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(57) ABSTRACT

In a plate heat exchanger, a bypass passage and a main
passage are formed upstream of first passages and second
passages between adjacent ones of first heat transfer plates
and second heat transfer plates. The bypass passage allows
first fluid flowing from an inflow port of the first fluid or
second fluid flowing from an inflow port of the second fluid
to pass a side farther than a corresponding one of adjacent
holes while spreading in a vertical direction in a front view
and then flow into an inner fin or a corrugated heat transfer
surface. The main passage allows the first fluid flowing from
the inflow port of the first fluid or the second fluid flowing
from the inflow port of the second fluid to directly flow
toward the inner fin or the corrugated heat transfer surface
without routing through the bypass passage. A flat space is
formed around an entire circumference of each of the
adjacent holes, between a circumferential wall and the inner
fin or the corrugated heat transfer surface.
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FIG. 1F
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PLATE HEAT EXCHANGER AND HEAT
PUMP HEATING AND HOT WATER SUPPLY
SYSTEM INCLUDING THE PLATE HEAT
EXCHANGER

TECHNICAL FIELD

[0001] The present invention relates to an inner fin plate
heat exchanger having a plurality of alternately stacked
layers of heat transfer plates and inner fins and a heat pump
heating and hot water supply system including the plate heat
exchanger.

BACKGROUND ART

[0002] Existing heat exchangers include a plate heat
exchanger having a plurality of alternately stacked layers of
quadrangular metal plates having four corners provided with
passage holes forming inflow and outflow ports of fluid and
corrugated metal inner fins having an outer shape substan-
tially the same as the outer shape of the metal plates (see
Patent Literature 1, for example).

[0003] The plate heat exchanger described in Patent Lit-
erature 1 enables ensured pressure resisting strength, a
simplified and downsized container structure, and a simpli-
fied manufacturing process, and improves an internal flow of
fluid through designing of a direct flow and adjustment of a
fin arrangement direction to obtain sufficient thermal effi-
ciency.

CITATION LIST

Patent Literature

[0004] Patent Literature 1: International Publication No.
2008/023732
SUMMARY OF INVENTION
Technical Problem
[0005] According to the existing plate heat exchanger

described in Patent Literature 1, however, the fluid has
difficulty in evenly flowing through the heat exchanger
unless the inner fins have high flow resistance, thereby
raising an issue of pressure loss. Further, header portions of
the heat exchanger do not account for an effective heat
transfer area, therefore raising an issue of heat transfer
performance. Further, the header portions include many
components, raising a cost issue.

[0006] The present invention has been made to address
issues such as those described above, and aims to provide a
plate heat exchanger enabling a reduction in cost while
reducing the pressure loss and improving the heat transfer
performance to improve heat exchange performance and a
heat pump heating and hot water supply system including
the plate heat exchanger.

Solution to Problem

[0007] A plate heat exchanger according to an embodi-
ment of the present invention includes first heat transfer
plates and second heat transfer plates. Each of the first heat
transfer plates has a rectangular plate shape, and has a
passage hole formed in one side portion thereof in a hori-
zontal direction in a front view thereof to form an inflow port
of first fluid, a passage hole formed in an other side portion
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thereof in the horizontal direction in the front view to form
an outflow port of the first fluid, an adjacent hole formed in
the one side portion or the other side portion to form an
inflow port of second fluid, and an adjacent hole formed in
the side portion opposite to the side portion formed with the
adjacent hole for the second fluid to form an outflow port of
the second fluid. Each of the second heat transfer plates has
a rectangular plate shape, and has an adjacent hole formed
in one side portion thereof in a horizontal direction in a front
view thereof to form the inflow port of the first fluid, an
adjacent hole formed in an other side portion thereof in the
horizontal direction in the front view to form the outflow
port of the first fluid, a passage hole formed in the one side
portion or the other side portion to form the inflow port of
the second fluid, and a passage hole formed in the side
portion opposite to the side portion formed with the passage
hole for the second fluid to form the outflow port of the
second fluid. The first heat transfer plates and the second
heat transfer plates are alternately stacked in a plurality of
layers to alternately form first passages and second passages
in a stacking direction between the first heat transfer plates
and the second heat transfer plates. The first passages allow
the first fluid to flow therethrough from the inflow port of the
first fluid to the outflow port of the first fluid in the horizontal
direction in the front view, and the second passages allow
the second fluid to flow therethrough from the inflow port of
the second fluid to the outflow port of the second fluid in the
horizontal direction in the front view, to exchange heat
between the first fluid flowing through the first passages and
the second fluid flowing through the second passages.

[0008] Each of the first heat transfer plates and a corre-
sponding one of the second heat transfer plates have an inner
fin therebetween, or each of the first heat transfer plates and
the second heat transfer plates has a corrugated heat transfer
surface. Each of the adjacent holes is provided with a
circumferential wall in a thickness direction around a cir-
cumferential edge thereof, and the circumferential wall is
provided with a flange on a front surface side thereof. The
flange provided to each of the first heat transfer plates and
the second heat transfer plates is joined to a rear surface of
one of the first heat transfer plates and the second heat
transfer plates adjacent to each of the first heat transfer plates
and the second heat transfer plates. A bypass passage and a
main passage are formed upstream of the first passages and
the second passages between adjacent ones of the first heat
transfer plates and the second heat transfer plates. The
bypass passage allows the first fluid flowing from the inflow
port of the first fluid or the second fluid flowing from the
inflow port of the second fluid to pass a side farther than a
corresponding one of the adjacent holes while spreading in
a vertical direction in the front view and then flow into the
inner fin or the corrugated heat transfer surface. The main
passage allows the first fluid flowing from the inflow port of
the first fluid or the second fluid flowing from the inflow port
of'the second fluid to directly flow toward the inner fin or the
corrugated heat transfer surface without routing through the
bypass passage. A flat space is formed around an entire
circumference of each of the adjacent holes, and the first
fluid or the second fluid flowing through the main passage
and the first fluid or the second fluid flowing through the
bypass passage merge in the space between the circumfer-
ential wall and the inner fin or the corrugated heat transfer
surface.
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Advantageous Effects of Invention

[0009] The plate heat exchanger according to the embodi-
ment of the present invention is formed with the bypass
passage allowing the first fluid flowing from the inflow port
of the first fluid or the second fluid flowing from the inflow
port of the second fluid to flow in the vertical direction, and
the first fluid and the second fluid flow in the horizontal
direction while spreading in the vertical direction. It is
therefore possible to improve in-plane distribution unifor-
mity of the first heat transfer plates and the second heat
transfer plates, increase the heat transfer area of the header
portions, and prevent the occurrence of stagnation of an
in-plane flow. Further, with the bypass passage, the cross
sections of the passages near in-plane inflow and outflow
ports of the heat transfer plates are increased, thereby
enabling a reduction in overall pressure loss. Further, the
plate heat exchanger is simplified in structure, enabling a
reduction in cost.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1A is an exploded perspective view of a plate
heat exchanger according to Embodiment 1 of the present
invention.

[0011] FIG. 1B is a front view illustrating a state in which
a first heat transfer plate and an inner fin of the plate heat
exchanger according to Embodiment 1 of the present inven-
tion are stacked in layers.

[0012] FIG. 1C is a front view illustrating a state in which
a second heat transfer plate and an inner fin of the plate heat
exchanger according to Embodiment 1 of the present inven-
tion are stacked in layers.

[0013] FIG. 1D is a schematic side view illustrating an
adjacent hole in the second heat transfer plate of the plate
heat exchanger according to Embodiment 1 of the present
invention.

[0014] FIG. 1E is a schematic side view illustrating an
inflow passage of fluid in the plate heat exchanger according
to Embodiment 1 of the present invention.

[0015] FIG. 1F is a schematic side view illustrating a state
in which the first heat transfer plate and the second heat
transfer plate of the plate heat exchanger according to
Embodiment 1 of the present invention are stacked in layers.
[0016] FIG. 1G includes schematic diagrams illustrating
examples of the type of inner fins of the plate heat exchanger
according to Embodiment 1 of the present invention.
[0017] FIG. 2 includes a diagram and graphs for examin-
ing the influence of a gap between a circumferential wall of
the adjacent hole in the second heat transfer plate and the
inner fin of the plate heat exchanger according to Embodi-
ment 1 of the present invention on in-plane velocity distri-
bution and the improvement of distribution performance.
[0018] FIG. 3 is an enlarged front view illustrating a
periphery of a header portion of a heat transfer plate of a
plate heat exchanger according to Embodiment 2 of the
present invention.

[0019] FIG. 4A is a schematic side view illustrating an
adjacent hole in a heat transfer plate of a plate heat
exchanger according to Embodiment 3 of the present inven-
tion.

[0020] FIG. 4B is a schematic side view illustrating an
inflow passage of fluid in the plate heat exchanger according
to Embodiment 3 of the present invention.
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[0021] FIG. 5 is a front view illustrating a state in which
a first heat transfer plate and an inner fin of a plate heat
exchanger according to Embodiment 4 of the present inven-
tion are stacked in layers.

[0022] FIG. 6Ais a front view illustrating a state in which
the first heat transfer plate, the inner fin, and a second heat
transfer plate of the plate heat exchanger according to
Embodiment 4 of the present invention are stacked in layers.
[0023] FIG. 6B is a cross-sectional view taken along line
A-A in FIG. 6A.

[0024] FIG. 6C is a cross-sectional view taken along line
B-B in FIG. 6A.

[0025] FIG. 6D is a cross-sectional view taken along line
C-C in FIG. 6A.

