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(54) Heat exchanger

(57) A heat exchanger comprises: a corrugated
plate (1); a base plate (2); a cover plate (4); a plurality
of flow paths A and a plurality of flow paths B defined by
the corrugated plate (1), the base plate (2) and the cover
plate (4) disposed so as to interpose the corrugated
plate (1) therebetween. The plurality of flow paths A and
the plurality of flow paths B are alternately and adjacent-
ly arranged on both sides of the corrugated plate (1) for
exchanging heat between fluid A and fluid B via the cor-
rugated plate (1) by supplying fluid A through a plurality
of flow paths A and fluid B through a plurality of flow
paths B.

At least one of end portions of the plurality of flow
paths is hermetically sealed by making partial cuts (13)
at the end portions (10) of the corrugated plate (1) and/
or folding a part of the end portions (10) of the corrugat-
ed plate (1), bending opposing ends of the corrugated
plate (1) so as to form them respectively into a shape of \

a gable roof, bringing at least a part of the ends of the
corrugated plate (1) into contact with each other, and
brazing portions in contact, so that openings of one of

28

the flow paths A and the flow paths B are hermetically
sealed for allowing only one of the fluids to flow in/out
at each end of the corrugated plate (1).

FIG. 1
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a heat ex-
changer easy to manufacture and resistant to fluid leak-
age with low fluid pressure losses.

2. Description of the Related Art

[0002] Referring to Fig. 10 and Figs. 11Ato 11C, one
example of the conventional heat exchanger will be de-
scribed. Fig. 11Ato Fig. 11C illustrate principal members
of a heat exchanger divided into pieces respectively.
Fig. 11A shows a base plate 52 to be joined on one of
the surfaces of a corrugated plate 51. Fig. 11B shows a
corrugated plate 51. Fig. 11C shows a cover plate 54 to
be joined on the other surface of the corrugated plate.

[0003] In Fig. 10, a heat exchanger manufactured by
joining members shown in Fig. 11A to Fig. 11C is illus-
trated. Referring first to Fig. 11A to Fig. 11C, the descrip-
tion will be made. A plurality of flow paths 53 are formed
by joining a base plate 52 on one of the surfaces of the
corrugated plate 51. A plurality of flow paths 56 are
formed by joining a body portion 55 of the cover plate
54 on the other surface of the corrugated plate 51. The
base plate 52 and the sleeve portion 57 of the cover
plate 54 are joined, and outlet ports 58, 59 for fluid A
and fluid B are formed on the upper portion of the base
plate 52 and on the lower portion of the body portion 55
of the cover plate respectively.

[0004] Referring now to Fig. 10, the openings at the
lower end of the heat exchanger surrounded by the base
plate 52 and the cover plate 54 are inlet ports 61 for fluid
A, and the inlet ports 61 are provided with hollow bodies
(not shown) extending in the same direction as the
length of the respective flow paths 53, 56 for supplying
fluid A. The openings at the upper end are inlet ports 62
for fluid B, and the inlet ports 62 are provided with hollow
bodies (not shown) extending in the same direction as
the length of the respective flow paths 53, 56 for sup-
plying fluid B. The upper end portions of the flow paths
53 and the lower end portions of the flow paths 56 are
plugged up with sealing material 60 and hermetically
sealed.

[0005] In this conventional heat exchanger, heat ex-
change between fluid A and fluid B is performed through
the corrugated plate by supplying fluid A and fluid B into
the respective flow paths 53, 56 through the respective
cylindrical bodies and the respective inlet ports 61, 62,
and discharging out through the outlet ports 58, 59 of
the respective flow paths 53, 56.

[0006] In the conventional heat exchanger, the end
portions of the corrugated plate in the vicinity of the inlet
ports for fluid are plugged up with sealing material or the
like and hermetically sealed. However, since the corru-
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gated plate is thin-walled and the area to be hermetically
sealed is large, the sealing operation needs much time
and efforts, and defective hermeticity is apt to occur,
whereby fluid may be leaked from the flow paths A to
the flow paths B, or from the flow paths B to the flow
paths A.

[0007] As a measure for improving hermeticity, a
method of crushing the end portions of the corrugated
plate to be sealed is conceivable. However, complete
hermeticity cannot be expected simply by the crushing
operation. As shown in Fig. 10, joints between the cor-
rugated plate 51 and the base plate 52, and between
the corrugated plate 51 and the cover plate 54 are also
sealed hermetically by the use of adhesive agent or
sealing material. However, such sealing operation also
needs much time and effort, and defective hermeticity
is apt to occur, whereby fluid may be leaked as in the
end portions of the corrugated plate.

[0008] In addition, fluid supplied through the hollow
body impinges on the filler plugged at the end portion of
the corrugated plate at the position where the flowing
area decrease at the inlet port, and then the direction of
the flow of fluid is bent at a right angle internally thereof.
As a consequent, excessively turbulent flow of fluid oc-
curs internally thereof, and pressure losses increase,
thereby making large the size of the fun and resulting in
steep-rise of electricity expense.

[0009] By the way, the fluid pressure losses Ap in the
entire heat exchanger are a value obtained by subtract-
ing pressure increase Ap, ; due to increase in the area
at the fluid outlet from the sum of pressure losses Ap;,
due to decrease in the area at the inlet ports of the heat
exchanger and a change in flowing direction and pres-
sure losses AP, at the time when fluid flows through
the flow paths. Since AP, and AP ,; among the above
are determined by the specification of design, decrease
in pressure losses AP depends on how much AP;, can
be decreased.

