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(567) Claim
1. A heat exchanger comprising:

a laminated core portion including a plurality
of spaced apart tubes arranged to have heat exchange
liquid flow therein alternately laminated with a
plurality of fins contacting adjacent ones of the tubes
to improve heat exchange efficiency;

a first tank including a sheet metal base
having a plurality of insert holes in which a respective
one end portion of the tubes is received;

a second tank including a sheet metal base
having a plurality of insert holes in which a respective
one other end portion of the tubes is received; and

a pair of reinforcing plates disposed in
flanking relationship at respective widthward sides of
the core portion and extending between the first and the
gsecond tank;

the core portion and the bases of the first and
second tank being made of an aluminium-type metallic
material being lightweight and having 1low strength;

the reinforcing plates being made of a metallic
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material having a higher fusing point and higher strength
than the aluminium-type metallic material; wherein

the reinforcing plates have respective terminal
end portions at the first and second tanks which extend
substantially along the entire thickness of the core
portion and which are arranged to be covered by the first
and the second tank and fixedly secured thereto by being
received in U-shaped receptacles formed at the first and

second tank, respectively.
11. A method of manufacturing a heat exchanger

comprising the steps of:

alternatingly laminating a plurality of heat
exchanger tubes and heat exchanger fins to form a core;

disposing two header tanks, each having a sheet
metal base having a plurality of openings, at opposite
ends of the core such that the tubes are received in
corresponding ones of the openings, the tanks having U-
shaped receptacles at respective widthward side ends
thereof; and

disposing two reinforcing plates at opposite

widthward sides of the core and to extend between the two
tanks such that terminal end portions of the plates,
which extend substantially over the entire thickness of
the core, are inserted into and maintained in the U-
shaped receptacles of the tanks during brazing of the so
obtained assembly.
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(1) with improved productivity and
reduced production costs is provided
by such a construction that its core 17
portion can be self-supported without
using any supporting tool during a
brazing operation, comprising a core
portion (13) comprising in turn alu-
minum tubes (2) and, corrugated fins
(5) which are laminated in a plural-
ity of layers, ends of the tubes (2)
being inserted into sheet metals (8,

iron or stainless steel inserted in U-

of the sheet metals (8, 17) while be-
ing kept in abutment with outermost-
row corrugated fins (5), whereby the 17
plurality of tubes (2) and corrugated

from the both sides of the core portion
(13) by means of the two inserts (14),

(5) from coming off during a brazing
operation. .

(57) Abstract -
An aluminum heat exchanger 8 \

10

3a

~~— O
N

B
. o

12) and inserts (14) of highly strong ,4.)1 ]
shaped folded-back portions (18, 19) 161

J’qz.

fins (5) are pressed against each other 197"

thereby preventing the corrugated fins 4




(567) &

FLI =Y LMATHRBOAIMIFEBCRAERZERTHIL
e, I7THWA2ECRERAETELLHRLT, T Iz LBARRE
DEEBREOEELEBMGZIAIOEREZERTEIILEENLET 2,

FLIZ LABBRBELE, TLI 20 LBOF2—-T 283N
e b7 4V EE2HBEBL, Fa—720@EHEYy— AN
8. 1 2KkZLAATHSITH1I3 L, COaTHLIDORAF
W —FT 4 U5 S ELAKRETY - AZL8. 120 UFKD
FOELE18. |l OCBAINISREOKDIVAZRT Y VAR

DA% —r14ETHERLIE,
%LT\20@47#—%14Kio13?%13@@%#6&&

DF a—T2 eEBEOINF— T4 /5 EEREADYDBLICR
ﬁbf\55ﬁﬁﬁ¥¢u:w¥—b74ySﬁ%%Té:&%%h

72,
e LToRGED A

PCTIZESWTAMShIEBHE L2/ Y7Ly FME—RAICPCTMUBREZRAET A -DICEMENEa—F
AM 7NA=T DK Fv=v—7s LI YeFvvasfy PT RulrHN
AT #—R}+Y7 EE & }b=7 LK RY5vH RO AL—==7
AU ZF—ZXL+7Y97 ES zRfYy LR YRY7 RU oY7THi
BB ik FI 74v5vF LT V+7=7 SD RA—#Y
BE Rp¥— FR 73R LU wnmoevINy SE AYx—FVv
BF In¥t-77Y GA HHY LV ZhJ47 SI ZXo¥zx=7
BG ZaH#Y7T GB AF¥UX MC ¥+2 SK Rayrx73thE
BJ x4V GE IZnIT7 MD ENMEA SN E&xHNm
BR 75Yn GN ¥=7 MG =H#HARHN SZ RUYFUE
BY RFp—v GR ¥Vvy ML =V TD F+—=F
CA #+¥ HU ~r#HY— MN Erdpu TG bt=o
CF w57 7Y btfE IE 7AWVF K MR £—-Y#=7 T] $I%AHL
CG ayvd-— IT 4%y~ MW =594 TT btY=4—F
CH ZAA A | JP BX MX XA%va UA 92547
Cl = b OH7—L KE #=7 NE =Yz—n UG oHvy
CM H 4=V KG Fw¥zsy NL F50#4 us Xx@ .
CN ¢@ KP @fEEERARILRE NO /A9=— UZ UXRFX
CZ F=xyatfulg KR XZEHR NZ =a—-U-FUF VN Y4= bt
DE KAV KZ »¥72x4%2 PL R—-Fv