[0026] FIG. 6E is a cross-sectional view taken along line
D-D in FIG. 6A.

[0027] FIG. 6F is a cross-sectional view taken along line
E-E in FIG. 6A.

[0028] FIG. 6G is a cross-sectional view taken along line
F-F in FIG. 6A.

[0029] FIG. 7 is a front view illustrating a state in which
a first heat transfer plate and an inner fin of a plate heat
exchanger according to Embodiment 5 of the present inven-
tion are stacked in layers.

[0030] FIG. 8 is a front view illustrating a state in which
a first heat transfer plate and an inner fin of a plate heat
exchanger according to Embodiment 6 of the present inven-
tion are stacked in layers.

[0031] FIG. 9 is a front view illustrating a state in which
a first heat transfer plate and an inner fin of a plate heat
exchanger according to Embodiment 7 of the present inven-
tion are stacked in layers.

[0032] FIG. 10 is a front view illustrating a state in which
a first heat transfer plate and an inner fin of a plate heat
exchanger according to Embodiment 8 of the present inven-
tion are stacked in layers.

[0033] FIG. 11A is an enlarged front view illustrating a
periphery of a header portion of a heat transfer plate of a
plate heat exchanger according to Embodiment 9 of the
present invention.

[0034] FIG. 11B includes an enlarged front view and an
enlarged rear view of a portion taken along line G-G in FIG.
11A.

[0035] FIG. 11C includes enlarged front views of a portion
taken along line H-H in FIG. 11A.

[0036] FIG. 12A is an enlarged front view illustrating a
periphery of a header portion of a heat transfer plate of a
plate heat exchanger according to Embodiment 10 of the
present invention.

[0037] FIG. 12B includes an enlarged perspective view of
a portion taken along line I-I in FIG. 12A.

[0038] FIG. 12C includes enlarged front views of a portion
taken along line K-K in FIG. 12A.

[0039] FIG. 13A is an enlarged front view illustrating a
periphery of a header portion of a heat transfer plate of a
plate heat exchanger according to Embodiment 11 of the
present invention.

[0040] FIG. 13B includes enlarged front views of a portion
taken along line J-J in FIG. 13A.

[0041] FIG. 14 is a schematic diagram illustrating a con-
figuration of a heat pump heating and hot water supply
system according to Embodiment 12 of the present inven-
tion.
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DESCRIPTION OF EMBODIMENTS

[0042] Embodiments 1 to 12 of the present invention will
be described below based on the drawings. The present
invention is not limited by Embodiments 1 to 12 described
below. Further, in the following drawings, the dimensional
relationships between component members may be different
from actual ones.

[0043] In the following description, terms denoting direc-
tions (such as “upper,” “lower,” “right,” and “left,” for
example) will be used as appropriate to facilitate under-
standing. However, these terms are for illustrative purposes,
and do not limit the invention of the present application.
Further, in Embodiments 1 to 12 of the present invention, the
terms “upper,” “lower,” “right,” and “left” will be used in a
front view of a plate heat exchanger 100.

Embodiment 1

[0044] FIG. 1A is an exploded perspective view of the
plate heat exchanger 100 according to Embodiment 1 of the
present invention. FIG. 1B is a front view illustrating a state
in which a first heat transfer plate 1 and an inner fin 11 of the
plate heat exchanger 100 according to Embodiment 1 of the
present invention are stacked in layers. FIG. 1C is a front
view illustrating a state in which a second heat transfer plate
2 and an inner fin 11 of the plate heat exchanger 100
according to Embodiment 1 of the present invention are
stacked in layers. FIG. 1D is a schematic side view illus-
trating an adjacent hole in the second heat transfer plate 2 of
the plate heat exchanger 100 according to Embodiment 1 of
the present invention. FIG. 1E is a schematic side view
illustrating an inflow passage of fluid in the plate heat
exchanger 100 according to Embodiment 1 of the present
invention. FIG. 1F is a schematic side view illustrating a
state in which the first heat transfer plate 1 and the second
heat transfer plate 2 of the plate heat exchanger 100 accord-
ing to Embodiment 1 of the present invention are stacked in
layers. FIG. 1G includes schematic diagrams illustrating
examples of the type of inner fins 11 of the plate heat
exchanger 100 according to Embodiment 1 of the present
invention. FIG. 2 includes a diagram and graphs for exam-
ining the influence of a gap between a circumferential wall
18 of a second adjacent hole 15 in the second heat transfer
plate 2 and the inner fin 11 of the plate heat exchanger 100
according to Embodiment 1 of the present invention on
in-plane velocity distribution and improvement of distribu-
tion performance.

[0045] FIG. 1D illustrates a schematic side view of a first
adjacent hole 14 in the first heat transfer plate 1, and a
description will be given based on the schematic side view.
Each of the second adjacent hole 15 in the first heat transfer
plate 1 and the first adjacent hole 14 and the second adjacent
hole 15 in the second heat transfer plate 2 also has a
substantially similar configuration, and thus illustration
thereof will be omitted. Further, FIG. 1E illustrates a sche-
matic side view of an inflow passage of first fluid. Each of
an outflow passage of the first fluid and an inflow passage
and an outflow passage of second fluid also has a substan-
tially similar configuration, and thus illustration thereof will
be omitted. Further, FIG. 2 illustrates a schematic front view
of a right side portion of the second heat transfer plate 2.
Each of a left side portion of the second heat transfer plate
2 and a left side portion and a right side portion of the first
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heat transfer plate 1 also has a substantially similar configu-
ration, and thus illustration thereof will be omitted.

[0046] The plate heat exchanger 100 according to
Embodiment 1 is of an inner fin type, with the first heat
transfer plates 1, the inner fins 11, and the second heat
transfer plates 2 being alternately stacked in a plurality of
layers, as illustrated in FIG. 1A. Further, a first reinforcing
side plate 3 and a second reinforcing side plate 4 are stacked
on outermost surfaces of the layers, with the second rein-
forcing side plate 4 and the first reinforcing side plate 3
being stacked on a frontmost surface and a rearmost surface
of the layers, respectively.

[0047] In the following, the first heat transfer plates 1 and
the second heat transfer plates 2 will be collectively referred
to as the heat transfer plates, and the first reinforcing side
plate 3 and the second reinforcing side plate 4 will be
collectively referred to as the side plates.

[0048] As illustrated in FIG. 1B, each of the first heat
transfer plates 1 has a rectangular plate shape with rounded
corners, and has an outer wall 21 projecting in the thickness
direction around the outer circumference thereof. Further,
four corners of side portions of the first heat transfer plate 1
in the horizontal direction are formed with circular holes
each forming an inflow port or an outflow port of fluid.
Specifically, a first passage hole 12 forming an inflow port
of the first fluid is formed in an upper-right portion of the
first heat transfer plate 1, and a second passage hole 13
forming an outflow port of the first fluid is formed in an
upper-left portion of the first heat transfer plate 1. The first
adjacent hole 14 forming an inflow port of the second fluid
is formed in a lower-right portion of the first heat transfer
plate 1, and the second adjacent hole 15 forming an outflow
port of the second fluid is formed in a lower-left portion of
the first heat transfer plate 1. Further, a first header portion
16 is provided to one side portion of the first heat transfer
plate 1 in the horizontal direction, and a second header
portion 27 is provided to the other side portion of the first
heat transfer plate 1 in the horizontal direction.

[0049] In the following, the first passage hole 12 and the
second passage hole 13 will be collectively referred to as the
passage holes, and the first adjacent hole 14 and the second
adjacent hole 15 will be collectively referred to as the
adjacent holes. The first header portion 16 and the second
header portion 27 will be collectively referred to as the
header portions.

[0050] Further, as illustrated in FIG. 1D, a circumferential
wall 17 is provided in the thickness direction around a
circumferential edge 14a of the first adjacent hole 14, and a
flange 19 is provided on a front surface side of the circum-
ferential wall 17 toward the outside of the circumferential
wall 17. Similarly, a circumferential wall 18 is provided in
the thickness direction around a circumferential edge 15a of
the second adjacent hole 15, and a flange 20 is provided on
a front surface side of the circumferential wall 18 toward the
outside of the circumferential wall 18.

[0051] As illustrated in FIG. 1B, each of the inner fins 11
has a rectangular plate shape, and is formed to be shorter
than the heat transfer plates in the horizontal direction.
Further, the inner fin 11 is formed with passages through
which fluid flows to one side in the horizontal direction.
Further, the inner fin 11 is disposed inside the first passage
hole 12, the second passage hole 13, the first adjacent hole
14, and the second adjacent hole 15. Further, as illustrated in
(a) to (f) of FIG. 1G, the inner fin 11 is of one of an offset
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type, a flat plate fin type, an undulated fin type, a louver type,
a corrugated fin type, and a pin fin type, or a plurality of
types selected therefrom are combined to provide the inner
fin 11.

[0052] One first heat transfer plate 1 and one inner fin 11
stacked upon each other in layers as illustrated in FIG. 1B
will hereinafter be referred to as the first stacked layer unit
of the plate heat exchanger 100.

[0053] Further, the first fluid is a substance such as water,
for example, and the second fluid is a substance such as
refrigerant R410A, R32, or R290, or CO,, for example.

