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(57)  Aplate-type heat exchanger includes a plurality

of heat transfer plates stacked on top of each other, a
flow passage, formed by each space between the plu-
rality of heat transfer plates, through which a fluid flows
in a first direction; an inner fin disposed in the flow pas-
sage, a first projecting portion provided on an inflow side
of each of the heat transfer plates and configured to pre-
vent the fluid from flowing into gaps between both ends
of the inner fin in a second direction and both ends of the
heat transfer plate in the second direction, and a second
projecting portion formed on an outflow side of each of
the heat transfer plates and configured to perform posi-
tioning in placing the inner fin into the heat transfer plate.
The first direction is a direction of flow of the fluid through
the flow passage. The second direction is a direction or-
thogonal to the first direction. The inner fin is disposed
between the first projecting portion and the second pro-

jecting portion.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a plate-type
heat exchanger including an inner fin, to a heat pump
device, and to a heat-pump-type cooling and heating hot-
water supply system.

BACKGROUND ART

[0002] Hitherto, there has been known a stacked plate-
type heat exchanger including a plurality of heat transfer
plates stacked with aninner fin interposed therebetween,
and is configured to allow different fluids to alternately
flow through each flow passage formed between a heat
transfer plate and a heat transfer plate, and also is con-
figured to exchange heatviathe heattransfer plates (see,
for example, Patent Literature 1).

[0003] In Patent Literature 1, the plate-type heat ex-
changer has a cuboidal shape as a whole and, at both
ends of the inner fin in a transverse direction, has gaps
between the inner fin and wall surfaces erected from both
ends of each of the heat transfer plates. The presence
of such gaps undesirably causes a fluid to preferentially
flow into the gaps without flowing through the inner fin.
Taking these circumstances into consideration, in Patent
Literature 1, the wall surfaces in the gaps to inhibit the
fluid from undesirably flowing into the gaps.

CITATION LIST

PATENT LITERATURE

[0004] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication JP 2015-203508 A

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0005] By providingthe wall surfaces, Patent Literature
1 can inhibit the fluid from preferentially flowing into the
gaps. This makes it possible to bring about improvement
in heat exchangeability in the flow passage.

[0006] Incidentally, a plate-type heat exchanger is re-
quired to be configured such that positioning of the inner
fin with relative to the heat transfer plates is performed
during assembling at the time of manufacture. However,
Patent Literature 1 is unclear about a configuration in
which positioning of the inner fin is performed.

[0007] The present invention has been made in view
of the above circumstances and is aimed at providing a
plate-type heat exchanger configured to allow positioning
of an inner fin to be performed with improvement in in-
plane distributive performance of a fluid, a heat pump
device, and a heat-pump-type cooling and heating hot-
water supply system.
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SOLUTION TO THE PROBLEM

[0008] A plate-type heat exchanger according to an
embodiment of the present invention includes a plurality
of heat transfer plates stacked on top of each other, a
flow passage, formed by each space between the plu-
rality of heat transfer plates, through which a fluid flows
in a first direction, an inner fin disposed in the flow pas-
sage, a first projecting portion provided on an inflow side
of each of the heat transfer plates and configured to pre-
vent the fluid from flowing into gaps between both ends
of the inner fin in a second direction and both ends of the
heat transfer plate in the second direction, and a second
projecting portion formed on an outflow side of each of
the heat transfer plates and configured to perform posi-
tioning in placing the inner fin into the heat transfer plate.
The first direction is a direction of flow of the fluid through
the flow passage. The second direction is a direction or-
thogonal to the first direction. The inner fin is disposed
between the first projecting portion and the second pro-
jecting portion.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] According to an embodiment of the present in-
vention, the first projection portion provided on an inflow
side of each of the heat transfer plates and configured
to prevent the fluid from flowing into gaps between both
ends of the inner fin in the second direction and both
ends of the heat transfer plate in the second direction
makes it possible to improve the in-plane distributive per-
formance of the fluid in the flow passage.

[0010] Further, the second projecting portion formed
on an outflow side of each of the heat transfer plates and
configured to perform positioning in placing the inner fin
into the heat transfer plate and the disposition of the inner
fin between the first projecting portion and the second
projecting portion make it possible to perform positioning
of the inner fin.

BRIEF DESCRIPTION OF DRAWINGS

[0011]

FIG. 1 is an exploded side perspective view of a
plate-type heat exchanger according to Em-
bodiment 1 of the present invention.

FIG. 2 is a front view of a first heat transfer plate of
the plate-type heat exchanger according to
Embodiment 1 of the present invention.

FIG. 3 is a front view of a second heat transfer plate
of the plate-type heat exchanger according to
Embodiment 1 of the present invention.

FIG. 4 is a front perspective view of a heat transfer
set of the plate-type heat exchanger accord-
ing to Embodiment 1 of the present invention.

FIG. 5 is a cross-sectional view taken along line A-

Ain FIG. 4.
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is an end elevation view of a cross-section
taken along line B-B in FIG. 4.

is a cross-sectional view taken along line B-
Bin FIG. 4.

is an end elevation view of a cross-section
taken along line C-C in FIG. 4.

is a front perspective view of a heat transfer
set of a plate-type heat exchanger according
to Embodiment 2 of the present invention.

is an end elevation view of a cross-section
taken along line B-B in FIG. 9.

is an end elevation view of a cross-section
taken along line C-C in FIG. 9.

is a cross-sectional view taken along line A-
Ain acase where heat transfer plates accord-
ing to a modification are used in the plate-type
heat exchanger of FIG. 9.

is a cross-sectional view taken along line B-
B in a case where the heat transfer plates
according to the modification are used in the
plate-type heat exchanger of FIG. 9.

is a cross-sectional view taken along line C-
C in a case where the heat transfer plates
according to the modification are used in the
plate-type heat exchanger of FIG. 9.

is a front perspective view of a heat transfer
set of a plate-type heat exchanger according
to Embodiment 3 of the present invention.

is a front view of a first heat transfer plate of
FIG. 15.

is a cross-sectional view taken along line A-
Ain FIG. 15.

is an end elevation view of a cross-section
taken along line B-B in FIG. 15.

is an end elevation view of a cross-section
taken along line C-C in FIG. 15.

is a partial front perspective view of a heat
transfer set of a plate-type heat exchanger
according to Embodiment 4 of the present in-
vention.

is a cross-sectional view taken along line D-
D in FIG. 20.

is a diagram showing a flow velocity distribu-
tion of a fluid in an inner fin according to a
comparative example provided with a project-
ing and depressed structure in an area ex-
tending over a distance 3 from a first line a.
is a diagram showing a velocity distribution of
inflow into the inner fin according to the com-
parative example provided with the projecting
and depressed structure in the area extend-
ing over the distance & from the first line a.
is a diagram showing a velocity distribution of
inflow into the inner fin of the plate-type heat
exchanger according to Embodiment 4 of the
present invention in a case where no project-
ing and depressed structure is provided in the
area extending over the distance & from the
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first line a.

is a diagram showing a velocity distribution of
inflow into an inner fin in a configuration hav-
ing first projecting portions in addition to a pro-
jecting and depressed structure.

is a schematic view showing a configuration
of a heat-pump-type cooling and heating hot-
water supply system according to Embodi-
ment 5 of the present invention.

FIG. 25

FIG. 26

DESCRIPTION OF EMBODIMENTS

[0012] Inthe following, plate-type heat exchangers ac-
cording to embodiments of the present invention are de-
scribed, for example, with reference to the drawings.
Note that components given identical signs in the follow-
ing diagrams including FIG. 1 are identical with or equiv-
alentto each other and these signs are added to through-
out the full text of the embodiments described below.
[0013] Moreover, the forms of components expressed
in the entire text of the specification are merely examples,
and are not limited to forms described herein. Further, a
relationship in size between components in the following
drawings may be different from an actual relationship in
size between the components.

[0014] Further, the terms showing directions (such as
"upper", "lower", "right", "left", "front", and "back") used
as appropriate for ease of understanding in the following
description are intended for illustrative purposes, and are
not intended to limit the present invention. Further, in
Embodiment 1, the terms "upper”, "lower", "right", "left",
"front", and "back" are used in a state where a plate-type
heat exchanger 100 is viewed from the front; that is, the
plate-type heat exchanger 100 is seen in a direction of
stacking of heat transfer plates. Further, as for the terms
"depressed" and "projecting”, a portion that projects for-
ward is deemed to be "projecting”, and a portion that
projects backward is deemed to be "depressed".

Embodiment 1

[0015] FIG. 1 is an exploded side perspective view of
a plate-type heat exchanger according to Embodiment 1
of the present invention. FIG. 2 is a front view of a first
heat transfer plate of the plate-type heat exchanger ac-
cording to Embodiment 1 of the present invention. FIG.
3 is a front view of a second heat transfer plate of the
plate-type heat exchanger according to Embodiment 1
of the presentinvention. FIG. 4 is a front perspective view
of a heat transfer set of the plate-type heat exchanger
according to Embodiment 1 of the present invention.
[0016] Although FIG. 4 is a perspective view, FIG. 4 is
a diagram that is substantially close to a front view. FIG.
5 is a cross-sectional view taken along line A-Ain FIG. 4.
FIG. 6 is an end elevation view of a cross-section taken
along line B-B in FIG. 4. FIG. 7 is a cross-sectional view
taken along line B-B in FIG. 4. FIG. 8 is an end elevation
view of a cross-section taken along line C-C in FIG. 4.
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[0017] AsshowninFIG. 1, aplate-type heatexchanger
100 of Embodiment 1 is configured such that a first heat
transfer plate and a second heat transfer plate are alter-
nately stacked, and has a flow passage formed by a
space between adjacent heat transfer plates. An ar-
rangement of flow passages in a direction of stacking
constitutes alternation of a first flow passage 6 through
which a first fluid flows and a second flow passage 7
through which a second fluid flows.

