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(57)  Aplate heat exchanger 1, wherein a plurality of
first heat transfer plates 30 and second heat transfer
plates 40 are laminated atop one another, the first heat
transfer plates 30 and the second heat transfer plates 40
each including a plate portion 39, 49 in which an in-
flow/outflow hole that causes a fluid to flow in and out is
formed, a first outer circumferential wall portion 31 or
second outer circumferential wall portion 41 that extends
on one surface side of the plate portion 39,49 and that
defines a channel together with a plate portion 39, 49
adjacent to the one surface side for allowing the fluid to
flow between the adjacent plate portions 39, 49, and a
first inner fin 38 or a second inner fin 48 that is attached
to an inside portion of the channel. The first inner fin 38
is mounted at a position, spaced part from a first fluid
inflow/outflow hole 32, 35, inside the channel, on the one
surface of the plate portion 39 and the second inner fin
48 is mounted at a position, spaced apart from a second
fluid inflow/outflow hole 43, 46 inside the channel, on the
one surface of the plate portion 49.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a plate heat exchanger and a heat pump hot water supply system.

BACKGROUND ART

[0002] Thereisaplate heatexchangerthatincludes a configuration in which heattransfer plates are laminated together.
Each of the heat transfer plates are formed with a channel for allowing fluid to flow.

[0003] For example, Patent Literature 1 discloses a plate heat exchanger that includes a configuration in which heat
transfer plates, each including a channel and a fluid inflow/outflow hole that communicates with the channel and allows
fluid to flow in and out, are laminated together.

[0004] Inthe plate heat exchanger described in Patent Literature 1, a channelis formed with a recess and is rectangular
in shape as viewed in plan view. Also, a fluid inflow/outflow hole is adjacent to the recess of the channel. Further, inner
fins are arranged along the entirety of the recess of the channel. In doing so, the heat-exchange efficiency is high.

CITATION LIST

PATENT LITERATURE

[0005]

PTL 1:  International Publication No. WO 2008/023732

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0006] In the plate heat exchanger described in Patent Literature 1, the fluid inflow/outflow hole is adjacent to the
recess of the channel. Therefore, the fluid easily flows to the portion of the inner fin that is adjacent to the inflow/outflow
hole. However, the fluid cannot easily flow to other portions of the inner fins that are away from the inflow/outflow hole.
As a result, the loss of pressure of the fluid is great along the entirety of the inner fins. As such, the heat exchange
efficiency of the plate heat exchanger decreases.

[0007] In order to solve the aforementioned problems, an objective of the present disclosure is to provide a plate heat
exchanger and a heat pump hot water supply system that have a high heat-exchange efficiency.

SUMMARY OF INVENTION

[0008] In order to achieve the aforementioned objective a plate heat exchanger according to the present disclosure
includes heat transfer plates that are laminated atop one another, each transfer plate including a plate portion in which
an inflow/outflow hole is formed that causes a fluid to flow in and out, an outer circumferential wall portion that extends
on one surface side of the plate portion and that defines a channel together with a plate portion adjacent to the one
surface side for allowing the fluid to flow between the adjacent plate portions, and an inner fin that is attached to an
inside portion of the channel. The inner fin is mounted at a position, spaced apart from an inflow/outflow hole inside the
channel, on the one surface of the plate portion. The entire periphery of the inflow/outflow hole is in contact with space
where the inner fin is not provided.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] According to the configuration of the present disclosure since the position where the inner fin is mounted on
the one surface of the plate portion is a position that is spaced apart from the inflow/outflow hole inside the channel, the
inner fin does not cover the inflow/outflow hole. Also, since the entire periphery of the inflow/outflow hole is in contact
with space where the inner fin is not provided, there is sufficient space in the surrounding area of the inflow/outflow hole
for fluid to flow. Since the fluid spreads out across the entirety of the channel because of the space where the inner fin
is not disposed, the pressure loss of the fluid is low. As a result, heat exchange efficiency can be enhanced.
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BRIEF DESCRIPTION OF DRAWINGS
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is an exploded perspective view of a plate heat exchanger according to Embodiment 1 of the present
disclosure;

is a cross-sectional view taken along lI-ll illustrated in FIG. 1;

is a cross-sectional view taken along lll-lll illustrated in FIG. 1;

is a cross-sectional view taken along IV-1V illustrated in FIG. 1;

is a front view of a first heat transfer plate that the plate heat exchanger according to Embodiment 1 of the
present disclosure includes;

is a cross-sectional view of a first passage hole formed in the first heat transfer plate and a second passage
hole formed in a second heat transfer plate of the plate heat exchanger according to Embodiment 1 of the
present disclosure;

is a front view of the second heat transfer plate that the plate heat exchanger according to Embodiment 1
of the present disclosure includes;

is an enlarged plan view of an end portion of the first heat transfer plate that the plate heat exchanger
according to Embodiment 1 of the present disclosure includes;

is a perspective view illustrating an IX region illustrated in FIG. 8 as viewed from the front;

is a perspective view illustrating the IX region illustrated in FIG. 8 as viewed from the rear;

is an enlarged plan view illustrating an end portion of the second heat transfer plate that the plate heat
exchanger according to Embodiment 1 of the present disclosure includes;

isan enlarged plan view illustrating a positional relationship between a first convexity and a second convexity
in the plate heat exchanger according to Embodiment 1 of the present disclosure;

is cross-sectional view of a first fluid supply pipe, a first fluid inflow/outflow hole, and a second passage
hole formed in the plate heat exchanger according to Embodiment 1 of the present disclosure;

is an enlarged plan view of an end portion of a first heat transfer plate that a plate heat exchanger according
to Embodiment 2 of the present disclosure includes;

is an enlarged plan view of an end portion of a second heat transfer plate that the plate heat exchanger
according to Embodiment 2 of the present disclosure includes;

isan enlarged plan view illustrating a positional relationship between a first convexity and a second convexity
in the plate heat exchanger according to Embodiment 2 of the present disclosure;

schematic cross-sectional view of a first fluid supply pipe and a second fluid supply pipe of the plate heat
exchanger according to Embodiment 2 of the present disclosure;

is an enlarged plan view of an end portion of a second heat transfer plate that a plate heat exchanger
according to Embodiment 3 of the present disclosure includes;

is a schematic cross-sectional view of a first fluid supply pipe and a second fluid supply pipe of the plate
heat exchanger according to Embodiment 3 of the present disclosure;

is an enlarged cross-sectional view of a laminate body of a plate heat exchanger according to Embodiment
4 of the present disclosure;

is a block diagram of a heat pump hot water supply system according to Embodiment 5 of the present
disclosure;

is an enlarged plan view of an end portion of a first heat transfer plate that a plate heat exchanger according
to Embodiment 6 of the present disclosure includes;

is an enlarged plan view of an end portion of a second heat transfer plate that the plate heat exchanger
according to Embodiment 6 of the present disclosure includes;

isan enlarged plan view illustrating a positional relationship between a first convexity and a second convexity
in the plate heat exchanger according to Embodiment 6 of the present disclosure;

is a cross-sectional view of a modified example of a flange of a first tubular wall of the plate heat exchanger
according to Embodiment 1 of the present disclosure;

is cross-sectional view of a modified example the first fluid supply pipe, the first fluid inflow/outflow hole,
and the second passage hole of the plate heat exchanger according to Embodiment 1 of the present
disclosure;

is a perspective view of off-set type first inner fins arranged on the first heat transfer plate and off-set type
second inner fins arranged on the second heat transfer plate that the plate heat exchanger according to
Embodiment 1 of the present disclosure includes;

is a perspective view of flat plate-type first inner fins arranged on the first heat transfer plate and flat plate-
type second inner fins arranged on the second heat transfer plate that the plate heat exchanger according
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to Embodiment 1 of the present disclosure includes;

FIG. 26C is a perspective view of wave-type first inner fins arranged on the first heat transfer plate and wave-type
second inner fins arranged on the second heat transfer plate that the plate heat exchanger according to
Embodiment 1 of the present disclosure includes;

FIG. 26D is a perspective view of louver-type first inner fins arranged on the first heat transfer plate and louver-type
second inner fins arranged on the second heat transfer plate that the plate heat exchanger according to
Embodiment 1 of the present disclosure includes;

FIG. 26E is a perspective view of corrugated-type first inner fins arranged on the first heat transfer plate and corru-
gated-type second inner fins arranged on the second heat transfer plate that the plate heat exchanger
according to Embodiment 1 of the present disclosure includes;

FIG. 26F is a perspective view of pin-type first inner fins arranged on the first heat transfer plate and pin-type second
inner fins arranged on the second heat transfer plate that the plate heat exchanger according to Embodiment
1 of the present disclosure includes;

FIG. 27A is a rear view of an X region illustrated in FIG. 8 with the first convexity being circularly-shaped;

FIG. 27B is a rear view of the X region illustrated in FIG. 8 with the first convexity being wedge-shaped;

FIG. 27C is a rear view of the X region illustrated in FIG. 8 with the first convexity being elliptically-shaped;

FIG. 27D is a rear view of the X region illustrated in FIG. 8 with the first convexity being triangularly-shaped;

FIG. 27E is a rear view of the X region illustrated in FIG. 8 with the first convexity being square-shaped;

FIG. 27F is a rear view of the X region illustrated in FIG. 8 with the first convexity being arc-shaped

FIG. 28 is an enlarged plan view of a modified example of the first convexity that the plate heat exchanger according
to Embodiment 1 of the present disclosure includes; and
FIG. 29 is an enlarged plan view of another modified example of the first convexity that the plate heat exchanger

according to Embodiment 1 of the present disclosure includes.

