
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

04
5 

85
3

A
1

TEPZZ¥Z4585¥A_T
(11) EP 3 045 853 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
20.07.2016 Bulletin 2016/29

(21) Application number: 14844912.7

(22) Date of filing: 05.09.2014

(51) Int Cl.:
F28F 3/10 (2006.01) F28D 7/16 (2006.01)

F28F 9/02 (2006.01) F28F 9/18 (2006.01)

(86) International application number: 
PCT/JP2014/074159

(87) International publication number: 
WO 2015/037688 (19.03.2015 Gazette 2015/11)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 13.09.2013 JP 2013190837

(71) Applicant: T.RAD Co., Ltd.
Shibuya-ku
Tokyo 151-0053 (JP)

(72) Inventor: NAKAMURA, Yoichi
Tokyo 151-0053 (JP)

(74) Representative: Addiss, John William et al
Mewburn Ellis LLP 
City Tower 
40 Basinghall Street
London EC2V 5DE (GB)

(54) TANK STRUCTURE FOR HEADER-PLATE-LESS HEAT EXCHANGER

(57) The objective is to eliminate gaps at the joint
part between a tank (4) and a core (3), and thus to ensure
air-tightness and liquid-tightness. Flat tubes (2) are
formed by pairs of plates (2a, 2b) each of which is formed
in a groove shape, the walls on both sides of each plate
(2a, 2b) protrude toward the tank (4) from a groove bot-
tom leading edge (1a) of a protruding part (1) to form
protruding side walls (10). The outer edges (10a) of the
protruding side walls (10) in the protruding direction are
aligned so as to be flush with each other on the outer
surface of the protruding part (1), and when the flat tubes
(2) are stacked, the respective outer edges (10a) of ad-
jacent flat tubes (2) contact each other. Furthermore, on
the side opposite the protruding direction, inner edge sur-
faces (10b) of the protruding side walls (10) of the pair
of plates (2a, 2b) forming each flat tube (2) contact each
other. In addition, with the front ends of a pair of side
plate parts (7) of the tank (4) making contact with the
inside of the protruding side walls (10) of each flat tube
(2), the various contacting parts are soldered to each
other.
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Description

Technical Field

[0001] The present invention relates to a tank structure
for a header-plate-less heat exchanger in which flat tubes
whose both ends protrude are stacked to improve air-
tightness and liquid-tightness between a core and a tank.

Background Art

[0002] As illustrated in Figs. 8 and 9, in the header-
plate-less heat exchanger, flat tubes 2 whose both ends
protrude in a thickness direction are stacked at a protrud-
ing part to form a core, and thus a header plate is not
required. A casing 11 is fitted onto an outer circumference
of the core 3 including a stack body of the flat tubes 2,
and also a tank 4 is fitted onto both ends of the core 3
and, then, parts are integrally soldered and secured to
each other.
[0003] As illustrated in Fig. 9, flat tubes 2 include a pair
of an upper plate 2a and a lower plate 2b each bent in a
groove shape (right side is not illustrated), which are fitted
into each other with groove bottoms faced to each other.
Further, as illustrated in Fig. 8, the casing 11 includes a
casing main body 11a formed in a groove shape and an
edge cap for closing a space between walls of both sides
of the casing main body 11a. Furthermore, the tank 4 is
integrally molded in a cylindrical shape having a square
shape in cross section by press-molding.

Citation List

Patent Literature

[0004]

PTL 1: Japanese Patent Laid-Open No. 2011-2133
PTL 2: Japanese Patent Laid-Open No.
2011-232020

