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(54) PLATE HEAT EXCHANGER

(567) Disclosed is a plate heat exchanger. The plate
heat exchanger comprises a plurality of heat transfer
plates, the plurality of heat transfer plates comprising: a
first heat transfer plate, comprising protrusions protrud-
ing upward, the protrusions having a top; and a second
heat transfer plate stacked on the first heat transfer plate,
the second heat transfer plate comprising recesses re-
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cessed downward, the recesses having a bottom. The
tops of the protrusions have a concave portion which is
sunken downward, and at least part of the bottoms of the
recesses of the second heat transfer plate is disposed in
the concave portion of the tops of the protrusions of the
first heat transfer plate. It is thus possible to improve the
weld quality of the heat exchanger.
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Description
Technical Field

[0001] The embodiments of the present invention re-
late to a plate heat exchanger.

Background

[0002] In a traditional plate heat exchanger, the top of
a protrusion of one of two adjacent heat transfer plates
is butt-welded to the bottom of a corresponding recess
of the other heat transfer plate. Therefore, a flow path
can be formed in a heat exchange zone of the plate heat
exchanger.

Summary of the Invention

[0003] An objective of an embodiment of the present
invention is to provide a plate heat exchanger, whereby
the welding quality of a heat exchanger is improved.
[0004] According to an embodiment of the present in-
vention, a plate heat exchanger is provided, including a
plurality of heat transfer plates. The plurality of heat trans-
fer plates include: a first heat transfer plate including a
protrusion protruding upward, the protrusion having a
top; and a second heat transfer plate stacked on the first
heat transfer plate and including a recess sunken down-
ward, the recess having a bottom, wherein the top of the
protrusion has a concave portion sunken downward, and
at least a part of the bottom of the recess of the second
heat transfer plate is located in the concave portion at
the top of the protrusion of the first heat transfer plate.
[0005] According to an embodiment of the present in-
vention, the concave portion at the top of the protrusion
is located in the middle of the top.

[0006] According to an embodiment of the present in-
vention, the concave portion at the top of the protrusion
is located on one side of the top, and the top of the pro-
trusion is step-shaped.

[0007] According to an embodiment of the present in-
vention, the concave portion at the top of the protrusion
has an upward flat bottom surface.

[0008] According to an embodiment of the present in-
vention, the bottom of the recess has a downward curved
bottom surface or downward flat bottom surface.
[0009] According to an embodiment of the present in-
vention, a portion at the top of the protrusion other than
the concave portion has at least one of a curved top sur-
face portion and a flat top surface portion.

[0010] According to an embodiment of the present in-
vention, the bottom of the recess has a concave portion
sunken upward.

[0011] According to an embodiment of the present in-
vention, the concave portion at the bottom of the recess
is located in the middle of the bottom.

[0012] According to an embodiment of the present in-
vention, a bottom portion of the concave portion at the
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top of the protrusion has an upward convex portion, and
at least a part of the convex portion of the bottom portion
of the concave portion at the top of the protrusion is lo-
cated in the concave portion at the bottom of the recess.
[0013] According to an embodiment of the present in-
vention, the bottom of the recess has a convex portion
protruding downward, and at least a part of the convex
portion at the bottom of the recess is located in the con-
cave portion at the top of the protrusion.

[0014] According to an embodiment of the present in-
vention, the concave portion at the top of the protrusion
is located on one side of the top, and the top of the pro-
trusion is step-shaped; and the convex portion at the bot-
tom of the recess is located on one side of the bottom of
the recess, and the bottom of the recess is step-shaped.
[0015] According to an embodiment of the present in-
vention, the top of the protrusion and the bottom of the
recess have complementary shapes.

[0016] According to an embodiment of the present in-
vention, the protrusion of the first heat transfer plate and
the recess of the second heat transfer plate are located
in at least a part of a heat exchange zone and/or at least
a part of an opening zone of the plate heat exchanger.
[0017] According to an embodiment of the present in-
vention, the first heat transfer plate further includes a
recess sunken downward, and the second heat transfer
plate further includes a protrusion protruding upward.
[0018] According to an embodiment of the present in-
vention, the plurality of heat transfer plates include a plu-
rality of first heat transfer plates and a plurality of second
heat transfer plates, which are stacked on top of each
other, the plurality of first heat transfer plates and the
plurality of second heat transfer plates being alternately
arranged, and the bottom of the recess of one of every
two adjacent heat transfer plates being connected to the
top of the protrusion of the other of the two adjacent heat
transfer plates.