[0018] Moreover, an inner fin 4 is disposed in the flow
passage 6, and an inner fin 5 is disposed in the second
flow passage 7. Thus, a heat transfer set 200 includes
the inner fin 4, the first heat transfer plate 1, the inner fin
5, and the second heat transfer plate 2 being stacked
starting from the front. The first heat transfer plate 1, the
second heat transfer plate 2, the inner fin 4, and the inner
fin 5 are each formed in the shape of a long plate.
[0019] The plate-type heat exchanger 100 includes a
plurality of the heat transfer sets 200 being stacked, and
the first fluid flowing through the first flow passage 6 and
the second fluid flowing through the second flow passage
7 exchange heat with each other. Points of contact be-
tween the heat transfer sets 200 thus stacked are joined
by brazing, and the plate-type heat exchanger 100 is
formed in a cuboidal shape as a whole.

[0020] The firstfluid is water or brine, for example. The
second fluid is, for example, refrigerant such as R410A,
R32, R290, or HFO,;, or CO,. In FIG. 1, the first fluid is
indicated by a solid arrow, and the second fluid is indi-
cated by a dotted arrow. Further, although, in FIG. 1, a
method by which the fluids flow indicates a counter-cur-
rent flow configuration in which the first fluid and the sec-
ond fluid flow in directions opposite to each other, the
present invention is not limited to this flow method. The
method by which the fluids flow may be a co-current flow
configuration in which the first fluid and the second fluid
flow in an identical direction.

[0021] Operating pressure on the first fluid is the pres-
sure of a pump that causes the first fluid to flow, and
operations are always performed at low pressure. Fur-
ther, operating pressure on the second fluid is the satu-
ration pressure of the second fluid, and operations are
always performed at high pressure.

[0022] Further, a first reinforcing side plate 3 and a
second reinforcing side plate 8 are disposed on the out-
ermost surfaces, respectively, of the heat transfer set
200 in the direction of stacking. In FIG. 1, the first rein-
forcing side plate 3 is a plate stacked on the foreground
surface, and the second reinforcing side plate 8 is a plate
stacked on the rearmost surface.

[0023] Further, as shownin FIG. 1, the first reinforcing
side plate 3 and the second reinforcing side plate 8 are
each formed in the shape of a long plate with its four
corners rounded. Inthe four corners of the first reinforcing
side pate 3, circular holes are formed. The circular holes
serve as inflow ports or outflow ports through which a
fluid flows in or flows out. Moreover, a cylindrically-
shaped inflow pipe or outflow pipe is provided at a pe-
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ripheral edge of each hole.

[0024] In particular, a first inflow pipe 9 through which
the first fluid flows in is provided in the lower right corner
of the first reinforcing side plate 3, and a first outflow pipe
10 through which the first fluid flows out is provided in
the lower left corner of the first reinforcing side plate 3.
Further, a second inflow pipe 11 through which the sec-
ond fluid flows in is provided in the upper left corner of
the first reinforcing side plate 3, and a second outflow
pipe 12 through which the second fluid flows out is pro-
vided in the upper right corner of the first reinforcing side
plate 3.

[0025] Although FIG. 1 shows a configuration in which
the side plates are entirely uniform in wall thickness, the
uniform configuration does not imply any limitation. For
example, the wall thicknesses of portions of the side
plates near the inflow pipes and the outflow pipes may
be greater than the wall thicknesses of other portion, for
example.

[0026] Further, although,inFIG. 1, theinflow pipesand
the outflow pipes are identical in dimension, this does
notimply any limitation, and the inflow pipes and the out-
flow pipes do not need to be identical in dimension.
[0027] The first heat transfer plate 1 and the second
heat transfer plate 2 have holes that face the first inflow
pipe 9, the first outflow pipe 10, the second inflow pipe
11, and the second outflow pipe 12, respectively. Spe-
cifically, as shown in FIG. 2, the first heat transfer plate
1is provided in the lower right corner thereof a first inflow
hole 13 through which the first fluid flows in, and is pro-
vided in the lower left corner thereof a first outflow hole
14 through which the first fluid flows out.

[0028] The first heat transfer plate 1 is provided in the
upper left corner thereof a second inflow hole 15 through
which the second fluid flows in, and is provided in the
upper right corner thereof a second outflow hole 16
through which the second fluid flows out. Moreover, the
first heat transfer plate 1 has a cylindrically-shaped sur-
rounding walls W provided around the second inflow hole
15 and the second outflow hole 16, and the second inflow
hole 15 and the second outflow hole 16 are configured
not to communicate with the first flow passage 6. This
prevents the second fluid from flowing into the first flow
passage 6 through the second inflow hole 15 and the
second outflow hole 16.

[0029] Further, as shown in FIG. 3, the second heat
transfer plate 2 is provided in the lower right corner there-
of a first inflow hole 17 through which the first fluid flows
in, and is provided in the lower left corner thereof a first
outflow hole 18 through which the first fluid flows out. The
second heat transfer plate 2 is provided with, in the upper
left corner thereof, a second inflow hole 19 through which
the second fluid flows in, and is provided with, in the upper
right corner thereof, a second outflow hole 20 through
which the second fluid flows out.

[0030] Moreover, the second heat transfer plate 2 has
cylindrically-shaped surrounding walls W provided
around the first inflow hole 17 and the first outflow hole



7 EP 3 882 556 A1 8

18, and the first inflow hole 17 and the first outflow hole
18 are configured not to communicate with the second
flow passage 7. This prevents the first fluid from flowing
into the second flow passage 7 through the first inflow
hole 17 and the first outflow hole 18.

[0031] The first heat transfer plate 1 and the second
heat transfer plate 2 are hereinafter referred to collec-
tively as "heat transfer plates" when it is not necessary
to distinguish between them. Further, the first reinforcing
side plate 3 and the second reinforcing side plate 8 are
hereinafter referred to collectively as "side plates" when
it is not necessary to distinguish between them. Further,
the first flow passage 6 and the second flow passage 7
are hereinafter referred to collectively as "flow passages"
when it is not necessary to distinguish between them.
[0032] Further, the term "first direction" refers to a di-
rection of flow of a fluid, that is, a horizontal direction of
FIG. 1, and the term "second direction" refers to a direc-
tion orthogonal to the first direction, that is, a vertical di-
rection of FIG. 1.

[0033] As shown in FIG. 5, each of the heat transfer
plates has a flat portion 30 and outer wall portions 31
extending outward from both ends of the flat portion 30
in the second direction, and the outer wall portions 31 of
heat transfer plates that are adjacent to each other in the
direction of stacking are in contact with each other. More-
over, a space is formed between each flat portion 30 and
an adjacent flat portion 30, and this space serves as the
first flow passage 6 or the second flow passage 7. In FIG.
5, the first flow passage 6 is located above the first heat
transfer plate 1, and the second flow passage 7 is located
between the first heat transfer plate 1 and the second
heat transfer plate 2. Further, as shown in FIGS. 2 and
3, each of the heat transfer plates has header portions
24 provided at both ends thereof in the first direction.
[0034] While each of the heat transfer plates may be
made of a material such as stainless steel, carbon steel,
aluminum, copper, or an alloy thereof, the following de-
scription assumes that each of the heat transfer plates
is made of stainless steel.

[0035] The innerfin 4 has a height 11 (see FIG. 5) that
is equal to a flow passage height of the first flow passage
6, and is in contact with the flat portion 30 of the first heat
transfer plate 1 and the flat portion 30 of the second heat
transfer plate 2. The points of contact may be joined, for
example, by brazing or may not be joined. Further, the
inner fin 5 has a height 12 (see FIG. 5) that is equal to a
flow passage height of the second flow passage 7, and
is in contact with the flat portion 30 of the first heat transfer
plate 1 and the flat portion 30 of the second heat transfer
plate 2. Although the height I1 of the inner fin 4 is greater
than the height 12 of the inner fin 5, in this example, those
heights may be equal to each other, or this relationship
may be inverted.

[0036] The inner fins used in this example are offset
fins. The offset fins are configured such that corrugated
portions each formed in a corrugated shape by alternate-
ly coupling, in the second direction, vertical walls 32 ori-
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ented perpendicularly to the heat transfer plate and hor-
izontal walls 33 oriented parallel to the heat transfer plate
are formed in a staggered arrangement in the first direc-
tion with half-wave shifts. The inner fins are not limited
to offset fins and may be of any one of a flat-plate fin
type, a corrugated fin type, a louver type, a wavy fin, a
corrugated fin type, and a pin fin type, or two or more of
these types may be combined.

