EP 0 503 080 A1

Europdisches Patentamt
European Patent Office

© 9

Office européen des brevets

@ Publication number:

0503 080 A1

® EUROPEAN PATENT APPLICATION
published in accordance with Art.
158(3) EPC

@ Application number: 91916786.6
@) Date of filing: 27.09.91

International application number:
PCT/JP91/01292

International publication number:
WO 92/06343 (16.04.92 92/09)

@ Int. c15: F28F 3/08, F28D 9/02

Priority: 28.09.90 JP 260992/90
26.10.90 JP 288725/90
05.04.91 JP 72871/91

Date of publication of application:
16.09.92 Bulletin 92/38

Designated Contracting States:
DE FR GB IT SE

@ Applicant: MATSUSHITA REFRIGERATION
COMPANY
22, Takaidahondori 3-chome
Higashiosaka-shi, Osaka-fu 577(JP)

@ Inventor: MATSUNAGA, Tsuyoshi

780-5, Nagahara, Yasucho
Yasugun, Shiga 520-23(JP)
Inventor: FUJINO, Kenji
31-38, Rokujo 1-chome
Nara-shi, Nara 630(JP)
Inventor: SUGAHARA, Takashi
847-4, Tanakamiedacho
Otsu-shi, Shiga 520-21(JP)
Inventor: SUGA, Hiroaki
881-178, Tanakamisatocho
Otsu-shi, Shiga 520-22(JP)

Representative: Eisenfiihr, Speiser & Partner

Martinistrasse 24
W-2800 Bremen 1(DE)

@ LAMINATED HEAT EXCHANGER.

@ In a laminated heat exchanger wherein partitions
are provided in a plate (32) on a primary side and a
plate (33) on a secondary side to form channels
therein, and a plurality of the plates (32) on the
primary side and the plates (33) on the secondary
side are laminated one upon another with respective
seal plates (3) therebetween, each of the partitions
(35) of the plates (33) on the secondary side are
located at positions opposed to each of the channels
(11) of the plates (32) on the primary side and each
of the partitions (34) of the plates (32) of the primary

side are located at positions opposed to each of the
channels (17) of the plates (33) on the secondary
side, thereby preventing the seal plates (3) from
being deformed even if pressure of the coolant flow-
ing through the channels becomes nonuniform. Fur-
thermore, sides of the plates (32) on the primary
side, the plates (33) on the secondary side and the
seal plates (3) are formed into shapes different from
one another, thereby making it easy fo identify
falling-off of a plate.
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Field of the invention

The present invention relates to a layer-built
heat exchanger for exchanging heat between a first
coolant and a second coolant, and is used in a
radiator for coolant oil in machine tools or in an air
conditioner.

Background of the invention

Demand has risen for layer-built heat exchang-
ers capable of using chlorofluorocarbons (CFC) and
water and oil coolants in combination as first and
second coolants for exchanging heat between CFC
and CFC, CFC and water, water and water, or oil
and water. A conventional layer-built heat exchang-
er is described below with reference to Figs. 1 -5
(Japanese Patent Laid-Open No. S61-243297).

As shown in the figures, the conventional layer-
built heat exchanger 1 combines plural first-side
plates 2, seal plates 3, and second-side plates 4
between end plates 5a and 5b. The inlet and outlet
pipes 6-7 and 8-9 for the first and second coolants,
respectively, are connected to the one end plate
5b.

The first-side plate 2 has a rectangular shape
with a pair of round holes 10, provided offset from
the center at each end of the plate, for the first
coolant flow. A series of parallel and winding chan-
nels 11 are formed by dividers 12 for conducting
the coolant from a position near the round hole 10
at one end of the first-side plate 2 to a position
near the round hole 10 at the other end.

Holes 13 for the flow of the second coolant are
also formed on a diagonal line on the first-side
plate 2 on the sides different from those on which
the round holes 10 are formed. Each hole 13 has a
rectangular shaped area 14 and a semi-circular
shaped area 15 at the middle of the long side of
the rectangular shaped area 14.