DESCRIPTION OF EMBODIMENTS

[0011] A plate heat exchanger and a heat pump hot water supply system according one or more embodiments of the
present disclosure are described in detail with reference the drawings. Throughout the drawings, the same or equivalent
components are denoted by the same reference signs. With the orthogonal XYZ-coordinate system in each figure, X-
axis represents the lateral direction, Z-axis represents the vertical direction, and Y-axis represents the direction orthogonal
to the X- and Z-axes of the plate heat exchanger. This coordinate system is referred to hereafter as appropriate.

Embodiment 1

[0012] A plate heat exchanger according to Embodiment 1 is a plate heat exchanger in which a first heat transfer plate
formed with a channel for allowing a fluid to flow and a second heat transfer plate formed with a channel for allowing
another fluid to flow are laminated together such that heat exchange is performed between the two fluids. In this plate
heat exchanger, space is provided on the surrounding area of each fluid inflow/outflow hole formed in the channels in
order to make it easy for fluids to flow to the channels of the first heat transfer plate and the second heat transfer plate.
Also, since fluid flows through this space to the inner fins provided in the channels, pressure loss in this plate heat
exchanger is low. The configuration of the plate heat exchanger is described with reference to FIGS. 1 to 4. In the
description below, the two fluids are individually referred to as the first fluid and the second fluid.

[0013] FIG. 1is an exploded perspective view of a plate heat exchanger 1 according to Embodiment 1 of the present
disclosure. FIG. 2 is a cross-sectional view taken along II-1l illustrated in FIG. 1. FIG. 3 is a cross-sectional view taken
along llI-lll illustrated in FIG. 1. FIG. 4 is a cross-sectional view taken along IV-1V illustrated in FIG. 1. In FIGS. 2 to 4,
some first heat transfer plates 30 and second heat transfer plates 40 among the first heat transfer plates 30 and the
second heat transfer plates 40 are omitted.

As illustrated in FIGS. 1 to 4, a plate heat exchanger 1 according to Embodiment 1 includes a laminate body 100 in
which the first heat transfer plates 30 individually formed with a channel for allowing the first fluid to flow and the second
heat transfer plates 40 individually formed with a channel for allowing the second fluid that causes heat exchange with
the firstfluid to flow are alternatingly laminated atop one another. The laminate body 100 is reinforced by being sandwiched
between a first reinforcement plate 10 and a second reinforcement plate 20.

[0014] Of the configurations of the plate heat exchanger 1, a configuration of the first reinforcement plate 10 and the
second reinforcement plate 20 is described first. Then, a configuration of the first heat transfer plate 30 and the second
heat transfer plate 40 is described.

[0015] The first reinforcement plate 10 is a plate that reinforces the laminate body 100. Connection pipes for supplying
and discharging the first fluid and the second fluid that flows to the laminate body 100 are connected to the first rein-
forcement plate 10. The first reinforcement plate 10, as illustrated in FIG. 1, is rectangular in shape and has rounded
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corners. Also, the first reinforcement plate 10 is parallel with XZ plane and is placed on the +Y-most side in the plate
heat exchanger 1. The first reinforcement plate 10 is provided with a first reinforcement outer circumferential wall portion
11 that surrounds the outer circumference of the first reinforcement plate 10. The first reinforcement outer circumferential
wall portion 11, as illustrated in FIG. 2 and FIG. 3, is joined to a second outer circumferential wall portion 41 that the
second heat transfer plate 40 positioned at the +Y-most position within the laminate body 100 includes. The second
outer circumferential wall portion 41 is described further below. Also, the first reinforcement outer circumferential wall
portion 11 is inclined to the outside of the first reinforcement plate 10 as the first reinforcement outer circumferential wall
portion 11 extends to the +Y-side from the rim of the first reinforcement plate 10.

[0016] Also, the +X-end of the first reinforcement plate 10, as illustrated in FIG. 1, is provided with a first fluid supply
pipe 12 and second fluid supply pipe 13 for respectively supplying the first fluid and the second fluid to the laminate body
100. The first fluid supply pipe 12 and the second fluid supply pipe 13 are aligned side-by-side in the Z-direction and
extend into the +Y-direction. Here, the first fluid supply pipe 12 and the second fluid supply pipe 13 are individually
connected to non-illustrated connection pipes for the respectively supplying the first fluid and the second fluid. The first
fluid and the second fluid are respectively supplied to the first fluid supply pipe 12 and the second fluid supply pipe 13
via these connection pipes. In the first fluid supply pipe 12, the first fluid flows in the direction indicated by arrow F and
in the second fluid supply pipe 13, the second fluid flows in the direction indicated by arrow S.

[0017] The -X-end of the first reinforcement plate 10 is provided with a first fluid discharge pipe 14 and a second fluid
discharge pipe 15 for respectively discharging the first fluid and the second fluid from the laminate body 100. The first
fluid discharge pipe 14 and the second fluid discharge pipe 15 are formed to be the same in shape as the aforementioned
first fluid supply pipe 12 and the second fluid supply pipe 13. The first fluid discharge pipe 14 and the second fluid
discharge pipe 15 are aligned side-by-side in the Z-direction and extend into the +Y-direction. The first fluid discharge
pipe 14 and the second fluid discharge pipe 15 are individually connected to non-illustrated connection pipes for respec-
tively discharging the first fluid and the second fluid. In the first fluid discharge pipe 14 and the second fluid discharge
pipe 15, the first fluid and the second fluid are discharged to the respective connection pipes.

[0018] The second reinforcement plate 20 is a plate for reinforcing the laminate body 100, and unlike the first rein-
forcement plate 10, is without a portion for connecting to the connection pipes of the first fluid and the second fluid. The
second reinforcement plate 20 is formed to have a rectangular shape with the same external appearance as the first
reinforcement plate 10. The second reinforcement plate 20 is placed parallel to the first reinforcement plate 10. Also,
the second reinforcement plate 20 is placed on the -Y-most end in the plate heat exchanger 1, and, together with the
first reinforcement plate 10 sandwiches the laminate body 100. The second reinforcement plate 20 is provided with a
second reinforcement outer circumferential wall portion 21 that surrounds the outer circumference of the second rein-
forcement plate 20 and inclines to the outside of this outer circumference. The second reinforcement outer circumferential
wall portion 21 is for joining to the first outer circumferential wall portion 31 of the first heat transfer plate 30 that is
positioned on the -Y-most side of the sandwiched laminate body 100. The shape of the second reinforcement outer
circumferential wall portion 21 is the same as that of the first reinforcement outer circumferential wall portion 11.
[0019] Next, the first heat transfer plate 30 and the second heat transfer plate 40 of the aforementioned laminate body
100 are described with reference to FIGS. 5to 7.

[0020] FIG. 5is a front view of the first heat transfer plate 30. FIG. 6 is a cross-sectional view of a first passage hole
33, 36 formed in the first heat transfer plate 30 and a second passage hole 42, 45 formed in the second heat transfer
plate 40. FIG. 7 is a front view of the second heat transfer plate 40. The first heat transfer plate 30 is a member for
allowing the first fluid to flow within the plate heat exchanger 1. The first heat transfer plate 30, as illustrated in FIG. 5,
includes a plate portion 39 and the first outer circumferential wall portion 31 that surrounds the outer circumference of
the plate portion 39.

[0021] The plate portion 39 is rectangular in shape and has rounded corners. The shape and size of the plate portion
39 are the same as the aforementioned first reinforcement plate 10 and the second reinforcement plate 20.

[0022] Thefirst outer circumferential wall portion 31, asillustrated in FIGS. 2 to 4, extends from the outer circumference
of the plate portion 39 to the +Y-side. Also, the first outer circumferential wall portion 31 is inclined to the outside of the
plate portion 39 as the first outer circumferential wall portion 31 extends to the +Y-side. The +Y-end of the first outer
circumferential wall portion 31 is in contact with a second outer circumferential wall portion 41 that the second heat
transfer plate 40 positioned on the +Y-side with respect to the plate portion 39 includes. The second outer circumferential
wall portion 41 is described further below. In doing so, the +Y-side of the space formed by the first outer circumferential
wall portion 31 surrounding the plate portion 39 is closed. In the laminate body 100, a plurality of spaces surrounded in
such a manner by the first outer circumferential wall portions 31 are formed.

[0023] In order to cause the first fluid to flow between the spaces surrounded by the aforementioned first outer cir-
cumferential wall portions 31, the side on the +X-end and the side on the -X-end of the plate portion 39, as illustrated in
FIG. 5, have first fluid inflow/outflow holes 32 and 35 for causing the first fluid to flow in and out. As described further
below, the second heat transfer plate 40 also has a space that is defined by the second outer circumferential wall portion
41 surrounding the plate portion 49. In order to cause the second fluid to flow to the space formed in this second heat
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transfer plate 40, the +X-end side and the -X-end side of the plate portion 39 have first passage holes 33 and 36 through
which the second fluid flows in and out.

