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(54) Heat exchange plate

(57) A heat exchange plate (1) has a main heat trans-
fer section (16) and a fluid guiding portion (10) having
first and second sub-patterns of irregularity, respectively.
The second pattern of irregularity includes projections
(11) and recesses (12). At least a part of straight or curved
lines along which the projections (11) and recesses (12)
are aligned has an end located in a predetermined posi-
tion of an edge of the plate, which forms at least one of
inlet and outlet portions and another end that does not
coincide with the end located on a boundary between the
fluid guiding portion (10) and the main heat transfer sec-
tion (16).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates a heat exchange
plate, which is formed of a metallic plate and to be used
in combination with the other heat exchange plates hav-
ing the same structure so that they are combined in par-
allel and integrally with each other to form a heat ex-
changer, and especially to such a heat exchange plate
that permits to provide an integrally combined state for
the heat exchanger in which an appropriate heat ex-
change can be made between heat exchange fluids,
while causing the heat exchange fluids to flow smoothly
over the opposite surfaces of the heat exchange plate,
respectively, to ensure sufficient heat exchange perform-
ance, thus enhancing heat exchange efficiency.

Description of the Related Art

[0002] If there is a demand that heat transfer coefficient
is increased to enhance heat exchange efficiency, utiliz-
ing a heat exchanger by which transfer of heat (i.e., heat
exchange) is made between a high temperature fluid and
a low temperature fluid, a plate-type heat exchanger has
conventionally been used widely. The plate-type heat ex-
changer has a structure in which a plurality of heat trans-
fer plates are placed parallelly one upon another at pre-
scribed intervals so as to form passages, which are sep-
arated by means of the respective heat transfer plates.
A high temperature fluid and a low temperature fluid flow
alternately in the above-mentioned passages to make
heat exchange through the respective heat transfer
plates. Japanese Patent Provisional Publication No.
H3-91695 describes an example of such a plate-type
heat exchanger as a conventional prior art and illustrates
it in FIGS. 5 and 6.
[0003] In the conventional plate-type heat exchanger,
gasket members formed of elastic material are placed
between the adjacent two plates to make the distance
between them constant and define passages for fluid.
However, a high pressure of the heat exchange fluid flow-
ing between the plates may cause deformation of the
gasket member, thus disabling an appropriate separation
of the fluids from being ensured or leading to an unfavo-
rable variation in distance between the plates. In such a
case, an effective heat exchange may not be carried out,
thus causing a problem. In view of these facts, the con-
ventional heat exchanger involves a problem that the
heat exchange fluids can be utilized only in a pressure
range in which the gasket member withstands.
[0004] There has recently been proposed a heat ex-
changer having a structure in which metallic thin plates,
which are placed at predetermined intervals, are joined
together, without using any gasket members, at their
ends by welding to assemble the plates into a single unit

so as to form passages for heat exchange fluids, on the
opposite sides of the respective plates. Japanese Patent
Provisional Publication No. 2003-194490 describes, as
an example of an invention made by the present inventor,
a heat exchange unit in which heat transfer plates formed
of metallic thin plates are aligned in parallel with each
other so as to be apart from each other, these plates are
welded at their periphery excepting one side into a united
body having an opening, and the opening is closed by
an end plate.
[0005] The conventional heat exchangers have struc-
tures as described in Japanese Patent Provisional Pub-
lication Nos. H3-91695 and 2003-194490. According to
the heat exchanger having a structure as described in
Japanese Patent Provisional Publication No.
2003-194490, and namely such a type of heat exchanger
in which no gasket is used and no opening is formed on
the plate, openings serving as inlet and outlet portions
for fluids can be provided at an edge of the plate, thus
making it possible to make the inlet and outlet portions
larger than the conventional plate having the opening.
As a result, resistance of the heat exchange fluids as
introduced into or discharged from the heat exchanger
can be reduced remarkably.
[0006] Such inlet and outlet portions for the fluids are
not provided over an entire length of the edge of the plate,
but provided only in a part such as a corner of the plate,
due to combining of adjacent two plates together into the
heat exchanger. It is therefore necessary to expand, after
introduction of the heat exchange fluid from the inlet por-
tion, flow of the heat exchange fluid fully to a width of the
plate to increase a contact area of the flowing heat ex-
change fluid with the plate.
[0007] However, if the heat transfer section of the plate
has a constant pattern of irregularity, projections and re-
cesses that are provided with emphasis on heat transfer
capacity cause resistance against the heat exchange flu-
id introduced from the inlet portion. As a result, the heat
exchange fluid actually flows in the shortest path having
the minimum resistance as if the fluid directly flows from
the side of the inlet portion to the side of the outlet portion.
It is therefore difficult to expand the flow of the heat ex-
change fluid fully to a width of the plate, thus causing
problems that the fluid cannot reach regions away from
the shortest path, and especially, the fluid cannot reach
edge sides, which are laterally away from the inlet and
outlet portions, and the heat exchange fluid cannot easily
reach over the entire heat transfer surface of the plate.
Therefore, a sufficient area by which an effective heat
exchange is made between the heat transfer fluid and
the heat transfer surface, cannot be ensured, thus result-
ing in difficulty in improvement of effectiveness of heat
transfer made between the two heat exchange fluids be-
tween which the plate is placed.

SUMMARY OF THE INVENTION

[0008] An object of the present invention, which was
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made to solve the above-mentioned problems, is there-
fore to provide a heat exchange plate, which is provided
in the vicinity of at least one of inlet and outlet portions
of the plate for the heat exchange fluids with a sub-pattern
of irregularity that is appropriately formed with emphasis
on heat transfer capacity and smooth flow of the fluids,
to cause the heat exchange fluids flowing on the opposite
surfaces of the plate to spread into every corner of the
plate, thus permitting to maximize the heat transfer ca-
pacity relative to the heat exchange fluids.
[0009] In order to attain the aforementioned object, a
heat exchange plate of the first aspect of the present
invention, which is formed of a metallic plate having a
predetermined pattern of irregularity, the heat exchange
plate being to be combined to one or more other heat
exchange plate having a same structure so as to be
placed one upon another to form a heat exchanger in
which heat exchange is to be made between heat ex-
change fluids that come into contact with opposite first
and second surfaces of the heat exchange plate, respec-
tively, the heat exchange plate comprises: (i) a main heat
transfer section serving as a central portion having a first
sub-pattern of irregularity for forming a part of the prede-
termined pattern of irregularity and (ii) at least one fluid
guiding portion having a second sub-pattern of irregular-
ity which is different from the first sub-pattern of irregu-
larity and form a remaining part of the predetermined
pattern of irregularity, the fluid guiding portion being dis-
posed in a predetermined position over a predetermined
area in a vicinity of an edge of the plate, which forms at
least one of inlet and outlet portions for the heat exchange
fluids in cooperation with an edge of the other plate com-
bined with the heat exchange plate to form the heat ex-
changer; wherein: the second sub-pattern of irregularity
of the fluid guiding portion comprises a plurality of pro-
jections provided on the first surface of the plate in a
predetermined aligned state and a plurality of recesses
denting in an opposite direction to a projecting direction
of the projections, each of the recesses being placed in
an intermediate position between two or more projec-
tions; each of the projections comprises a top portion
having a substantially flat section with a predetermined
area and an outer peripheral portion having a substan-
tially conical surface or curved surfaces, the projections
being aligned in a straight or curved line so that one of
the projections is surrounded by the other projections
that are placed at regular intervals; each of the recesses
comprises a bottom portion having a substantially flat
section with a predetermined area and an inner periph-
eral portion having a curved surface that is continuously
connected to the outer peripheral portion of each of the
projections with which the recess is surrounded, the re-
cesses being aligned in a straight or curved line in parallel
with an aligning line of the projections; and at least a part
of a plurality of straight or curved lines along which the
projections and the recesses are aligned on the fluid guid-
ing portion has an end that is located in the predetermined
position of the edge of the plate, which forms the at least