SUMMARY OF THE INVENTION

[0010] In order to solve the problems described
above, the first embodiment of the invention is a heat
exchanger comprising: a corrugated plate; a base plate;
a cover plate; a plurality of flow paths A and a plurality
of flow paths B defined by said corrugated plate, said
base plate and said cover plate disposed so as to inter-
pose said corrugated plate therebetween; and said plu-
rality of flow paths A and said plurality of flow paths B
being alternately and adjacently arranged on both sides
of the corrugated plate for exchanging heat between flu-
id A and fluid B via the corrugated plate by supplying
fluid A through a plurality of flow paths A and fluid B
through a plurality of flow paths B, wherein at least one
of end portions of the plurality of flow paths is hermeti-
cally sealed by making partial cuts at the end portions
of the corrugated plate and/or folding a part of the end
portions of the corrugated plate, bending opposing ends
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of the corrugated plate so as to form respectively into a
shape of a gable roof, bringing at least a part of the ends
of the corrugated plate into contact with each other, and
brazing portions in contact, so that openings of one of
the flow paths A and the flow paths B are hermetically
sealed for allowing only one of the fluids to flow in/out
at each end of the corrugated plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a perspective view showing a heat ex-
changer according to the first embodiment of the in-
vention;

Fig. 2A to Fig. 2C are explanatory drawings show-
ing a way of hermetically sealing the end portions
of the corrugated plate in the heat exchanger ac-
cording to the invention;

Fig. 3 is an explanatory drawing showing another
way of hermetically sealing the end of the corrugat-
ed plate of the heat exchanger according to the in-
vention;

Fig. 4 is a perspective view of a heat exchanger ac-
cording to the second embodiment of the invention;
Fig. 5A to Fig. 5C are explanatory drawings show-
ing further another way of hermetically sealing the
end portions of the corrugated plate in the heat ex-
changer according to an embodiment of the inven-
tion;

Fig. 6A to Fig. 6D are explanatory drawings show-
ing further way of hermetically sealing the end por-
tions of the corrugated plate in the heat exchanger
according to the invention;

Fig. 7A to Fig. 7C are examples 1 to 3 of the inven-
tion, Fig. 7D and Fig. 7E are partial plan views
showing an upper end portions of the flow paths A
of the comparative examples 1 and 2, respectively;
Fig. 8 is an explanatory drawing showing a way of
inspecting the hermeticity of the heat exchanger;
Fig. 9 is an explanatory drawing showing a way of
inspecting pressure losses in the heat exchanger;
Fig. 10 is a perspective view of the conventional
heat exchanger;

Fig. 11Ato Fig. 11C are drawings showing principal
members of the conventional heat exchanger; and
Fig. 12 is results of the comparison between the ex-
amples of the invention and comparative examples,
shown as Table 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0012] Referring now to the drawings, an embodiment
of the invention will be described in detail. The same
parts having the same function are designated by the
same reference numerals and are not explained again
throughout the drawings showing the embodiments of
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the invention.
[0013] One of the objects of the invention is to provide
a heat exchanger that is easy to manufacture and re-
sistant to fluid leakage with low fluid pressure losses.
[0014] A heat exchanger of the invention comprises:
a corrugated plate; a base plate joined on one of surfac-
es of said corrugated plate; a cover plate joined on other
surface of said corrugated plate; two types of fluid flow
paths A and B defined by said corrugated plate, said
base plate, and said cover plate along a longitudinal di-
rection of said corrugated plate, said two types of fluid
flow paths comprising a plurality of flow paths A defined
by said one of surfaces of said corrugated plate and said
base plate, and said plurality of flow paths B defined by
other surface of said corrugated plate and said cover
plate, said plurality of flow paths A and said plurality of
flow paths B being formed separately from each other;

one of upper end portions and lower end portions
of said corrugated plate for forming the flow paths A,
which are hermetically sealed by providing two corre-
sponding slant surfaces, and other one of the upper end
portions and lower end portions of said corrugated plate
for forming the flow paths B, which are hermetically
sealed by providing two corresponding slant surfaces;

inlet ports for said fluid B being provided on one
end portion of the corrugated plate which is the hermet-
ically sealed side of the flow paths A, and inlet ports for
said fluid A being provided on other end portion of the
corrugated plate which is the hermetically sealed side
of the flow paths B;

outlet ports for said fluid A and for said fluid B re-
spectively being provided on opposite sides of said inlet
ports for fluid A and fluid B,

wherein heat is exchanged between fluid A and
fluid B via the corrugated plate by supplying fluid A into
the plurality of said flow paths A and supplying fluid B
into the plurality of said flow paths B respectively from
said inlet ports thus constructed toward said outlet ports.
[0015] In addition, in a heat exchanger of the inven-
tion, said cover plate and/or said base plate are hermet-
ically sealed with the end portions of said corrugated
plate by making cuts at the end portions of the corrugat-
ed plate to leave margins so as to be capable of brazing
either on said cover plate or on said base plate, and
brazing said margins. In a heat exchanger of the inven-
tion, said corrugated plate is brazed to said base plate
and/or said cover plate by the brazing material in a clad
corrugated plate, and said flow paths A is completely
divided off said flow paths B.
[0016] Furthermore, in a heat exchanger of the inven-
tion, said corrugated plate comprises a cladding plate
including a core material and a brazing material formed
on one side or both sides of said core material.

(First Embodiment)

[0017] Referring now to a perspective view shown in
Fig. 1, a heat exchanger according to the first embodi-



5 EP 1 251 325 A2 6

ment of the invention will be described. A cladding plate
with brazing material formed on both surfaces of the
core material is used as a material of the corrugated
plate. A plurality of flow paths 3(A) are formed by joining
a base plate 2 on one of the surfaces of the corrugated
plate 1. A plurality of flow paths 6(B) are formed by join-
ing a body portion 5 of the cover plate 4 on the other
surface of the corrugated plate 1. The base plate 2 and
the sleeve portion 7 of the cover plate 4 are joined, and
outlet ports 8 for fluid A are formed on the upper portion
of the base plate 2, and outlet ports 9 for fluid B are
formed at the lower portion of the body portion 5 of the
cover plate.

