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(54) PLATE HEAT EXCHANGER

(57) A plate heat exchanger includes a number of
first heat exchange plates and a number of second heat
exchange plates. The first heat exchange plate includes
a first wave crest and a first wave trough. The second
heat exchange plate includes a second wave crest and
a second wave trough. Along a thickness direction, a
maximum distance between the first wave crest and the
first wave trough is h. In a direction of a shortest line
connecting tops of adjacent first wave crests, a minimum
connecting width of the first wave trough and the second
wave crest is W4, and a minimum connecting width of
the first wave crest and the second wave trough is W,
At least one of a ratio of W/h and a ratio of Wy/h is within
arange of 0.25 to 2.5 to ensure the connection strength
between adjacent heat exchange plates.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This patent application claims priority of a Chi-
nese Patent Application No. 202210456457.8, filed on
April 28, 2022 and titled "PLATE HEAT EXCHANGER",
the entire content of which is incorporated herein by ref-
erence.

TECHNICAL FIELD

[0002] The present invention belongs to the field of
heat exchangers, and in particular, relates to a plate heat
exchanger.

BACKGROUND

[0003] Stainless steel plate heat exchangers are wide-
ly used in refrigeration and heating systems as evapora-
tors, condensers, economizers, etc., due to their advan-
tages of compact structure, high heat exchange coeffi-
cient, high reliability, and less refrigerant charge etc. The
plate heat exchanger is composed of stacked plates with
corrugations. After multi-layer plates are stacked, two flu-
id channels are formed, and heat exchange is performed
through the corrugations of the plates.

[0004] The plate heat exchanger is welded after stack-
ing heatexchange plates. Adjacent heat exchange plates
form a network of multi contact points, and inter-plate
channels are formed between adjacent heat exchange
plates for medium fluid to flow for heat exchange. The
connection strength of the contact point directly affects
the working stability and service life of the plate heat ex-
changer. Therefore, it is necessary to propose a plate
heat exchanger to ensure the connection strength of ad-
jacent heat exchange plates.

SUMMARY

[0005] An object of the present invention is to provide
a plate heat exchanger to ensure connection strength.
[0006] The presentinvention provides a plate heat ex-
changer, including:

a plurality of first heat exchange plates, the first heat
exchange plate including a first corrugation, the first
corrugation including a first wave crest and a first
wave trough; and

a plurality of second heat exchange plates, the sec-
ond heat exchange plate including a second corru-
gation, the second corrugation including a second
wave crest and a second wave trough;

wherein the first heat exchange plate and the second
heat exchange plate are stacked alternately along a
stacking direction which is the same as a thickness
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direction of the plate heat exchanger;

at least part of the second wave crest of the second
heat exchange plate is in contact with a correspond-
ing first wave trough of an adjacent first heat ex-
change plate which is located adjacent to the second
heatexchange plate; atleast part of the second wave
trough of the second heat exchange plate is in con-
tact with a corresponding first wave crest of another
adjacent first heat exchange plate which is located
adjacent to the second heat exchange plate;

along the thickness direction of the plate heat ex-
changer, a maximum distance between the first
wave crest of the first heat exchange plate and the
first wave trough of the first heat exchange plate is
h; and

in a direction of a shortest line connecting tops of
adjacent first wave crests, in adjacent first heat ex-
change plate and second heat exchange plate, a
minimum connecting width of the first wave trough
and the second wave crest is W4, and a minimum
connecting width of the first wave crest and the sec-
ond wave trough is W,; wherein at least one of a
ratio of W4/h and a ratio of W,/h is within a range of
0.25to 2.5.

[0007] For the plate heat exchanger provided in the
present invention, the ratio of the minimum connecting
width between the wave crest and the wave trough of the
heat exchange plate to the height of the corrugation is
designed to be within the range of 0.25 to 2.5, which
ensures the connection strength between adjacent heat
exchange plates of the plate heat exchanger.

BRIEF DESCRIPTION OF DRAWINGS

[0008] In order to more clearly illustrate the technical
solutions in the embodiments of the present invention,
the following will briefly introduce the drawings that need
to be used in the description of the embodiments. Appar-
ently, the drawings in the following description are only
some embodiments of the present invention. For those
skilled in the art, other drawings can also be obtained
based on these drawings without any creative effort.

FIG. 1 is a structural view of a plate heat exchanger
in accordance with a first embodiment of the present
invention;

FIG. 2is an exploded view of the plate heat exchang-
er in accordance with the first embodiment of the
present invention;

FIG. 3a is a partial cross-sectional view of adjacent
first heat exchange plate and second heat exchange
plate in accordance with the first embodiment of the
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present invention;

FIG. 3b is another partial cross-sectional view of the
adjacent first heat exchange plate and second heat
exchange plate in accordance with the first embod-
iment of the present invention;

FIG. 3c is a partially exploded view of the adjacent
firstheat exchange plate and second heat exchange
plate in accordance with the first embodiment of the
present invention;

FIG. 3d is a partial view of a front view of the plate
heat exchanger in accordance with the first embod-
iment of the present invention;

FIG. 4a is an enlarged view of circle A in FIG. 2;
FIG. 4b is an enlarged view of circle B in FIG. 2;

FIG. 5is a cross-sectional view of the plate heat ex-
changer in accordance with a second embodiment
of the present invention;

FIG. 6 is a partial cross-sectional view of adjacent
firstheat exchange plate and second heat exchange
plate in accordance with the second embodiment of
the present invention;

FIG. 7 is an enlarged view of circle C in FIG. 5;

FIG. 8 is a view of an arrangement of second wave
crests and convex ridges in a first implementation
manner in accordance with the second embodiment
of the present invention;

