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(54) LAMINATED TYPE HEAT EXCHANGER

(57) A guide plate (19) which causes a heat ex-
changing medium traveling along the laminating direc-
tion to advance straight toward the communicating
'point at which the tank portions to which the heat ex-
changing medium is moving and the corresponding pas-
sage portions communicate with each other is provided.
In a single-side tank type laminated heat exchanger, a
guide plate (19) is provided at the shifting area over
which an even-numbered pass shifts into an odd-num-
bered pass, to cause the heat exchanging medium
traveling along the laminating direction to advance
straight toward the communicating point at which the
tank portions in the odd-numbered pass communicate
with the passage portions in communication with the
tank portions. The angle of inclination at the guide plate
(19) is set within the range of 5 ~ 65° relative to the lam-

inating direction, and the length of the inclined portion
is set within the range of 1 ~ 15mm. Thus, the extent of
an uneven flow of heat exchanging medium is mini-
mized in the laminated heat exchanger in which the heat
exchanging medium flows from the tank portions into the
passage portions after it travels along the laminating di-
rections through the tank portions which are in commu-
nication with each other, to achieve an improvement in
the heat exchanging efficiency with the heat exchanging
medium almost completely evenly distributed to the in-
dividual tube elements. By forming the guide plate in a
curved shape or by providing a bead at the guide plate,
the guide plate is reinforced. In addition, by rounding the
two shoulders of the guide plate, the guide plate is pre-
vented from vibrating.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a laminated
heat exchanger constituted by laminating numerous
tube elements, which is utilized in a freezing cycle or the
like of an air-conditioning system for vehicles, and is ide-
al in application in a laminated heat exchanger consti-
tuted by laminating tube elements via fins to allow a heat
exchanging medium to pass through a plurality of times.

BACKGROUND ART

[0002] Heat exchangers in the known art include the
heat exchanger illustrated in FIGS. 1 and 2 and the sin-
gle-side tank type heat exchanger illustrated in FIGS.
15 and 16.

[0003] Inthe heat exchanger shown in FIGS. 1 and 2,
a core main body is formed by laminating tube elements
via fins 2, a pair of tank portions 12 provided on one side
of each tube elements are made to communicate with
each other through a turnaround passage portion 13, a
heat exchanging medium path with a plurality of passes
is formed at the core main body by communicating the
tank portions 12 of adjacent tube elements as appropri-
ate, a heat exchanging medium intake portion 4 and a
heat exchanging medium outlet portion 5 are provided
at one end of the core main body along the laminating
direction, the intake portion 4 is made to communicate
with a tank block 21 located on the upstream-most side
via a communicating pipe 30 and the outlet portion 5 is
made to directly communicate with a tank block 22 on
the downstream-most side.

[0004] The heatexchangershowninFIGS. 15and 16,
in which a core main body is formed by laminating tube
elements via fins 2, a pair of tank portions 12 provided
on one side (the lower side) of each tube element are
made to communicate with each other through a turna-
round passage portion 13 and a heat exchanging medi-
um path with a plurality of passes is formed at the core
main body by communicating the tank portions 12 of ad-
jacent tube elements as appropriate, differs from the
heat exchanger described above in that a heat exchang-
ing medium intake portion 4 and a heat exchanging out-
let portion 5 are provided at the front of the core main
body.

[0005] In the heat exchangers described above, the
heat exchanging medium having flowed in through the
intake portion 4 enters the tank block 21 on the up-
stream-most side in the heat exchanging medium path
either via the communicating pipe 30 or directly, reaches
the tank block 22 on the downstream-most side in the
heat exchanging medium path after making a plurality
of passes and flows out through the outlet portion 5 com-
municating with the tank block 22. In this context, the
flow of the heat exchanging medium along one direction,
i.e., the heat exchanging medium flowing from the tank
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portions into the turnaround passage portions or flowing
from the turnaround passage portions into the tank por-
tions, is counted as one pass and, for instance, a heat
exchanger in which the heat exchanging medium pass-
es through the turnaround passage portions 13 twice
and a heat exchanger in which the heat exchanging me-
dium passes through the turnaround passage portions
three times while it travels from the tank block on the
upstream-most side to the tank block on the down-
stream-most side in the heat exchanging medium path
are respectively referred to as a four-pass a heat ex-
changer and a six-pass heat exchanger.

[0006] However, in the four-pass heat exchanger de-
scribed above, for instance, in which the heat exchang-
ing medium flows along the laminating direction via the
tank portions in communication with each other while
moving from the second pass into the third pass, as il-
lustrated in FIG. 54(a), the heat exchanging medium
concentrates further into the third pass due to the inertial
force of the heat exchanging medium and, as a result,
the flow rate of the heat exchanging medium becomes
reduced at the tube elements near a partitioning portion
18 in the third and the fourth passes. Thus, the temper-
ature of the air having passed through the space be-
tween tube elements near the partitioning portion be-
comes higher than the temperature at other positions,
as indicated by the dotted lines in FIG. 55, to result in a
reduction in the heat exchanging efficiency when a cool-
ant is used as the heat exchanging medium.

[0007] It is to be noted that the term "tube number"
(TUBE No.) in the figure refers to the position of a given
tube element counted from the right side in FIG. 1. In
addition, the passing air temperature (AIR TEMP.) refers
to the temperature of the air having passed through the
space between the tube elements and having under-
gone heat exchange with the fins, which is measured at
a position 1 ~ 2 cm away from the end surface of the
core main body on the downstream side.

[0008] The problem described above also occurs in
the six-pass heat exchanger and the uneven flow of the
heat exchanging medium occurring as shown in FIG. 54
(b) results in a large deviation in the temperature of the
passing air in the area where the heat exchanging me-
dium switches from the third pass to the fourth pass and
where it switches from the fifth pass to the sixth pass at
positions close to partitioning portions 18, relative to the
passing air temperature in other areas. In addition, in
the six-pass heat exchanger, too, the heat exchanging
medium concentrates unevenly when it switches from
an even-numbered pass to an odd-numbered pass and,
as a result, the flow rate of the heat exchanging medium
becomes reduced over the areas close to the partition-
ing portions 18.

[0009] As a means for eliminating such uneven distri-
bution of the heat exchanging medium, the applicant of
the present invention has previously proposed a struc-
ture in which the heat exchanging medium is allowed to
flow in sufficient quantity to tube elements near parti-
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tioning portions by providing a constriction which con-
stricts the flow passage cross section where an even-
numbered pass shifts to an odd-numbered pass (see
Japanese Unexamined Patent Publication No. H
8-285407). However, this structure proposed previous-
ly, which prevents uneven distribution of the heat ex-
changing medium by constricting the flow passage
cross section to lower the speed of the flow or by causing
the heat exchanging medium to flow in a complex pat-
tern, requires careful design, in order to ensure that the
passage resistance does not become excessive.
[0010] In addition, there is a structure in the known art
achieved by providing a rotational flow generating plate
at the flow path between tanks through which the heat
exchanging medium is delivered from the upstream side
heat exchanging block to the downstream side heat ex-
changing block to cause the heat exchanging medium
to rotate around the center line of the flow path as dis-
closed in Japanese Unexamined Patent Publication No.
H 8-178581, proposed as a measure for eliminating un-
even flow of the heat exchanging medium.

[0011] However, while this structure, which achieves
a consistent gas-liquid mixed state by agitating the heat
exchanging medium with the rotational flow generating
plate to prevent the heat exchanging medium from en-
tering a gas-liquid two phase state in the flow path be-
tween the tanks to eliminate an uneven distribution of
the heat exchanging medium and achieves consistent
heat exchanging performance at all the tanks regardless
of their locations, i.e., whether they are provided at up-
per positions or lower positions, is effective in that cool-
ant in a gas-liquid mixed state is guided into the individ-
ual tube elements, it does not prevent the heat exchang-
ing medium from becoming concentrated further into the
third pass due to the inertial force of the heat exchanging
medium itself as illustrated in FIG. 54(a) in the case of
a four-pass heat exchanger, for instance, since it simply
mixes gas and liquid by rotating the heat exchanging
medium. Rather, if the rotating heat exchanging medium
advances through the flow path between the tanks, it
becomes a concern that the heat exchanging medium
may concentrate in even greater quantity further into the
third pass since it is more difficult for the heat exchang-
ing medium to flow into the individual passage portions
due to the inertia of the rotation and to change its direc-
tion while it advances along the center line of the flow
path between the tanks and, as a result, the problem of
the reduction in the flow rate of the heat exchanging me-
dium at tube elements close to the partitioning portion
18 is expected to become even more pronounced at the
third and fourth passes.

[0012] Accordingly, an object of the present invention
is to provide a laminated heat exchanger capable of
achieving an improvement in the heat exchanging effi-
ciency by minimizing uneven flow of the heat exchang-
ing medium and achieving an almost completely uniform
distribution of the heat exchanging medium to all the
tube elements along the laminating direction. Another
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object of the present invention is to provide a laminated
heat exchanger capable of reducing inconsistent distri-
bution of the heat exchanging medium by dispersing the
heat exchanging medium more aggressively while min-
imizing the passage resistance.