[0024] The first fluid inflow/outflow holes 32, 35 are round holes that pass through the first heat transfer plate 30 in
the Y-direction. The first fluid inflow/outflow holes 32 and 35 both have the same inner diameter. The first fluid inflow/out-
flow holes 32, 35 in the laminate body 100 illustrated in FIG. 2, are formed at positions that respectively align with the
first fluid supply pipe 12 and the first fluid discharge pipe 14 of the first reinforcement plate 10 as viewed in the Y-direction.
[0025] The first passage holes 33, 36 are round holes that pass through the first heat transfer plate 30 in the Y-direction,
and both have an inner diameter that is the same as that of the first fluid inflow/outflow holes 32, 35. The first passage
holes 33, 36 are arranged in the -Z-side with respect to the first fluid inflow/outflow holes 32, 35. Also, the first passage
holes 33, 36, as illustrated in FIG. 3, are formed at positions that respectively align with second fluid supply pipe 13 and
the second fluid discharge pipe 15 of the first reinforcement plate 10 as viewed in the Y-direction. Also, the first passage
hole 33, 36 is provided with a first tubular wall 34, 37 that is continuous with the inner circumferential wall of the first
passage hole 33, 36 in order to be in communication with a to-be-described second fluid inflow/outflow hole 43, 46 of
the second heat transfer plate 40. On the +Y-end of the first tubular wall 34, 37, as illustrated in FIG. 6, a flange 300
extending in the radial direction from the first tubular wall 34, 37 is provided for joining with the plate portion 49 of the
second heat transfer plate 40. In FIG. 1 and FIGS. 2 to 5, the first tubular wall 34, 37 is purposely illustrated without the
flange 300 to ease understanding.

[0026] The second heat transfer plate 40 is a member for allowing the second fluid to flow within the plate heat
exchanger 1. The second heat transfer plate 40, similarly to the first heat transfer plate 30, includes the plate portion 49
and the second outer circumferential wall portion 41 that surrounds the outer circumference of the plate portion 49 as
illustrated in FIG. 7.

[0027] The plate portion 49 is formed to have the same shape and size as that of the plate portion 39 of the first heat
transfer plate 30. Also, the second outer circumferential wall portion 41 is formed to have the same shape and size as
that of the first outer circumferential wall portion 31 of the first heat transfer plate 30. Also, the +Y-end of the second
outer circumferential wall portion 41, as illustrated in FIGS. 2 to 4, is in contact with either the first reinforcement outer
circumferential wall portion 11 that the first reinforcement plate 10 positioned on the +Y-side with respect to the plate
portion 49 includes or the first outer circumferential wall portion 31 that the first heat transfer plate 30 positioned on the
+Y-side with respect to the plate portion 49 includes. As a result, the +Y-side of the space formed by the second outer
circumferential wall portion 41 surrounding the outer circumference of the plate portion 49 is closed by the plate portion
10 or the first heat transfer plate 30. In the laminate body 100, a plurality of spaces surrounded in such a manner by the
second outer circumferential wall portions 41 are formed.

[0028] In order to cause the second fluid to flow between the spaces surrounded by the aforementioned second outer
circumferential wall portions 41, the +X-end side and the -X-end side of the plate portion 49, as illustrated in FIG. 7,
have second fluid inflow/outflow holes 43 and 46 for causing the second fluid to flow in and out. Also, in order to cause
the first fluid to flow in the aforementioned space that is formed by being surrounded by the first outer circumferential
wall portion 31 of the first heat transfer plate 30, the +X-end side and the -X-end side of the plate portion 49 have second
passage holes 42, 45 through which the first fluid flows in and out.

[0029] The second fluid inflow/outflow holes 43, 46 are round holes that pass through the plate portion 49. The second
fluid inflow/outflow holes 43, 46 both have the same inner diameter as the first passage holes 33, 36. Also, the second
fluid inflow/outflow holes 43, 46, as illustrated in FIG. 3, are formed as positions that respectively align with the second
fluid supply pipe 13 and the second fluid discharge pipe 15 of the first reinforcement plate 10 as viewed in the Y-direction.
In doing so, in a case in which the second fluid is supplied from the second fluid supply pipe 13 into the laminate body
100, the second fluid at the second fluid inflow/outflow hole 43 flows smoothly into the Y-direction via the first passage
hole 33, which is aligned as viewed in the Y-direction. Also, at the second fluid inflow/outflow hole 46, the second fluid
flows via the first passage hole 36, into the Y-direction, that is to the second fluid discharge pipe 15.

[0030] Also, the second passage holes 42, 45 are round holes that pass through the plate portion 49. The second
passage holes 42, 45 both have the same inner diameter as the first fluid inflow/outflow holes 32, 35. The second
passage holes 42, 45, as illustrated in FIG. 2, are formed at positions that respectively align with the first fluid supply
pipe 12 and the first fluid discharge pipe 14 of the first reinforcement plate 10 as viewed in the Y-direction. Also, the
second passage hole 42, 45 is provided with a second tubular wall 44, 47 that is continuous with the inner circumferential
wall of the second passage hole 42, 45 and extends in the +Y-direction in order to be in communication with the first
fluid supply pipe 12, the first fluid discharge pipe 14, and the first fluid inflow/outflow hole 32, 35. In doing so, in a case
in which the first fluid is supplied from the first fluid supply pipe 12, the first fluid at the second passage hole 42 flows
into the first fluid inflow/outflow hole 32 that is in the Y-direction. At the second passage hole 45, the first fluid flows to
the first fluid inflow/outflow hole 35 and the first fluid discharge pipe 14, which are aligned as viewed in the Y-direction.
On the second tubular wall 44, 47, as illustrated in FIG. 6, a flange 300 that has the same shape as that of the first
tubular wall 34, 37 is provided for joining with the plate portion 39 of the first heat transfer plate 30. In FIGS. 1 to 4 and
FIG. 7, the second tubular wall 44, 47 is purposely illustrated without the flange 300 to ease understanding.



10

15

20

25

30

35

40

45

50

55

EP 3 633 301 A1

[0031] In order to enhance heat exchange efficiency between the first fluid and the second fluid supplied, a first inner
fin 38 and a second inner fin 48 are respectively arranged on the X-direction-intermediate portion of the first heat transfer
plate 30 and the X-direction intermediate portion of the second heat transfer plate 40, as illustrated in FIG. 5 and FIG.
7. Also, in order to prevent laminate body 100 deformation caused by the supplied first fluid and the second fluid, a first
convexity 50 and a second convexity 60, which are not illustrated in FIG. 5 and FIG. 7, are respectively provided on the
first heat transfer plate 30 and the second heat transfer plate 40. Next, the first inner fin 38, the second inner fin 48, the
first convexity 50, and the second convexity 60 are described.

[0032] FIG. 8 is an enlarged plan view of an end portion of the first heat transfer plate 30. FIGS. 9A and 9B are
perspective views of IX region illustrated in FIG. 8. FIG. 10 is an enlarged plan view of an end portion of the second heat
transfer plate 40. FIG. 11 is an enlarged plan view illustrating the positions of the first convexity 50 and the second
convexity 60.

FIG. 9A is perspective view illustrating the first convexity 50 as viewed from the front and FIG. 9B is a perspective view
illustrating the first convexity 50 as viewed from the rear.

The first inner fin 38 and the second inner fin 48, as illustrated in FIG. 8 and FIG. 10, as illustrated in FIG. 8 and FIG.
10 each have a wave-like fin sections that have protuberances and interspaces in the Z-direction and extend in the X-
direction. Thus, in a case in which the first fluid flows into the X-direction at the first inner fin 38 and the second fluid
flows into the X-direction at the second inner fin 48, the first fluid and the second fluid flow along the respective fin
sections. The heat of the first fluid and the second fluid transfers in the fin sections of the first inner fin 38 and the second
inner fin 48, and as a result, heat exchange occurs between the first fluid and the second fluid.

[0033] The aforementioned wave-like fin sections are fixed to respective non-illustrated base portions of the first inner
fin 38 and the second inner fin 48. Although not illustrated, the base portions are rectangular in shape as viewed in XZ
plan view. Here, in the first inner fin 38, the length of the base portion in the transverse direction is equal to the distance
from the first outer circumferential wall portion 31 on the +Z-end of the first heat transfer plate 30 to the first outer
circumferential wall portion 31 on the -Z-end of the first heat transfer plate 30. The length of the base portion in the
longitudinal direction is less than the distance from the first fluid inflow/outflow hole 32 to the first fluid inflow/outflow hole
35 in the X-direction. Also, in the second inner fin 48, the length of the base portion in the transverse direction is equal
to the distance from the second outer circumferential wall portion 41 on the +Z-end of the second heat transfer plate 40
to the second outer circumferential wall portion 41 on the -Z-end of the second heat transfer plate 40. The length of the
base portion in the longitudinal direction is less than the distance from the second fluid inflow/outflow hole 43 to the
second fluid inflow/outflow hole 46 in the X-direction. Also, in both the first inner fin 38 and the second inner fin 48, the
transverse direction of the base portion is directed in the Z-direction whereas the longitudinal direction of the base portion
is directed in the X-direction.

[0034] The firstinner fin 38 and the second inner fin 48, as illustrated in FIGS. 1 to 3, FIG. 5, FIG. 7, FIG. 8, and FIG.
10, are respectively mounted on the +Y-surface of first heat transfer plate 30 and the +Y-surface of the second heat
transfer plate 40. The +X-end of the first inner fin 38 and the +X-end of the second inner fin 48 are respectively spaced
apart from the first fluid inflow/outflow hole 32 and the second fluid inflow/outflow hole 43 in order to make it easier for
the first fluid and the second fluid to flow in and out. In doing so, in a case in which the first fluid and second fluid
respectively flow from the first fluid inflow/outflow hole 32 and the second fluid inflow/outflow hole 43 in the direction of
the firstinner fin 38 and the second inner fin 48, the first fluid and the second fluid can easily spread out in the Z-direction.
As a result, the first fluid and the second fluid can easily flow evenly along the entirety of the first inner fin 38 and the
second inner fin 48 in the Z-direction. Also, since there is space around the entire periphery of the first fluid inflow/outflow
hole 32 and the entire periphery of the second fluid inflow/outflow hole 43 where the first inner fin 38 and the second
inner fin 48 are not provided, the first fluid and the second fluid can respectively spread out easily to the surrounding
areas of the first fluid inflow/outflow hole 32 and the second fluid inflow/outflow hole 43.