FIG. 9 is a view of the arrangement of the second
wave crests and the convex ridges in a second im-
plementation manner in accordance with the second
embodiment of the present invention;

FIG. 10 is a view of the arrangement of the second
wave crests and the convex ridges in a third imple-
mentation manner in accordance with the second
embodiment of the present invention;

FIG. 11 is a partially exploded view of adjacent first
heat exchange plate and second heat exchange
plate in accordance with the second embodiment of
the present invention;

FIG. 12is a front view of the first heat exchange plate
in accordance with a thirdembodiment of the present
invention;

FIG. 13 is a front view of the second heat exchange
plate in accordance with the third embodiment of the
present invention;

10

15

20

25

30

35

40

45

50

55

FIG. 14 is a partial view of a first corrugation and a
second corrugation forming a network contact in ac-
cordance with the third embodiment of the present
invention;

FIG. 15 is a partial view of a first flow guiding section
in a second implementation manner in accordance
with the third embodiment of the present invention;

FIG. 16 is a partial view of a second flow guiding
section in a second implementation manner in ac-
cordance with the third embodiment of the present
invention;

FIG. 17 is a partial view of the first flow guiding sec-
tion in a third implementation manner in accordance
with the third embodiment of the present invention;

FIG. 18 is a partial view of the second flow guiding
section in a third implementation manner in accord-
ance with the third embodiment of the presentinven-
tion;

FIG. 19 is a structural view of stacked adjacent first
heat exchange plate and second heat exchange
plate in accordance with an embodiment of the
present invention;

FIG. 20 is a structural view of first ports and second
ports with gaps in accordance with an embodiment
of the present invention; and

FIG. 21 is an enlarged view of circle D in FIG. 5.
DETAILED DESCRIPTION

[0009] Exemplary embodiments will be described in
detail here, examples of which are shown in drawings.
When referring to the drawings below, unless otherwise
indicated, same numerals in different drawings represent
the same or similar elements. The examples described
inthe following exemplary embodiments do not represent
all embodiments consistent with this application. Rather,
they are merely examples of devices and methods con-
sistent with some aspects of the application as detailed
in the appended claims.

[0010] The terminology used in this application is only
for the purpose of describing particular embodiments,
and is not intended to limit this application. The singular
forms "a", "said", and "the" used in this application and
the appended claims are also intended to include plural
forms unless the context clearly indicates other mean-
ings.

[0011] It should be understood that the terms "first",
"second" and similar words used in the specification and
claims of this application do not represent any order,
quantity or importance, but are only used to distinguish
different components. Similarly, "an" or "a" and other sim-
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ilar words do not mean a quantity limit, but mean that
there is at least one; "multiple" or "a plurality of" means
two or more than two. Unless otherwise noted, "front",
"rear", "lower" and/or "upper" and similar words are for
ease of description only and are notlimited to one location
orone spatial orientation. Similar words such as "include"
or "comprise" mean that elements or objects appear be-
fore "include" or "comprise" cover elements or objects
listed after "include" or "comprise" and their equivalents,
and do not exclude other elements or objects. The term
"a plurality of" mentioned in the present invention in-
cludes two or more.

[0012] Hereinafter, some embodiments of the present
invention will be described in detail with reference to the
accompanying drawings. In the case of no conflict, the
following embodiments and features in the embodiments
can be combined with each other.

First embodiment

[0013] As shown in FIG. 1, FIG. 2, FIG. 3a, FIG. 3b
and FIG. 7, a plate heat exchanger provided in this em-
bodimentincludes a plurality of firstheat exchange plates
10 and a plurality of second heat exchange plates 20.
The first heat exchange plate 10 and the second heat
exchange plate 20 are alternately stacked. A stacking
direction of the first heat exchange plates 10 and the
second heat exchange plates 20 is the same as a thick-
ness direction of the plate heat exchanger. The stacked
heat exchange plates are integrated by welding (such as
brazing). The first heat exchange plate 10 has first cor-
rugations 1. The second heat exchange plate 20 has sec-
ond corrugations 2. The first corrugation 1 includes a first
wave crest 1r and a first wave trough 1g. The second
corrugation 2 includes a second wave crest 2r and a sec-
ond wave trough 2g. At least part of the second wave
crest 2r ofthe second heatexchange plate 20 is in contact
with a corresponding first wave trough 1g of an adjacent
first heat exchange plate 10. At least part of the second
wave trough 2g of the second heat exchange plate 20 is
in contact with a corresponding first wave crest 1r of an-
other adjacent first heat exchange plate 10.

[0014] Along the thickness direction of the plate heat
exchanger, a maximum distance between the first wave
crest 1r and the first wave trough 1g of the first heat ex-
change plate 10 is h.

[0015] Specifically, at least part of a top surface of the
first wave crest 1r of the first heat exchange plate 10 is
locatedinafirstplane P1. Atleast part of abottom surface
of the first wave trough 1g is located in a second plane
P2. The first plane P1 is parallel to the second plane P2.
A distance (i.e., a vertical distance) from the first plane
P1 to the second plane P2 is the same as h. At least part
of atop surface of the second wave crest 2r of the second
heat exchange plate 20 is located in a third plane P3. At
least part of a bottom surface of the second wave trough
2g is located in a fourth plane P4. The third plane P3 is
parallel to the fourth plane P4. A distance (i.e., a vertical
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distance) from the third plane P3 to the fourth plane P4
is the same as h. The third plane P3 of the second heat
exchange plate 20 coincides with the second plane P2
of the adjacent first heat exchange plate 10. The fourth
plane P4 of the second heat exchange plate 20 coincides
with the first plane P1 of the another adjacent first heat
exchange plate 10. In this embodiment, optionally, the
top surfaces of the first wave crests 1r of the first heat
exchange plates 10 are all located in the first plane P1,
the bottom surfaces of the first wave trough 1g are all
located in the second plane P2, the top surfaces of the
second wave crests 2r of the second heat exchange
plates 20 are all located in the third plane P3, and the
bottom surfaces of the second wave troughs 2g are all
located in the fourth plane P4.