one of inlet and outlet portions, and another end that does
not coincide with the end and is located on a boundary
between the fluid guiding portion and the main heat trans-
fer section.
[0010] According to the first aspect of the present in-
vention, there is provided, in the predetermined position
over the predetermined area in the vicinity of the edge
of the plate, which forms at least one of inlet and outlet
portions for the heat exchange fluids, with the fluid guid-
ing portion in which the projections and the recesses are
aligned in a linear line or a curved line between the inlet
and/or outlet portion and the main heat transfer section.
When the plurality of plates having the above-mentioned
structure are placed one upon another so that the top
portions of the projections or projecting portions provided
on the back side of the recesses of the plate come into
contact with the top portions of the projections or project-
ing portions provided on the back side of the recesses
of the other adjacent plate, and combined together to
form an assembly unit for a heat exchanger, there are
formed, in the fluid guiding portion between the adjacent
two plates, a passage that extends directly and linearly
or curvedly from the inlet and/or outlet portion to the main
heat transfer section, as well as a passage that is formed
by a simple combination of linear passages and has the
minimum restriction in change in flowing direction of the
heat exchange fluid between the inlet and/or outlet por-
tion and the main heat transfer section. When the heat
exchange fluid flows in the passages in the fluid guiding
portion of the plate, the fluid smoothly passes through
the fluid guiding portion to be introduced uniformly into
the main heat transfer section or discharged rapidly from
the outlet portion. Especially, the fluid can uniformly flow
from the fluid guiding portion side to the boundary side
to be introduced into the main heat transfer section, with
the result that the heat exchange fluid can spread into
every corner of the main heat transfer section to cause
almost all area of the plate to serve as an effective heat
transfer member. It is therefore possible to ensure an
appropriate heat transfer between the plate and the heat
exchange fluid to increase an amount of heat transfer,
thus performing an effective heat exchange between the
heat exchange fluids and providing a higher capacity heat
exchanger.
[0011] In the second aspect of the heat exchange plate
of the present invention, there may be adopted a structure
in which the plate has a square or rectangular shape; the
at least one of inlet and outlet portions for the heat ex-
change fluids is provided on a part or over an entire length
of at least one of edges of the plate; and the projections
and the recesses of the fluid guiding portion are aligned
linearly in a direction that is parallel or perpendicular to
the edge of the plate.
[0012] According to the second aspect of the present
invention, the aligning direction of the projections and the
recesses of the fluid guiding portion is in parallel or per-
pendicular to the side of the square or rectangular plate.
When the plurality of plates are placed one upon another
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and combined together to form an assembly unit for a
heat exchanger, there are formed, between the adjacent
two plates, passages that extend linearly in the longitu-
dinal and lateral directions along which the projections
and the recesses are aligned and intersect at right angles.
In case where the inlet and outlet portions for the heat
exchange fluid are placed on the side edges of the plate
and the fluid flows into and out of the fluid guiding portion
in a perpendicular direction to the aligning direction of
the fluid guiding portion and the main heat transfer sec-
tion, the heat exchange fluid introduced into a gap be-
tween the plates on the inlet side passes directly through
the passages of the fluid introducing portion and then
turns at right angles so as to be able to reach the main
heat transfer section. It is therefore possible to cause the
heat exchange fluid to flow uniformly from the fluid guid-
ing portion to every corner of the main heat transfer sec-
tion including regions away from an inlet portion thereof
so that passage configuration varies in accordance with
the introducing and discharging directions of the fluid.
Accordingly, the heat exchange fluid can spread into eve-
ry corner of the plate to facilitate heat transfer between
the plate and the fluid, thus improving the heat exchange
performance.
[0013] In the third aspect of the heat exchange plate
of the present invention, there may be adopted a structure
in which the projections are aligned at predetermined in-
tervals on a basis of a matrix arrangement in two direc-
tions that are in parallel or perpendicular to the edge of
the plate and at right angles to each other, and each of
the recesses is placed in a center of a minimum square
area defined by four projections located in respective four
corners of the square area so as to provide a similar
matrix arrangement to the matrix arrangement of the pro-
jections; the projections and the recesses provide a sub-
stantially sinusoidal wave in cross-section of the plate in
aligning directions along which the projections and the
recesses are aligned at regular intervals for the matrix
arrangement; and an intermediate portion between the
projection and another projection adjacent thereto on the
first surface of the plate and an intermediate portion be-
tween the recess and another recess adjacent thereto
on the first surface thereof are placed in an intermediate
level between the bottom portion of the recess and the
top portion of the projection in the projecting direction of
the projections.
[0014] According to the third aspect of the present in-
vention, the projections and the recesses are provided
at regular intervals on the basis of the matrix arrange-
ment, and the intermediate portion between the adjacent
two projections and the intermediate portion between the
adjacent two recesses has a curved shape so that the
fluid guiding portion provides a curved configuration hav-
ing a regularly cyclic variation in irregularity in the aligning
directions of the projections and the recesses. It is there-
fore possible to control pressure loss between the plates
of the assembly unit for the heat exchanger and achieve
smooth flow of the heat exchange fluid and smooth heat

transfer therefore, thus improving the heat exchange per-
formance. Further, a smooth curved shape in the prede-
termined directions makes it possible to disperse force
applied to the plate, enhance strength to cope with a fluid
having high pressure and improve formability of the plate.
In addition, even when seawater is introduced as one of
the heat exchange fluids into the gap between the plates,
biological stain may not easily attach to the curved sur-
face, thus preventing deterioration of performance for a
long period of time.
[0015] In the fourth aspect of the heat exchange plate
of the present invention, there may be adopted a structure
in which the at least one of inlet and outlet portions for
the heat exchange fluids is provided in a form of an open-
ing formed in the plate, for at least one of the heat ex-
change fluids; and the projections and the recesses in
the fluid guiding portion are aligned on a basis of a curved
arrangement in which lines of alignment for the projec-
tions and recesses are directed from an outer edge of
the opening to the boundary between the fluid guiding
portion and the main heat transfer section, and then grad-
ually curved from a perpendicular direction to the outer
edge of the opening toward a perpendicular direction to
the boundary between the fluid guiding portion and the
main transfer section.
[0016] According to the fourth aspect of the present
invention, the projections and the recesses in the fluid
guiding portion are aligned on the basis of the curved
arrangement having a line connecting the opening to the
main heat transfer section, in accordance with the con-
figuration of the plate having the opening formed as the
inlet and/or outlet portion for the heat exchange fluid.
When the plurality of plates are placed one upon another
and combined together to form an assembly unit for a
heat exchanger, there are obtained, between the plates,
passages that extend continuously curvedly in accord-
ance with the arrangement of the projections and the
recesses and communicate with each other. In case
where the fluid flows into and out of the fluid guiding por-
tion through the opening, the heat exchange fluid intro-
duced into a gap between the plates through the opening
on the inlet side passes directly through the curved pas-
sages of the fluid introducing portion so as to be able to
reach the main heat transfer section. It is therefore pos-
sible to cause the heat exchange fluid to flow uniformly
from the fluid guiding portion to every corner of the main
heat transfer section including regions away from an inlet
portion thereof so that passage configuration varies in
accordance with the introducing and discharging direc-
tions of the fluid. Accordingly, the heat exchange fluid
can spread into every corner of the plate to facilitate heat
transfer between the plate and the fluid, thus improving
the heat exchange performance.
[0017] In the fifth aspect of the heat exchange plate of
the present invention, there may be adopted a structure
in which the plate has a square or rectangular shape; the
at least one of inlet and outlet portions for the heat ex-
change fluids is provided in a form of an opening formed
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in the plate, for one of the heat exchange fluids and is
provided on a part or over an entire length of at least one
of edges of the plate for another heat exchange fluid; and
at least part of the projections in the fluid guiding portion
are placed on the basis of the curved arrangement and
simultaneously placed in a vicinity of a line connecting
the predetermined position of the edge of the plate to the
boundary between the fluid guiding portion and the main
heat transfer section so as to be aligned linearly, and no
recess is placed in a linear arrangement of the projec-
tions.
[0018] According to the fifth aspect of the present in-
vention, the inlet and/or outlet portions for the heat ex-
change fluid is provided, in addition to the opening, in the
predetermined region at the edge of the plate and at least
part of the projections formed on the basis of the curved
arrangement provides the linear arrangement in the vi-
cinity of the straight line connecting the inlet and/or outlet
portions to the main heat transfer section. As a result,
the corresponding recess portions formed on the back
side of the projections on the second surface of the plate
are aligned linearly to provide a main section for the pas-
sage for the fluid on the second surface of the plate. It is
therefore possible to cause the fluid, which passes
through the opening and flows on the first surface of the
plate, to flow appropriately between the opening and the
main heat transfer section, and simultaneously cause the
other fluid, which flows along the second surface of the
plate, but does not pass through the opening, to flow
smoothly between the inlet and/or outlet portions at the
edge of the plate and the main heat transfer section, so
as to perform heat transfer between the heat transfer
fluids through the plate having the first and second sur-
faces, thus improving the heat exchange performance
between the fluids.
[0019] In the sixth aspect of the heat exchange plate
of the present invention, there may be adopted a structure
in which each of the projections of the second sub-pattern
of irregularity of the fluid guiding portion, which project
from the first surface of the plate, has a same shape as
a corresponding projection, which projects from the sec-
ond surface of the plate so as to correspond to the recess
formed on the first surface of the plate; and each of the
recesses of the second sub-pattern of irregularity of the
fluid guiding portion, which dent from the first surface of
the plate, has a same shape as a corresponding recess,
which dents from the second surface of the plate so as
to correspond to the projection formed on the first surface
of the plate, thus providing a same sub-pattern of irreg-
ularity on the opposite surfaces of the plate.
[0020] According to the sixth aspect of the present in-
vention, the fluid guiding portion provides on the first sur-
face of the plate with the sub-pattern of irregularity and
on the second surface of the plate with the reverse sub-
pattern of irregularity so that the projections on the first
surface of the plate corresponds to the recesses on the
second surface thereof. As a result, when the plurality of
plates are placed one upon another and combined to-