DISCLOSURE OF THE INVENTION

[0013] Accordingly, the laminated heat exchanger ac-
cording to the present invention, assuming a structure
in which tube elements each having a plurality of tank
portions and a passage portion communicating with the
tank portions are laminated over numerous levels by se-
quentially abutting the tank portions, all the tank portions
or a plurality of the tank portions thus abutted are made
communicate with each other via communicating holes
formed at the individual tank portions, a pass through
which a heat exchanging medium is allowed to flow from
a plurality of contiguous tank portions into passage por-
tions communicating with the tank portions is provided
and the heat exchanging medium is caused to travel
along the laminating direction via the communicating
holes over an area where another pass shifts to this
pass, a guide plate that causes the flow of the heat ex-
changing medium traveling along the laminating direc-
tion to advance straight toward the communicating point
at which the tank portions to which the heat exchanging
medium is traveling and the passage portions commu-
nicating with the tank portion communicate with each
other is provided at, at least, one position over the shift-
ing area where the other pass shifts into the pass or in
the vicinity of the shifting area.

[0014] In this structure, in which the direction in which
the heat exchanging medium traveling along the lami-
nating direction via the communicating holes is actively
changed by the guide plate to advance straight toward
the communicating point at which the tank portions to
which the heat exchanging medium is moving a and of
the passage portions communicating with the tank por-
tions, the heat exchanging medium is distributed in all
the passage portions so as to avoid concentration of the
heat exchanging medium at the area near the ends
along the laminating direction.

[0015] In particular, when adopting the present inven-
tionin the single-side tank type laminated heat exchang-
er, i.e., in a laminated heat exchanger constituted by
laminating tube elements each having a pair of tank por-
tions provided on one side and a turnaround passage
portion communicating between the pair of tank portions
over numerous levels via fins, sequentially abutting the
tank portions of adjacent tube elements, communicating
the abutted tank portions via communicating holes in
units of individual blocks, setting as appropriate the
number of tank portions constituting each block to pro-
vide an odd-numbered pass through which the heat ex-
changing medium flows from the tank portions of the
tube elements into the passage portions and an even-
numbered pass in which the heat exchanging medium
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flows from the passage portions of the tube elements
into the tank portions and allowing the heat exchanging
medium to move along the laminating direction via the
communicating holes over the shifting area in which the
even-numbered pass shifts to the odd-numbered pass,
a guide plate that causes the flow of the heat exchanging
medium traveling along the laminating direction to ad-
vance straight toward the communicating points at
which the tank portions in the odd-numbered pass com-
municate with the corresponding passage portions
should be provided at, at least, one location over the
shifting area or in the vicinity of the shifting area.
[0016] As aresult, since the heat exchanging medium
having flowed into the block on the upstream-most side
flows out through the block on the downstream-most
side after traveling over a plurality of passes and the
guide plate is provided at the shifting area where the
even-numbered pass shifts into the odd-numbered pass
in this structure, the direction in which the heat exchang-
ing medium advances straight is actively changed by the
guide plate so that the heat exchanging medium ad-
vances straight to be almost completely evenly distrib-
uted into the individual passage portions constituting the
odd-numbered pass. Thus, the heat exchanging medi-
um is supplied into all the tube elements in sufficient
quantity and, consequently, the passing air temperature
does not greatly deviate at different positions as indicat-
ed by the solid lines in FIG. 55, thereby achieving the
objects described above.

[0017] In this single-side tank type laminated heat ex-
changer, a heat exchanging medium intake portion and
a heat exchanging medium outlet portion may be pro-
vided at one end along the direction in which the tube
elements are laminated with the intake portion made to
communicate with the block on the upstream-most side
and the outlet portion made to communicate with the
block on the downstream-most side or an intake portion
and an outlet portion may be respectively provided at
the block on the upstream-most side and the block on
the downstream-most side, both at a right angle to the
laminating direction.

[0018] In addition, in a heat exchanger having tube
elements each constituted by bonding two formed
plates and having the boundary of a pass in which the
heat exchanging medium flows from the tank portions
to the corresponding passage portions defined by pro-
viding at a specific position a formed plate having a par-
titioning portion for disallowing communication between
tank portions along the laminating direction, the guide
plate to be provided at the shifting area may be either
located at a formed plate adjacent to the formed plate
having the partitioning portion or at the formed plate hav-
ing the partitioning portion itself. In addition, the parti-
tioning portion and the guide plate may be offset from
each other to the front and to the rear along the laminat-
ing direction within a range over which an improvement
is achieved in the flow rate of the heat exchanging me-
dium flowing near the partitioning portion, and the guide
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plate provided in the vicinity of the shifting area may
adopt such a structure.

[0019] If the angle of inclination of the guide plate rel-
ative to the laminating direction is too small, a change
that is effective enough to eliminate the unbalanced flow
of the heat exchanging medium cannot be achieved,
whereas if the angle of inclination is too large, the pas-
sage resistance increases to lower the flow rate of the
heat exchanging medium and a reduction in the heat
exchanging efficiency occurs. For this reason, with the
length of the guide plate over the inclined portion set
within a range of 1 ~ 15mm in consideration of the ef-
fectiveness for changing the flow direction and due to
the manufacturing restrictions, it is desirable to select
the angle of inclination within a range of 5 ~ 65°. In ad-
dition, while the guide plate may be constituted as a
member which is independent of the tank portions, it
may be formed as an integrated part of the member con-
stituting the tank portions in order to achieve a reduction
in the number of manufacturing steps and to facilitate
the production process.

[0020] In specific application modes of the guide plate
practical use, the guide plate may be constituted of a
bridge provided across the communicating hole and an
inclined portion which is bent from an end edge of the
bridge and extends at an angle, the guide plate may be
constituted of a portion bent from the circumferential
edge of the communicating hole and extending at an an-
gle or it may be constituted by twisting a portion extend-
ing across the communicating hole so as to cause the
entire portion to become inclined. Furthermore, numer-
ous guide plates may be formed at the shifting area or
in its vicinity in order to ensure that the direction along
which the heat exchanging medium advances straight
is changed with a high degree of reliability.

[0021] In the laminated heat exchanger adopting the
structure described above having a pass in which the
heat exchanging medium is allowed to flow from a plu-
rality of contiguous tank portions into the passage por-
tions communicating with the tank portions and a guide
plate that changes the direction of the flow of the heat
exchanging medium traveling along the laminating di-
rection toward the communicating points at which the
tank portions to which the heat exchanging medium is
moving and the passage portions communicating with
the tank portions communicate with each other provided
at, at least, one location at the area over which the heat
exchanging medium moves into the pass, e.g., at the
shifting area over which the second pass shifts into the
third pass, or in the vicinity of the shifting area, the guide
plate, which is provided at a communicating hole formed
at a distended portion for tank formation at a formed
plate constituting a tube element, is manufactured by
leaving on the cut section that is created when punching
the communicating hole and is disposed of as waste in
the prior art. However, since the coolant flows at a high
speed and in a great quantity through the communicat-
ing holes in the shifting area, force is applied to the guide
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portion to cause vibration and such vibration may be
communicated to the outside as noise via the tube ele-
ments or it may deform the guide portion to offset the
guiding direction.

[0022] Accordingly, the strength of the guide plates
used to reduce the unbalanced flow of heat exchanging
medium needs to be improved and vibration at the guide
plate must be prevented.

[0023] Thus, as a means for eliminating these prob-
lems, a guide plate provided at a plurality of the tube
elements in a laminated heat exchanger constituted by
laminating tube elements each having a plurality of tank
portions and a passage portion communicating between
the tank portions over numerous levels, which is located
at a communicating hole formed at a distended portion
for tank formation at a formed plate constituting a tube
element, should be formed in a curved shape along the
lateral direction of the formed plate.

[0024] By forming the guide plate in such a curved
shape, its strength is improved to achieve greater dura-
bility. In addition, the curved shape of the guide plate
enables it to change the direction of the flow of the heat
exchanging medium effectively, and also achieves im-
provements in the ease of forming and dimensional ac-
curacy.

[0025] The guide portion may be formed in a curved
shape by bending it at a specific curvature, a curved
shape may be formed at areas close to the two ends
along the lateral direction of the guide portion or a
curved surface may be formed as a reservoir. Further-
more, a straight portion may be formed at the two ends
along the lateral direction of the guide plate formed in a
curved shape, and these straight portions may be
formed at the bridge provided over the communicating
hole.

[0026] Alternatively, in the laminated heat exchanger
according to the present invention constituted by lami-
nating tube elements each having a plurality of tank por-
tions and a passage portion communicating between
the tank portions over numerous levels, a guide plate is
provided at some of the tube elements, which is located
at a communicating hole formed in a distended portion
for tank formation at a formed plate constituting a tube
element and a bead may be provided at, at least, one
location at the guide plate along the direction in which
it projects out from the formed plate.

[0027] The presence of the bead at the guide plate
improves its strength to achieve greater durability. In ad-
dition, improvements in the ease of formation and the
dimensional accuracy are achieved.

[0028] The length of the bead at the guide plate may
be set equal to the length over which the guide portion
projects out or shorter than the length over which the
guide portion projects out. The bead may be formed in
a diamond shape as well.

[0029] Alternatively, in the laminated heat exchanger
according to the present invention constituted by lami-
nating tube elements each having a plurality of tank por-
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tions and a passage portion communicating between
the tank portions over numerous levels, a guide plate is
provided at some of the tube elements, which is located
at a passage formed in a distended portion for tank for-
mation at a formed plate constituting a tube element and
the two shoulders of the guide plate at the front end
along the direction in which the guide plate projects out
from the formed plate may be rounded.

