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(57) A tube insertion structure of a heat exchanger
includes a header tank (120) having a tube hole (121a),
and a tube (111) having a rectangular cross-section in-
serted in the tube hole (121a) at a longitudinal end
(111a) with an abutment portion (131) of the tube (111)
brazed to the tank (120). A narrow side (111b) of the
rectangular flat section of the tube (111) is expanded
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Tube insertion structure of a heat exchanger

outwardly into a protruding arc shape in close proximity
of the abutment portion (131) of the tube (111). The arc
shape on the narrow side of the tube is formed simulta-
neously in a mouth of the tube (111) expansion process.
In this manner, a durable rooted structure near the tube
insertion portion of a heat exchanger with reduced suc-
tion friction of fluid flowing in the tube (111) is provided.
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Description

[0001] This invention relates to a tube insertion struc-
ture of a heat exchanger and its manufacturing method
and, more specifically, to a structure of an intercooler
that cools an intake air for combustion in an internal
combustion engine.

[0002] A conventional heat exchanger such as an in-
tercooleris disclosed in JP 2002-286395. This intercool-
eris for cooling an intake air for combustionin an internal
combustion engine. The intercooler is formed of multiple
tubes and outer fins alternately layered. Longitudinal
ends of the tubes are connected to a header tank. A por-
tion of the tube that connects to the tank, so called a
'rooted portion,' is formed by inserting the tube into a
hole bored on a core plate of the header tank and braz-
ing an abutment portion of the tube to the hole. (This is
illustrated in FIG. 4 of JP 2002-286395.)

[0003] Inthis case, a cross-sectional area of the tube
is maximized to decrease a suction friction of the intake
air flowing in the tube. This helps increase a cooling ca-
pacity. The sectional area of the tube has a rectangular
flat shape for maximized space utilization. (This is illus-
trated in FIG. 2 of JP 2002-286395.)

[0004] However, during operation of the intercooler,
stress tends to accumulate near the corner of the rec-
tangular shape in the tube around the abutment portion.
This is due to variations in the temperature and pressure
of the intake air. This stress reduces the life of the prod-
uct.

[0005] In view of the above problems, it is an object
of the present invention to provide a durable tube inser-
tion structure of a heat exchanger with decreased suc-
tion friction of a fluid in the tube and a method of man-
ufacturing the same.

[0006] The presentinvention uses the following tech-
nical elements to solve the problems. The invention is
characterized by a tube insertion structure of a heat ex-
changer where a longitudinal end of a tube in a rectan-
gular flat section is inserted in a tube hole on a header
tank with an abutment portion of the tube brazed to the
tank. The abutment portion is formed in an outwardly
protruding shape on a narrow side of the rectangular flat
section.

[0007] Inthis structure, an angle ata corner of the rec-
tangular flat section at the abutment portion of the tube,
that is, in the proximity of a rooted portion, can be in-
creased. Therefore, heat stress and pressure stress in
the proximity of the rooted portion of the tube caused by
a heat exchanger operation are born uniformly by the
arc-shaped narrow side. As a result, a lifetime of the
rooted portion of the tube and its proximity is increased
because those stresses less accumulate at the corner
of the rectangular flat shape.

[0008] Friction between fluid in the tube and a wall of
the tube will not be changed in this structure, because
most of the entire passage except for the rooted portion
of the tube is formed in a rectangular shape.
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[0009] The present invention is further characterized
by a radius of the arc shape formed on the narrow side
of the rectangular flat shape being greater than one half
of a distance between opposing broad sides.

[0010] In this manner, the rooted portion of the tube
and its proximity are kept close to a basic shape, that
is, a rectangular flat sectional shape. This contributes to
increase a lifetime of the rooted portion.

[0011] Yet another aspect of the present invention is
characterized by the tube and the header tank being
used as components of an intercooler that cools an in-
take air for combustion in an internal combustion en-
gine. The present invention is preferably used to im-
prove a cooling capacity of the intercooler where a high
temperature of the intake air increases heat stress in the
heat exchanger.

[0012] A manufacturing method of a tube insertion
structure of the heat exchanger is also another aspect
that characterizes this invention. In this method, the lon-
gitudinal end of the tube in a rectangular flat section is
inserted in the tube hole on a core plate formed as a part
of the header tank. Then, a mouth on the longitudinal
end of the tube is expanded outwardly towards the tube
hole side by inserting an expansion jig so that the tube
and the core plate can be brazed at the abutment portion
to form a rooted portion of the heat exchanger.

