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(54) PLATE HEAT EXCHANGER

(57)  Disclosed in the embodiments of the presentap-
plication is a plate heat exchanger. The plate heat ex-
changer comprises heat exchange plates and a port, and
the port communicates with a predetermined heat ex-
change space of a plurality of heat exchange spaces.
The heat exchange plates of the plate heat exchanger
comprise a plurality of first heat exchange plates and a
plurality of second heat exchange plates. The first heat
exchange plate comprises: a first heat exchange plate
main body; a first opening formed in the first heat ex-
change plate main body for forming the port; and a first
annular protrusion surrounding the first opening, adjoin-
ing the first opening and protruding from the first heat
exchange plate main body toward a first side in a stacking
direction. The second heat exchange plate comprises: a
second heat exchange plate main body; a second open-
ing formed in the second heat exchange plate main body
for forming the port; and a second annular protrusion
surrounding the second opening, adjoining the second
opening and protruding from the second heat exchange
plate main body toward a second side opposite the first
side in the stacking direction. The plate heat exchanger
according to the embodiments of the present invention
can simplify the manufacturing process of the plate heat
exchanger, for example.
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Description
Cross-reference to Related Application

[0001] The presentapplication claims the benefit of the
Chinese Patent Application No. 202010073885.3 filed
with the Patent Office of China on January 22, 2020, the
entire disclosure of which is incorporated herein by ref-
erence.

Technical Field

[0002] The embodiments of the present invention re-
late to a plate heat exchanger.

Background

[0003] Aplate heatexchanger comprises cover plates,
heat exchange plates, ports, distributors, connecting
pipes, etc.

Summary of the Invention

[0004] An objective of the embodiments of the present
invention is to provide a plate heat exchanger, which can
thus simplify the manufacturing process of the plate heat
exchanger, for example.

[0005] According to an embodiment of the present in-
vention, there is provided a plate heat exchanger com-
prising: a plurality of heat exchange plates, the plurality
of heat exchange plates being arranged in a stacking
direction to form a plurality of heat exchange spaces, and
the plurality of heat exchange plates comprising a plu-
rality of first heat exchange plates and a plurality of sec-
ond heat exchange plates; and a port formed in the heat
exchange plates, the port communicating with a prede-
termined heat exchange space of the plurality of heat
exchange spaces, wherein the first heat exchange plate
comprises: a first heat exchange plate main body; a first
opening formed in the first heat exchange plate main
body for forming the port; and a first annular protrusion
surrounding the first opening, adjoining the first opening
and protruding from the first heat exchange plate main
body toward a first side in the stacking direction; and the
second heat exchange plate comprises: a second heat
exchange plate main body; a second opening formed in
the second heat exchange plate main body for forming
the port; and a second annular protrusion surrounding
the second opening, adjoining the second opening and
protruding from the second heat exchange plate main
body toward a second side opposite to the first side in
the stacking direction.

[0006] According to an embodiment of the present in-
vention, the plate heat exchanger further comprises: a
communicating hole formed in at least some of the first
heat exchange plates and/or at least some of the second
heat exchange plates, wherein the port communicates
with the predetermined heat exchange space through
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the communicating hole.

[0007] According to an embodiment of the present in-
vention, the first annular protrusion of the first heat ex-
change plate comprises: an annular first portion extend-
ing from the first heat exchange plate main body toward
the first side; and an annular second portion extending
inwardly from the annular first portion, the second portion
of the first annular protrusion having a surface facing the
first side; the second annular protrusion of the second
heat exchange plate comprises: an annular first portion
extending from the second heat exchange plate main
body toward the second side; and an annular second
portion extending inwardly from the annular first portion
of the second annular protrusion of the second heat ex-
change plate, the second portion of the second annular
protrusion having a surface facing the second side; and
the surface of the second portion of the first annular pro-
trusion and the surface of the second portion of the sec-
ond annular protrusion adjacent to each other are in at
least partial contact to form a seal over at least one part
of a circumferential length of the surface of the second
portion of the first annular protrusion and the surface of
the second portion of the second annular protrusion.
[0008] According to an embodiment of the present in-
vention, projections of the second portion of the first an-
nular protrusion and the second portion of the second
annular protrusion on a plane perpendicular to the stack-
ing direction have an annular inner overlapping portion,
and a projection of the communicating hole on the plane
perpendicular to the stacking direction is outside the an-
nular inner overlapping portion. According to an embod-
iment of the present invention, at least one part of the
projection of the second portion of the first annular pro-
trusion on the plane perpendicular to the stacking direc-
tion is outside the projection of the second portion of the
second annular protrusion in the plane perpendicular to
the stacking direction.

[0009] According to an embodiment of the present in-
vention, the first heat exchange plate further comprises
an annular portion surrounding the first annular protru-
sion, the annular portion of the first heat exchange plate
has a surface facing the second side, the second heat
exchange plate further comprises an annular portion sur-
rounding the second annular protrusion, the annular por-
tion of the second heat exchange plate has a surface
facing the first side, and the surface of the annular portion
of the first heat exchange plate and the surface of the
annular portion of the second heat exchange plate adja-
cent to each other are in at least partial contact to form
a seal.