The second-side plate 4 has a similar rectan-
gular shape with a series of parallel and winding
channels 16 formed by dividers 17 to conduct the
coolant between the two round holes 18. These
round holes 18 are formed correspondingly to the
holes 13 in the first-side plate 2 with part of each
hole 18 fracing the same arc as the semi-circular
shaped area 15 of the corresponding hole 13 in the
first-side plate 2. Holes 19 are also provided cor-
respondingly to the round holes 10 in the first-side
plate 2. Each hole 19 also consists of a rectangular
shaped area 20 and a semi-circular shaped area 21
at the middle of the long side of the rectangular
shaped area 20 such that part of each semi-circular
shaped area 21 traces the same arc as the cor-
responding round hole 10 in the first-side plate 2.

The seal plate 3 has holes 22 and 23 similarly
shaped to the corresponding holes 13 and 19 in
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the first- and second-side plates 2 and 4, respec-
tively. The length of the rectangular shaped area 6
and 13 of the holes 13 and 19 is made long
enough fo cover the ends of each of the channels
11 and 16, respectively.

The plates are then assembled in successive
layers in the order of first-side plate 2, seal plate 3,
second-side plate 4, seal plate 13, first-side plate 2,
seal plate 3, eeeeee as shown in the figure, and
are sealed between the seal end plate 5a on one
end and the end plate 5b provided with the first
and second coolant inlet/outlet pipes 6-7 and 8-9.

With this construction the first coolant flows in
through the inlet pipe 6, is diffused to the channels
11 of the firsi-side plate 2 in the rectangular
shaped area of the hole 22 in the seal plate 3, and
flows through the channels 11 to the hole 22 on the
opposite side to flow out from the outlet pipe 7.
Similarly, the second coolant flows in through the
inlet pipe 8, is diffused to the channels 16 of the
second-side plate 4 in the rectangular shaped area
of the hole 19 in the seal plate 3, and flows out
through the hole 19 on the opposite side to the
outlet pipe 8.

Heat is exchanged between the first and sec-
ond coolants through the seal plate 3, which is
made from a material with good thermal conductiv-
ity for greater heat exchange efficiency.

With this construction, however, the distance
from the ends of the channels 11 or 16 to the
center of the hole 10 or 18 is long because the
channels 11 or 16 of the first-side plate 2 or
second-side plate 4 are the same length and the
ends of the channels form a line with respect to the
hole 10 or 18. The first or second coolant must
therefore travel a greater distance before it enters
the channels, and coolant flow is impeded by this
increased distance.

Also, when there is a pressure difference be-
tween the first and second coolants, the seal plate
3 tends to become deformed where the channels
11 of the first-side plate 2 and the channels 16 of
second-side plate 4 are positioned one over the
other through the seal plate 3 because the seal
plate 3 is the only member separating the channels
11 and 16 of the first- and second-side plates 2
and 4. This deformation also interferes with the
coolant flow. It is therefore necessary to increase
the thickness H of the seal plate 3 to prevent this
deformation. The overall size and cost of the heat
exchanger therefore increase.

In addition, if the order of the plates is mis-
taken during assembly and the seal plate 3 is
omitted, leakage of the first and second coolants
may occur, the offset in plate position makes as-
sembly more difficult, and both productivity and
quality decline.

In addition, to assemble the inlet/outlet pipes 6,
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7, 8, and 9 to the end plate 5b, the holes in the end
plate 5b must be countersunk so that the
inlet/outlet pipes 6, 7, 8 and 9 can be positioned.

Therefore, an object of the present invention is
to provide a layer-built heat exchanger for shor-
tening the distance between the inlet/outlet holes
and channel ends in the first-side plate and the
second-side plate, and thus reducing the flow resis-
tance.

A further object is to provide a layer-built heat
exchanger wherein there is minimal parallel overlap
between the channels of the first-side plate and the
second-side plate through the seal plate.

A further object is to provide a layer-built heat
exchanger wherein there is no error in the assem-
bly order of the first-side plate, seal plate, and the
second-side plate.