[0019] According to an embodiment of the present in-
vention, the top of the protrusion of the second heattrans-
fer plate has a concave portion sunken downward, and
at least a part of the bottom of the recess of the first heat
transfer plate is located in the concave portion at the top
of the protrusion of the second heat transfer plate.
[0020] According to an embodiment of the present in-
vention, the concave portion at the top of the protrusion
of the first heat transfer plate and the bottom of the recess
ofthe second heattransfer plate are circular when viewed
in the stacking direction of the first heat transfer plate and
the second heat transfer plate, or the concave portion at
the top of the protrusion of the first heat transfer plate
and the bottom of the recess of the second heat transfer
plate are crescent-shaped when viewed in the stacking
direction of the first heat transfer plate and the second
heat transfer plate.

[0021] According to an embodiment of the present in-
vention, the concave portion at the top of the protrusion
of the first heat transfer plate is circular when viewed in
the stacking direction of the first heat transfer plate and
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the second heat transfer plate, and the concave portion
at the top of the protrusion of the second heat transfer
plate is crescent-shaped when viewed in the stacking
direction of the first heat transfer plate and the second
heat transfer plate.

[0022] According to an embodiment of the present in-
vention, the angle of inclination of at least a part of a side
wall of the concave portion at the top of the protrusion of
the first heat transfer plate with respect to a horizontal
plane is greater than or equal to the angle of inclination
of a corresponding portion of a side wall of the recess of
the second heat transfer plate with respect to the hori-
zontal plane.

[0023] According to an embodiment of the present in-
vention, the angle of inclination of at least a part of a side
wall of the concave portion at the top of the protrusion of
the first heat transfer plate with respect to a horizontal
plane is greater than or equal to the angle of inclination
of a corresponding portion of a side wall of the convex
portion at the bottom of the recess of the second heat
transfer plate with respect to the horizontal plane.
[0024] In the plate heat exchanger according to the
embodiments of the present invention, since at least a
part of the bottom of the recess of the second heat trans-
fer plate is located in the concave portion at the top of
the protrusion of the first heat transfer plate, the welding
quality is improved.

Brief Description of the Drawings
[0025]

FIG. 1 is a schematic perspective view of a plate
heat exchanger according to an embodiment of the
present invention;

FIG. 2 is a schematic perspective view of a heat
transfer plate of the plate heat exchanger shown in
FIG. 1;

FIG. 3 is a schematic enlarged view of a portion,
located in a heat exchange zone, of the heat transfer
plate of the plate heat exchanger shown in FIG. 1;
FIG. 4 is a schematic diagram of portions of two ad-
jacent heat transfer plates of a plate heat exchanger
according to an embodiment of the present inven-
tion;

FIG. 5 is a schematic diagram of portions of two ad-
jacent heat transfer plates of a plate heat exchanger
according to another embodiment of the present in-
vention;

FIG. 6 is a schematic diagram of protrusions and
recesses of two adjacent heat transfer plates of a
plate heat exchanger according to a variant of an
embodiment of the present invention;

FIG. 7 is a schematic diagram of protrusions and
recesses of two adjacent heat transfer plates of a
plate heat exchanger according to another variant
of an embodiment of the present invention;

FIG. 8 is a schematic diagram of protrusions and
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recesses of two adjacent heat transfer plates of a
plate heat exchanger according to yet another vari-
ant of an embodiment of the present invention;
FIG. 9 is a schematic diagram of protrusions and
recesses of two adjacent heat transfer plates of a
plate heat exchanger according to still yet another
variant of an embodiment of the present invention;
FIG. 10 is a schematic diagram of protrusions and
recesses of two adjacent heat transfer plates of a
plate heat exchanger according to a further variant
of an embodiment of the present invention;

FIG. 11 is a schematic diagram of protrusions and
recesses of two adjacent heat transfer plates of a
plate heat exchanger according to a further variant
of an embodiment of the present invention;

FIG. 12 is a schematic diagram of protrusions and
recesses of two adjacent heat transfer plates of a
plate heat exchanger according to a further variant
of an embodiment of the present invention;

FIG. 13 is a schematic front view of a portion of a
heat transfer plate of a plate heat exchanger accord-
ing to a variant of an embodiment of the present in-
vention;

FIG. 14 is a schematic front view of a portion of a
heat transfer plate of a plate heat exchanger accord-
ing to another variant of an embodiment of the
present invention;

FIGS. 15A and 15B are respectively views of por-
tions of two adjacent heat transfer plates of a plate
heat exchanger according to an embodiment of the
present invention, showing patterns at tops of pro-
trusions and at bottoms of recesses; and

FIGS. 16A and 16B are respectively views of por-
tions of two adjacent heat transfer plates of a plate
heat exchanger according to another embodiment
of the present invention, showing patterns at tops of
protrusions and at bottoms of recesses.