gether to form an assembly unit for a heat exchanger,
the adjacent gaps between the adjacent two pairs of
plates, which gaps include regions defined by the pro-
jections and the recesses, have a similar configuration
in accordance with the projections-recesses relationship
provided on the first and second surfaces of the plate. It
is therefore possible to impart the same heat transfer
environment on the opposite surfaces of the plate to the
heat transfer fluids passing through gaps between the
plates. Accordingly, proper heat transfer between the flu-
ids through the plates can progress, without being affect-
ed by flowing state of the fluids and characteristic prop-
erty thereof, thus permitting effective heat exchange be-
tween the heat exchange fluids.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1 is a schematic structural view of a heat ex-
change plate according to the first embodiment of
the present invention;
FIG. 2 is a perspective view schematically illustrating
a flowing state of a fluid between the heat exchange
plates according to the first embodiment of the
present invention, which are assembled into a unit
for a heat exchanger;
FIG. 3 is a view schematically illustrating a flowing
state of the fluid on a surface of a fluid guiding portion
of the heat exchange plate according to the first em-
bodiment of the present invention;
FIG. 4 is an enlarged view of each of portions "A"
and "B" as shown in FIG. 1;
FIG. 5 is a cross-sectional view cut along the line V-
V in FIG. 4;
FIG. 6 is a cross-sectional view cut along the line VI-
VI in FIG. 4;
FIG. 7 is a cross-sectional view illustrating a gap
formed between the heat exchange plates according
to the first embodiment of the present invention;
FIG. 8 is a cross-sectional view illustrating another
gap formed between the heat exchange plates ac-
cording to the first embodiment of the present inven-
tion;
FIG. 9 is a schematic structural view of the heat ex-
change plate according to the second embodiment
of the present invention;
FIG. 10 is a view schematically illustrating a flowing
state of the fluids on the opposite surfaces of the
fluid guiding portion of the heat exchange plate ac-
cording to the second embodiment of the present
invention;
FIG. 11 is an enlarged view of a portion "E" as shown
in FIG. 10;
FIG. 12 is a cross-sectional view cut along the line
XII-XII in FIG. 11;
FIG. 13 is a cross-sectional view cut along the line
XIII-XIII in FIG. 11;
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FIG. 14 is a schematic structural view of the heat
exchange plate according to the third embodiment
of the present invention;
FIG. 15 is a view schematically illustrating a flowing
state of the fluids on the opposite surfaces of the
fluid guiding portion of the heat exchange plate ac-
cording to the third embodiment of the present in-
vention;
FIG. 16 is a cross-sectional view cut along the line
XVI-XVI in FIG. 15;
FIG. 17 is a cross-sectional view cut along the line
XVII-XVII in FIG. 15;
FIG. 18 is a cross-sectional view cut along the line
XVIII-XVIII in FIG. 15; and
FIG. 19 is a cross-sectional view cut along the line
XIX-XIX in FIG. 15.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[First Embodiment of the Present Invention]

[0022] Now, the first embodiment of the present inven-
tion will be described in detail below with reference to
FIGS. 1 to 8. FIG. 1 is a schematic structural view of a
heat exchange plate according to the first embodiment
of the present invention; FIG. 2 is a perspective view
schematically illustrating a flowing state of a fluid be-
tween the heat exchange plates according to the first
embodiment of the present invention, which are assem-
bled into a unit for a heat exchanger; FIG. 3 is a view
schematically illustrating a flowing state of the fluid on a
surface of a fluid guiding portion of the heat exchange
plate according to the first embodiment of the present
invention; FIG. 4 is an enlarged view of each of portions
"A" and "B" as shown in FIG. 1; FIG. 5 is a cross-sectional
view cut along the line V-V in FIG. 4; FIG. 6 is a cross-
sectional view cut along the line VI-VI in FIG. 4; FIG. 7
is a cross-sectional view illustrating a gap formed be-
tween the heat exchange plates according to the first
embodiment of the present invention; and FIG. 8 is a
cross-sectional view illustrating another gap formed be-
tween the heat exchange plates according to the first
embodiment of the present invention.
[0023] As shown in the above-mentioned figures, the
heat exchange plate 1 according to the first embodiment
of the present invention is formed of a metallic plate hav-
ing a rectangular shape. The heat exchange plate is pro-
vided, in each of places in the vicinity of the predeter-
mined edges of the plate for serving as inlet and outlet
portions for heat exchange fluids, with a fluid guiding por-
tion 10 having a sub-pattern of irregularity (i.e., the sec-
ond sub-pattern of irregularity), which includes a plurality
of projections 11 and a plurality of recesses 12. The pro-
jections 11 having a predetermined bulge shape are
formed on the upper surface of the plate so as to align
at regular intervals on the basis of a matrix arrangement.
Each of the recesses 12 is formed in an intermediate

portion between the adjacent projections 11 so as to dent
in the opposite direction to the projecting direction of the
projections 11.
[0024] The fluid guiding portions 10 are disposed in
the respective regions in the vicinity of opposite short
edges of the rectangular plate, so as to extend over the
inlet and outlet portions for the heat exchange fluids in
the longitudinal direction of each of the plates as assem-
bled into a unit for a heat exchanger and extend over the
entire length of the edge of the plate in the lateral direction
thereof. The fluid guiding portion 10 includes the projec-
tions 11 and the recesses 12 that are aligned at regular
intervals in the directions, which is in parallel or perpen-
dicular to the edge of the plate.
[0025] Each of the projections 11 includes a top portion
11a provided in the form of a circular flat section and an
outer peripheral surface, which has a rotationally sym-
metrical curved shape so as to continuously extend from
the top portion 11a and broaden toward a lower side. The
projections 11 are aligned on the surface of the plate at
regular intervals on the basis of a matrix arrangement in
two directions that are in parallel or perpendicular to the
edge of the plate.
[0026] Each of the recesses 12 includes a bottom por-
tion 12a provided in the form of a circular flat section and
an inner peripheral surface, which has a rotationally sym-
metrical curved shape so as to continuously extend from
the outer peripheral surface of the projection 11. The re-
cess 12 is formed on the surface of the plate so as to
dent in the opposite direction to the projecting direction
of the projection 11. The recesses 12 are aligned on the
basis of the matrix arrangement in the same manner as
the projections 11 so that each of the recesses 12 is
placed in a central position of the smallest square area
defined by four projections 11.
[0027] The projections 11 and the recesses 12 are
aligned at regular intervals with the result that the outer
peripheral surfaces of the projections 11 and the inner
peripheral surfaces of the recesses 12 provide a sub-
stantially sinusoidal wave in cross-sections of the projec-
tions 11 and the recesses 12 in the aligning direction
thereof. Transitional curved sections 13 are provided in
a central position between the adjacent two projections
11 and in a central position between the adjacent two
recesses 12 so as to smoothly connect the curved sur-
faces of the projections 11 and the recesses 12. The
transitional curved sections 13 are provided in the con-
cave shape relative to the projections 11 and in the con-
vex shape relative to the recesses 12. The transitional
curved sections 13 are placed at a level, which corre-
sponds to an intermediate level between the bottom por-
tion 12a of the recess 12 and the top portion 11a of the
projection 11.
[0028] The outer peripheral surface of the projection
11 and the inner peripheral surface of the recess 12 are
directly and smoothly connected to each other and the
closest adjacent projections 11 and the closest adjacent
recesses 12 are disposed continuously through the tran-
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sitional curved sections 13, which are placed at four cor-
ners of a square defined by adjacent four projections 11
or adjacent four recesses 12. As a result, the plate is
provided with the second sub-pattern of irregularity in
which the entire surface has a smoothly continuous
curved surface. Therefore, it is possible to disperse force
applied to the plate, enhance strength thereof to cope
with high pressure of the fluid and improve formability of
the plate.
[0029] In such a fluid guiding portion 10, the recesses
12 provide on the other (i.e., lower) surface of the plate
with the same configuration as the projections 11 and
the projections 11 provide on the surface of the plate with
the same configuration as the recesses 12, so as to pro-
vide on the opposite surfaces of the plate with the same
second sub-pattern of irregularity.
[0030] The above-described heat exchange plate 1 is
placed on the other heat exchange plate having the same
structure so that they face each other on the same side
and the top portions 11a of the projections 11 of the
former plate in the fluid guiding portion 10 come into con-
tact with the corresponding top portions 11a of the pro-
jections 11 of the latter plate and top portions of projec-
tions (not shown) of the former plate, which forms the
first sub-pattern of irregularity, in the main heat transfer
section 16 come into contact with the corresponding top
portions of the projections of the latter plate, to form a
combined unit, and then the thus formed combined unit
is combined to the other combined units in the same man-
ner, to form a heat exchanger that has gaps, i.e., pas-
sages. The heat exchange fluids flow in these passages
to make heat exchange between one of these fluids com-
ing into contact with the upper surface of the plate and
the other of these fluids coming into contact with the lower
surface of thereof. The plates are combined integrally
with each other in this manner so that the projections
come into contact with each other, thus enhancing
strength. As a result, even when a high pressure is ap-
plied between the plates, the heat exchanger cannot be
easily deformed. Variation in distance between the plates
can be prevented, thus permitting to cope with a case in
which there is a large difference in pressure between the
heat exchange fluids.
[0031] In the fluid guiding portion 10 in the gap 14
formed between the two adjacent plates of the thus com-
bined plates 1 in which the top portions 11a of the pro-
jections 11 of the plate come into contact with the top
portions 11a of the projections 11 of the other plate, the
corresponding outer peripheral surfaces of the projec-
tions 11 of these plates 10, excluding the contacting top
portions 11a face each other with a predetermined dis-
tance kept therebetween, the corresponding transition
curved portions 13 of these plates 10 face each other
with a predetermined distance kept therebetween, and
the corresponding recesses 12 having a smaller height
than the transition curved portions 13 face each other
with a predetermined distance kept therebetween. Gaps
formed between the corresponding outer peripheral sur-

