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(54) PLATE HEAT EXCHANGER

(57)  The present disclosure provides a plate heat
exchanger comprising: a plurality of heat transfer plates;
a first fluid channel and a second fluid channel formed
between adjacent heat transfer plates and fluidly isolated
from each other; an upstream outlet port and a down-
stream inlet port formed in each of the heat transfer
plates; and a fluid communication device. The first fluid
channel comprises a fluid channel upstream portion and
a fluid channel downstream portion that are separated
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from each other. The upstream outlet port is communi-
cated to the fluid channel upstream portion of the first fluid
channel, while the downstream inlet port is communi-
cated to the fluid channel downstream portion of the first
fluid channel. The upstream outlet port and downstream
inlet port are fluidly communicated with each other
through the fluid communication device. By adopting
the plate heat exchanger according to the present dis-
closure, a number of parts may be reduced.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the priority of Chinese
Application No.CN2023220970861 filed on August 4,
2023, the whole disclosure of which is incorporated here-
in by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a plate heat
exchanger.

BACKGROUND

[0003] A traditional plate heat exchanger comprises
two end plates (the two end plates may also be referred to
as an end plate and a bottom plate or a cover plate and a
bottom plate, respectively) and at least one heat transfer
plate between the two end plates. Fluid channels used for
two or more fluids are formed between adjacent heat
transfer plates so as to conduct heat exchange among
the two or more fluids.

SUMMARY OF THE INVENTION

[0004] A purpose of the embodiments of the present
disclosure is to provide a plate heat exchanger, thereby
such as reducing a number of parts.

[0005] An embodiment of the present disclosure pro-
vides a plate heat exchanger comprising: a plurality of
heat transfer plates; a first fluid channel and a second
fluid channel formed between adjacent heat transfer
plates and fluidly isolated from each other, wherein the
first fluid channel comprises a fluid channel upstream
portion and a fluid channel downstream portion that are
separated from each other; an upstream outlet port
formed in each of the heat transfer plates and commu-
nicated to the fluid channel upstream portion of the first
fluid channel, and a downstream inlet port formed in each
of the heat transfer plates and communicated to the fluid
channel downstream portion of the first fluid channel; and
a fluid communication device, through which the up-
stream outlet port and the downstream inlet port are
fluidly communicated with each other.

[0006] According to an embodiment of the present
disclosure, the plate heat exchanger further comprises:
an end plate disposed on an outer side of an outermost
heat transfer plate and having an end plate outer recess
that is recessed in a direction away from the outermost
heat transfer plate, wherein the end plate outer recess is
configured to form a chamber as the fluid communication
device with a portion of the outermost heat transfer plate
corresponding to the end plate outer recess.

[0007] According to an embodiment of the present
disclosure, the plate heat exchanger further comprises:
a sealing plate comprising: first and second openings;
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and first and second annular protrusions respectively
surrounding the firstand second openings and protruding
towards their sides facing away from the end plate; and
wherein the sealing plate is disposed between the end
plate and the outermost heat transfer plate.

[0008] According to an embodiment of the present
disclosure, an annular edge surface portion of the sealing
plate on a side of the sealing plate facing the end plate is
in contact with an annular surface portion of the end plate
surrounding the end plate outer recess so as to form a
seal between the annular edge surface portion of the
sealing plate and the annular surface portion of the end
plate, and the first and second annular protrusions of the
sealing plate are in contact with a first annular surface
portion around the upstream outlet port of the outermost
heat transfer plate and a second annular surface portion
around the downstream inlet port of the outermost heat
transfer plate, respectively, so as to form a seal between
the first annular protrusion of the sealing plate and the
first annular surface portion of the outermost heat trans-
fer plate and a seal between the second annular protru-
sion of the sealing plate and the second annular surface
portion of the outermost heat transfer plate, respectively.
[0009] According to an embodiment of the present
disclosure, the outermost heat transfer plate is config-
ured to have firstand second heat transfer plate recesses
recessed towards its side facing away from the end plate,
and the first annular surface portion of the outermost heat
transfer plate is disposed in a bottom of the first heat
transfer plate recess of the outermost heat transfer plate,
and the second annular surface portion of the outermost
heat transfer plate is disposed in a bottom of the second
heat transfer plate recess of the outermost heat transfer
plate.

[0010] According to an embodiment of the present
disclosure, the plate heat exchanger further comprises:
a sealing plate comprising: an opening; and an annular
protrusion protruding surrounding the opening and pro-
truding towards its side facing away from the end plate;
and wherein the sealing plate is disposed between the
end plate and the outermost heat transfer plate.

[0011] According to an embodiment of the present
disclosure, an annular edge surface portion of the sealing
plate on a side of the sealing plate facing the end plate is
in contact with an annular surface portion of the end plate
surrounding the end plate outer recess so as to form a
seal between the annular edge surface portion of the
sealing plate and the annular surface portion of the end
plate, and the annular protrusion of the sealing plate is in
contact with the annular surface portion around the up-
stream outlet port and downstream inlet port of the out-
ermost heat transfer plate so as to form a seal between
the annular protrusion of the sealing plate and the annular
surface portion of the outermost heat transfer plate.
[0012] According to an embodiment of the present
disclosure, the outermost heat transfer plate is config-
ured to have a heat transfer plate recess that is recessed
towards its side facing away from the end plate, and the
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annular surface portion of the outermost heat transfer
plate is disposed in the bottom of the heat transfer plate
recess of the outermost heat transfer plate.