Detailed Description of the Invention

[0026] The present invention will be described below
in further detail in conjunction with the drawings and spe-
cific embodiments.

[0027] As shown in FIGS. 1 to 16B, a plate heat ex-
changer 100 according to an embodiment of the present
invention includes a plurality of heat transfer plates 10;
heatexchange spaces formed between the adjacent heat
transfer plates 10 of the plurality of heat transfer plates
10; and channels formed in the heat transfer plates 10.
Openings 11 of the plurality of heat transfer plates 10
constitute the channels. The channels are configured for
a heat exchange medium (for example, a refrigerant) to
flow into or out of the heatexchanger 100. The heat trans-
fer plate 10 or the heat exchanger 100 includes a heat
exchange zone 21 for heat exchange of the heat ex-
change medium and an opening zone 22 surrounding
the opening.

[0028] AsshowninFIGS. 1to 16B, the plurality of heat
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transfer plates 10 include: a first heat transfer plate 10A,
the first heat transfer plate 10A including a protrusion 5
protruding upward, and the protrusion 5 having a top 51;
and a second heat transfer plate 10B stacked on the first
heat transfer plate 10A, the second heat transfer plate
10B including a recess 6 sunken downward, and the re-
cess 6 having a bottom 61. The top 51 of the protrusion
5 has a concave portion 52 sunken downward, and at
least a part of the bottom 61 of the recess 6 of the second
heat transfer plate 10B is located in the concave portion
52 atthe top 51 of the protrusion 5 of the first heat transfer
plate 10A. The protrusion 5 of the first heat transfer plate
10A and the recess 6 of the second heat transfer plate
10B are located in at least a part of the heat exchange
zone 21 of the plate heat exchanger 100. Of course, the
protrusion 5 of the first heat transfer plate 10A and the
recess 6 of the second heat transfer plate 10B may also
be located in at least a part of the opening zone 22 of the
plate heat exchanger 100. That is, the concept of the
present invention may also be applied to the opening
zone 22 of the plate heat exchanger 100.

[0029] As shown in FIGS. 3 to 16B, in an embodiment
of the present invention, the first heat transfer plate 10A
further includes the recess 6 sunken downward, and the
second heat transfer plate 10B further includes the pro-
trusion 5 protruding upward or a protrusion 5 protruding
upward (free from the concave portion, see FIG. 14). The
plurality of heat transfer plates 10 include a plurality of
first heat transfer plates 10A and a plurality of second
heat transfer plates 10B, which are stacked on top of
each other, the plurality of first heat transfer plates 10A
and the plurality of second heat transfer plates 10B being
alternately arranged. That is, each heat transfer plate 10
has the protrusion 5 protruding upward and the recess 6
sunken downward, the top of the protrusion 5 of one of
every two adjacent heat transfer plates 10 is connected
to the bottom of the recess 6 of the other of the two ad-
jacent heat transfer plates 10, and each heat transfer
plate 10 other than the outermost heat transfer plate of
the heat exchanger is stacked between two heat transfer
plates 10. For example, the top 51 of the protrusion 5 of
the second heat transfer plate 10B has the concave por-
tion 52 sunken downward, and at least a part of the bot-
tom 61 of the recess 6 of the first heat transfer plate 10A
is located in the concave portion 52 at the top 51 of the
protrusion 5 of the second heat transfer plate 10B.
[0030] AsshowninFIGS. 4-6, 9 and 12-14, in an em-
bodiment of the present invention, the concave portion
52 atthe top 51 of the protrusion 5is located in the middle
of the top 51. For example, the top 51 is in a symmetrical
shape with respect to one or more vertical planes passing
through the center of the top 51 on a horizontal plane, or
the top 51 is in a rotationally symmetrical shape with re-
spect to a vertical straight line passing through the center
of the top 51 on a horizontal plane. Accordingly, as an
example, the bottom 61 is in a symmetrical shape with
respect to one or more vertical planes passing through
the center of the bottom 61 on a horizontal plane, or the
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bottom 61 is in a rotationally symmetrical shape with re-
spect to a vertical straight line passing through the center
of the bottom 61 on a horizontal plane.