[0054] As illustrated in FIG. 1C, each of the second heat
transfer plates 2 has a rectangular plate shape with rounded
corners, and is provided with the outer wall 21 projecting in
the thickness direction around the outer circumference
thereof. Further, four corners of side portions of the second
heat transfer plate 2 in the horizontal direction are formed
with circular holes each forming an inflow port or an outflow
port of fluid. Specifically, the first passage hole 12 forming
the outtflow port of the second fluid is formed in a lower-left
portion of the second heat transfer plate 2, and the second
passage hole 13 forming the inflow port of the second fluid
is formed in a lower-right portion of the second heat transfer
plate 2. The first adjacent hole 14 forming the outflow port
of the first fluid is formed in an upper-left portion of the
second heat transfer plate 2, and the second adjacent hole 15
forming the inflow port of the first fluid is formed in an
upper-right portion of the second heat transfer plate 2.
Further, the first header portion 16 is provided to one side
portion of the second heat transfer plate 2 in the horizontal
direction, and the second header portion 27 is provided to
the other side portion of the second heat transfer plate 2 in
the horizontal direction.

[0055] Further, as illustrated in FIG. 1D, the circumferen-
tial wall 17 is provided in the thickness direction around the
circumferential edge 14a of the first adjacent hole 14, and
the flange 19 is provided on the front surface side of the
circumferential wall 17 toward the outside of the circum-
ferential wall 17, that is, toward the outside of the first
adjacent hole 14. Similarly, the circumferential wall 18 is
provided in the thickness direction around the circumferen-
tial edge 15a of the second adjacent hole 15, and the flange
20 is provided on the front surface side of the circumferen-
tial wall 18 toward the outside of the circumferential wall 18
and toward the outside of the second adjacent hole 15.

[0056] One second heat transfer plate 2 and one inner fin
11 stacked upon each other in layers as illustrated in FIG. 1C
will hereinafter be referred to as the second stacked layer
unit of the plate heat exchanger 100.

[0057] Further, in spaces in the horizontal direction
located between adjacent ones of the first heat transfer plates
1 and the second heat transfer plates 2 and not provided with
the inner fin 11, there are formed a bypass passage 28 that
is a passage allowing the fluid flowing from one of the
passage holes to pass a side farther than one of the adjacent
holes, a merging passage 29 that is a passage allowing the
fluid flowing from the inner fin 11 to pass a side farther than
the other one of the adjacent holes, and a main passage 43
that includes a passage allowing the fluid flowing from the
one of the passage holes to directly flow toward the inner fin
11 without routing through the bypass passage 28 and a
passage allowing the fluid flowing from the inner fin 11 to
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directly flow toward the other one of the passage holes
without routing through the merging passage 29 (refer to
FIGS. 1B, 1C, and 1E).

[0058] Specifically, as illustrated in FIGS. 1B and 1C, in
the space located between the first header portion 16 of the
first heat transfer plate 1 and the first header portion 16 of the
second heat transfer plate 2, not provided with the inner fin
11, and excluding the spaces inside the circumferential walls
17 and 18, there are formed the bypass passage 28 allowing
the first fluid or the second fluid to pass the side farther than
the first adjacent hole 14 or the second adjacent hole 15
while spreading in the vertical direction and then flow into
the inner fin 11 and the main passage 43 allowing the first
fluid or the second fluid to directly flow toward the inner fin
without routing through the bypass passage 28.

[0059] Further, in the space located between the second
header portion 27 of the first heat transfer plate 1 and the
second header portion 27 of the second heat transfer plate 2,
not provided with the inner fin 11, and excluding the spaces
inside the circumferential walls 17 and 18, there are formed
the merging passage 29 allowing the first fluid or the second
fluid flowing from the inner fin 11 to pass the side farther
than the second adjacent hole 15 or the first adjacent hole 14
while gathering toward the corresponding outflow port in the
vertical direction and the main passage 43 allowing the first
fluid or the second fluid to directly flow toward the second
passage hole 13 or the first passage hole 12 without routing
through the bypass passage 28.

[0060] There is a flat space around the entire circumfer-
ence of the first adjacent hole 14 or the second adjacent hole
15, allowing the first fluid or the second fluid flowing
through the main passage 43 and the first fluid or the second
fluid flowing through the bypass passage 28 to merge and be
uniformized and rectified in a gap between the circumfer-
ential wall 17 or 18 and the inner fin 11 (a part of the
aforementioned space).

[0061] Since an excessively short interval between the
circumferential wall 17 or 18 and the inner fin 11 results in
a reduced effect of uniformization and rectification, as
described later, the length of the gap between the circum-
ferential wall 17 or 18 and the inner fin 11 is greater than the
height of the passages, desirably three times or greater than
the height of the passages.

[0062] As understood from FIGS. 1B and 10, the first
passage hole 12 and the second adjacent hole 15 are formed
at reversed positions between the first heat transfer plate 1
and the second heat transfer plate 2, and the second passage
hole 13 and the first adjacent hole 14 are formed at reversed
positions between the first heat transfer plate 1 and the
second heat transfer plate 2.

[0063] As illustrated in FIG. 1A, the first reinforcing side
plate 3 has a rectangular plate shape with rounded corners.
Further, as illustrated in FIG. 1A, the second reinforcing side
plate 4 has a rectangular plate shape with rounded corners,
and four corners of side portions of the second reinforcing
side plate 4 in the horizontal direction are formed with
circular holes each forming an inflow port or an outflow port
of fluid. Further, a circumferential edge of each of the holes
is provided with a cylindrical inflow pipe or outflow pipe.
Specifically, the circumferential edge of the upper-right hole
forming the inflow port of the first fluid is provided with a
first inflow pipe 5, and the circumferential edge of the
lower-right hole forming the inflow port of the second fluid
is provided with a second inflow pipe 6. The circumferential
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edge of the upper-left hole forming the outflow port of the
first fluid is provided with a first outflow pipe 7, and the
circumferential edge of the lower-left hole forming the
outflow port of the second fluid is provided with a second
outflow pipe 8.

[0064] In the plate heat exchanger 100, the first stacked
layer units and the second stacked layer units are alternately
stacked in layers. Herein, the first stacked layer units and the
second stacked layer units are stacked in layers such that the
first passage hole 12 in the first heat transfer plate 1 and the
second adjacent hole 15 in the second heat transfer plate 2
each forming the inflow port of the first fluid are superim-
posed on each other, and that the second passage hole 13 in
the first heat transfer plate 1 and the first adjacent hole 14 in
the second heat transfer plate 2 each forming the outflow
port of the first fluid are superimposed on each other.
Further, the first stacked layer units and the second stacked
layer units are stacked in layers such that the first adjacent
hole 14 in the first heat transfer plate 1 and the second
passage hole 13 in the second heat transfer plate 2 each
forming the inflow port of the second fluid are superimposed
on each other, and that the second adjacent hole 15 in the
first heat transfer plate 1 and the first passage hole 12 in the
second heat transfer plate 2 each forming the outflow port of
the second fluid are superimposed on each other.

[0065] Further, the second reinforcing side plate 4 and one
of the second stacked layer units are stacked in layers such
that the first inflow pipe 5 is superimposed on the second
adjacent hole 15 forming the inflow port of the first fluid,
that the first outflow pipe 7 is superimposed on the first
adjacent hole 14 forming the outflow port of the first fluid,
that the second inflow pipe 6 is superimposed on the second
passage hole 13 forming the inflow port of the second fluid,
and that the second outflow pipe 8 is superimposed on the
first passage hole 12 forming the outflow port of the second
fluid. Further, the first stacked layer units, the second stacked
layer units, and the first reinforcing side plate 3 are stacked
in layers such that respective outer circumferential edges
thereof are superimposed on one another and joined together
with a brazing material or another material. Herein, in the
first stacked layer units and the second stacked layer units as
viewed in the stacking direction, the rear surface of each
heat transfer plate and the inner fin 11 adjacent to the heat
transfer plate are joined together, and overlapping portions
of the rear surface of the heat transfer plate and the flanges
19 and 20 provided to another heat transfer plate adjacent to
the heat transfer plate are joined together, as well as the outer
walls 21 joined together.

[0066] With the thus-stacked layers, an inflow passage and
an inflow hole for the first fluid are formed with the
circumferential edge of the hole in the second reinforcing
side plate 4 forming the inflow port of the first fluid, the first
inflow pipe 5, the circumferential edge 15a of the second
adjacent hole 15 in the second heat transfer plate 2, the
circumferential wall 18, the flange 20, and a circumferential
edge 124 of the first passage hole 12 in the first heat transfer
plate 1, as illustrated in FIG. 1E. Similarly, an outflow
passage and an outflow hole for the first fluid are formed
with the circumferential edge of the upper-left hole in the
second reinforcing side plate 4 forming the outflow port of
the first fluid, the first outflow pipe 7, the circumferential
edge 14a of the first adjacent hole 14 in the second heat
transfer plate 2, the circumferential wall 17, the flange 19,
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and a circumferential edge 13a of the second passage hole
13 in the first heat transfer plate 1.

[0067] Further, an inflow passage and an inflow hole for
the second fluid are formed with the circumferential edge of
the hole in the second reinforcing side plate 4 forming the
inflow port of the second fluid, the second inflow pipe 6, the
circumferential edge 13a of the second passage hole 13 in
the second heat transfer plate 2, the circumferential edge of
the first adjacent hole 14 in the first heat transfer plate 1, the
circumferential wall 17, and the flange 19. Similarly, an
outflow passage and an outflow hole for the second fluid are
formed with the circumferential edge of the hole in the
second reinforcing side plate 4 forming the outflow port of
the second fluid, the second outflow pipe 8, the circumfer-
ential edge 124 of the first passage hole 12 in the second heat
transfer plate 2, the circumferential edge 15a of the second
adjacent hole 15 in the first heat transfer plate 1, the
circumferential wall 18, and the flange 20.