[0013] According to an embodiment of the present
disclosure, the end plate is configured to further have a
step portion surrounding the end plate outer recess and
recessed in a direction away from the outermost heat
transfer plate, and the annular surface portion of the end
plate surrounding the end plate outer recess is disposed
on the step portion.

[0014] According to an embodiment of the present
disclosure, the sealing plate is formed of metal and con-
nected to the end plate and the outermost heat transfer
plate through brazing respectively.

[0015] According to an embodiment of the present
disclosure, the annular surface portion of the end plate
surrounding the end plate outer recess is in contact with
the annular surface portion of the outermost heat transfer
plate around the upstream outlet port and downstream
inlet port so as to form a seal between the annular surface
portion of the end plate and the annular surface portion of
the outermost heat transfer plate.

[0016] According to an embodiment of the present
disclosure, the outermost heat transfer plate is config-
ured to have an annular heat transfer plate recess around
the upstream outlet port and downstream inlet port and
recessed in a direction away from the end plate, and a
bottom of the annular heat transfer plate recess of the
outermost heat transfer plate is in contact with an adja-
cent heat transfer plate so as to form a seal between the
bottom of the annular heat transfer plate recess of the
outermost heat transfer plate and the adjacent heat
transfer plate.

[0017] According to an embodiment of the present
disclosure, the outermost heat transfer plate is config-
ured to have a plurality of separated heat transfer plate
recesses around the upstream outlet port and down-
stream inlet port and recessed in a direction away from
the end plate, and bottoms of the plurality of separated
heat transfer plate recesses of the outermost heat trans-
fer plate are in contact with an adjacent heat transfer plate
respectively.

[0018] According to an embodiment of the present
disclosure, the heat transfer plate recess of the outer-
most heat transfer plate is located on an inner and/or
outer side of the annular surface portion of the outermost
heat transfer plate.

[0019] According to an embodiment of the present
disclosure, the plate heat exchanger further comprises:
an end plate disposed on an outer side of the outermost
heat transfer plate and having an opening; and a cham-
ber plate comprising: an annular plate portion disposed
between the annular plate portion of the end plate sur-
rounding the opening of the end plate and the annular
surface portion of the outermost heat transfer plate
around the upstream outlet port and downstream inlet
port so as to form seals between the annular plate portion
of the end plate and the annular plate portion of the
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chamber plate, as well as between the annular plate
portion of the chamber plate and the annular surface
portion of the outermost heat transfer plate; and a cham-
ber plate recess recessed to an outer side of the end plate
through the opening of the end plate from the annular
plate portion of the chamber plate in a direction away from
the outermost heat transfer plate, the chamber plate
recess and a portion of the outermost heat transfer plate
corresponding to the chamber plate recess forming a
chamber as the fluid communication device.

[0020] According to an embodiment of the present
disclosure, the outermost heat transfer plate is config-
ured to have a heat transfer plate recess that is recessed
towards its side facing away from the end plate, and the
annular surface portion of the outermost heat transfer
plate is disposed in a bottom of the heat transfer plate
recess of the outermost heat transfer plate.

[0021] According to an embodiment of the present
disclosure, the plate heat exchanger further comprises:
an end plate disposed on an outer side of the outermost
heat transfer plate and having a first through hole com-
municated to the upstream outlet port and a second
through hole communicated to the downstream inlet port.
[0022] According to an embodiment of the present
disclosure, the end plate is configured to have first and
second end plate inner recesses that are recessed to its
side facing towards the outermost heat transfer plate
respectively, and the first and second through holes of
the end plate are respectively disposed in a bottom of the
first end plate inner recess and a bottom of the second
end plate inner recess of the end plate, a first annular
bottom surface of the bottom of the first end plate inner
recess of the end plate around the first through hole and a
second annular bottom surface of the bottom of the
second end plate inner recess of the end plate around
the second through hole are in contact with a first annular
surface portion of the outermost heat transfer plate
around the upstream outlet port and a second annular
surface portion of the outermost heat transfer plate
around the downstream inlet port, respectively, so as
to form a seal between a first annular bottom surface
of the bottom of the first end plate inner recess of the end
plate and the first annular surface portion of the outer-
most heat transfer plate, and a seal between a second
annular bottom surface of the bottom of the second end
plate inner recess of the end plate and the second an-
nular surface portion of the outermost heat transfer plate,
respectively.

[0023] According to an embodiment of the present
disclosure, the outermost heat transfer plate is config-
ured to have a first heat transfer plate recess and a
second heat transfer plate recess, the first annular sur-
face portion of the outermost heat transfer plate is dis-
posed in a bottom of the first heat transfer plate recess of
the outermost heattransfer plate, and the second annular
surface portion of the outermost heat transfer plate is
disposed in a bottom of the second heat transfer plate
recess of the outermost heat transfer plate.
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[0024] According to an embodiment of the present
disclosure, the fluid communication device comprises
a communicating tube connected to the end plate so
as to connect the first through hole with the second
through hole through the communicating tube.