[0031] AsshowninFIGS. 8and 11, in an embodiment
of the present invention, the concave portion 52 at the
top 51 of the protrusion 5 is located on one side of the
top 51, and the top 51 of the protrusion 5 is step-shaped.
[0032] In an embodiment of the present invention, as
shown in FIGS. 4-11, the concave portion 52 at the top
51 of the protrusion 5 has an upward flat bottom surface
53. As shown in FIGS. 4-12, the bottom 61 of the recess
6 has a downward curved bottom surface 63 or a down-
ward flat bottom surface 63. As shown in FIGS. 4-12, a
portion 54 at the top 51 of the protrusion 5 other than the
concave portion 52 has at least one of a curved top sur-
face portion 55 and aflat top surface portion 55. As shown
in FIGS. 4, 5, 8, 9 and 11, the concave portion 52 at the
top 51 of the protrusion 5 has an upward flat bottom sur-
face 53, and the bottom 61 of the recess 6 has a down-
ward flat bottom surface 63.

[0033] AsshowninFIGS.10and 12,inanembodiment
of the present invention, the bottom 61 of the recess 6
has a concave portion 62 sunken upward. The concave
portion 62 at the bottom 61 of the recess 6 may be located
in the middle of the bottom 61. For example, the bottom
61 is in a symmetrical shape with respect to one or more
vertical planes passing through the center of the bottom
61 on a horizontal plane, or the bottom 61 is in a rota-
tionally symmetrical shape with respect to a vertical
straight line passing through the center of the bottom 61
on a horizontal plane. In an example of the present in-
vention, as shown in FIG. 12, a bottom portion 56 of the
concave portion 52 at the top 51 of the protrusion 5 has
an upward convex portion 57, and at least a part of the
convex portion 57 of the bottom portion 56 of the concave
portion 52 at the top 51 of the protrusion 5 is located in
the concave portion 62 at the bottom 61 of the recess 6.
[0034] AsshowninFIGS.9and 11, in an embodiment
of the present invention, the bottom 61 of the recess 6
has a convex portion 64 protruding downward, and at
least a part of the convex portion 64 at the bottom 61 of
the recess 6 is located in the concave portion 52 at the
top 51 of the protrusion 5. In an embodiment as shown
in FIG. 11, the concave portion 52 at the top 51 of the
protrusion 5 is located on one side of the top 51, and the
top 51 of the protrusion 5 is step-shaped; and the convex
portion 64 at the bottom 61 of the recess 6 is located on
one side of the bottom 61 of the recess 6, and the bottom
61 of the recess 6 is step-shaped.

[0035] As shownin FIGS. 9, 11 and 12, in an embod-
imentofthe presentinvention, the top 51 of the protrusion
5 and the bottom 61 of the recess 6 have complementary
shapes. In other words, a top surface of the top 51 of the
protrusion 5 and a bottom surface of the bottom 61 of the
recess 6 have complementary shapes.

[0036] As shown in FIGS. 4-8, 10 and 12, in an em-
bodiment of the presentinvention, the angle of inclination
of at least a part of a side wall 58 of the concave portion
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52 atthe top 51 of the protrusion 5 of the first heat transfer
plate 10A with respect to a horizontal plane is greater
than or equal to the angle of inclination of a corresponding
portion of a side wall 68 of the recess 6 of the second
heat transfer plate 10B with respect to the horizontal
plane. The corresponding portion of the side wall 68 cor-
responds to the at least a part of the side wall 58.
[0037] AsshowninFIGS.9and 11, in an embodiment
of the presentinvention, the angle of inclination of atleast
a part of the side wall 58 of the concave portion 52 at the
top 51 of the protrusion 5 of the first heat transfer plate
10A with respect to the horizontal plane is greater than
or equal to the angle of inclination of a corresponding
portion of a side wall 69 of the convex portion 64 at the
bottom 61 of the recess 6 of the second heat transfer
plate 10B with respect to the horizontal plane. The cor-
responding portion of the side wall 69 corresponds to the
at least a part of the side wall 58.