[0035] Also, the -X-end of the first inner fin 38 and the -X-end of the second inner fin 48 are respectively spaced apart
from the first fluid inflow/outflow hole 35 and the second fluid inflow/outflow hole 46. Therefore, there is also space
around the entire periphery of the first fluid inflow/outflow hole 35 and the entire periphery of the second fluid inflow/outflow
hole 46 where the first inner fin 38 and the second inner fin 48 are not arranged. Thus, the first fluid and the second fluid
can easily respectively flow from the first inner fin 38 and the second inner fin 48 into the first fluid inflow/outflow hole
35 and the second fluid inflow/outflow hole 46. For ease of flow of the first fluid and the second fluid, the distance at
which the first inner fin 38 and the first fluid inflow/outflow hole 35 are spaced apart and the distance at which the second
inner fin 48 and the second fluid inflow/outflow hole 46 are spaced apart are both preferably are 1/20 to 1/4 the diameter
of the first fluid inflow/outflow hole 35 (the second fluid inflow/outflow hole 46). Even more preferably, these distances
are 1/16 to 1/8 the diameter of the first fluid inflow/outflow hole 35 (the second fluid inflow/outflow hole 46). Also, it is
preferable that these distances be larger than the pitch between the waves in the X-direction of the wave-like fin sections
that the first inner fin 38 and the second inner fin 48 include or the pitch between fin sections adjacent to each other in
the Z-direction that the first inner fin 38 and the second inner fin 48 include. Specifically, it is preferable that these
distances be 1.5 to 2.0 times greater than these pitches. The distance at which the first inner fin 38 and the first fluid
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inflow/outflow hole 32 are spaced apart and the distance at which the second inner fin 48 and the second fluid inflow/outflow
hole 43 are spaced apart are the same.

[0036] No structure is provided between the first inner fin 38 and the first fluid inflow/outflow hole 35 or between the
second inner fin 48 and the second fluid inflow/outflow hole 46. Likewise, no structure is provided between the first inner
fin 38 and the first fluid inflow/outflow hole 32 or between the second inner fin 48 and the second fluid inflow/outflow
hole 43. As such, the laminate body 100 is susceptible to deformation due to being low in strength in certain regions.
Therefore, the aforementioned first convexity 50 and the second convexity 60 are arranged between these inner fins
and inflow/outflow holes in order to preserve the shape of the laminate body 100 and maintain the state in which the
first fluid and the second fluid can flow through smoothly.

[0037] The first convexity 50 arranged between the first inner fin 38 and the first fluid inflow/outflow hole 35 includes
a configuration that is similar to the first convexity 50 arranged between the firstinner fin 38 and the first fluid inflow/outflow
hole 32. Also, the second convexity 60 arranged between the second inner fin 48 and the second fluid inflow/outflow
hole 46 includes a configuration that is similar to the second convexity 60 that is arranged between the second inner fin
48 and the second fluid inflow/outflow hole 43. Therefore, the first convexity 50 arranged between the first inner fin 38
and the first fluid inflow/outflow hole 32 and the second convexity 60 arranged between the second inner fin 48 and the
second fluid inflow/outflow hole 43 are described as examples.

[0038] As illustrated in FIG. 8, multiple first convexities 50 are arranged in the region on the first fluid inflow/outflow
hole 32-side of the first inner fin 38, that is, on the +X region of the first heat transfer plate 30. The individual positions
of these first convexities 50 are random in order to expand the flow of the first fluid. Each of the first convexities 50
protrude from the +Y-side of the plate portion 39 of the first heat transfer plate 30 toward the +Y-side.

[0039] Each of the first convexities 50, as illustrated in FIGS. 9A and 9B, are formed to have a tip, that is, a cylindrical
shape whose +Y-end is closed. The diameter of the first convexity 50 is 1/14 to 1/15 the diameter of the first fluid
inflow/outflow hole 32. Also, the diameter of the first convexity 50 preferably is less than the distance at which the first
inner fin 38 and the first fluid inflow/outflow hole 35 spaced apart and less than the distance at which the second inner
fin 48 and the second fluid inflow/outflow hole 46 are spaced apart. Specifically, the diameter of the first convexity 50 is
2/3 to 1/3 these distances. Also, the first convexity 50 is formed to have a height at which the +Y-end thereof abuts
against the -Y-surface of the second heat transfer plate 40, while in a state in which the first heat transfer plates 30 and
the second heat transfer plates 40 together form the laminate body 100 (hereinafter referred laminate body 100 in a
formed state). Thus, with the laminate body 100 is a formed state, the first convexity 50 maintains the shape of the
channel through which the first fluid flows, serving as a support column between the second heat transfer plate 40 and
the first heat transfer plate 30.

[0040] Also, as illustrated in FIG. 10, multiple second convexities 60 are arranged in the region on the second fluid
inflow/outflow hole 43-side of the second inner fin 48, that is, on the +X region of the second heat transfer plate 40.
Although not illustrated, the second convexity 60 is formed to have a height at which the +Y-end thereof abuts against
the -Y-surface of the first heat transfer plate 30, while in a state in which the first heat transfer plates 30 and the second
heat transfer plates 40 together form the laminate body 100. Thus, with the laminate body 100 in the formed state, the
second convexity 60 maintains the shape of the channel through which the second fluid flows, serving as a support
column between the first heat transfer plate 30 and the second heat transfer plate 40. Also, as illustrated in FIG. 11,
with the laminate body 100 in a formed state, the second convexities 60 are arranged at positions that do not overlap
with the first convexities 50 as viewed in the Y-direction, that is, are arranged randomly yet such that the first convexities
50 and second convexities 60 are offset from one another.

[0041] Next, the flow of the first fluid and the second fluid in the plate heat exchanger 1 is described with reference to
FIG. 12. In the description provided below, it is taken that the first fluid and the second fluid that are targets for heat
exchange are respectively provided to the first fluid supply pipe 12 and the second fluid supply pipe 13 by connecting,
to the plate heat exchanger 1, connection pipes that are for supplying the first fluid and the second fluid. It is also taken
that the first fluid and the second fluid that underwent heat exchange are respectively discharged from the first fluid
discharge pipe 14 and the second fluid discharge pipe 15 by connecting, to the plate heat exchanger 1, connection pipes
that are for discharging the first fluid and the second fluid. Also, the description provided below is provided with reference
back to FIG. 1 as necessary.

[0042] FIG. 12 is a cross-sectional view of the first fluid supply pipe 12, the first fluid inflow/outflow hole 32 and the
second passage hole 42. First, the flow of the first fluid is described. The first fluid is externally supplied to the laminate
body 100 via the first fluid supply pipe 12. The supplied first fluid, as illustrated in FIG. 12, flows through the second
passage hole 42 of the second heat transfer plate 40 and the first fluid inflow/outflow hole 32 of the first heat transfer
plate 30 in the direction of arrow F, that is, in the -Y direction. Here, the second tubular wall 44 is formed in the second
passage hole 42. In contrast to this, there is no tubular wall surrounding the outer circumference of the first fluid in-
flow/outflow hole 32. Therefore, the first fluid flows not only in the -Y-direction but also from the first fluid inflow/outflow
hole 32 into the direction towards the first inner fin 38-side (that is, in the direction of arrow F1). Thus, the first fluid flows
along the +Y-surface of the first heat transfer plate 30. The +Y-surface of the first heat transfer plate 30 is provided in
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a space where only the first convexity 50 exists between the first fluid inflow/outflow hole 32 and the first inner fin 38.
Within this space, the first fluid enters the first fluid inflow/outflow hole 32 and spreads out across the entirety of the first
heat transfer plate 30 in the Z-direction, flowing into the first inner fin 38 in an even distribution.

[0043] The firstfluid that flowed into the first inner fin 38 undergoes heat exchange with first inner fin 38. The first fluid,
having undergone heat exchange, then flows to the non-illustrated first fluid inflow/outflow hole 35-side of the non-
illustrated first heat transfer plate 30. The immediate vicinity of the first fluid inflow/outflow hole 35 extends to the first
inner fin 38. The space in this immediate vicinity includes nothing but the first convexity 50. Therefore, pressure loss of
the first fluid is low in this space. As a result, the first fluid flows smoothly to the first fluid inflow/outflow hole 35-side. At
the first fluid inflow/outflow hole 35-side, the -X-end of the first heat transfer plate 30 is closed by the first outer circum-
ferential wall portion 31. In contrast to this, a portion of the plate surface of the first heat transfer plate 30 is open because
of the first fluid inflow/outflow hole 35. Therefore, the first fluid flows to the first fluid discharge pipe 14-side via the first
fluid inflow/outflow hole 35. That is, the first fluid flows to the second passage hole 45 of the second heat transfer plate
40 that is positioned on the +Y-side. Then the first fluid flows into the first fluid discharge pipe 14 via the second passage
hole 45 and discharges to the outside.

[0044] Next, the flow of the second fluid is described. The second fluid, as illustrated by arrow S in FIG. 1, is externally
supplied to the laminate body 100 via the second fluid supply pipe 13. The supplied second fluid flows in the -Y-direction
via the second fluid inflow/outflow hole 43 of the second heat transfer plate 40 and the first passage hole 33 of the first
heat transfer plate 30. Here, the first tubular wall 34 is formed in the first passage hole 33. In contrast to this, there is
no tubular wall surrounding the outer circumference of the second fluid inflow/outflow hole 43. Therefore, the second
fluid flows not only in the -Y-direction but also from the second fluid inflow/outflow hole 43 into the direction towards the
second inner fin 48-side. Also, the second fluid flows along the +Y-surface of the second heat transfer plate 40 and into
the second inner fin 48.