A further object is to provide a layer-built heat
exchanger whereby positioning of the inlet/outlet
pipes to the end plate is simplified.

Summary of the invention

A layer-built heat exchanger according to the
present invention comprises channels in the first-
and second-side plates of different lengths such
that the ends of the channels form a V-shape with
an approximately equal distance between the end
of each channel and the hole. Furthermore, the
channels of the second-side plate are positioned
over the dividers forming the channels of the first-
side plate, and the channels of the first-side plate
are positioned over the dividers forming the chan-
nels of the second-side plate. This prevents de-
formation of the seal plate between the first-side
plate and the second-side plate.

Furthermore, a convex member that has a
height less than the plate thickness is formed on
two different sides of the first-side plate and the
second-side plate, and concave portions are
formed in the seal plate at a position to mate with
the convex members of the first- and second-side
plates. Omission of the seal plate during assembly
is thus less likely to be forgotten.

Furthermore, by shaping the corners of the
first-side plate, second-side plate, and seal plate
differently, a simple visual inspection can confirm
whether or not the plates are assembled in the
correct order.

In addition, the diameter of the holes in the
first-side plate or the second-side plate is smaller
than the diameter of the holes to which the
inlet/outlet pipes are inserted in the end plates,
thus controlling the depth to which the inlet/outlet
pipes can be inserted.

Furthermore, the inlet/outlet pipes are inserted
from one end plate to the other, and a hole is
provided at the position of the round holes in the
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first-side plate, second-side plate, and seal plate to
control the depth of inlet/outlet pipe insertion.

Brief description of the drawings

Fig. 1 is an oblique view of a conventional layer-
built heat exchanger,

Fig. 2 is a plan view of the first-side plate in Fig.
1,

Fig. 3 is a plan view of the seal plate in Fig. 1,
Fig. 4 is a plan view of the second-side plate in
Fig. 1,

Fig. 5 is a cross sectional view of line V-V in
Fig. 1,

Fig. 6 is a cross sectional view corresponding fo
Fig. 5 for a layer-built heat exchanger according
to one embodiment of the present invention,

Fig. 7 is a plan view of the first-side plate in Fig.
6,

Fig. 8 is a plan view of the seal plate in Fig. 6,
Fig. 9 is a plan view of the second-side plate in
Fig. 6,

Fig. 10 is an oblique exploded view of a layer-
built heat exchanger according to another em-
bodiment of the present invention,

Fig. 11 is a side view of Fig. 10,

Fig. 12 is a plan view of the first-side plate in
Fig. 10,

Fig. 13 is a plan view of the seal plate in Fig. 10,
Fig. 14 is a plan view of the second-side plate in
Fig. 10,

Fig. 15 is a side view of Fig. 12,

Fig. 16 is a side view of Fig. 13,

Fig. 17 is a side view of Fig. 14,

Fig. 18 is a partial cross sectional view of the
major components of a layer-built heat exchang-
er according to yet another embodiment of the
present invention,

Fig. 19 is a plan view of the first-side plate in
Fig. 18,

Fig. 20 is a plan view of the seal plate in Fig. 18,
Fig. 21 is a plan view of the second-side plate in
Fig. 18,

Fig. 22 is a cross sectional view of a layer-built
heat exchanger according to a further embodi-
ment of the present invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

The preferred embodiments of the present in-
vention are described below with reference to the
accompanying Figs. 6 - 9. It is to be noted that like
parts in the preferred embodiments and the prior
art described above are referred to by like refer-
ence numbers, and further description of said like
parts is omitted hereinbelow.

As shown in the figures, the layer-built heat
exchanger 31 according to the present invention is
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an assembly of plural first-side plates 32, seal
plates 3, and second-side plates 33 assembled in
alternating layers and sealed between a first end
plate 5a and a second end plate 5b, which com-
prises inlet/outlet pipes 6 and 8, so that the fluid
can flow through the first-side plate 32 and the
second-side plate 33 without leaking.