[0038] AsshowninFIGS. 13 and 14, in anembodiment
of the present invention, in the heat exchanger, the heat
transfer plate separates two different channels. As shown
in FIG. 13, all the heat transfer plates 10 may only have
the protrusions 5 and the recesses 6 according to the
embodiments of the present invention, or as shown in
FIG. 14, some heat transfer plates 10 may have tradi-
tional protrusions 5 and recesses 6, and another heat
transfer plate 10 may have the protrusion 5 and the re-
cess 6 according to the embodiments of the present in-
vention. Therefore, an appropriate symmetry ratio of the
channels, and an appropriate design of the protrusion 5
and the recess 6 are selected according to the actually
desired welding strength and performance requirements
with reference to the complexity of design and process.
[0039] Referring to FIGS. 15A to 16B, in an embodi-
ment of the present invention, the protrusions 5 and the
recesses 6 of the first heat transfer plate 10A and the
second heat transfer plate 10B are alternately arranged
in a first direction and alternately arranged in a second
direction intersecting the first direction. The concave por-
tion 52 at the top 51 of the protrusion 5 of the first heat
transfer plate 10A is circular or crescent-shaped when
viewed in the stacking direction of the first heat transfer
plate 10A and the second heat transfer plate 10B. The
circular protrusion 5 of one of every two adjacent heat
transfer plates 10 is connected to the circular recess 6
of the other of the two adjacent heat transfer plates 10,
and the crescent-shaped recess 6 of one of every two
adjacent heat transfer plates 10 is connected to the cres-
cent-shaped protrusion 5 of the other of the two adjacent
heat transfer plates 10. According to an example of the
present invention, referring to FIGS. 15A and 15B, the
protrusion 5 and the recess 6 of the first heat transfer
plate 10A, and the protrusion 5 and the recess 6 of the
second heat transfer plate 10B are circular when viewed
in the stacking direction of the first heat transfer plate
10A and the second heattransfer plate 10B. The concave
portion 52 at the top 51 of the protrusion 5 of the first heat
transfer plate 10A and the concave portion 52 at the top
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51 of the protrusion 5 of the second heat transfer plate
10B are circular when viewed in the stacking direction of
the first heat transfer plate 10A and the second heat
transfer plate 10B. According to another example of the
present invention, referring to FIGS. 16A and 16B, the
protrusion 5 of the first heat transfer plate 10A and the
recess 6 of the second heat transfer plate 10B are circular
when viewed in the stacking direction of the first heat
transfer plate 10A and the second heat transfer plate
10B, and the recess 6 of the first heat transfer plate 10A
and the protrusion 5 of the second heat transfer plate
10B are crescent-shaped when viewed in the stacking
direction of the first heat transfer plate 10A and the sec-
ond heat transfer plate 10B. The concave portion 52 at
the top 51 of the protrusion 5 of the first heat transfer
plate 10A and the bottom of the recess 6 of the second
heat transfer plate 19B are circular when viewed in the
stacking direction of the first heat transfer plate 10A and
the second heat transfer plate 10B, and the bottom of
the recess 6 of the first heat transfer plate 10A and the
concave portion 52 at the top 51 of the protrusion 5 of
the second heat transfer plate 10B are crescent-shaped
when viewed in the stacking direction of the first heat
transfer plate 10A and the second heat transfer plate
10B. The concave portion 52 at the top 51 of the protru-
sion 5 may also be in any other appropriate shapes. That
is, the shape of the concave portion at the top 51 of the
protrusion 5 may be consistent with that of the protrusion
5, and the shape of the bottom 61 of the recess 6 may
be consistent with that of the recess 6, thus facilitating
processing.