[0025] According to an embodiment of the present
disclosure, the communicating tube is generally U-
shaped.

[0026] According to an embodiment of the present
disclosure, the communicating tube is configured to have
a projection protruding outward from its wall.

[0027] According to an embodiment of the present
disclosure, the projection of the wall of the communicat-
ing tube is located at a portion of the wall of the commu-
nicating tube facing away from the end plate.

[0028] Adopting a plate heat exchanger according to
the embodiments of the present disclosure, for example,
may reduce the number of parts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

FIG. 1is aschematic perspective view of a plate heat
exchanger according to an embodiment of the pre-
sent disclosure.

FIG. 2 is a schematic cross-sectional view of the
plate heat exchanger shown in FIG. 1 taken in a
length direction.

FIG. 3 is a schematic partial enlarged cross-sec-
tional view of the plate heat exchanger shown in
FIG. 2.

FIG. 4 is a schematic cross-sectional view of the
plate heatexchanger shownin FIG. 1 takenin awidth
direction.

FIG. 5 is a schematic partial enlarged cross-sec-
tional view of the plate heat exchanger shown in
FIG. 4.

FIG. 6Ais a schematic perspective view of a sealing
plate of the plate heat exchanger shown in FIG. 1.
FIG. 6B is a schematic front view of a sealing plate of
the plate heat exchanger shown in FIG. 6A.

FIG. 6C is a schematic cross-sectional view of a
sealing plate of the plate heat exchanger shown in
FIG. 6A.

FIG. 7 is a schematic cross-sectional view of a plate
heat exchanger taken in a width direction according
to a variant of the embodiment shown in FIG. 1.
FIG. 8 is a schematic partial enlarged cross-sec-
tional view of the plate heat exchanger shown in
FIG. 7.

FIG. 9 is a schematic cross-sectional view of a plate
heat exchanger taken in a length direction according
to another embodiment of the present disclosure.
FIG. 10 is a schematic partial enlarged cross-sec-
tional view of the plate heat exchanger shown in FIG.
9.

FIG. 11 is a schematic partial enlarged cross-sec-
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tional view of a plate heat exchanger takeninalength
direction according to another embodiment of the
present disclosure.

FIG. 12 is a schematic partial enlarged cross-sec-
tional view of a plate heat exchangertakeninalength
direction according to a variant of the embodiment
shown in FIG. 11.

FIG. 13 is a schematic partial enlarged cross-sec-
tional view of a plate heat exchanger taken in alength
direction according to another variant of the embodi-
ment shown in FIG. 11.

FIG. 14 is a schematic partial enlarged cross-sec-
tional view of a plate heat exchanger takeninalength
direction according to another variant of the embodi-
ment shown in FIG. 11.

DETAILED DESCRIPTION OF THE INVENTION

[0030] The presentinvention will be described belowin
further detail in conjunction with the drawings and spe-
cificembodiments. Referringto FIGS. 1to5and 7to 14, a
plate heat exchanger 100 according to an embodiment of
the present disclosure comprises: a plurality of heat
transfer plates 2; a first fluid channel 3 and a second fluid
channel 4 formed between adjacent heat transfer plates
2 and fluidly isolated from each other; an upstream outlet
port 51 and downstream inlet port 52 formed in each of
the heat transfer plates 2; and a fluid communication
device 6. The first fluid channel 3 comprises a fluid
channel upstream portion 31 and a fluid channel down-
stream portion 32 that are separated from each other.
The upstream outlet port 51 is communicated to the fluid
channel upstream portion 31 of the first fluid channel 3,
while the downstream inlet port 52 is communicated to
the fluid channel downstream portion 32 of the first fluid
channel 3. The upstream outlet port 51 and downstream
inlet port 52 are fluidly communicated through the fluid
communication device 6. According to the embodiment
of the present disclosure, the plate heat exchanger 100
further comprises an end plate 7, which is disposed on an
outer side of an outermost heat transfer plate 2U. The
plate heat exchanger 100 further comprises: a first fluid
inlet 111, a first fluid outlet 112, a second fluid outlet 122
(for a counter flow evaporator), and a second fluid inlet
121 (for a counter flow evaporator). A first fluid such as
refrigerant flows in the first fluid channel 3, while a second
fluid such as water flows in the second fluid channel 4.
The heat transfer plates 10 are stacked together, thereby
alternately forming the first fluid channel 3 and the second
fluid channel 4 in the stacking direction, or alternatively
forming three or more fluid channels in the stacking
direction. The first fluid channel is divided into the fluid
channel upstream portion 31 and the fluid channel down-
stream portion 32, while the second fluid channel is
directly communicated.

[0031] Referringto FIGS. 1to5 and 7 to 14, according
to the embodiment of the present disclosure, the first fluid
enters the plate heat exchanger 100 from the first fluid
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inlet 111, then enters the fluid channel upstream portion
31 of the first fluid channel 3, enters the fluid commu-
nication device 6 from the upstream outlet port 51, then
enters the downstream inlet port 52 from the fluid com-
munication device 6, then enters the fluid channel down-
stream portion 32 of the first fluid channel 3, and finally
flows out from the first fluid outlet 112. The second fluid
enters the plate heat exchanger 100 from the second fluid
inlet 121, then enters the second fluid channel, and finally
flows out from the second fluid outlet 122.