[0030] By forming the two shoulders of the guide por-
tion in a rounded shape, any angularity is eliminated
and, as aresult, vibration is prevented from occurring at
the guide portion when the heat exchanging medium
flows to suppress the occurrence of the vibration noise.
In addition, improvements in the ease of forming and the
dimensional accuracy are achieved.

[0031] Alternatively, in the laminated heat exchanger
according to the present invention constituted by lami-
nating tube elements each having a plurality of tank por-
tions and a passage portion communicating between
the tank portions over numerous levels, a guide plate is
provided at some of the tube elements, which is located
at a communicating hole formed in a distended portion
for tank formation at a formed plate constituting a tube
element and the guide plate may be formed in a curved
shape along the lateral direction of the formed plate with
a bead provided at, at least, one location along the di-
rection in which the guide plate projects out.

[0032] In this example, the strength of the guide plate
is improved by forming it in a curved shape and provid-
ing the bead at the guide plate.

[0033] Alternatively, inthe laminated heat exchangers
according to the present invention constituted by lami-
nating tube elements each having a plurality of tank por-
tions and a passage portion communicating between
the tank portions over numerous levels, a guide plate is
provided at some of the tube elements, which is located
at a passage formed in a distended portion for tank for-
mation at a formed plate constituting a tube element and
the guide plate may be formed in a curved shape along
the lateral direction of the formed plate with the two
shoulders of the guide plate at the front end along the
direction in which the guide plate projects out from the
formed plate formed in a rounded shape. In this exam-
ple, an improvement in the strength of the guide plate is
achieved and, at the same time, vibration is prevented
by forming the guide plate in a curved shape and round-
ing the two shoulders.

[0034] Alternatively, in the laminated heat exchanger
according to the present invention constituted by lami-
nating tube elements each having a plurality of tank por-
tions and a passage portion communicating between
the tank portions over numerous levels, a guide plate is
provided at some of the tube elements, which is located
at a passage formed in a distended portion for tank for-
mation at a formed plate constituting a tube element and
a bead may be provided at, at least, one position at the
guide plate along the direction in which the guide plate
projects out from the formed plate with the two shoulders
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of the guide plate at the front end along the direction in
which it projects out from the formed plate formed in a
rounded shape.

[0035] In this example, an improvement in the
strength is achieved and the occurrence of the vibration
is prevented by forming the bead at the guide plate and
rounding the two shoulders.

[0036] Alternatively, in the laminated heat exchanger
according to the present invention constituted by lami-
nating tube elements each having a plurality of tank por-
tions and a passage portion communicating between
the tank portions over numerous levels, a guide plate is
provided at some of the tube elements, which is located
at a passage formed in a distended portion for tank for-
mation at a formed plate constituting a tube element, the
guide plate may be formed in a curved shape along the
lateral direction of the formed plate and a bead may be
provided at, at least, one position at the guide plate
along the direction in which the guide plate projects out
from the formed plate with the two shoulders of the guide
plate at the front end along the direction in which it
projects out from the formed plate formed in a rounded
shape.

[0037] In this example, an improvement in the
strength is achieved and the occurrence of vibration is
prevented by forming the bead at the guide plate, form-
ing the guide plate in a curved shape and rounding the
two shoulders of the guide plate.

BRIEF DESCRIPTION OF THE DRAWINGS
[0038]

FIG. 1 illustrates an end surface of the laminated
heat exchangers in a first embodiment of the
present invention, which is set perpendicular to the
direction of air flow;

FIG. 2(a) illustrates a side surface of the laminated
heat exchanger shown in FIG. 1, where the intake
and outlet portions are provided, and FIG. 2(b) il-
lustrates the bottom surface of the laminated heat
exchanger in FIG. 1;

FIG. 3illustrates formed plates constituting the tube
elements in the laminated heat exchanger, with
FIG. 3(a) showing a regular formed plate 6a, FIG.
3(b) showing a formed plate 6d having a partitioning
portion and FIG. 3(c) showing a formed plate 6e
having a guide plate;

FIG. 4 presents an example in which a guide plate
is formed at an approximate center of the commu-
nicating hole, with FIG. 4(a) presenting an enlarged
front view of a portion of a formed plate having a
guide plate formed therein and FIG. 4(b) showing
the tube element having the guide plate and tube
elements laminated on the downstream side rela-
tive to the tube element with the guide plate and il-
lustrating the shape of the guide plate and the flow
of the heat exchanging medium;
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FIG. 5 is an enlargement of the tank portion of the
tube element having the guide plate;

FIG. 6 is a front view of a formed plate in a structural
example achieved by forming a guide plate at a po-
sition lower than the center of the communicating
hole;

FIG. 7 is a front view of a formed plate in a structural
example achieved by forming a guide plate at a po-
sition higher than the center of a communicating
hole;

FIG. 8 is a front view of a formed plate in a structural
example achieved by forming a guide plate as an
integrated part of the distended portion for tank for-
mation at the lower end of the distended portion for
tank formation;

FIG. 9 presents another example in which a guide
plate is formed at an approximate center of the com-
municating hole, with FIG. 9(a) presenting an en-
larged front view of the portion of a formed plate
having a guide plate formed therein and FIG. 9(b)
showing the tube element having the guide plate
and tube elements laminated on the downstream
side relative to the tube element with the guide plate
and illustrating the shape of the guide plate and the
flow of the heat exchanging medium;

FIG. 10 presents a structural example in which a
guide plate is bent toward the outside of the tank
portion where the guide plate is located,;

FIG. 11 presents a structural example achieved by
gradually increasing the angle of inclination of the
guide plate;

FIG. 12 presents a structural example achieved by
forming a plurality of guide plates over the upper
half of the communication hole, with FIG. 12(a) pre-
senting an enlarged front view of a portion of a
formed plate having guide plates formed therein
and FIG. 12(b) showing the tube elements having
the guide plates and tube elements. laminated the
downstream side of the tube element with the guide
plates and illustrating the shape of the guide plates
and the flow of the heat exchanging medium;

FIG. 13 presents a structural example achieved by
forming a plurality of guide plates over the entire
communication hole, with FIG. 13(a) presenting an
enlarged front view of a portion of a formed plate
having guide plates formed therein and FIG. 13(b)
showing the tube elements having the guide plates
and tube elements laminated on the downstream
side relative to the tube element with the guide
plates and illustrating the shape of the guide plates
and the flow of the heat exchanging medium;

FIG. 14 presents a structural example achieved by
forming the guide plates horizontally over the lower
half of the communication hole in the structure
shown in FIG. 13, with FIG. 14(a) presenting an en-
larged front view of the portion of a formed plate
having guide plates formed therein and FIG. 14(b)
showing the tube elements having the guide plates
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and tube elements laminated on the downstream
side relative to the tube element with the guide
plates and illustrating the shape of the guide plates
and the flow of the heat exchanging medium;

FIG. 15 illustrates an end surface of the laminated
heat exchanger in a second embodiment of the
present invention, which is set perpendicular to the
direction of air flow;

FIG. 16(a) illustrates a side surface of the laminated
heat exchanger shown in FIG. 15 and FIG. 16(b)
illustrates the bottom surface of the laminated heat
exchanger in FIG. 15;

FIG. 17 is an enlarged front view of a portion of a
formed plate in which a guide plate and a partition-
ing portion are formed as an integrated part;

FIG. 18 illustrates a structure achieved by providing
a guide plate at two locations in adjacent tube ele-
ments, with the guide plates placed in contact with
each other so as to allow their inclined portions to
extend continuously;

FIG. 19 presents an example in which a guide plate
is provided at two locations, in adjacent tube ele-
ments, with the guide plates formed over a distance
from each other;

FIGS. 20 ~ 52 present individual embodiments of
the guide plate 19 according to the present inven-
tion, with FIG. 20 presenting an enlarged front view
of a portion of a formed plate having a guide plate
formed in a curved shape achieving a specific cur-
vature;

FIG. 21 is a lateral cross section of the guide plate
in FIG. 20;

FIG. 22 is a longitudinal cross section of the guide
plate in FIG. 20;

FIG. 23 shows the tube element having the guide
plate in FIG. 20 and tube elements laminated on the
downstream side relative to the tube element with
the guide plate and illustrates the shape of the guide
plate and the flow of the heat exchanging medium;
FIG. 24 is an enlargement of a portion of a formed
plate having a guide plate assuming a curved shape
in areas close to the two ends along the lateral di-
rection;

FIG. 25 is a lateral cross section of the guide plate
in FIG. 24;

FIG. 26 is a longitudinal cross section of the guide
plate in FIG. 24;

FIG. 27 is an enlarged front view of a portion of a
formed plate having a guide plate with a reservoir
formed at its curved surface;

FIG. 28 is a lateral cross section of the guide plate
in FIG. 27;

FIG. 29 is a longitudinal cross section of the guide
plate in FIG. 27;

FIG. 30 is an enlarged front view of a portion of a
formed plate with a straight portion formed at the
two ends along the lateral direction of a guide plate
formed in a curved shape;
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FIG. 31 is a lateral cross section of the guide plate
in FIG. 30;

FIG. 32 is a longitudinal cross section of the guide
plate in FIG. 30;

FIG. 33 is an enlarged front view of a portion of a
formed plate having a guide plate with two shoul-
ders thereof formed in a rounded shape;

FIG. 34 is a lateral cross section of the guide plate
in FIG. 33;

FIG. 35 is a longitudinal cross section of the guide
plate in FIG. 33;

FIG. 36 is an enlarged front view of a portion of a
formed plate having a guide plate with a bead
formed therein;

FIG. 37 is a lateral cross section of the guide plate
in FIG. 36;