[0040] According to an embodiment of the present in-
vention, at least a part of the bottom 61 of the recess 6
of the second heat transfer plate 10B is located in the
concave portion 52 at the top 51 of the protrusion 5 of
the first heat transfer plate 10A. That s, the concave por-
tion 52 at least partially surrounds the bottom 61. There-
fore, the butt welding of the top of the protrusion of one
of two adjacent heat transfer plates to the bottom of the
corresponding recess of the other heat transfer plate is
changed into a combination of butt welding and overlap
welding. Therefore, the bottom 61 of the recess 6 of the
second heat transfer plate 10B is locked to the top 51 of
the protrusion 5 of the first heat transfer plate 10A, so
that the top 51 of the protrusion 5 of the first heat transfer
plate 10A is kept facing the bottom 61 of the recess 6 of
the second heat transfer plate 10B, thereby positioning
the heat transfer plates in the technological process, in-
creasing the welding area, and hence making the welding
firmer. According to an embodiment of the presentinven-
tion, referringto FIGS. 4 and 5, in case of a flatness defect
and a molding problem, there is a gap AH between the
bottoms 61 of some recesses 6 and bottom portions 56
of the concave portions 52 at the tops 51 of the corre-
sponding protrusions 5. Since the angle of inclination of
at least a part of the side wall 58 is greater than or equal
to the angle of inclination of the corresponding portion of
the side wall 68, a gap C between the side wall 58 and
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the side wall 68 is smaller than the gap AH between the
bottoms 61 of the recesses 6 and the bottom portions 56
of the concave portions 52, which can offset the effects
caused by the problems of flatness and molding of the
heat transfer plates. Due to the concave portion 52 at the
top 51 of the protrusion 5, more solder can be reserved
for soldering, and solder paste can be used as the solder
to reduce the cost.

[0041] According to an embodiment of the present in-
vention, referring to FIGS. 6 to 11, the bottom 61 of the
recess 6 and the bottom portion 56 of the concave portion
52 at the top 51 of the corresponding protrusion 5 may
be curved surfaces or planes, and may be of symmetric
structures or asymmetric structures. This reduces the re-
quirements on the molding accuracy of the heat transfer
plates while ensuring positioning and increasing the
welding area, and may increase the possibility of adjust-
ing the symmetry rate of the channels on two sides of
the heat transfer plates. Therefore, the purpose of per-
formance optimization is achieved.

[0042] According to an embodiment of the present in-
vention, referring to FIG. 10, the bottom 61 of the recess
6 has the concave portion 62 sunken upward, and refer-
ring to FIG. 9, the bottom 61 of the recess 6 has the
convex portion 64 protruding downward. Therefore, the
welding area can be increased to a greater extent, the
solder can be better preserved, and the possibility of ad-
justing the symmetry ratio of the channels on two sides
of the heat transfer plates can be increased.

[0043] According to an embodiment of the present in-
vention, referring to FIG. 11, the concave portion 52 at
the top 51 of the protrusion 5 is located on one side of
the top 51, and the top 51 of the protrusion 5 is step-
shaped; and the convex portion 64 at the bottom 61 of
the recess 6 is located on one side of the bottom 61 of
the recess 6, and the bottom 61 of the recess 6 is step-
shaped. Referring to FIG. 12, the bottom 61 of the recess
6 has the concave portion 62 sunken upward and the
bottom portion 56 of the concave portion 52 at the top 51
of the protrusion 5 has the upward convex portion 57.
Thatis, both of the bottom 61 of the recess 6 and the top
51 of the protrusion 5 have grooves or bulges. Thus, it
is possible to increase the possibility of adjusting the sym-
metry ratio of the channels on two sides of the heat trans-
fer plates.

[0044] Therefore, by using the technical solutions of
the present invention, the welding quality and the heat
exchange performance of the heat exchanger can be im-
proved, and the process difficulty can be reduced.
[0045] Although the above embodiments have been
described, certain features in the above embodiments
can be combined to form new embodiments.

Claims

1. Aplate heatexchanger, comprising a plurality of heat
transfer plates, the plurality of heat transfer plates
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comprising:

afirst heat transfer plate comprising a protrusion
protruding upward, the protrusion having a top;
and

a second heat transfer plate stacked on the first
heat transfer plate and comprising a recess
sunken downward, the recess having a bottom,
characterized in that a top of the protrusion
has a concave portion sunken downward, and
at least a part of a bottom of the recess of the
second heat transfer plate is located in the con-
cave portion at the top of the protrusion of the
first heat transfer plate.

The plate heat exchanger as claimed in claim 1,
characterized in that

the concave portion at the top of the protrusion is
located in the middle of the top.

The plate heat exchanger as claimed in claim 1,
characterized in that

the concave portion at the top of the protrusion is
located on one side of the top, and the top of the
protrusion is step-shaped.

The plate heat exchanger as claimed in claim 1,
characterized in that

the concave portion at the top of the protrusion has
an upward flat bottom surface.

The plate heat exchanger as claimed in claim 1,
characterized in that

the bottom of the recess has a downward curved
bottom surface or a downward flat bottom surface.