[0045] The second fluid that flowed into the second inner fin 48 undergoes heat exchange with the second inner fin
48. Thereafter, the second fluid flows from the second inner fin 48 to the second fluid inflow/outflow hole 46. Since the
space provided between the second inner fin 48 and the second fluid inflow/outflow hole 46 includes nothing but the
second convexity 60, the second fluid flows to the second fluid inflow/outflow hole 46-side with little pressure loss. On
the second fluid inflow/outflow hole 46-side, the +Y-end of the second heat transfer plate 40 is closed by the second
outer circumferential wall portion 41. In contrast to this, a portion of the plate surface of the second heat transfer plate
40 is open because of the second fluid inflow/outflow hole 46. Therefore, the second fluid flows to the second fluid
discharge pipe 15-side via the second fluid inflow/outflow hole 46. That is, the second fluid flows to the first passage
hole 36 of the first heat transfer plate 30 that is positioned on the +Y-side or the second fluid discharge pipe 15 positioned
on the +Y-side. Then, the second fluid flows through the second fluid discharge pipe 15 and discharges to the outside.
[0046] The heat that is transferred to the first inner fin 38 and the second inner fin 48 in turn respectively transfers to
the first heat transfer plate 30 and the second heat transfer plate 40. Since the first heat transfer plates 30 and the
second heat transfer plates 40 are alternately laminated atop one another, the heat transferred to the first heat transfer
plate 30 and the second heat transfer plate 40 undergoes heat exchange between the first heat transfer plate 30 and
the second heat transfer plate 40. As a result, the first fluid and the second fluid undergo heat exchange within the plate
heat exchanger 1.

[0047] As described above, in the plate heat exchanger 1 according to Embodiment 1 of the present disclosure, the
first inner fin 38 is spaced apart from the first fluid inflow/outflow holes 32, 35. Also, the second inner fin 48 is spaced
apart from the second fluid inflow/outflow holes 43, 46. Also, the entire periphery of the first fluid inflow/outflow hole 32,
35 is in contact with the space where the first inner fin 38 is not provided and the entire periphery of the second fluid
inflow/outflow hole 43, 46 is in contact with the space where the second inner fin 48 is not provided. Therefore, in the
space between thefirstinner fin 38 and the first fluid inflow/outflow hole 32, 35, the first fluid does not flow disproportionately
to only a portion of the first inner fin 38, but instead spreads across the entirety of the first inner fin 38. Also, in the space
between the second inner fin 48 and the second fluid inflow/outflow hole 43, 46, the second fluid does not flow dispro-
portionately to only a portion of the second inner fin 48, but instead spreads across the entirety of the second inner fin
48. As a result, in the plate heat exchanger 1, the pressure loss of the first fluid and the second fluid is low.

[0048] The first convexity 50 is provided between the first inner fin 38 and the first fluid inflow/outflow hole 32, 35.
Also, the second convexity 60 is provided between the second inner fin 48 and the second fluid inflow/outflow hole 43,
46 yet the position of the second convexity 60 is an offset position with respect to the first convexity 50 as viewed in the
Y-direction. Therefore, the laminate body 100 in the plate heat exchanger 1 does not easily deform due to the pressure
of the first fluid and the second fluid. As a result, an increase in pressure loss due to deformation of the laminate body
100 can be prevented. Also, the first convexity 50 and the second convexity 60 are provided at positions offset from
each other as viewed in the Y-direction. Therefore, due to the first convexities 50 and the second convexities 60, the
first heat transfer plate 30 and the second heat transfer plate 40 are reinforced by different portions as viewed in the Y-
direction. As a result, the strength of the plate heat exchanger 1 can be further enhanced compared with a case in which
the first convexity 50 and the second convexity 60 are placed in equal quantities in the same positions with respect to
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one another as viewed in the Y-direction. Specifically, the case in which the first convexity 50 and the second convexity
60 are arranged offset with respect to each other as viewed in the Y-direction is more effective for securing a compressive
strength required to withstand the pressure of the fluid flowing through than the cases in which the first convexity 50 and
the second convexity 60 are arranged in the same positions or in overlapping positions as viewed in the Y-direction.
Also, since compressive strength can be secured using the first convexity 50 and the second convexity 60 in low quantities,
pressure loss of the fluid cause by the first convexity 50 and the second convexity 60 can be suppressed.

[0049] Each ofthefirsttubularwalls 34, 37 and each of the second tubular walls 44, 47 are provided with a corresponding
flange 300. Therefore, by brazing the flanges 300 onto the plate surface of the first heat transfer plate 30 and the second
heat transfer plate 40, the joint strength between the first tubular walls 34, 37 and the second heat transfer plate 40 and
the joint strength between the second tubular walls 44, 47 and the first heat transfer plate 30 can be enhanced. As a
result, cases of the first fluid leaking through the joined portions into the second channel or the second fluid leaking
through the joined portions into the first channel can be prevented.

[0050] Also, by brazing the first outer circumferential wall portion 31 of the first heat transfer plate 30 and the second
outer circumferential wall portion 41 of the second heat transfer plate 40, leakage of the first fluid and the second fluid
to the outside can be prevented. Furthermore, the strength of the laminate body 100 can be enhanced.

Embodiment 2

[0051] In a plate heat exchanger 2 according to Embodiment 2, first convexities 51 are provided only in the immediate
vicinity of the first fluid inflow/outflow hole 32, whereas in the plate heat exchanger 1 according to Embodiment 1, the
first convexities 50 are provided in the immediate vicinity of the first fluid inflow/outflow hole 32 and the first passage
hole 33. Likewise, in the plate heat exchanger 2, second convexities 61 are provided only in the immediate vicinity of
the second fluid inflow/outflow hole 43, whereas in the plate heat exchanger according to Embodiment 1, the second
convexities 60 are provided in the immediate vicinity of the second fluid inflow/outflow hole 43 and the second passage
hole 42. Next, the plate heat exchanger 2 according to Embodiment 2 is described with reference to FIGS. 13 to 16. In
Embodiment 2, the portions of the configuration that differ from that in Embodiment 1 are described.

[0052] FIG. 13is anenlarged plan view of an end portion of the first heat transfer plate 30 that the plate heat exchanger
2 according to Embodiment 2 of the present disclosure includes. FIG. 14 is an enlarged plan view of an end portion of
the second heat transfer plate 40 that the plate heat exchanger 2 according to Embodiment 2 of the present disclosure
includes. FIG. 15 is an enlarged plan view illustrating a positional relationship between the first convexity 51 and the
second convexity 61 in the plate heat exchanger 2 according to Embodiment 2 of the present disclosure.

As illustrated in FIG. 13, the first convexity 51 is formed only in the +X-side and +Z-side region where the first fluid
inflow/outflow hole 32 is formed in the first heat transfer plate 30. Multiple first convexities 51 are randomly arranged in
the region. The shape and size of the first convexities 51 are the same as that of the first convexities 50 of Embodiment 1.
[0053] Conversely, the second convexity 61, as illustrated in FIG. 14, is formed only in the +X-side and -Z-side region
where the second fluid inflow/outflow hole 43 is formed in the second heat transfer plate 40. Multiple second convexities
61 are arranged in the region. The shape and size of the second convexities 61 are the same as that of the second
convexities 60 of Embodiment 1. The second convexities 61 are randomly arranged in the region. That being said, with
the laminate body 100 in the formed state, the second convexities 61 are arranged at positions that do not overlap with
the first convexities 51 as viewed in the Y-direction, as illustrated in FIG. 15.

[0054] Although not illustrated, the first convexities 51 are randomly arranged also in the -X-side and +Z-side region
where the first fluid inflow/outflow hole 35 is formed in the first heat transfer plate 30. The second convexities 61 are
randomly arranged also in the -X-side and -Z-side region where the second fluid inflow/outflow hole 46 is formed in the
second heat transfer plate 40. With the laminate body 100 in the formed state, the second convexities 61 are arranged
at positions that do not overlap with the first convexities 51 as viewed in the Y-direction.

[0055] Next, the effects of the first convexity 51 and the second convexity 61 in the plate heat exchanger 2 are described
with reference to FIG. 16. FIG. 16 is a schematic cross-sectional view of the first fluid supply pipe 12 and the second
fluid supply pipe 13 of the plate heat exchanger 2 according to Embodiment 2 of the present disclosure. In the description
below, it is to be understood that, similar to that in Embodiment 1, the connection pipes for supplying the first fluid and
the second fluid that are targets for heat exchange are connected to the first fluid supply pipe 12 and the second fluid
supply pipe 13.

[0056] As illustrated in FIG. 16, the first fluid is supplied from the first fluid supply pipe 12. When the first fluid flows
as indicated by arrow F, pressure is applied to the first fluid channel, which is formed in the first heat transfer plate 30,
due to the flow of the first fluid. Conversely, the second fluid is supplied from the second fluid supply pipe 13. When the
second fluid flows as indicated by arrow S, pressure is applied to the second fluid channel, which is formed in the second
heat transfer plate 40.