[0010] According to an embodiment of the present in-
vention, projections of the annular portion of the first heat
exchange plate and the annular portion of the second
heat exchange plate on the plane perpendicular to the
stacking direction have an annular outer overlapping por-
tion, and the projection of the communicating hole on the
plane perpendicular to the stacking direction is inside the
annular outer overlapping portion.
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[0011] According to an embodiment of the present in-
vention, at least one part of the projection of the annular
portion of the second heat exchange plate on the plane
perpendicular to the stacking direction is inside the pro-
jection of the annular portion of the first heat exchange
plate in the plane perpendicular to the stacking direction.
[0012] According to an embodiment of the present in-
vention, the communicating hole is in the annular second
portions of the first annular protrusions of at least some
of the first heat exchange plates and/or the communicat-
ing hole is in the annular portions of at least some of the
second heat exchange plates.

[0013] According to an embodiment of the present in-
vention, the first annular protrusion of the first heat ex-
change plate has a circular annular shape, the second
annular protrusion of the second heat exchange plate
has a circular annular shape, and an outer diameter of
the firstannular protrusion of the first heat exchange plate
is larger than an outer diameter of the second annular
protrusion of the second heat exchange plate.

[0014] According to an embodiment of the present in-
vention, the annular portion of the first heat exchange
plate has a circular annular shape, the annular portion
of the second heat exchange plate has a circular annular
shape, and an inner diameter of the annular portion of
the second heat exchange plate is smaller than an inner
diameter of the annular portion of the first heat exchange
plate.

[0015] According to an embodiment of the present in-
vention, the annular portion of the first heat exchange
plate adjoins the first portion of the firstannular protrusion
of the first heat exchange plate, and the annular portion
ofthe second heat exchange plate adjoins the first portion
of the second annular protrusion of the second heat ex-
change plate.

[0016] According to an embodiment of the present in-
vention, the first annular protrusion of the first heat ex-
change plate comprises an annular protrusion main body
and a communicating protrusion extending outwardly
from the annular protrusion main body; and at least one
part of a projection of the communicating protrusion of
the first annular protrusion on the plane perpendicular to
the stacking direction is outside the projection of the sec-
ond portion of the second annular projection on the plane
perpendicular to the stacking direction, and the projection
of the communicating hole on the plane perpendicular to
the stacking direction is in the at least one part of the
projection of the communicating protrusion of the first
annular protrusion.

[0017] According to an embodiment of the present in-
vention, the annular protrusion main body of the first an-
nular protrusion of the first heat exchange plate has a
circular annular shape, the second annular protrusion of
the second heat exchange plate has a circular annular
shape, and an outer diameter of the annular protrusion
main body of the first annular protrusion of the first heat
exchange plate is substantially equal to an outer diameter
of the second annular protrusion of the second heat ex-

10

15

20

25

30

35

40

45

50

55

change plate; and the projection of the communicating
protrusion of the first annular protrusion on the plane per-
pendicular to the stacking direction is outside the projec-
tion of the second portion of the second annular protru-
sion on the plane perpendicular to the stacking direction,
and the projection of the communicating hole on the plane
perpendicular to the stacking direction is in the projection
of the communicating protrusion of the first annular pro-
trusion.

[0018] According to an embodiment of the present in-
vention, the communicating hole is a plurality of commu-
nicating holes, and the communicating protrusion is a
plurality of spaced communicating protrusions.

[0019] According to an embodiment of the present in-
vention, a surface of the second annular protrusion of
the second heat exchange plate facing the second side
has a second recessed portion, and the second recessed
portion forms the communicating hole.

[0020] According to an embodiment of the present in-
vention, the first annular protrusion of the first heat ex-
change plate has a circular annular shape, the second
protrusion of the second heat exchange plate has a cir-
cular annular shape, and an outer diameter of the first
annular protrusion of the first heat exchange plate is sub-
stantially equal to an outer diameter of the second annu-
lar protrusion of the second heat exchange plate.
[0021] According to an embodiment of the present in-
vention, an annular first portion of the first annular pro-
trusion of the first heat exchange plate extends obliquely
from the first heat exchange plate main body toward the
first side, and an annular second portion of the first an-
nular protrusion of the first heat exchange plate extends
inwardly from the annular first portion of the first annular
protrusion of the first heat exchange plate substantially
parallel to the first heat exchange plate main body; and
an annular first portion of the second annular protrusion
of the second heat exchange plate extends obliquely
from the second heat exchange plate main body toward
the second side, and an annular second portion of the
second annular projection of the second heat exchange
plate extends inwardly from the annular first portion of
the second annular projection of the second heat ex-
change plate substantially parallel to the second heat
exchange plate main body.

[0022] According to an embodiment of the present in-
vention, the annular second portion of the first annular
protrusion of the first heat exchange plate adjoins the
first opening, and the annular second portion of the sec-
ond annular projection of the second heat exchange plate
adjoins the second opening.

[0023] According to an embodiment of the present in-
vention, the plurality of first heat exchange plates and
the plurality of second heat exchange plates are alter-
nately arranged in the stacking direction.

[0024] According to an embodiment of the present in-
vention, the communicating hole is formed in the first
heat exchange plates and/or the second heat exchange
plates.
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[0025] The plate heat exchanger according to the em-
bodiments of the present invention can simplify the man-
ufacturing process of the plate heat exchanger, for ex-
ample.