Summary of Invention

Technical Problem

[0005] Such a header-plate-less heat exchanger and
a tank 4 need to be joined to each other without a gap
by soldering. However, flat tubes 2 include a fitting body
of a pair of upper plate 2a and lower plate 2b, and thus
generate a gap in a fitting part B as illustrated in Fig. 9.
Further, at a part of a corner C of a stack body of the
respective flat tubes 2, a gap in a groove shape is gen-
erated. This is because R is generated at a corner of
each plate 2a, 2b press-molded in a groove shape.
[0006] Furthermore, as illustrated in Fig. 9, a gap is
generated at a portion A between the tank 4 and the flat
tube 2, therefore, air-tightness and liquid-tightness may
be deteriorated. That is because, since the tank 4 is in-

tegrally formed by press-molding, spring back is gener-
ated at an opening part after being molded and, thus, the
flat tube 2 and the tank 4 can be hardly, closely contacted.
When such a gap is generated, solder runs out, as it is
called, during soldering, and thus the air-tightness and
the liquid-tightness of the tank may be deteriorated.
[0007] Therefore, a purpose of the present invention
is to provide a tank structure in which a gap is not gen-
erated in a soldering part between the tank 4 and the
core 3 particularly.

Solution to Problem

[0008] The present invention of claim 1 is a tank struc-
ture for a header-plate-less heat exchanger in which a
plurality of flat tubes (2) having a protruding part (1)
whose both end parts protrude in a thickness direction
is stacked, and contacts and is secured to each other to
form a core (3) at the protruding part (1), and openings
of a pair of tanks (4) are connected to both ends of the
core (3),
wherein the tank (4) is formed in a square shape in cross
section and formed of an upper end plate part (5), a lower
end plate part (6) respectively located at both upper and
lower ends in the stacking direction, and a pair of side
plate parts (7) orthogonal to the upper end plate part (5)
and the lower end plate part (6);
wherein the flat tubes (2) include a pair of plates (2a) and
(2b) formed in a groove shape and fitted to each other
with groove bottoms of the pair of plates (2a) and (2b)
facing each other, and both side walls of the respective
plates (2a) and (2b) protrude toward a tank (4) side from
a groove bottom leading edge (1a) to form protruding
side walls (10);
wherein outer edges (10a) of the protruding side walls
(10) in a protruding direction are aligned so as to be flush
with an outer surface of the protruding part (1) and, when
the respective flat tubes (2) are stacked, the respective
outer edges (10a) of adjacent flat tubes (2) contact each
other;
wherein on a side opposite the protruding direction, inner
edge (10b) of the protruding side walls (10) of the pair of
plates (2a) and (2b) forming the respective flat tubes (2)
contact with each other; and
wherein, with the front ends of the pair of side plate parts
(7) of the tank (4) making contact with an inside of the
protruding side walls (10) of the respective flat tubes (2),
the respective contacting parts are soldered and secured
to each other.
[0009] The present invention of claim 2 is the tank
structure for a header-plate-less heat exchanger accord-
ing to claim 1,
wherein a casing (11) is fitted onto an outer circumfer-
ence of the core (3); and
wherein the protruding side walls (10) are soldered and
secured to each other in a state of being held between
the side plate parts (7) of the tank (4) and the casing (11).
[0010] The present invention of claim 3 is the tank
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structure for a header-plate-less heat exchanger accord-
ing to claim 1 or 2,
wherein the front end of the side plate part (7) of the tank
(4) is bent inward by a thickness of the protruding side
wall (10) to configure a stepped part (7a) so that the
stepped part (7a) is soldered and secured to an inner
surface of the protruding side wall (10).
[0011] The present invention of the claim 4 is the tank
structure for a header-plate-less heat exchanger accord-
ing to any of claims 1 to 3,
wherein the upper end plate part (5) and the lower end
plate part (6) protrude toward the core (3) side from the
side plate part (7) to form an upper fitting part (8) and a
lower fitting part (9), respectively, the upper fitting part
(8) and the lower fitting part (9) are fitted in, in a state
where an outer surface of the upper fitting part (8) con-
tacts with an inner surface of an upper side part of an
uppermost flat tube (2) in the stacking direction and, fur-
ther, an outer surface of the lower fitting part (9) contacts
with an inner surface of a lower side part of a lowermost
flat tube (2), and at the fitting part, the flat tube (2) and
the tank (4) are soldered and secured to each other.
[0012] The present invention of claim 5 is the tank
structure for a header-plate-less heat exchanger accord-
ing to any of claims 1 to 4,
wherein, on borders between the side plate parts (7) and
the upper end plate part (5) and between the side plate
parts (7) and the lower end plate part (6), front ends at a
core side of the borders are separated and cutting parts
(15) are formed.