[0018] The openings at the lower end portion sur-
rounded by the base plate 2 and the cover plate 4 are
inlet ports 28 for fluid A, and the inlet ports 28 are pro-
vided with hollow bodies (not shown) extending in the
same direction as the length of the respective flow paths
3, 6 for supplying fluid A. The openings at the upper end
are inlet ports 29 for fluid B, and the inlet ports 29 are
provided with hollow bodies (not shown) extending in
the same direction as the length of the respective flow
paths 3, 6 for supplying fluid B.

[0019] At the upper end portions of the flow paths 3
(A) and the lower end portions of the flow paths 6(B),
the end portions 10 of the corrugated plate are bent so
as to be brought into contact with each other at the ex-
tremities thereof and processed into the shape of gable
roofs. The minute gaps at the extremities 11 of the gable
roofs are brazed and hermetically sealed by filling braz-
ing material. The lower end portions of the flow paths 6
(B), although they are not shown in Fig. 1, are brazed
and hermetically sealed by the same method as that for
the upper end portions of the flow paths 3. The corru-
gated plate 1 and the base plate 2, and the corrugated
plate 1 and the cover plate 4 are joined by the use of
adhesive agent or sealing material, so that no leakage
of fluid may occur between the flow paths 3(A) and the
flow paths 6(B).

[0020] In this embodiment, the reason why cladding
material is used for the corrugated plate 1 is to hermet-
ically seal the flow paths 3(A) and flow paths 6(B) by
brazing. At the end portions 10 of the corrugated plate,
the extremities 11 are bent toward each other and
brought closer, and filled with brazing material in the
minute gap therebetween so as to be brazed and her-
metically sealed. The reason is to facilitate realization
of the hermeticity at the end portions 10 of the corrugat-
ed plate, and to alleviate the extent of turbulent flow in
the vicinity of the fluid inlet ports 28, 29. The corrugated
plate and the base plate, and the corrugated plate and
the cover plate are joined by the use of adhesive agent
or sealing material, so that no leakage of fluid occurs
between the flow paths 3(A) and the flow paths 6(B). In
other words, in this embodiment, the end portions of the
corrugated plate area brazed, and the corrugated plate
and the base plate, and the corrugated plate and the
cover plate are joined by the use of adhesive agent or
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sealing material.
[0021] Referring now to Figs. 2A to 2C, the way to her-
metically seal the extremities 11 of the end portions 10
of the corrugated plate will be described. A prescribed
length of cut 13 is made along each crease 12 on the
end portion 10 of the corrugated plate to form a strip 14,
a strip 15, and a strip 16. The strip 14 and the strip 16,
which are opposed each other, are bent from the ends
of the cuts 13 so that the extremities 11 of the respective
strips are brought closer with each other and formed into
the shape of a gable roof by the use of a prescribed met-
al die (not shown). The extremities 11 of the strip 14 and
the strip 16, which are brought closer, are brazed and
hermetically sealed with brazing material.
[0022] The angle a17 between the strip 14 and the
strip 16 formed in the shape of a gable roof shown in
Fig. 2C is preferably not less than 30 degrees and not
more than 120 degrees. The reason is that when it is
less than 30 degrees, inclination becomes sharp and
thus the roof portion becomes high, which results in in-
creased restrictions in design choice. When it exceeds
120 degrees, the effect of alleviating the turbulent flow
cannot be obtained sufficiently.
[0023] In Fig. 3, the strip 14 and the strip 16 are bent
in the vicinity of the respective extremities 11 and the
surfaces of the bent extremities are formed to come into
contact with each other. This example shows the case
where the surfaces of the extremities bent and brought
into contact with each other are formed to be in parallel
with the flow paths, which has lower resistance with re-
spect to fluid. As in this example, making surface joint
at the contact portions 27 may increase hermeticity.
[0024] Furthermore, a heat exchanger of the inven-
tion comprises: a corrugated plate; a base plate joined
onone of surfaces of said corrugated plate; a cover plate
joined on other surface of said corrugated plate;

two types of fluid flow paths A and B defined by
said corrugated plate, said base plate, and said cover
plate along a longitudinal direction of said corrugated
plate, said two types of flow paths comprising a plurality
of flow paths A defined by said one of surfaces of said
corrugated plate and said base plate, and said plurality
of flow paths B defined by other surface of said corru-
gated plate and said cover plate, said plurality of flow
paths A and said plurality of flow paths B being formed
separately from each other;

upper end portion and lower end portion of said
corrugated plate forming the flow paths A or B, which
are hermetically sealed by providing two corresponding
slant surfaces;

inlet ports provided on said base plate or said cov-
er plate forming said flow paths A or said flow paths B,
upper end portions and lower end portions of which are
hermetically sealed, and outlet ports provided opposite
side of said inlet ports;

inlet ports provided on one end of said flow paths
A or said flow paths B, upper end portions and lower
end portions of which are not hermetically sealed, and
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outlet ports provided on opposite side of said inlet ports,

wherein heat is exchanged between fluid A and
fluid B via the corrugated plate by supplying fluid A into
the plurality of said flow paths A and supplying fluid B
into the plurality of said flow paths B respectively from
said inlet ports thus constructed toward said outlet ports.