[0037] For convenience in manufacturing of the plate-
type heat exchanger by automatic assembling, gaps 21
are formed between both ends of the inner fin 4 in the
second direction and both ends of the first heat transfer
plate 1 in the second direction or, specifically, the outer
wall portions 31. The first fluid having flowed into the first
flow passage 6 through the first inflow hole 13 of the first
heat transfer plate 1 easily flows into the gaps 21, as the
first fluid is subjected to a weaker resistance than in a
case where it flows into the inner fin 4. For this reason,
the first fluid preferentially flows into the gaps 21 without
uniformly flowing through the first flow passage 6. This
deteriorates heat exchange performance.

[0038] In order to solve this problem, the first heat
transfer plate 1 has first projecting portions 22 provided
upstream of the gaps 21. Specifically, the first projecting
portions 22 are provided upstream of an edge of the inner
fin 4 through which the fluid flows in and at both ends of
the first heat transfer plate 1 in the second direction. The
first projecting portions 22 are formed by projecting por-
tions projecting from the flat portion 30 of the first heat
transfer plate 1 toward the first flow passage 6, and are
formed by press working. The first projecting portions 22
prevent the first fluid from flowing into the gaps 21.
[0039] Further, the first heat transfer plate 1 has a sec-
ond projecting portion 23 provided downstream of an
edge of the inner fin 4 through which the fluid flows out.
In other words, the second projecting portion 23 is pro-
vided in a location at a length of the first heat transfer
plate 1 in the first direction from the first projecting por-
tions 22. The second projecting portion 23 includes a
projecting portion projecting from the flat portion 30 of
the first heat transfer plate 1 toward the first flow passage
6, and is formed by press working. The second projecting
portion 23 may be located off the central part of the first
heat transfer plate 1 in the second direction as shown in
FIG. 2 or may be located in the central part, and is not
limited to any particular location in the second direction.
[0040] By thus providing the first heat transfer plate 1
with the second projecting portion 23 in addition to the
first projecting portions 22, the locations of both ends of
the inner fin 4 in the first direction are determined, so that
the inner fin 4 can be positioned in the first direction in
being placed onto the first heat transfer plate 1. In this
example, the first projecting portions 22 and the second
projecting portion 23 are each formed in a circular shape.
However, the first projecting portions 22 and the second
projecting portion 23 are limited to a circular shape. The
first projecting portions 22 and the second projecting por-
tion 23 may each be formed in any one of shapes such
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as a triangle, a quadrangle, and an ellipse, or two or more
of these shapes may be combined.

[0041] Further, along with the automatic assembling
of the plate-type heat exchanger, gaps 25 (see FIG. 5)
are similarly formed between both ends of the inner fin
5 in the second direction and both ends of the second
heat transfer plate 2 in the second direction or, specifi-
cally, the outer wall portions 31. The second fluid having
flowed into the second flow passage 7 through the sec-
ond inflow hole 19 of the second heat transfer plate 2
easily flows into the gaps 25, as the second fluid is sub-
jected to a weaker resistance than in a case where it
flows into the inner fin 5. For this reason, the second fluid
preferentially flows into the gaps 25 without uniformly
flowing through the second flow passage 7. This causes
a decrease in heat exchange performance.

[0042] To address this problem, the second heat trans-
fer plate 2 has first projecting portions 26 provided up-
stream of the gaps 25. Specifically, the first projecting
portions 26 are provided upstream of an edge of the inner
fin 5 through which the fluid flows in and at both ends of
the second heat transfer plate 2 in the second direction.
The second projecting portions 26 include projecting por-
tions projecting from the flat portion 30 of the second heat
transfer plate 2 toward the second flow passage 7, and
are formed by press working. The first projecting portions
26 prevent the second fluid from flowing into the gaps 25.
[0043] Further, the second heat transfer plate 2 has a
second projecting portion 27 provided downstream of an
edge of the inner fin 5 through which the fluid flows out.
In other words, the second projecting portion 27 is pro-
vided in a location at a length of the second heat transfer
plate 2 in the first direction from the first projecting por-
tions 26. The second projecting portion 27 is formed by
a projecting portion projecting from the flat portion 30 of
the second heat transfer plate 2 toward the second flow
passage 7, and is formed by press working. The second
projecting portion 27 may be located off the central part
of the second heat transfer plate 2 in the second direction
as shown in FIG. 3 or may be located in the central part,
and is not limited to any particular location in the second
direction.

[0044] By thus providing the second heat transfer plate
2 with the second projecting portion 27 in addition to the
first projecting portions 22, the locations of both ends of
the inner fin 5 in the first direction are determined, so that
the inner fin 5 can be positioned in the first direction in
being placed onto the second heat transfer plate 2. In
this example, the first projecting portions 26 and the sec-
ond projecting portion 27 are each formed in a circular
shape. However, the first projecting portions 26 and the
second projecting portion 27 are not limited to being cir-
cular in shape. The first projecting portions 26 and the
second projecting portion 27 may each be formed in any
one of shapes such as a triangle, a quadrangle, and an
ellipse, or two or more of these shapes may be combined.
[0045] Note here that as shown in FIG. 5, the inner fin
4 has a shape of asperities in fine cycles. Spacings be-
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tween two vertical walls 32 of the inner fin 4 that are
adjacent to each other in the second direction are the
same across the second direction. Moreover, in order
that positioning of the inner fin 4 can be performed with
an end of the inner fin 4 in the first direction surely in
contact with the first projecting portions 22, it is desirable
that as shown in FIG. 7, the width y of each of the first
projecting portions 22 be twice or more as great as the
distance y between two adjacent vertical walls 32 of the
inner fin 4. Making the width y of each of the first pro-
jecting portions 22 twice or more as great as the distance
¥ between the two vertical walls 32 means that the width
y of each of the first projecting portions 22 is greater than
or equal to one cycle of asperities of the inner fin 4.
[0046] The inner fin 4 is designed to get the most out
of the width of the flat portion 30 of the heat transfer plate
in the second direction. Therefore, the difference be-
tween the width of the inner fin 4 in the second direction
and the width of the flat portion 30 in the second direction
is shorter than one cycle of asperities of the inner fin 4.
Therefore, by making the width y of each of the first pro-
jecting portions 22 twice or more as great as the distance
¥ between the two vertical walls 32, positioning of the
inner fin 4 can be performed with the end of the inner fin
4 in the first direction surely in contact with the first pro-
jecting portions 22.

[0047] Note herethatanincrease inthe width y of each
of the first projecting portions 22 leads to an increase in
ease of positioning of the inner fin 4 but results in the
formation of a portion in the inner fin 4 into which the fluid
hardly flows. For example, using as the inner fin 4 a sim-
ple corrugated plate, that is, a fin configured such that a
fluid flows only in one direction may result in the formation
of a corrugated portion where insufficient inflow occurs.
Such a problem can be prevented by using a fin, such
as an offset fin, configured such that a fluid both flows in
a mainstream direction (indicated by an arrow in FIG. 2)
and moderately flows in a direction of flow that intersects
the mainstream direction.

[0048] Further, even in a case where an offset fin is
used as the inner fin 4, too large a width v of each of the
first projecting portions 22 may lead to an increase in
area of insufficient inflow of the first fluid into the inner
fin 4. Accordingly, it is desirable that the width y of each
of the first projecting portions 22 be five times or less as
great as the distance y between two adjacent vertical
walls 32 of the inner fin 4.

[0049] This makes it possible to reduce the area of
insufficient inflow of the first fluid into the inner fin 4. Note
here that it is for the following reason that the width  of
each of the first projecting portions 22 is made five times
or less as great as the distance y between two adjacent
vertical walls 32 of the inner fin 4. The width y of each
of the first projecting portions 22 is made five times or
less as great as the distance y, as flow through a fin
portion is affected when the width y is more than five
times as great as the distance y.

[0050] Although the foregoing has described the first
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projecting portions 22, the same applies to the first pro-
jecting portions 26 formed on the second heat transfer
plate 2. That is, the width y of each of the first projecting
portions 26 is twice or more and five times or less as
great as the distance y between two adjacent vertical
walls 32 of the inner fin 5. Further, although the foregoing
has described the first projecting portions 22 and the first
projecting portions 26, the same applies to the second
projecting portion 23 and the second projecting portion
27. Thatis, it is preferable that the width y of each of the
second projecting portions 23 and 27 be twice or more
and five times or less as great as the distance y between
two adjacent vertical walls 32 of the inner fin.

[0051] Further, although, in FIG. 7, the height h of each
of the first projecting portions 22 is smaller than the height
1 of the inner fin 4 (h < 11), the height h of each of the
first projecting portions 22 may be at most equal to the
height 1 of the inner fin 4 (h = 11). In a case where the
height h of each of the first projecting portions 22 is equal
to the height 11 of the inner fin 4, the flow of the first fluid
in the gaps 21 can be further inhibited than in a case
where the height h is smaller than the height 11. In acase
where the height h of each of the first projecting portions
22 is smaller than the height 11 of the inner fin 4 (h < 11),
the first projecting portions 22 do not make contact with
the second heat transfer plate 2, but in a case where the
height h of each of the first projecting portions 22 is equal
to the height of the inner fin 4 (h = I1), the first projecting
portions 22 make contact with the second heat transfer
plate 2. These points of contact may be joined, for ex-
ample, by brazing or may not be joined.