[0057] At this time, the compressive strength of the first channel is strong in the immediate vicinity of the first fluid
inflow/outflow hole 32 because the first convexity 51 is provided in the immediate vicinity of the first fluid inflow/outflow
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hole 32, and as a result, the immediate vicinity of the first fluid inflow/outflow hole 32 does not easily deform. Although
there is no first convexity 51 provided in the immediate vicinity of the first passage hole 33 in the first channel, the second
convexity 61 is provided in the immediate vicinity of the second fluid inflow/outflow hole 43 within the second channel
that is adjacent to the first channel in the Y-direction. The immediate vicinity of the first passage hole 33 in the first
channel does not easily deform due to being supported by the second convexity 61. As such, the first fluid, uninterrupted
by deformation of the first heat transfer plate 30, flows smoothly through the first fluid inflow/outflow hole 32. Also, since
the first convexity 51 is not provided in the immediate vicinity of the first passage hole 33, the first fluid, in comparison
with that in Embodiment 1, flows more smoothly from the first fluid inflow/outflow hole 32 to the immediate vicinity of the
first passage hole 33. As such, the first fluid spreads out easily to the -Z-side within the first heat transfer plate 30. The
first fluid flows in a state in which the flow amount in the Z-direction of the first heat transfer plate 30 is more even.
[0058] Also, the compressive strength of the second channel is strong in the immediate vicinity of the second fluid
inflow/outflow hole 43 because the second convexity 61 is provided in the immediate vicinity of the second fluid in-
flow/outflow hole 43, and as a result, the immediate vicinity of the second fluid inflow/outflow hole 43 does not easily
deform. Although there is no second convexity 61 provided in the immediate vicinity of the second passage hole 42 in
the second channel, the first convexity 51 is provided in the immediate vicinity of the first fluid inflow/outflow hole 32
within the first channel that is adjacent to the second channel in the Y-direction. The immediate vicinity of the second
passage hole 42 within the second channel does not easily deform due to being supported by the first convexity 51. As
such, the second fluid, uninterrupted by deformation of the second heat transfer plate 40, flows smoothly through the
second fluid inflow/outflow hole 43. At the second passage hole 42, since the second convexity 61 is not provided in the
immediate vicinity, the second fluid, in comparison with that in Embodiment 1, flows more smoothly from the second
fluid inflow/outflow hole 43 to the immediate vicinity of the second passage hole 42, and thus, the second fluid spreads
out easily to the -Z-side within the second heat transfer plate 40. The second fluid flows in a state in which the flow
amount in the Z-direction of the second heat transfer plate 40 is more even. The first convexity 51 is provided in the
immediate vicinity of the non-illustrated first fluid inflow/outflow hole 35 of the first heat transfer plate 30 as well. The
second convexity 61 is provided in the immediate vicinity of the non-illustrated second fluid inflow/outflow hole 46 of the
second heattransfer plate 40. Therefore, in the immediate vicinity of the first fluid inflow/outflow hole 35 and the immediate
vicinity of the second fluid inflow/outflow hole 46 as well, the laminate body 100 does not easily deform, and thus, the
first fluid and the second fluid flow smoothly.

[0059] As described above, the first convexity 51 is not provided in the immediate vicinity of the first passage hole 33
in the plate heat exchanger 2 according to Embodiment 2 of the present disclosure. Nevertheless, since the second
convexity 61 is provided in the immediate vicinity of the adjacent second fluid inflow/outflow hole 43, deformation of the
laminate body 100 can be prevented by a low count of the first convexities 51. Also, although the second convexity 61
is not provided in the immediate vicinity of the second passage hole 42, since the first convexity 51 is provided in the
immediate vicinity of the adjacent first fluid inflow/outflow hole 32, deformation of the laminate body 100 can be prevented
by a low count of the second convexities 61. As a result, obstruction of the flow of the first fluid and the second fluid
caused by deformation of the laminate body 100 can be prevented.

Embodiment 3

[0060] In the plate heat exchanger 1 according to Embodiment 1, the first convexity 50 is provided on the first heat
transfer plate 30. Also, the second convexity 60 is provided on the second heat transfer plate 40. In contrast to this, a
plate heat exchanger 3 according to Embodiment 3 is provided with a first convexity 52 and a second convexity 62 on
the second heat transfer plate 40. Next, the plate heat exchanger 3 according to Embodiment 3 is described with reference
to FIGS. 17 and 18. In Embodiment 3, the portions of the configuration that differ from those described in Embodiments
1 and 2 are described.

[0061] FIG. 17 is an enlarged plan view of an end portion of the second heat transfer plate 40. FIG. 18 is a schematic
cross-sectional view of the first fluid supply pipe 12 and the second fluid supply pipe 13. In FIG. 17, in order to indicate
that the first convexity 52 is concave, a diagonal line is drawn through those that are concave. As illustrated in FIG. 17,
the second heat transfer plate 40 includes multiple second convexities 62 that protrude in the +Y-direction and multiple
first convexities 52 that protrude in the -Y direction and are formed to have a height equal to the height of the first channel.
The second convexity 62 and the first convexity 52 are arranged at positions that do not overlap with each other in the
Y-direction. Also, the second convexity 62 and the first convexity 52 are arranged in a region that is on the +X-side with
respect to second inner fin 48 within the within the second heat transfer plate 40. Specifically, the second convexity 62
and the first convexity 52 are arranged in the immediate vicinity of the second passage hole 42 and in the immediate
vicinity of the second fluid inflow/outflow hole 43.

[0062] With the laminate body 100 in the formed state, the +Y-end of the second convexity 62, as illustrated in FIG.
18, abuts against the first reinforcement plate 10 that is positioned on the +Y-side with respect to the second heat transfer
plate 40 that includes the second convexity 62. Alternatively, the +Y-end of the second convexity 62 abuts against the
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first heat transfer plate 30 that is positioned on the +Y-side with respect to the second heat transfer plate 40 that includes
the second convexity 62. This enables the second convexity 62 to function as a support column between the second
heat transfer plate 40 and the first reinforcement plate 10 or between the second heat transfer plate 40 and first heat
transfer plate 30.

[0063] In contrast to this, the -Y-end of the first convexity 52 abuts against the first heat transfer plate 30 that is
positioned on the -Y-side with respect to the second heat transfer plate 40 that includes the first convexity 52. This
enables the first convexity 52 to function as a support column between the second heat transfer plate 40 and the first
heat transfer plate 30.

[0064] Although notillustrated, the second heat transfer plate 40 also has a second convexity 62 and a first convexity
52, which function as support columns, in the region that is on the -X-side with respect to the second inner fin 48, that
is, also in the region on the second passage hole 45 and the second fluid inflow/outflow hole 46-side of the second heat
transfer plate 40.

[0065] As described above, in the plate heat exchanger 3 according to Embodiment 3 of the present disclosure, the
second convexity 62, which protrudes in the +Y-direction, and the first convexity 52, which protrudes in the -Y-direction,
are provided on the second heat transfer plate 40. Since the second convexity 62 and the first convexity 52 function as
support columns, the strength of the laminate body 100 is high. As a result, a case where the first fluid and the second
fluid cannot flow easily due to deformation of the laminate body 100 can be prevented from happening. The configuration
of Embodiment 3 can reduce the fees of machining the first heat transfer plate because the neither the first convexity
52 nor the second convexity 62 are provided on the first heat transfer plate 30. As a result, the cost of the plate heat
exchanger 3 can be lowered.

Embodiment 4

[0066] In a plate heat exchanger 4 according to Embodiment 4, the first convexity 52 and the second convexity 62
having a similar shape as those in the second heat transfer plate 40 described in Embodiment 3 are provided on the
first heat transfer plate 30. Below, the plate heat exchanger 4 according to Embodiment 4 is described with reference
to FIG. 19. In Embodiment 4, the portions of the configuration that differ from those described in Embodiments 1 to 3
are described.

[0067] FIG. 19 is an enlarged cross-sectional view of the laminate body 100. As illustrated in FIG. 19, the first heat
transfer plate 30 includes the second convexity 62 that protrudes from the plate surface into the +Y-direction and the
first convexity 52 that protrudes from the plate surface into the -Y-direction. The second convexity 62 and the first
convexity 52 both protrude by the same distance from plate surface. The second heat transfer plate 40 also includes
the second convexity 62 and the first convexity 52, both of which have the same shape. The second convexity 62 that
the first heat transfer plate 30 includes and the first convexity 52 that the second heat transfer plate 40 includes are
formed at positions that overlap with each other in the Y-direction. The +Y-end of the second convexity 62 that the first
heat transfer plate 30 includes and the -Y-end of the first convexity 52 that the second heat transfer plate 40 includes
abut against each other and are brazed together. This enables the second convexity 62 that the first heat transfer plate
30 includes and the first convexity 52 that the second heat transfer plate 40 includes to functions as support columns
of the laminate body 100.

[0068] Although notillustrated, as in Embodiment 3, the first convexity 52 and the second convexity 62 in Embodiment
4 are arranged in the region that is on the +X-side with respect to the first inner fin 38 and in the region that is on the
-X-side with respect to the first inner fin 38 of the first heat transfer plate 30. Also, the first convexity 52 and the second
convexity 62 are arranged in the region that is on the +X-side with respect to the second inner fin 48 and in the region
that is on the -X-side with respect to the second inner fin 48 of the second heat transfer plate 40.

[0069] As described above, in the plate heat exchanger 4 according to Embodiment 4 of the present disclosure, the
second convexity 62 that the first heat transfer plate 30 includes and the first convexity 52 that the second heat transfer
plate 40 includes function as support columns of the laminate body 100. Therefore, the second convexity 62 and the
first convexity 52 can prevent deformation of the laminate body 100. As a result, the flow of the first fluid and the second
fluid is maintained in the plate heat exchanger 4.

[0070] Also, the first convexity 52 and the second convexity 62 that the plate heat exchanger 4 can be made to have
a convexity height that is half of that of the convexities included in the plate heat exchangers 1 to 3 according to
Embodiments 1 to 3. Therefore, it is easy to shape the first convexity 52 and the second convexity 62, and, the first heat
transfer plate 30 and the second heat transfer plate 40 can be made to have a thin thickness.