[
oe
e

10

15

20

25

30

-2 -

ALUMINUM HEAT EXCHANGER

Field of the Invention
The present invenction relates to an aluminum heat

exchanger and its manufacturing method where reinforcing
plates of the heat exchanger are assembled on both
widthward sides in a lamination direction of a core
portion which comprises a plurality of alternatingly
laminated layers of tubes, in which liquid flows, and
fins, which improve heat exchange efficiency. The
reinforcing plates provide a "jig function" when the heat
exchanger is brazed.

Background Art
When a lamination type heat exchanger having a core

portion having alternating layers of tubes and £fins
disposed therein is manufactured, an undesirable
expansion of the core portion due to elasticity of the
tubes and the fins in the temporary jig assembly before
brazing operation may take place and possible detachment
and falling out of fins due to diminished elastic holding
force of the tubes and the fins during the brazing
operation under high temperature may occur. Therefore,
as shown in Fig. 11, core portion 104 of heat exchanger
100 is fastened and held by jig 105 and a band 106 so
that the shape of the core portion 104 can be maintained
until the brazing operation is over. Also as shown in
Fig. 12, the core portion 104 is fastened and held by
winding a wire 108 around the insarts 107 which are fixed
at the outside of the outermost fins 102 of the core
portion 104 so that the core portion 104 can xetain its
shape until the brazinag operation is over. 1In Figs. 11
and 12, tubes 101 allow liquid to flow therein and sheet
metals bases 103 support both end portions of the tubes
101.

Thus, in the manufacturing method of the heat
exchanger mentioned above, supporting tools such as the
jig 105, the band 106, and the wire 108, etc., are
required to maintain the shape of the core portion 104
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until the brazing operation is over so that operation
efficiency becomes bad and the number of process steps
increase. Consequently, productivity of manufacture of
core portions declines. Also, since costs are associated
in providing the jig 105, the band 106 and the wire 108,
which are scrapped after the end of the brazing
operation, the cost of the end prcduct becomes high.

Thus, in order to eliminate fixing jigs such as jig
105, band 106, and wire 108, a technique has been
disclosed in Japanese examined patent publication no.
62-45478, where the side plates of the core portion have
a jig function and are pressed and held in place by a
core plate. This technique is effective for soldering
the core portion of a copper heat exchanger. The melting
point of copper is much higher than that of solder so
that a copper member can maintain a jig function at
around the temperature at which solder melts. However,
when the core portion of the aluminum heat exchanger is
brazed, both melting points of the aluminum core material
and the aluminum brazing filler metal are roughly the
same so that the aluminum core material softens around a
temperature at which the brazing metal melts, thereby
losing its jig function. Thus, it is improper to apply
the technique mentioned above in the manufacture of an
aluminum heat exchanger.

It would be advantageous, if the present invention,
in at least preferred embodiments thereof, could provide
a heat exchanger with a core portion which has a self-
holding or jigging function without use of special tools
during brazing operation of the core portion in a
manufacturing vrocess of an aluminum heat exchanger, and
a method of manufacturing such heat exchanger which
realizes improved productivity and enables a reduction of °
product costs.

Summary of the Invention

Accordingly, the present invention provides, in a
first aspect thereof, a heat exchanger comprising:

a laminated core portion including a plurality of

™4339AW/27.3.97
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spaced apart tubes arranged to have heat exchange liquid
flow therein alternately laminated with a piurality of
fins contacting adjacent ones of the tubes to improve
heat exchange efficiency;

a first tank including a sheet metal base havirg a
plurality of insert holes in which a respective on2 end
portion of the tubes is received;

a second tank including a sheet metal base having a
plurality of insert holes in which a respective one other
end portion of the tubes is received; and

a pair of reinforcing plates disposed in flanking
relationship at respective widthward sides of the core
portion and extending between the first and the second
tank;

the core portion and the bases of the first and
second tank being made of an aluminium-type metallic
material being lightweight and having 1low strength;

the reinforcing plates being made of a metallic
material having a higher fusing point and higher strength
than the aluminium-type metallic material; wherein

the reinforcing plates have respective terminal end
portions at the first and second tanks which extend
substantially along the entire thickness of the core
portion and which are arranged to be covered by the first
and the second tank and fixedly secured thereto by being
received in U-shaped receptacles formed at the first and
second tank, respectively.