[0016] In this embodiment, the stacking direction (an
X direction shown in FIG. 1) of the first heat exchange
plates 10 and the second heat exchange plates 20 is
perpendicular to the first plane P1, that is, the thickness
direction of the plate heat exchanger is perpendicular to
the first plane P1. In this embodiment, the stacking order
of the first heat exchange plates 10 and the second heat
exchange plates 20 is not specifically limited, it may be
that the first heat exchange plate 10-the second heat
exchange plate 20-the first heat exchange plate 10 are
stacked in sequence, or it may be the second heat ex-
change plate 20-the first heat exchange plate 10-the sec-
ond heat exchange plate are stacked in sequence.
[0017] The plate heat exchanger is connected by cor-
responding wave crests and wave troughs, forming a net-
work of multi-point contacts. During the heat exchange
process of the plate heat exchanger, the medium flows
back and forth between these contacts. Moreover, the
corrugation of the plate can make the medium form a
turbulent flow at a lower Reynolds number to achieve
better heatexchange performance. Ifthe connection fast-
ness between adjacent heat exchange plates is low,
there will be problems of poor working stability and even
failure. In order to ensure the connection strength be-
tween adjacent heat exchange plates and improve the
stability of the plate heat exchanger, the present embod-
iment performs the following design on the connected
wave crests and wave troughs: referring to FIG. 3a, FIG.
3b again in conjunction with FIG. 3d, in a direction of a
shortestline connecting the tops of the adjacent firstwave
crests 1r (Y direction as shown in FIG. 3d), that is, a
direction of the line connecting the tops of the first wave
crests 1r perpendicular to the first heat exchange plate
10, a minimum width of the contact between the first wave
trough 1g and the second wave crest 2ris W, a minimum
width of the contact between the first wave crest 1r and
the second wave trough 2g is W,, wherein at least one
of a ratio of W/h and a ratio of W,/h is with a range of
0.25 to 2.5. By designing the ratio of W,/h and/or W,/h
in the range of 0.25 to 2.5, the problems of false welding
and insufficient welding caused by too little contact be-
tween the tops of the wave crests and the bottoms of the
wave troughs are avoided. At the same time, the exces-
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sive contact between the heat exchange plates caused
by solder to occupy too many inter-plate channels, there-
by affecting the heat exchange performance of the heat
exchanger is avoided.

[0018] In order to ensure the connection width, in the
direction of the shortest line connecting the tops of the
adjacent first wave crests 1r, an outer width of the bottom
of the first wave trough 1g that is connected to the second
wave crest 2r is greater than or equal to W4, an outer
width of the top of the second wave crest 2r that is con-
nected to the first wave trough 1g is greater than or equal
to Wy, an outer width of the top of the first wave crest 1r
thatis connected to the second wave trough 2g is greater
than or equal to W,, and an outer width of the bottom of
the second wave trough 2g that is connected to the first
wave crest 1r is greater than or equal to W. In this em-
bodiment, optionally, in the direction of the shortest line
connecting the tops of the adjacent first wave crests 1r,
the outer width of the bottom of the first wave trough 1g
that is connected to the second wave crest 2ris Wy, the
outer width of the top of the second wave crest 2r that is
connected to the first wave trough 1g is W4, the outer
width of the top of the first wave crest 1r that is connected
to the second wave trough 2g is W,, and the outer width
of the bottom of the second wave trough 2g that is con-
nected to the first wave crest 1ris W.,.

[0019] In this embodiment, along the thickness direc-
tion of the plate heat exchanger, the maximum distance
between the second wave crest 2r and the second wave
trough 2g of the second heat exchange plate 20 is also
h. It should be understood that due to the influence of
machining accuracy, assembly accuracy and measure-
ment errors, the distance from the first plane P1 to the
second plane P2is notabsolutely equal to h, and a certain
error is acceptable, for example, an error range is +0.1
h. Similarly, an error range of =0.1 h is allowed for coin-
cident planes. In this embodiment, W, is equal to W,. W,
and W, here are not absolutely equal, and an error range
of £0.3mm between the two is acceptable. Therefore,
the ratio of W4/h is approximately the same as that of
W,/h, and h is with a range of 1 mm to 2 mm in this
embodiment. Of course, the ratios of W, and W, may
also be different (not shown in the drawings), so the ratio
of Wy/h is different from that of W,/h. W, can be chosen
to be greater than W,, or smaller than W,, or the same
as W,, according to actual needs.

[0020] Specifically, referring to FIG. 3a, FIG. 3b again
in conjunction with FIG. 5, the inter-plate channels of the
plate heat exchanger include at least one first channel 6
and at least one second channel 7. The first channel 6
is located between the second heat exchange plate 20
and the adjacent first heat exchange plate 10. The sec-
ond channel 7 is located between the second heat ex-
change plate 20 and the another adjacent first heat ex-
change plate 10. The first channels 6 communicate with
each other. The second channels 7 communicate with
each other. There is no communication between the first
channels 6 and the second channels 7. In this embodi-
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ment, the corrugation of the first heat exchange plate 10
and the corrugation of the second heat exchange plate
20 are distributed symmetrically, so the volume of the
first channel 6 and the volume of the second channel 7
are approximately the same (as shown in FIG. 3a), or
the volume of the first channel 6 and the volume of the
second channel 7 have a relative big difference (as
shown in FIG. 3b).