[0032] Referring to FIGS. 3 to 5, in the embodiment of
the present disclosure, the end plate 7 is configured to
have an end plate outer recess 70 that is recessed in a
direction away from the outermost heat transfer plate 2U.
The end plate outer recess 70 is configured to form a
chamber 60 as the fluid communication device 6 with a
corresponding portion of the outermost heat transfer
plate 2U. Referring to FIGS. 3 to 6C, in an example of
the present disclosure, the plate heat exchanger 100
further comprises a sealing plate 8, wherein the sealing
plate 8 comprises first and second openings 80A, 80B;
and first and second annular protrusions 81A, 81B re-
spectively surrounding the first and second openings
80A, 80B and protruding in a direction away from the
end plate 7.The sealing plate 8 is disposed between the
end plate 7 and the outermost heat transfer plate 2U.
According to the example of the present disclosure, an
annular edge surface portion 82 of the sealing plate 8on a
side of the sealing plate 8 facing the end plate 7 is in
contactwith an annular surface portion 71 of the end plate
7 surrounding the end plate outer recess 70 to form a seal
between the annular edge surface portion 82 of the
sealing plate 8 and the annular surface portion 71 of
the end plate 7, and the first and second annular protru-
sions 81A, 81B of the sealing plate 8 are in contact with
the firstannular surface portion 20A around the upstream
outlet port 51 of the outermost heat transfer plate 2U and
the second annular surface portion 20B around the
downstream inlet port 52 of the outermost heat transfer
plate 2U, respectively, to form a seal between the annular
protrusion 81A, 81B of the sealing plate 8 and the annular
surface portion 20A, 20B of the outermost heat transfer
plate 2U, respectively (i.e., a seal between the annular
protrusion 81A and the annular surface portion 20A, and
a seal between the annular protrusion 81B and the an-
nular surface portion 20B). The outermost heat transfer
plate 2U may have a first heat transfer plate recess 21A
and a second heat transfer plate recess 21B recessed
towards their sides facing away from the end plate 7. The
first annular surface portion 20A of the outermost heat
transfer plate 2U is disposed in a bottom 22A of the first
heat transfer plate recess 21A of the outermost heat
transfer plate 2U, and the second annular surface portion
20B of the outermost heat transfer plate 2U is disposed in
a bottom 22B of the second heat transfer plate recess
21B of the outermost heat transfer plate 2U. The up-
stream outlet port 51 and downstream inlet port 52 are
respectively disposed in the bottom 22A of the first heat
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transfer plate recess 21A and the bottom 22B of the
second heat transfer plate recess 21B of the outermost
heat transfer plate 2U. The bottom 22A of the first heat
transfer plate recess 21A and the bottom 22B of the
second heat transfer plate recess 21B of the outermost
heat transfer plate 2U respectively come into contact with
the annular surface portions of an adj acent heat transfer
plate 2N surrounding the upstream outlet port 51 and the
downstream inlet port 52 to form a seal, thereby isolating
the second fluid passage 4 from the upstream outlet port
51 and the downstream inlet port 52. As a result, the
upstream outlet port 51 is only communicated to the fluid
channel upstream portion 31 of the first fluid channel 3,
while the downstream inlet port 52 is only communicated
to the fluid channel downstream portion 32 of the first fluid
channel 3.

[0033] Inthe embodiments shown in FIGS. 2 to 6, the
sealing plate 8 comprises two openings corresponding to
the upstream outlet port 51 and the downstream inlet port
52 respectively. However, the sealing plate 8 may only
comprise one opening, which corresponds to the up-
stream outlet port 51 or the downstream inlet port 52.
Specifically, the sealing plate comprises: an opening; an
annular protrusion protruding surrounding the opening
and protruding in a direction away from the end plate 7,
wherein, the sealing plate 8 is disposed between the end
plate 7 and the outermost heat transfer plate 2U. An
annular edge surface portion 82 of the sealing plate 8
onthe side ofthe sealing plate 8 facing the end plate 7 isin
contactwith an annular surface portion 71 of the end plate
7 surrounding the end plate outer recess 70 so as to form
a seal between the annular edge surface portion 82 of the
sealing plate 8 and the annular surface portion 71 of the
end plate 7, and the annular protrusion of the sealing
plate 8 is in contact with the annular surface portion
around the upstream outlet port 51 and downstream inlet
port 52 of the outermost heat transfer plate 2U so as to
form a seal between the annular protrusion of the sealing
plate 8 and the annular surface portion of the outermost
heat transfer plate 2U. The outermost heat transfer plate
2U may have a heat transfer plate recess thatis recessed
towards its side facing away from the end plate 7, and the
annular surface portion of the outermost heat transfer
plate 2U is disposed in the bottom of the heat transfer
plate recess of the outermost heat transfer plate 2U.
[0034] Referring to FIG. 3, in the embodiment of the
presentdisclosure, the end plate 7 is configured to further
have a step portion 72 surrounding the end plate outer
recess 70 and recessed in a direction away from the
outermost heat transfer plat 2U. The annular surface
portion 71 of the end plate 7 surrounding the end plate
outer recess 70 is disposed on the step portion 72. The
sealing plate 8 may be formed of metal and may be
connected to the end plate 7 and the outermost heat
transfer plate 2U through brazing.