[0068] Herein, the flanges 19 and 20 provided to the
circumferential walls 17 and 18 of the first adjacent hole 14
and the second adjacent hole 15 in the second heat transfer
plate 2 contact the rear surface of the corresponding first heat
transfer plate 1, and there is a gap between the circumfer-
ential edges of the first passage hole 12 and the second
passage hole 13 in the second heat transfer plate 2 and the
rear surface of the first heat transfer plate 1. Therefore, the
first fluid flowing from the first inflow pipe 5 flows into
between the rear surface of the second heat transfer plate 2
and the front surface of the first heat transfer plate 1, but not
between the rear surface of the first heat transfer plate 1 and
the front surface of the second heat transfer plate 2. Simi-
larly, the first fluid flows into the first outflow pipe 7 from
between the rear surface of the second heat transfer plate 2
and the front surface of the first heat transfer plate 1, but not
between the rear surface of the first heat transfer plate 1 and
the front surface of the second heat transfer plate 2.
[0069] Further, the flanges 19 and 20 provided to the
circumferential walls 17 and 18 of the first adjacent hole 14
and the second adjacent hole 15 in the first heat transfer plate
1 contact the rear surface of the corresponding second heat
transfer plate 2, and there is a gap between the circumfer-
ential edges of the first passage hole 12 and the second
passage hole 13 in the first heat transfer plate 1 and the rear
surface of the second heat transfer plate 2. Therefore, the
second fluid flowing from the second inflow pipe 6 flows
into between the rear surface of the first heat transfer plate
1 and the front surface of the second heat transfer plate 2, but
not between the rear surface of the second heat transfer plate
2 and the front surface of the first heat transfer plate 1.
Similarly, the second fluid flows into the second outflow
pipe 8 from between the rear surface of the first heat transfer
plate 1 and the front surface of the second heat transfer plate
2, but not between the rear surface of the second heat
transfer plate 2 and the front surface of the first heat transfer
plate 1.

[0070] Further, with the inner fin 11 disposed between the
rear surface of the second heat transfer plate 2 and the front
surface of the first heat transfer plate 1, first micro-channel
passages 9 through which the first fluid flows to one side in
the horizontal direction are provided in parallel in the
vertical direction in the passage of the first fluid, as illus-
trated in FIG. 1A. Since the heat transfer plates are provided
with the circumferential walls 17 and 18 and the flanges 19
and 20, a gap is formed between adjacent ones of the heat
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transfer plates or between adjacent ones of the heat transfer
plates and the side plates. Therefore, the bypass passage 28
and the merging passage 29 forming passages of fluid are
formed in the spaces in the horizontal direction located
between the adjacent ones of the heat transfer plates or
between the adjacent ones of the heat transfer plates and the
side plates and not provided with the inner fin 11.

[0071] Further, the first fluid flowing into the plate heat
exchanger 100 from the first inflow pipe 5 flows through the
inflow passage of the first fluid, which is formed with the
first heat transfer plate 1 and the second heat transfer plate
2 superimposed on each other, and flows into the respective
first micro-channel passages 9. In this process, the first fluid
flows in the horizontal direction while spreading in the
vertical direction in the bypass passage 28 upstream of the
first micro-channel passages 9, and flows through the
respective first micro-channel passages 9 provided in par-
allel. The flows of the first fluid then merge in the merging
passage 29 downstream of the first micro-channel passages
9, and thereafter the first fluid flows through the outflow
passage of the first fluid, which is formed with the first heat
transfer plate 1 and the second heat transfer plate 2 super-
imposed on each other, and flows to the outside of the plate
heat exchanger 100 from the first outflow pipe 7.

[0072] Further, with the inner fin 11 disposed between the
rear surface of the first heat transfer plate 1 and the front
surface of the second heat transfer plate 2, second micro-
channel passages 10 through which the second fluid flows to
one side in the horizontal direction are provided in parallel
in the vertical direction in the passage of the second fluid, as
illustrated in FIG. 1A. Therefore, the bypass passage 28 and
the merging passage 29 forming passages of fluid are formed
in the spaces in the horizontal direction located between
adjacent ones of the heat transfer plates and not provided
with the inner fin 11.

[0073] The first micro-channel passages 9 and the second
micro-channel passages 10 will hereinafter be collectively
referred to as the micro-channel passages.

[0074] Further, the first micro-channel passages 9 corre-
spond to “first passages™ of the present invention, and the
second micro-channel passages 10 correspond to “second
passages” of the present invention.

[0075] Further, the second fluid flowing into the plate heat
exchanger 100 from the second inflow pipe 6 flows through
the inflow passage of the second fluid, which is formed with
the first heat transfer plate 1 and the second heat transfer
plate 2 superimposed on each other, and flows into the
respective second micro-channel passages 10. In this pro-
cess, the second fluid flows in the horizontal direction while
spreading in the vertical direction in the bypass passage 28
upstream of the second micro-channel passages 10, and
flows through the respective second micro-channel passages
10 provided in parallel. The flows of the second fluid then
merge in the merging passage 29 downstream of the second
micro-channel passages 10, and thereafter the second fluid
flows through the outflow passage of the second fluid, which
is formed with the first heat transfer plate 1 and the second
heat transfer plate 2 superimposed on each other, and flows
to the outside of the plate heat exchanger 100 from the
second outflow pipe 8.

[0076] Characteristics of the plate heat exchanger 100
according to Embodiment 1 will now be described.

[0077] Inthe plate heat exchanger 100, the bypass passage
28 and the merging passage 29 are formed in the spaces in
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the horizontal direction located between adjacent ones of the
first heat transfer plates 1 and the second heat transfer plates
2 and not provided with the inner fin 11. That is, the bypass
passage 28 is formed in the space located between the first
header portion 16 of the first heat transfer plate 1 and the first
header portion 16 of the second heat transfer plate 2 and not
provided with the inner fin 11, and the merging passage 29
is formed in the space located between the second header
portion 27 of the first heat transfer plate 1 and the second
header portion 27 of the second heat transfer plate 2 and not
provided with the inner fin 11. Further, the plate heat
exchanger 100 according to Embodiment 1 is characterized
in allowing fluid to flow in the horizontal direction while
spreading in the vertical direction in the bypass passage 28,
and then flow through the micro-channel passages. Further,
the bypass passage 28 and the merging passage 29 according
to Embodiment 1 correspond to all spaces in each of the heat
transfer plates not provided with the inner fin 11, excluding
the spaces inside the circumferential walls 17 and 18, and
allowing the fluid flowing in the vertical direction to pass the
side farther than the adjacent holes. Therefore, the plate heat
exchanger 100 according to Embodiment 1 is characterized
in having the large bypass passage 28 and the large merging
passage 29.

[0078] Further, as illustrated in FIG. 1 F, the plate heat
exchanger 100 according to Embodiment 1 is characterized
in that the outer walls 21 of the first heat transfer plates 1 and
the outer walls 21 of the second heat transfer plates 2 are
both provided to be tilted outward with respect the thickness
direction, and that an area of contact between a tip end
portion of the inside of the outer wall 21 and a portion of the
outside of the outer wall 21 of another heat transfer plate
adjacent thereto are joined together by brazing. Thereby, the
fluid flows in the horizontal direction while spreading in the
vertical direction, therefore enabling improvement of in-
plane distribution uniformity of the heat transfer plates. It is
also possible to increase the effective heat transfer area of
the header portions of the heat transfer plates, and to prevent
the occurrence of stagnation of an in-plane flow on the heat
transfer plates. Further, since the bypass passage 28 and the
merging passage 29 are large, the flow rate of the fluid
flowing through the bypass is high, which makes the bypass
less likely to be blocked with dust or frozen.

[0079] Further, with the bypass passage 28 and the merg-
ing passage 29, the cross sections of passages near in-plane
inflow and outflow ports of the heat transfer plates are
increased, therefore reducing overall pressure loss. Further,
the plate heat exchanger 100 according to Embodiment 1 is
formed only of the heat transfer plates, the side plates, and
the inner fins 11, and thus is simplified in structure and
reduced in cost.

[0080] Further, as illustrated in FIG. 2, as a quantitative
evaluation parameter for evaluating the uniformization and
rectification of the first fluid or the second fluid flowing
through the main passage 43 and the first fluid or the second
fluid flowing through the bypass passage 28 in the gap
between the circumferential wall 18 of the second adjacent
hole 15 and the inner fin 11, the ratio between the length of
the gap between the circumferential wall 18 of the second
adjacent hole 15 and the inner fin 11 and a passage height,
that is, the height of the circumferential wall 18 with respect
to the surface of the second heat transfer plate 2 provided
with the circumferential wall 18, is defined as “I/h,” and
in-plane distribution performance substantially reaches ideal
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distribution performance. Therefore, the plate heat
exchanger 100 according to Embodiment 1 is characterized
in that the second adjacent hole 15 and the inner fin 11 are
provided with “I/h” of three or greater.

[0081] In Embodiment 1, the flowing direction in the first
passages and the flowing direction in the second passages
are the same in the horizontal direction (the longitudinal
direction of the rectangles). However, the flowing direction
in the first passages and the flowing direction in the second
passages are not limited thereto, and may be opposite to each
other in the horizontal direction. That is, the inflow port and
the outflow port of the first passages or the second passages
may be reversed in position.

Embodiment 2

[0082] Embodiment 2 will be described below. Descrip-
tion of parts overlapping those of Embodiment 1 will be
omitted, and parts the same as or corresponding to those of
Embodiment 1 will be assigned with the same reference
signs.

