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a second fluid, and a second outlet hole 8 which acts as
an outlet for the second fluid. Each of the plates 2 and 3
and an adjacent plate define therebetween a first flow
path for passing the first fluid and a second flow path for
passing the second fluid, so as to exchange heatbetween
the first fluid and the second fluid. In each of the plates
2 and 3, a longitudinal length L1 is 4 or more times a
lateral length L2.
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Description
Technical Field

[0001] Thisinvention relates to a plate heat exchanger
configured with a plurality of stacked plates and a refrig-
eration air conditioner including the plate heat exchanger,
for example.

Background Art

[0002] Patent Document 1 discusses a plate heat ex-
changer in which a fluid inlet hole and a fluid outlet hole
are elliptically shaped. Patent Document 1 also discuss-
es a plate heat exchanger in which the diameter of a fluid
inlet hole and the diameter of a fluid outlet hole are iden-
tical in size.

Patent Document 2 discusses a plate heat exchanger in
which the diameter of a fluid inlet hole and the diameter
of afluid outlet hole are different in size. Patent Document
2 also discusses a plate heat exchanger which includes
reinforcement members for a fluid inlet hole and a fluid
outlet hole, thereby providing enhanced strength.

Citation List
Patent Documents
[0003]

Patent Document 1: JP 9-72685 A
Patent Document 2: JP 7-508581 W

Disclosure of Invention
Technical Problem

[0004] Conventional plate heat exchangers have the
following problems (1) to (3):

(1) Plate heat exchangers in general have thin
plates, so that the strength is low.

(2) In a plate exchanger which includes reinforce-
ment members for an inlet hole and an outlet hole,
dirt tends to accumulate in the inlet hole and the out-
let hole.

(3) When large volumes of fluid flow through a plate
heat exchanger, there will be a point where the flow
rate reaches a limit at a fluid inlet hole and a fluid
outlet hole. Accordingly, to process large volumes
of fluid, the inlet hole and the outlet hole need to have
larger opening areas. However, to enlarge the open-
ing areas of the inlet hole and the outlet hole, the
widths of the inlet hole and the outlet hole must be
increased. Increasing the widths of the inlet hole and
the outlet hole reduces strength, as well as reduces
a heat transfer area. That is, the plate heat exchang-
er in which the inlet hole and the outlet hole have
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large opening areas has drawbacks in terms of
strength and heat exchange capability

[0005] This invention aims to enhance the strength of
a plate heat exchanger while maintaining the heat ex-
change capability of the plate heat exchanger, for exam-

ple.

Solution to Problem

[0006] A plate heat exchanger according to this inven-
tion is, for example,

a plate heat exchanger configured with a plurality of
stacked plates, wherein each plate of the plurality of
stacked plates includes:

a first inlet hole which acts as an inlet for a first fluid, the
first inlet hole being located near one edge in a longitu-
dinal direction;

a first outlet hole which acts as an outlet for the first fluid,
the first outlet hole being located near another edge op-
posite from the first inlet hole in the longitudinal direction;
a second inlet hole which acts as an inlet for a second
fluid, the second inlet hole being located near one edge
in the longitudinal direction; and

asecond outlet hole which acts as an outlet for the second
fluid, the second outlet hole being located near another
edge opposite from the second inlet hole in the longitu-
dinal direction,

wherein the each plate and an adjacent plate define ther-
ebetween either one of a first flow path and a second
flow path, the first flow path passing the first fluid entered
from the first inlet hole to the first outlet hole such that
the first fluid spreads in a lateral direction, and the second
flow path passing the second fluid entered from the sec-
ond inlet hole to the second outlet hole such that the
second fluid spreads in the lateral direction, and the each
plate exchanges heat between the first fluid flowing
through the first flow path and the second fluid flowing
through the second flow path, and

wherein the each plate is configured such that a length
in the longitudinal direction is 4 or more times a length in
the lateral direction.