faces of the projections 12 communicate with gaps
formed between the corresponding recesses 12 to form
straight passages. Such passages extend linearly in lat-
eral and longitudinal directions along which the projec-
tions 11 and the recesses 12 are aligned, so as to inter-
sect each other to communicate with each other, while
varying periodically the cross-sectional area (see FIGS.
7 and 8).
[0032] On the other hand, in the gap 15 formed on the
opposite side relative to the plate, the same pattern of
irregularity provides the same structure with the result
that the passage extends linearly, while expanding and
reducing in a repeated manner, and such a passage in-
tersects the other passages so as to communicate there-
with, thus providing a braided passage structure (see
FIGS. 7 and 8) in the same manner as described above.
When a heat exchanger composed of the plates as com-
bined in a manner as described above is placed in use
so that one of the both sides of each plate is placed hor-
izontally or vertically, the main passages, i.e., the gaps
each of which is defined by the alternating corresponding
recesses 12 and transition curved portions 13, are kept
horizontally or vertically. The plate is provided on the low-
er surface side with the reverse pattern of irregularity to
the upper surface side so that the projections on the up-
per surface of the plate correspond to the recesses on
the lower surface of the plate on the basis of the same
pattern of irregularity. These plates are placed one upon
another on the same side, resulting in deviation of posi-
tion of the projections and recesses by a half length of
the distance between them. Except for this matter, the
same conditions are kept for each of the gaps between
the plates.
[0033] Now, description will be given below of opera-
tion of the heat exchanger that is composed of the heat
exchange plates 1 according to the embodiment of the
present invention. There is the assumption that the unit,
into which the heat exchange plates 1 placed parallelly
one upon another are assembled, is provided at the cor-
ners of the respective upper and lower sides of the plate
with openings communicating with the gap 14 and the
other openings communicating with the gap 15. The re-
spective heat exchange fluids are introduced into the unit
from the openings serving as the inlet portions and dis-
charged from the other openings serving as the outlet
portions so that the heat exchange fluids alternately flow
in the respective gaps between the plates in the position
of the main heat transfer section 16, based on a counter-
flowing system.
[0034] As shown in FIG. 2, the gap 14 formed between
the adjacent two heat exchange plates 1 is provided on
the opposite upper and lower sides with upper and lower
regions, respectively. The upper region of the gap 14 is
defined by the opposing upper fluid guiding portions 10
of the adjacent two heat exchange plates 1, and the lower
region thereof is defined by the opposing lower fluid guid-
ing portions 10 thereof. The upper region of the gap 14
has the first sub-region on the left-hand side of FIG. 2
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and the second sub-region on the right-hand side thereof.
The lower region of the gap 14 also has the first sub-
region on the left-hand side of FIG. 2 and the second
sub-region on the right-hand side thereof.
[0035] The gap 15 formed between the adjacent two
heat exchange plates 1 is provided on the opposite upper
and lower sides with upper and lower regions, respec-
tively, in the same manner as the gap 14. The upper
region of the gap 15 is defined by the opposing upper
fluid guiding portions 10 of the adjacent two heat ex-
change plates 1, and the lower region thereof is defined
by the opposing lower fluid guiding portions 10 thereof.
The upper region of the gap 15 has the first sub-region
on the left-hand side of FIG. 2 and the second sub-region
on the right-hand side thereof. The lower region of the
gap 15 also has the first sub-region on the left-hand side
of FIG. 2 and the second sub-region on the right-hand
side thereof.
[0036] The heat exchange fluid is introduced laterally,
as shown in FIG. 2 by a solid arrow, into the gap 14 from
the first sub-region of the upper region thereof to flow
therein. The other heat exchange fluid flowing in the gap
15, which is placed adjacently to the above-mentioned
gap 14 so as to be separated therefrom by the heat ex-
change plate 1, is discharged outside, as shown in FIG.
2 by a solid arrow, from the second sub-region of the
upper region of the gap 15. The gaps 14, 15, which are
defined between the plates by configurations of the pro-
jections 11 and the recesses 12, extend continuously and
linearly in the longitudinal and lateral directions along
which the projections 11 and the recesses 12 are aligned,
to form passage sections in which the heat exchange
fluid flows so that the passage section intersects the other
passage section so as to communicate therewith.
[0037] The heat exchange fluid flowing in the gap 14
is discharged outside, as shown in FIG. 2 by a solid arrow,
from the second sub-region of the lower region of the gap
14. The other heat exchange fluid is introduced laterally,
as shown in FIG. 2 by a solid arrow, into the gap 15 from
the first sub-region of the lower region thereof to flow
therein.
[0038] The heat exchange fluid first flows horizontally
in the upper region of the gap 14 with its introducing power
and then flows vertically into a region defined by the main
heat transfer sections 16 (see FIGS. 2 and 3). More spe-
cifically, the heat exchange fluid flows horizontally and
vertically to reach smoothly and uniformly the edge of
the main heat transfer section 16, while repeating con-
fluence and divergence at intersections of the passages.
The heat exchange fluid can reach uniformly the edge of
the main heat transfer section 16, so as to spread
smoothly over every corner of the opposite surfaces of
the heat exchange plate 1.
[0039] On the other hand, with respect to the discharge
of the heat exchange fluid, this fluid flowing horizontally
in a uniformly distributed amount travels from the edge
of the main heat transfer section 16 to enter the fluid
guiding portion 10, and flows horizontally and then ver-

tically into the outlet portion. More specifically, the heat
exchange fluid flows horizontally and vertically to reach
smoothly and uniformly the opening serving as the outlet
portion, while repeating confluence and divergence at
intersections of the passages. It is therefore possible to
receive the heat exchange fluid from the edge of the main
heat transfer section 16 and then cause it to flow smooth-
ly, thus avoiding a problem of adverse effect of irregular
flow of the fluid in the main heat transfer section 16 due
to clogging of the heat exchange fluid.
[0040] In the different gap 15, the passages, which
mainly include the recesses 12 provided on the bask side
of the projections 11, and the transitional curved sections
13, extend vertically and horizontally in the same manner
as the gap 14. However, a portion of the gap 15, which
corresponds to the inlet portion of the gap 14, serves as
the outlet portion, and a portion of the gap, which corre-
sponds to the outlet portion of the gap 14, serves as the
inlet portion. The other heat exchange fluid in the gap 15
has the similar flowing behavior to the heat exchange
fluid in the gap 14. More specifically, the other heat ex-
change fluid flows horizontally at the fluid guiding portion
10 on the inlet portion side, and then travels vertically to
reach smoothly and uniformly the edge of the main heat
transfer section 16. The other heat exchange fluid travels
from the edge of the main heat transfer section 16 through
the vertical and horizontal passages in the fluid guiding
portion 10 on the outlet side to the outlet portion to be
discharged outside.
[0041] It is therefore possible to control pressure loss
in the passages for the two kinds of heat exchange fluids
in the fluid guiding portions 10 to cause the respective
fluids to pass through the gaps 14, 15 toward the main
heat transfer section 16. Accordingly, the two kinds of
heat exchange fluids can spread into every corner of the
main heat transfer sections 16 to facilitate heat transfer
between the plate and the fluid, thus improving the heat
exchange performance. In addition, the heat transfer be-
tween the fluid guiding portions 10 and the two kinds of
heat exchange fluids also progresses, when these heat
exchange fluids flow between the respective gaps 14,
15, which have the configuration caused by the sub-pat-
tern of irregularity and extend between the fluid guiding
portions 10. Therefore, the heat exchange between the
fluids can be achieved and the general heat exchange
performance of the plates can be improved by the heat
exchange at the fluid guiding portions 10.
[0042] According to the heat exchange plate 1 accord-
ing to the first embodiment of the present invention, there
is provided, in the predetermined position over the pre-
determined area in the vicinity of the edge of the plate 1,
which forms the inlet and outlet portions for the heat ex-
change fluids, with the fluid guiding portion 10 in which
the projections 11 and the recesses 12 are aligned in a
linear line between the inlet and outlet portions and the
main heat transfer section 16. When the plurality of plates
having the above-mentioned structure are placed one
upon another and combined together to form an assem-
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bly unit for a heat exchanger, there are formed, in the
regions coming into contact with the fluid guiding portions
10 in the gaps 14, 15 between the plates, a passage that
extends directly and linearly from the inlet and outlet por-
tions to the main heat transfer section 16, as well as a
passage that is formed by a simple combination of linear
passages and has the minimum restriction in change in
flowing direction of the heat exchange fluid between the
inlet and outlet portions and the main heat transfer sec-
tion 16. When the heat exchange fluid flows in the pas-
sages in the fluid guiding portions 10 of the plates, the
fluid smoothly passes through the fluid guiding portions
10 to be introduced uniformly into the main heat transfer
section 16 or discharged rapidly from the outlet portion.
Especially, when the heat exchange fluid flows to the
main heat transfer section 16, the heat exchange fluid
introduced into the gap between the plates travels hori-
zontally and linearly in the passages at the fluid guiding
portions 10, turns at right angles, and then flows vertically
to reach the main heat transfer section 16. It is therefore
possible to cause the heat exchange fluid to flow uni-
formly from the fluid guiding portions 10 to every corner
of the main heat transfer section 16 including regions
away from an inlet portion thereof, with the result that the
heat exchange fluid can spread into every corner of the
main heat transfer section 16 to cause almost all area of
the plate to serve as an effective heat transfer member.
It is therefore possible to ensure an appropriate heat
transfer between the plate and the heat exchange fluid
to increase an amount of heat transfer, thus performing
an effective heat exchange between the heat exchange
fluids and providing a higher capacity heat exchanger.