In a second aspect, the present invention provides a
method of manufacturing a heat exchanger comprising the
steps of:

alternatively laminating a plurality of heat
exchanger tubes and heat exchanger fins to form a core;

disposing two header tanks, each having a sheet
metal base having a plurality of openings, at opposite
ends of the core such that the tubes are received in
corresponding ones of the openings, the tanks having U-
shaped receptacles at respective widthward terminal ends

thereof; and
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disposing two reinforcing plates at opposite
widthward sides of the core and to extend between the two
tanks such that terminal end portions of the plates,
which extend substantially over the thickness of the
core, are inserted into and maintained in the U-shaped
receptacles of the tanks during brazing of the so
obtained assembly.

Prior to high temperature brazing, a temporary
assembly operation is carried out to assemble the core
portion of the heat exchanger using the reinforcing side
plates or inserts made of metallic material which has a
higher strength than the aluminum material of the other
components of the core portion. Therefore, even if the
core portion tries to expand in the direction in which
lamination of the core was accomplished, due to the
elasticity of the corrugated fins and tubes of the core
portion, the core portion does not expand because it is
prevented from doing so by the two inserts, which firmly
press the tube fin core assembly together, thus avoiding
deviation in dimensions of the core portion during
manufacture.

During the subsequent brazing operation, the
aluminum heat exchanger is placed in a heating furnace
and heated until around 600°C and brazing filler metal is
fused thereto so that the aluminum heat exchanger is
brazed. The stack of tubes and fins of the core portion
is held firmly pressed together from both widthward sides
by the reinforcing inserts which have a higher melting
point and strength than aluminum. Also, since the
inserts do not soften at around the melting point of an
aluminum type brazing metal and still have enough
strength, an adequate jig function is maintained by the
inserts even under high temperatures during the brazing
operation.

The inserts are fixed such that their respective
terminal end portions are held from outside by the first
and the second tank. That is, the receptacle portions of
the tanks are (temporsrily) fixed to the inserts to cover
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the terminal ends thereof such that the brazing operation
metal, in which the brazing melts, can be caried out
without additional jigs. Advantageously, the terminal
F portions are received in the respective U-shaped
reccptacles at the tanks in such a manner that the
inserts are free to move in the direction of the
extension of the tubes during the brazing operation when
the aluminum tank material, and therefore o0f the
receptacles, is softening. Thus, differencial thermal
expansion due to differences in expansion coefficients
betwe~n aluminum and a high melting point and high
strength material (iron or stainless steel in a preferred
embodiment) unde.: high temperature can be absorbed.

Thus, an aluminum heat exchanger in accordance with
the present invention can improve the strength of the
core portion by use of the two inserts made of a high
strength material. Since the jig function is maintained
even under high temperature during the brazing operation,
special tools like a band and a wire are unnecessary So
that the number of assembly steps and, subsequently,
manufacturing costs can be reduced.

Further advantages of the invention will become
apparent to those skilled in the art by having recourse
to the following description of preferred embodiments of
heat exchangers in accordance with the invention, which
is given with reference to the accompanying drawings.
Brief Description of Drawings

Fig. 1 is a front view illustrating an aluminum heat
exchanger in accordance with a first enbodiment of the
invention;

Fig. 2 is a perspective cut-away view illustrating a
detail of the aluminum heat exchanger of figure 1;

Fig. 3 is a front view illustrating a core portion
of the aluminum heat exchanger of figure 1;

Fig. 4 is a plan view illustrating an insert (or
reinforcing side plate) as used in the heat exchanger

core portion of figure 1;
Fig. 5 1is a wview illustrating in an exaggerated
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manner a possible deformation of the core portion after
assembly before a brazing operation;

Fig. 6 is a view illustrating the core portion of
figure 5 during the brazing operation;

Fig. 7 is a view similar to figure 2 illustrating a
detail of an aluminum heat exchanger in accordance with
the second embodiment of the present invention;

Fig. 8 1is a perspective part-view illustrating a
widthward side end portion of the core portion of an
aluminum heat exchanger 1in accordance with a third
embodiment of the invention;

Fig. 9 1is a <cross-sectional of an insert in
accordance with the invention;

Fig. 10 is a top plan view of the core portion of
the aluminum heat exchanger illustrating one possible
cross-sectional shape of an insert in accordance with the
invention;

Fig. 11 1is a front elevation illustrating a core
portion of an aluminum heat exchanger in accordance with
the prior art; and

Fig. 12 is a front elevation illustrating a further
aluminum heat exchanger in accordance with the prior art.
Best Mode for Carrying our the Invention

Hereinafter, embodiments of the invention will be
described by way of example based on a heater core of an
automotive air-conditioner and with reference to the
accompanying drawings.