[0052] It is desirable to bring about improvement in
structural strength of the second flow passage 7, as the
high-pressure second fluid passes through the second
flow passage 7. For this reason, it is desirable to set up
a configuration in which the height of each of the first
projecting portions 26 be equal to the height 12 of the
inner fin 5 and points of contact between end faces of
the first projecting portions 26 and the first heat transfer
plate 1 are joined, for example, by brazing.

[0053] While the forgoing has assumed that the first
projecting portions 22 are located upstream of the edge
of the inner fin 4 through which the fluid flows in and at
both ends of the first heat transfer plate 1 in the second
direction, the following more specifically describes the
locations of the first projecting portions 22. A specific
scope of "both ends of the first heat transfer plate 1 in
the second direction" is described with reference to FIG.
4. Each first projecting portion 22 is provided within an
area surrounded by a first line o representing an inflow
edge of both edges of the inner fin 4 in the first direction,
two second lines [ representing both edges of the flat
portion 30 in the second direction, and two circular arcs
28 indicated by dotted lines in FIG. 4.

[0054] Each of the circular arcs 28 is a circular arc with
aradius R centered at a point of intersection O of the first
line a. and a corresponding one of the second lines B,
and the radius R is three times as great as the flow pas-
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sage height I1 of the first flow passage 6. The placement
of the first projecting portions 22 in the aforementioned
locations makes it possible to enhance the effect of in-
hibiting the first fluid from flowing into the gaps 21.
[0055] Note that the gaps 21 between the inner fin 4
and the outer wall portions 31 each measure approxi-
mately 1 mm. The height |1 of the inner fin 4 is approxi-
mately 0.5 mm to 2.5 mm. A "triple" of the height |1 of the
inner fin 4 ranges from 1.5 mm to 7.5 mm. The distance
between two adjacent vertical walls 32 of the inner fin 4
is approximately 0.5 mm to 1.5 mm.

[0056] The width y of each of the first projecting por-
tions 22 is approximately 1.0 mm to 7.5 mm, as it is de-
sirable that the width y of each of the first projecting por-
tions 22 be twice or more and five times or less as great
as the distance between two adjacent vertical walls 32
of the inner fin 4. Therefore, for minimization of the gaps
21 between the inner fin 4 and the outer wall portions 31
and enhancement of the effect of inhibiting the flow rate
of the first fluid that flows into the gaps 21, the radius R
is made three times as great as the flow passage height
11 of the first flow passage 6.

[0057] Although the foregoing has described the spe-
cific scope of "both ends of the first heat transfer plate 1
in the second direction" in relation to the locations of the
first projecting portions 22, the same applies to the loca-
tions of the first projecting portions 26 of the second heat
transfer plate 2. That is, each first projecting portion 26
is provided within an area surrounded by a first line rep-
resenting an inflow edge of both edges of the inner fin 5
in the first direction, two second lines representing both
edges of the flat portion 30 in the second direction, and
two circular arcs. Each of the circular arcs is a circular
arc with a radius R centered at a point of intersection of
the firstline and a corresponding one of the second lines,
and the radius R is three times as great as the flow pas-
sage height 12 of the second flow passage 7.

[0058] The following describes the flow of the fluids
through the plate-type heat exchanger 100 thus config-
ured and the action of the first projecting portions 22 and
the first projecting portions 26.

[0059] The first fluid having flowed into the first inflow
pipe 9 from outside flows into the first flow passage 6 via
the first inflow hole 13 of the first heat transfer plate 1.
The first fluid having flowed into the first flow passage 6
flows through the inner fin 4 in a direction from right to
left as indicated by a solid arrow in FIG. 2 while gradually
spreading toward the outer wall portions 31 of the first
heat transfer plate 1 and flows out from the first outflow
pipe 10 via the first outflow hole 14 of the first heat transfer
plate 1.

[0060] The second fluid having flowed into the second
inflow pipe 11 from outside flows into the second flow
passage 7 via the second inflow hole 19 of the second
heat transfer plate 2. The second fluid having flowed into
the second flow passage 7 flows through the inner fin 5
in a direction from left to right as indicated by a dotted
arrow in FIG. 3 while spreading toward the outer wall
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portions 31 of the second heat transfer plate 2 and flows
out from the second outflow pipe 12 via the second out-
flow hole 20 of the second heat transfer plate 2.

[0061] Thus, the flow of the first fluid through the first
flow passage 6 and the flow of the second fluid through
the second flow passage 7 allow the first fluid and the
second fluid to exchange heat with each other via the
first heat transfer plate 1 and the second heat transfer
plate 2.

[0062] Note thatthe provision of the first projecting por-
tions 22 in the first flow passage 6 prevents the first fluid
of the first flow passage 6 from flowing into the gaps 21.
This makes it possible to rectify an imbalance of the first
fluid in the first flow passage 6 and bring about improve-
ment in distributive performance to both the upper and
lower sides of FIG. 2.

[0063] Further, the same applies to the second flow
passage 7. That is, the provision of the first projecting
portions 26 in the second flow passage 7 prevents the
second fluid flowing through the second flow passage 7
from flowing into the gaps 25. This makes it possible to
rectify an imbalance of the second fluid in the second
flow passage 7 and bring about improvement in distrib-
utive performance to both the upper and lower sides of
FIG. 3.

[0064] By thus providing the first projecting portions 22
and thefirst projecting portions 26 in the first flow passage
6 and the second flow passage 7, respectively, imbal-
ances of the fluids can be better rectified than in a case
where they are not provided. This can result in improve-
ment in performance of the plate-type heat exchanger
100.

[0065] As described above, according to Embodiment
1, the first projecting portions 22 are provided on an inflow
side of the first heat transfer plate 1. This makes it pos-
sible to inhibit the first fluid from preferentially flowing into
the gaps 21 and improve the in-plane distributive per-
formance of the first fluid in the first flow passage 6. Fur-
ther, the second projecting portion 23, which performs
positioning in placing the inner fin 4 into the first flow
passage 6, is provided on an outflow side of the first heat
transfer plate 1.

[0066] This makes it possible to determine the location
of the inner fin 4 with the first projecting portions 22 and
the second projecting portion 23. Since the first projecting
portions 22 and the second projecting portion 23 are
formed by press working, these effects can be achieved
without addition of attachments. This makes it possible
to achieve an increase in performance and a reduction
in cost of the plate-type heat exchanger.

[0067] Further, the same applies to the second heat
transfer plate 2. Thatis, the provision of the first projecting
portions 26 and the second projecting portion 27 makes
it possible to determine the location of the inner fin 5 while
improving the in-plane distributive performance of the
second fluid without addition of attachments.

[0068] Further, the joining of a portion of the second
projecting portion 27 that is in contact with the first heat
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transfer plate 1 and the second heat transfer plate 2
makes it possible to bring aboutimprovement in strength.
[0069] Thus, in the first flow passage 6 or the second
flow passage 7, the positioning of the inner fin 4 or the
inner fin 5 can be achieved by the first projecting portions
and the second projecting portion. This makes it possible
to increase the distance between the inner fin and an-
other projecting and depressed structure configured to
improve strength, and makes it possible to design a pro-
jecting and depressed structure distribution that is com-
patible with both distributiveness and strength perform-
ance. This canresultin achieving an increase in perform-
ance of the plate-type heat exchanger 100.

[0070] The innerfinincludes an offset fin having a cor-
rugated portion formed in a corrugated shape by alter-
nately coupling, in the second direction, vertical walls 32
oriented perpendicularly to the heat transfer plate and
horizontal walls 33 oriented parallel to the heat transfer
plate. The width of each of the first projecting portions in
the second direction is twice or more as great as the
distance between two adjacent vertical walls 32 of the
inner fin.

[0071] This makes it possible to position the inner fin
with an end of the inner fin in the first direction surely in
contact with the first projecting portions. Further, the
width of each of the first projecting portions in the second
direction is five times or less as great as the distance
between two adjacent vertical walls 32 of the inner fin.
This makes it possible to reduce an area of insufficient
inflow of the fluid into the inner fin.

[0072] Further, the width of the second projecting por-
tion may be twice or more and five times or less as great
as the distance between two adjacent vertical walls 32
of the inner fin.

[0073] Thefirstprojecting portions and the second pro-
jecting portion may be provided to project toward the flow
passage from one of the two heat transfer plates forming
the flow passage. Moreover, improvement in strength
can be brought about by configuring the first projecting
portions and the second projecting portion to be joined
to the other one of the two heat transfer plates forming
the flow passage.

[0074] Sincethefirstprojecting portions, which are pro-
vided on the inflow sides of the heat transfer plates, and
the second projecting portions, which are provided on
the outflow sides of the heat transfer plates, are provided
in both the first flow passage and the second flow pas-
sage, improvement in in-plane distributive performance
can be brought about in both the first flow passage and
the second flow passage.