[0083] FIG. 3 is an enlarged front view illustrating a
periphery of a header portion of a heat transfer plate of a
plate heat exchanger according to Embodiment 2 of the
present invention.

[0084] FIG. 3 illustrates an enlarged view of a periphery of
the second header portion 27 of the first heat transfer plate
1. A periphery of each of the first header portion 16 of the
first heat transfer plate 1 and the first header portion 16 and
the second header portion 27 of the second heat transfer
plate 2 also has a substantially similar configuration, and
thus description and illustration thereof will be omitted.
[0085] As illustrated in FIG. 3, the first heat transfer plate
1 per se includes a corrugated heat transfer surface 11q, and
the second header portion 27 is formed with the second
adjacent hole 15 and the second passage hole 13 described
in Embodiment 1. Further, the plate heat exchanger accord-
ing to Embodiment 2 is characterized in that the first fluid
passes through the merging passage 29 or the main passage
43 and then flows into the second passage hole 13.

[0086] The plate heat exchanger according to Embodi-
ment 2 is capable of obtaining effects similar to those of
Embodiment 1.

Embodiment 3

[0087] Embodiment 3 will be described below. Descrip-
tion of parts overlapping those of Embodiments 1 and 2 will
be omitted, and parts the same as or corresponding to those
of Embodiments 1 and 2 will be assigned with the same
reference signs.

[0088] FIG. 4A is a schematic side view illustrating an
adjacent hole in a heat transfer plate of a plate heat
exchanger according to Embodiment 3 of the present inven-
tion.

[0089] FIG. 4B is a schematic side view illustrating an
inflow passage of fluid in the plate heat exchanger according
to Embodiment 3 of the present invention.

[0090] FIG. 4B illustrates a schematic side view of the first
adjacent hole 14 in the first heat transfer plate 1, and a
description will be given based on the schematic side view.
Each of the second adjacent hole 15 in the first heat transfer
plate 1 and the first adjacent hole 14 and the second adjacent
hole 15 in the second heat transfer plate 2 also has a
substantially similar configuration, and thus description and
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illustration thereof will be omitted. Further, FIG. 4A illus-
trates a schematic side view of the inflow passage of the first
fluid. Each of the outflow passage of the first fluid and the
inflow passage and the outflow passage of the second fluid
also has a substantially similar configuration, and thus
description and illustration thereof will be omitted.

[0091] In the plate heat exchanger according to Embodi-
ment 3, the flange 19 is provided on the front surface side of
the circumferential wall 17 provided around the circumfer-
ential edge 14a of the first adjacent hole 14 toward the inside
of the circumferential wall 17, that is, toward the inside of
the first adjacent hole 14, as illustrated in FIG. 4A. Similarly,
the flange 20 is provided on the front surface side of the
circumferential wall 18 provided around the circumferential
edge 154 of the second adjacent hole 15 toward the inside of
the circumferential wall 18, that is, toward the inside of the
second adjacent hole 15.

[0092] The flanges 19 and 20 provided toward the inside
of the circumferential walls 17 and 18, that is, toward the
inside of the first adjacent hole 14 and the second adjacent
hole 15, as in Embodiment 3, are more workable than the
flanges 19 and 20 provided toward the outside of the
circumferential walls 17 and 18, therefore enabling a further
reduction in the cost of the plate heat exchanger.

Embodiment 4

[0093] Embodiment 4 will be described below. Descrip-
tion of parts overlapping those of Embodiments 1 to 3 will
be omitted, and parts the same as or corresponding to those
of Embodiments 1 to 3 will be assigned with the same
reference signs.

[0094] FIG. 5 is a front view illustrating a state in which
the first heat transfer plate 1 and an inner fin of a plate heat
exchanger according to Embodiment 4 of the present inven-
tion are stacked in layers.

[0095] FIG. 5 is a diagram illustrating the first heat trans-
fer plate 1 and the inner fin stacked in layers, and a
description will be given based on the diagram. The second
heat transfer plate 2 and the inner fin stacked in layers also
have a substantially similar configuration, and thus descrip-
tion and illustration thereof will be omitted.

[0096] In Embodiment 4, the inner fin is formed of a
central fin 22 and side fins 23, which are integrated together.
The central fin 22 is provided with a shape similar to the
shape of the inner fin 11 according to Embodiments 1 and 2,
and is disposed at a position similar to the position of the
inner fin 11 according to Embodiments 1 and 2. The side fins
23 are provided to parts of the outsides of opposite side
portions of the rectangular central fin 22 in the horizontal
direction, and are disposed near the first passage hole 12 and
the second passage hole 13, that is, near the in-plane inflow
and outflow ports in the first heat transfer plate 1.

[0097] Further, the side fins 23 are each characterized in
having an “L”-shape disposed to fit a half or less of the
circumferential edge of the first passage hole 12 or the
second passage hole 13.

[0098] FIG. 6A s a front view illustrating a state in which
the first heat transfer plate 1, the inner fin, and the second
heat transfer plate 2 of the plate heat exchanger according to
Embodiment 4 of the present invention are stacked in layers.
FIG. 6B is a cross-sectional view taken along line A-A in
FIG. 6A. FIG. 6C is a cross-sectional view taken along line
B-B in FIG. 6A. FIG. 6D is a cross-sectional view taken
along line C-C in FIG. 6A. FIG. 6E is a cross-sectional view
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taken along line D-D in FIG. 6A. FIG. 6F is a cross-sectional
view taken along line E-E in FIG. 6A. FIG. 6G is a
cross-sectional view taken along line F-F in FIG. 6A.
[0099] The inner fin according to Embodiment 4 includes
the side fins 23, and thus is characterized in having a shape
in which the distance between the inner fin and each of the
first passage hole 12 and the second passage hole 13 forming
the inflow port or the outflow port of the first fluid is shorter
than the distance between the inner fin and each of the first
adjacent hole 14 and the second adjacent hole 15 forming the
inflow port or the outflow port of the second fluid, as
illustrated in FIGS. 6A to 6G.

[0100] The first heat transfer plate 1 and the second heat
transfer plate 2 may each have the corrugated heat transfer
surface 114, instead of having the inner fin stacked on the
first heat transfer plate 1 and the second heat transfer plate
2 in layers. Further, in such a case, each of the first heat
transfer plate 1 and the second heat transfer plate 2 has a
shape in which the distance between the corrugated heat
transfer surface 11a and each of the first passage hole 12 and
the second passage hole 13 forming the inflow port or the
outflow port of the first fluid is shorter than the distance
between the corrugated heat transfer surface 11a¢ and each of
the first adjacent hole 14 and the second adjacent hole 15
forming the inflow port or the outflow port of the second
fluid.

[0101] The side fins 23 each having an “L”-shape are thus
provided near the first passage hole 12 and the second
passage hole 13 each forming the inflow port or the outflow
port of the first fluid, thereby making it possible to provide
resistance to a passage through which the first fluid is likely
to flow from the inflow port to the outflow port. Therefore,
the first fluid spreads more in the vertical direction in the
bypass passage 28 than in the bypass passage 28 in Embodi-
ments 1 and 2, thereby enabling further improvement of the
in-plane distribution uniformity of the heat transfer plates.
[0102] Further, with the inner fin including the side fins
23, it is possible to further increase the effective heat transfer
area of the header portions forming the side portions of the
heat transfer plates.

Embodiment 5

[0103] Embodiment 5 will be described below. Descrip-
tion of parts overlapping those of Embodiments 1 to 4 will
be omitted, and parts the same as or corresponding to those
of Embodiments 1 to 4will be assigned with the same
reference signs.

[0104] FIG. 7 is a front view illustrating a state in which
the first heat transfer plate 1 and an inner fin of a plate heat
exchanger according to Embodiment 5 of the present inven-
tion are stacked in layers.

[0105] FIG. 7 is a diagram illustrating the first heat trans-
fer plate 1 and the inner fin stacked in layers, and a
description will be given based on the diagram. The second
heat transfer plate 2 and the inner fin stacked in layers also
have a substantially similar configuration, and thus descrip-
tion and illustration thereof will be omitted.

[0106] In Embodiment 5, the inner fin is formed of the
central fin 22 and the side fins 23, which are integrated
together. The central fin 22 is provided with a shape similar
to the shape of the inner fin 11 according to Embodiments 1
and 2, and is disposed at a position similar to the position of
the inner fin 11 according to Embodiments 1 and 2. The side
fins 23 are provided to parts of the outsides of the opposite
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side portions of the rectangular central fin 22 in the hori-
zontal direction, and are disposed near the first passage hole
12 and the second passage hole 13, that is, near the in-plane
inflow and outflow ports in the first heat transfer plate 1.
[0107] Further, the side fins 23 are each characterized in
having two or more “L.”-shapes disposed to fit a half or less
of'the circumferential edge of the first passage hole 12 or the
second passage hole 13.

[0108] The side fins 23 each having two or more “L.”-
shapes are thus provided near the first passage hole 12 and
the second passage hole 13 each forming the inflow port or
the outtflow port of the first fluid, thereby making it possible
to provide higher resistance to the passage through which
the first fluid is likely to flow from the inflow port to the
outflow port than the resistance provided in Embodiment 3.
It is therefore possible to further improve the in-plane
distribution of the heat transfer plates and increase the
effective heat transfer area of the header portions of the heat
transfer plates, while maintaining the effects of Embodiment
4.