[0035] Referring to FIGS. 1 to 5, according to an em-
bodiment of the present disclosure, the end plate has an
end plate outer recess 70, which may play a role in
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regulating a fluid distribution. By means of the end plate
outer recess 70, a separate liquid collection box may be
eliminated and a complexity of the brazing process may
be reduced.

[0036] In addition, by using a single sealing plate, a
number of parts is reduced and an assembly process is
simplified. During the assembly process, the sealing
plate may be self-adapted to the step portion 72 of the
end plate so as to achieve a precise positioning. At the
same time, the sealing plate is made of composite bime-
tallic materials, such as, a copper is composited on both
sides of a stainless steel sealing plate. After the copperis
melted at a high temperature, the sealing plate is welded
to the end plate and the outermost heat transfer plate
respectively. As a result, a process of adding additional
solder may be eliminated, thereby reducing a manufac-
turing complexity and shortening a manufacturing cycle.
[0037] FIG. 7 is a schematic cross-sectional view of a
plate heat exchanger taken in a width direction according
to avariant of the embodimentshownin FIG. 1. FIG.8isa
schematic partial enlarged cross-sectional view of the
plate heat exchanger shown in FIG. 7. In the variant
shown in FIGS. 7 and 8, the end plate 7 is in contact with
the outermost heat transfer plate 2U, forming a seal and
thus eliminating the sealing plate in the embodiments
shown in FIGS. 1 to 6C.

[0038] ReferringtoFIGS.7to8andincombination with
FIGS. 2 and 3, in some embodiments of the present
disclosure, the annular surface portion 71 of the end plate
7 surrounding the end plate outer recess 70 is in contact
with the annular surface portion 20 of the outermost heat
transfer plate 2U around the upstream outlet port 51 and
downstream inlet port 52 so as to form a seal between the
annular surface portion 71 of the end plate 7 and the
annular surface portion 20 of the outermost heat transfer
plate 2U. The outermost heat transfer plate 2U is con-
figured to have an annular heat transfer plate recess 23
around the upstream outlet port 51 and downstream inlet
port 52 and recessed in a direction away from the end
plate 7, and the bottom 24 of the annular heat transfer
plate recess 23 of the outermost heat transfer plate 2U is
in contact with an adjacent heat transfer plate 2N so as to
form a seal between the bottom 24 of the annular heat
transfer plate recess 23 of the outermost heat transfer
plate 2U and the adjacent heat transfer plate 2N. The
heat transfer plate recess 23 of the outermost heat
transfer plate 2U may be located on an outer side of
the annular surface portion 20 of the outermost heat
transfer plate 2U. Referring to FIGS. 7 to 8, in other
embodiments of the present disclosure, the heat transfer
plate recess 23 comprises a plurality of discrete heat
transfer plate recesses 23. Specifically, the outermost
heat transfer plate 2U is configured to have a plurality of
separated heat transfer plate recesses 23 around the
upstream outlet port 51 and downstream inlet port 52 and
recessed in a direction away from the end plate 7, and the
bottoms 24 of the plurality of separated heat transfer plate
recesses 23 of the outermost heat transfer plate 2U are in
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contact with an adjacent heat transfer plate 2N. A number
of the annular heat transfer plate recess 23 of the outer-
most heat transfer plate 2U may be one, and the one
annular heat transfer plate recess 23 surrounds the up-
stream outlet port 51 and the downstream inlet port 52.
The number of the annular heat transfer plate recesses
23 may also be two, and the two annular heat transfer
plate recesses 23 surround the upstream outlet port 51
and the downstream inlet port 52, respectively. The heat
transfer plate recess 23 of the outermost heat transfer
plate 2U is located on an outer side of the annular surface
portion 71 of the outermost heat transfer plate. It may be
understood that the heat transfer plate recess 23 of the
outermost heat transfer plate 2U may also be located on
an inner side of the annular surface portion 71 of the
outermost heat transfer plate. For example, a sealing
connection between the outermost heat transfer plate 2U
and the adjacent heat transfer plate 2N may be achieved
by an interconnection of the annular portions around the
upstream outlet port 51 and the downstream inlet port 52
(referring to a manner of connection of the adjacent heat
transfer plates at the downstream inlet port 52 in FIGS. 7
and 8, where the upper heat transfer plate is configured to
have an annular recess surrounding the port, which is
hermetically connected to the annular portion of the lower
heat transfer plate).

[0039] Referring to FIGS. 7 to 8, according to an em-
bodiment of the present disclosure, the end plate is
configured to have an end plate outer recess 70, which
may regulate the fluid distribution. Through the end plate
outer recess 70, a separate liquid collection box may be
eliminated, reducing the complexity of the brazing pro-
cess. At the same time, by bending the outermost heat
transfer plate 2U, the annular surface portion 20 of the
outermost heat transfer plate 2U is in contact with the end
plate, playing arole of sealing and eliminating a needfora
separate sealing ring.