Brief Description of the Drawings
[0026]

Fig. 1 is a schematic top view of a port portion of a
first heat exchange plate of a plate heat exchanger
according to an embodiment of the present inven-
tion;

Fig. 2 is a schematic top view of a port portion of a
second heat exchange plate of the plate heat ex-
changer according to the embodiment of the present
invention;

Fig. 3 is a schematic perspective view of a port por-
tion of the plate heat exchanger according to the em-
bodiment of the present invention;

Fig. 4 is a schematic cross-sectional perspective
view of the port portion of the plate heat exchanger
according to the embodiment of the present inven-
tion;

Fig. 5 is a schematic top view of a port portion of a
first heat exchange plate of a plate heat exchanger
according to another embodiment of the present in-
vention;

Fig. 6 is a schematic top view of a port portion of a
second heat exchange plate of the plate heat ex-
changer according to the other embodiment of the
present invention;

Fig. 7 is a schematic perspective view of a port por-
tion of the plate heat exchanger according to the oth-
er embodiment of the present invention;

Fig. 8 is a schematic cross-sectional perspective
view of the port portion of the plate heat exchanger
according to the other embodiment of the present
invention;

Fig. 9 is a schematic top view of a port portion of a
first heat exchange plate of a plate heat exchanger
according to yet another embodiment of the present
invention;

Fig. 10 is a schematic top view of a port portion of a
second heat exchange plate of the plate heat ex-
changer according to the yet another embodiment
of the present invention;

Fig. 11 is a schematic perspective view of a port por-
tion of the plate heat exchanger according to the yet
another embodiment of the present invention;

Fig. 12 is a schematic cross-sectional perspective
view of the port portion of the plate heat exchanger
according to the yet another embodiment of the
present invention;

Fig. 13 is a schematic perspective view of a plate
heat exchanger according to an embodiment of the
present invention;

Fig. 14 is a schematic cross-sectional view of a port
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portion of the plate heat exchanger according to the
embodiment of the present invention;

Fig. 15 is a schematic enlarged cross-sectional view
of the port portion of the plate heat exchanger shown
in Fig. 14;

Fig. 16 is a schematic perspective view of a plate
heat exchanger according to another embodiment
of the present invention; and

Fig. 17 is a schematic cross-sectional view of a port
portion of the plate heat exchanger according to the
other embodiment of the present invention.

Detailed Description of the Invention

[0027] Thepresentinventionis explained further below
in conjunction with the accompanying drawing and spe-
cific implementations.

[0028] Referringto Figs. 11to 17, a plate heat exchang-
er 100 according to an embodiment of the present inven-
tion comprises a plurality of heat exchange plates 1, 2,
3, 4 (Fig. 17) and a port 93 formed in the heat exchange
plates 1, 2, 3, 4. The plurality of heat exchange plates 1,
2, 3, 4 are arranged in a stacking direction to form a plu-
rality of heat exchange spaces A, B and C (Fig. 17), the
plurality of heat exchange plates 1, 2, 3, 4 comprising a
plurality of first heat exchange plates 1 and a plurality of
second heat exchange plates 2; and the port 93 commu-
nicates with a predetermined heat exchange space A of
the plurality of heat exchange spaces A, B and C to dis-
tribute a heat exchange medium for the predetermined
heat exchange space A. In the embodiments shown in
Figs. 1 to 15, the plurality of first heat exchange plates 1
and the plurality of second heat exchange plates 2 are
alternately arranged in the stacking direction to form al-
ternately arranged first heat exchange spaces A and sec-
ond heat exchange spaces B. In the embodiments shown
in Figs. 16 and 17, the plurality of heat exchange plates
1, 2, 3, 4 comprise a plurality of first heat exchange plates
1, a plurality of second heat exchange plates 2, a plurality
of third heat exchange plates 3 and a plurality of fourth
heat exchange plates 4, and the first heat exchange plate
1, the second heat exchange plate 2, the third heat ex-
change plate 3 and the fourth heat exchange plate 4 con-
stitute one repeating unit. The plate heat exchanger 100
comprises a plurality of repeating units. The plurality of
heat exchange spaces A, B and C comprise a first heat
exchange space A, a second heat exchange space B
and a third heat exchange space C which are separated
from each other. The first heat exchange plate 1 com-
prises: a first heat exchange plate main body 10; a first
opening 11 formed in the first heat exchange plate main
body 10 for forming the port 93; and a first annular pro-
trusion 12 surrounding the first opening 11, adjoining the
first opening 11 and protruding from the first heat ex-
change plate main body 10 toward a first side in the stack-
ing direction. The second heat exchange plate 2 com-
prises: a second heat exchange plate main body 20; a
second opening 21 formed in the second heat exchange
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plate main body 20 for forming the port 93; and a second
annular protrusion 22 surrounding the second opening
21, adjoining the second opening 21 and protruding from
the second heat exchange plate main body 20 toward a
second side opposite to the first side in the stacking di-
rection. The sum of heights of the first annular protrusion
12 and the second annular protrusion 22 is equal to a
height of the heat exchange space. For example, the
heights of the first annular protrusion 12 and the second
annular protrusion 22 are equal to half of the height of
the heat exchange space.