(Second Embodiment)

[0025] Referring now to a perspective view of Fig. 4,
the heat exchanger according to the second embodi-
ment of the invention will be described. The shape of
the end portions of the corrugated plate described in
conjunction with the heat exchanger according to the
first embodiment referring to Figs. 2A to 2C and 3 may
be applied to this embodiment.
[0026] Inthe heat exchanger according to the second
embodiment of the invention, outlet ports 8 and inlet
ports 28 for fluid A are provided on the base plate 2 to
supply fluid A through the flow paths 3(A), and fluid B is
supplied from the inlet ports 29 at the lower end portions
of the flow paths 6(B) toward the outlet ports 9 at the
upper end. In this heat exchanger, a cladding plate with
brazing material formed on one of the surfaces of the
core material is used as material for the corrugated
plate.
[0027] Both end portions 10 of the corrugated plate 1
constituting the flow paths 3(A) are bent at the extrem-
ities thereof so that they are brought into contact with
each other into the shape of a gable roof. The minute
gaps at the extremities 11 of the gable roof are brazed
and hermetically sealed by being filled with brazing ma-
terial. In this case, brazing material is filled inside the
gable roof.
[0028] In this heat exchanger, sealing work at both
end portions of the corrugated plate that constitutes the
flow paths 3(A) can easily be performed, and in addition,
good finish can be expected and pressure losses of fluid
6(B) can be reduced. The corrugated plate 1 and the
base plate 2 are joined by the use of adhesive agent or
sealing material so that no leakage of fluid occurs be-
tween the flow paths 3(A) and the flow paths 6(B). Since
attachment of the cover plate does not effect directly on
leakage of fluid between the flow paths 3(A) and the flow
paths 6(B), any way of attachment can be employed.
[0029] Furthermore, a heat exchanger of the inven-
tion comprises: a corrugated plate; a base plate joined
on one of surfaces of said corrugated plate; a cover plate
joined on other surface of said corrugated plate;

two types of fluid flow paths A and B defined by
said corrugated plate, said base plate, and said cover
plate along a longitudinal direction of said corrugated
plate, said two types of fluid flow paths comprising a plu-
rality of flow paths A defined by said one of surfaces of
said corrugated plate and said base plate, and said plu-
rality of flow paths B defined by other surface of said
corrugated plate and said cover plate, said plurality of
flow paths A and said plurality of flow paths B being
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formed separately from each other;

one end portion of the upper end portion or the
lower end portion of said corrugated plate forming the
flow path A and other end portion of the upper end por-
tion or the lower end portion of said corrugated plate
forming the flow path B, which are hermetically sealed
by providing two corresponding slant surfaces, respec-
tively;

outlet ports for said fluid B being provided on one
end portion of the corrugated plate which is the hermet-
ically sealed side of the flow paths A, and outlet ports
for said fluid A being provided on the other end portion
of the corrugated plate which is the hermetically sealed
side of the flow paths B;

inlet ports for said fluid A or inlet ports for said fluid
B being provided on said base plate or said cover plate
forming said flow paths A and said flow paths B,

wherein heat is exchanged between fluid A and
fluid B via the corrugated plate by supplying fluid A into
the plurality of said flow paths A and supplying fluid B
into the plurality of said flow paths B respectively from
thus constructed said inlet ports toward said outlet ports.

(Third Embodiment)

[0030] The shape described in conjunction with the
first embodiment referring to Fig. 1 is applied to the heat
exchanger according to the third embodiment of the in-
vention. As regards the end portion of the corrugated
plate, the shape described in conjunction with the first
embodiment referring to Figs. 2A to 2C and Fig. 3 can
also be applied.

[0031] In the heat exchanger in this embodiment, a
cladding plate with brazing material formed on the both
surfaces thereof is used as material for corrugated plate.
The corrugated plate 1 and the base plate 2, and the
corrugated plate 1 and the cover plate 4 are joined by
brazing with brazing material formed in the corrugated
plate. In other words, brazing material that is melted at
the time of heating is filled in minute gaps formed be-
tween the corrugated plate 1 and the base plate 2 and
between the corrugated plate 1 and the cover plate 4,
and then cured after cooling down, so that the gap is
hermetically sealed. In other words, in this embodiment,
brazing at the end portions of the corrugated plate and
brazing between the corrugated plate and the base
plate, and between the corrugated plate and the cover
plate are performed simultaneously. According to this
embodiment, hermeticity is increased.

(Fourth Embodiment)

[0032] The shape described in conjunction with the
second embodiment referring to Fig. 4 can be applied
to the heat exchanger of the fourth embodiment of the
invention. As regards the end portion of the corrugated
plate, the shape described in conjunction with the sec-
ond embodiment referring to Figs. 2A to 2C and Fig. 3



9 EP 1 251 325 A2 10

can also be applied.

[0033] This heat exchanger uses a cladding plate with
brazing material formed on one of the surfaces thereof
as material of the corrugated plate. The corrugated plate
1 and the base plate 2 are joined by brazing with brazing
material formed in the corrugated plate. In other words,
brazing material that is melted at the time of heating is
filled in a minute gap formed between the corrugated
plate 1 and base plate 2, and then cured after cooling
down, so that the gap is hermetically sealed. Since at-
tachment of the cover plate does not effect directly on
leakage of fluid between the flow paths 3(A) and the flow
paths 6(B), any way of attachment can be employed.
According to this embodiment, hermeticity is increased.
[0034] According to the third embodiment and the
fourth embodiment, it is not necessary to spend much
time and efforts as in the case of using adhesive agent
or sealing material. Since the cladding plate is joined by
brazing with brazing material, the flow paths 3(A) and
the flow paths 6(B) can be divided off completely, and
leakage of fluid between the flow paths 3(A) and the flow
paths 6(B) can completely be avoided.

(Fifth Embodiment)

[0035] The shape described in conjunction with the
first embodiment referring to Fig. 1 can be applied to the
heat exchanger of the fifth embodiment of the invention.
In this embodiment, the corrugated plate in which the
end portions thereof are formed into the roof shape and
the extremities thereof are processed to be brought
closer is employed.

[0036] Referring now to Fig. 5A to Fig. 5C, this em-
bodiment of the invention will be described. This heat
exchanger uses a cladding plate with brazing material
formed on both surfaces thereof as material of the cor-
rugated plate. As a first step, cuts 33 are made from the
edges of the end portions of the corrugated plate on one
side along the creases at the corners defined by shorter
sides 30 and the longer sides 31 in advance.