Advantageous Effects of Invention

[0013] According to the invention of claim 1, both side
walls of the respective plates 2a and 2b configuring the
flat tubes 2 protrude toward a tank 4 from a groove bottom
leading edge 1a of the protruding part 1 to form protruding
side walls 10.
[0014] The front ends of a pair of side plate parts 7 of
the tank 4 are soldered and secured to each other in a
state of being in contact with an inside of the protruding
side walls 10 of the respective flat tubes 2. Outer edges
10a of the protruding side walls 10 in a protruding direc-
tion are aligned so as to be flush with each other on the
outer surface of the protruding part 1, and when the re-
spective flat tubes 2 are stacked, the respective outer
edges 10a of adjacent flat tubes 2 contact with each oth-
er.
[0015] On the side opposite the protruding direction,
inner edge 10b of the protruding side walls 10 of the pair
of plates 2a and 2b forming the respective flat tubes 2
contact with each other. Therefore, a gap (B portion il-
lustrated in Fig. 9) between the respective plates 2a and
2b forming the flat tubes is closed. Furthermore, a gap
(C portion illustrated in Fig. 9) existing between the re-
spective flat tubes 2 is closed. Moreover, an inside of the
gap is closed by the side plate part 7.
[0016] As a result, the liquid-tightness and the air-tight-

ness at the soldering part among respective parts of the
tank 4, the core 3, and the casing 11 can be ensured.
[0017] According to the invention of claim 2, the pro-
truding side walls 10 of the respective flat tubes 2 are
soldered and secured to each other in a state where the
protruding side walls 10 of the flat tubes 2 are held be-
tween the side plate parts 7 of the tank 4 and the casing
11. Therefore, the liquid-tightness and the air-tightness
between the protruding side wall 10 and the side plate
part 7 of the tank 4 can be reliably realized.
[0018] According to the invention of claim 3, the front
end of the side plate part 7 of the tank 4 is bent inward
by a thickness of the protruding side wall 10. Therefore,
a contacting part between the tank 4 and the protruding
side wall 10 is increased, thereby improving the air-tight-
ness and the liquid-tightness therebetween.
[0019] According to the invention of claim 4, an upper
fitting part of the tank 4 protruding from the side plate
part 7 and a lower fitting part 9 protruding in a similar
manner are fitted in, in a state where the upper fitting part
thereof contacts with an inner surface of an upper side
part of the uppermost flat tube in a stacking direction and
the lower fitting part contacts with an inner surface of a
lower side part of the lowermost flat tube and, at the fitting
part, the flat tubes and the tank are soldered and secured
to each other. In the case described above, the upper
fitting part 8 and lower fitting part 9 that protrude can be
easily deformed and, thus, can closely contact the flat
tubes 2 of the core 3. Therefore, the liquid-tightness and
the air-tightness of the soldering part can be ensured.
[0020] In addition to the structure described above, ac-
cording to claim 5, when cutting parts 15 are provided on
borders between the side plate parts 7 and the upper end
plate part 5 and between the side plate parts 7 and the
lower end plate part 6, each part can be easily deformed
to further closely contact each contacting part, thereby
ensuring the air-tightness and liquid-tightness of the sol-
dering.

Brief Description of Drawings

[0021]

Fig. 1 is an exploded perspective view illustrating a
tank structure for a header-plate-less heat exchange
of the present invention.
Fig. 2 (A) is an exploded view illustrating an essential
part of flat tubes 2. Fig. 2 (B) is an enlarged view of
a portion B illustrated in Fig. 2(A). Fig. 2(C) is a per-
spective view of an essential part illustrating a com-
bination state of the flat tubes 2.
Fig. 3 illustrates assembly of a tank 4 and the flat
tubes 2.
Fig. 4 is a perspective view of an essential part illus-
trating the assembly state.
Fig. 5 is a vertical cross-sectional view.
Fig. 6 is a cross-sectional view taken along a line VI-
VI illustrated in Fig. 5.
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Fig. 7 illustrates assembly of the tank 4 and the flat
tubes 2 according to a second embodiment of the
present invention.
Fig. 8 is a vertical cross-sectional view illustrating an
essential part of the tank structure for a header-plate-
less heat exchanger of prior art.
Fig. 9 is a cross-sectional enlarged view taken along
a line IX-IX illustrated in Fig. 7.