[0029] In some embodiments of the present invention,
with reference to Figs. 13 and 14, in addition to the port
93 serving as a first heat exchange medium inlet port,
the plate heat exchanger 100 further comprises a first
heat exchange medium outlet 93A, a second heat ex-
change medium inlet 93B, and a second heat exchange
medium outlet 93C.

[0030] In other embodiments of the present invention,
with reference to Figs. 16 and 17, in addition to the port
93 serving as the first heat exchange medium inlet port,
the plate heat exchanger 100 further comprises a first
heat exchange medium outlet 93A, a second heat ex-
change medium inlet 93B, a second heat exchange me-
dium outlet 93C, a third heat exchange mediuminlet 93D,
and a third heat exchange medium outlet 93E. The plu-
rality of heat exchange plates 1, 2, 3, 4 comprise a plu-
rality of first heat exchange plates 1, a plurality of second
heat exchange plates 2, a plurality of third heat exchange
plates 3 and a plurality of fourth heat exchange plates 4,
and the first heat exchange plate 1, the second heat ex-
change plate 2, the third heat exchange plate 3 and the
fourth heat exchange plate 4 constitute one repeating
unit. The plate heat exchanger 100 may form three loops.
The first heat exchange space A, the second heat ex-
change space B and the third heat exchange space C
are separated from each other. A first heat exchange
medium may be a refrigerant, a second heat exchange
medium may be water, and a third heat exchange medi-
um may be a refrigerant. The first heat exchange plate
1 and the third heat exchange plate 3 may be the same
in the port portion except that one of them has a commu-
nicating hole 95 and the other does not have the com-
municating hole 95. The second heat exchange plate 2
and the fourth heat exchange plate 4 may be the same
in the port portion. If the communicating hole 95 is formed
in one of the second heat exchange plate 2 and the fourth
heat exchange plate 4, the first heat exchange plate 1
and the third heat exchange plate 3 may be the same at
the port portion. The first heat exchange plate 1 and the
third heat exchange plate 3 may be the same or different
in the heat exchange portion, and the second heat ex-
change plate 2 and the fourth heat exchange plate 4 may
be the same or different in the heat exchange portion.
The third heat exchange plate 3 may be considered as
the first heat exchange plate 1, but has a heat exchange
portion that is the same as or different from that of the
first heat exchange plate 1, and may or may not have
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communicating hole 95, regardless of whether the first
heat exchange plate 1 has the communicating hole 95
or not. The fourth heat exchange plate 4 may be consid-
ered as the second heat exchange plate 2, but has a heat
exchange portion that is the same as or different from
that of the second heat exchange plate 2, and may or
may not have the communicating hole 95, regardless of
whether the second heat exchange plate 2 has the com-
municating hole 95 or not. The port portion comprises
annular portions 14, 24 and portions inside the annular
portions 14, 24, and the heat exchange portion is a por-
tion where the heat exchange space is located, and is
outside the annular portions 14, 24.

[0031] In some embodiments of the present invention,
with reference to Figs. 1, 3,4, 5,7, 8,11, 12, 14,15 and
17, the first annular protrusion 12 of the first heat ex-
change plate 1 comprises: an annular first portion 1201
extending from the first heat exchange plate main body
10 toward the first side; and an annular second portion
1202 extending inwardly from the annular first portion
1201, the second portion 1202 of the first annular protru-
sion 12 having a surface 1203 facing the first side. The
second annular protrusion 22 of the second heat ex-
change plate 2 comprises: an annular first portion 2201
extending from the second heat exchange plate main
body 20 toward the second side; and an annular second
portion 2202 extending inwardly from the annular first
portion 2201 of the second annular protrusion 22 of the
second heat exchange plate 2, the second portion 2202
of the second annular protrusion 22 having a surface
2203 facing the second side. The surface 1203 of the
second portion 1202 of the first annular protrusion 12 and
the surface 2203 of the second portion 2202 of the sec-
ond annular protrusion 22 adjacent to each other are in
at least partial contact to form a seal over at least one
part of a circumferential length of the surface 1203 of the
second portion 1202 of the first annular protrusion 12 and
the surface 2203 of the second portion 2202 of the sec-
ond annular protrusion 22. Thus, a heat exchange me-
dium from the port 93 does not flow into a predetermined
heat exchange space A between the entire surface 1203
of the second portion 1202 of the first annular protrusion
12 and the surface 2203 of the second portion 2202 of
the second annular protrusion 22, but only flows into the
predetermined heat exchange space A through the com-
municating hole 95.

[0032] Referring to Figs. 1, 3,4,5,7,8,11,12, 14,15
and 17, according to an example of the presentinvention,
the annular first portion 1201 of the first annular protru-
sion 12 of the first heat exchange plate 1 extends ob-
liquely from the first heat exchange plate main body 10
toward the first side, and the annular second portion 1202
of the firstannular protrusion 12 of the first heat exchange
plate 1 extends inwardly from the annular first portion
1201 of the first annular protrusion 12 of the first heat
exchange plate 1 substantially parallel to the first heat
exchange plate main body 10. The annular first portion
2201 of the second annular protrusion 22 of the second
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heatexchange plate 2 extends obliquely from the second
heat exchange plate main body 20 toward the second
side, and the annular second portion 2202 of the second
annular projection 22 of the second heat exchange plate
2 extends inwardly from the annular first portion 2201 of
the second annular projection 22 of the second heat ex-
change plate 2 substantially parallel to the second heat
exchange plate main body 20. For example, the annular
second portion 1202 of the first annular protrusion 12 of
the first heat exchange plate 1 adjoins the first opening
11, and the annular second portion 2022 of the second
annular protrusion 22 of the second heat exchange plate
2 adjoins the second opening 21.