[0037] Then, the opposed longer sides 31 are folded
into the shape of a roof so that the extremities thereof
are brought closer, and simultaneously, the shorter
sides 30 are bent and flattened out toward the folded
opposed longer sides 31 as if they enfold the bent op-
posed longer sides 31. Preferably, as shown in Fig. 5C,
they are flattening out so that the end surfaces of the
longer sides 31 and of the shorter sides 30 are aligned
and overlapped with each other, and that the bent con-
tact surfaces of the extremities of the longer sides 31
are formed to be upright.

[0038] By shapingaccordingto the above method, the
end portions of the corrugated plate 35 formed by the
shorter sides 30 and the longer sides 31 may be formed
into substantially T-shape. The minute gap formed be-
tween the corrugated plate 1 and the base plate 2, and
between the corrugated plate 1 and the cover plate 4
may be hermetically sealed by the use of adhesive
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agent or sealing material, or may be joined by brazing
using brazing material formed in the corrugated plate.

(Sixth Embodiment)

[0039] The shape described in conjunction with the
second embodiment referring to Fig. 4 may be applied
to the heat exchanger according to the sixth embodi-
ment of the invention. The shape described in conjunc-
tion with the fifth embodiment referring to Figs. 5A to 5C
may be applied as a method of forming the end portions
of the corrugated plate into the roof shape to bring the
extremities closer.

[0040] Inthe cases of the fifth embodiment and of the
sixth embodiment described in conjunction with Fig. 1,
no cut is made on the end formed into a substantially T-
shape, but it is continuous. Therefore, there is no prob-
ability leaving a hole after brazing along the cut, thereby
ensuring hermeticity. Since a special metal die is used
for processing, working procedure can be facilitated sig-
nificantly in comparison with the case where adhesive
agent or sealing material is used.

(Seventh Embodiment)

[0041] The shape described in conjunction with the
first embodiment is applied to the heat exchanger ac-
cording to the seventh embodiment of the invention. In
this embodiment, the corrugated plate having the end
portions formed in the roof shape, and the extremities
being brought closer and processed.

[0042] Referring now to Fig. 6A to Fig. 6D, the em-
bodiment of the invention will be described. The heat
exchanger uses a cladding plate with brazing material
formed on both of the surfaces of the core material as
material of the corrugated plate. As a first step, cuts 43
are made on the shorter sides 40 from the upper edges
of the end portions of the corrugated plate on one side
in advance. The cuts 43 are made on the shorter sides
40 so as to leave margins 44 not less than several mm
in width on both sides closer to the longer sides 41. In
other words, the cuts 43 are made so as to leave mar-
gins 44 for brazing the end portions of the corrugated
plate to the cover plate or to the base plate. The margins
44 may have any width, for example, approximately 1
mm, as far as it can be used for brazing.

[0043] As anext step, the cuts 43 on the shorter sides
40 are expanded outwardly, and then the expanded
margins 44 are brought into contact with the adjacent
margins respectively so that the end surfaces of the ex-
tremities of the margins 44 are aligned and overlapped
with each other. The bent contact surfaces of the ex-
tremities of the margins 44 are preferably formed to be
upright.

[0044] After bringing the margins in contact, the ex-
tremities of the opposed longer sides 41 are brought
closer into the roof shape, and simultaneously, the
shorter sides 42 are bent and flattened out toward the
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folded opposed longer sides 41 as if they enfold the bent
opposed longer sides 41. As shown in Fig. 6D, they are
flattened out so that the end surfaces of the longer sides
41 and of the shorter sides 42 are aligned and over-
lapped with each other. The bent contact surfaces of the
extremities of the longer sides 41 are preferably formed
to be upright.

[0045] By shapingaccordingto the above method, the
end portions 45 of the corrugated plate 45 formed by the
shorter sides 40 and the longer sides 41 may be formed
into substantially T-shape. The minute gaps formed be-
tween the corrugated plate 1 and the base plate 2, and
the corrugated plate 1 and the cover plate 4 may be her-
metically sealed by the use of adhesive agent or sealing
material, or may be joined by brazing using brazing ma-
terial in the corrugated plate.

(Eighth Embodiment)

[0046] The shape described in conjunction with the
second embodiment referring to Fig. 4 may be applied
to the heat exchanger according to the eighth embodi-
ment of the invention. The shape described in conjunc-
tion with the seventh embodiment referring to Figs. 6A
to 6D may be applied as a method of forming the end
portions of the corrugated plate into the roof shape to
bring the extremities closer.

[0047] In the cases of the seventh embodiment and
of the eights embodiment, no cut is made on the end
portions formed into a substantially T-shape, but it is
continuous. Therefore, there is no probability of leaving
a hole after brazing along the cut, thereby ensuring her-
meticity. Since a special metal die is used for process-
ing, working procedure can be facilitated significantly in
comparison with the case where adhesive agent or seal-
ing material is used.

[0048] Furthermore, in other embodiment of the heat
exchanger of the invention, the flow paths A and the flow
paths B are alternately disposed along the lateral direc-
tion of the corrugated plate described above, and the
extent of turbulent flow of fluid that is generated in the
vicinity of the inlet ports is alleviated by the shape of the
end portions hermetically sealed by providing two cor-
responding slant surfaces.

[0049] The aforementioned end portions sealed by
providing two corresponding slant surfaces are further
sealed hermetically by brazing. The corrugated plate is
formed of cladding material comprising core material
and brazing material formed on both surfaces thereof,
and the corrugated plate and the base plate, and the
corrugated plate and the cover plate are respectively
joined by brazing with brazing material of the corrugated
plate.

[0050] The corrugated plate and the base plate, and
the corrugated plate and the cover plate, which are
brazed and joined, are further joined by adhesive agent
or sealing material. The end portions hermetically
sealed by providing two corresponding slant surfaces
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are provided with vertical surfaces as margins for braz-
ing, and hermetically sealed by brazing the vertical sur-
faces.