FIG. 38 is a longitudinal cross section of the guide
plate in FIG. 36;

FIG. 39 is an enlarged longitudinal sectional view
of a portion of a formed plate having a guide plate
with a short bead formed therein;

FIG. 40 is an enlarged front view of a formed plate
having a guide plate assuming a curved shape in
the areas close to the two ends along the lateral di-
rection and with a bead formed therein;

FIG. 41 is a lateral cross section of the guide plate
in FIG. 40;

FIG. 42 is a longitudinal cross section of the guide
plate in FIG. 40;

FIG. 43 is an enlarged front view of a portion of a
formed plate having a guide plate with a reservoir
formed at its curved surface and a bead formed
therein;

FIG. 44 is a lateral cross section of the guide plate
in FIG. 43;

FIG. 45 is a longitudinal cross section of the guide
plate in FIG. 43;

FIG. 46 is an enlarged front view of a portion of a
formed plate having a straight portion at the two
ends along the lateral direction of the guide plate
with a reservoir formed at its curved surface and a
bead formed therein;

FIG. 47 is a lateral cross section of the guide plate
in FIG. 46;

FIG. 48 is a longitudinal cross section of the guide
plate in FIG. 46;

FIG. 49 is an enlarged front view of a portion of a
formed plate having a guide plate with a diamond-
shaped bead formed therein;

FIG. 50 is an enlarged front view of a portion of a
formed plate having a guide plate constituted of an
inclined portion formed by cutting through the lower
circumferential edge of the communicating hole;
FIG. 51 is a lateral cross section of the guide plate
in FIG. 50;

FIG. 52 is a longitudinal cross section of the guide
plate in FIG. 50;

FIG. 53 is an enlarged front view of a portion of a
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formed plate achieved by forming a guide portion
and a partitioning portion as an integrated part;
FIG. 54(a) is a diagram illustrating the concept of
the flow of the heat exchanging medium in a four-
pass laminated heat exchanger in the prior art hav-
ing the heat exchanging medium intake and outlet
portions at one end of the core main body along the
laminating direction and FIG. 54(b) illustrates the
concept of the flow of the heat exchanging medium
in a six-pass laminated heat exchanger in the prior
art; and

FIG. 55(a) is a characteristics diagram of the tem-
perature of the air having passed through the upper
portion of the laminated heat exchanger in the first
embodiment (representative temperature of the air
having passed through the upper half of the tube
elements) and FIG. 55(b) is a characteristics dia-
gram of the temperature of the air having passed
through the upper portion of the laminated heat ex-
changers in the first embodiment (representative-
temperature of the air having passed through the
lower half of the tube elements).

THE BEST MODE FOR CARRYING OUT THE
INVENTION

[0039] The following is an explanation of the embod-
iments of the present invention, given in reference to the
drawings. In FIGS. 1 and 2, a laminated heat exchanger
1 may be, for instance a four-pass evaporator with its
core main body formed by alternately laminating fins 2
and tube elements 3 over a plurality of levels and an
intake portion 4 and an outlet portion 5 through which
the heat exchanging medium flows provided at one end
along the direction in which the tube elements 3 are lam-
inated. The tube elements 3 are each constituted by
bonding two formed plates 6a shownin FIG. 3(a), except
for tube elements 3a and 3b at the two ends along the
laminating direction, a tube element 3c having an en-
larged tank portion which is to be detailed later, a tube
element 3d located at an approximate center and a tube
element 3e adjacent to the tube element 3b.

[0040] The formed plates 6a are each formed by
press machining an aluminum plate and are each pro-
vided with two bowl-like distended portions for tank for-
mation 7 and 7 formed at one end thereof, a distended
portion for passage formation 8 continuous to the dis-
tended portions for tank formation 7 and 7, an indented
portion 9 formed between the distended portions for
tank formation, at which a communicating pipe to be de-
tailed later is mounted and a projection 10 formed at the
distended portion for passage formation 8, which ex-
tends from the area between the two distended portions
for tank formation 7 and 7 to the area near the other end
of the formed plate 6a. In addition, a projected piece 11
(see FIG. 1) for preventing fins 2 from falling out during
the assembly work prior to the brazing process is pro-
vided at the other end of the formed plate 6.
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[0041] The distended portions for tank formation 7 are
formed to distend further than the distended portion for
passage formation 8 and the projection 10 projects out
so as to be set on the same plane as the bonding margin
at the circumferential edge of the formed plate, so that
when two formed plates 6a are bonded at their circum-
ferential edges, their projections 10, too, become bond-
ed with each other to form a pair of tank portions 12 and
12 with the distended portions for tank formation 7 facing
opposite each other and a turnaround passage portion
13 to communicate between the tank portions with the
distended portions for passage formation 8 facing op-
posite each other.

[0042] The tube element 3a at an end along the lam-
inating direction is constituted by bonding a flat plate 14
to a formed plate 6a shown in FIG. 3(a), whereas the
tube element 3b at the other end is constituted by bond-
ing a formed plate 6a in FIG. 3(a) and a formed plate
flattened by eliminating the distended portions for tank
formation at a front plate 6a. In addition, in each of
formed plates 6b and 6¢ constituting the tube element
3c, one of the distended portions for tank formation is
enlarged so that the enlarged distended portion for tank
formation lies close to the other distended portion for
tank formation. As a result, at the tube element 3c, a
tank portion 12 identical to those formed at the regular
tube elements 3 and an enlarged tank portion 12a which
is enlarged so as to fill the indented portion are formed.
Since the other structural features of the formed plates
6b and 6c¢, i.e., the distended portions for passage for-
mation 8 formed continuous to the distended portions
for tank formation, the projections 10 extending from the
areas between the distended portions for tank formation
7 to the areas near the other ends of the formed plates
and the projected pieces 11 provided to prevent the fins
2 from falling out at the other ends of the formed plates,
are identical to those of the formed plate 6 in FIG. 3(a),
their. explanation is omitted.

[0043] In addition, the tube element 3d is constituted
by using a formed plate 6a in FIG. 3(a) and a formed
plate 6d shown in FIG. 3(b), whereas the tube element
3e is constituted by using a formed plate 6a in FIG. 3(a)
and a formed plate 6e shown in FIG. 3(c).

[0044] Atthe formed plate 6d, no communicating hole
is formed at one of its distended portions for tank forma-
tion, i.e., a distended portion for tank formation 7a, and
this non-communicating area forms a partitioning por-
tion 18 which partitions one of the tank groups, i.e., a
tank group 15. The partitioning portion may also be con-
stituted by forming a blind tank with no communicating
hole at the adjacent tube element 3e as well and bond-
ing the distended portions for tank formation without a
communicating hole with each other to provide greater
strength or by placing a thin plate between the tube el-
ement 3d and the tube element 3e to block the commu-
nicating hole communicating between the tank portions
instead of using a blind tank. In addition, at the formed
plate 6e adjacent to the formed plate 6d, a guide plate
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19 to be detailed later is provided at one of its distended
portions for tank formation.

[0045] As illustrated in FIGS. 1 and 2, adjacent tube
elements are abutted at their tank portions in the heat
exchanger, thereby forming two tank groups, i.e., a first
tank group 15 and a second tank group 16, extending
along the laminating direction (perpendicular to the di-
rection of air flow) with the individual tank portions in
communication with each other via communicating
holes 17 formed at the distended portions for tank for-
mation 7 except for the formed plate 6d located at an
approximate center along the laminating direction in one
of the tank groups, i.e., the tank group 15, which in-
cludes the enlarged tank portion 12a and all the tank
portions in the other tank group 16 in communication
with each other via communicating holes 17 with no par-
tition.

[0046] As aresult, the first tank group 15 is divided by
the partitioning portion 18 into a first tank block 21 con-
taining the enlarged tank portion 12a and a second tank
block 22 in communication with the outlet portion 5,
whereas the second tank group 16 with no partition con-
stitutes a third tank block 23 having the guide plate 19.
In this embodiment, the tube elements are laminated
over a total of 27 levels, and the tube element 3c, the
tube element 3d and the tube element 3e are respec-
tively positioned at the sixth level, the fourteenth level
and the fifteenth level counting from the left side of the
figure.

[0047] The intake portion 4 and the outlet portion 5
provided at one end along the laminating direction are
constituted by bonding a plate for intake/outlet passage
formation 24 with the flat plate 14 constituting an end
plate. By bonding these plates 14 and 24, an intake pas-
sage 25 and an outlet passage 26 extending along the
lengthwise direction are formed, with an inflow port 28
and an outflow port 29 provided at the upper portion of
the plate for intake/outlet passage formation 24 to re-
spectively connect with the intake passage 25 and the
outlet passage 26 via an expansion valve fixing joint 27.
The intake passage 25 and the enlarged tank portion
12a are made to communicate with each other by bond-
ing the communicating pipe 30 secured at the indented
portions 9 to the holes formed at the plate 14 and the
formed plate 6b, and the tank block 22 and the outlet
passage 26 are made to communicate with each other
via a hole formed at the flat plate 14.