[0021] In this embodiment, wavelengths A of the first
wave crest 1r, the first wave trough 1g, the second wave
crest 2r, and the second wave trough 2g are substantially
the same. Thatis, a distance between adjacent firstwave
crests 1r, a distance between adjacent first wave troughs
1g, a distance between adjacent second wave crests 2r,
and a distance between adjacent second wave troughs
2g are the same. Of course, the wavelengths A of the
first wave trough 1g and the second wave crest 2r, and
the wavelengths A of the first wave crest 1r and the sec-
ond wave trough 2g may also be different.

[0022] In order to further improve the connection
strength between adjacent heat exchange plates after
welding, referring to FIG. 3c, in this embodiment, the top
of the first wave crest 1r, the top of the second wave crest
2r, the bottom of the first wave trough 1g and the bottom
of the second wave trough 2g are all straight portions 3a
which are flat. A contact surface of the straight portion
3a is perpendicular to the stacking direction. In other
words, the tops of the first wave crest 1r and the second
wave crest 2r are the straight portions 3a, and the bot-
toms of the first wave trough 1g and the second wave
trough 2g are the straight portions 3a. During the welding
process, the solder can fully contact the surfaces of the
tops of the wave crests and the bottoms of the wave
troughs, and fill between the corresponding straight por-
tions 3a, thereby increasing the contact area, reducing
the problem of false welding, and further improving the
welding strength.

[0023] In addition, in this embodiment, the first wave
crest 1r, the second wave crest 2r, the first wave trough
1g and the second wave trough 2g further include a first
side wall portion 3b and a second side wall portion 3c.
In the direction of the shortest line connecting the tops
ofthe adjacentfirstwave crests 1r, one side of the straight
portion 3a is connected to the first side wall portion 3b,
and the other side is connected to the second side wall
portion 3c. An angle a is formed between the first side
wall portion 3b and the second side wall portion 3¢, where
120° <0< 135° . In this embodiment, the first side wall
portion 3b and the second side wall portion 3c are sym-
metrical with respect to the straight portion 3a.

Second embodiment

[0024] In this embodiment, the parts that are the same
as in the first embodiment are given the same reference
numerals, and the same text descriptions are omitted.

[0025] Compared with the first embodiment, the plate
heat exchanger provided in this embodiment has the fol-
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lowing different designs.

[0026] ReferringtoFIG.4a, FIG.4b,and FIG.5toFIG.
7, in order to improve the heat exchange effect of the
plate heatexchanger and prevent the heat exchange per-
formance from being reduced due to excessive pressure
loss during the heat exchange process, in this embodi-
ment, the design of the second corrugation 2 is improved,
and the first corrugation 1 is the same as that of the first
embodiment. Specifically, the second corrugation 2 also
includes atleast one convex ridge 2a. The convex ridges
2a are distributed along a direction of a shortest line con-
necting the tops of adjacent second wave crests 2r of the
second heat exchange plates 20. Along the stacking di-
rection (i.e., along the thickness direction of the plate
heat exchanger), a top of the convex ridge 2a is located
between the top of the second wave crest 2r and the
bottom of the second wave trough 2g. Along the stacking
direction, the first channel 6 and the second channel 7
are provided on two sides of the same convex ridge 2a.
The volume of the first channel 6 and the volume of the
second channel 7 are different. In this embodiment, the
convex ridge 2a are provided on the second heat ex-
change plate 20 so that the volumes of the inter-plate
channels (along the stacking direction) on two sides of
the convex ridge 2a of the plate heat exchanger are dif-
ferent. Of course, this embodiment can also adopt the
design of disposing the convex ridge 2a on the first cor-
rugation 1 so that the volumes of the inter-plate channels
are different, which will not be described in detail here.
[0027] Inthis embodiment, only part of the corrugation
of one of the adjacent heat exchange plates is changed,
so that the corrugation height of this part is different from
the overall corrugation height of the heat exchange plate.
That is, one side of the inter-plate channel is a symmet-
rical heat exchange plate, and the other side is an asym-
metrical heat exchange plate, so that the adjacent first
channel 6 and the second channel 7 have different vol-
umes. With this arrangement, the pressure loss is small,
the heat exchange efficiency of the plate heat exchanger
is improved, but the volume difference between the ad-
jacent first channel 6 and the second channel 7 will not
be too large to affect the heat exchange performance.
During the heat exchange process of the plate heat ex-
changer, the medium flows through the first channel 6
and the second channel 7. The flow pressure drop of the
medium in the inter-plate channel with a smaller volume
increases, which increases the turbulence of the medium
fluid, improves the heat exchange effect of the medium
in the heat exchanger, and improves the heat exchange
performance. On the other side, due to the increase in
the volume of the inter-plate channel, the flow pressure
drop of the medium is significantly reduced, and the tur-
bulence is slowed down, which can be used to circulate
high-pressure medium to reduce the pressure drop and
improve the heat exchange performance. In this embod-
iment, by changing part of the corrugations, compared
with forming several grooves on the corrugations to make
the volumes of the inter-plate channels different, itis more
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convenient to process.

[0028] Due to the arrangement of the convex ridge 2a,
the network-shaped multi-point contact points between
the heat exchange plates are reduced. In order to ensure
the connection strength between the heat exchange
plates, and the welding strength of the tops of the wave
crests and the wave troughs which are in contact with
the tops of the wave crests, at least one of the ratios of
W,/h and Wy/h is with a range of 0.3 to 1, for example,
the ratio is 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.65, 0.7,
0.75,0.8,0.85,0.9, 1, etc. The present invention not only
improves the heat exchange performance and heat ex-
change efficiency of the heat exchanger, but also en-
sures high welding strength and improves the working
stability of the plate heat exchanger. In this embodiment,
the optional values of W/h and W/h are both within the
range of 0.3 to 1.