Embodiment 6

[0109] Embodiment 6 will be described below. Descrip-
tion of parts overlapping those of Embodiments 1 to 5 will
be omitted, and parts the same as or corresponding to those
of Embodiments 1 to 5 will be assigned with the same
reference signs.

[0110] FIG. 8 is a front view illustrating a state in which
the first heat transfer plate 1 and an inner fin of a plate heat
exchanger according to Embodiment 6 of the present inven-
tion are stacked in layers.

[0111] FIG. 8 is a diagram illustrating the first heat transfer
plate 1 and the inner fin stacked in layers, and a description
will be given based on the diagram. The second heat transfer
plate 2 and the inner fin stacked in layers also have a
substantially similar configuration, and thus description and
illustration thereof will be omitted.

[0112] In Embodiment 6, the inner fin is formed of the
central fin 22 and the side fins 23, which integrated together.
The central fin 22 is provided with a shape similar to the
shape of the inner fin 11 according to Embodiments 1 and 2,
and is disposed at a position similar to the position of the
inner fin 11 according to Embodiments 1 and 2. The side fins
23 are provided to parts of the outsides of the opposite side
portions of the rectangular central fin 22 in the horizontal
direction, and are disposed near the first passage hole 12 and
the second passage hole 13, that is, near the in-plane inflow
and outflow ports in the first heat transfer plate 1.

[0113] Further, the side fins 23 are each characterized in
having a shape following the circumferential edge of the first
passage hole 12 or the second passage hole 13, with a
portion of the side fin 23 having a shape following the
circumferential edge of the first passage hole 12 or the
second passage hole 13 being disposed in alignment with the
position of the circumferential edge of the first passage hole
12 or the second passage hole 13.

[0114] The side fins 23 each having the shape following
the circumferential edge of the first passage hole 12 or the
second passage hole 13 are thus provided near the first
passage hole 12 and the second passage hole 13 each
forming the inflow port or the outflow port of the first fluid.
It is thereby possible to provide higher resistance to the
passage through which the first fluid is likely to flow from
the inflow port to the outflow port than the resistance



US 2019/0017748 Al

provided in Embodiment 4. It is therefore possible to further
improve the in-plane distribution of the heat transfer plates
and increase the effective heat transfer area of the header
portions of the heat transfer plates, while maintaining the
effects of Embodiment 5.

Embodiment 7

[0115] Embodiment 7 will be described below. Descrip-
tion of parts overlapping those of Embodiments 1 to 6 will
be omitted, and parts the same as or corresponding to those
of Embodiments 1 to 6 will be assigned with the same
reference signs.

[0116] FIG. 9 is a front view illustrating a state in which
the first heat transfer plate 1 and an inner fin of a plate heat
exchanger according to Embodiment 7 of the present inven-
tion are stacked in layers.

[0117] FIG. 9 is a diagram illustrating the first heat transfer
plate 1 and the inner fin stacked in layers, and a description
will be given based on the diagram. The second heat transfer
plate 2 and the inner fin stacked in layers also have a
substantially similar configuration, and thus description and
illustration thereof will be omitted.

[0118] In Embodiment 7, the inner fin is formed of the
central fin 22 and the side fins 23, which are integrated
together. The central fin 22 is provided with a shape similar
to the shape of the inner fin 11 according to Embodiments 1
and 2, and is disposed at a position similar to the position of
the inner fin 11 according to Embodiments 1 and 2. The side
fins 23 are provided to parts of the outsides of the opposite
side portions of the rectangular central fin 22 in the hori-
zontal direction, and are disposed near the first passage hole
12 and the second passage hole 13, that is, near the in-plane
inflow and outflow ports in the first heat transfer plate 1.
[0119] Further, the side fins 23 are each characterized in
having a shape following a half or more of the circumfer-
ential edge of the first passage hole 12 or the second passage
hole 13, with a portion of the side fin 23 having a shape
following the circumferential edge of the first passage hole
12 or the second passage hole 13 being disposed in align-
ment with the position of the circumferential edge of the first
passage hole 12 or the second passage hole 13.

[0120] Further, the side fins 23 are characterized in form-
ing an outflow port 45 and a merging port 46 between the
first passage hole 12 and the first adjacent hole 14 and
between the second passage hole 13 and the second adjacent
hole 15, respectively, and forming small passages 44
between the side fins 23 and the outer wall 21.

[0121] The side fins 23 each having the shape following
the circumferential edge of the first passage hole 12 or the
second passage hole 13 are thus provided near the first
passage hole 12 and the second passage hole 13 each
forming the inflow port or the outflow port of the first fluid.
Further, the outflow port 45 and the merging port 46 are
formed between the first passage hole 12 and the first
adjacent hole 14 and between the second passage hole 13
and the second adjacent hole 15, respectively, and the small
passages 44 are formed between the side fins 23 and the
outer wall 21.

[0122] Itis thereby possible to provide higher resistance to
the passage through which the first fluid is likely to flow
from the inflow port to the outflow port than the resistance
provided in Embodiment 5. It is therefore possible to further
increase the effective heat transfer area of the header por-
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tions of the heat transfer plates and increase the strength of
the heat exchanger, while maintaining the effects of Embodi-
ment 6.

Embodiment 8

[0123] Embodiment 8 will be described below. Descrip-
tion of parts overlapping those of Embodiments 1 to 7 will
be omitted, and parts the same as or corresponding to those
of Embodiments 1 to 7 will be assigned with the same
reference signs.

[0124] FIG. 10 is a front view illustrating a state in which
the first heat transfer plate 1 and an inner fin of a plate heat
exchanger according to Embodiment 8 of the present inven-
tion are stacked in layers.

[0125] FIG. 10 is a diagram illustrating the first heat
transfer plate 1 and the inner fin stacked in layers, and a
description will be given based on the diagram. The second
heat transfer plate 2 and the inner fin stacked in layers also
have a substantially similar configuration, and thus descrip-
tion and illustration thereof will be omitted.

[0126] In Embodiment 8, the inner fin is formed of the
central fin 22, the side fins 23, and side fins 47, which are
integrated together. The central fin 22 is provided with a
shape similar to the shape of the inner fin 11 according to
Embodiments 1 and 2, and is disposed at a position similar
to the position of the inner fin 11 according to Embodiments
1 and 2. The side fins 23 are provided to parts of the outsides
of the opposite side portions of the rectangular central fin 22
in the horizontal direction, and are disposed near the first
passage hole 12 and the second passage hole 13, that is, near
the in-plane inflow and outflow ports in the first heat transfer
plate 1.

[0127] Further, the side fins 23 are each characterized in
having a shape following a half or more of the circumfer-
ential edge of the first passage hole 12 or the second passage
hole 13, with a portion of the side fin 23 having a shape
following the circumferential edge of the first passage hole
12 or the second passage hole 13 being disposed in align-
ment with the position of the circumferential edge of the first
passage hole 12 or the second passage hole 13.

[0128] Further, the side fins 23 are characterized in form-
ing the outflow port 45 and the merging port 46 between the
first passage hole 12 and the first adjacent hole 14 and
between the second passage hole 13 and the second adjacent
hole 15, respectively, and forming the small passages 44
between the side fins 23 and the outer wall 21.

[0129] Further, the side fins 47 are each characterized in
being disposed at an exit portion of the bypass passage 28 or
an entrance portion of the merging passage 29, forming a
passage with a gap between the side fin 47 and the circum-
ferential wall 17 of the first adjacent hole 14 or between the
side fin 47 and the circumferential wall 18 of the second
adjacent hole 15.

[0130] The side fins 23 each having the shape following
the circumferential edge of the first passage hole 12 or the
second passage hole 13 are thus provided near the first
passage hole 12 and the second passage hole 13 each
forming the inflow port or the outflow port of the first fluid.
Further, the outflow port 45 and the merging port 46 are
formed between the first passage hole 12 and the first
adjacent hole 14 and between the second passage hole 13
and the second adjacent hole 15, respectively, and the small
passages 44 are formed between the side fins 23 and the
outer wall 21.
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[0131] Further, each of the side fins 47 is provided at the
exit portion of the bypass passage 28 or the entrance portion
of the merging passage 29, forming a passage between the
side fin 47 and the circumferential wall 17 of the first
adjacent hole 14 or between the side fin 47 and the circum-
ferential wall 18 of the second adjacent hole 15. It is thereby
possible to provide higher resistance to the passage through
which the first fluid is likely to flow from the inflow port to
the outflow port than the resistance provided in Embodiment
6. It is therefore possible to further increase the effective heat
transfer area of the header portions of the heat transfer plates
and increase the strength of the heat exchanger, while
maintaining the effects of Embodiment 7.

Embodiment 9

[0132] Embodiment 9 will be described below. Descrip-
tion of parts overlapping those of Embodiments 1 to 8 will
be omitted, and parts the same as or corresponding to those
of Embodiments 1 to 8 will be assigned with the same
reference signs.

[0133] FIG. 11A is an enlarged front view illustrating a
periphery of a header portion of a heat transfer plate of a
plate heat exchanger according to Embodiment 9 of the
present invention. FIG. 11B includes an enlarged front view
and an enlarged rear view of a portion taken along line G-G
in FIG. 11A. FIG. 11C includes enlarged front views of a
portion taken along line H-H in FIG. 11A.

[0134] FIG. 11A illustrates an enlarged view of a periph-
ery of a header portion of the first heat transfer plate 1. A
periphery of a header portion of the second heat transfer
plate 2 also has a substantially similar configuration, and
thus description and illustration thereof will be omitted.
[0135] In Embodiment 9, projections 24 projecting toward
the front surface side from the rear surface side are provided
around the adjacent holes of the heat transfer plates. Spe-
cifically, the plurality of projections 24 are provided along
the circumferential direction outside the flanges 19 and 20
provided to the circumferential walls 17 and 18 of the first
adjacent hole 14 and the second adjacent hole 15.