The first coolant flowing in from the inlet pipe 6
flows into the plural channels 11, divided by the
dividers 34, in the first-side plate 32, and flows out
from the outlet pipe 7. Similarly, the second cool-
ant flowing in from the inlet pipe (not shown) flows
into the plural channels 17, divided by the dividers
35, in the second-side plate 33, and flows out from
the outlet pipe (not shown). Heat is exchanged
through the seal plate 3 between the two different
fluids flowing through the upper and lower plates.

Because the channels 17 of the second-side
plate 33 are formed over the dividers 34 of the
first-side plate 32, and the channels 11 of the first-
side plate 32 are formed over the dividers 35 of the
second-side plate 33, two seal plates 3 and the
divider 34 of one second-side plate 33 or the
divider 35 of one first-side plate 32 are positioned
between any two channels 11 or channels 17. The
thickness of the solid material located between the
channels 11 or 17 becomes great, so as to prevent
deformation of the seal plate 3 even when there is
a high differential pressure between the first and
second coolants. Thus, the coolant flow can be
maintained.

An alternative embodiment of the invention is
described below with reference to Figs. 10 - 17. In
this embodiment, 41 is the end plate comprising
plural inlet/outlet members 42, 41a is another end
plate to seal the coolant, 43 is the first-side plate
comprising channels 43a formed with dividers 43b,
44 is the second-side plate comprising channels
44a formed with dividers 44b, and 45 is a seal
plate 45. Plural convex members 46 that are shal-
lower than the plate thickness h are formed on two
different sides of the first-side plate 43 and the
second-side plate 44, and concave portions 47 are
formed in the seal plate 45 at a position to mate
with the convex members 46 of the first- and
second-side plates. Thus, the first-side plate 43
and the second-side plate 44 mate with the seal
plate 45 during assembly, and if the seal plate 45
is forgotten and not inserted during manufacture, a
gap is formed between the first-side plate 43 and
the second-side plate 44 by the convex members
46, having a height less than the plate thickness h,
formed on two different sides of the first- and
second-side plates 43 and 44. Thus, the the mis-
take can be easily discovered by visual inspection.

Furthermore, by providing the holes 48 with a
raised rib edge, the holes 48 overlap one another
when assembled and positioning during assembly
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is made easier. In addition, the ribbed edges pre-
vent the plates from slipping out of position.

A yet another embodiment of the invention is
described below with reference to Figs. 18 - 21.
Like parts in the preferred embodiments and the
prior art described above are referred to by like
reference numbers, and further description of said
like parts is omitted hereinbelow.

The layer-built heat exchanger 51 according fo
this embodiment is an assembly of plural first-side
plates 2, seal plates 3, and second-side plates 4
alternately placed one over the other in said order,
and the assembled layers are sealed between a
first end plate (not shown) and a second end plate
5b, which end plate 5b comprises an inlet pipe 6
and an outlet pipe (not shown). The layers are
bonded together by adhesive material or wax so
that the fluid can flow through the first-side plate 2
and the second-side plate 4 without leaking.

With this construction the first coolant flows in
through the inlet pipe 6, guided along the holes 10,
22, and 19 and flows through the channels 11 of
the first-side plate 2 to the holes 10, 22, and 19 on
the opposite side to flow out from the outlet pipe
(not shown). Similarly, the second coolant flows in
through the inlet pipe (not shown), guided along the
holes 13, 23, and 18 and flows through the chan-
nels 16 of the second-side plate 4, and flows out
through the holes 13, 23, and 18 on the opposite
side to the outlet pipe (not shown). Heat is ex-
changed between the first and second coolants
through the seal plate 3 as the coolants flow
through the respective plates.

In this embodiment the diameter D of the holes
10 in the plates following the end plate 5b in the
assembly, i.e., the first-side plate 2 or the second-
side plate 4, is made smaller than the outside
diameter E of the inlet/outlet pipes 6 and 7, and at
the same time, the diameter of the semi-circular
member 15 of the first-side plate 2 opposite the
inlet/outlet pipes 8 and 9 is made smaller than the
diameter of the of the inlet/outlet pipes 8 and 9. By
this arrangement, the inlet pipe 6 and the outlet
pipe (not shown) stop where they contact the first-
side plate 2, and are correctly positioned without
countersinking the end plate 8.