[0033] Insome embodiments of the present invention,
with reference to Figs. 1, 3,4, 5,7, 8, 11,12, 14, 15 and
17, the first heat exchange plate 1 further comprises an
annular portion 14 surrounding the first annular protru-
sion 12, the annular portion 14 of the first heat exchange
plate 1 has a surface 15 facing the second side, the sec-
ond heat exchange plate 2 further comprises an annular
portion 24 surrounding the second annular protrusion 22,
the annular portion 24 of the second heat exchange plate
2 has a surface 25 facing the first side, and the surface
15 of the annular portion 14 of the first heat exchange
plate 1 and the surface 25 of the annular portion 24 of
the second heat exchange plate 2 adjacent to each other
are in at least partial contact to form a seal. Thus, the
heat exchange medium from the port 93 does not flow
into other heat exchange spaces B and C other than the
predetermined heat exchange space A.

[0034] In some embodiments of the present invention,
with reference to Figs. 1, 3,4, 5,7,8,11,12,15 and 17,
the plate heat exchanger further comprises a communi-
cating hole 95 formed in at least some of the first heat
exchange plates 1 and/or at least some of the second
heat exchange plates 2, wherein the port 93 communi-
cates with the predetermined heat exchange space A
through the communicating hole 95. The communicating
hole 95 may have any suitable shape, such as a circular
shape, a semi-circular shape, an oval shape, a quadran-
gular shape or the like.

[0035] In some embodiments of the present invention,
with reference to Figs. 4, 8, 14, 15 and 17, projections of
the second portion 1202 of the first annular protrusion 12
and the second portion 2202 of the second annular pro-
trusion 22 on a plane perpendicular to the stacking di-
rection have an annular inner overlapping portion (e.g.,
a radially inner overlapping portion), and a projection of
the communicating hole 95 on the plane perpendicular
to the stacking direction is outside (e.g., radially outside)
the annular inner overlapping portion. For example, at
least one part of the projection of the second portion 1202
of the first annular protrusion 12 on the plane perpendic-
ular to the stacking direction is outside (e.g., radially out-
side) the projection of the second portion 2202 of the
second annular protrusion 22 on the plane perpendicular
to the stacking direction.

[0036] In some embodiments of the present invention,
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referring to Figs. 4, 8, 14 and 16, projections of the an-
nular portion 14 of the first heat exchange plate 1 and
the annular portion 24 of the second heat exchange plate
2 on the plane perpendicular to the stacking direction
have an annular outer overlapping portion (e.g., a radially
outer overlapping portion), and the projection of the com-
municating hole 95 on the plane perpendicular to the
stacking direction is inside (e.g., radially inside) the an-
nular outer overlapping portion. For example, atleastone
part of the projection of the annular portion 24 of the sec-
ond heat exchange plate 2 on the plane perpendicular
to the stacking direction is inside (e.g., radially inside)
the projection of the annular portion 14 of the first heat
exchange plate 1 on the plane perpendicular to the stack-
ing direction. For example, the annular portion 14 of the
first heat exchange plate 1 has a circular annular shape,
the annular portion 24 of the second heat exchange plate
2 has a circular annular shape, and an inner diameter of
the annular portion 24 of the second heat exchange plate
2 is smaller than an inner diameter of the annular portion
14 of the first heat exchange plate 1. The annular portion
14 of the first heat exchange plate 1 may adjoin the first
portion 1201 of the first annular protrusion 12 of the first
heat exchange plate 1, and the annular portion 24 of the
second heat exchange plate 2 may adjoin the first portion
2201 of the second annular protrusion 22 of the second
heat exchange plate 2.

[0037] In some embodiments of the present invention,
with reference to Figs. 4, 8, 14, 15 and 17, the commu-
nicating hole 95 is in the annular second portions 1202
of the first annular protrusions 12 of at least some of the
first heat exchange plates 1 and/or the communicating
hole 95 is in the annular portions 24 of at least some of
the second heat exchange plates 2. Thus, it is easy to
machine the communicating hole 95 with high accuracy,
and it is not easily blocked. For example, in the embod-
iment shown in Fig. 14, the communicating hole 95 is
formed in the first heat exchange plate 1 and/or the sec-
ond heat exchange plate 2.

[0038] In some embodiments of the present invention,
with reference to Figs. 4, 8, 14, 15 and 17, the commu-
nicating hole 95 is in the annular first portions 1201 of
the first annular protrusions 12 of at least some of the
first heat exchange plates 1 and/or the communicating
hole 95 is in the annular first portions 2201 of at least
some of the second heat exchange plates 2. Thus, the
first annular protrusion 12 and the second annular pro-
trusion 22 may have the same shape and the same size.
[0039] Although itis shown in Figs. 1,3,4,5,7 and 8
that the communicating hole 95 is formed in the first heat
exchange plate 1, the communicating hole 95 may be
formed in the second heat exchange plate 2, or the com-
municating hole 95 may be formed in each of the first
heat exchange plate land the second heat exchange
plate 2. In addition, although it is shown in Figs. 1, 3, 4,
5, 7 and 8 that one communicating hole 95 is formed in
the first heat exchange plate 1, but a plurality of commu-
nicating holes 95 may be formed in the first heat ex-
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change plate 1, a plurality of communicating holes 95 are
formed in the second heat exchange plate 2, or a plurality
of communicating holes 95 are formed in each of the first
heat exchange plate 1 and the second heat exchange
plate 2.