[0136] The projections 24 are provided with a height
substantially corresponding to the thickness of the inner fin
11, and thus are superimposed on the rear surface of the
adjacent heat transfer plate and joined thereto by brazing
during the assembly of the plate heat exchanger. Accord-
ingly, it is possible to make a brazed area, that is, a joined
area, larger than that in Embodiments 1 to 8, and thus to
further increase the pressure resisting strength. Further,
processing of the projections 24 increases the heat transfer
area, therefore enabling further improvement of overall heat
transfer performance of the plate heat exchanger.

[0137] The shape of each of the projections 24 is not
limited to the shape illustrated in FIG. 11B. As illustrated in
(a) to (f) of FIG. 11C, in a front view of the projection 24,
the projection 24 may have a shape such as a circular shape,
a stagnation preventing shape that prevents a stagnation area
from being formed in a wake, an oval shape, a triangular
shape, a quadrangular shape, or a circular arc shape, or a
plurality of shapes selected therefrom may be combined to
provide the projection 24. Further, the size of the projection
24 is greater than four times the height between the heat
transfer plates, and the interval between adjacent ones of the
projections 24 is greater than the size of the projection 24.
[0138] Further, the layout of the projections 24 provided
around the adjacent holes in the heat transfer plates is not
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limited to the diameter, number, and pitch illustrated in FIG.
11A, and may be different therefrom. To facilitate the
assembly process, the layout of the projections 24 is adjusted
in half the area of the header having an adjacent hole.
Herein, an aim of providing the projections 24 is to increase
the strength of the header. Providing the projections 24,
however, may adversely affect the in-plane distribution of
fluid, and thus it is desirable to reduce the number of
projections 24. Therefore, the layout of the projections 24
including the pitch and position thereof is adjusted, and the
number of the projections 24 is also adjusted to improve the
in-plane distribution of the heat transfer plates while main-
taining the strength of the headers.

Embodiment 10

[0139] Embodiment 10 will be described below. Descrip-
tion of parts overlapping those of Embodiments 1 to 9 will
be omitted, and parts the same as or corresponding to those
of Embodiments 1 to 9 will be assigned with the same
reference signs.

[0140] FIG. 12A is an enlarged front view illustrating a
periphery of a header portion of a heat transfer plate of a
plate heat exchanger according to Embodiment 10 of the
present invention. FIG. 12B includes an enlarged front view
and an enlarged perspective view of a portion taken along
line I-I in FIG. 12A. FIG. 12C includes enlarged front views
of a portion taken along line K-K in FIG. 12A.

[0141] FIG. 12A illustrates an enlarged view of a periph-
ery of a header portion of the first heat transfer plate 1. A
periphery of a header portion of the second heat transfer
plate 2 also has a substantially similar configuration, and
thus description and illustration thereof will be omitted.
[0142] InEmbodiment 10, slit portions 25 are provided on
the front surface side of the first heat transfer plate 1 around
the passage holes in the first heat transfer plate 1 to form
slits. Specifically, as illustrated in Example 1 of FIG. 12B,
the slit portions 25 are provided to project from the circum-
ferential edges 12a and 13a of the first passage hole 12 and
the second passage hole 13 toward the front surface side and
then toward the outside of the first passage hole 12 and the
second passage hole 13. Alternatively, as illustrated in
Example 2 of FIG. 12B, the slit portions 25 are provided
from the outside of the circumferential edges 12a and 13a of
the first passage hole 12 and the second passage hole 13
toward the inside thereof, that is, toward the inside of the
first passage hole 12 and the second passage hole 13. With
the plurality of slit portions 25 provided along the circum-
ferential direction, a slit 25a is formed between adjacent
ones of the slit portions 25.

[0143] The slit portions 25 are provided with a height
substantially corresponding to the thickness of the inner fin
11, and thus are superimposed on the rear surface of the
adjacent heat transfer plate and joined thereto by brazing
during the assembly of the plate heat exchanger. Accord-
ingly, it is possible to make the brazed area, that is, the
joined area, larger than those in Embodiments 1 to 9, and
thus to further increase the pressure resisting strength.
Further, processing of the slit portions 25 increases the heat
transfer area, therefore enabling further improvement of the
overall heat transfer performance of the plate heat
exchanger.

[0144] The shape of each of the slit portions 25 is not
limited to the shape illustrated in FIG. 12B. As illustrated in
(a) to () of FIG. 12C, in a front view of the slit portion 25,
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the slit portion 25 may have a shape such as a circular arc
shape, an oval shape, a triangular shape, a quadrangular
shape, or a trapezoidal shape, or a plurality of shapes
selected therefrom may be combined to provide the slit
portion 25.

[0145] Further, the layout of the slit portions 25 provided
around the passage holes of the heat transfer holes is not
limited to the diameter, number, and pitch, that is, the width
of the slit 254, illustrated in FIG. 12A, and may be different
therefrom. The widths of the slits 25a are not necessarily
equal, and may be unequal. The standard of the distribution
of the widths of the unequal slits 254 is improvement of the
in-plane distribution of the heat transfer plates while main-
taining the strength of the heat transfer plates.

Embodiment 11

[0146] Embodiment 11 will be described below. Descrip-
tion of parts overlapping those of Embodiments 1 to 10 will
be omitted, and parts the same as or corresponding to those
of Embodiments 1 to 10 will be assigned with the same
reference signs.

[0147] FIG. 13A is an enlarged front view illustrating a
periphery of a header portion of a heat transfer plate of a
plate heat exchanger according to Embodiment 11 of the
present invention. FIG. 13B includes enlarged front views of
a portion taken along line J-J in FIG. 13A.

[0148] FIG. 13A illustrates an enlarged view of a periph-
ery of a header portion of the first heat transfer plate 1. A
periphery of a header portion of the second heat transfer
plate 2 also has a substantially similar configuration, and
thus description and illustration thereof will be omitted.
[0149] InEmbodiment 11, the slit portions 25 are provided
on the front surface side of the heat transfer plates around the
passage holes of the heat transfer plates, and projections 26
projecting toward the front surface side from the rear surface
side are provided around the slit portions 25. Specifically,
the plurality of slit portions 25 are provided along the
circumferential direction outside the flanges 19 and 20
provided to the circumferential walls 17 and 18 of the first
adjacent hole 14 and the second adjacent hole 15, and the
plurality of projections 26 are provided along the circum-
ferential direction outside the slit portions 25.

[0150] The projections 26 are provided with a height
substantially corresponding to the thickness of the inner fin
11, and thus are superimposed on the rear surface of the
adjacent heat transfer plate and joined thereto by brazing
during the assembly of the plate heat exchanger. Accord-
ingly, it is possible to make the brazed area, that is, the
joined area, larger than those in Embodiments 1 to 10, and
thus to further increase the pressure resisting strength.
Further, processing of the projections 26 increases the heat
transfer area, therefore enabling further improvement of the
overall heat transfer performance of the plate heat
exchanger.

[0151] The shape of each of the projections 26 is not
limited to the shape illustrated in FIG. 13A. As illustrated in
(a) to (f) of FIG. 13B, in a front view of the projection 26,
the projection 26 may have a shape such as a circular shape,
a stagnation preventing shape, an oval shape, a triangular
shape, a quadrangular shape, or a circular arc shape, or a
plurality of shapes selected therefrom may be combined to
provide the projection 26. Further, the size of the projection
26 is greater than four times the height between the heat
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transfer plates, and the interval between adjacent ones of the
projections 26 is greater than the size of the projection 26.
[0152] Further, the layout of the projections 26 provided
around the adjacent holes of the heat transfer holes is not
limited to the diameter, number, and pitch illustrated in FIG.
13A, and may be different therefrom. To facilitate the
assembly process, the layout of the projections 26 is adjusted
in half the area of the header having an adjacent hole. The
standard of the adjustment is improvement of the in-plane
distribution of the heat transfer plates while maintaining the
strength of the heat transfer plates.

Embodiment 12

[0153] Embodiment 12 will be described below. Descrip-
tion of parts overlapping those of Embodiments 1 to 11 will
be omitted, and parts the same as or corresponding to those
of Embodiments 1 to 11 will be assigned with the same
reference signs.

[0154] In Embodiment 12, a description will be given of
a heat pump heating and hot water supply system as an
example of application of the inner fin plate heat exchanger
described in one of Embodiments 1 to 11.

[0155] FIG. 14 is a schematic diagram illustrating a con-
figuration of the heat pump heating and hot water supply
system according to Embodiment 12 of the present inven-
tion.

[0156] The heat pump heating and hot water supply sys-
tem includes a main refrigerant circuit 30 sequentially
connecting a compressor 31, a heat exchanger 32, an expan-
sion valve 33, and a heat exchanger 34 and a water circuit
40 sequentially connecting the heat exchanger 34, a heating
and hot water supply water using apparatus 42, and a heating
and hot water supply water pump 41.

[0157] Herein, the heat exchanger 34 is the inner fin plate
heat exchanger described in one of Embodiments 1 to 11
described above. Further, the compressor 31, the heat
exchanger 32, the expansion valve 33, the heat exchanger
34, and the main refrigerant circuit 30 sequentially connect-
ing these apparatuses are stored in a unit, which will be
referred to as a heat pump apparatus.