[0048] Thus, the coolant having flowed in through the
intake portion 4 travels through the communicating pipe
30 to enter the enlarged tank portion 12a, then becomes
dispersed over the entire first tank block 21, and travels
upward along that projections 10 through the turnaround
passage portions 13 of the tube elements in the first tank
block 21 (first pass). Then, it makes a U-turn over the
projections can and travels downward (second pass) to
enter the tank group (third tank block 23) on the opposite
side. Subsequently, it moves along the laminating direc-
tion toward the remaining tube elements constituting the

10

15

20

25

30

35

40

45

50

55

10

third tank block 23 via the communicating holes 17, and
travels upward along the projections 10 through the
turnaround passage portions 13 of the tube elements
(third pass). Next, it makes a U-turn over the projections
10 and travels downward (fourth pass), is guided to the
tank portions constituting the second tank block 22 and
finally flows out through the outlet portion 5. As a result,
the coolant undergoes heat exchange with the air via
the fins 2 while it flows through the turnaround passage
portions 13 constituting the first ~ fourth passes.

[0049] The guide plate 19 at the formed plate 6e is
provided to promote a more even flow of the coolant
over the area where the second pass shifts into the third
pass and an unbalanced flow tends to occur as ex-
plained earlier. As illustrated in FIGS. 4 and 5, the guide
plate 19 is constituted of a bridge 19a extending along
the horizontal direction at an approximate center of the
communicating holes 17 formed at the distended portion
for tank formation 7 and an inclined portion 19b bent
from the upper edge of the bridge 19a toward the inside
of the tank portion 12. The guide plate 19 is formed as
an integrated part of the formed plate by leaving a por-
tion of the distended portion for tank formation 7, which
would normally be disposed of as waste when punching
the distended portion for tank formation 7 to form the
communicating hole 17, and the angle of inclination (q)
of the inclined portion 19b relative to the laminating di-
rection is set within a range of 5 ~ 65° and, more desir-
ably, it should be set within the range of 5 ~ 30° in the
case of the heat exchanger described above. In addi-
tion, the length of the portion inclining inside the tank
portion (L: the length of the inclined portion 19b project-
ing out from the bridge in this example) should be set
within a range of 1 ~ 15mm, and in the structural exam-
ple described above, it is set at approximately 2 - 6mm.
[0050] If the angle of the inclined portion 19b was set
too large, the passage resistance would increase to re-
sult in a greater pressure loss and a reduction in the
quantity of discharged heat (the heat exchanging quan-
tity) due to the lower coolant flow rate, where as if the
angle was set too small, the direction of the coolant flow
would not be changed to a full extent and, therefore, the
problem of the unbalanced flow of the coolant observed
inthe prior art would not be eliminated. In addition, struc-
tural differences among individual heat exchangers af-
fect the flow of the coolant. By taking into consideration
these factors, it is determined that the angle of inclina-
tion must be set within the range of 5 q 65°, in order to
achieve animprovementin the coolant flow. Atthe same
time, the direction of the coolant flow can be changed
to a significant degree even when the length L of the
inclined portion is small as long as q is large enough
within this angle range, whereas it is necessary to set
the coolant flow direction by increasing L by an appro-
priate degree if g is small. In addition, the inclined por-
tion must be formed by cutting up the distended portion
for tank formation during the manufacturing process.
Thus, L must be set within a range of 1 L 15mm. Ac-
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cordingly, the optimal guide plate 19 must be formed by
combining q and L within these ranges, and the numer-
ical values mentioned above have been set for the four-
pass heat exchanger by considering various combina-
tions.

[0051] As aresult, the guide plate 19 changes the di-
rection of the flow of the coolant moving through the third
tank block 23 via the communicating holes 17 along the
laminating direction during the process of shifting from
the second pass into the third pass, to allow the coolant
to advance straight toward the communicating point at
which the tank portions 12 constituting the third pass
communicate with the corresponding passage portions
13. Consequently, the coolant is allowed to flow in suf-
ficient quantity even in the area near the partitioning por-
tion 18.

[0052] The improvement in the coolant flow achieved
by providing such a guide plate 19 allows the coolant to
flow into the individual tube elements in an even manner,
to eliminate any significant inconsistency in the heat ex-
changing quantities at various locations. The results of
a test conducted by measuring the passing air temper-
ature, which are presented in FIG. 55, confirm that the
temperature of the air having passed through the upper
level tube elements (in particular TUBE Nos. 5 ~ 13)
near the partitioning portion is lower than the air temper-
ature measured in an heat exchanger in the prior art
without the guide plate 19, as indicated by the solid line
to achieve a temperature distribution with overall con-
sistency.

[0053] While only one guide plate 19, which is consti-
tuted of the bridge 19a and the inclined portion 19b bent
away from the bridge 19e in the example described
above is formed at an approximate center of the com-
municating hole 17, similar advantages may be
achieved even when such a guide plate is formed at a
different location or in a different shape, or two or more
such guide plates are provided. The following is an ex-
planation of such variations, given in reference to FIGS.
6 ~ 14. In the structure shown in FIG. 6, a guide plate
19 constituted of the bridge 19a and the inclined portion
19b is formed at that position lower than the center of
the communicating holes 17, whereas in the structure
shown in FIG. 7, a guide plate 19 constituted of the
bridge 19a and the inclined portion 19b is formed at a
position higher than the center of the communicating
holes 17. In the structural example shown in FIG. 8, an
inclined portion 19b bent toward the inside of the tank
portion from the lower circumferential edge of the com-
municating hole 17 formed at the distended portion for
tank formation 7 is constituted as an integrated part of
the lower circumferential edge.

[0054] In addition, the guide plate 19 may take on a
shape achieved by twisting the portion extending across
the communicating hole 17 along the horizontal direc-
tion with its two ends used as fulcrums to cause it to
incline in its entirety as illustrated in FIG. 9, may assume
a structure achieved by bending the upper edge of the
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bridge 19a at an acute angle toward the outside of the
tank portion 12 where the guide plate 19 is located to
form an inclined portion 19b as illustrated in FIG. 10 or
may assume a structure in which the angle of inclination
of the inclined portion 19b is gradually increased to form
the inclined portion 19b in a curved shape as illustrated
in FIG. 11.

[0055] By forming a plurality of guide plates 19, the
direction in which the coolant advances straight can be
changed even more effectively, and, as illustrated in
FIG. 12, a plurality (three in this example) of guide plates
19 inclining upward from the upstream side to the down-
stream side may be formed over the upper half of the
communicating hole 17 with no guide plate 19 formed
over the lower half. These guide plates 19 should be
formed as an integrated part of the distended portion for
tank formation 7, parallel to each other by setting their
angles of inclination equal to each other.

[0056] Inaheatexchangeradopting this structure, the
coolant having passed through the lower half of the com-
municating hole 17 advances straight along the laminat-
ing direction to be delivered further into the third tank
block 23, whereas the coolant having passed through
the upper half is caused to change the direction in which
it advances by the guide plates 19 to flow toward the
inflow positions of the individual passage portions 13 of
the tube elements constituting the third pass. As aresult,
the coolant flows in sufficient quantity into the tube ele-
ments near the partitioning portion to achieve advantag-
es similar to those described earlier.

[0057] As an alternative, a plurality (five in this exam-
ple) of guide plates 19 inclining upward on the down-
stream side may be formed as an integrated part over
the entire communicating hole by providing guide plates
19 over the lower half of the communicating hole 17 as
well, to change the direction of the entire flow of the cool-
ant shifting into the third pass, as shown in FIG. 13. Or,
as illustrated in FIG. 14, the guide plates 19 formed hor-
izontally over the lower half may be extended to ensure
that a sufficient quantity of coolant flows along the lam-
inating direction instead. The former structure is partic-
ularly effective when the number of tube elements con-
stituting the third pass is small, whereas the latter struc-
ture is particularly effective when the number of tube el-
ements constituting the third pass is large and the cool-
ant needs to be distributed evenly to the area further
toward the front and also to the area further inward.
[0058] Itis to be noted that the structures that may be
assumed for the guide plates are not limited to the ex-
amples described above and similar advantages may
be achieved in variations achieved by varying as appro-
priate the number of guide plates and the positions at
which they are formed in the individual structures ex-
plained above.

[0059] FIGS. 15 and 16 illustrate the second embod-
iment of the laminated heat exchanger, and the following
explanation mainly focuses on the differences from the
first embodiment by assigning the same reference num-



19 EP 1118 829 A1 20

bers to identical members in the figures to preclude the
necessity for a repeated explanation thereof.

[0060] In this laminated heat exchanger, which may
be, for instance, a four-pass evaporator having a heat
exchanging medium intake portion 4 and a heat ex-
changing medium outlet portion 5 provided at an end
surface (the front surface in FIG. 15) of the core main
body, the tube elements 3 are each constituted by bond-
ing two formed plates 6a shown in FIG. 3(a) except for
tube elements 3a and 3b located at the two ends along
the laminating direction, a tube element 3d located at
an approximate center and a tube element 3e adjacent
to the tube element 3d and tube elements 3f each having
the intake portion 4 or at outlet portion 5 formed as an
integrated part thereof.