[0075] The first projecting portions 22 of the first flow
passage 6 and the second projecting portion 27 of the
second flow passage 7 are identical in shape to each
other, and are in contact with each other with an overlap
in location in the second direction in a cross-section per-
pendicular to the direction of stacking. Further, the sec-
ond projecting portion 23 of the first flow passage 6 and
the first projecting portions 26 of the second flow passage
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7 are identical in shape to each other, and are in contact
with each other with an overlap in location in the second
direction in a cross-section perpendicular to the direction
of stacking. This makes it possible toimprove the strength
of the plate-type heat exchanger 100.

[0076] Thefirstprojecting portions are provided at both
ends of the flat portion 30 of the heat transfer plate in the
second direction and within an area surrounded by a first
line representing an inflow edge of both edges of the
inner fin in the first direction, two second lines represent-
ing both edges of the flat portion in the second direction,
and two circular arcs at both ends of the flat portion in
the second direction. Each of the two circular arcs is a
circular arc with a radius R centered at a point of inter-
section of the first line and a corresponding one of the
second lines, and the radius R is three times as great as
the flow passage height of the flow passage. This makes
it possible to enhance the effect of inhibiting the fluid from
flowing into the gaps.

[0077] The second projecting portions are provided at
both ends of the flat portion in the second direction and
within an area surrounded by a third line representing an
outflow edge of both edges of the inner fin in the first
direction, two second lines, and two circular arcs at both
ends of the flat portion in the second direction. Each of
the two circular arcs is a circular arc with a radius R cen-
tered at a point of intersection of the third line and a cor-
responding one of the second lines, and the radius R is
three times as great as the flow passage height of the
flow passage. This makes it possible to enhance the ef-
fect of inhibiting the fluid from flowing into the gaps.

Embodiment 2

[0078] In Embodiment 1, the second projecting portion
23 and the second projecting portion 27 are each formed
in one place. In Embodiment 2, second projecting por-
tions 23 are formed in two places, and second projecting
portions 27 are formed in two places. The following main-
ly describes points in which Embodiment 2 differs from
Embodiment 1, and omits to describe constituent ele-
ments of Embodiment 2 that are similar to those of Em-
bodiment 1.

[0079] FIG.9isafrontperspective view of a heat trans-
fer set of a plate-type heat exchanger according to Em-
bodiment 2 of the present invention. FIG. 10 is an end
elevation view of a cross-section taken along line B-B in
FIG.9.FIG. 11is an end elevation view of a cross-section
taken along line C-C in FIG. 9.

[0080] Embodiment?2 isidentical to Embodiment 1 ex-
cept for the numbers and locations of second projecting
portions 23 and second projecting portions 27.

[0081] AsshowninFIGS. 9and 11, the first heat trans-
fer plate 1 of the heat transfer set 200 of Embodiment 2
has second projecting portions 23 provided in locations
at a length of the inner fin 4 in the first direction from the
first projecting portions 22 and at both ends of the first
heat transfer plate 1 in the second direction. Further, the
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second heat transfer plate 2 has second projecting por-
tions 27 provided in locations at a length of the inner fin
4 in the first direction from the first projecting portions 26
and, as shown in FIG. 10, at both ends of the second
heat transfer plate 2 in the second direction.

[0082] Embodiment 2 brings about the same effects
as Embodiment 1 and, in addition, brings about the fol-
lowing effects. Thatis, while Embodiment 1 has one sec-
ond projecting portion 23 and one second projecting por-
tion 27, Embodiment 2 has two second projecting por-
tions 23 provided at both ends of a heat transfer plate in
the second direction and two second projecting portions
27 provided at both ends of a heat transfer plate in the
second direction.

[0083] The second projecting portions 23 are located
on an outflow side of the first flow passage 6, and the
second projecting portions 27 are located on an outflow
side of the second flow passage 7. Therefore, in the first
flow passage 6, outflow sides of the gaps 21, which ex-
tend in a horizontal direction, are closed by the second
projecting portions 23, and in the second flow passage
7, outflow sides of the gaps 25, which extend in a hori-
zontal direction in FIG. 9, are closed by the second pro-
jecting portions 27.

[0084] This configuration makes it possible to prevent
more effectively the first fluid from flowing into the gaps
21 and the second fluid from flowing into the gaps 25
than the configuration of Embodiment 1 in which only
inflow sides of the gaps 21 and the gaps 25 are closed.
As a result, Embodiment 2 can bring about further im-
provement in in-plane distributive performance than Em-
bodiment 1. This makes it possible to achieve anincrease
in performance of the plate-type heat exchanger 100.
[0085] Although the foregoing description has been
made presuming that the second projecting portions 23
are located at "both ends of the first heat transfer plate
1in the second direction" and that the second projecting
portions 27 are located at "both ends of the second heat
transfer plate 2 in the second direction”, a specific scope
of these locations are basically the same as the scope
of the first projecting portions 22 and the first projecting
portions 26 described in Embodiment 1.

[0086] That is, each second projecting portion 23 is
provided within an area surrounded by a third line y rep-
resenting an outflow edge of both edges of the inner fin
4 in the first direction, two second lines 3, and two circular
arcs 28. Each of the circular arcs 28 is a circular arc with
a radius R centered at a point of intersection O of the
third line y and a corresponding one of the second lines
B, and the radius R is three times as large as the flow
passage height 11 of the first flow passage 6.

[0087] Further, each second projecting portion 27 is
provided within an area surrounded by a third line repre-
senting an outflow edge of both edges of the inner fin 5
in the first direction, two second lines B, and two circular
arcs. Each of the circular arcs is a circular arc with a
radius R centered at a point of intersection O of the third
line and a corresponding one of the second lines B, and
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the radius R is three times as large as the flow passage
height 12 of the second flow passage 7.

[0088] FIG. 12 is a cross-sectional view taken along
line A-A in a case where heat transfer plates according
to a modification are used in the plate-type heatexchang-
erof FIG. 9. FIG. 13 is a cross-sectional view taken along
line B-B in a case where the heat transfer plates accord-
ing to the modification are used in the plate-type heat
exchanger of FIG. 9. FIG. 14 is a cross-sectional view
taken along line C-C in a case where the heat transfer
plates according to the modification are used in the plate-
type heat exchanger of FIG. 9.

[0089] The first heat transfer plate 1 and the second
heat transfer plate 2 of the modification shown in FIGS.
12 and 13 each include two plates partially joined to each
other. Specifically, the first heat transfer plate 1 includes
plates 1a and 1b partially joined to each other. The sec-
ond heat transfer plate 2 includes plates 2a and 2b par-
tially joined to each other. In FIGS. 12to 14, black portions
29 between plates indicate junctions.

[0090] Byaheattransferplatethusincludingtwo plates
partially joined to each other, a micro-flow passage com-
municating with outside air is formed between the two
plates. For this reason, even if a defect in a heat transfer
plate dividing adjacent flow passages of two types of fluid
causes leakage of a fluid into a flow passage, mixture of
the two types of fluid between the flow passages (leakage
into a room) can be avoided by surely draining the leaked
fluid out of the flow passage. This makes it possible to
use flammable refrigerant as a fluid that flows through a
flow passage.

[0091] The heat transfer plates of the modification
shown in FIGS. 12 to 14 are applicable not only to Em-
bodiment 2 but also to Embodiment 1 and Embodiment
3, which is described below.

Embodiment 3

[0092] The following mainly describes points in which
Embodiment 3 differs from Embodiment 2, and omits to
describe components of Embodiment 3 that are similar
to those of Embodiment 2.

[0093] FIG. 15 is a front perspective view of a heat
transfer set of a plate-type heat exchanger according to
Embodiment 3 of the present invention. Although FIG.
15 is a perspective view, FIG. 15 is a diagram that is
substantially close to a front view. FIG. 16 is a front view
of afirst heat transfer plate of FIG. 15. FIG. 17 is a cross-
sectional view taken along line A-A in FIG. 15. FIG. 18
is an end elevation view of a cross-section taken along
line B-B in FIG. 15. FIG. 19 is an end elevation view of
a cross-section taken along line C-C in FIG. 15. It should
be noted that the opposite of Embodiment 2 is true in
FIG. 15;thatis, the second heattransferplate 2 is situated
at the front, and the first heat transfer plate 1 is situated
at the back.

[0094] As in the case of Embodiment 2, the second
heat transfer plate 2 has circular first projecting portions
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26 provided on an inflow side thereof and circular second
projecting portions 27 provided on an outflow side there-
of. The first projecting portions 26 and the second pro-
jecting portions 27 are in contact with the first heat trans-
fer plate 1, and these points of contact are joined, for
example, by brazing.

[0095] The first projecting portions 26 and the second
projecting portions 27 are equal in height to the inner fin
5. Moreover, the second heat transfer plate 2 of Embod-
iment 3 further has circular arc first depressed portions
40 formed to surround inflow sides of the first projecting
portions 26. Further, the second heat transfer plate 2 of
Embodiment 3 further has circular arc second depressed
portions 41 formed to surround outflow sides of the sec-
ond projecting portions 27.