Embodiment 5

[0071] Embodiment 5 is a heat pump hot water supply system 5 in which the plate heat exchanger 1 according to
Embodiment 1 is used. The heat pump hot water supply system 5 according to Embodiment 5 is described with reference
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to FIG. 20.

[0072] FIG. 20 is a block diagram of the heat pump hot water supply system 5. As illustrated in FIG. 20, the heat pump
hot water supply system 5 includes a refrigerant circuit 80 and a water circuit 90 that exchanges heat with the refrigerant
circuit 80.

[0073] The refrigerant circuit 80 includes a compressor 81 that compresses the refrigerant, the plate heat exchanger
1 that causes the refrigerant to exchange heat with the water of the water circuit 90, an expansion valve 82, and a heat
exchanger 83 that causes the refrigerant expanded by the expansion valve 82 to heat-exchange with outdoor air. In the
refrigerant circuit 80, the compressor 81, the plate heat exchanger 1, the expansion valve 82, and the heat exchanger
83 are connected together in this sequence.

[0074] In contrast to this, the water circuit 90 includes a pump 91 that causes the water to circulate and a heating/hot
water supply-type water-using device 92. The water circuit 90 is connected to the plate heat exchanger 1. Specifically,
the water circuit 90 includes the heating/hot water supply-type water-using device 92, the pump 91, and the plate heat
exchanger 1. The heating/hot water supply-type water-using device 92, the pump 91 and the plate heat exchanger 1
are connected together is this sequence and together form a closed circuit.

[0075] As described above, the heat pump hot water supply system 5 according to Embodiment 5 includes the plate
heat exchanger 1. Therefore, the pressure loss of the refrigerant and the water is low, whereas the heat exchange
efficiency is high.

Embodiment 6

[0076] A plate heat exchanger 6 according to Embodiment 6 is described with reference to FIGS. 20 to 23. In Embod-
iment 6, the portions of the configuration that differ from those in Embodiments 1 to 5 are described.

[0077] First, referring back to FIG. 20, the flow within the plate heat exchanger 6 is described in detail. In the present
embodiment, it is taken that the first fluid is refrigerant and that the second fluid is water. In a case in which the heat
pump hot water supply system 5 performs heating, the first fluid flows from the compressor 81 to the inflow hole of the
plate heat exchanger 6 in a high-temperature and high-pressure gas single-phase state, and then transitions to a two-
phase state in which the gas phase and the liquid phase coexist due to the condensation and dissipation of heat because
of the first inner fin 38 (also referred to as the fin sections). Then, after the first fluid is completely liquefied, the fluid flows
out of the outflow hole (also referred to as the header portion) of the plate heat exchanger 6 while in the high-pressure
liquid single-phase state, and is circulated again back to the compressor 81. In contrast to this, the second fluid, always
in a liquid state, absorbs heat from the refrigerant, which is the first liquid, thereby becoming heated water that is sent
to the inside of a room to heat the room. Also, in a case in which the heat pump hot water supply system 5 performs
cooling, although not illustrated, the flow inside the refrigerant circuit 80 is reversed by the four-way valve. The first fluid
flows from the expansion valve 82 into the outflow hole of the plate heat exchanger 6 in a low-pressure two-phase state,
and then due to evaporation and absorption of heat because of the first inner fin 38, the first fluid transitions to a two-
phase state in which the percentage of gas is increased. Then, after the first fluid is completely gasified, the first liquid
flows out of the inflow hole of the plate heat exchanger 6 in the gas single-phase state. In contrast to this, the second
fluid exchanges heat with the first fluid and then the cooled water is sent to the inside of the room to cool the room. As
described, on the second fluid side, whereas the second fluid at the header portion and the fin sections are always in
the fluid single-phase state, on the first fluid side, the first fluid at the exit/entrance header portions is in a gas single-
phase state and liquid single-phase state in the case of heating. In the case of cooling, the first fluid at this entrance
(exit in the case of the flow for cooling) header portion is in a single-phase state and the first fluid at the exit (entrance
in the case of the flow for cooling) header portion is in a two-phase state with a high liquid quantity percentage. Normally,
even if the channel shapes are the same, the pressure loss when in the gas single-phase state and the liquid single-
phase state (including the two-phase state with a high liquid quantity percentage) is smaller than that of a two-phase
state, on the first fluid side, the pressure loss for the exit/entrance header portions passing through the entirety of the
plate heat exchanger 6 is relatively low. Therefore, in a case in which a channel resistor is newly added to the exit/entrance
header portions, the impact that first fluid side has on increasing the pressure loss along the entirety of the plate heat
exchanger 6 compared is low compared to the second fluid side.

[0078] Next, the configuration of the plate heat exchanger 6 is described with reference to FIGS. 21 to 23. FIG. 21 is
an enlarged plan view of an end portion of the first heat transfer plate 30 that the plate heat exchanger 6 according to
Embodiment 6 of the present disclosure includes. FIG. 22 is an enlarged plan view of an end portion of the second heat
transfer plate 40 that the plate heat exchanger 6 according to Embodiment 6 of the present disclosure includes. FIG.
23 is an enlarged plan view illustrating a positional relationship between the first convexity 53 and the second convexity
63 in the plate heat exchanger 6 according to Embodiment 6 of the present disclosure. As illustrated in FIG. 21, the first
convexity 53 is provided in the immediate vicinity of the first fluid inflow/outflow hole 32 and the first passage hole 33 on
the +X-end of the first heat transfer plate 30. Although not illustrated, the first convexity 53 in equal count is also provided
in the immediate vicinity of the first fluid inflow/outflow hole 35 and the first passage hole 36 on the -X-end of the first
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heat transfer plate 30.

[0079] In contrast to this, as illustrated in FIG. 22, the count of the second convexity 63 provided in the immediate
vicinity of the second fluid inflow/outflow hole 43 and the second passage hole 42 on the +X-end of the second heat
transfer plate 40 is lower than that of the first convexity 53 in order to lessen the impact on the increase in pressure loss
due to the aforementioned channel resistor. With the laminate body 100 in a the formed state, the second convexities
63, as illustrated in FIG. 23, are arranged at positions that are offset with respect to the first convexities 53 as viewed
in the Y-direction. Although not illustrated, the second convexity 63 is also provided in the immediate vicinity of the
second passage hole 45 and the second fluid inflow/outflow hole 46 on the -X-end of the second heat transfer plate 40.
[0080] As described above, in the plate heat exchanger 6 according to the present Embodiment 6, since dimples
(although the term "dimples" typically refers to concavities, here "dimple-shaped" specifically refers to the first convexity
53 that is formed by the depressing of the -Y-surface of the first heat transfer plate 30 towards the +Y-side) are provided
on the first fluid side in a concentrated manner, the negative impact they have on the overall performance of the heat
pump hot water supply system 5 can be lessened. Furthermore, in the case of a cooling operation, although the first
fluid flows into the outflow hole (the inflow hole in the case of a cooling operation) on the first fluid side while in a two-
phase state, the adding of channel resistors promote mixing of the vapor and liquid, thereby enabling the first fluid in
the two-phase state to be transitioned to more of a single-phase state. By suppressing an uneven distribution of the
gas/liquid fluid within the plate heat exchanger 6, the gas/liquid fluid can be circulated in an even distribution. As a result,
the average heat transfer coefficient on the refrigerant side can be improved over that in Embodiment 1.

[0081] Although the embodiments of the present disclosure have been described above, the present disclosure is not
limited to the above described embodiments. For example, the tip of the flange 300 extends in the radial direction from
the first tubular wall 34, 37. However, the flange 300 may be of any shape as long as joining to the first heat transfer
plate 30 and the second heat transfer plate 40 can be achieved.

[0082] FIG. 24 is a cross-sectional view of a modified example of the flange of the first tubular wall 34, 37. FIG. 25 is
a cross-sectional view of a modified example of the first fluid supply pipe 12, the first fluid inflow/outflow hole 32, and
the second passage hole 42. As illustrated in FIGS. 24 and 25, the flange 301 may extend from the +Y-end of the first
tubular wall 34, 37 towards the inner side of the first passage hole 33, 36. Although not illustrated, the flange 301 may
be provided on the second tubular wall 44, 47. In such a case, the flange 301 provided on the second tubular wall 44,
47 may from the +Y-end of the second tubular wall 44, 47 towards the inner side of the second passage hole 42, 45. Of
the flanges 300 and 301, that which is provided on the first heat transfer plate 30 may be referred to as the first flange
and that which is provided on the second heat transfer plate 40 may be referred to as the second flange.

[0083] In Embodiments 1 to 5, the first inner fin 38 and the second inner fin 48 are formed in a shape that includes
wave-like fin sections that have protuberances and interspaces in the Z-direction and extend in the X-direction. However,
the first inner fin 38 and the second inner fin 48 in the present disclosure are not limited to this shape. The fin sections
may be formed in any shape.

[0084] FIG. 26 is a perspective view of the first inner fin 38 arranged on the first heat transfer plate 30 and the second
inner fin 48 arranged on the second heat transfer plate 40 that the plate heat exchanger 1 according to Embodiment 1
of the present disclosure includes. FIGS. 26A, 26B, 26C, 26D, 26E, and 26F respectively illustrate an off-set type fin, a
flat plate-type fin, a wave-type fin, a louver-type fin, a corrugated-type fin, and a pin-type fin.

[0085] The fin sections of the first inner fin 38 and the second inner fin 48 may be off-set type fins in which the inner
wall of the grooves illustrated in FIG. 26A alternatingly project outwardly. Alternatively, the fin sections may be flat plate-
type fins that are multiple flat plates arranged parallel to one another as illustrated in FIG. 26B. The fin sections may be
wave-type fins that are wave-shaped as viewed in plan view, louver-type fins, or corrugated-type fins respectively
illustrated in FIGS. 26C, 26D, and 26E. The fin sections may be so-called pin-type fins in which pins are arrayed in a
grid-shape as illustrated in FIG. 26F.