[0051] As is described thus far, the invention will pro-
duce its effects by being applied to the given heat ex-
changer performing heat exchange via the corrugated
plate.

[Examples
(Example 1)

[0052] The invention will be described in detail refer-
ring to examples. A heat exchanger having a construc-
tion shown in Fig. 1 was manufactured. A corrugated
plate 1 of cladding plate of 0.5 mm in thickness including
brazing material of JIS4045 alloyed metal on both of the
surfaces of the core material of JIS3003 alloyed metal
was used as a corrugated plate 1.

[0053] The end portions 10 which were to be the up-
per end portions of the flow paths 3(A) and the end por-
tions which were to be the lower end portions of the flow
paths 6(B) were processed to be brought closer into the
shape of a gable roof in advance by the method de-
scribed in conjunction with Figs. 2A to 2C, and joined by
brazing by filling brazing material in the minute gaps at
the extremities thereof in the subsequent heating proc-
ess. The corrugated plate 1 and the base plate 2, and
the corrugated plate 1 and the body portion of the cover
plate 5 are respectively joined by adhesive agent.

(Example 2)

[0054] A heat exchanger having the same construc-
tion as the one shown in Fig. 1 other than that the cor-
rugated plate 1 and the base plate 2, and the corrugated
plate 1 and the body portion of the cover plate 5 were
brazed by brazing material in the corrugated plate was
manufactured.

(Example 3)

[0055] The heat exchanger having the same con-
struction as the one shown in Fig. 1 other than that the
shape of the end portion of the corrugated plate is
formed continuously without any cut into T-shape by the
method shown in Figs. 6A to 6D was manufactured by
the same method as that in Example 2.

(First Comparative Example)

[0056] A corrugated plate formed of JIS3003 alloyed
metal plate of 0.5 mm in thickness was used as a cor-
rugated plate 1. The end portions 10 which were to be
upper end portions of the flow paths 3(A) and the end
portions which were to be the lower end portions of the
flow paths 6(B) were processed to be brought closer into
the shape of a gable roof in advance by the method de-
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scribed in conjunction with Figs. 2A to 2C, and hermet-
ically sealed by filling sealing material 23 in the minute
gaps at the extremities thereof. The corrugated plate 1
and the base plate 2, and the corrugated plate 1 and the
body portion 5 of the cover plate were joined by adhe-
sive agent. A heat exchanger having a construction
shown in Fig. 1 other than the points described above
was manufactured.

(Second Comparative Example)

[0057] A heatexchangerhaving a construction shown
in Fig. 1 other than that the upper end portions of the
flow paths 3(A) and the lower end portions of the flow
paths 6(B) were hermetically sealed by filling rubber ma-
terial 26 and sealing material 23 without being proc-
essed to be formed into the shape of a gable roof was
manufactured by the same method as that in the first
comparative example.

[0058] In Fig. 7A, a schematic plan view showing the
upper end portions of the flow paths A in the first em-
bodiment is shown. In the same manner, Fig. 7B shows
the second embodiment, Fig. 7C shows the third em-
bodiment, Fig. 7D shows the first comparative example,
and Fig. 7E shows the second comparative example.
[0059] In the first, second, and third examples of the
invention, the extremity 11 of the end portions 10 of the
corrugated plate formed into the shape of a gable roof
are joined and hermetically sealed by brazing material
25. In the second and third examples of the invention,
the corrugated plate 1 and the base plate, and the cor-
rugated plate 1 and the cover plate 4 are joined respec-
tively by brazing. In particular, in the example 3, there
is no cut made at the end portions, and the substantially
T-shaped portion integrally formed into the roof shape
was formed in continuity.

[0060] On the other hand, in the first comparative ex-
ample, the extremity 11 of the end portions 10 of the
corrugated plate formed into the shape of a gable roof
were hermetically sealed with sealing material 23. In the
second comparative example, the upper end portions
are not formed into the roof shape, but hermetically
sealed as is with sealing material 23, or with sealing ma-
terial 23 and rubber material 26.

[0061] The respective heat exchangers manufac-
tured in the first to third examples of the invention and
in the first and second comparative examples were in-
spected for their hermeticity of the hermetically sealed
end portions of the corrugated plates. Those having
good hermeticity were inspected for the pressures loss.
The method of measuring the hermeticity will be de-
scribed referring to Fig. 8. In a first place, the inlet port
for fluid A of the heat exchanger is hermetically sealed
and a hose 18 is attached to the outlet port 8 for fluid A
in the water-tight state.

[0062] Then, the heat exchanger as soaked into the
water, and highpressure air was blown into the flow
paths 3(A) through the hose 18. Presence of generation
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of air bubbles 19 from the hermetically sealed end por-
tions 10 of the corrugated plate in the vicinity of the outlet
port 8 for fluid A of the heat exchanger was observed.
The same inspection was made also for the flow paths
6(B).

[0063] Inspection was made for 200 each of heat ex-
changers, and evaluated as; very good hermeticity (©) )
when the number of heat exchangers generated air bub-
bles was zero, good hermeticity (O) when the number
was not more than 5, and no good hermeticity (X) when
the number was six or more. The results are shown in
Table 1 as Fig. 12.

[0064] Pressure losses were inspected by, as shown
in Fig. 9, mounting air channels 20, 21 at the inlet ports
and the outlet ports of fluid A, blowing wind through the
air channel 21 mounted at the inlet ports by a fan, and
checking the difference of air pressure between the air
channels 20, 21 by means of a minute differential pres-
sure gauge 22. The results were evaluated as; good (O)
when the differential pressure was less than 50 Pa, and
no good (X) when the value was not less than 50 Pa.
The results are shown in Table 1 as Fig. 12. The pro-
ductivities are also marked in Table 1.