Fig. 1 through Fig. 6 illustrate the first
embodiment of an aluminum heat exchanger in accordance
with the present invention.

Aluminum heat exchanger 1 of the first embodiment is
used as a heater core for an automotive hot water type
heating system having as its heat source engine cooling
water. The aluminum heat exchanger 1 comprises a
plurality of tubes 2 arranged to have engine cooling
water flow therein, an upper tank 3 receiving the top
ends of tubes 2 and a lower tank 4 receiving the lower

ends of tubes 2.

S:14339AW/27.3.97
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The tubes 2 heat air blowing past them by exchanging
heat with the engine cooling water flowing through the
tubes, the heated air being blown to the interior of the
vehicle. The tubes 2 are made from a clad material
having a brazing metal on a surface of a core material
and are formed into a flattened tubular shape. The core
material of the tubes 2 1is an aluminum material (the
first metallic material") having a thickness of about
0.3mm to 0.35mm, for example, 3000 series aluminum
composition metal, having a melting point of about 650°C.
The brazing metal is an aluminum system metal having a
melting point that 1is lower than that of the core
material, for example, 4000 series aluminum composition
metal having a melting point of about 600°C.

Corrugated fins 5 are connected by brazing between
all adjacent tubes 2 in order to improve heat exchange
efficiency. The corrugated fins 5 are made of the same
aluminum material as the tubes 2 and are made from a band
formed into a corrugated shape.

The upper tank 3 is formed by brazing a base 8 to a
top capsule 6 having an open box-shape so as to close the
opening. The base 8 includes a sheet metal member having
a plurality of insert holes 7 formed therein which are
arranged to receive therein the upper ends of the tubes
2. The top capsule 6 and the sheet metal member 8 are
made of a clad material having a brazing metal applied to
the surface of a core material of the same aluminum
material as the tubes 2.

The inside of the upper tank 3 1is divided by
partition walls (not shown in the figure) into an inflow
chamber 3a for receiving engine cooling water entering
via an engine water jacket, and an outflow chamber 3b,
which has engine cooling water returning to the engine
water jacket therefrom. Inflow pipe 9 is connected at a
side wall to the inflow chamber 3a of the upper tank 3 by
brazing. A cooling water pipe leading engine cooling
water coming from the engine water jacket to the aluminum
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The inflow pipe 9 and outflow pipe 10 are connected
to opposite surfaces of the upper tank 3 opposing the air
flow direction between the tubes 2. Moreover, the top
capsule 6 and the sheet metal member 8 are temporarily
assembled by temporary crimping using c¢law portion 8a
formed at the sheet metal member 8 before the subsequent
brazing operation to which the aluminum heat exchanger 1
is subjected.

The lower tank 4 is formed by brazing a base 12 to a
bottom capsule 11 having an open box shape so as to close
the opening side of the bottom capsule 11. The base 12
includes a sheet metal member having a plurality of
insert holes formed therein in order to receive therein
the bottom end portions of the tubes 2. The bottom
capsule 11 and the sheet metal member 12 are made of a
clad material having a brazing metal applied to a surface
of a core material of the same aluminum material as the
tubes 2. Moreover, the bottom capsule 11 and the sheet
metal member 12 are temporarily assembled by temporary
crimping using claw portion 12a formed at the sheet metal
member 12 before the subsequent brazing operation of the
aluminum heat exchanger 1.

In the first embodiment as shown in Fig. 3, the core
portion 13 of the aluminum heat exchanger 1 is formed by
laminating the tubes 2 and the corrugated fins 5 together
and assembling the sheet metal members 8 and 12 to the
top and bottom end portions of the tubes 2. Each of two
inserts 14 made of a second metallic material having a
higher meltinco point and higher strength than the
aluminum material used for the tubes 2 and the corrugated
fins 5 are assembled and fixed to the core portion 13 at
a respective outermost widthward side in lamination
direction of the tubes 2.

The two inserts 14 are the reinforcing plates
mentioned elsewhere and are made of a metallic material
like iron or stainless steel. They have a plate length
of about 100mm to 260mm, a plate width of about 16mm to
36mm and a plate thickness of about 0.6mm. As shown in

S:14339AW/27.3.97
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Fig. 4, two reinforcing ribs 15 and two reinforcing
flanges 16 extend in longitudinal direction of and are
formed internally with the inserts 14. The ribs 15 are
formed such as to bulge away from the widthward end wise
located tubes 2 and both flanges 16 are also bent to the
outside, e.g. face away from the tubes 12.