[0029] Referring to FIG. 7 again, in this embodiment,
the wavelength A of the convex ridge 2a (that is, a dis-
tance between two wave troughs adjacent to the convex
ridge 2a) is substantially the same as the wavelength A
of the first wave crest 1r, the first wave trough 1g, the
second wave crest 2r and the second wave trough 2g.
The tops of the convex ridges 2a of the same second
heat exchange plate 20 are substantially located in a fifth
plane P5. The fifth plane P5 is located between the third
plane P3 and the fourth plane P4 of the same second
heatexchange plate 20. Thefifth plane P5is substantially
parallel to the third plane P3. A height d of the convex
ridge 2a is a distance from the fifth plane P5 to the fourth
plane P4 of the same second heat exchange plate 20,
where d=(0.4-0.75)*h. The height d of the convex ridge
2a is limited in order to prevent the heat exchange per-
formance of the heat exchanger from being too low or
too high.

[0030] Since the convex ridge 2a is provided, the first
side wall portion 3b and the second side wall portion 3¢
of the second wave trough 2g adjacent to the convex
ridge 2a are asymmetrical with respect to the straight
portion 3a, as shown in FIG. 11.

[0031] In this embodiment, at least one convex ridge
2a is provided on the second corrugation 2 at every in-
terval of at least one second wave crest 2r. The convex
ridge 2a is distributed along the direction of the shortest
line connecting the tops of the adjacent second wave
crests 2r of the second heat exchange plate 20. That is,
at least one convex ridge 2a is provided between adja-
cent second wave crests 2r, and at least one second
wave crest 2r is provided between adjacent convex ridg-
es 2a. For the convenience of understanding, the follow-
ing examples will illustrate differentimplementation man-
ners:

[0032] Firstimplementation manner: as shown in FIG.
8, the second corrugation 2 is provided with a convex
ridge 2a at every interval of the second wave crest 2r.
That is, the second wave crest 2r-the convex ridge 2a
are arranged in sequence, and the second wave trough
2gis located between adjacent second wave crest 2rand
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convex ridge 2a.

[0033] Second implementation manner: as shown in
FIG. 9, the second corrugation 2 is provided with two
convex ridges 2a at every interval of the second wave
crest 2r. That is, the second wave crest 2r-the convex
ridge 2a-the convex ridge 2a are arranged in sequence.
The second wave troughs 2g are provided between ad-
jacent second wave crest 2r and convex ridge 2a, and
between adjacent convex ridges 2a.

[0034] Third implementation manner: as shownin FIG.
10, the second corrugation 2 is provided with a convex
ridge 2a at every interval of two second wave crests 2r.
Thatis, the second wave crest 2r-the second wave crest
2r-the convex ridge 2a are arranged in sequence. The
second wave troughs 2g are provided between adjacent
second wave crest 2r and the convex ridge 2a, and be-
tween adjacent second wave crests 2r.

[0035] The arrangements of the convex ridge 2a on
the second corrugation 2 are merely examples, but not
limited thereto. The present invention may also adopt
that the second wave crest 2r-the second wave crest 2r-
the convex ridge 2a-the convex ridge 2a are arranged in
sequence. Other arrangements may also be adopted,
and appropriate arrangements can be selected accord-
ing to heat exchange requirements.

[0036] Of course, in this embodiment, the tops of the
convex ridges 2a of the same second heat exchange
plate 20 may not be in the same plane, that s, the convex
ridges 2a have different heights d.

Third embodiment

[0037] Inthis embodiment, the parts that are the same
as those in the first and the second embodiments are
given the same reference numerals, and the same text
descriptions are omitted.

[0038] Compared with the first embodiment and the
second embodiment, the plate heat exchanger provided
in this embodiment has the following designs:

[0039] Referring to FIG. 12 to FIG. 14, the first heat
exchange plate 10 and the second heat exchange plate
20 are rectangular, including two short sides 3d and two
long sides 3e. The first corrugation 1 includes a first flow
guiding section 4. The second corrugation 2 includes a
second flow guiding section 5. An opening angle 1 of
the first flow guiding section 4 is the same as an opening
angle B2 of the second flow guiding section 5. A direction
of the opening angle B1 of the first flow guiding section
4 is opposite to a direction of the opening angle 2 of the
second flow guiding section 5. Through the reverse com-
bination of the first corrugation 1 of the firstheat exchange
plate 10 and the second corrugation 2 of the second heat
exchange plate 20, a network-shaped multi-point contact
is formed. Moreover, under the action of the corrugations,
the fluid medium forms turbulent flow in the inter-plate
channels at a lower Reynolds number, which improves
the heat exchange effect and helps to reduce the fouling
of the heat exchange plates.
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[0040] Inordertoimprove the heat exchange perform-
ance, in this embodiment, the first flow guiding section 4
and the second flow guiding section 5 may be distributed
in a V-shape or a W-shape, etc., which will be described
in detail below through different implementation man-
ners.

[0041] First implementation manner: referring to FIG.
12 and FIG. 13 again, the first flow guiding section 4
includes a first flow guiding subsection 4a and a second
flow guiding subsection 4b. The connection between the
first flow guiding subsection 4a and the second flow guid-
ing subsection 4b forms aV shape, and forms an opening
angle B1. The first flow guiding section 4a and the second
flow guiding section 4b are symmetrical with respect to
a center line I. The center line I is perpendicular to the
two short sides 3d. Correspondingly, the second corru-
gation 2 includes a second flow guiding section 5. The
second flow guiding section 5 includes a third flow guiding
subsection 5a and a fourth flow guiding subsection 5b.
The third flow guiding subsection 5a and the fourth flow
guiding subsection 5b are connected, and form an open-
ing angle 2.