[0061] In this structure, the tube elements 3a and 3b
at the two ends are each formed by bonding a formed
plate 6a in FIG. 3(a) and a formed plate flattened by
eliminating the distended portions for tank formation of
the formed plate 6a. In addition, at each of the tube el-
ements 3f, the intake portion 4 or the outlet portion 5 is
formed by opening up the upstream side distended por-
tions for tank formation 7, so as to allow them to project
out along the direction of airflow placing these opened
projecting portions to face each other and bonding the
opened portions with each other. Since the other struc-
tural features of the tube elements 3f, i.e., the commu-
nicating holes formed at the distended portions for tank
formation, the distended portions for passage formation
formed continuous to the distended portions for tank for-
mation, the projections formed extending from the areas
between the distended portions for tank formation to the
areas near the other ends of the formed plates and the
projected pieces provided at the other ends of the
formed plates to prevent the fins 2 from falling out are
similar to those of the formed plate 6 in FIG. 3(a) and
the other tube elements assume similar structures to
those described above, their explanation is omitted.
[0062] In addition, while the partitioning portion 18
and the guide plates 19 assume structures similar to
those described earlier, the tube elements. are laminat-
ed over 26 levels in this heat exchanger, with the intake
portion 4 and the outlet portion respectively formed at
of the seventh level and the twentieth level counting
from the left side in the figure and the partitioning portion
18 and the constricting portion 19 formed between the
thirteenth level (tube element 3e) and the fourteenth lev-
el (tube element 3d) counting from the left side. In this
heat exchanger, the guide plate 19 may assume any of
the various structures illustrated in FIGS. 4 ~ 14 with or
without quantity and the forming position varied. The an-
gle q relative to the horizontal direction and the length
L of the inclined portion are set within the ranges of 5 q
65° and 1 L 15mm respectively as explained earlier.
[0063] Thus, in the heat exchanger structured as de-
scribed above, the coolant having flowed in through the
intake portion 4 is dispersed over the entire first tank
block 21 and then travels upward along the projections
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10 through the turnaround passage portions 13 at the
tube elements in the first tank block 21 (first pass). The
coolant then moves downward after making a U-turn
over the projections 10 (second pass) to reach the tank
group (third tank block 23) on the opposite side. Subse-
quently, it moves along the laminating direction toward
the remaining tube elements constituting the third tank
block 23, and travels upward along the projections 10
through the turnaround passage portion 13 of the tube
elements (third pass). Next, it travels downward after
making a U-turn over the projections 10 (fourth pass),
is guided to the tank portions constituting the second
tank block 22 and finally flows out through the outlet por-
tion 5. As a result, while the coolant flows through the
turnaround passage portions 13 constituting the first
pass ~ fourth pass, it undergoes heat exchange with the
air via the fins 2. During this process, the coolant shifting
from the second pass into the third pass is caused to
change the direction in which it advances straight by the
guide plate 19 formed at the shifting area as in the struc-
ture described earlier so that it flows into the tube ele-
ments near the partitioning portion in a sufficient quan-
tity.

[0064] Itis to be noted that while the formed plate at
which the partitioning portion 18 is provided and the
formed plate at which the guide plate 19 is provided are
formed independently of each other, the partitioning por-
tion 18 and the guide plate 19 may be formed on a single
formed plate in order to reduce the number of different
types of formed plates required in assembling the heat
exchanger. When adopting such a structure, the formed
plate 6e shown in FIG. 3(c) may be replaced with the
formed plate 6e'in FIG. 17 with a formed plate 6a shown
in FIG. 3(a) placed adjacent to the formed plate 6e'.
[0065] In addition, while the guide plate 19 provided
at the shifting area over which an even-numbered pass
shifts into an odd-numbered pass is provided at the
formed plate adjacent to the partitioning portion 18 or at
the formed plate where the partitioning portion is provid-
ed in the structures described above, the present inven-
tion is not limited to these examples, and a guide plate
may be provided in the vicinity of the shifting area where
the second pass shifts into the third pass (e.g., at a tube
element distanced from the tube element having the
partitioning portion 18 by one or two positions).

[0066] The guide plate 19 in the various modes de-
scribed above is unique in that it prevents an unbal-
anced flow of the heat exchanging medium by aggres-
sively changing the direction in which the heat exchang-
ing medium advances straight while minimizing the pas-
sage resistance, in that it changes the direction in which
the heat exchanging medium advances straight with a
high degree of reliability by suppressing the rotating flow
of the heat exchanging medium and in that it allows the
heat exchanging medium to flow into the turnaround
passage portions 13 of the individual tube elements with
ease to prevent an uneven flow and, therefore, it
achieves specific advantages which cannot be obtained
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by providing the constricting portion disclosed in Japa-
nese Unexamined Patent Publication No. H 8-285407
or the guide plate disclosed in Japanese Unexamined
Patent Publication No. H 8-178581. However, the guide
plate 19 according to the present invention may be em-
ployed in conjunction with the constricting portion dis-
closed in Japanese Unexamined Patent Publication No.
H 8-285407, for instance. Since the constricting portion
disclosed in the publication is provided to achieve a sim-
ilar advantage of minimizing an uneven flow of the heat
exchanging medium, the combined use of the constrict-
ing portion and the guide plate 19 is expected to prevent
an uneven flow to the full extent.

[0067] Furthermore, the guide plate 19 may be con-
stituted as a member separate from the formed plate or
a plurality of guide plates may be provided offset from
each other along the laminating direction it may be pro-
vided in the vicinity of the formed plate having the par-
titioning portion 18 or at the formed plate having the par-
titioning portion 18 and in the vicinity of the formed plate.
The description "the guide plate is provided at, at least,
one location at the shifting area or in its vicinity" allows
for a variation in which a plurality of guide plates are
provided offset from each other along the laminating di-
rection as well as the variations illustrated in FIGS. 12
~14.

[0068] A plurality of guide plates may be provided off-
set along the laminating direction by assuming the struc-
ture illustrated in FIG. 18 or 19, for instance. In these
examples, guide plates are provided at the formed
plates 6e and 6f located on the upstream side relative
to the flow of the heat exchanging medium travelling
through the third tank block 23 along the laminating di-
rection in the tube element 3e and a tube element 3g
adjacent to the tube element 3e, and these guide plates
19 are each constituted by forming the inclined portion
19b bent toward the inside of the tank portion from the
lower circumferential edge of the communicating hole
17 formed at the distended portion for tank formation 7
as an integrated part.

[0069] In particular, in the example shown in FIG. 18,
the guide plate 19 formed at the formed plate 6e is made
to extend to the communicating hole at the other formed
plate, i.e., the formed plate 6a, constituting the tube el-
ement 3e so that it comes in contact with the guide plate
19 formed at the formed plate 6f to provide the two in-
clining guide plates continuously. As a result, the length
L of the inclined portion is a total length of the length L1
of the guide plate 19 formed at the formed plate 6e and
the length L2 of the guide plate 19 formed at the formed
plate 6f.

[0070] Thus, the range 1 L 15mm set for the length L
of the inclined portion is the range used to set the length
of the inclined portion 19b of each guide plate 19 and
also the range used to set the total length of the inclined
portions of a plurality of guide plates provided continu-
ously to each other when a sufficient length cannot be
achieved with a single inclined portion.
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[0071] By providing the inclined portions of a plurality
of guide plates continuously to each other in this man-
ner, the flow of the heat exchanging medium traveling
along the laminating direction can be guided along the
intended direction with a high degree of reliability, and
with the coolant supplied to the tube elements near the
partitioning portion 18 in a sufficient quantity, an almost
completely uniform temperature distribution can be
achieved with ease.

[0072] In addition, the example shown in FIG. 19 is
achieved by reducing the length L1 of the inclined por-
tion 19b of the guide plate 19 formed at the formed plate
6e in the structure shown in FIG. 18 to allow a distance
to be created from the guide plate 19 formed at the ad-
jacent tube element. It is similar to the example in FIG.
18 in that the guide plate 19 formed at the formed plate
6f is provided on an extended line of the guide plate 19
formed at the formed plate 6e.

[0073] In this structure, too, the coolant having had
the direction of its flow changed by the frontward guide
plate smoothly moves toward the rearward guide plate
due totheinertia, andis further guided by the guide plate
to which it has moved to become distributed to the indi-
vidual tube elements, thereby achieving a similar advan-
tage.

[0074] It is to be noted that there are various other
structures that may be adopted when providing a plural-
ity of guide plates offset along the laminating direction
in addition to the structures explained above, and the
positions at which they are formed may be varied within
the scope of the teaching of the present invention or any
of them may be adopted in combination with the various
examples explained earlier.

[0075] The guide plate 19 may be formed in a curved
shape along the lateral direction of the formed plate 6e
as shown in FIGS. 20 ~ 23. This curved shape achieves
a specific curvature. By assuming such a curved shape
for the guide plate 19, an improvement in the strength
of the guide plate 19 is achieved and, at the same time,
the direction of the flow of the heat exchanging medium
(coolant) can be changed in a desirable manner. In this
example, the two shoulders of the guide plate 19 at the
front end along the direction in which it projects out from
the formed plate (the laminating direction) are formed in
a rounded shape (an R shape). With any angularity at
the shoulders eliminated by forming them in a rounded
shape, the guide plate 19 is not caused to vibrate by the
flow of the coolant.

[0076] Alternatively, the guide plate 19 may be formed
to have a curved shape only over areas close to the two
ends along the lateral direction of the formed plate 6e,
as illustrated in FIGS. 24 ~ 26, with the portion between
the rounded areas formed in a flat shape. In this exam-
ple, too, the two shoulders of the guide plate are curved.
[0077] In FIGS. 27 ~ 29, the guide plate 19 is formed
in a curved shape along the lateral direction of the
formed plate 6e and the curved shape forms a reservoir
(a bowl) toward the projecting end. In this example, too,
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the two shoulders of the guide plate 19 are rounded.
[0078] In FIGS. 30 ~ 32, the guide plate 19 is formed
in a curved shape along the lateral direction of the
formed plate 6e and the curved shape forms a reservoir
(a bowl) toward the projecting end as in the previous
example. It differs from the previous example in that
straight portions 33 and 33 located at the two sides of
the guide plate are provided at the bridge 19a extending
across the communicating hole 17. In this example, too,
the two shoulders of the guide plate 19 are rounded.
[0079] While the rounded shoulders are included in
the curved shape of the guide plate 19 in the examples
presented above, they may be provided at a flat surface
instead, as illustrated in FIGS. 33 ~ 35.