Insert pieces 17 are formed at each terminal end in
longitudinal direction of the two inserts 14. During
temporary assembly of the core portion 13, that is,
before brazing of the aluminum heat exchanger 1 takes
place in an oven under high temperature, the insert
pieces 17 are inserted to be held from the outside by U-
shaped receptacles 18 and 19 formed by foldings at the
widthwise terminal end sections of the sheet metal
members 8 and 12. The insert pieces 17 contact the
widthwise outermost corrugated fins 5. Also, inserts 14
press the tubes 2 and the corrugated fins 5 together in
laminating direction.

The final assembly and brazing operation carried out
to obtain the finished aluminum heat exchanger 1 in
accordance with the first embodiment will now be
explained by having reference to Fig. 1 through Fig. 6.
The top end portions of the tubes 2 are inserted into the
insert holes 7 formed in the sheet metal member 9 of the
upper tank 3. Also, the bottom end portions of the tubes
2 are inserted into the insert holes 7 formed in the
sheet metal member 12 of the 1lower tank 4. The
corrugated fing 5 are inserted between adjacent one of
the tubes 2 and both terminal end portions of the two
inserts 14 are inserted to be held from the outside by
the U-shaped receptacles 18 and 19 formed at the sheet
metal members 8 and 12, respectively, so that they
contact the respectively adjoining outermost corrugated
fin 5. Moreover, the top capsule 6 is temporarily
assembled to the sheet metal member 8 by temporary
crimping with the claw portion 8a as is the bottom
capsule 11 to the sheet metal member 12 by means of claw

porticn 12a.

S:14338AW/27.3.97
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Thus, &s shown in Fig. 1, aluminum heat exchanger 1
is temporarily assembled as mentioned above. At this
time, even if the core portion 13 tries to expand in
widthward direction, eg toward the outside along the
lamination direction of the core portion 13, due to the
elasticity of the tubes 2 and the corrugated fins 5, the
core portion 13 is prevented from expanding since the two
inserts 14 made of the high strength material tend to
suppress such motion. Other than that, the more the core
portion 13 seeks to expand along the lamination
direction, the more pressure is exerted onto the core
portion 13 by the side inserts 14, whereby the dimensions
of the core portion 13 are maintained and do not deviate
even after the subsequent soldering/brazing operation is
over since the inserts 14 hold the core portion 13 firmly
together.

Next, flux is spread on the surfaces of the aluminum
heat exchanger 1 by spraying powdered flux or by
spreading flux dissolved in water so that the
brazing/filler metal material is spread uniformly. Afcer
that, the aluminum heat exchanger 1 is put in a heating
furnace and heated up to around 600°C whereby the brazing
metal is meltsd and the brazing/soldering operation is
performed. At that stage, since the melting point of the
core materials of tubes 2 and corrugated fins 5 is about
650°C, which is close to the melting point of the brazing
metal, the aluminum core material with cladad metal also
softens quite a bit. Therefore, conventionally, if the
same aluminum material is used for the inserts 14 as for
the other parts, the jig function of the inserts 14 and
the holding function provided by the elasticity of the
tubes 2 and the corrugated £fins 5 will be 1lost, and
consequently the corrugated fins 5 will tend to lose
contsct with the tubes 2 during the brazing operation if
an additional jig 105, band 106 or wire 108 is not used,
as described above with reference to Figs. 11 and 12.
However, since in accordance with the present invention
the core portion 13 is held firmly pressed together by

*14339AW/27.3.97
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the inserts 14 made of iron or stainless steel, which
have a higher melting point and higher strength than the
aluminum parts, no such failures will take place. The
inserts 14 will still maintain enough strength without
softening at the melting point of the aluminum type
brazing metals used.

Although the core portion 13 is firmly held from
both widthward sides by the iron or stainless steel
parts, due to the thermal expansion of the aluminum and
iron/stainless steel parts, which is different under the
high temperatures present during the brazing operation,
the following design measures are provided in orxrdar to
accommodate the differences in thermal expansion
coefficients.

Before the brazing operation, as shown in Fig. 5,
the core portion 13 tends to expand in lamination
direction due to the elasticity of the tubes 2 and the
corrugated fins 5. If the core portion 13 is exposed to
high temperature in the heating furnace during brazing,
the core portion 13 formed by the tubes 2, the
corrugated fins 5 and the sheet metal members 8 and 12
expands due to thermal expansion of the aluminum material
not only in lamination direction 50 but also in a
direction 51 parallel to the tubes 2. At that time,
since the iron or stainless steel inserts 14 have a
smaller thermal expansion coefficient than aluminum, the
inserts 14 will not entirely follow the expansion of the
core portion 13, in particular expansion in the direction
51 which extends parallel to the tubes 2. Therefore, if
during the above described temporary assembly, before
brazing takes place, the sheet metal members 8 and 12 and
the inserts 14 are fixed firmly to one another, a force
F1 will act on the connection portion 52 between the
receptacles at the sheet metal member 8 (and 12) and the
terminal ends of the inserts 14 in a direction which will
tend to prevent expansion of the core portion 13, and a
force F2, due to the thermal expansion of the core
portion 13 will act on the other portion of sheet metal
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member 8 (and 12). Thus, sheet metal member 8 (and 12)
will become buckled. Therefore, it is better to fi:x the
inserts 14 temporarily to the sheet metal members 8 and
12, with only a small gripping force.

