaning of the second sentence
of PCT rule 13.2 in regard to the specific invention, and therefore,
any technical relation in the meaning of PCT rule 13 cannot be found
out.

Asaresult, theinventionsinclaimsg1l-4donot fulfill the requirement
of unity of invention.
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