[0042] Second implementation manner: referring to
FIG. 15 and FIG. 16, the first flow guiding section 4 in-
cludes two first flow guiding subsections 4a and one sec-
ond flow guiding subsection 4b. The first flow guide sub-
sections 4a and the second flow guide subsection 4b are
alternately distributed along a direction of the short side
of the heat exchange plate. Adjacent first flow guiding
subsection 4a and second flow guiding subsection 4b
are connected, and form an opening angle 1. The first
flow guiding section 4a and the second flow guiding sec-
tion 4b are symmetrical with respect to a center line /.
The center line /' is perpendicular to the two short sides.
Correspondingly, the second corrugation 2 includes a
second flow guiding section 5. The second flow guiding
section 5 includes two third flow guiding subsections 5a
and a fourth flow guiding subsection 5b. The third flow
guide subsections 5a and the fourth flow guide subsec-
tion 5 b are alternately distributed along the direction of
the short side of the heat exchange plate. Adjacent third
flow guiding subsection 5a and fourth flow guiding sub-
section 5b are connected, and form an opening angle 2.
[0043] Third implementation manner: referring to FIG.
17 and FIG. 18, on the basis of the second implementa-
tion manner, this embodiment adds a second flow guiding
subsection 4b to the first flow guiding section 4, and adds
a fourth flow guiding subsection 5b to the second flow
guiding section 5, so that the first flow guiding section 4
is W-shaped and the second flow guiding section 5 is a
reverse W shape.

[0044] The above is just examples of the distribution
of some flow guiding sections, but it is not limited to this,
and it can also be distributed in 3-fold V-shape or even
more heavy-V-shape. Moreover, the opening angles on
the same heat exchange plate can be the same or dif-
ferent.

[0045] Further, the opening angle of the corrugation is



13 EP 4 269 925 A1 14

selected to be large, for example 90° <B1 ($2)<135° , to
increase the heat exchange coefficient so as to obtain
more heat exchange.

[0046] Partof the technical implementations of the first
to third embodiments above may be combined or re-
placed.

[0047] Referring to FIG. 12 and FIG. 13 again in con-
junction with FIG. 19, in the above embodiment, the first
heat exchange plate 10 is provided with four first ports
8a. Two first ports 8a are located in a same plane as the
bottom of the first wave trough 1g of the first heat ex-
change plate 10. Another two first ports 8a are in a same
plane as the top of the first wave crest 1r of the first heat
exchange plate 10. The four first ports 8a are located at
four corners of the first heat exchange plate 10, respec-
tively. The second heat exchange plate 20 is provided
with four second ports 8b. Two second ports 8b are lo-
cated in a same plane as the top of the second wave
crest 2r of the same second heat exchange plate 20.
Another two second ports 8b are located in a same plane
as the bottom of the second wave trough 2g of the same
second heat exchange plate 20. The four second ports
8b are located at four corners of the second heat ex-
change plate 20, respectively. Positions of the second
ports 8b of the second heat exchange plate 20 corre-
spond to positions of the first ports 8a of the adjacent first
heat exchange plate 10. In the adjacent first heat ex-
change plate 10 and second heat exchange plate 20, two
pairs of corresponding first ports 8a and second ports 8b
are fitted together, and another two pairs are spaced
apart from each other with gaps to communicate with
corresponding inter-panel channels. Further, the two
pairs of first ports 8a and second ports 8b that fit together
are distributed diagonally. In other words, the first port
8a and the second port 8b with gaps are also distributed
diagonally. When the plate heat exchanger is configured
for the heat exchange process, the medium flows into
the corresponding inter-plate channel from a position be-
tween a pair of first port 8a and the second port 8b with
the gap, and the medium flows out from a position be-
tween the first port 8a and the second port 8b with the
gap diagonally across. Of course, in the above embodi-
ment, the first port 8a and the second port 8b with gaps
can also be distributed on the same side and close to the
long sides.

[0048] Further, in order to improve the structural
strength of the corners of the first port 8a and the second
port 8b with gaps, in the paired and spaced first port 8a
and the second port 8b with gaps, the first heat exchange
plate 10 is provided with a first support portion 8c at the
corner where the first port 8a is located, and the second
heatexchange plate 20 is provided with a second support
portion 8d at the corner where the second port 8b is lo-
cated. Both the first support portion 8c and the second
support portion 8d protrude toward the gap and abut
against each other. By arranging the first support portion
8c and the second support portion 8d, a periphery of the
first port 8a and the second port 8b with gaps form an
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effective support, thereby improving the structural
strength. Wherein, the first support portion 8c and the
second support portion 8d are protrusions or grooves
formed by pressing.

[0049] Further, referring to FIG. 21, in the above em-
bodiment, an outer periphery of the first heat exchange
plate 10 has a first skirt 9a, and an outer periphery of the
second heat exchange plate 20 has a second skirt 9b.
The first skirt 9a of the first heat exchange plate 10 is at
least partially overlapped with the second skirt 9b of the
adjacent second heat exchange plate 20 and surrounds
a corresponding inter-plate channel. In addition, referring
to FIG. 1 and FIG. 2 again, in the above embodiment,
the plate heat exchanger further includes connecting
pipes 9¢ and blocking elements 9d. The first port 8a or
the second port 8b on one side of the plate heat exchang-
er along the stacking direction is connected to one con-
necting pipe 9c, and the first port 8a or the second port
8b onthe other side is provided with one blocking element
9d. That is, each port of the first heat exchange plate of
the plate heat exchanger is respectively connected with
one connecting pipe 9c¢, and each port of the last heat
exchange plate is provided with one blocking element 9d
for blocking. The blocking element 9d may be a gasket.
Of course, the last heat exchange plate can also not be
provided with a port.