[0065] As is clear from Table 1, in the goods of the
invention from Nos. 1 to 3, every end portions of the cor-
rugated plates were hermetically sealed by brazing after
the extremities thereof were brought closer to reduce
the sealing areas. Therefore, the sealing work can be
made easily and little leakage of fluid was observed.
[0066] In particular, example No.3 of the invention
which has no cut at the extremities of the corrugated
plate and formed into a continuous T-shape was supe-
rior in hermeticity. Since the end portions of the corru-
gated plate were formed into the shape of a gable roof,
the extent of turbulent flow of fluid was alleviated and
pressure losses were reduced. Examples No. 2 and No.
3 of the invention in which the extremities of the corru-
gated plate, and the corrugated plate and the base plate
are brazed simultaneously were superior in hermeticity
and excellent in productivity.

[0067] In contrast to it, in the comparative example of
No. 1, the extremities of the corrugated plate were ga-
bled, but the end portions of the corrugated plate were
hermetically sealed by sealing material. Therefore, seal-
ing work took much time and efforts, and the hermeticity
was low. Comparative example No. 2 in which the end
portions of the corrugated plate were not gabled and
hermetically sealed by sealing material was low in her-
meticity and pressure losses were increased because
extreme turbulent flow of fluid was occurred in the vicin-
ity of the fluid inlet port.

[0068] As is described thus far, the invention relates
to a heat exchanger in which fluid A and fluid B are flown
in the flow paths 3(A) and flow paths 6(B) formed via the
corrugated plate respectively for exchanging heat be-
tween the fluid A and fluid B. In the invention, when her-
metically sealing the flow paths 3(A) and the flow paths
6(B) at the end portions of the corrugated plate, the ex-
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tremities were brought closer by forming the end por-
tions of the corrugated plate into the shape of a gabled
roof for brazing, and thus the sealing work can be per-
formed easily and the good results of sealing may be
achieved. In addition, the extent of turbulent flow of fluid
in the vicinity of the fluid inlet ports is alleviated, and thus
pressure losses of fluid is reduced thereby realizing min-
iaturization of the fan and saving of electricity expense.
Therefore, industrially outstanding effects can be pro-
duced.

Claims
1. A heat exchanger comprising:

- acorrugated plate (1);

- abase plate (2);

- acover plate (4);

- aplurality of flow paths A and a plurality of flow
paths B defined by the corrugated plate (1), the
base plate (2) and the cover plate (4) disposed
so as to interpose the corrugated plate (1) ther-
ebetween; and

- the plurality of flow paths A and the plurality of
flow paths B being alternately and adjacently
arranged on both sides of the corrugated plate
(1) for exchanging heat between fluid A and flu-
id B via the corrugated plate (1) by supplying
fluid A through a plurality of flow paths A and
fluid B through a plurality of flow paths B,

- wherein at least one of the end portions of the
plurality of flow paths is hermetically sealed by
making partial cuts (13) at the end portions (10)
of the corrugated plate (1) and/or folding a part
of the end portions (10) of the corrugated plate
(1), bending opposing ends (14, 16) of the cor-
rugated plate (1) so as to form them respective-
ly into a shape of a gable roof, bringing at least
a part of the ends (14, 15, 16) of the corrugated
plate (1) into contact with each other, and braz-
ing portions in contact, so that openings of one
of the flow paths A and the flow paths B are
hermetically sealed for allowing only one of the
fluids to flow in/out at each end of the corrugat-
ed plate (1).

2. The heat exchanger according to Claim 1,

wherein the cover plate (4) and/or the base plate
(2) are hermetically sealed with the end portions of
the corrugated plate (1) by making cuts (13) at the
end portions of the corrugated plate (1) to leave
margins so as to be capable of brazing either on the
cover plate (4) or on the base plate (2), and brazing
the margins.

3. The heat exchanger according to Claim 1 or 2,
wherein the corrugated plate (1) is brazed to the
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base plate (2) and/or the cover plate (4) by the braz-
ing material in a clad corrugated plate, and the flow
paths A are completely divided off the flow paths B.

The heat exchanger according to any of Claims 1
to 3,

wherein the corrugated plate (1) comprises a clad-
ding plate including a core material and a brazing
material formed on one side or both sides of the
core material.

A heat exchanger comprising:

- acorrugated plate (1);

- abase plate (2) joined on one of surfaces of the
corrugated plate (1);

- acover plate (4) joined on other surfaces of the
corrugated plate (1);

- two types of fluid flow paths A and B defined by
the corrugated plate (1), the base plate (2), and
the cover plate (4) along a longitudinal direction
of the corrugated plate (1), the two types of fluid
flow paths comprising a plurality of flow paths
A defined by the one of surfaces of the corru-
gated plate (1) and the base plate (2), and the
plurality of flow paths B defined by other sur-
faces of the corrugated plate (1) and the cover
plate (4), the plurality of flow paths A and the
plurality of flow paths B being formed separate-
ly from each other;

- one of upper end portions and lower end por-
tions of the corrugated plate (1) for forming the
flow paths A, which are hermetically sealed by
providing two corresponding slant surfaces,
and other one of the upper end portions and
lower end portions of the corrugated plate (1)
for forming the flow paths B, which are hermet-
ically sealed by providing two corresponding
slant surfaces;

- inlet ports (29) for the fluid B being provided on
one end portion of the corrugated plate (1)
which is the hermetically sealed side of the flow
paths A, and inlet ports (28) for the fluid A being
provided on the other end portion of the corru-
gated plate (1) which is the hermetically sealed
side of the flow paths B;

- outlet ports (8, 9) for the fluid A and for the fluid
B, respectively, being provided on opposite
sides of the inlet ports (28, 29) for fluid A and
fluid B,

- wherein heat is exchanged between fluid A and
fluid B via the corrugated plate (1) by supplying
fluid A into the plurality of the flow paths A and
supplying fluid B into the plurality of the flow
paths B, respectively, from the inlet ports (28,
29) toward the outlet ports (8, 9).