Furthermore, because the corners of the first-
side plate 2 are rounded in an arc 52 and the
corners of the second-side plate 4 are bevelled on
an angle 53, the type of plate can be determined
by visual inspection after plate assembly to easily
determine whether or not the plates are assembled
in the correct order.

A further embodiment of the invention is de-
scribed below with reference to Fig. 22. Like paris
in the preferred embodiments and the prior art
described above are referred to by like reference
numbers, and further description of said like parts
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is omitted hereinbelow.

In this embodiment the inlet pipe 61 for the
first coolant passes through the end plate 5b, the
round holes 10 in the first-side plates 2, the holes
22 in the seal plates 3, and the holes 19 in the
second-side plates 4 to the other end plate 5a. A
slit hole 62 is formed in the inlet pipe 61 at the
position corresponding to the holes 10, 22, and 19.
The outlet pipe for the first coolant and the
inlet/outlet pipes for the second coolant are simi-
larly formed through each of the plates fo the end
plate 5a.

It is thus possible during assembly to simply
insert the inlet/outlet pipes through the holes to the
opposite end plate to simply and correctly position
the inlet/outlet pipes in the layer-built heat ex-
changer.

In these embodiments plural parallel channels
36 extending in a winding manner from a position
adjacent one round hole 10 in the first-side plate 32
fo a position adjacent the other round hole 10 are
formed by plural dividers 36. The length of each
channel 36 increases as the distance of the chan-
nel 36 from the center of the hole 10 increases, so
that the ends of the channels 36 form an approxi-
mate V-shape around the center of the round hole
10 with the end of each channel 36 as close as
possible to the center of the round hole 10. In
addition, plural parallel channels 37 winding from a
position adjacent one round hole 18 in the second-
side plate 33 to a position adjacent the other round
hole 18 are formed by plural dividers 35. The
length of each channel 37 increases as the dis-
tance of the channel 37 from the center of the hole
18 increases, so that the ends of the channels 37
form an approximate V-shape around the center of
the round hole 18 with the end of each channel 37
as close as possible to the center of the round hole
18. The average distance between the end of the
channels 36 and 37 and the holes 10 and 18 is
therefore shortened, improving the flow and dis-
fribution of coolant into the channels 36 and 37.

Because the channels 37 of the second-side
plate 33 are formed over the dividers 34 of the
first-side plate 32, and the channels 36 of the first-
side plate 32 are formed over the dividers 35 of the
second-side plate 33, two seal plates 3 and one
second-side plate 33 divider 34 or first-side plate
32 divider 35 are positioned between any fwo
channels 37 or channels 36. The greater total seal
plate 3 thickness between the channels 37 or 36
therefore prevents deformation of the seal plate 3
even when there is a high differential pressure
between the first and second coolants, and the
coolant flow can thus be maintained.

Industrial applicability
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A layer-built heat exchanger according to the
present invention is suited to exchanging heat be-
tween the first and second coolants of an air con-
ditioner. It is also suited for exchanging heat from a
working oil in machine tools and other machinery
by circulation with another coolant such as water.

List of the reference numbers used in the drawings

3 seal plate

32 first-side plate

33 second-side plate
43 first-side plate

44 second-side plate

Claims

1. A layer-built heat exchanger comprising: a
first-side plate having plural channels for cool-
ant flow formed by dividers on a flat rectangu-
lar panel, a hole at one end of the channels,
and a hole on a diagonal line to the first hole
on a different side of the plate; a second-side
plate having plural channels for coolant flow
formed by dividers on a flat rectangular panel,
a hole formed separately at one end of the
channels continuously to the corresponding
hole in the first-side plate, and a hole on a
diagonal line to the first hole on a different side
of the plate continuously to the corresponding
hole in the first-side plate; and a seal plate
between the first-side plate and the second-
side plate, and characterized by the ends of
the channels in the first-side plate and the
second-side plate forming a rough V-shape
centering on the hole in the respective plate
such that the length of each channel increases
with the increase in the distance of the channel
from the center of the hole.