[0040] Referringto FIGS. 9to 10, in an embodiment of
the present disclosure, the end plate 7 is configured to
have an opening 73. According to the embodiment of the
present disclosure, the plate heat exchanger 100 further
comprises a chamber plate 9. The chamber plate 9
comprises an annular plate portion 90 and the chamber
plate recess 91. The annular plate portion 90 may be
located generally in one plane. The annular plate portion
90is disposed between the annular plate portion 74 of the
end plate 7 surrounding the opening 73 of the end plate 7
and the annular surface portion 20 of the outermost heat
transfer plate 2U around the upstream outlet port 51 and
downstreaminlet port 52 so as to form a seal between the
annular plate portion 74 of the end plate 7 and the annular
plate portion 90 of the chamber plate 9, and a seal
between the annular plate portion 90 of the chamber
plate 9 and the annular surface portion 20 of the outer-
most heat transfer plate 2U. The chamber plate recess 91
is configured to be recessed to the outer side of the end
plate 7 through the opening 73 of the end plate 7 from the
annular plate portion 90 of the chamber plate 9 towards a
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direction away from the outermost heat transfer plate 2U,
and the chamber plate recess 91 and a portion of the
outermost heat transfer plate 2U corresponding to the
chamber plate recess 91 form a chamber 60 as the fluid
communication device 6. The outermost heat transfer
plate 2U may have a heat transfer plate recess 23 that is
recessed towards its side facing away from the end plate
7, and the annular surface portion 20 of the outermost
heat transfer plate 2U is disposed in the bottom 24 of the
heat transfer plate recess 23 of the outermost heat
transfer plate 2U. The bottom of the heat transfer plate
recess of the outermost heat transfer plate is in contact
with the annular surface portions of the adjacent heat
transfer plates around the upstream outlet port and
downstream inlet port so as to form a seal, thereby
isolating the second fluid channel from the upstream
outlet port and downstream inlet port. Therefore, the
upstream outlet port is only communicated to the fluid
channel upstream portion of the first fluid channel, while
the downstream inlet port is only communicated to the
fluid channel downstream portion of the first fluid chan-
nel.

[0041] Referringto FIGS. 9to 10, in an embodiment of
the present disclosure, the end plate 7 is configured to
have an opening 73. The plate heat exchanger 100
further comprises a chamber plate 9. The annular plate
portion 90 of the chamber plate 9 is sealed between the
end plate and the outermost heat transfer plate, and at
the same time, the chamber plate recess 91 of the
chamber plate 9 forms a chamber 60 as the fluid com-
munication device 6 with the corresponding portion of the
outermost heat transfer plate 2U. Therefore, it may reg-
ulate the fluid. A structure of the plate heat exchanger in
accordance with this embodiment is compact, the two
functions of the liquid collection box and the sealing ring
are combined to one, thereby improving a manufacturing
stability and shortening a production cycle of the plate
heat exchanger 100.

[0042] FIG. 11 is a schematic partial enlarged cross-
sectional view of a plate heat exchanger taken in a length
direction according to another embodiment of the present
disclosure. FIG. 12 is a schematic partial enlarged cross-
sectional view of a plate heat exchanger taken in alength
direction according to a variant of the embodiment shown
in FIG. 11. FIG. 13 is a schematic partial enlarged cross-
sectional view of a plate heat exchanger taken in a length
direction according to another variant of the embodiment
shown in FIG. 11. FIG. 14 is a schematic partial enlarged
cross-sectional view of a plate heat exchanger taken in a
length direction according to another yet variant of the
embodiment shown in FIG. 11.

[0043] Referring to FIG. 11, in an embodiment of the
presentdisclosure, the end plate 7 is configured to have a
first through hole 75A communicated to the upstream
outlet port 51 and a second through hole 75B commu-
nicated to the downstream inlet port 52. The end plate 7
may have first and second end plate inner recesses 76A,
76B that are recessed to its side facing towards the
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outermost heat transfer plate 2U, and the firstand second
through holes 75A, 75B of the end plate 7 are respectively
disposed in the bottom 77A of the first end plate inner
recess 76A and the bottom 77B of the second end plate
inner recess 76B of the end plate 7, a first annular bottom
surface 78A of the bottom 77A of the first end plate inner
recess 76A of the end plate 7 around the first through hole
75A and a second annular bottom surface 78B of the
bottom 77B of the second end plate inner recess 76B of
the end plate 7 around the second through hole 75B arein
contact with the first annular surface portion 20A of the
outermost heat transfer plate 2U around the upstream
outlet port 51 and the second annular surface portion 20B
of the outermost heat transfer plate 2U around the down-
stream inlet port 52, respectively, so as to form a seal
between a first annular bottom surface 78A of the bottom
77A of the firstend plate inner recess 76A of the end plate
7 and the first annular surface portion 20A of the outer-
most heat transfer plate 2U, and a seal between a second
annular bottom surface 78B of the bottom 77B of the
second end plate inner recess 76B of the end plate 7 and
the second annular surface portion 20B of the outermost
heat transfer plate 2U, respectively. The outermost heat
transfer plate 2U is configured to have a first heat transfer
plate recess 21A and a second heat transfer plate recess
21B, the first annular surface portion 20A of the outer-
most heat transfer plate 2U is disposed in the bottom 22A
of the first heat transfer plate recess 21A of the outermost
heat transfer plate 2U, and the second annular surface
portion 20B of the outermost heat transfer plate 2U is
disposed in the bottom 22B of the second heat transfer
plate recess 21B of the outermost heat transfer plate 2U.
The fluid communication device 6 may comprise a com-
municating tube 61 connected to the end plate 7 so as to
connect the first through hole 75A with the second
through hole 75B through the communicating tube 61.
The communicating tube 61 is generally U-shaped. As
shown in FIGS. 13 and 14, the communicating tube 61
may have a projection 63 protruding outward from its wall
62. The projection 63 of the wall 62 of the communicating
tube 61 may be located at a portion of the wall 62 of the
communicating tube 61 facing away from the end plate 7
or at another suitable position. Furthermore, although
FIGS. 11 to 14 show that the fluid communication device 6
comprises the communicating tube 61, the fluid commu-
nication device 6 may also comprise the chamber plate 9
as shown in FIGS. 9 and 10, and the annular plate portion
90 of the chamber plate 9 may cover an outer side surface
of the end plate 7.