[Second Embodiment of the Present Invention]

[0043] Now, the second embodiment of the present
invention will be described in detail below with reference
to FIGS. 9 to 13. FIG. 9 is a schematic structural view of
the heat exchange plate according to the second embod-
iment of the present invention; FIG. 10 is a view sche-
matically illustrating a flowing state of the fluids on the
opposite surfaces of the fluid guiding portion of the heat
exchange plate according to the second embodiment of
the present invention; FIG. 11 is an enlarged view of a
portion "E" as shown in FIG. 10; FIG. 12 is a cross-sec-
tional view cut along the line XII-XII in FIG. 11; and FIG.
13 is a cross-sectional view cut along the line XIII-XIII in
FIG. 11.
[0044] The heat exchange plate 2 according to the sec-
ond embodiment of the present invention is identical to
that of the first embodiment of the present invention in
that the plate is formed of a metallic plate having a rec-
tangular shape and provided with a fluid guiding portion
20 having a sub-pattern of irregularity (i.e., the second
sub-pattern of irregularity), which includes a plurality of
projections 21 and a plurality of recesses 22. The plate
2 is different from that of the first embodiment of the
present invention in that predetermined opposite regions

of each of the upper and lower sides of the plate serve
as the inlet and outlet portions in use of the assembled
unit for the heat exchanger, respectively, and the projec-
tions 21 and the recesses 22 are aligned linearly and
obliquely in accordance with the positions of the inlet and
outlet portions.
[0045] The fluid guiding portions 20 are provided in the
vicinity of the respective short sides of the heat exchange
plate 2 and have a longitudinal length so as to correspond
to the inlet and outlet portions for the heat exchange fluids
in the unit for the heat exchanger, into which the plates
are assembled, and a lateral length extending over the
entire short side of the plate. The projections 21 and the
recesses 22 are aligned along straight lines that directly
extend from the inlet and outlet portions to the edge of
the main heat transfer section 26 in oblique directions
relative to the respective edges of the rectangular plate
at the predetermined intervals.
[0046] Each of the projections 21 is identical to the
projection 11 of the first embodiment of the present in-
vention in that the projection 21 includes a top portion
21a provided in the form of a circular flat section and an
outer peripheral surface, which has a curved shape so
as to continuously extend from the top portion 21a and
broaden toward a lower side. However, the projections
21 of the second embodiment of the present invention
are different from the projections 11 of the first embodi-
ment of the present invention in that the projections 21
are aligned on the surface of the plate along straight lines
that are located at the predetermined intervals so as to
be oblique relative to the edge of the plate.
[0047] Each of the recesses 22 includes a bottom por-
tion 22a and an inner peripheral surface, which has a
curved shape so as to continuously extend from the outer
peripheral surface of the surrounding projection 21. The
recess 22 is formed on the surface of the plate so as to
dent in the opposite direction to the projecting direction
of the projection 21. The recesses 12 are aligned along
oblique straight lines relative to the edge of the plate in
the same manner as the above-mentioned projections
21, so that each of the recesses 22 is placed in a central
position of the smallest rhomboid area defined by four
projections 21.
[0048] The projections 21 and the recesses 22 are
aligned at regular intervals with the result that the outer
peripheral surfaces of the projections 21 and the inner
peripheral surfaces of the recesses 22 provide a sub-
stantially sinusoidal wave in cross-sections of the projec-
tions 21 and the recesses 22 in the aligning direction
thereof. Transitional curved sections 23 are provided in
a central position between the adjacent two projections
21 and in a central position between the adjacent two
recesses 22 so as to smoothly connect the curved sur-
faces of the projections 21 and the recesses 22. The
plate is provided with the second sub-pattern of irregu-
larity in which the entire surface has a smoothly contin-
uous curved surface over the fluid guiding portion 20 in-
cluding regions between the projections 21 and the re-
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cesses 22, in the same manner as the first embodiment
of the present invention. Therefore, it is possible to dis-
perse force applied to the plate, enhance strength thereof
to cope with high pressure of the fluid and improve form-
ability of the plate.
[0049] In such a fluid guiding portion 20, the recesses
22 provide on the other (i.e., lower) surface of the plate
with the same configuration as the projections 21 and
the projections 21 provide on the surface of the plate with
the same configuration as the recesses 22, so as to pro-
vide on the opposite surfaces of the plate with the same
second sub-pattern of irregularity.
[0050] The above-described heat exchange plate 2 is
placed on the other heat exchange plate having the same
structure so that they face each other on the same side
and the top portions 21a of the projections 21 of the
former plate in the fluid guiding portion 20 come into con-
tact with the corresponding top portions 21a of the pro-
jections 21 of the latter plate and top portions of projec-
tions (not shown) of the former plate, which forms the
first sub-pattern of irregularity, in the main heat transfer
section 26 come into contact with the corresponding top
portions of the projections of the latter plate, to form a
combined unit, and then the thus formed combined unit
is combined to the other combined units in the same man-
ner as the first embodiment of the present invention, to
form a heat exchanger that has gaps, i.e., passages. In
the fluid guiding portion 20 in the gap 24 formed between
the two adjacent plates of the thus combined plates 2 in
which the top portions 21a of the projections 21 of the
plate come into contact with the top portions 21a of the
projections 21 of the other plate, the corresponding outer
peripheral surfaces of the projections 21 of these plates
2, excluding the contacting top portions 21a face each
other with a predetermined distance kept therebetween,
the corresponding transition curved portions 23 of these
plates 2 face each other with a predetermined distance
kept therebetween, and the corresponding recesses 22
having a smaller height than the transition curved por-
tions 23 face each other with a predetermined distance
kept therebetween. Gaps formed between the corre-
sponding outer peripheral surfaces of the projections 22
communicate with gaps formed between the correspond-
ing recesses 22 to form straight passages in an oblique
direction. The adjacent passages are aligned so as to
intersect each other to communicate with each other (see
FIGS. 12 and 13).
[0051] On the other hand, in the gap 25 formed on the
opposite side relative to the plate, the same pattern of
irregularity provides the same structure with the result
that the passage extends linearly, while expanding and
reducing in a repeated manner, and such a passage in-
tersects the other passages so as to communicate there-
with, thus providing a braided passage structure (see
FIGS. 12 and 13) in the same manner as described
above. When a heat exchanger composed of the plates
as combined in a manner as described above is placed
in use so that one of the both sides of each plate is placed