6. The heat exchanger according to Claim 5,
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wherein the flow paths A and the flow paths B are
alternately disposed along a lateral direction of the
corrugated plate (1), and an extent of turbulent flow
of fluid that is generated in the vicinity of the inlet
ports (28, 29) is alleviated by a shape of the end
portions hermetically sealed by providing the two
corresponding slant surfaces.

A heat exchanger comprising:

- acorrugated plate (1);

- abase plate (2) joined on one of surfaces of the
corrugated plate (1);

- acover plate (4) joined on other surfaces of the
corrugated plate (1);

- twotypes of fluid flow paths A and B defined by
the corrugated plate (1), the base plate (2), and
the cover plate (4) along a longitudinal direction
of the corrugated plate (1), the two types of flow
paths comprising a plurality of flow paths A de-
fined by the one of surfaces of the corrugated
plate (1) and the base plate (2), and the plurality
of flow paths B defined by other surfaces of the
corrugated plate (1) and the cover plate (4), the
plurality of flow paths A and the plurality of flow
paths B being formed separately from each oth-
er;

- upper end portion and lower end portion of the
corrugated plate (1) forming the flow paths A or
B, which are hermetically sealed by providing
two corresponding slant surfaces;

- inlet ports (28, 29) provided on the base plate
(2) or the cover plate (4) forming the flow paths
A or the flow paths B, upper end portions and
lower end portions of which are hermetically
sealed, and outlet ports (8, 9) provided at the
opposite side of the inlet ports;

- inlet ports (28, 29) provided on one end of the
flow paths A or the flow paths B, upper end por-
tions and lower end portions of which are not
hermetically sealed, and outlet ports (8, 9) pro-
vided on the opposite the side of the inlet ports
(28, 29);

- wherein heat is exchanged between fluid A and
fluid B via the corrugated plate (1) by supplying
fluid A into the plurality of the flow paths A and
supplying fluid B into the plurality of the flow
paths B, respectively, from the inlet ports (28,
29) thus constructed toward the outlet ports (8,
9).

The heat exchanger according to Claim 7,
wherein the fluid A and the fluid B flow in opposite
directions.

A heat exchanger comprising:

- acorrugated plate (1);
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- abase plate (2) joined on one of surfaces of the
corrugated plate (1);

- acover plate (4) joined on other surfaces of the
corrugated plate (1);

- two types of fluid flow paths A and B defined by
the corrugated plate (1), the base plate (2), and
the cover plate (4) along a longitudinal direction
of the corrugated plate (1), the two types of fluid
flow paths comprising a plurality of flow paths
A defined by the one of surfaces of the corru-
gated plate (1) and the base plate (2), and the
plurality of flow paths B defined by other sur-
faces of the corrugated plate (1) and the cover
plate (2), the plurality of flow paths A and the
plurality of flow paths B being formed separate-
ly from each other;

- one end portion of the upper end portion or the
lower end portion of the corrugated plate (1)
forming the flow paths A and the other end por-
tion of the upper end portion or the lower end
portion of the corrugated plate (1) forming the
flow paths B, which are hermetically sealed by
providing two corresponding slant surfaces, re-
spectively;

- outlet ports (9) for the fluid B being provided on
one end portion of the corrugated plate (1)
which is the hermetically sealed side of the flow
paths A, and outlet ports (8) for the fluid A being
provided on the other end portion of the corru-
gated plate (1) which is the hermetically sealed
side of the flow paths B;

- inlet ports (28) for the fluid A or inlet ports (29)
for the fluid B being provided on the base plate
(2) or the cover plate (4) forming the flow paths
A and the flow paths B;

- wherein heatis exchanged between fluid A and
fluid B via the corrugated plate (1) by supplying
fluid A into the plurality of the flow paths A and
supplying fluid B into the plurality of the flow
paths B, respectively, from the thus constructed
inlet ports (28, 29) toward the outlet ports (8, 9).

The heat exchanger according to any one of claims
5t09,

wherein the end portions with the two correspond-
ing slant surfaces provided are hermetically sealed
by brazing.

The heat exchanger according to Claim 10,
wherein the end portions hermetically sealed by
providing the two corresponding slant surfaces are
provided with vertical surfaces as margins for braz-
ing, and hermetically sealed by brazing the vertical
surfaces.

The heat exchanger according to any one of Claims
5t0 9,
wherein the corrugated plate (1) is formed of clad-



13.

14.

15.

16.

17.

19 EP 1 251 325 A2

ding material comprising a core material and braz-
ing material formed on one or both surfaces of the
core material, and the corrugated plate (1) and the
base plate (2), as well as/or the corrugated plate (1)
and the cover plate (4) are respectively joined by
brazing with the brazing material of the corrugated
plate (1).

The heat exchanger according to Claim 12,
wherein the corrugated plate (1) and the base plate
(2), and the corrugated plate (1) and the cover plate
(4), which are brazed and joined, are further joined
by an adhesive agent or sealing material.

The heat exchanger according to any one of Claims
5t09,

wherein the cover plate (4) and/or the base plate
(2) are hermetically sealed with the end portions of
the corrugated plate (1) by making cuts (13, 33) at
the end portions of the corrugated plate (1) to leave
margins so as to be capable of brazing either with
the cover plate (4) or with the base plate (2), and
brazing the margins.

The heat exchanger according to Claim 14,
wherein the corrugated plate (1) comprises a clad-
ding material including a core material and brazing
material formed on one or both surfaces of the core
material.

The heat exchanger according to Claim 14 or 15,
wherein the corrugated plate (1) includes margins
for brazing.

The heat exchanger according to any of Claims 14
to 16,

wherein the corrugated plate (1) and the base plate
(2), and the corrugated plate (1) and the cover plate
(4), which are brazed and joined, are further joined
by an adhesive agent or sealing material.
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