[0013] In this manner, the narrow side of the rectan-
gular flat section of the tube is formed in an arc shape
and is expanded at the same time in a normal manufac-
turing process. Therefore, the rooted portion of the tube
can be easily structured in a heat exchanger.

[0014] Other objects, features and advantages of the
present invention will become more apparent from the
following detailed description made with reference to the
accompanying drawings, in which:

FIG. 1 is a front view of an intercooler according to
a first embodiment of the present invention;

FIG. 2 is a cross-sectional view of the intercooler
taken along line Il - 1l of FIG. 1;

FIG. 3 is a cross-sectional view of a portion of the
intercooler encircled by line Il of FIG. 1;

FIG. 4 is an end view of a tube of the intercooler as
viewed from reference numeral 1V in FIG. 3;

FIG. 5 is a perspective view of the tube of FIG. 4;
and

FIG. 6 is a perspective view of an expansion jig ap-
proaching the intercooler of FIG. 1 during manufac-
ture.

[0015] A rooted structure of a heat exchanger tube in
the present invention is applied to an air-cooled inter-
cooler 100. The embodimentis described with reference
to FIGS. 1 to 6.

[0016] The intercooler 100 is used to exchanger heat
between intake for combustion in an automotive engine
(an internal combustion engine) and a cooling air to cool
the intake air. The intercooler 100 includes a core 110



3 EP 1 555 502 A2 4

and a pair of header tanks 120. Each component de-
scribed below is made of aluminum or an aluminum al-
loy. An abutment portion between those components is
brazed to form a heat exchanger.

[0017] The core 110 includes, as shown in FIGS. 1
and 2, alternating layers of tubes 111 and outer fins 112
stacked between a pair of side plates 113. The tubes 11
include inner fins 114 disposed therein. The side plates
113 are disposed on opposite sides of the alternating
layers of tubes 111 and outer fins 112.

[0018] For the sake of brevity only a single tube 111,
outer fin 112, and side plate 113 will now be described
in detail. The tube 111 is a pipe that lets the intake air-
flow pass therethrough. The tube 111 has a flat rectan-
gular shape to reduce frictional losses of the intake air
while maximizing its cross-sectional area in a limited
space. The inner fin 114 disposed in the tube 111 is
formed in a wave shape using a thin plate. The inner fin
114 causes turbulence in the intake air to increase heat
conductivity of the intake air. The inner fin 114 is effi-
ciently inserted in the tube 111 without leaving a dead
space therein, because the section of the tube 111 is
rectangular.

[0019] The outer fin 112 is similar to the inner fin 114
and is also formed in a wave shape using a thin plate.
The outer fin 112 has multiple louvers 112a in a flat por-
tion. The louvers 112a are formed by cutting and bend-
ing. These louvers 112a facilitate heat exchange of the
intake air by expanding a heat dissipation area to the
cooling air and by causing turbulence in the intake air.
[0020] The side plate 113 works as a reinforcement
member that extends in a longitudinal direction of the
tube 111. A section of the side plate 113 is formed ap-
proximately in a U shape. Arib is disposed at the center
on the inside area of U shaped plate 113. The rib ex-
tends in the longitudinal direction of the tube 111.
[0021] The tube 111 is formed by folding plates with
brazing filler on both sides and by electric-welding the
folded plates at their edges. The outer fins 112 and the
inner fins 114 are brazed on the tube 111 by the brazing
filler. The side plate 113 has a side surface covered with
brazing filler facing to the outer fin 112. The outermost
outer fin 112 is brazed to the side plate 113 by the braz-
ing filler.

[0022] The pair of header tanks 120 of the intercooler
100 are disposed on opposite sides of longitudinal ends
111a (tube end 111a hereinafter) of the tubes 111. The
header tanks 120 connect the alternately stacked tubes
111 at the tube ends 111 a. The header tanks 120 are
comprised of a core plate 121 that connects the tubes
111 and a tank body 122. The tank body 122 forms a
tank space with the core plate 121 welded thereon.
[0023] The core plate 121, with a pre-coating of braz-
ing filler on both surfaces, has a small side wall 121 b
disposed on both broad sides, as shown in FIG. 6. The
core plate 121 also has tube holes 121 a in areas cor-
responding to the tube ends 111a. The tube ends 111 a
are inserted in the tube holes 121 a and brazed to the
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core plates 121 at an abutment portion 131 (shown in
FIG. 3) by the pre-coated brazing filler on both of the
tube 111 and the plate 121. The brazed area at the abut-
ment portion 131 is formed as a so-called rooted portion
130. The longitudinal ends of the side plates 113 are
brazed to the core plate 121 by the pre-coated brazing
filler thereon.