[0096] As shown in FIGS. 18 and 19, the first de-
pressed portions 40 and the second depressed portions
41 include depressed portions depressed from the sec-
ond heat transfer plate 2 toward the first flow passage 6.
The first depressed portions 40 and the second de-
pressed portions 41 are half as high as the inner fin 4.
[0097] The first heat transfer plate 1 has circular arc
first projecting portions 22a and circular arc second pro-
jecting portions 23a formed instead of the circular first
projecting portions 22 and the circular second projecting
portions 23 of Embodiment 2. As shown in FIGS. 18 and
19, the first projecting portions 22a and the second pro-
jecting portions 23a include projecting portions projecting
from the first heat transfer plate 1 toward the first flow
passage 6. The projecting portions 22a and the second
projecting portions 23a are half as high as the inner fin
4. The first projecting portions 22a and the second pro-
jecting portions 23a are in contact with the second de-
pressed portions 41 and the first depressed portions 40,
respectively, of the second heat transfer plate 2, and
these points of contact are joined, for example, by braz-
ing.

[0098] Thus, in the plate-type heat exchanger 100 ac-
cording to Embodiment 3, the circular arc projecting por-
tions formed on the first heat transfer plate 1 and the
circular projecting portions formed on the second heat
transfer plate 2 are different in shape from each other.
[0099] Such a configuration of the first heat transfer
plate 1 and the second heat transfer plate 2 causes cir-
cular arc flow passage blocking portions to be formed by
contact between the second depressed portions 41 and
the first projecting portions 22a upstream of the gaps 21
in the first flow passage 6, so that the inflow of the first
fluid into the gaps 21 can be inhibited. Similarly, circular
arc flow passage blocking portions are formed by contact
between the first depressed portions 40 and the second
projecting portions 23a downstream of the gaps 21. That
is, the flow passage blocking portions are formed both
upstream and downstream of the gaps 21. This config-
uration makes it possible to better prevent the first fluid
from flowinginto the gaps 21 than a configuration in which
flow passage blocking portions are provided only up-
stream of the gaps 21.
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[0100] Further, as in the case of Embodiment 2, the
first projecting portions 26 and the second projecting por-
tions 27 are provided upstream and downstream, respec-
tively, of the gaps 25 in the second flow passage 7. This
makes it possible to inhibit the second fluid from flowing
into the gaps 25.

[0101] Although Embodiment 3 has illustrated a con-
figuration in which the circular arc first projecting portions
22a and the circular arc second projecting portions 23a
are formed on the first heat transfer plate 1 and the cir-
cular projecting portions 26, the circular second de-
pressed portions, the circular arc first depressed portions
40, and the circular arc second depressed portions 41
are formed on the second heat transfer plate 2, the op-
posite may be true.

[0102] That is, there may be a configuration in which
the circular projecting portions 26, the circular second
depressed portions 27, the circular arc first depressed
portions 40, and the circular arc second depressed por-
tions 41 are formed on the first heat transfer plate 1 and
the circular arc first projecting portions 22a and the cir-
cular arc second projecting portions 23a are formed on
the second heat transfer plate 2.

[0103] Further, according to Embodiment 3, in the first
heattransfer plate 1, improvementin in-plane distributive
performance in the first flow passage 6 and positioning
of the inner fin 4 are simultaneously achieved by the first
projecting portions 22a and the second projecting por-
tions 23a. Further, in the second heat transfer plate 2,
improvement in in-plane distributive performance and
positioning of the inner fin 5 are simultaneously achieved
by the first projecting portions 26 and the second project-
ing portions 27.

[0104] Thefirst projecting portions 22a and the second
projecting portion 23a are not limited to being circular arc
in shape. The first projecting portions 22a and the second
projecting portion 23a may each be formed in any one
of other shapes such as a triangle, a quadrangle, and an
ellipse, or two or more of these shapes may be combined.
[0105] As described above, Embodiment 3 brings
about the same effects as Embodiment 2 and brings
about the following effects. That is, the structure in which
the first heat transfer plate 1 and the second heat transfer
plate 2 are joined at the flat portions 30 by a combination
of projecting portions and depressed portions brings
about improvement in strength. Further, since the first
projecting portion 22a and the second projecting portions
23a of the first flow passage 6 are half as high as the first
flow passage 6, the combination of projecting portions
and depressed portions can be applied to a wider range
due to manufacturing restrictions on percentages of elon-
gation of the heat transfer plates.

[0106] Thatis, because of the percentages of elonga-
tion of the heat transfer plates, the first flow passage 6
composed of projecting portions of Embodiment 3 can
be made twice as high as the first flow passage 6 com-
posed of projecting portions of Embodiment 1. This
makes it possible to easily achieve optimization of the
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height of the first flow passage 6 composed of projecting
portions of Embodiment 3. Alternatively, this makes it
possible to more easily achieve optimization of the size
of the first projecting portions 22a and the second pro-
jecting portions 23a and the height of the first flow pas-
sage 6, thus making it possible to achieve an increase
in performance of the plate-type heat exchanger 100.
[0107] The first projecting portions 22a of the first heat
transfer plate 1 and the second projecting portions 27 of
the second heat transfer plate 2 are different in shape
from each other, and are different in location in the sec-
ond direction in a cross-section perpendicular to the di-
rection of stacking.

[0108] Further, the second projecting portions 23a of
the first heat transfer plate 1 and the first projecting por-
tions 26 of the second heat transfer plate 2 are different
in shape from each other, and are different in location in
the second direction in a cross-section perpendicular to
the direction of stacking. Thus, the combination of pro-
jecting portions and depressed portions makes it possible
to inhibit the inflow of the fluids into the gaps.

Embodiment 4

[0109] Embodiment 4 is intended to bring about im-
provement in strength by providing the header portions
24 with projecting and depressed structures. The follow-
ing mainly describes points in which Embodiment 4 dif-
fers from Embodiment 1, and omits to describe compo-
nents of Embodiment 4 that are similar to those of Em-
bodiment 1.

[0110] FIG. 20 is a partial front perspective view of a
heat transfer set of a plate-type heat exchanger accord-
ing to Embodiment 4 of the present invention. FIG. 21 is
a cross-sectional view taken along line D-D in FIG. 20.
[0111] The header portions 24 provided on the inflow
and outflow sides, respectively, of the first heat transfer
plate 1 are provided with a plurality of depressed portions
50 dispersed. Further, the header portions 24 provided
on the inflow and outflow sides, respectively, of the sec-
ond heat transfer plate 2 are provided with a plurality of
depressed portions 51 facing the depressed portions 50.
[0112] Top faces of the projecting portions 51 are in
contact with bottom faces of the depressed portions 50,
and these points of contact are joined. By thus providing
the header portions 24 with projecting and depressed
structures 52, improvement in strength of the header por-
tions 24 is brought about. The depressed portions 50 and
the projecting portions 51 are formed in circular shapes
and configured to be equal in diameter and heightto each
other.

[0113] Forthe prevention of blockage of the flow of the
first fluid flowing out from the inner fin 4, the depressed
portions 50 are not provided in an area in the outflow-
side header portion 24 extending over a distance 3 from
the third line y of the inner fin 4. Similarly, the depressed
portions 50 are not provided in an area in the inflow-side
header portion 24 extending over the distance 5 from the
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first line a of the inner fin 4.

[0114] Similarly, for the prevention of blockage of the
flow of the second fluid flowing out from the inner fin 5,
the projecting portions 51 are not provided in an area in
the outflow-side header portion 24 extending over the
distance 4 from the third line y of the inner fin 5, although
not illustrated. Similarly, the depressed portions 50 are
not provided in an area in the inflow-side header portion
24 extending over the distance & from the first line a of
the inner fin 5.

[0115] Note here that it is desirable that the distance
8 be equal to or greater than an equivalent diameter of
a cross-sectional shape E obtained by cutting a junction
between a depressed portion 50 and a projecting portion
51 along a surface perpendicular to the first direction
through the center of the junction:

8 > 2wl/(w + 1),

where w is the diameter of the depressed portion 50 and
the projecting portion 51 and 1 is the height of the junction
between the depressed portion 50 and the projecting por-
tion 51.

[0116] The configuration in which no projecting and de-
pressed structure 52 is provided in the area extending
over the distance 5 from the first line o makes it possible
to better uniform a velocity distribution of the fluid into
the inner fin than a configuration in which a projecting
and depressed structure 52 is provided in the area ex-
tending over the distance & from the first line a. This point
was demonstrated by a test whose results are shown
below. The following shows results of a test conducted
on the second flow passage 7.

[0117] FIG. 22 is a diagram showing a flow velocity
distribution of a fluid in an inner fin according to a com-
parative example provided with a projecting and de-
pressed structure in the area extending over the distance
8 from the first line o.. FIG. 22 is equivalent to a velocity
distribution in a cross-sectional taken along line F-F in
FIG. 23 below. In FIG. 22, the horizontal axis represents
the second direction of the inner fin, and the vertical axis
represents the flow velocity. FIG. 23 is adiagram showing
a velocity distribution of inflow into the inner fin according
to the comparative example provided with the projecting
and depressed structure in the area extending over the
distance & from the first line a.

[0118] In FIG. 23, a longer arrow indicates a higher
flow velocity. FIG. 24 is a diagram showing a velocity
distribution of inflow into the inner fin of the plate-type
heat exchanger according to Embodiment 4 of the
present invention in a case where no projecting and de-
pressed structure is provided in the area extending over
the distance 6 from the first line a. In each of FIGS. 23
and 24, the horizontal axis X represents the second di-
rection of the inner fin, the vertical axis Y represents the
first direction of the inner fin, and the arrows indicate the
magnitude of the flow velocity.
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[0119] As is clear from a comparison between FIGS.
22 and 23 of the comparative example and FIG. 24 of
Embodiment 4, Embodiment 4, which is configured such
that no projecting and depressed structure 52 is provided
in the area extending over the distance & from the first
line o, ensures uniformity of flow velocity across the inner
fin 5 in the second direction.