Description of Embodiments

[0022] Subsequently, with reference to figures, em-
bodiments of the present invention will be described be-
low.
[0023] As illustrated in Fig. 1, in the heat exchanger
described above, a number of flat tubes 2 are stacked at
a protruding part 1 on both ends thereof to form a core
3. At parts except for the protruding part, a gap is gen-
erated between the respective flat tubes 2, and cooling
water is supplied into the gap. As illustrated in Fig. 2, the
flat tubes 2 include the fitting body of an upper plate 2a
and a lower plate 2b that are each formed in a groove
shape. An upper part of the side wall of the lower plate
2b is molded to have a step bent inward by a plate thick-
ness of the upper plate 2a to form a stepped part 2c there.
At an inside of the upper plate 2a, an upper end part of
the lower plate 2b is fitted. Both end parts of the plate 2a
and plate 2b in a longitudinal direction include the pro-
truding part 1 protruding in the thickness direction. The
front ends of the both side walls protrude outward from
the groove bottom leading edges 1a of an upper side and
a lower side of the groove bottom of each plate 2a, 2b to
form a pair of protruding side walls 10. The front end of
a stepped part 2c of the side wall of the lower plate 2b is
aligned with the lower side of the groove bottom of the
upper plate 2a.
[0024] The outer edges 10a of the protruding side walls
10 in a vertical direction are aligned so as to be flush with
each other on the outer surface of the protruding part 1,
and when the flat tubes 2 are stacked, the respective
outer edges 10a of adjacent flat tubes 2 contact each
other without a gap. Further, on the side opposite the
protruding direction, inner edge 10b of the protruding side
walls 10 of the pair of plates 2a and 2b forming the re-
spective flat tubes 2 contact each other without the gap.
[0025] The plates 2a and 2b are fitted into each other
as illustrated in Figs. 2(B) and 2(C) to form the flat tubes
2. According to the embodiment described above, inner
fins 13 are intermediately provided in the flat tubes 2 as
illustrated in Fig. 1.
[0026] Subsequently, as illustrated in Fig. 1, the casing
11 includes a casing main body 11a formed in a groove
shape and an edge cap 11b for closing a space between
both side walls. The edge cap 11b is formed in a shallow
groove shape to conform to an outer circumference of
the casing main body 11a. Subsequently, the tank 4 is
integrally molded by a press-machine. As illustrated in
Fig. 1, the entire tank 4 is formed in a shallow cone shape