[0024] The present invention is characterized by a
shape of the tube 111 in the proximity of this rooted por-
tion 130. More specifically, the rectangular tube 111 in-
cludes opposing narrow sides 111b and opposing broad
sides 111c, as shown in FIGS. 4 and 5. The narrow sides
111b are expanded into protruding arcs in close proxim-
ity to the rooted portion 130. The narrow sides 111b
therefore include an arc shape having a radius R1 that
is greater than one half of a distance W between the two
broad sides 111c of the tube 111.

[0025] In this embodiment, the tube 111 has a broad
side measurement of 65 mm and a narrow side meas-
urement of 8.9 mm. The arc shape of the narrow side
111b has a radius R1 of 8.6 mm. The broad side 111c
and the arc shape of the narrow sides 111b are connect-
ed by an arc at a corner 111d having a radius of 2 mm.
[0026] The core plates 121 having tubes 111 connect-
ed thereto have, as shown in FIG. 1, the welded con-
tainer-shape tank bodies 122 and define openings
122a. The header tank 120 on the right side in FIG. 1
distributes the intake air to the tubes 111. The header
tank 120 on the left side in FIG. 1 collects the intake air
flowing out from each of the tubes 111.

[0027] A method of manufacturing the intercooler 100
will now be explained. The tubes 111 formed from folded
plates and electric welding, the outer fins 112 formed by
pressing, the side plates 113, the inner fins 114, and the
core plates 121 are prepared for manufacturing. The
tubes 111 have generally flat rectangular cross sections
at this point. The tube holes 121 a on the core plates
121 are bored in the shape corresponding to the section
of the tube 111, as shown in FIGS. 4 and 5.

[0028] Then, the inner fins 114 are inserted into the
tubes 111 and the tubes 111 are further flattened to se-
curely press-fit the inner surface of the broad sides 111c
against the inner fins 114.

[0029] Next, the core 110 is constructed by using a
guiding layer jig (not shown). A predetermined number
of outer fins 112 and tubes 111 are alternately layered
between the two binding side plates 113.

[0030] The edges 111a of the tubes 111 are then
press-fitinto the tube holes 121 a bored through the core
plates 121 with a press (not shown).

[0031] The mouth of the tubes 111 are expanded in
the proximity of the tube holes 121 a (the rooted portion
130) with an expansion jig 200 (shown in FIG. 6). The
expansion jig 200 is inserted in the tube ends 111a pro-
truding from the core plates 121. The expansion jig 200
includes a main body 210 and expansion beaks 220 pro-
truding from the main body 210. The outer surface of
the expansion beaks 220 are in close proximity to the
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main body 210 and are formed in a shape corresponding
to the final cross-sectional shape of the tube 111 (in an
arc shape), as shown in FIGS. 4 and 5. Therefore, the
expansion jig 200 expands the narrow sides 111b of the
tubes 111 to form the arc shape in close proximity to the
tube holes 121a (the rooted portion 130). Simultaneous-
ly, the expansion jig 200 securely press-fits the entire
cross-sectional periphery of the tube 111 against the
tube hole 121a (forming the abutment portion 131).
[0032] The core plates 121 are fitted to the core 110
by a jig including wire or the like to be brazed to each
other in a brazing furnace after being treated for de-
greasing and flux coating.

[0033] The tank bodies 122 are formed by molding
and are welded to the core plates 121. Subsequently,
the tank bodies 122 are sent to a check process for leak-
age checks (checked for faulty brazing and faulty weld-
ing), dimension checks and the like to complete the
manufacturing process of the intercooler 100.

[0034] The followingis an explanation of the operation
and effectiveness of the intercooler 100 constructed in
the manner described above.

[0035] The intercooler 100 takes in intake air from the
opening 122a on therightside in FIG. 1. Then, the intake
air flows from the right header tank 120 into the tubes
111 toward the left header tank 120 to be fed to a vehicle
engine through the opening 122a on the left side in FIG.
1. Heat from the intake air is dissipated to a cooling air
by a heat exchange process while the intake air flows
through the tubes 111. The temperature of the intake air
is around 200°C at the time of intake into the intercooler
100 and the temperature is decreased down to 50°C by
the heat exchange process.