[0040] Insome embodiments of the present invention,
referring to Fig. 8, the first annular protrusion 12 of the
first heat exchange plate 1 has a circular annular shape,
the second annular protrusion 22 of the second heat ex-
change plate 2 has a circular annular shape, and an outer
diameter of the first annular protrusion 12 of the first heat
exchange plate 1 is larger than an outer diameter of the
second annular protrusion 22 of the second heat ex-
change plate 2. When viewed in the stacking direction,
the first annular protrusion 12 of the first heat exchange
plate 1 and the second annular protrusion 22 of the sec-
ond heat exchange plate 2 may be substantially concen-
tric.

[0041] In some embodiments of the present invention,
referring to Fig. 4, the first annular protrusion 12 of the
first heat exchange plate 1 comprises an annular protru-
sion main body 120 and a communicating protrusion 121
extending outwardly (e.g., radially outwardly inadirection
away from the center of the annular protrusion main body
120) from the annular protrusion main body 120, and at
least one part of a projection of the communicating pro-
trusion 121 of the first annular protrusion 12 on the plane
perpendicular to the stacking direction is outside (e.g.,
radially outside) the projection of the second portion 2202
of the second annular projection 22 on the plane perpen-
dicular to the stacking direction, and the projection of the
communicating hole 95 on the plane perpendicular to the
stacking direction is in the at least one part of the projec-
tion of the communicating protrusion 121 of the first an-
nular protrusion 12. Although itis shown in Figs. 1, 3 and
4 that the communicating hole 95 is formed in the com-
municating protrusion 121 of the first heat exchange plate
1, the communicating hole 95 may be formed in the sec-
ond heat exchange plate 2, or the communicating hole
95 may be formed in each of the communicating protru-
sion 121 of the first heat exchange plate 1 and the second
heat exchange plate 2. In addition, although it is shown
in Figs. 1, 3 and 4 that one communicating hole 95 is
formed in the communicating protrusion 121 of the first
heat exchange plate 1, a plurality of communicating pro-
trusions 121 may also be provided. Thus, a plurality of
communicating holes 95 are formed in the plurality of
communicating protrusions 121 of the firstheat exchange
plate 1, respectively, or a plurality of communicating
holes 95 are formed in the second heat exchange plate
2, or a plurality of communicating holes 95 are formed in
each of the plurality of communicating protrusions 121
of the first heat exchange plate 1 and the second heat
exchange plate 2.

[0042] In some embodiments of the present invention,
with reference to Figs. 1 to 4, the annular protrusion main
body 120 of the first annular protrusion 12 of the first heat
exchange plate 1 has a circular annular shape, the sec-
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ond annular protrusion 22 of the second heat exchange
plate 2 has a circular annular shape, and an outer diam-
eter of the annular protrusion main body 120 of the first
annular protrusion 12 of the first heat exchange plate 1
is substantially equal to an outer diameter of the second
annular protrusion 22 of the second heat exchange plate
2. Moreover, the projection of the communicating protru-
sion 121 of the first annular protrusion 12 on the plane
perpendicular to the stacking direction is outside (e.g.,
radially outside) the projection of the second portion 2202
of the second annular protrusion 22 on the plane perpen-
dicular to the stacking direction, and the projection of the
communicating hole 95 on the plane perpendicular to the
stacking direction is in the projection of the communicat-
ing protrusion 121 of the first annular protrusion 12.
[0043] In some embodiments of the present invention,
with reference to Figs. 1 to 4, the communicating hole 95
is a plurality of communicating holes 95, and the com-
municating protrusion 121 is a plurality of spaced com-
municating protrusions 121.

[0044] In some embodiments of the present invention,
with reference to Figs. 11 and 12, a surface 2203 of the
second annular protrusion 22 of the second heat ex-
change plate 2 facing the second side has a recessed
portion 2206, which forms a communicating hole 95.
Thus, it is only necessary to machine a recessed portion
on one side of the second heat exchange plate 2, which
is convenient for machining with high accuracy. Option-
ally, the surface 1203 of the first annular protrusion 12
of the first heat exchange plate 1 facing the first side has
arecessed portion, which forms the communicating hole
95. Alternatively, the surface 1203 of the first annular
protrusion 12 of the first heat exchange plate 1 facing the
first side has a recessed portion, the surface 2203 of the
second annular protrusion 22 of the second heat ex-
change plate 2 facing the second side has a recessed
portion 2206, and the recessed portion of the surface
1203 of the first annular protrusion 12 of the first heat
exchange plate 1 facing the first side and the recessed
portion 2206 of the surface 2203 of the second annular
protrusion 22 of the second heat exchange plate 2 facing
the second side are aligned in the stacking direction to
form a communicating hole 95, or are misaligned to form
communicating holes 95, respectively. According to an
example of the present invention, an insert with a hole
may be placed in the recessed portion to ensure the ac-
curacy of the communicating hole. For example, the first
annular protrusion 12 of the first heat exchange plate 1
has a circular annular shape, the second protrusion of
the second heat exchange plate 2 has a circular annular
shape, and an outer diameter of the first annular protru-
sion 12 of the first heat exchange plate 1 is substantially
equal to an outer diameter of the second annular protru-
sion 22 of the second heat exchange plate 2.