[0080] In FIGS. 36 ~ 38, the inclined portion 19b is
bent at a specific angle relative to the bridge 19a with
the guide surface constituted as a flat surface at the
guide plate 19, and a continually bent portion (referred
to as a bead) 35 projecting downward from the formed
plate 6e along the direction in which the guide plate
projects out from the formed plate 6e is formed extend-
ing from the bridge 9a through the inclined portion 9b.
The length of the bead 35 is set equal to the length of
the guide plate 19 extending along the direction in which
it projects out (the laminating direction). By providing the
bead 35, the strength of the guide plate 19 is improved
and, at the same time, the presence of the bead 35 con-
tributes to improvement in the ease of forming and the
dimensional accuracy. In this case, too, the two shoul-
ders of the guide plate are rounded. While the length of
the bead 35 formed at the guide plate 19 may be set
equal to the length of the guide plate 19 extending along
the projecting direction as explained earlier, it may be
set shorter than the length of the guide plate extending
along the projecting direction as shown in FIG. 39.
[0081] As shown in FIGS. 40 ~ 42, the bead may be
formed at a guide plate 19 formed in a curved shape
over areas close to the two ends along the lateral direc-
tion of the formed plate 6e. Through the combination of
the bead 35 and the curved shape, the strength of the
guide plate is further improved.

[0082] As illustrated in FIGS. 43 ~ 45, the bead 35
may be provided at a guide plate 19 formed in a curved
shape along the lateral direction of the formed plate 6e
and having a reservoir (bowl) formed toward the project-
ing end. In this case, too, the two shoulders of the guide
plate 19 are rounded. Likewise, as illustrated in FIGS.
46 ~ 48, the guide plate 19 may assume a structure sim-
ilar to those adopted in the preceding examples, but with
straight portions 33 and 33 provided at the two sides of
the bridge 19a. In this example, too, the two shoulders
of the guide plate 19 are rounded.

[0083] As shownin FIG. 49, the bead may be formed
in a diamond shape at the area where the inclined por-
tion 19b becomes bent from the bridge 19a, to improve
the strength of the guide plate 19. It is to be noted that
although only a single bead 35 is presented in the illus-
trated examples, a plurality of beads 35 e.g., two beads,
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may be provided.

[0084] While the guide plate 19 is constituted of the
bridge 19a extending across the communicating hole 17
and the inclined portion 19b bent from a side edge of
the bridge and extends at an angle, an alternative struc-
ture shown in FIGS. 50 ~ 52 in which the inclined portion
19b inclines from the lower circumferential edge of the
communicating hole, with the communicating hole 17
present in the upper section of the figure may be adopt-
ed instead. Any of the structures shown in FIG. 20 and
subsequent drawings may be assumed in the guide
plate 19 and, in this example, it is formed in rounded
shape and a continuously bent portion (bead) 35 is
formed ranging from of the formed plate to the inclined
portion 19b along the projecting direction in which the
guide plate projects out from the formed plate 6d.
[0085] This structure improves the strength due to the
presence of the bead 35, and prevents occurrence of
vibration through rounding (R machining). It is to be not-
ed that straight portions 33 and 33 are formed at the two
sides of the guide plate 19. In addition, although not
shown, the inclined portion 19b may be bent to give it a
curved shape.

[0086] In the heat exchanger shown in FIGS. 15 and
16, too, a guide plate 19 similar to any of those described
above may be provided. Namely, by forming the guide
plate 19 in a curved shape, forming a bead at the guide
plate 19 or rounding the two shoulders of the guide plate
19 as in any of the embodiments illustrated in FIGS. 20
~ 49, an improvement in the strength is achieved and
occurrence of vibration is prevented.

[0087] Itis to be noted that while the formed plate hav-
ing the partitioning portion 18 and the formed plate hav-
ing the guide plate 19 are formed independently of each
other in the structures described above, the partitioning
portion 18 and the guide plate 19 may be formed on a
single formed plate to reduce the number of different
types of formed plates required in assembling the heat
exchanger. When adopting such a structure, the formed
plate 6e shown in FIG. 3(c) should be replaced with the
formed plate 6e' shown in FIG. 53 with a formed plate
6a shown in FIG. 3(a) placed adjacent to the formed
plate 6e'.

Industrial applicability

[0088] As explained above, according to the present
invention provided with a guide plate that causes the
heat exchanging medium traveling along the laminating
direction to flow straight toward the communicating point
at which the tank portions to which the heat exchanging
medium is traveling and the corresponding passage
portions communicate with each other when the heat
exchanging medium is flowing from the tank portions in-
to the passage portions in communication with the tank
portions after the heat exchanging medium travels along
the laminating direction through the tank portions which
are in communication, the heat exchanging medium is
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distributed into the individual tube elements in an almost
completely uniform manner, to avoid great deviations
occurring in the passing air temperature at different lo-
cations due to an uneven flow of the heat exchanging
medium. In addition, since the guide plate aggressively
changes the direction in which the heat exchanging me-
dium advances straight, an uneven distribution of the
heat exchanging medium is minimized without increas-
ing the passage resistance and, at the same time, oc-
currence of a rotating flow is also prevented, so that the
heat exchanging medium is guided to the passage por-
tions near the shifting area with ease.

[0089] In a single-side tank type heat exchanger, in
particular, by providing the guide plate at the shifting ar-
ea where an even-numbered pass shifts into an odd-
numbered pass, the heat exchanging medium is guided
into the passage portions located immediately into the
odd-numbered pass, to achieve a consistent distribution
of the heat exchanging medium.

[0090] In addition, by providing the guide plate at a
formed plate adjacent to the formed plate having the
partitioning portion which constitutes the boundary of
the pass in which the heat exchanging medium flows
from the tank portions to the passage portions among
the formed plates constituting the tube elements or by
providing the guide plate at the formed plate having the
partitioning portion formed therein, the heat exchanging
medium can be guided into the passage portions in the
vicinity of the partitioning portion with ease. In particular,
by providing the guide plate and the partitioning portion
on a single formed plate, the number of different types
of formed plates required in assembling the heat ex-
changer can be reduced.

[0091] While the degree to which the flow of the heat
exchanging medium can be improved by the guide plate
depends upon how the angle of inclination of the guide
plate and the length of the inclined portion are com-
bined, by setting the angle of inclination within the range
of 5 ~ 65° and the length of the inclined portion within
the range of 1 ~ 15mm respectively, the unbalanced flow
of heat exchanging medium can be reduced to improve
the heat exchanging efficiency. Furthermore, by forming
the guide plate as an integrated part of the member con-
stituting the tank portion, the number of manufacturing
steps can be reduced and the manufacturing process is
facilitated.

[0092] While the guide plate may assume any of var-
ious shapes, by constituting the guide plate with a bridge
provided across the communicating hole and aninclined
portion bent from the side edge of the bridge and ex-
tending at an angle, by directly bending the circumfer-
ential edge of the communicating hole to achieve an in-
clining shape or by twisting the portion extending across
the communicating hole to achieve an inclining shape
for the entire guide plate, a guide plate that can be man-
ufactured easily and can be put into practical use with
ease is provided. In addition, by forming numerous
guide plates at the shifting area or in its vicinity, the flow

EP 1118 829 A1

10

15

20

25

30

35

40

45

50

55

15

26

of the heat exchanging medium can be changed with a
high degree of reliability to effectively prevent an unbal-
anced flow of heat exchanging medium.

[0093] Moreover, in the structure described above
and achieved by providing the guide plate at the com-
municating hole of a tube element at a specific position
to change the direction of the flow of the heat exchang-
ing medium traveling along the laminating direction to-
ward the communicating point at which the tank portions
to which the heat exchanging medium is moving and the
corresponding passage portions communicate with
each other when the heat exchanging medium flows
from the tank portions to the passage portions in com-
munication with the tank portions after the heat ex-
changing medium flows along the laminating direction
through the tank portions which are in communication
with each other, the guide plate may be formed in a
curved shape or a bead may be provided at the guide
plate to improve the strength and the two shoulders of
the guide plate may be rounded to prevent occurrence
of vibration.

Claims

1. Alaminated heat exchanger constituted by laminat-
ing tube elements each having a plurality of tank
portions and a passage portion communicating with
said tank portions over numerous levels with said
tank portions sequentially abutted, by making all of
said tank portions or a plurality of said tank portions
thus abutted communicate with each other via com-
municating holes formed at individual tank portions,
by providing a pass in which a heat exchanging me-
dium is allowed to flow from a plurality of contiguous
tank portions into passage portions communicating
with said tank portions and by causing the heat ex-
changing medium to travel along the laminating di-
rection via said communicating holes over a shifting
area where another pass shifts into said pass, char-
acterized in that;

a guide plate that causes the flow of the heat
exchanging medium traveling along the laminating
direction to advance straight toward a communicat-
ing point at which tank portions to which the heat
exchanging medium is traveling and passage por-
tions communicating with said tank portions com-
municate with each other is provided at, at least,
one position at said shifting area or in the vicinity of
said shifting area.