5 As shown in Fig. 2, in accordance with the present
invention, the inserts 14 are inserted so as to be
covered from the outside by ths folded, U-shaped
receptacles 18 and 19 formed at the widthward terminal
ends of the sheet metal members 8 and 12. Therefore,

10 during the brazing operation in which the brazing metal
melts and the aluminum sheet metal member 8 softens, the
joi~* portion 52 (shown in Fig. 6) between sheet metal
member 8 and inserts 14 is actually ineffective along the
direction parallel to the inserts 14. Thus force F1,

15 which tends to prevent thermal expansion, will not act on
the sheet metal member 8, and consequently the sheet
metal member 8 will not buckle. On the other hand, as
regards the expansion of the core portion in lamination
direction 50 due to thermal forces, since the sheet metal

20 member 8 is made of an aluminum material just like the .
tubes 2 and the corrugated fins 5 of the core potion 13,
the core portion 13 and the sheet metal member 8 will
expand with the same degree of thermal expansion so that
the above mentioned problem does not present itself.

25 In the present invention, the material used for the
inserts 14 is iron or sicinless steel and not aluminum as
used conventionally. The thickness of the inserts 14 can
therefore be reduced to about 60% of that of conventional

e cecsesee
. . °
® eac eee o0 .
o oe o ° .
® ©e0 ee oo o
oo .o 0 oo

aluminum inserts. Since iron or stainless steel has a
s, 30 higher strength than aluminum, such thickness is enough
O to ensure the jig function during the brazing operation.
R As shown in Fig. 5, before the brazing operation, the

core portion 13 tries to expand in lamination direction
50 due to the elasticity of the tubes 2 and the
R 35 corrugated fins 5. If the thickness of the inserts 14 of
high strength material is the same as in a conventional
insert, the force preventing expansion of core portion 13
may act excessively and the tubes 2 and corrugated fins 5
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forming the core portion 13 may become buckled.

The brazing operation is finished by removing the
aluminum heat exchanger 1 from the heating furnace and
cooling it down to room temperature.

In operation, the aluminum heat exchanger 1 in
accordance with f«he described embodiment in accordance
with the invention is similar to that of a conventional
heater core of an automotive air conditioner so that the
engine cooling water which is warmed up in the engine
water Jjacket flows into the inflow chamber 3a at the
capsule 6 of the upper tank 3 via the inflow pipe 9. The
engine cooling water flowing into the inflow chamber 3a
flows in tubes 2a along an approach route, goes toward
the lower tank 4 and flows into the bottom capsule 11 of
the lower tank 4. The engine cooling water flowing into
the bottom capsule 11 then flows into the outflow chamber
3b by way of tube 2b along a return route connected to
the inflow chamber 3b. The engine cooling water flowing
into the inflow chamber 3b from tube 2b goes to the
engine water jacket by way of outflow pipe 10 fixed at
the top of the capsule 6. At this time, the engine
cooling water flowing in the tubes 2a and 2b heats up the
air flowing in a blow duct by heat exchange therewith.
Thus, the interior of a vehicle can be heated.

As mentioned above, when the aluminum heat exchanger
1 is heated-up in the heating furnace to effect brazing,
the core portion 13 is held by the two inserts 14 so that
the core portion 13 can be brazed without using
additional holding tools such as a jig, a band or a wire
for the core portion 13. That is, since the core portion
13 is maintained in a temporarily assembled state without
using holding tools, the corrugated fins 5 will not fall
out between adjacent the tubes 2. Thus, joint defects
between the tubes 2 and the corrugated fins 5 will not
occur. Also, no deviation of dimensions of the finished
aluminum heat exchanger 1 will take place during

manufacturing.
Since the brazing operation can be simplified by

S:14339AW/27.3.97
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omitting holding tolls to reinforce the core portion 13,
the efficiency of the brazing operation is improved and
manufacturing productivity of aluminum heat exchangers is
improved. The product unit cost is accordingly reduced,
also because costs associated with additional holding
tools become unnecessary.

Fig. 7 1illustrates a second embodiment of a heat
exchanger in accordance with the present invention.