horizontally or vertically, the main passages, i.e., the
gaps each of which is defined by the alternating corre-
sponding recesses 22 and transition curved portions 23,
are kept horizontally or vertically. The plate is provided
on the lower surface side with the reverse pattern of ir-
regularity to the upper surface side so that the projections
on the upper surface of the plate correspond to the re-
cesses on the lower surface of the plate on the basis of
the same pattern of irregularity. These plates are placed
one upon another on the same side, resulting in deviation
of position of the projections and recesses by a half length
of the distance between them. Except for this matter, the
same conditions are kept for each of the gaps between
the plates.
[0052] Now, description will be given below of opera-
tion of the heat exchanger that is composed of the heat
exchange plates 2 according to the embodiment of the
present invention. There is the assumption that the unit,
into which the heat exchange plates 1 placed parallelly
one upon another are assembled, is provided, at the up-
per corner defined by the upper lateral side and the side
longitudinal side of the plate and the lower corner defined
by the lower lateral side and the side longitudinal side
thereof, of the corners of the plate, with openings com-
municating with the gap 24 and the other openings com-
municating with the gap 25. The respective heat ex-
change fluids are introduced in an oblique direction from
fluid supply sections 61, 71 into the unit through the open-
ings serving as the inlet portions and discharged from
the other openings serving as the outlet portions to fluid
recover sections 62, 72 so that the heat exchange fluids
alternately flow in the respective gaps between the plates
based on a counter-flowing system.
[0053] In the upper fluid guiding portion 20 of each heat
exchange plate 2, one of the heat exchange fluids is in-
troduced obliquely from the upper corner, which is de-
fined by the upper lateral side and the side longitudinal
side of the plate, into the gap 24 formed on one side of
the plate, to flow therein. The other heat exchange fluid
as flowing in the other gap 25, which is placed oppositely
to the above-mentioned gap 24 relative to the heat ex-
change plate 2, is discharged outside from the upper cor-
ner that is placed oppositely to the above-mentioned up-
per corner. The gaps 24, 25, which are defined between
the plates by configurations of the projections 21 and the
recesses 22, extend continuously and linearly in the ob-
lique direction along which the projections 21 and the
recesses 22 are aligned, to form passage sections in
which the heat exchange fluid flows so that the passage
section intersects the other passage section so as to
communicate therewith.
[0054] On the other hand, in the lower fluid guiding
portion 20, the heat exchange fluid, which has flown in
the gap 24, is discharged outside from the lower corner,
which is placed oppositely to the above-mentioned intro-
ducing position. The other heat exchange fluid is oblique-
ly introduced into the other gap 25 from the inlet portion,
which is placed oppositely to the above-mentioned outlet
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portion, to flow therein.
[0055] The heat exchange fluid first flows obliquely in
the upper region of the gap 24 with its introducing power
into the fluid guiding portion 20 and then flows mainly in
the initial traveling direction, while repeating divergence
and confluence at intersections of the passages, to reach
smoothly and uniformly the edge of the main heat transfer
sections 26 (see arrows indicated in solid lines in FIG.
10). The heat exchange fluid can uniformly reach the
edge of the main heat transfer sections 26 to cause the
heat exchange fluid to flow to every areas on the opposite
surfaces of the main heat transfer section 26 of the heat
transfer plate 2 in this manner.
[0056] On the other hand, with respect to the discharge
of the heat exchange fluid, this fluid flowing horizontally
in a uniformly distributed amount travels from the edge
of the main heat transfer section 26 to enter the fluid
guiding portion 20, flows obliquely along the passages
defined by the projections 21 and the recesses 22, and
then reaches the outlet portion, while repeating conflu-
ence and divergence at intersections of the passages.
More specifically, the heat exchange fluid flows obliquely
and reach smoothly the opening serving as the outlet
portion. It is therefore possible to receive uniformly the
heat exchange fluid from the edge of the main heat trans-
fer section 26 and then cause it to flow smoothly, thus
avoiding a problem of adverse effect of irregular flow of
the fluid in the main heat transfer section 26 due to clog-
ging of the heat exchange fluid.
[0057] In the different gap 25, the passages, which
mainly include the recesses 22 provided on the bask side
of the projections 21, and the transitional curved sections
23, extend vertically and horizontally in the same manner
as the gap 24. However, a portion of the gap 25, which
corresponds to the inlet portion of the gap 24, serves as
the outlet portion, and a portion of the gap, which corre-
sponds to the outlet portion of the gap 24, serves as the
inlet portion. The other heat exchange fluid in the gap 25
has the similar flowing behavior to the heat exchange
fluid in the gap 24. More specifically, the other heat ex-
change fluid flows obliquely at the fluid guiding portion
20 on the inlet portion side to reach smoothly and uni-
formly the edge of the main heat transfer section 26. The
other heat exchange fluid travels from the edge of the
main heat transfer section 26 through the obliquely ex-
tending passages in the fluid guiding portion 20 on the
outlet side to the outlet portion to be discharged outside
(see arrows indicated in broken lines in FIG. 10).
[0058] It is therefore possible to cause the respective
heat exchange fluids to pass through the gaps 24, 25 in
the fluid guiding portion 20 toward the main heat transfer
section 26. Accordingly, the two kinds of heat exchange
fluids can spread into every corner of the main heat trans-
fer sections 26 to facilitate heat transfer between the plate
and the fluid, thus improving the heat exchange perform-
ance in the same manner as the first embodiment of the
present invention. In addition, the general heat exchange
performance of the plates can be improved by the heat

exchange at the fluid guiding portions 20.
[0059] According to the heat exchange plate according
to the second embodiment of the present invention, the
projections 21 and the recesses 22 are aligned linearly
in the oblique direction between the inlet and outlet por-
tions and the main heat transfer section 26. When the
plurality of plates having the above-mentioned structure
are placed one upon another and combined together to
form an assembly unit for a heat exchanger, there are
formed between the plates, the passages that extend
directly and linearly from the inlet and outlet portions to
the main heat transfer section 26. When the heat ex-
change fluid flows in the passages in the fluid guiding
portions 20 of the plates, the fluid smoothly and obliquely
passes through the fluid guiding portions 20 to be intro-
duced uniformly into the main heat transfer section 26 or
discharged rapidly from the outlet portion. Especially,
when the heat exchange fluid flows to the main heat
transfer section 26, the heat exchange fluid flows uni-
formly from the side of the fluid guiding portion 20 into a
boundary position relative to the main heat transfer sec-
tion 26. Accordingly, the heat exchange fluid can flow
uniformly to every corner of the main heat transfer section
26 to cause almost all area of the plate to serve as an
effective heat transfer member. It is therefore possible
to ensure an appropriate heat transfer between the plate
and the heat exchange fluid to increase an amount of
heat transfer, thus performing an effective heat exchange
between the heat exchange fluids and providing a higher
capacity heat exchanger.

[Third Embodiment of the Present Invention]

[0060] Now, the third embodiment of the present in-
vention will be described in detail below with reference
to FIGS. 14 to 19. FIG. 14 is a schematic structural view
of the heat exchange plate according to the third embod-
iment of the present invention; FIG. 15 is a view sche-
matically illustrating a flowing state of the fluids on the
opposite surfaces of the fluid guiding portion of the heat
exchange plate according to the third embodiment of the
present invention; FIG. 16 is a cross-sectional view cut
along the line XVI-XVI in FIG. 15; FIG. 17 is a cross-
sectional view cut along the line XVII-XVII in FIG. 15;
FIG. 18 is a cross-sectional view cut along the line XVIII-
XVIII in FIG. 15; and FIG. 19 is a cross-sectional view
cut along the line XIX-XIX in FIG. 15.
[0061] The heat exchange plate 3 according to the third
embodiment of the present invention is identical to that
of the first embodiment of the present invention in that
the plate is formed of a metallic plate having a rectangular
shape and provided with a fluid guiding portion 30 having
a sub-pattern of irregularity (i.e., the second sub-pattern
of irregularity), which includes a plurality of projections
31 and a plurality of recesses 32. The plate 3 is different
from that of the first embodiment of the present invention
in that the plate has openings 50 formed on the opposite
sides of the plate in the longitudinal direction thereof, and
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each of the openings 50 is surrounded with a fluid guiding
portion 30 in which projections 31 and recesses 32 are
aligned along curved lines extending from a periphery of
the opening 50 to an edge of a main heat transfer section
37.
[0062] The above-mentioned fluid guiding portion 30,
which is provided on each of the opposite sides of the
heat exchange plate 3 having a rectangular shape in the
longitudinal direction, i.e., on each of the short sides of
the plate, has an area that extends in the longitudinal
direction of the heat exchange plate 3 by a predetermined
distance, which is longer than the length of the opening
50 and extends in the lateral direction of the plate over
the whole lateral length thereof. The projections 31 and
the recesses 32 are provided on the opposite sides of
the fluid guiding portion 30, between which the opening
50 is formed, so as to be symmetrical to each other rel-
ative to the center of the opening 50. The projections 31
and the recesses 32 are aligned along curved lines ex-
tending from the opening 50 to the edge of the main heat
transfer section 37.
[0063] Each of the projections 31 is identical to the
projection of the first embodiment of the present invention
in that the projection 31 includes a top portion 31a pro-
vided in the form of a circular flat section and an outer
peripheral surface, which has a curved shape so as to
continuously extend from the top portion 31a and broad-
en toward a lower side. However, the projections 31 of
the third embodiment of the present invention are differ-
ent from the projections 11 of the first embodiment of the
present invention in that they are aligned along the curved
lines, which extend from the edge of the opening 50 to
the edge of the main heat transfer section 37, so as to
be apart from each other.
[0064] Each of the recesses 32 includes, at positions
in which the projections 31 are aligned along the curved
lines in the fluid guiding portion 30, a bottom portion 32a
and an inner peripheral surface, which has a curved
shape so as to continuously extend from the outer pe-
ripheral surface of the surrounding projection 31. The
recess 32 is formed on the surface of the plate so as to
dent in the opposite direction to the projecting direction
of the projection 31. The recesses 32 are aligned along
the curved lines, which extend from the edge of the open-
ing 50 to the edge of the main heat transfer section 37,
in the same manner as the above-mentioned projections
31, but the recesses 32 are provided in the different ir-
regular pattern from the projections 31.
[0065] The projections 31 and the recesses 32 are
aligned so as to provide the respective continuous cross-
sections along the curved lines. Transitional curved sec-
tions 33, 34 are provided in a central position between
the adjacent two projections 31 and in a central position
between the adjacent two recesses 32 so as to smoothly
connect the curved surfaces of the projections 31 and
the recesses 32. The transitional curved section 33 for
the adjacent two projections 31 is different in shape from
the transitional curved section 34 for the adjacent two