2. A layer-built heat exchanger comprising: a
first-side plate having plural channels for cool-
ant flow formed by dividers on a flat rectangu-
lar panel, a hole at one end of the channels,
and a hole on a diagonal line to the first hole
on a different side of the plate; a second-side
plate having plural channels for coolant flow
formed by dividers on a flat rectangular panel,
a hole formed separately at one end of the
channels continuously to the corresponding
hole in the first-side plate, and a hole on a
diagonal line to the first hole on a different side
of the plate continuously to the corresponding
hole in the first-side plate; and a seal plate
between the first-side plate and the second-
side plate, and characterized by the dividers of
the channels in the second-side plate being
positioned opposite the channels in the first-
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side plate, and the dividers of the first-side
plate being positioned opposite the channels in
the second-side plate, with the seal plate in
between.

A layer-built heat exchanger comprising: a
first-side plate having plural channels for cool-
ant flow formed by dividers on a flat rectangu-
lar panel, a hole at one end of the channels,
and a hole on a diagonal line to the first hole
on a different side of the plate; a second-side
plate having plural channels for coolant flow
formed by dividers on a flat rectangular panel,
a hole formed separately at one end of the
channels continuously to the corresponding
hole in the first-side plate, and a hole on a
diagonal line to the first hole on a different side
of the plate continuously to the corresponding
hole in the first-side plate; and a seal plate
between the first-side plate and the second-
side plate, and characterized by the first-side
plate, the second-side plate, and the seal plate
each having a different and identifying shape
at the outside edge thereof.

A layer-built heat exchanger according fo
Claim 2 wherein each of said first-side plates
and the second-side plates is formed with con-
vex members on different sides, and wherein
each of said seal plates is formed with con-
cave portions into which said convex members
are inserted.

A layer-built heat exchanger according fo
Claim 2 wherein each of the first-side plates
has rounded corners and wherein each of the
second-side plates has beveled corners, and
wherein each of the seal plates has corners
formed in a shape different from that of the
corners of the first-side plate and the second-
side plate.

A layer-built heat exchanger comprising: a
first-side plate having plural channels for cool-
ant flow formed by dividers on a flat rectangu-
lar panel, a hole at one end of the channels,
and a hole on a diagonal line to the first hole
on a different side of the plate; a second-side
plate having plural channels for coolant flow
formed by dividers on a flat rectangular panel,
a hole formed separately at one end of the
channels continuously to the corresponding
hole in the first-side plate; and a hole on a
diagonal line to the first hole on a different side
of the plate continuously to the corresponding
hole in the first-side plate; a seal plate between
the first-side plate and the second-side plate;
an end plate provided on both ends; and
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10

inlet/outlet pipes for the first and second cool-
ants provided on one of the end plates con-
tinuous to said holes such that the diameter of
the holes in the first-side plate is smaller than
the diameter of the inlet/outlet pipes.

A layer-built heat exchanger comprising: a
first-side plate having plural channels for cool-
ant flow formed by dividers on a flat rectangu-
lar panel, a hole at one end of the channels,
and a hole on a diagonal line to the first hole
on a different side of the plate; a second-side
plate having plural channels for coolant flow
formed by dividers on a flat rectangular panel,
a hole formed separately at one end of the
channels continuously to the corresponding
hole in the first-side plate, and a hole on a
diagonal line to the first hole on a different side
of the plate continuously to the corresponding
hole in the first-side plate; a seal plate between
the first-side plate and the second-side plate;
an end plate provided on both ends; and
inlet/outlet pipes for the first and second cool-
ants provided on one of the end plates con-
tinuous to said holes such that the inlet/outlet
pipes are inserted to the end plate on the other
side and a long hole is provided in the
inlet/outlet pipes through the length of the first-
side plate, second-side plate, and seal plate
layers.
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FIG. 5
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FIG. 6
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