In the first ombodiment described above, as shown in
Fig. 2, although inserts 14 are inserted to be held from
the outside by U-shaped foldings "receptacles') 18 and 19
formed on the sheet metal members 8 and 12, respectively,
in the second embodiment, a step portion 18 is formed at
the joint portion on the top capsule 6 of the upper tank
3. The terminal end of the insert 14 is inserted between
the step portion 18 and an upright standing rim portion
8b formed at the joint portion on the sheet metal member
8. The widthward lateral sides of the lower tank 4 also
have the same construction.

With this construction, which is similar to the
first embodiment in that it provides U-shaped receptacles
for the terminal ends of the inserts 14, step portion 18
of the top capsule 6 1is assembled to cover from the
outside the insert 14. Thus, during the brazing
operation in which the brazing metal melts and the sheet
metal member 8 (and 12) softens, since the terminal ends
of the insert 14 become loose while received between the
step portion 18 and the rim portion 8b, the difference of
thermal expansion between the aluminum and iron or
stainless steel parts of the assembly can be absorbed.

Fig. 8 illustrates an improved embodiment of the
core portion of an aluminum heat exchanger 1 in
accordance with the present invention.

In this embodiment, during temporary assembly of the
aluminum heat exchanger 1, an aluminum brazing foil 21 is
fastened between insert 14 and corrugated fin 5 at the
widthwise outermost end of the core portion 13; these
parts are then connected to one another by putting the

S:14339AW/27.3.97
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assembly in a heating furnace. Therefore, since the core
portion 13 can be perfectly unified with the insert 14,
an improved reinforcing effect is provided to the core
portion 13 as compared to the first embodiment described
above. That is, pressure tightness between tubes 2 and
the rigidity of corrugated fins 5 can be improved.

Fig. 9 illustrates an improved insert 14, in cross-
section, for wuse in an aluminum heat exchanger 1 in
accordance with the invention.

Insert 14 comprises a metallic core 22 which is
plated with a metallic plating 23 of aluminum-silicon
type on the outside surfaces of the core 22. This insert
14 1is thus protected from rusting and durability is
improved. Since aluminum-silicon type plating has almost
the same components as a brazing metal and the melting
point is also similar to that of the brazing metal,
aluminum-silicon type plating <can be wused as a
brazing/filler metal. Like embodiments described above,
the widthwise outermost corrugated fin 5 of the core
portion 13 and the insert 14 will be connected by
brazing. However, according to the inventors of the
present invention, about 35um in thickness of plating is
not enough for brazing so that about 70um in thickness is
necessary.

A modified insert cross-section as compared to the
one illustrated in Figs. 2 or 7 will now be explained
with reference to Fig. 10, which also shows a modified
tube design.

In the embodiments described above, in order to keep
pressure tightness of the tubes 2, the rigidity of the
core portion 13 of the aluminum heat exchanger 1 using
iron or stainless steel inserts 14 1is increased by
plating the inserts 14 with a predetermined amount of
aluminum-silicon type plating material and/or acdding a
brazing foil so as to improve brazing between the insert
14 and the adjoining corrugated fin 5. 1In the embodiment
illustrated in Fig. 10, pressure tightness of the tubes 2
is improved by using tubes 2 having the illustrated bent
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60 in one of the walls and rigidity of the insert 14 can
be improved by integrally forming an undulated rib 61
with it. Therefore, pressure tightness of the tubes 2
can be kept without additionally brazing the iron or
stainless steel insert 14 to the widthwise outermost
corrugated fin 5 as described above.

Although the invention has been described in its
application to aluminum heat exchangers, the invention
can be also applied to a heat exchanger with a resin top
and bottom capsule. In this case, only the core portion
of the exchanger, without the capsules, is put in a
heating furnace for the brazing operation.

Further, although the invention has been described
in its application to a heater core of an automotive hot
water heater, the invention can also be applied to an
automotive radiator, an automotive o0il cooler, a

- condenser or an evaporator of an air-conditioner for

vehicles, houses or factories. Also, the invention may
be applied to a different type of heat exchangers which
require a pair of reinforcing plates to maintain a rigid.
core structure during the lamination process. The
inserts, which serve as reinforcing plates, can also
incorporate a bracket for installing the heat exchanger
at a casing or non-assembly members of a vehicle.
Industrial Applicability

An aluminum heat exchanger in accordance with the
present invention can be used, for example, as an
automotive heater core of a hot water heater having

engine cooling water as a heat source.
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THE CLAIMS DEFINING THE INVENTION AS FOLLOWS:

1. A heat exchanger comprising:

a laminated core portion including a plurality
of spaced apart tubes arranged to have heat exchange
ligquid flow therein alternately laminated with a
plurality of fins contacting adjacent ones of the tubes
to improve heat exchange efficiency;

a first tank including a sheet metal base
having a plurality of insert holes in which a respective
one end portion of the tubes is received;

a second tank including a sheet metal base
having a plurality of insert holes in which a respective
one other end portion of the tubes :is received; and

a pair of reinforcing plates disposed in
flanking relationship at respective widthward sides of
the core portion and extending between the first and the
second tank;

the core portion and the bases of the first and
second tank being made of an aluminium-type metallic
material being lightweight and having 1low strength;

the reinforcing plates being made of a metallic
material having a higher fusing point and higher strength
than the aluminium-type metallic material; wherein

the reinforcing plates have respective terminal
end portions at the first and second tanks which extend
substantially along the entire thickness of the core
portion and which are arranged to be covered by the first
and the second tank and fixedly secured thereto by being
received in U-shaped receptacles formed at the first and
second tank, respectively.