[0086] Also, in Embodiments 1 to 5, the first convexities 50 to 53 and the second convexities 60 to 63 are cylindrically
shaped. However, in the present disclosure, the first convexities 50 to 53 and the second convexities 60 to 63 may be
any shape as long as they are formed as convexities that protrude from the plate surface of the first heat transfer plate
30 and the plate surface of the second heat transfer plate 40.

[0087] FIGS. 27A, 27B, 27C, 27D, 27E and 27F are rear views of the X region illustrated in FIG. 8. FIG. 27A a
perspective view as viewed from the rear of the first convexity 50 that is described in Embodiment 1. FIGS. 27B, 27C,
27D, 27E, and 27F respectively illustrate the first convexity 50 as being wedge-shaped, elliptically-shaped, triangularly-
shaped, square-shaped, and arc-shaped as viewed in the Y-direction.

[0088] The first convexity 50, as illustrated in FIGS. 27B, 27C, 27D, 27E, and 27F, may be formed as wedge-shaped,
elliptically-shaped, triangularly-shaped, square-shaped, or arc-shaped as viewed in the Y-direction. Also, although not
illustrated, the first convexities 51 to 53 and the second convexities 60 to 63 likewise may be formed as wedge-shaped,
elliptically-shaped, triangularly-shaped, square-shaped, or arc-shaped as viewed in the Y-direction. In a case in which
the first convexities 50 to 53 and the second convexities 60 to 63 are wedge-shaped as illustrated in FIG. 27B, the tip
of the wedge preferably is directed in the direction into which the first fluid and the second fluid flow. In this orientation,
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pressure loss of the first fluid and the second fluid can be reduced.

[0089] In Embodiment 1, the diameter of the first convexity 50 and the diameter of the second convexity 60 are 1/14
to 1/15 the diameter of the first fluid inflow/outflow hole 32. However, the present disclosure is not limited to this. The
first convexity 50 and the second convexity 60 may be any size. The first convexities 51 to 53 and the second convexities
61 to 63 also may be any size.

[0090] FIG. 28 is an enlarged plan view illustrating a modified example of the first convexity 50 that the plate heat
exchanger 1 according to Embodiment 1 of the present disclosure includes. FIG. 29 is an enlarged plan view illustrating
another modified example of the first convexity 50 that the plate heat exchanger 1 according to Embodiment 1 of the
present disclosure includes. As illustrated in FIG. 28, the diameter of the first convexity 50 may be greater than that in
Embodiment 1. In such a case, the count of the first convexity 50 may be less than that in Embodiment 1. Conversely,
as illustrated in FIG. 29, the diameter of the first convexity 50 may be less than that in Embodiment 1. In such a case,
the count of the first convexities 50 may be greater than thatin Embodiment 1. As described, the size of the first convexity
50 as viewed in the Y-direction, that is, the surface area of the of the first convexity 50 as viewed in the Y-direction may
be modified in accordance with the count of the first convexity 50. The count and surface area of the first convexity 50
preferably are determined in accordance with the pressure resistance required for the laminate body 100. This likewise
applied to the first convexities 51 to 53 and the second convexities 60 to 63.

[0091] In Embodiment 5, the plate heat exchanger 1 is used in the heat pump hot water supply system 5. However,
the present disclosure is not limited to this. The plate heat exchangers 1 to 4 are also applicable to chilling units for
cooling. Also, the plate heat exchangers 1 to 4 may be utilized with household appliances or industrial equipment such
as power generation devices, foodstuffs-based heat sterilization processing devices, and the like. By using the plate
heat exchangers 1 to 4 with such appliances, devices, or equipment, the heat exchange efficiency can be enhanced.
[0092] The foregoing describes some example embodiments for explanatory purposes. Although the foregoing dis-
cussion has presented specific embodiments, persons skilled in the art will recognize that changes may be made in
form and detail without departing from the broader spirit and scope of the invention. Accordingly, the specification and
drawings are to be regarded in an illustrative rather than a restrictive sense. This detailed description, therefore, is not
to be taken in a limiting sense, and the scope of the invention is defined only by the included claims, along with the full
range of equivalents to which such claims are entitled.

[0093] This application claims the benefit of Japanese Patent Application No. 2017-101390, filed on May 23, 2017,
the entire disclosure of which is incorporated by reference herein.

REFERENCE SIGNS LIST

[0094]

1t04,6 Plate heat exchanger

5 Heat pump hot water supply system

10 First reinforcement plate

11 First reinforcement outer circumferential wall portion
12 First fluid supply pipe

13 Second fluid supply pipe

14 First fluid discharge pipe

15 Second fluid discharge pipe

20 Second reinforcement plate

21 Second reinforcement outer circumferential wall portion
30 First heat transfer plate

31 First outer circumferential wall portion

32 First fluid inflow/outflow hole

33 First passage hole

34 First tubular wall

35 First fluid inflow/outflow hole

36 First passage hole

37 First tubular wall

38 First inner fin

39 Plate portion

40 Second heat transfer plate

41 Second outer circumferential wall portion
42 Second passage hole

43 Second fluid inflow/outflow hole
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Second tubular wall

Second passage hole

Second fluid inflow/outflow hole
Second tubular wall

Second inner fin

Plate portion

50 to 53 First convexity
60 to 63 Second convexity

80
81
82
83
90
91
92
100
300

Refrigerant circuit

Compressor

Expansion valve

Heat exchanger

Water circuit

Pump

Heating/hot water supply-type water-using device
Laminate body

, 301 Flange

F,F1,S Arrow

Claims

1.

A plate heat exchanger comprising:
heat transfer plates that are laminated atop one another; each heat transfer plate including:

- a plate portion in which an inflow/outflow hole is formed that causes a fluid to flow in and out;

- an outer circumferential wall portion that extends on one surface side of the plate portion and that defines
a channel together with a plate portion adjacent to the one surface side for allowing the fluid to flow between
the adjacent plate portions; and

- an inner fin that is attached to an inside portion of the channel,

wherein

the inner fin is mounted at a position, spaced apart from the inflow/outflow hole inside the channel, on the one
surface of the plate portion, and

an entire periphery of the inflow/outflow hole is in contact with space where the inner fin is not provided.

The plate heat exchanger according to claim 1, wherein

the plate portion and the channel are formed to have a rectangular shape as viewed in plan view, and

the inner fin is formed to have a rectangular shape as viewed in the plan view; the rectangular shape being shorter
in length than the plate portion and the channel in a longitudinal direction, and sides of the inner fin in a transverse
direction being spaced apart from the inflow/outflow hole.

The plate heat exchanger according to claim 1 or 2, wherein

the plate portion includes a convexity that protrudes from the plate portion, and

the convexity forms a support column that abuts against, among the laminated heat transfer plates, a heat transfer
plate that is positioned on one surface side or another surface side of the plate portion.

The plate heat exchanger according to claim 1 or 2, wherein among the laminated heat transfer plates, heat transfer
plates, adjacent to each other, each have a convexity that protrudes from the plate portion thereof and abuts against
the adjacent plate portion.

The plate heat exchanger according to any one of claims 1 to 4, wherein
the heat transfer plates are:

- first heat transfer plates through which a first fluid as the fluid from the inflow/outflow hole flows in and out; and

- second heat transfer plates through which a second fluid as the fluid from the inflow/outflow hole flows in and
out, the second fluid being different from the first fluid,
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wherein
the first heat transfer plate and the second heat transfer plate are alternatingly laminated atop one another, and
heat exchange occurs between the first fluid and the second fluid.

The plate heat exchanger according to claim 5, wherein a convexity provided on the plate portion that the first heat
transfer plate includes and a convexity provided on the plate portion that the second heat transfer plate includes
are arranged so as to be offset from each other in a direction in which the first heat transfer plate and the second
heat transfer plate are laminated atop another.

The plate heat exchanger according to claim 5 or 6, wherein the convexity provided on the plate portion that the
first heat transfer plate includes and the convexity provided on the plate portion that the second heat transfer plate
includes each is provided in a count greater than one, and the convexity, provided on the plate portion where a fluid
with a higher pressure among the first fluid and the second fluid flows, is provided in a count greater than that of
the other plate portion.

The plate heat exchanger according to claim 6 or 7, wherein the convexity is provided either on the plate portion
that the first heat transfer plate includes or on the plate portion that the second heat transfer plate includes.

The plate heat exchanger according to any one of claims 5 to 8, wherein

the first heat transfer plate includes (i) a first passage hole surrounded by a first tubular wall, the first passage hole
causing the second fluid to flow into or flow from the second heat transfer plate and (ii) a first flange that is provided
on an end of the first tubular wall and is to be joined to the second heat transfer plate, and

the second heat transfer plate includes (i) a second passage hole surrounded by a second tubular wall, the second
passage hole causing the first fluid to flow into or flow from the first heat transfer plate and (ii) a second flange that
is provided on an end of the second tubular wall and is to be joined to the first heat transfer plate.

The plate heat exchanger according to any one of claims 1 to 9, wherein a distance at which the inner fin is spaced
apart from the inflow/outflow hole inside the channel on the one surface of the plate portion is greater than a pitch
between fins that the inner fin includes on the one surface of the plate portion.

A heat pump hot water supply system comprising:

the plate heat exchanger according to any one of claims 1 to 10,
wherein the plate heat exchanger performs heat exchange between refrigerant and water.
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FIG. 1
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