[0158] As described in Embodiments 1 to 11 described
above, the inner fin plate heat exchanger has high heat
exchange efficiency and high reliability. Therefore, the inner
fin plate heat exchanger mounted in the heat pump heating
and hot water supply system described in Embodiment 12
achieves an efficient heat pump heating and hot water supply
system capable of suppressing power consumption and
reducing the amount of CO, emission.

[0159] The above description has been given of the heat
pump heating and hot water supply system that exchanges
heat between the refrigerant and water with the inner fin
plate heat exchanger described in one of Embodiments 1 to
11 described above. However, the inner fin plate heat
exchangers described in Embodiments 1 to 11 described
above are not limited thereto, and are applicable to many
industrial and domestic apparatuses such as apparatuses
related to power generation and a thermal food sterilization
process, including a cooling chiller.

[0160] As an application example of the present invention,
it is possible to employ the present invention in a heat pump
apparatus required to be easily manufactured and be
improved in heat exchange performance and energy saving
performance.
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REFERENCE SIGN LIST

[0161] 1 first heat transfer plate 2 second heat transfer
plate 3 first reinforcing side plate 4 second reinforcing side
plate 5 first inflow pipe 6 second inflow pipe 7 first outflow
pipe 8 second outflow pipe 9 first micro-channel passage 10
second micro-channel passage 11 inner fin 11a heat transfer
surface 12 first passage hole 12a circumferential edge 13
second passage hole 13a circumferential edge 14 first adja-
cent hole 144 circumferential edge 15 second adjacent hole
15a circumferential edge 16 first header portion 17 circum-
ferential wall 18 circumferential wall 19 flange 20 flange 21
outer wall 22 central fin 23 side fin 24 projection 25 slit
portion 25a slit 26 projection 27 second header portion 28
bypass passage 29 merging passage 30 main refrigerant
circuit 31 compressor 32 heat exchanger 33 expansion valve
34 heat exchanger 40 water circuit 41 heating and hot water
supply water pump 42 heating and hot water supply water
using apparatus 43 main passage 44 small passage 45
outflow port 46 merging port 47 side fin 100 plate heat
exchanger
1. A plate heat exchanger comprising:
first heat transfer plates, each of the first heat transfer
plates having a rectangular plate shape, and having a
passage hole formed in one side portion thereof in a
horizontal direction in a front view thereof to form an
inflow port of first fluid, a passage hole formed in an
other side portion thereof in the horizontal direction in
the front view to form an outflow port of the first fluid,
an adjacent hole formed in the one side portion or the
other side portion to form an inflow port of second
fluid, and an adjacent hole formed in the side portion
opposite to the side portion formed with the adjacent
hole for the second fluid to form an outflow port of the
second fluid; and
second heat transfer plates, each of the second heat
transfer plates having a rectangular plate shape, and
having an adjacent hole formed in one side portion
thereof in a horizontal direction in a front view thereof
to form the inflow port of the first fluid, an adjacent hole
formed in an other side portion thereof in the horizontal
direction in the front view to form the outflow port of
the first fluid, a passage hole formed in the one side
portion or the other side portion to form the inflow port
of the second fluid, and a passage hole formed in the
side portion opposite to the side portion formed with
the passage hole for the second fluid to form the
outflow port of the second fluid,
wherein the first heat transfer plates and the second heat
transfer plates are alternately stacked in a plurality of
layers to alternately form first passages and second
passages in a stacking direction between the first heat
transfer plates and the second heat transfer plates, with
the first passages allowing the first fluid to flow there-
through from the inflow port of the first fluid to the
outflow port of the first fluid in the horizontal direction
in the front view, and the second passages allowing the
second fluid to flow therethrough from the inflow port
of the second fluid to the outflow port of the second
fluid in the horizontal direction in the front view, to
exchange heat between the first fluid flowing through
the first passages and the second fluid flowing through
the second passages,
wherein each of the first heat transfer plates and a corre-
sponding one of the second heat transfer plates have an
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inner fin therebetween, or each of the first heat transfer
plates and the second heat transfer plates has a corru-
gated heat transfer surface,

wherein each of the adjacent holes is provided with a

circumferential wall in a thickness direction around a
circumferential edge thereof, and the circumferential
wall is provided with a flange on a front surface side
thereof,

wherein the flange provided to each of the first heat

transfer plates and the second heat transfer plates is
joined to a rear surface of one of the first heat transfer
plates and the second heat transfer plates adjacent to
each of'the first heat transfer plates and the second heat
transfer plates,

wherein a bypass passage and a main passage are formed

upstream of the first passages and the second passages
between adjacent ones of the first heat transfer plates
and the second heat transfer plates, with the bypass
passage allowing the first fluid flowing from the inflow
port of the first fluid or the second fluid flowing from
the inflow port of the second fluid to pass a side farther
than a corresponding one of the adjacent holes while
spreading in a vertical direction in the front view and
then flow into the inner fin or the corrugated heat
transfer surface, and the main passage allowing the first
fluid flowing from the inflow port of the first fluid or the
second fluid flowing from the inflow port of the second
fluid to directly flow toward the inner fin or the corru-
gated heat transfer surface without routing through the
bypass passage, and

wherein a flat space is formed around an entire circum-

ference of each of the adjacent holes, and the first fluid
or the second fluid flowing through the main passage
and the first fluid or the second fluid flowing through
the bypass passage merge in the space between the
circumferential wall and the inner fin or the corrugated
heat transfer surface.

2. The plate heat exchanger of claim 1, wherein a gap
between the circumferential wall of each of the adjacent
holes and the inner fin or the corrugated heat transfer surface
has a length equal to or greater than three times a height of
the circumferential wall.

3. The plate heat exchanger of claim 1, wherein a distance
between the inner fin or the corrugated heat transfer surface
and each of the passage holes is shorter than a distance
between the inner fin or the corrugated heat transfer surface
and each of the adjacent holes.

4. The plate heat exchanger of claim 1, wherein the flange
is provided toward outside of the circumferential wall.

5. The plate heat exchanger of claim 1, wherein the flange
is provided toward inside of the circumferential wall.

6. The plate heat exchanger of claim 1, wherein a rear
surface of each of the first heat transfer plates and the flange
of'a corresponding one of the second heat transfer plates are
joined together, and a rear surface of each of the second heat
transfer plates and the flange of a corresponding one of the
first heat transfer plates are joined together.

7. The plate heat exchanger of claim 1, wherein a merging
passage is formed downstream of the first passages and the
second passages between adjacent ones of the first heat
transfer plates and the second heat transfer plates to merge
flows of the first fluid flowing through the first passages or
flows of the second fluid flowing through the second pas-
sages.
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8. The plate heat exchanger of claim 1, wherein each of
the first heat transfer plates and the second heat transfer
plates is provided with a plurality of projections projecting
from a rear surface side thereof toward a front surface side
thereof around each of the adjacent holes.

9. The plate heat exchanger of claim 1, wherein each of
the first heat transfer plates and the second heat transfer
plates is provided with a plurality of projections projecting
from a rear surface side thereof toward a front surface side
thereof around each of the passage holes.

10. The plate heat exchanger of claim 8, wherein in a front
view of each of the plurality of projections, each of the
plurality of projections has one of a circular shape, a
stagnation preventing shape, an oval shape, a triangular
shape, a quadrangular shape, and a circular arc shape or a
combination of a plurality of shapes selected therefrom.

11. The plate heat exchanger of claim 1, wherein a
plurality of slit portions are provided around a circumfer-
ential edge of each of the passage holes to form a slit
between adjacent ones of the plurality of slit portions.

12. The plate heat exchanger of claim 11, wherein the
plurality of slit portions are provided to project from the
circumferential edge of each of the passage holes toward a
front surface side of each of the passage holes and then
toward outside of each of the passage holes.

13. The plate heat exchanger of claim 11, wherein the
plurality of slit portions are provided from outside of the
circumferential edge of each of the passage holes toward
inside of each of the passage holes.

14. The plate heat exchanger of claim 11, wherein in a
front view of each of the plurality of slit portions, each of the
plurality of slit portions has one of a circular arc shape, an
oval shape, a triangular shape, a quadrangular shape, and a
trapezoidal shape or a combination of a plurality of shapes
selected therefrom.
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15. The plate heat exchanger of claim 1, wherein the inner
fin is of one of an offset type, a flat plate fin type, an
undulated fin type, a louver type, and a corrugated fin type
or a combination of a plurality of types selected therefrom.

16. The plate heat exchanger of claim 1, wherein each of
the first heat transfer plates and the second heat transfer
plates has an outer wall projecting in a thickness direction
around an outer circumference thereof,

wherein the outer wall is provided to be tilted outward
with respect to the thickness direction, and

wherein an area of contact between an inside of the outer
wall of one of the first heat transfer plates and the
second heat transfer plates and an outside of the outer
wall of another one of the first heat transfer plates and
the second heat transfer plates adjacent to the one of the
first heat transfer plates and the second heat transfer
plates are joined together.

17. The plate heat exchanger of claim 1, wherein the inner
fin has a shape following the circumferential edge of each of
the passage holes, and

wherein a portion of the inner fin having a shape follow-
ing the circumferential edge of each of the passage
holes is disposed in alignment with a position of the
circumferential edge of each of the passage holes.

18. A heat pump heating and hot water supply system

comprising:

a main refrigerant circuit sequentially connecting a com-
pressor, a heat exchanger, an expansion valve, and the
plate heat exchanger of claim 1; and

a water circuit sequentially connecting the plate heat
exchanger, a heating and hot water supply water using
apparatus, and a heating and hot water supply water

pump.