[0120] FIGS. 22 to 24 are diagrams for making a com-
parison between a case where a projecting and de-
pressed structure 52 is provided in the area extending
over the distance & from the firstline oo and a case where
no projecting and depressed structure 52 is provided in
the area extending over the distance § from the first line
o, and the first projecting portions 26, which serve to
inhibit the inflow of the second fluid into the gaps 25 at
both ends of the second flow passage 7, are not provided.
For this reason, the flow velocity is high at both ends of
theinnerfin 5inthe second direction. Next, FIG. 25 shows
a flow velocity distribution in a case where the first pro-
jecting portions 26 are provided.

[0121] FIG. 25 is a diagram showing a velocity distri-
bution of inflow into an inner fin in a configuration having
first projecting portions in addition to a projecting and
depressed structure. In FIG. 25, the horizontal axis X
represents the second direction of the inner fin, the ver-
tical axis Y represents the first direction of the inner fin,
and the arrows indicate the magnitude of the flow velocity.
FIG. 25, which is a diagram for explaining the effect of
the first projecting portions, shows a case where a pro-
jecting and depressed structure 52 is provided in the area
extending over the distance & from the first line a.
[0122] As shown in FIG. 25, the provision of the first
projecting portions 26 makes the flow velocity in the gaps
at both ends of the second flow passage 7 lower than it
is in FIG. 24.

[0123] Although the foregoing has described a flow ve-
locity distribution of the fluid in the second flow passage
7, the same tendency is seen in the first flow passage 6.
[0124] As described above, Embodiment 4 brings
about the same effects as Embodiment 1 by providing
the first projecting portions and can bring about improve-
ment in strength of the header portions 24 by providing
the header portions 24 with the projecting and depressed
structures 52.

[0125] Providing the header portions 24 with the pro-
jecting and depressed structures 52 in proximity to the
inner fin causes non-uniformity of flow velocity of the fluid
flowing into the inner fin. However, Embodiment 4 is con-
figured such thatthe projecting and depressed structures
52 are not provided at least in the areas extending over
the distance 6 from the first line o and the third line v,
respectively. This makes it possible to rectify a problem
of adecrease inin-plane distributive performance caused
by providing the header portions 24 with the projecting
and depressed structures 52 and ensure uniformity of
flow velocity of the fluid across the inner fin in the second
direction.

[0126] Although the foregoing has described Embod-
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iments 1 to 4 as separate embodiments, features of the
embodiments may be combined as appropriate to con-
stitute a plate-type heat exchanger 100. For example,
Embodiment 1 and Embodiment 3 may be combined
such that the width of each of the first and second pro-
jecting portions 26 and 27 in Embodiment 3 is twice or
more and five times or less as great as the distance be-
tween two adjacent vertical walls of the inner fin.

[0127] Further, Embodiment 3 and Embodiment 4 may
be combined to be configured such that the header por-
tions 24 of the heat transfer set 200 of Embodiment 3
shown in FIG. 15 are provided with the projecting and
depressed structures 52 of Embodiment4. A modification
that is applied to the same constituent element of each
of Embodiments 1 to 4 is similarly applied to an embod-
iment other than the embodiment in which the modifica-
tion is described.

Embodiment 5

[0128] Embodiment 5 illustrates a heat pump device
mounted with the plate-type heat exchanger 100 de-
scribed in Embodiments 1 to 4. The following describes
a heat-pump-type cooling and heating hot-water supply
system as an example of a form of utilization of the heat
pump device.

[0129] FIG. 26 is a schematic view showing a config-
uration of a heat-pump-type cooling and heating hot-wa-
ter supply system according to Embodiment 5 of the
present invention.

[0130] A heat-pump-type cooling and heating hot-wa-
ter supply system 300 includes a heat pump device 65
and a heat medium circuit 70, and the heat pump device
65 includes arefrigerant circuit 60. The refrigerant circuit
60 includes a compressor 61, a heat exchanger 62, a
decompression device 63, and a heat exchanger being
connected in sequence by pipes, and the decompression
device 63 is formed of, for example, by an expansion
valve or a capillary tube. The heat medium circuit 70 in-
cludes the heat exchanger 62, a cooling and heating hot-
water supply device 71, and a pump 72 being connected
in sequence by pipes, and the pump 72 circulates a heat
medium. The compressor 61, the heat exchanger 62, the
decompression device 63, and the heat exchanger 64
are housed in a housing of the heat pump device 65.
[0131] Note here that the heat exchanger 62 is the
plate-type heat exchanger 100 described above in Em-
bodiments 1 to 4, and carries out a heat exchange be-
tween refrigerant flowing through the refrigerant circuit
60 and the heat medium flowing through the heat medium
circuit 70. The heat medium that is used in the heat me-
dium circuit 70 may be a fluid, such as water, ethylene
glycol, propylene glycol, or a mixture thereof, that is ca-
pable of exchanging heat with the refrigerant of the re-
frigerant circuit 60.

[0132] Further, the refrigerant flowing through the re-
frigerant circuit 60 is not limited to a particular refrigerant,
and usable examples of the refrigerant include R22,
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R410A, or other refrigerants. Further, since the heat-
pump-type cooling and heating hot-water supply system
300 allows no refrigerant to be supplied to an indoor side,
flammable refrigerant such as R32, R290, or HFO,;;, may
be used as the refrigerant.

[0133] The plate-type heat exchanger 100, which in-
cludes the heat exchanger 62, is incorporated into the
heat-pump-type cooling and heating hot-water supply
system 300 so that the refrigerant flows through the sec-
ond flow passage 7, which is higher in heat-transfer per-
formance than the first flow passage 6, and the heat me-
dium flows through the first flow passage 6. Since the
inner fin 4 and the inner fin 5 are equal in heat-transfer
area to each other and the inner fin 5 is smaller in hy-
draulic diameter than the inner fin 4, the second flow pas-
sage 7 is higher in heat-transfer performance than the
first flow passage 6.

[0134] The cooling and heating hot-water supply de-
vice 71 includes, for example, a hot water storage tank
(notillustrated) or an indoor heat exchanger of an indoor
unit (not illustrated) configured to perform indoor air con-
ditioning. In a case where the cooling and heating hot-
water supply device 71 is a hot water storage tank, the
heat medium is water. The water is heated by the heat
exchanger 62 exchanging heat with the refrigerant of the
refrigerant circuit 60. The water thus heated is stored in
the hot water storage tank (not illustrated).

[0135] Alternatively, in a case where the cooling and
heating hot-water supply device 71 is an indoor heat ex-
changer, indoor cooling or heating is performed by guid-
ing the heat medium of the heat medium circuit 70 to the
indoor heat exchanger and exchanging heat with indoor
air. The cooling and heating hot-water supply device 71
is not limited to a particular configuration such as that
described above, and needs only be configured to be
able to perform cooling and heating and hot-water supply
through the use of heating energy of the heat medium of
the heat medium circuit 70.

[0136] In a case where heating and hot-water supply
is performed, the heat exchanger 62 is used as a con-
denser, and in the case of cooling, the heat exchanger
62 is used as an evaporator. Arrows shown in FIG. 26
indicate directions of flow of the refrigerant in the case
of heating and hot-water supply, and in the case of cool-
ing, the refrigerant flows in opposite directions (not illus-
trated).

[0137] In a case where the heat exchanger 62 is used
as an evaporator, the refrigerant flows into the second
flow passage 7 of the heat exchanger 62 in the form of
a two-phase gas-liquid flow. In so doing, the two-phase
gas-liquid flow is prevented by the first projecting portions
22 from flowing into the gaps 21.

[0138] Embodiment 5 makes it possible to achieve an
increase in performance and a reduction in cost by in-
cluding the plate-type heat exchanger 100 of Embodi-
ments 1 to 4. Further, Embodiment 5 makes it possible
to obtain a heat-pump-type cooling and heating hot-water
supply system 300 with high heat exchange efficiency.
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Further, Embodiment 5 makes it possible to obtain a high-
ly-reliable heat-pump-type cooling and heating hot-water
supply system 300 with improvement in strength. That
is, Embodiment 5 makes it possible to achieve a heat-
pump-type cooling and heating hot-water supply system
300 configured to have high heat exchange efficiency,
consume less electric power, offer improved safety, and
emit less CO,.

[0139] Embodiment 5 has described, as an example
of application of the plate-type heat exchanger 100 de-
scribed in the foregoing embodiments, a heat-pump-type
cooling and heating hot-water supply system 300 config-
ured to cause refrigerant and water to exchange heat
with each other. However, the plate-type heat exchanger
100 described in the foregoing embodiments is applica-
ble not only to the plate-type heat exchanger 100 de-
scribed in the foregoing embodiments but also to many
industrial equipment and home appliances such as cool-
ing chillers, generating equipment, and food heat sterili-
zation equipment.