recesses 32. The plate is provided with the second sub-
pattern of irregularity in which the entire surface has a
smoothly continuous curved surface over the fluid guid-
ing portion 30 including regions between the projections
31 and the recesses 32, in this manner. Therefore, it is
possible to disperse force applied to the plate, enhance
strength thereof to cope with high pressure of the fluid
and improve formability of the plate.
[0066] In such a fluid guiding portion 30, the recesses
32 provide on the other (i.e., lower) surface of the plate
with the same configuration as the projections 31 so as
to form the projections 35 on the other surface thereof
and the projections 31 provide on the surface of the plate
with the same configuration as the recesses 32 so as to
form the recesses 36 on the other surface thereof. How-
ever, the aligned projections 31 and the aligned recesses
32 are not common in regularity to each other and have
an inversed relationship of the opposite surfaces of the
plate, so as not to provide on the opposite surfaces of
the plate with the same second sub-pattern of irregularity
in the same manner as the first and second embodiments
of the present invention.
[0067] The above-described heat exchange plate 3 is
placed on the other heat exchange plate having the same
structure so that they face each other on the same side
and the top portions 31a of the projections 31 of the
former plate in the fluid guiding portion 30 come into con-
tact with the corresponding top portions 31a of the pro-
jections 31 of the latter plate and top portions of projec-
tions (not shown) of the former plate, which forms the
first sub-pattern of irregularity, in the main heat transfer
section 37 come into contact with the corresponding top
portions of the projections of the latter plate, to form a
combined unit, and then the thus formed combined unit
is combined to the other combined units in the same man-
ner as the first embodiment of the present invention, to
form a heat exchanger that has gaps, i.e., passages. In
the fluid guiding portion 30 in the gap 38 formed between
the two adjacent plates of the thus combined plates 3 in
which the top portions 31a of the projections 31 of the
plate come into contact with the top portions 31a of the
projections 31 of the other plate, the corresponding outer
peripheral surfaces of the projections 31 of these plates
3, excluding the contacting top portions 31a face each
other with a predetermined distance kept therebetween,
the corresponding transition curved portions 33 of these
plates 3 face each other with a predetermined distance
kept therebetween, and the corresponding recesses 32
having a smaller height than the transition curved por-
tions 33 face each other with a predetermined distance
kept therebetween. Gaps formed between the corre-
sponding outer peripheral surfaces of the projections 32
communicate with gaps formed between the correspond-
ing recesses 32 to form curved passages in the curved
lines along which the projections 31 and the recesses 32
are aligned. The adjacent passages are aligned so as to
intersect each other to communicate with each other (see
FIGS. 16 to 19).
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[0068] In the adjacent gap 39 separated by the plate,
the projections 35 and the recesses 36 in the fluid guiding
portion 30 do not provide on the opposite surfaces of the
plate with the same second sub-pattern of irregularity.
As a result, the passage including the gaps, which are
formed between the outer peripheries of the projections
35 and the recesses, as well as between the transitional
curved sections 34 so as to communicate with each other,
is quite different from the passage formed in the gap 38.
On the other plate by which the above-mentioned gap
39 is defined, the recesses 36 and the transitional curved
sections 34 are aligned in a vertical direction or an oblique
direction so as to provide passages extending linearly in
the vertical direction or a direction with a slightly inclined
angle therefrom.
[0069] Now, description will be given below of opera-
tion of the heat exchanger that is composed of the heat
exchange plates 3 according to the embodiment of the
present invention. There is the assumption that, in the
unit, into which the heat exchange plates 3 placed par-
allelly one upon another are assembled, the plate has
the opening 50 serving as the inlet portion through which
one of the heat exchange fluids is introduced into the gap
38, and the other opening 50 serving as the outlet portion
from which the above-mentioned heat exchange fluid is
discharged. In addition, additional openings are provided
on the upper and lower sides of the unit so as to com-
municate with the gap 39. The other heat exchange fluid
is introduced vertically from the additional opening serv-
ing as the inlet portion and the above-mentioned other
heat exchange fluid is discharged from the other addi-
tional opening serving as the outlet portion so that the
heat exchange fluids alternately flow in the respective
gaps between the plates based on a counter-flowing sys-
tem.
[0070] In the upper fluid guiding portion 30 of each heat
exchange plate 3, one of the heat exchange fluids is in-
troduced from the opening 50 in the fluid guiding portion
30 to flow therein. The other heat exchange fluid as flow-
ing in the other gap 39, which is placed oppositely to the
above-mentioned gap 38 relative to the heat exchange
plate 3, is discharged outside from the upper side of the
unit. In the gap 38, the projections 31 and the recesses
32 aligned along the curved lines so as to form a plurality
of passages in which one of the heat exchange fluids
flows. In the gap 39 in which the other heat exchange
fluid flows, a plurality of passages is provided so as to
extend linearly in the vertical direction or an oblique di-
rection in accordance with the arrangement of the pro-
jections 35 and the recesses 36 and intersect each other.
[0071] On the other hand, in the lower fluid guiding
portion 30, the heat exchange fluid, which has flown in
the gap 38, is discharged outside from the other opening
50. The other heat exchange fluid is vertically introduced
into the other gap 39 from the inlet portion, which is placed
oppositely to the above-mentioned outlet portion, to flow
therein.
[0072] The heat exchange fluid is first spread out from

the opening 50 in the gap 38 with its introducing power
into the fluid guiding portion 30, and a part of the fluid
directly flows to the main heat transfer section 37 below
the opening 50, but a remaining major part thereof flows
along the curved lines along which the projections 31 and
the recesses 32 are aligned, while repeating divergence
and confluence at intersections of the passages, to reach
smoothly and uniformly the edge of the main heat transfer
sections 37 (see arrows indicated in solid lines in FIG.
15). The heat exchange fluid can uniformly reach the
edge of the main heat transfer sections 37 to cause the
heat exchange fluid to flow to every areas on the opposite
surfaces of the main heat transfer section 37 of the heat
transfer plate 3 in this manner.
[0073] On the other hand, with respect to the discharge
of the heat exchange fluid, this fluid flowing horizontally
in a uniformly distributed amount travels from the edge
of the main heat transfer section 37 to enter the fluid
guiding portion 30, and a part of the fluid directly flows
and come into the opening 50, which is placed below the
main heat transfer section 37, but a remaining major part
thereof flows along the curved lines along which the pro-
jections 31 and the recesses 32 are aligned, and come
into the opening 50, while repeating divergence and con-
fluence at intersections of the passages. More specifi-
cally, the heat exchange fluid flows in the curved pas-
sages and reach smoothly the opening 50 serving as the
outlet portion. It is therefore possible to receive uniformly
the heat exchange fluid from the edge of the main heat
transfer section 37 and then cause it to flow smoothly,
thus avoiding a problem of adverse effect of irregular flow
of the fluid in the main heat transfer section 37 due to
clogging of the heat exchange fluid.
[0074] In the different gap 39, the passages, which
mainly include the recesses 32 provided on the bask side
of the projections 31, and the transitional curved sections
33, extend vertically or in a direction with a slightly in-
clined angle. Consequently, the inlet side of the gap 38
serves as the outlet side of the gap 39 and the outlet side
of the gap 38 serves as the inlet side of the gap 39, in
the same manner as the first and second embodiments
of the present invention. The other heat exchange fluid
in the gap 39 flows in the passages, which extend verti-
cally or in a direction with s slightly inclined angle from
the edge of the fluid guiding portion 30 on the inlet side
thereof, to reach smoothly and uniformly the edge of the
main heat transfer section 37. The other heat exchange
fluid travels from the edge of the main heat transfer sec-
tion 37 through the passages extending vertically or in
the direction with the slightly inclined angle in the fluid
guiding portion 30 on the outlet side to the outlet portion
to be discharged outside (see arrows indicated in broken
lines in FIG. 15).
[0075] It is therefore possible to cause the respective
heat exchange fluids to pass through the gaps 38, 39 in
the fluid guiding portion 30 toward the main heat transfer
section 37. Accordingly, the two kinds of heat exchange
fluids can spread into every corner of the main heat trans-