[0036] During operation of the intercooler 100, stress
is applied to the tubes 111 due to variations in the tem-
perature and pressure (internal pressure) of the intake
air. In a conventional intercooler, the stress tends to ac-
cumulate near the corners 111d of the tubes 111 in a
rectangular shape around the rooted portion 130. This
causes a reduced life of the product. In the present in-
vention, the narrow sides 111b of the tubes 111 are
formed in an arc shape in the proximity of the rooted
portion 130. This helps widen the angle of the corners
111d. Therefore, the stress from the temperature/pres-
sure variations in the proximity of the rooted portions
130 is born uniformly by the arc shaped narrow sides
111b during operation of the intercooler 100. Stress ac-
cumulation near the corners 111d is thus reduced. This
helps increase durability of the rooted portions 130 of
the tubes 111.

[0037] The radius R1 of the arc shaped narrow sides
111b is greater than one half of a distance W between
the opposing broad sides 111c. According to this design,
the proximity of the rooted portions 130 of the tubes 111
is kept close to the rectangular flat shape, which is the
original shape of the tubes 111. This helps increase du-
rability of this portion.

[0038] According to an analysis conducted by the in-
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ventor of the present invention, measurement of the
stress near the corners 111d is reduced by 8% in a sim-
ulation of iterated variation of the intake air temperature
between 20°C and 200°C. Furthermore, the stress at
the corners 111d is reduced by 7% in a simulation of
iterated variation of the intake air internal pressure be-
tween 0 bar and 3.5 bar.

[0039] Most portions of the tubes 111 other than the
rooted portions 130 generally maintain the reduced suc-
tion friction of the intake air flowing in the tubes 111 be-
cause of the rectangular cross-sectional shape.

[0040] The arc shape of the narrow sides 111b of the
tubes 111 and the normal mouth expansion process of
the tubes 111 are conducted at the same time. There-
fore, the rooted tube insertion structure of the intercooler
100 of the present invention is easily manufactured.
[0041] In the above-described embodiment, the
present invention is applied to an intercooler 100. How-
ever, it should be appreciated that application of the in-
vention is not limited to an intercooler. The invention can
also be applied to other types of heat exchange devices
such as condensers, radiators and the like.

[0042] Furthermore, it should be appreciated that the
arc shape of the narrow sides 111b of the tubes 111 may
be formed separately from the normal mouth expansion
process. The tubes 111 may be arc-shaped as a single
component after being formed as a tube by welding.
[0043] Although the present invention has been fully
described in connection with the preferred embodi-
ments and with reference to the accompanying draw-
ings, it should further be appreciated that various chang-
es and modifications will become apparent to those
skilled in the art and that such variations and changes
are intended to be within the scope of the present inven-
tion.

Claims

1. Atube insertion structure of a heat exchanger, com-
prising:

a header tank (120) having a tube hole (121a);
and

a tube (111) having a generally rectangular
cross-section disposed in the tube hole (121a)
and having an abutment portion (131) defining
a narrow side (111b) and opposing broad sides
(111c), wherein

the abutment portion (131) is fixed to the head-
er tank (120) and the narrow side (111b) is arc-
shaped in close proximity to the abutment por-
tion (131) of the tube (111).

2. The tube insertion structure of claim 1, wherein
the narrow side (111b) of the tube (111) in-
cludes a radius (R1) that is greater than one half of
a distance (W) between the opposing broad sides
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(111c) of the tube (111).

The tube insertion structure of either of claims 1 or
2, wherein

the tube (111) and the header tank (120) are 5
components of an intercooler (100) that cools an in-
take air for combustion in an internal combustion
engine.

The tube insertion structure of claim 1, wherein the 70
abutment portion (131) of the tube (111) is brazed
to the header tank (120).

A method for manufacturing a tube insertion struc-
ture of a heat exchanger comprising: 15

inserting a tube (111) having a generally rectan-
gular cross-section into a tube hole (121a) of a
core plate (121) formed as a part of a header
tank (120); 20
expanding a mouth on a longitudinal end (111a)

of the tube (111) outwardly against the tube
hole (121a) such that a narrow side (111b) of

the longitudinal end (111a) is formed to have an
outwardly protruding arc shape near an abut- 25
ment portion (131); and

fixing the abutment portion (131) of the tube
(111) to the core plate (121).

The method of claim 5, wherein expanding the 30
mouth includes inserting an expansion jig (200) into
the tube (111) beyond the longitudinal end (111a).

The method of claim 5, wherein fixing the abutment
portion (131) of the tube (111) to the core plate (121) 35
includes brazing.

The method of claim 5, wherein the narrow side
(111b) includes a radius (R1) that is greater than

one half of a distance (W) between opposing broad 40
sides (111c) of the tube (111).
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