and one end opening of the tank 4 is formed in a round
shape and another end opening is formed in a square
shape.
[0027] The upper end plate part 5 and the lower end
plate part 6 that face each other in a vertical direction are
formed in a square shape in cross section by the pair of
side plate parts 7 arranged at both sides of the upper end
plate part 5 and the lower end plate part 6. Further, the
upper end plate part 5 and the lower end plate part 6 are
provided with an upper fitting part 8 and a lower fitting
part 9 formed with a step inward by a plate thickness of
the flat tube 2, and the upper fitting part 8 and the lower
fitting part 9 protrude toward the core 3 side from the side
plate part 7. A width of the upper fitting part 8 and lower
fitting part 9 conforms to an inner width of the flat tube 2.
Further, from the both side plate parts 7 of the tank 4, a
pair of stepped parts 7a bent inward by the plate thick-
ness of the flat tube 2 protrude. An outer width between
the stepped parts 7a conforms to the inner width of the
flat tube 2 between the protruding side walls 10 provided
right and left. Further, the borders between the stepped
parts 7a and the upper fitting part 8 and between the
stepped parts 7a and the lower fitting part 9 are separated
by the cutting parts 15. Therefore, the upper fitting part
8, the lower fitting part 9, and the stepped parts 7a are
each formed to be elastically deformable.
[0028] In the tank 4 configured as described above, as
illustrated in Figs. 3 and 4, the upper fitting part 8 is fitted
into the inside of the plate 2a of the uppermost flat tube
2 of the core 3 in the stacking direction. The lower fitting
part 9 is fitted into the plate 2b of the lowermost flat tube
2 in the stacking direction in a state where the lower fitting
part 9 contacts with the plate 2b. Furthermore, the
stepped parts 7a of the pair of side plate parts 7 are fitted
into the inside of the protruding side walls 10 of the re-
spective flat tubes 2. As illustrated in Fig. 5, the leading
edge of the stepped part 7a abuts on the groove bottom
leading edge 1a of each plate 2a, 2b and a leading edge
2d of the stepped part 2c of the side wall of the lower
plate 2b (Fig. 2). Then, the parts are assembled as illus-
trated in Figs. 4 and 5. Solder material is previously coat-
ed or applied in the gap between the contacting parts of
the respective parts. As illustrated in Fig. 5, the casing
main body 11a is fitted from above onto the core 3 and
the tank 4 and the edge cap 11b is fitted from beneath
thereon. Then, the end part of the upper plate 2a of the
uppermost flat tube 2 is held between the upper fitting
part 8 of the tank 4 and the casing main body 11a. Further,
the end part of the lower plate 2b of the lowermost flat
tube 2 is held between the lower fitting part 9 of the tank
4 and the edge cap 11b. Furthermore, as illustrated in
Fig. 6, the protruding side wall 10 of the each flat tube 2
is also held between the stepped part 7a and the casing
11.
[0029] When the soldering is performed, the protruding
side walls 10 are soldered in a state of close contact with
each other. At this point, the upper fitting part 8, the lower
fitting part 9, and the stepped part 7a are elastically de-
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formed due to presence of the cutting parts 15, respec-
tively, and the gaps between the parts adjacent to each
other are soldered in a state of close contact. In order to
do so, the outer circumference of the casing 11 is fas-
tened inward with a tool (not illustrated) and soldered.
Then, the air-tightness and the liquid-tightness can be
ensured without generating the gap between the tank 4
and the respective flat tubes 2. The gaps generated at
A, B and C in the heat exchanger of the prior art illustrated
in Fig. 9 are each closed, thereby ensuring the air-tight-
ness and the liquid-tightness. In other words, the portion
A illustrated in Fig. 9 closely contacts the inner surface
of the flat tube 2 due to elastic deformation of the upper
fitting part 8, the lower fitting part 9, and the stepped part
7a. When the respective flat tubes 2 are stacked, at the
portion B illustrated in Fig. 9, the respective outer edges
10a of the adjacent flat tubes 2 contact each other, and
thus no gap is generated.
[0030] On the side opposite the protruding direction,
since the inner edge 10b of the protruding side walls 10
of the pair of plates 2a and 2b forming the respective flat
tubes 2 contact with each other, no gap is generated also
there. Further, the side plate parts 7 of the tank 4 close
the inside (portion B illustrated in Fig. 9) between the
respective plates 2a and 2b forming the flat tubes. Fur-
thermore, the side plate parts 7 also close the inside of
the portion C between the respective flat tubes 2 illus-
trated in Fig. 9.
[0031] As illustrated in Fig. 1, the casing 11 is formed
with a cooling water entrance and exit 12 at both end
parts of the casing main body 11a in the longitudinal di-
rection, and the cooling water flows in through the cooling
water entrance and exit 12 to be supplied to the gap be-
tween the respective flat tubes 2. Moreover, as an ex-
ample, exhaust gas at high temperature flows in from
one tank 4 side, and flows through the respective flat
tubes 2 to exchange heat with the cooling water.
[0032] Subsequently, Fig. 7 illustrates assembly of the
tank 4 and the flat tubes 2 according to the second em-
bodiment of the present invention. The difference be-
tween the embodiment described above and that illus-
trated in Fig. 3 is only a position of the cutting part 15.
The cutting part 15 of the embodiment described above
is formed on each plane surface of the upper end plate
part 5 and the lower end plate part 6 of the tank 4. Due
to the presence of the cutting parts 15, the stepped parts
7a, the upper fitting part 8, and the lower fitting part 9 can
be easily molded.