[0140] As an example of utilization of the present in-
vention, the plate-type heat exchanger 100 described in
the foregoing embodiments is easy to manufacture, has
improved heat exchange performance, and is applicable
to a heat pump device whose energy saving performance
needs to be improved.

LIST OF REFERENCE SIGNS

[0141]
1 heat transfer plate 1a plate
1b plate
second heat transfer plate
2a plate
2b plate
3 first reinforcing side plate
4 inner fin
5 inner fin
6 first flow passage
7 second flow passage
8 second reinforcing side plate
9 first inflow pipe
10 first outflow pipe
11 second inflow pipe

12 second outflow pipe
13 first inflow hole

14 first outflow hole

15 second inflow hole
16 second outflow hole
17 first inflow hole

18 first outflow hole

19 second inflow hole
20 second outflow hole
21 gap

22 first projecting portion
22a first projecting portion
23 second projecting portion
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23a  second projecting portion
24 header portion

25 gap

26 first projecting portion

27 second projecting portion
28 circular arc

29 black portion

30 flat portion

31 outer wall portion
40 first depressed portion
41 second depressed portion

50 depressed portion

51 projecting portion

52 projecting and depressed structure
60 refrigerant circuit

61 compressor

62 heat exchanger

63 decompression device

64 heat exchanger

65 heat pump device

70 heat medium circuit

71 cooling and heating hot-water supply device

72 pump

100 plate-type heat exchanger

200 heat transfer set

300 heat-pump-type cooling and heating hot-water
supply system

Claims

1. A plate-type heat exchanger comprising:

- a plurality of heat transfer plates stacked on
top of each other;

- aflow passage, formed by each space between
the plurality of heat transfer plates, through
which a fluid flows in a first direction;

- an inner fin disposed in the flow passage;

- a first projecting portion provided on an inflow
side of each of the heat transfer plates and con-
figured to prevent the fluid from flowing into gaps
between both ends of the inner fin in a second
direction and both ends of the heat transfer plate
in the second direction; and

- a second projecting portion formed on an out-
flow side of each of the heat transfer plates and
configured to perform positioning in placing the
inner fin into the heat transfer plate,

- the first direction being a direction of flow of
the fluid through the flow passage, the second
direction being a direction orthogonal to the first
direction, the inner fin being disposed between
the first projecting portion and the second pro-
jecting portion.

2. The plate-type heat exchanger of claim 1,
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wherein the innerfinincludes an offset fin having
a corrugated portion formed in a corrugated
shape by alternately coupling, in the second di-
rection, vertical walls oriented perpendicularly
to the heat transfer plate and horizontal walls
oriented parallel to the heat transfer plate, and
wherein a width of the first projecting portion in
the second direction is twice or more and five
times or less as great at a distance between two
adjacentones of the vertical walls of the innerfin.

The plate-type heat exchanger of claim 2,

wherein a width of the second projecting portion in
the second direction is twice or more and five times
or less as great as the distance between the two
adjacent vertical walls of the inner fin.

The plate-type heat exchanger of any one of claims
1to 3,

wherein the second projecting portion includes sec-
ond projecting portions provided at both ends of the
outflow side of the heat transfer plate in the second
direction.

The plate-type heat exchanger of claim 1 or 2,
wherein the first projecting portion and the second
projecting portion are provided to project toward the
flow passage from one of two of the heat transfer
plates forming the flow passage.

The plate-type heat exchanger of claim 5,

wherein the first projecting portion and the second
projecting portion are joined to an other one of the
two heat transfer plates forming the flow passage.

The plate-type heat exchanger of any one of claims
1 to 6,

wherein the flow passage includes a first flow pas-
sage and a second flow passage alternately formed
in a direction of stacking of the heat transfer plates,
and the first projecting portion and the second pro-
jecting portion include a first projecting portion and
a second projecting portion provided in the first flow
passage and a first projecting portion and a second
projecting portion provided in the second flow pas-
sage.

The plate-type heat exchanger of claim 7,

wherein the direction of flow of the fluid through
the first flow passage and the direction of flow
of the fluid through the second flow passage are
opposite to each other, and

wherein the first projecting portion of the first flow
passage and the second projecting portion of
the second flow passage are identical in shape
to each other and are in contact with each other
with an overlap in location in the second direc-
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tion in a cross-section perpendicular to the di-
rection of stacking.

9. The plate-type heat exchanger of claim 7,

wherein the direction of flow of the fluid through
the first flow passage and the direction of flow
of the fluid through the second flow passage are
opposite to each other, and

wherein the second projecting portion of the first
flow passage and the first projecting portion of
the second flow passage are identical in shape
to each other and are in contact with each other
with an overlap in location in the second direc-
tion in a cross-section perpendicular to the di-
rection of stacking.

10. The plate-type heat exchanger of any one of claims

1to09,

wherein each of the heat transfer plates has a
flat portion on which the inner fin is disposed,
wherein the first projecting portion includes first
projecting portions provided at both ends of the
flat portion in the second direction and within an
area surrounded by a first line representing an
inflow edge of both edges of the inner fin in the
first direction, two second lines representing
both edges of the flat portion in the second di-
rection, and two circular arcs at both ends of the
flat portion in the second direction,

wherein each of the two circular arcs is a circular
arc with a radius R centered at a point of inter-
section of the first line and a corresponding one
of the second lines, and

the radius R is three times as great as a flow
passage height of the flow passage.

11. The plate-type heat exchanger of claim 10,

wherein the second projecting portion includes
second projecting portions provided at both
ends of the flat portion in the second direction
and within an area surrounded by a third line
representing an outflow edge of both edges of
the inner fin in the first direction, the two second
lines, and two circular arcs at both ends of the
flat portion in the second direction,

each of the two circular arcs is a circular arc with
a radius R centered at a point of intersection of
the third line and a corresponding one of the
second lines, and the radius R is three times as
great as a flow passage height of the flow pas-
sage.

12. The plate-type heat exchanger of any one of claims

1to 7,
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wherein one of two of the heat transfer plates
forming the flow passage is provided with the
first projecting portion and the second projection
portion projecting toward the flow passage,
wherein another one of the two heat transfer
plates has a first depressed portion and a sec-
ond depressed portion located opposite the first
projecting portion and the second projection por-
tion, depressed toward the flow passage, and
formed in contact with the first projecting portion
and the second projecting portion.

The plate-type heat exchanger of claim 12,
wherein points of contact between the first projecting
portion and the second projection portion of one of
the heat transfer plates and the first depressed por-
tion and the second depressed portion of the other
one of the heat transfer plates are joined.

14. The plate-type heat exchanger of claim 12 or 13,

15.

16.

17.

wherein the flow passage includes a first flow
passage and a second flow passage alternately
formed in a direction of stacking of the heat
transfer plates,

wherein the direction of flow of the fluid through
the first flow passage and the direction of flow
of the fluid through the second flow passage are
opposite to each other,

wherein the first projecting portion of one of the
heat transfer plates and the second projecting
portion of the other one of the heat transfer
plates are different in shape from each other,
and are different in location in the second direc-
tion in a cross-section perpendicular to the di-
rection of stacking.

The plate-type heat exchanger of claim 12 or 13,
wherein the flow passage includes a first flow pas-
sage and a second flow passage alternately formed
in a direction of stacking of the heat transfer plates,
the direction of flow of the fluid through the first flow
passage and the direction of flow of the fluid through
the second flow passage are opposite to each other,
the second projecting portion of one of the heat trans-
fer plates and the first projecting portion of the other
one of the heat transfer plates are different in shape
from each other, and are different in location in the
second direction in a cross-section perpendicular to
the direction of stacking.

The plate-type heat exchanger of any one of claims
1to 15,

wherein each of the heat transfer plates includes two
plates partially joined to each other.

The plate-type heat exchanger of any one of claims
1to 16,
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wherein each of the heat transfer plates has
header portions formed at both ends thereof in
the first direction, and

wherein each of the header portions has a pro-
jecting and depressed structure formed to bring
about improvement in strength.

18. The plate-type heat exchanger of claim 17,

wherein the projecting and depressed structure
has a plurality of circular depressed portions pro-
vided in one of two of the heat transfer plates
forming the flow passage and a plurality of cir-
cular projecting portions provided in an other
one of the two heat transfer plates to face the
plurality of depressed portions, each of the de-
pressed portions and a corresponding one of
the projecting portions are joined to each other,
wherein the projecting and depressed structure
is not formed at least in areas extending over a
distance & from both ends of the inner fin in the
first direction, and

wherein the distance 3 is equal to or greater than
an equivalent diameter of a cross-sectional
shape obtained by cutting a junction between
the depressed portion and the projecting portion
along a surface perpendicular to the first direc-
tion through a center of the junction.

19. A heat pump device

comprising a refrigerant circuit in which a compres-
sor, the plate-type heat exchanger of any one of
claims 1 to 18, a decompression device, and a heat
exchanger are connected and through which refrig-
erant circulates.

20. A heat-pump-type cooling and heating hot-water

supply system

comprising a heat medium circuit in which the heat
pump device of claim 19, the plate-type heat ex-
changer, a cooling and heating hot-water supply de-
vice configured to perform cooling and heating and
supply hot water, and a pump are connected and
through which a heat medium circulates.
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