[0050] The above embodiments are only used to illus-
trate the present invention and not to limit the technical
solutions described in the present invention. The under-
standing of this specification should be based on those
skilled in the art. Descriptions of directions, although they
have been described in detail in the above-mentioned
embodiments of the present invention, those skilled in
the art should understand that modifications or equivalent
substitutions can still be made to the application, and all
technical solutions and improvements that do not depart
from the spirit and scope of the application should be
covered by the claims of the application.

Claims

1. A plate heat exchanger, characterized by compris-
ing:

a plurality of first heat exchange plates (10), the
first heat exchange plate (10) comprising a first
corrugation (1), the first corrugation (1) compris-
ing a first wave crest (1r) and a first wave trough
(1g); and

a plurality of second heat exchange plates (20),
the second heatexchange plate (20) comprising
a second corrugation (2), the second corruga-
tion (2) comprising a second wave crest (2r) and
a second wave trough (2g);

wherein the first heat exchange plate (10) and
the second heat exchange plate (20) are
stacked alternately along a stacking direction
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which is the same as a thickness direction of the
plate heat exchanger;

at least part of the second wave crest (2r) of the
second heat exchange plate (20) is in contact
with a corresponding first wave trough (1g) of
an adjacent first heat exchange plate (10) which
is located adjacentto the second heat exchange
plate (20); at least part of the second wave
trough (2g) of the second heat exchange plate
(20) is in contact with a corresponding first wave
crest(1r) of another adjacentfirstheatexchange
plate (10) which is located adjacent to the sec-
ond heat exchange plate (20);

along the thickness direction of the plate heat
exchanger, a maximum distance between the
first wave crest (1r) of the first heat exchange
plate (10) and the first wave trough (1g) of the
first heat exchange plate (10) is h; and

in a direction of a shortest line connecting tops
of adjacent first wave crests (1r), in adjacent first
heat exchange plate (10) and second heat ex-
change plate (20), a minimum connecting width
ofthe firstwave trough (1g) and the second wave
crest (2r) is W4, and a minimum connecting
width of the first wave crest (1r) and the second
wave trough (2g) is W,; wherein at least one of
a ratio of W/h and a ratio of W,/h is within a
range of 0.25 to 2.5.

The plate heat exchanger according to claim 1,
wherein along the thickness direction of the plate
heat exchanger, a maximum distance between the
second wave crest (2r) of the second heat exchange
plate (20) and the second wave trough (2g) of the
second heat exchange plate (20) is h;

in the direction of the shortest line connecting the
tops of the adjacent first wave crests (1r), an outer
width of a bottom of the first wave trough (1g) con-
nected to the second wave crest (2r) is greater than
or equal to W4, an outer width of a top of the second
wave crest (2r) connected to the first wave trough
(19) is greater than or equal to Wy, an outer width of
a top of the first wave crest (1r) connected to the
second wave trough (2g) is greater than or equal to
W,, and an outer width of a bottom of the second
wave trough (2g) connected to the first wave crest
(1r) is greater than or equal to W,; wherein at least
one of a ratio of W,/h and a ratio of W,/h is within a
range of 0.3 to 1.

The plate heat exchanger according to claim 2,
wherein in the direction of the shortest line connect-
ing the tops of the adjacent first wave crests (1r), the
outer width of the bottom of the first wave trough (1g)
connected to the second wave crest (2r) is Wy, the
outer width of the top of the second wave crest (2r)
connected to the first wave trough (1g) is Wy, the
outer width of the top of the first wave crest (1r) con-
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nected to the second wave trough (2g) is W,, and
the outer width of the bottom of the second wave
trough (2g) connected to the first wave crest (1r) is
W,; and

wherein W, is the same as W,.

The plate heat exchanger according to claim 1,
wherein at least part of a top surface of the first wave
crest (1r) of the first heat exchange plate (10) is lo-
cated in a first plane P1, at least part of a bottom
surface of the first wave trough (1g) is located in a
second plane P2, the first plane P1 is parallel to the
second plane P2, and a distance from the first plane
P1 to the second plane P2 is the same as h;

at least part of a top surface of the second wave
crest (2r) of the second heatexchange plate (20)
is located in a third plane P3, at least part of a
bottom surface of the second wave trough (2g)
is located in a fourth plane P4, the third plane
P3 is parallel to the fourth plane P4, and a dis-
tance from the third plane P3 to the fourth plane
P4 is the same as h;

the third plane P3 of the second heat exchange
plate (20) coincides with the second plane P2
of the adjacent first heat exchange plate (10),
and the fourth plane P4 of the second heat ex-
change plate (20) coincides with the first plane
P1 of the another adjacent first heat exchange
plate (10);

the thickness direction of the plate heat ex-
changer is perpendicular to the first plane P1.

The plate heat exchanger according to claim 1,
wherein the top of the first wave crest (1r), a top of
the second wave crest (2r), a bottom of the first wave
trough (1g) and a bottom of the second wave trough
(2g) are straight portions (3a); a contact surface of
the straight portion is perpendicular to the thickness
direction of the plate heat exchanger;

the first wave crest (1r), the second wave crest (2r),
the first wave trough (1g) and the second wave
trough (2g) further comprise a first side wall portion
(3b) and a second side wall portion (3c); in the di-
rection of the shortest line connecting the tops of the
adjacentfirstwave crests (1r), one side of the straight
portion (3a) is connected to the first side wall portion
(3b), and another side of the straight portion (3a) is
connected to the second side wall portion (3c); an
included angle a is formed between the first side wall
portion (3b) and the second side wall portion (3c),
where 120°<0<135°.