[0045] The concepts according to the embodiments of
the present invention can be applied to any plate heat
exchanger, not limited to the heat exchangers shown in
the figures. That is, the port portion of the heat exchange
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plate of the plate heat exchanger according to the em-
bodiments of the present invention can be applied to any
plate heat exchanger.

[0046] The plate heat exchanger according to the em-
bodiments of the present invention can simplify the man-
ufacturing process of the plate heat exchanger, for ex-
ample. A separate distributor may be omitted for the plate
heat exchanger. In addition, the use of the plate heat
exchanger according to the embodiments of the present
invention can reduce the cost.

[0047] According to the plate heat exchanger of the
embodiments of the present invention, an integrated dis-
tributor is formed on the heat exchange plate by means
of stamping.

[0048] It mustbe explained thatfeaturesinone ormore
ofthe embodiments above may be combined to form new
embodiments. A feature in one embodiment may be used
in another embodiment, unless the feature in one em-
bodiment clashes with the technical solution of the other
embodiment.

Claims
1. A plate heat exchanger, comprising:

a plurality of heat exchange plates, the plurality
of heat exchange plates being arranged in a
stacking direction to form a plurality of heat ex-
change spaces, and the plurality of heat ex-
change plates comprising a plurality of first heat
exchange plates and a plurality of second heat
exchange plates; and

a port formed in the heat exchange plates, the
port communicating with a predetermined heat
exchange space of the plurality of heat ex-
change spaces, wherein

the first heat exchange plate comprises: a first
heat exchange plate main body; a first opening
formed in the first heat exchange plate main
body for forming the port; and a first annular pro-
trusion surrounding the first opening, adjoining
the first opening and protruding from the first
heat exchange plate main body toward a first
side in the stacking direction; and

the second heat exchange plate comprises: a
second heat exchange plate main body; a sec-
ond opening formed in the second heat ex-
change plate main body for forming the port; and
a second annular protrusion surrounding the
second opening, adjoining the second opening
and protruding from the second heat exchange
plate main body toward a second side opposite
to the first side in the stacking direction.

2. The plate heat exchanger as claimed in claim 1, fur-
ther comprising:
a communicating hole formed in at least some of the
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first heat exchange plates and/or at least some of
the second heat exchange plates, wherein the port
communicates with the predetermined heat ex-
change space through the communicating hole.

3. The plate heat exchanger as claimed in claim 2,
wherein:

the first annular protrusion of the first heat ex-
change plate comprises: an annular first portion
extending from the first heat exchange plate
main body toward the first side; and an annular
second portion extending inwardly from the an-
nular first portion, the second portion of the first
annular protrusion having a surface facing the
first side;

the second annular protrusion of the second
heat exchange plate comprises: an annular first
portion extending from the second heat ex-
change plate main body toward the second side;
and an annular second portion extending in-
wardly from the annular first portion of the sec-
ond annular protrusion of the second heat ex-
change plate, the second portion of the second
annular protrusion having a surface facing the
second side; and

the surface of the second portion of the first an-
nular protrusion and the surface of the second
portion of the second annular protrusion adja-
cent to each other are in at least partial contact
to form a seal over at least one part of a circum-
ferential length of the surface of the second por-
tion of the first annular protrusion and the sur-
face of the second portion of the second annular
protrusion.

4. The plate heat exchanger as claimed in claim 3,
wherein:

projections of the second portion of the first an-
nular protrusion and the second portion of the
second annular protrusion on a plane perpen-
dicular to the stacking direction have an annular
inner overlapping portion, and

a projection of the communicating hole on the
plane perpendicular to the stacking direction is
outside the annular inner overlapping portion.

5. The plate heat exchanger as claimed in claim 4,
wherein:
at least one part of the projection of the second por-
tion of the first annular protrusion on the plane per-
pendicular to the stacking directionis outside the pro-
jection of the second portion of the second annular
protrusion in the plane perpendicular to the stacking
direction.

6. The plate heat exchanger as claimed in claim 4,
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wherein:

the first heat exchange plate further comprises an
annular portion surrounding the first annular protru-
sion, the annular portion of the first heat exchange
plate has a surface facing the second side, the sec-
ond heat exchange plate further comprises an an-
nular portion surrounding the second annular protru-
sion, the annular portion of the second heat ex-
change plate has a surface facing the first side, and
the surface of the annular portion of the first heat
exchange plate and the surface of the annular por-
tion of the second heat exchange plate adjacent to
each other are in at least partial contact to form a
seal.

The plate heat exchanger as claimed in claim 6,
wherein:

projections of the annular portion of the first heat
exchange plate and the annular portion of the
second heat exchange plate on the plane per-
pendicular to the stacking direction have an an-
nular outer overlapping portion, and

the projection of the communicating hole on the
plane perpendicular to the stacking direction is
inside the annular outer overlapping portion.