Reference Signs List

[0033]

1 protruding part
1a groove bottom leading edge
2 flat tube
2a plate
2b plate

2c stepped part
2d leading edge
3 core
4 tank
5 upper end plate part
6 lower end plate part
7 side plate part
7a stepped part
8 upper fitting part
9 lower fitting part
10 protruding side wall
10a outer edge
10b inner edge
11 casing
11a casing main body
11b edge cap
12 cooling water entrance and exit
13 inner fin
15 cutting part

Claims

1. A tank structure for a header-plate-less heat ex-
changer in which a plurality of flat tubes (2) having
a protruding part (1) whose both end parts protrude
in a thickness direction is stacked, and contacts and
is secured to each other to form a core (3) at the
protruding part (1), and openings of a pair of tanks
(4) are connected to both ends of the core (3),
wherein the tank (4) is formed in a square shape in
cross section and formed of an upper end plate part
(5), a lower end plate part (6) respectively located at
both upper and lower ends in stacking direction of
flat tubes, and a pair of side plate parts (7) orthogonal
to the upper end plate part (5) and the lower end
plate part (6);
wherein said flat tubes (2) include a pair of plates
(2a) and (2b) formed in a groove shape and fitted to
each other with groove bottoms of the pair of plates
(2a) and (2b) facing each other, and both side walls
of the respective plates (2a) and (2b) protrude toward
a tank (4) side from a groove bottom leading edge
(1a) to form protruding side walls (10);
wherein outer edges (10a) of the protruding side
walls (10) in a protruding direction are aligned so as
to be flush with an outer surface of said protruding
part (1) and, when the respective flat tubes (2) are
stacked, the respective outer edges (10a) of adja-
cent flat tubes (2) contact each other;
wherein on a side opposite the protruding direction,
inner edge surfaces (10b) of the protruding side walls
(10) of the pair of plates (2a) and (2b) forming the
respective flat tubes (2) contact with each other; and
wherein, with the front ends of the pair of side plate
parts (7) of said tank (4) making contact with an in-
side of said protruding side walls (10) of the respec-
tive flat tubes (2), the respective contacting parts are
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soldered and secured to each other.

2. The tank structure for a header-plate-less heat ex-
changer according to claim 1,
wherein a casing (11) is fitted onto an outer circum-
ference of said core (3); and
wherein said protruding side walls (10) are soldered
and secured to each other in a state of being held
between the side plate parts (7) of the tank (4) and
the casing (11).

3. The tank structure for a header-plate-less heat ex-
changer according to claim 1 or 2,
wherein the front end of the side plate part (7) of said
tank (4) is bent inward by a thickness of said pro-
truding side wall (10) to configure a stepped part (7a)
so that the stepped part (7a) is soldered and secured
to an inner surface of the protruding side wall (10).

4. The tank structure for a header-plate-less heat ex-
changer according to any of claims 1 to 3,
wherein said upper end plate part (5) and said lower
end plate part (6) protrude toward the core (3) side
from said side plate part (7) to form an upper fitting
part (8) and a lower fitting part (9), respectively, the
upper fitting part (8) and the lower fitting part (9) are
fitted in, in a state where an outer surface of the upper
fitting part (8) contacts with an inner surface of an
upper side part of an uppermost flat tube (2) in the
stacking direction and, further, an outer surface of
the lower fitting part (9) contacts with an inner surface
of a lower side part of a lowermost flat tube (2), and
at the fitting part, the flat tube (2) and the tank (4)
are soldered and secured to each other.

5. The tank structure for a header-plate-less heat ex-
changer according to any of claims 1 to 4,
wherein, on borders between the side plate parts (7)
and the upper end plate part (5) and between the
side plate parts (7) and the lower end plate part (6),
front ends at a core side of the borders are separated
and cutting parts (15) are formed.
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