[0044] A difference between the variant shown in FIG.
12 and the embodimentshownin FIG. 11 liesinthat: inthe
embodiment shown in FIG. 11, an end face of each of
ends of the communicating tube 61 is in contact with the
end plate 7, while in the variant shown in FIG. 12, each of
the ends of the communicating tube 61 is inserted into
corresponding one of the through holes of the end plate 7.
Adifference between the variant shownin FIG. 13 and the
embodiment shown in FIG. 11 lies in that: in the variant
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shown in FIG. 13, the wall 62 of the communicating tube
61 has the projection 63 protruding outward. A difference
between the variant shown in FIG. 14 and the embodi-
ment shown in FIG. 11 lies in that: in the embodiment
shown in FIG. 11, the end face of each of ends of the
communicating tube 61 is in contact with the end plate 7,
while in the variant shown in FIG. 14, each of ends of the
communicating tube 61 is inserted into corresponding
one of the through holes of the end plate 7, and the wall 62
of the communicating tube 61 has the projection 63
protruding outward.

[0045] ReferringtoFIGS. 11to 14,inan embodiment of
the presentdisclosure, the end plate is configured to have
an end plate innerrecess, whose bottom s in contact with
the outermost heat transfer plate 2U to achieve a sealing
function. At the same time, through holes are provided in
the end plate inner recess of the end plate, and the
through holes are connected to each other through a
communicating tube (such as a tubeline that may be
quickly installed, such as flame-brazed copper tube,
etc.). The shape, length, and size of the tubeline may
be adjusted according to the requirements of fluid dis-
tribution. The wall 62 of the communicating tube 61 may
have the projection 63 protruding outward, thereby en-
hancing a disturbance of the fluid.

[0046] Although the present disclosure has been de-
scribed in conjunction with embodiments, it is not limited
to the aforementioned embodiments. For example, some
embodiments and some technical features in all the
embodiments may be combined to form new embodi-
ments.

Claims

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

a plurality of heat transfer plates;

a first fluid channel and a second fluid channel
formed between adjacent heat transfer plates
and fluidly isolated from each other, wherein the
first fluid channel comprises a fluid channel up-
stream portion and a fluid channel downstream
portion that are separated from each other;

an upstream outlet port formed in each of the
heat transfer plates and communicated to the
fluid channel upstream portion of the first fluid
channel, and a downstream inlet port formed in
each of the heat transfer plates and communi-
cated to the fluid channel downstream portion of
the first fluid channel; and

a fluid communication device, through which the
upstream outlet port and the downstream inlet
port are fluidly communicated with each other.

2. The plate heat exchanger according to claim 1,
characterized by further comprising:
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an end plate disposed on an outer side of an outer-
most heat transfer plate and having an end plate
outerrecess thatis recessed in a direction away from
the outermost heat transfer plate, wherein the end
plate outer recess is configured to form achamber as
the fluid communication device with a portion of the
outermost heat transfer plate corresponding to the
end plate outer recess.

The plate heat exchanger according to claim 2,
characterized by further comprising:

a sealing plate comprising:

first and second openings; and

first and second annular protrusions re-
spectively surrounding the first and second
openings and protruding towards their sides
facing away from the end plate; and

wherein the sealing plate is disposed between
the end plate and the outermost heat transfer
plate.

The plate heat exchanger according to claim 3,
characterized in that an annular edge surface por-
tion of the sealing plate on a side of the sealing plate
facing the end plate is in contact with an annular
surface portion of the end plate surrounding the end
plate outer recess so as to form a seal between the
annular edge surface portion of the sealing plate and
the annular surface portion of the end plate, and the
first and second annular protrusions of the sealing
plate are in contact with a firstannular surface portion
around the upstream outlet port of the outermost
heat transfer plate and a second annular surface
portion around the downstream inlet port of the out-
ermost heat transfer plate, respectively, so as to form
a seal between the first annular protrusion of the
sealing plate and the first annular surface portion of
the outermost heat transfer plate and a seal between
the second annular protrusion of the sealing plate
and the second annular surface portion of the out-
ermost heat transfer plate, respectively.