The plate heat exchanger as claimed in claim 6,
wherein:

at least one part of the projection of the annular por-
tion of the second heat exchange plate on the plane
perpendicular to the stacking direction is inside the
projection of the annular portion of the first heat ex-
change plate in the plane perpendicular to the stack-
ing direction.

The plate heat exchanger as claimed in claim 6,
wherein:

the communicating hole is in the annular second por-
tions of the first annular protrusions of at least some
of the first heat exchange plates and/or the commu-
nicating hole is in the annular portions of at least
some of the second heat exchange plates.

The plate heat exchanger as claimed in claim 3 or
4, wherein:

the first annular protrusion of the first heat exchange
plate has a circular annular shape, the second an-
nular protrusion of the second heat exchange plate
has a circular annular shape, and an outer diameter
of the first annular protrusion of the first heat ex-
change plate is larger than an outer diameter of the
second annular protrusion of the second heat ex-
change plate.

The plate heat exchanger as claimed in claim 6 or
7, wherein:
the annular portion of the first heat exchange plate
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12.

13.

14.

has a circular annular shape, the annular portion of
the second heat exchange plate has a circular an-
nular shape, and an inner diameter of the annular
portion of the second heat exchange plate is smaller
than an inner diameter of the annular portion of the
first heat exchange plate.

The plate heat exchanger as claimed in claim 11,
wherein:

the annular portion of the first heat exchange plate
adjoins the first portion of the first annular protrusion
of the first heat exchange plate, and the annular por-
tion of the second heat exchange plate adjoins the
first portion of the second annular protrusion of the
second heat exchange plate.

The plate heat exchanger as claimed in claim 4,
wherein:

the first annular protrusion of the first heat ex-
change plate comprises an annular protrusion
main body and a communicating protrusion ex-
tending outwardly from the annular protrusion
main body; and

at least one part of a projection of the commu-
nicating protrusion of the firstannular protrusion
on the plane perpendicular to the stacking direc-
tion is outside the projection of the second por-
tion of the second annular projection on the
plane perpendicular to the stacking direction,
and the projection of the communicating hole on
the plane perpendicular to the stacking direction
is in the at least one part of the projection of the
communicating protrusion of the first annular
protrusion.

The plate heat exchanger as claimed in claim 13,
wherein:

the annular protrusion main body of the first an-
nular protrusion of the first heat exchange plate
has acircularannular shape, the second annular
protrusion of the second heat exchange plate
has a circular annular shape, and an outer di-
ameter of the annular protrusion main body of
the first annular protrusion of the first heat ex-
change plate is substantially equal to an outer
diameter of the second annular protrusion of the
second heat exchange plate; and

the projection of the communicating protrusion
of the first annular protrusion on the plane per-
pendicular to the stacking direction is outside
the projection of the second portion of the sec-
ond annular protrusion on the plane perpendic-
ular to the stacking direction, and the projection
of the communicating hole on the plane perpen-
dicular to the stacking direction is in the projec-
tion of the communicating protrusion of the first
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annular protrusion.

The plate heat exchanger as claimed in claim 13 or
14, wherein:

the communicating hole is a plurality of communi-
cating holes, and the communicating protrusion is a
plurality of spaced communicating protrusions.

The plate heat exchanger as claimed in claim 2,
wherein:

a surface of the second annular protrusion of the
second heat exchange plate facing the second side
has a second recessed portion, and the second re-
cessed portion forms the communicating hole.

The plate heat exchanger as claimed in claim 16,
wherein: the first annular protrusion of the first heat
exchange plate has a circular annular shape, the
second protrusion of the second heat exchange plate
has a circular annular shape, and an outer diameter
of the first annular protrusion of the first heat ex-
change plate is substantially equal to an outer diam-
eter of the second annular protrusion of the second
heat exchange plate.

The plate heat exchanger as claimed in claim 1,
wherein:

an annular first portion of the first annular pro-
trusion of the first heat exchange plate extends
obliquely from the first heat exchange plate main
body toward the first side, and an annular sec-
ond portion of the first annular protrusion of the
first heat exchange plate extends inwardly from
the annular first portion of the first annular pro-
trusion of the first heat exchange plate substan-
tially parallel to the first heat exchange plate
main body; and

an annular first portion of the second annular
protrusion of the second heat exchange plate
extends obliquely from the second heat ex-
change plate main body toward the second side,
and an annular second portion of the second
annular projection of the second heat exchange
plate extends inwardly from the annular first por-
tion of the second annular projection of the sec-
ond heat exchange plate substantially parallel
to the second heat exchange plate main body.

The plate heat exchanger as claimed in claim 18,
wherein:

the annular second portion of the first annular pro-
trusion of the first heat exchange plate adjoins the
first opening, and the annular second portion of the
second annular projection of the second heat ex-
change plate adjoins the second opening.

The plate heat exchanger as claimed in claim 1,
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10

21.

wherein:

the plurality of first heat exchange plates and the
plurality of second heat exchange plates are alter-
nately arranged in the stacking direction.

The plate heat exchanger as claimed in claim 2,
wherein:

the communicating hole is formed in the first heat
exchange plates and/or the second heat exchange
plates.
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