The plate heat exchanger as claimed in claim 1,
characterized in that

a portion at the top of the protrusion other than the
concave portion has at least one of a curved top sur-
face portion and a flat top surface portion.

The plate heat exchanger as claimed in claim 1,
characterized in that

the bottom of the recess has a concave portion sunk-
en upward.

The plate heat exchanger as claimed in claim 7,
characterized in that

the concave portion at the bottom of the recess is
located in the middle of the bottom.

The plate heat exchanger as claimed in claim 8,
characterized in that

a bottom portion of the concave portion at the top of
the protrusion has an upward convex portion, and at
least a part of the convex portion of the bottom por-
tion of the concave portion atthe top of the protrusion



10.

1.

12.

13.

14.

15.

16.

11 EP 4 455 595 A1

is located in the concave portion at the bottom of the
recess.

The plate heat exchanger as claimed in claim 1,
characterized in that

the bottom of the recess has a convex portion pro-
truding downward, and at least a part of the convex
portion at the bottom of the recess is located in the
concave portion at the top of the protrusion.

The plate heat exchanger as claimed in claim 10,
characterized in that

the concave portion at the top of the protrusion
is located on one side of the top, and the top of
the protrusion is step-shaped; and

the convex portion at the bottom of the recess
is located on one side of the bottom of the re-
cess, and the bottom of the recess is step-
shaped.

The plate heat exchanger as claimed in any one of
claims 9 to 11, characterized in that

the top of the protrusion and the bottom of the recess
have complementary shapes.

The plate heat exchanger as claimed in claim 1,
characterized in that

the protrusion of the first heat transfer plate and
the recess of the second heat transfer plate are
located in atleast a part of a heat exchange zone
and/or

at least a part of an opening zone of the plate
heat exchanger.

The plate heat exchanger as claimed in claim 1,
characterized in that

the first heat transfer plate further comprises a re-
cess sunken downward, and the second heat trans-
fer plate further comprises a protrusion protruding
upward.

The plate heat exchanger as claimed in claim 14,
characterized in that

the plurality of heat transfer plates comprise a plu-
rality of first heat transfer plates and a plurality of
second heat transfer plates, which are stacked on
top of each other, the plurality of first heat transfer
plates and the plurality of second heat transfer plates
being alternately arranged, and the bottom of the
recess of one of every two adjacent heat transfer
plates being connected to the top of the protrusion
of the other of the two adjacent heat transfer plates.

The plate heat exchanger as claimed in claim 15,
characterized in that
the top of the protrusion of the second heat transfer
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17.

18.

19.

20.

12

plate has a concave portion sunken downward, and
at least a part of the bottom of the recess of the first
heat transfer plate is located in the concave portion
atthe top of the protrusion of the second heat transfer
plate.

The plate heat exchanger as claimed in claim 1,
characterized in that

the concave portion at the top of the protrusion
of the first heat transfer plate and the bottom of
the recess of the second heat transfer plate are
circular when viewed in the stacking direction of
the first heat transfer plate and the second heat
transfer plate, or

the concave portion at the top of the protrusion
of the first heat transfer plate and the bottom of
the recess of the second heat transfer plate are
crescent-shaped when viewed in the stacking
direction of the first heat transfer plate and the
second heat transfer plate.

The plate heat exchanger as claimed in claim 16,
characterized in that

the concave portion at the top of the protrusion of
the first heat transfer plate is circular when viewed
in the stacking direction of the first heat transfer plate
and the second heat transfer plate, and the concave
portion at the top of the protrusion of the second heat
transfer plate is crescent-shaped when viewed in the
stacking direction of the first heat transfer plate and
the second heat transfer plate.

The plate heat exchanger as claimed in claim 1,
characterized in that

the angle of inclination of at least a part of a side wall
of the concave portion at the top of the protrusion of
the firstheattransfer plate with respect to a horizontal
plane is greater than or equal to the angle of inclina-
tion of a corresponding portion of a side wall of the
recess of the second heat transfer plate with respect
to the horizontal plane.

The plate heat exchanger as claimed in claim 10 or
11, characterized in that

the angle of inclination of at least a part of a side wall
of the concave portion at the top of the protrusion of
the firstheattransfer plate with respect to a horizontal
plane is greater than or equal to the angle of inclina-
tion of a corresponding portion of a side wall of the
convex portion at the bottom of the recess of the
second heat transfer plate with respect to the hori-
zontal plane.
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