The plate heat exchanger according to claim 4,
characterized in that the outermost heat transfer
plate is configured to have first and second heat
transfer plate recesses recessed towards its side
facing away from the end plate, and the first annular
surface portion of the outermost heat transfer plate is
disposed in a bottom of the first heat transfer plate
recess of the outermost heat transfer plate, and the
second annular surface portion of the outermost heat
transfer plate is disposed in a bottom of the second
heat transfer plate recess of the outermost heat
transfer plate.
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The plate heat exchanger according to claim 2,
characterized by further comprising:

a sealing plate comprising:

an opening; and

an annular protrusion protruding surround-
ing the opening and protruding towards its
side facing away from the end plate; and

wherein the sealing plate is disposed between
the end plate and the outermost heat transfer
plate.

The plate heat exchanger according to claim 6,
characterized in that an annular edge surface por-
tion of the sealing plate on a side of the sealing plate
facing the end plate is in contact with an annular
surface portion of the end plate surrounding the end
plate outer recess so as to form a seal between the
annular edge surface portion of the sealing plate and
the annular surface portion of the end plate, and the
annular protrusion of the sealing plate is in contact
with the annular surface portion around the upstream
outlet port and downstream inlet port of the outer-
most heat transfer plate so as to form a seal between
the annular protrusion of the sealing plate and the
annular surface portion of the outermost heat trans-
fer plate.

The plate heat exchanger according to claim 7,
characterized in that the outermost heat transfer
plate is configured to have a heat transfer plate
recess that is recessed towards its side facing away
from the end plate, and the annular surface portion of
the outermost heat transfer plate is disposed in the
bottom of the heat transfer plate recess of the out-
ermost heat transfer plate.

The plate heat exchanger according to claim 3 or 6,
characterized in that the end plate is configured to
further have a step portion surrounding the end plate
outer recess and recessed in a direction away from
the outermost heat transfer plate, and the annular
surface portion of the end plate surrounding the end
plate outer recess is disposed on the step portion.

The plate heat exchanger according to claim 3 or 6,
characterized in that the sealing plate is formed of
metal and connected to the end plate and the out-
ermost heat transfer plate through brazing respec-
tively.

The plate heat exchanger according to claim 2,
characterized in that the annular surface portion
of the end plate surrounding the end plate outer
recess is in contact with the annular surface portion
of the outermost heat transfer plate around the up-
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stream outlet port and downstream inlet port so as to
form a seal between the annular surface portion of
the end plate and the annular surface portion of the
outermost heat transfer plate.

The plate heat exchanger according to claim 11,
characterized in that the outermost heat transfer
plate is configured to have an annular heat transfer
plate recess around the upstream outlet port and
downstream inlet port and recessed in a direction
away from the end plate, and a bottom of the annular
heat transfer plate recess of the outermost heat
transfer plate is in contact with an adjacent heat
transfer plate so as to form a seal between the
bottom of the annular heat transfer plate recess of
the outermost heat transfer plate and the adjacent
heat transfer plate.

The plate heat exchanger according to claim 11,
characterized in that the outermost heat transfer
plate is configured to have a plurality of separated
heat transfer plate recesses around the upstream
outlet portand downstreaminlet portand recessedin
a direction away from the end plate, and bottoms of
the plurality of separated heat transfer plate re-
cesses of the outermost heat transfer plate are in
contact with an adjacent heat transfer plate respec-
tively.

The plate heat exchanger according to claim 1,
characterized by further comprising:

an end plate disposed on an outer side of the
outermost heat transfer plate and having an
opening; and

a chamber plate comprising:

an annular plate portion disposed between the
annular plate portion of the end plate surround-
ing the opening of the end plate and the annular
surface portion of the outermost heat transfer
plate around the upstream outlet port and down-
stream inlet port so as to form seals between the
annular plate portion of the end plate and the
annular plate portion of the chamber plate, as
well as between the annular plate portion of the
chamber plate and the annular surface portion of
the outermost heat transfer plate; and

a chamber plate recess recessed to an outer
side of the end plate through the opening of the
end plate from the annular plate portion of the
chamber plate in a direction away from the out-
ermost heat transfer plate, the chamber plate
recess and a portion of the outermost heat
transfer plate corresponding to the chamber
plate recess forming a chamber as the fluid
communication device. 15. The plate heat ex-
changer according to claim 1, characterized by
further comprising:
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an end plate disposed on an outer side of the
outermost heat transfer plate and having a first
through hole communicated to the upstream
outlet port and a second through hole commu-
nicated to the downstream inlet port, wherein
the end plate is configured to have first and
second end plate inner recesses that are re-
cessed to its side facing towards the outermost
heat transfer plate respectively, and the first and
second through holes of the end plate are re-
spectively disposed in a bottom of the first end
plate inner recess and a bottom of the second
end plate inner recess of the end plate, a first
annular bottom surface of the bottom of the first
end plate inner recess of the end plate around
the first through hole and a second annular
bottom surface of the bottom of the second
end plate inner recess of the end plate around
the second through hole are in contact with a first
annular surface portion of the outermost heat
transfer plate around the upstream outlet port
and a second annular surface portion of the
outermost heat transfer plate around the down-
stream inlet port, respectively, so as to form a
seal between a first annular bottom surface of
the bottom of the first end plate inner recess of
the end plate and the first annular surface por-
tion of the outermost heat transfer plate, and a
seal between a second annular bottom surface
of the bottom of the second end plate inner
recess of the end plate and the second annular
surface portion of the outermost heat transfer
plate, respectively.
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