The plate heat exchanger according to claim 1,
wherein the second corrugation (2) further compris-
es atleast one convex ridge (2a) which is distributed
along a direction of a shortest line connecting tops
of adjacent second wave crests (2r) of the second
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heat exchange plate (20);

along the thickness direction of the plate heat
exchanger, a top of the convex ridge (2a) is lo-
cated between the top of the second wave crest
(2r) and a bottom of the second wave trough
(29); along the thickness direction of the plate
heatexchanger, volumes of inter-plate channels
on two sides of the convex ridge (2a) of the plate
heat exchanger are different;

the top of the convex ridge (2a) of the second
heat exchange plate (20) is located in a fifth
plane P5, the fifth plane P5 is located between
a third plane P3 and a fourth plane P4 of the
same second heat exchange plate (20);

the fifth plane P5 is parallel to the third plane P3,
a height d of the convex ridge (2a) is a distance
from the fifth plane P5 to the fourth plane P4,
where d=(0.4-0.75)*h; and

wherein h is 1-2mm.

The plate heat exchanger according to claim 6,
wherein at least one convex ridge (2a) is arranged
between adjacent second wave crests (2r), at least
one second wave crest (2r) is arranged between ad-
jacent convex ridges (2a);

the inter-plate channels of the plate heat ex-
changer comprise at least one first channel (6)
and at least one second channel (7); the first
channel (6) is located between the second heat
exchange plate (20) and the adjacent first heat
exchange plate (10); the second channel (7) is
located between the second heat exchange
plate (20) and the another adjacent first heat ex-
change plate (10); the first channel (6) and the
second channels (7) are located on two sides of
a same convex ridge (2a), respectively, along
the thickness direction of the plate heat ex-
changer; volumes of the first channel (6) and the
second channel (7) are different;

the first channels (6) communicate with each
other, the second channels (7) communicate
with each other, and the first channel (6) and the
second channel (7) do not communicate with
each other.

The plate heat exchanger according to claim 1,
wherein both the first heat exchange plate (10) and
the second heat exchange plate (20) comprise two
short sides (3d) and two long sides (3e); the first
corrugation (1) comprises a first flow guiding section
(4); the first flow guiding section (4) comprises at
least one first flow guiding subsection (4a) and at
least one second flow guiding subsection (4b); ad-
jacent first guiding subsection and second guiding
subsection are connected to form an opening angle
B1, where 90°<p1<135°;
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10

thefirstflow guiding subsection (4a) and the sec-
ond flow guiding subsection (4b) are symmetri-
cal about a center line /, and the center line / is
perpendicular to the two short sides (3d);

the second corrugation (2) comprises a second
flow guiding section (5); the second flow guiding
section (5) comprises atleast one third flow guid-
ing subsection (5a) and at least one fourth flow
guiding subsection (Sb); adjacent third flow
guiding subsection (5a) and fourth flow guiding
subsection (5b) are connected to form an open-
ing angle B2, where 90°<f2<135°;

the opening angle B1 of the first flow guiding
section (4) is the same as the opening angle 2
ofthe second flow guiding section (5); adirection
of the opening angle B1 of the first flow guiding
section (4) is opposite to a direction of the open-
ing angle B2 of the second flow guiding section

®).

The plate heat exchanger according to claim 1,
wherein the first heat exchange plate (10) is opened
with four first ports (8a), in which two first ports (8a)
are in a same plane as a bottom of the first wave
trough (1g) of the same first heat exchange plate
(10), and another two first ports (8a) are in a same
plane as the top of the first wave crest (1r) of the
same first heat exchange plate (10);

the fourfirst ports (8a) are located at four corners
of the first heat exchange plate (10), respective-
ly;

the second heat exchange plate (20) is opened
with four second ports (8b), in which two second
ports (8b) are in a same plane as a top of the
second wave crest (2r) of the same second heat
exchange plate (20), and another two second
ports (8b) are in a same plane as a bottom of
the second wave trough (2g) of the same second
heat exchange plate (20);

the four second ports (8b) are located at four
corners of the second heat exchange plate (20),
respectively;

positions of the second ports (8b) of the second
heat exchange plate (20) correspond to posi-
tions of the first ports (8a) of the adjacent first
heat exchange plate (10);

in adjacent first heat exchange plate (10) and
second heat exchange plate (20), two pairs of
corresponding first ports (8a) and second ports
(8b) are fitted together, and another two pairs
are arranged at intervals with gaps;

the two pairs of fitted first ports (8a) and second
ports (8b) are diagonally distributed.

10. The plate heat exchanger according to claim 9,

wherein in the first port and the second port arranged
at intervals with gaps, the first heat exchange plate
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(10) is provided with a first support portion (8c) at a
corner where the first ports (8a) are located, and the
second heat exchange plate (20) is provided with a
second support portion (8d) at a corner where the
second ports (8b) are located; both the first support 5
portion (8c) and the second support portion (8d) pro-
trude toward the gap and abut against each other;

an outer periphery of the first heat exchange
plate (10) is provided with a first skirt (9a), an 10
outer periphery of the second heat exchange
plate (20) is provided with a second skirt (9b),

the first skirt (9a) of the first heat exchange plate

(10) is at least partially overlapped with the sec-

ond skirt (9b) of an adjacent second heat ex- 15
change plate (20) so as to surround a corre-
sponding inter-plate channel;

the plate heat exchanger further comprises con-
necting pipes (9c) and blocking elements (9d),

the first port (8a) or the second port (8b) on one 20
side of the plate heat exchanger along the thick-
ness direction of the plate heat exchanger is re-
spectively connected with one connecting pipe
(9c¢); the first port (8a) or the second port (8b)

on another side is provided with one blocking 25
element (9d).
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