23 24 



EP 1 813 901 A2

14

5

10

15

20

25

30

35

40

45

50

55

fer sections 37 to facilitate heat transfer between the plate
and the fluid, thus improving the heat exchange perform-
ance in the same manner as the first embodiment of the
present invention. In addition, the general heat exchange
performance of the plates can be improved by the heat
exchange at the fluid guiding portions 30.
[0076] According to the heat exchange plate according
to the third embodiment of the present invention, the pro-
jections 31 and the recesses 32 in the fluid guiding portion
30 are aligned along the curved lines extending from the
opening 50 to the main heat transfer section 37 in ac-
cordance with the structure of the plate, which has the
openings 50 serving as the inlet and outlet portions for
the heat exchange fluid. When the plurality of plates hav-
ing the above-mentioned structure are placed one upon
another and combined together to form an assembly unit
for a heat exchanger, there are formed in the gaps 38,
39 between the plates, the passages that extend curvedly
along the curved lines along which the projections 31 and
the recesses 32 are aligned and communicate with each
other. When the heat exchange fluid, which is in partic-
ularly introduced in the gap between the plates from the
opening 50 on the inlet side, is introduced into the pas-
sages in the fluid guiding portions 30 of the plates through
the opening 50 and discharged therefrom, the fluid can
directly flow to come into the main heat transfer section
37 through the curved passages in the fluid guiding por-
tion 30, thus making it possible to cause the heat ex-
change fluid to flow uniformly into every corner of the
main heat transfer section 37, which includes portions of
the main heat transfer section 37 that are apart from the
opening 50, from the side of the fluid guiding portion 30.
It is therefore possible to ensure an appropriate heat
transfer between the plate and the heat exchange fluid,
thus providing a higher capacity heat exchanger. The
inlet and/or outlet portions for the other heat exchange
fluid is provided in the predetermined region at the edge
of the plate and at least part of the projections 31 formed
on the basis of the curved arrangement provides the lin-
ear arrangement in the vicinity of the straight line con-
necting the inlet and/or outlet portions to the main heat
transfer section 37. As a result, the corresponding recess
portions 36 formed on the back side of the projections
31 on the second surface of the plate are aligned linearly
to provide a main section for the passage for the fluid on
the second surface of the plate. It is therefore possible
to cause the fluid, which passes through the opening and
flows on the first surface of the plate, to flow appropriately
between the opening and the main heat transfer section
37, and simultaneously cause the other fluid, which flows
along the second surface of the plate, to flow smoothly
between the inlet and/or outlet portions at the edge of
the plate and the main heat transfer section 37, so as to
perform heat transfer between the heat transfer fluids
through the plate having the first and second surfaces,
thus improving the heat exchange performance between
the fluids.
[0077] The heat exchange plate according to the

above-described third embodiment of the present inven-
tion has a structure in which the projections 31 and the
recesses 32 are aligned along the curved lines in view
of the positions of the openings 50 serving as the inlet
and outlet portions for the heat exchange fluid. The
present invention is not limited only to such an embodi-
ment. Even when the inlet and outlet portions for the heat
exchange fluid are provided in the form of opening, the
projections 31 and the recesses 32 may be aligned lin-
early. In addition, even when the inlet and outlet portions
for the heat exchange fluid are provided in the vicinity of
the edges of the plate, the projections 31 and the recess-
es 32 may be aligned along the curved lines. An appro-
priate selection of a structure to adapt a positional rela-
tionship between the inlet and outlet portions of the heat
exchange fluid and the main heat transfer section so as
to provide the optimum flowing condition of the heat ex-
change fluid.
[0078] In the heat exchange plate according to each
of the above-described first to third embodiments of the
present invention, any desired structural features may
be applied, except for providing the fluid guiding portion
in accordance with the positions and characteristic fea-
tures of the inlet and outlet portions for the heat exchange
fluid and the main heat transfer section. The heat ex-
change plate of the present invention may have a desired
shape in a peripheral portion and openings formed in
desired positions so as to be capable of being used as
a heat exchange plate for a heat exchanger in which a
plurality of plates are directly connected to each other by
welding or brazing the plates at their peripheries or dif-
fusion bonding the plates at connection portions including
the top portions of the projections thereof, or a plate-type
heat exchanger in which a plurality of plates are placed
one upon another, with gasket members placed there-
between, and subjected to a pressing process for impart-
ing an external pressure to them to form a combined unit.

Claims

1. A heat exchange plate (1), which is formed of a me-
tallic plate having a predetermined pattern of irreg-
ularity, the heat exchange plate being to be com-
bined to one or more other heat exchange plate hav-
ing a same structure so as to be placed one upon
another to form a heat exchanger in which heat ex-
change is to be made between heat exchange fluids
that come into contact with opposite first and second
surfaces of the heat exchange plate, respectively,
the heat exchange plate comprising:

(i) a main heat transfer section (16) serving as
a central portion having a first sub-pattern of ir-
regularity for forming a part of the predetermined
pattern of irregularity and (ii) at least one fluid
guiding portion (10) having a second sub-pat-
tern of irregularity which is different from the first
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sub-pattern of irregularity and form a remaining
part of the predetermined pattern of irregularity,
said fluid guiding portion (10) being disposed in
a predetermined position over a predetermined
area in a vicinity of an edge of the plate, which
forms at least one of inlet and outlet portions for
the heat exchange fluids in cooperation with an
edge of the other plate combined with the heat
exchange plate to form the heat exchanger;

wherein:
the second sub-pattern of irregularity of the fluid
guiding portion comprises a plurality of projections
(11) provided on the first surface of the plate in a
predetermined aligned state and a plurality of re-
cesses (12) denting in an opposite direction to a pro-
jecting direction of the projections (11), each of said
recesses (12) being placed in an intermediate posi-
tion between two or more projections (11);
each of said projections (11) comprises a top portion
(11a) having a substantially flat section with a pre-
determined area and an outer peripheral portion hav-
ing a substantially conical surface or curved surfac-
es, said projections (11) being aligned in a straight
or curved line so that one of the projections is sur-
rounded by the other projections that are placed at
regular intervals;
each of said recesses (12) comprises a bottom por-
tion (12a) having a substantially flat section with a
predetermined area and an inner peripheral portion
having a curved surface that is continuously con-
nected to the outer peripheral portion of each of the
projections (11) with which the recess is surrounded,
said recesses (12) being aligned in a straight or
curved line in parallel with an aligning line of the pro-
jections (11); and
at least a part of a plurality of straight or curved lines
along which said projections (11) and said recesses
(12) are aligned on the fluid guiding portion (10) has
an end that is located in said predetermined position
of the edge of the plate, which forms said at least
one of inlet and outlet portions, and another end that
does not coincide with said end and is located on a
boundary between said fluid guiding portion (10) and
said main heat transfer section (16).

2. The heat exchange plate as claimed in Claim 1,
wherein:

said plate has a square or rectangular shape;
said at least one of inlet and outlet portions for
the heat exchange fluids is provided on a part
or over an entire length of at least one of edges
of the plate; and
said projections (11) and said recesses (12) of
said fluid guiding portion (10) are aligned linearly
in a direction that is parallel or perpendicular to
the edge of the plate.

3. The heat exchange plate as claimed in Claim 2,
wherein:

said projections (11) are aligned at predeter-
mined intervals on a basis of a matrix arrange-
ment in two directions that are in parallel or per-
pendicular to the edge of the plate and at right
angles to each other, and each of said recesses
(12) is placed in a center of a minimum square
area defined by four projections (11) located in
respective four corners of the square area so as
to provide a similar matrix arrangement to the
matrix arrangement of the projections (11);
said projections (11) and said recesses (12) pro-
vide a substantially sinusoidal wave in cross-
section of the plate in aligning directions along
which said projections (11) and said recesses
(12) are aligned at regular intervals for the matrix
arrangement; and
an intermediate portion between the projection
(11) and another projection adjacent thereto on
the first surface of the plate and an intermediate
portion between the recess (12) and another re-
cess adjacent thereto on the first surface thereof
are placed in an intermediate level between the
bottom portion (12a) of said recess (12) and the
top portion (11a) of the projection (11) in the pro-
jecting direction of the projections (11).

4. The heat exchange plate as claimed in Claim 1,
wherein:

said at least one of inlet and outlet portions for
the heat exchange fluids is provided in a form
of an opening (50) formed in the plate (3), for at
least one of the heat exchange fluids; and
said projections (31) and said recesses (32) in
the fluid guiding portion (30) are aligned on a
basis of a curved arrangement in which lines of
alignment for the projections (11) and recesses
(12) are directed from an outer edge of said
opening (50) to the boundary between said fluid
guiding portion (30) and said main heat transfer
section (37), and then gradually curved from a
perpendicular direction to the outer edge of the
opening (50) toward a perpendicular direction
to the boundary between the fluid guiding portion
(30) and the main transfer section (37).

5. The heat exchange plate as claimed in Claim 4,
wherein:

said plate (3) has a square or rectangular shape;
said at least one of inlet and outlet portions for
the heat exchange fluids is provided in a form
of an opening (50) formed in the plate, for one
of the heat exchange fluids and is provided on
a part or over an entire length of at least one of
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edges of the plate for another heat exchange
fluid; and
at least part of said projections (31) in the fluid
guiding portion (30) are placed on the basis of
said curved arrangement and simultaneously
placed in a vicinity of a line connecting the pre-
determined position of the edge of the plate to
the boundary between said fluid guiding portion
(30) and said main heat transfer section (37) so
as to be aligned linearly, and no recess is placed
in a linear arrangement of the projections (31).

6. The heat exchange plate as claimed in any one of
Claims 1 to 5, wherein:

each of the projections (11) of the second sub-
pattern of irregularity of said fluid guiding portion
(10), which project from the first surface of the
plate, has a same shape as a corresponding pro-
jection, which projects from the second surface
of the plate so as to correspond to the recess
(12) formed on the first surface of the plate; and
each of the recesses (12) of the second sub-
pattern of irregularity of said fluid guiding portion,
which dent from the first surface of the plate, has
a same shape as a corresponding recess, which
dents from the second surface of the plate so
as to correspond to the projection (11) formed
on the first surface of the plate, thus providing a
same sub-pattern of irregularity on the opposite
surfaces of the plate.
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