2. Alaminated heat exchanger constituted by laminat-
ing tube elements each having a pair of tank por-
tions provided on one side and a turnaround pas-
sage portion communicating between said pair of
tank portions over numerous levels via fins, by se-
quentially abutting tank portions of adjacent tube el-
ements, by communicating said tank portions thus
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abutted via communicating holes in units of individ-
ual blocks, by setting as appropriate the number of
tank portions constituting each block to provide an
odd-numbered pass through which a heat exchang-
ing medium flows from said tank portions of said
tube elements into said passage portions and an
even-numbered pass in which the heat exchanging
medium flows from said passage portions of said
tube elements into said tank portions and by allow-
ing the heat exchanging medium to move along the
laminating direction via said communicating holes
over a shifting area in which an even-numbered
pass shifts to an odd-numbered pass, character-
ized in that;

a guide plate that causes the flow of the heat
exchanging medium traveling along the laminating
direction to advance. straight toward a communicat-
ing point at which said tank portions in said odd-
numbered pass communicate with corresponding
passage portions is provided at, at least, one loca-
tion at said shifting area or in the vicinity of said shift-
ing area.

A laminated heat exchanger according to claim 1 or
2, characterized in that:

said tube elements are each constituted by
bonding two formed plates, the boundary of said
pass in which the heat exchanging medium flows
from said tank portions to said passage portions is
defined by providing a formed plate having a parti-
tioning portion for disallowing communication be-
tween tank portions along the laminating direction
at a specific position and said guide plate provided
at said shifting area is located at a formed plate ad-
jacent to said formed plate having said partitioning
portion.

A laminated heat exchanger according to claim 1 or
2, characterized in that:

said tube elements are each constituted by
bonding two formed plates, the boundary of said
pass in which the heat exchanging medium flows
from said tank portions to said passage portions is
defined by providing a formed plate having a parti-
tioning portion for disallowing communication be-
tween tank portions along the laminating direction
at a specific position and said guide plate provided
at said shifting area is located at said formed plate
having said partitioning portion.

A laminated heat exchanger according to any of
claims 1 ~ 4, characterized in that:

said guide plate is made to incline at an angle
within a range of 5 ~ 60° relative to the direction
along which said tube elements are laminated with
the length of the inclined portion set within a range
of 1 ~15mm.
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A laminated heat exchanger according to any of
claims 1 ~ 4, characterized in that:

said guide plate is formed as an integrated
part of a member constituting said tank portion.

A laminated heat exchanger according to any of
claims 1 ~ 6, characterized in that:

said guide plate is constituted of a bridge pro-
vided across said communicating hole and an in-
clined portion formed by bending a side edge of said
bridge and made to extend at an angle.

A laminated heat exchanger according to any of
claims 1 ~ 6, characterized in that:

said guide plate inclines from a circumferen-
tial edge of said communicating hole.

A laminated heat exchanger according to any of
claims 1 ~ 6, characterized in that:

said guide plate is formed by twisting a portion
extending across said communicating hole to
achieve an inclined shape for the entirety of said
guide plate.

A laminated heat exchanger according to any of
claims 1 ~ 6, characterized in that:

numerous guide plates are formed at said
shifting area or in the vicinity thereof.

A laminated heat exchanger constituted by laminat-
ing tube elements each having a plurality of tank
portions and a passage portion communicating with
said tank portions over numerous levels, character-
ized in that:

a guide plate is provided at some of said tube
elements, which is located at a communicating hole
formed in a distended portion for tank formation at
a formed plate constituting said tube element and
is formed in a curved shape along the lateral direc-
tion of said formed plate.

A laminated heat exchanger according to any of
claims 1 ~ 8, characterized in that:

said guide plate is formed in a curved shape
along the lateral direction of said formed plate.

A laminated heat exchanger according to claim 11
or 12, characterized in that:

said curved shape achieves a specific curva-
ture.

A laminated heat exchanger according to claim 11
or 12, characterized in that:

a curved shape is formed over areas close to
the two ends along the lateral direction.

A laminated heat exchanger according to any of
claims 11 ~ 14, characterized in that:
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a reservoir is formed in said curved shape.

A laminated heat exchanger according to any of
claim 11 or 12, characterized in that:

a straight portion is formed at the two ends of
said guide plate formed in a curved shape along the
lateral direction.

A laminated heat exchanger according to claim 16,
characterized in that

said straight portion is formed at said bridge
provided across said communicating hole.

A laminated heat exchanger constituted by laminat-
ing tube elements each having a plurality of tank
portions and a passage portion communicating with
said tank portions over numerous levels, character-
ized in that:

a guide plate is provided at a plurality of said
tube elements, which is located at a communicating
hole formed in a distended portion for tank forma-
tion at a formed plate constituting said tube ele-
ment, with a bead provided at, at least, one location
at said guide plate along the direction in which said
guide plate projects out from said formed plate.

A laminated heat exchanger according to any of
claims 1 ~ 8, characterized in that:

a bead is provided at, at least, one location,
at said guide plate along the direction in which said
guide plate projects out from said formed plate.

A laminated heat exchanger according to claim 18
or 19, characterized in that:

the length of said bead is set equal to the
length of said guide plate along the direction in
which said guide plate projects out.

A laminated heat exchanger according to claim 18
or 19, characterized in that

the length of said bead is less than the length
of said guide plate along the direction in which said
guide plate projects out.

A laminated heat exchanger according to claim 18
or 19, characterized in that:
said bead is formed in a diamond shape.

A laminated heat exchanger constituted by laminat-
ing tube elements each having a plurality of tank
portions and a passage portion communicating with
said tank portions over numerous levels, character-
ized in that:

a guide plate is provided at a plurality of said
tube elements, which is located at a communicating
hole formed in a distended portion for tank forma-
tion at a formed plate constituting said tube ele-
ment, two shoulders of said guide plate at a front
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end thereof along the direction in which said guide
plate projects out from said formed plate, formed in
a rounded shape.

A laminated heat exchanger according to any of
claims 1 ~ 8, characterized in that:

two shoulders of said guide plate at a frontend
thereof along the direction in which said guide plate
projects out from said formed plate are rounded.

A laminated heat exchanger constituted by laminat-
ing tube elements each having a plurality of tank
portions and a passage portion communicating with
said tank portions over numerous levels, character-
ized in that:

a guide plate is provided at a plurality of said
tube elements, which is located at a communicating
hole formed in a distended portion for tank forma-
tion at a formed plate constituting said tube ele-
ment, and is formed in a curved shape along the
lateral direction of said formed plate, with a bead
provided at, at least, one location of said guide plate
along the direction in which said guide plate projects
out.

A laminated heat exchanger according to any of
claims 1 ~ 8, characterized in that:

said guide plate is formed in a curved shape
along the lateral direction of said formed plate and
a bead is provided at, at least, one location along
the direction in which said guide plate projects out.

A laminated heat exchanger constituted by laminat-
ing tube elements each having a plurality of tank
portions and a passage portion communicating with
said tank portions over numerous levels, character-
ized in that:

a guide plate is provided at a plurality of said
tube elements, which is located at a communicating
hole formed in a distended portion for tank forma-
tion at a formed plate constituting said tube ele-
ment, and is formed in a curved shape along the
lateral direction of said formed plate, with two shoul-
ders of said guide plate at a front end thereof along
the direction in which said guide plate projects out
from said formed plate, formed in a rounded shape.

A laminated heat exchanger according to any of
claims 1 ~ 8, characterized in that:

said guide plate is formed in a curved shape
along the lateral direction of said front plate and two
shoulders of said guide plate at a front end thereof
along the direction in which said guide plate projects
out from said formed plate are rounded.

A laminated heat exchanger constituted by laminat-
ing tube elements each having a plurality of tank
portions and a passage portion communicating with



30.

31.

32.

31 EP 1118 829 A1

said tank portions over numerous levels, character-
ized in that:

said guide plate is provided at some of said
tube elements, which is located in a passage
formed in a distended portion for tank formation of
a formed plate constituting the tube element with a
bead provided at, at least, one location of said guide
plate along the direction in which said guide plate
projects out from said formed plate and two shoul-
ders of said guide plate at a front end thereof along
the direction in which said guide plate projects out
from said formed plate, formed in a rounded shape.

A laminated heat exchanger according to any of
claims 1 ~ 8, characterized in that:

a bead is provided at, at least, one location at
said guide plate along the direction in which said
guide plate projects out from said formed plate and
the two shoulders of said guide plate at a front end
thereof along the direction in which said guide plate
projects out from said formed plate are rounded.

A laminated heat exchanger constituted by laminat-
ing tube elements each having a plurality of tank
portions and a passage portion communicating with
said tank portions over numerous levels, character-
ized in that:

said guide plate is provided at some of said
tube elements, which is located in a passage
formed in a distended portion for tank formation of
a formed plate constituting the tube element and is
formed in a curved shape along the lateral direction
of said formed plate with a bead provided at, at
least, one location of said guide plate along the di-
rection in which said guide plate projects out from
said formed plate and two shoulders of said guide
plate at a front end thereof along the direction in
which said guide plate projects out from said formed
plate, formed in a rounded shape.

A laminated heat exchanger according to any of
claims 1 ~ 8, characterized in that:

said guide plate is formed in a curved shape
along the lateral direction of said formed plate, a
bead is provided at, at least, one location at said
guide plate along the direction in which said guide
plate projects out and two shoulders of said guide
plate at a front end thereof along the direction in
which said guide plate projects out from said formed
plate are rounded.
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FIG. 54
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