2. A heat exchanger accoriding to claim 1, wherein
the sheet metal bases have widthward end porcions which
are bent and folded to form the U-shaped receptacles for
fixing the reinforcing plates at each of the sheet metal
bases of the first tank and the second tank,
respectively.

3. A heat exchanger according to claim 1, wherein
the first and second tank each include a capsule mounted

.339AW/27.3.97
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on and arranged to cover the respective sheet metal base,
the capsule having a step formed at a Jjoint portion
between the capsule and the sheet metal base at opposing
widthward sides, the sheet metal base having widthward
end portions which are bent to provide an upstanding rim
at the joint portion, the step and the rim arranged to
form jointly the U-shaped receptacles for fixing the
reinforcing plates at each of the first tank and the
second tank, respectively.

4, A heat exchanger according to claim 1, 2 or 3,
wherein the aluminium-type metallic material forming the
core portion, the first tank and the second tank is an
aluminium composition metal, the reinforcing plates being
made of one of iron and stainless steel.

5. A heat exchanger according to any one of claims
1 to 4, wherein the fins are corrugated fins, and wherein
an aluminium brazing £foil is fastened betwee the
corrugated fins which are arranged at the widthward
outermost ends of the core portion and the respectively
adjoining reinforcing plate during brazing.

6. A heat exchanger according to any one of claims
1 to 5, wherein the reinforcing plates comprise an iron
or a stainless steel core which 1is plated with an
aluminium-silicon type plating on at least one outer
surface thereof.

7. A heat exchanger according to any one of claims
1 to 6, wherein at least one of the reinforcing plates
includes means adapted to increacse stiffness of the plate
in the direction extending between the first and the
second tank.

8. A heat exchanger according to claim 7, wherein
the reinforcing plate has at least one edge flange
extending substantially along the 1length of a main
portion of the plate.

9. A heat exchanger according to claim 7 or 8,
wherein { he feinforcing plate has at least one integral
rib protruding therefrom and extending in longitudinal

direction of the plate.
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10. A heat exchanger according to any one of the
preceding claims, wherein the U-shaped receptacles and
the terminal end portions of the reinforcing plates are
dimensioned such that the terminal end portions, when
fixedly inserted in the receptacles, are able to move
within the receptacles in direction of the longitudinal
extension of the plates upon the heat exchanger being
subjected to a temperature required for brazing the heat
exchanger.

11. A method of manufacturing a heat exchanger
comprising the steps of:

alternatingly laminating a plurality of heat
exchanger tubes and heat exchanger fins to form a core;

disposing two header tanks, each having a sheet
metal base having a plurality of openings, at opposite
ends of the core such that the tubes are received in
corresponding ones of the openings, the tanks having U-
shaped receptacles at respective widthward side ends
thereof; and

disposing two reinforcing ©plates at opposite

widthward sides of the core and to extend between the two
tanks such that terminal end portions of the plates,
which extend substantially over the entire thickness of
the core, are inserted into and maintained in the U-
shaped receptacles of the tanks during brazing of the so
obtained assembly.

12. The method of claim 11, wherein the reinforcing
plates are fixed within the U-shaped receptacles in such
a manner that in a cold state of the assembly prior to
brazing the core and the tanks are prevenied from moving
with respect to one another in divzction of the
longitudinal extension of the tubes and reinforcing
plates, but in a manner such that the terminal end
portions of the reinforcing plate:: are free to slide
within the U-shaped receptacles .u a hot state during
brazing of the assembly to accommodate differential
thermal expansion of the tani3, core and reinforcing

SAI339AW/27.3.97
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13. The method of claim 12, wherein the terminal end
portious of the reinforcing plates are received within
in such a manner that after
the assembly the
plates are tightly fixed to the tanks.

14. A heat
described with reference to any one embodiment as shown

the U-shaped receptacles

brazing and cooling of reinforcing

exchanger substantially as herein
in the accompanying drawings.

15. A Method of manufacturing a heat exchanger
substantially as herein described with reference to any

one embodiment as shown in the accompanying drawings.

Dated this 27th day of March 1997
NIPPONDENSO CO., LTD.
By their Patent Attorneys
GRIFFITH HACK
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