Advantageous Effects of Invention

[0007] A plate heat exchanger according to this inven-
tion is configured such that a length in a longitudinal di-
rection is 4 or more times a length in a lateral direction.
Accordingly, stress applied to edges of each plate can
be reduced. Thus, the plate heat exchanger according
to this invention provides enhanced strength.

Brief Description of Drawings
[0008]

Fig. 1 is a side view of a plate heat exchanger 20;
Fig. 2 is a front view of a reinforcement side plate 1;
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Fig. 3 is a front view of a second plate 2;

Fig. 4 is a front view of a first plate 3;

Fig. 5 is a front view of a reinforcement side plate 4;
Fig. 6 is an exploded perspective view of the plate
heat exchanger 20;

Fig. 7 is a diagram showing dimensions of the plates
2 and 3 of the plate heat exchanger 20;

Fig. 8is adiagramdepicting the relationship between
stress and the ratio of a longitudinal length and a
lateral length of the plates 2 and 3.

Fig. 9is adiagram depicting the relationship between
the weight of the plate heat exchanger 20 and the
ratio of the longitudinal length and the lateral length
of the plates 2 and 3.

Fig. 10 is a diagram showing the plates 2 and 3 in
which the diameters of first inlet and outlet holes are
smaller than the diameters of second inlet and outlet
holes.

Fig. 11 is a diagram showing the plate heat exchang-
er 20 in which the nearer each of the plates 2 and 3
is to the reinforcement side plate 1, the smaller the
diameter of a first inlet hole 5.

Fig. 12is adiagram showing dimensions of the plates
2 and 3 in which the inlet and outlet holes are posi-
tioned nearer to four corners of each plate.

Fig. 13 is a diagram describing a flow of a first fluid
on the first plate 3 in which the inlet and outlet holes
are positioned nearer to the four corners of the plate.
Fig. 14 is a diagram describing corrugations 9 of the
first plate 3 in which the inlet and outlet holes are
positioned nearer to the four corners of the plate.
Fig. 15 is a diagram showing the corrugations 9 of
the second plate 2 in which the inlet and outlet holes
are positioned nearer to the four corners of the plate.
Fig. 16 is a diagram showing the corrugations 9 of
the first plate 3 in which the inlet and outlet holes are
positioned nearer to the four corners of the plate.
Fig. 17 is a diagram showing the plates 2 and 3 in
which the first inlet and outlet holes are differently
shaped from the second inlet and outlet holes.

Fig. 18 is a diagram showing the plates 2 and 3 in
which the first inlet and outlet holes are differently
shaped from the second inlet and outlet holes.

Fig. 19 is a diagram showing the plates 2 and 3 in
which the first inlet and outlet holes are differently
shaped from the second inlet and outlet holes.

Fig. 20 is a diagram comparing a case in which the
first inlet and outlet holes and the second inlet and
outlet holes are identical in shape, and a case in
which the first inlet and outlet holes and the second
inlet and outlet holes are different in shape.

Fig. 21 is a diagram showing the plates 2 and 3 in
which the first inlet and outlet holes and the second
inlet and outlet holes are formed in an identical non-
circular shape.

Fig. 22 is a diagram showing the plates 2 and 3 in
which the first inlet and outlet holes and the second
inlet and outlet holes are formed in an identical non-
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circular shape.

Fig. 23 is a diagram showing the plates 2 and 3 in
which the first inlet and outlet holes and the second
inlet and outlet holes are formed in an identical non-
circular shape.

Fig. 24 is a diagram showing the plates 2 and 3 in
which the first inlet and outlet holes and the second
inlet and outlet holes are formed in an identical non-
circular shape; and

Fig. 25 is a diagram showing a heating and hot water
system 29.

Description of Embodiments
First embodiment

[0009] Figs. 1to6 are diagrams describing a plate heat
exchanger 20 according to a first embodiment. Fig. 1 is
a side view of the plate heat exchanger 20. Fig. 2 is a
front view of a reinforcement side plate 1. Fig. 3 is a front
view of a second plate 2. Fig. 4 is a front view of a first
plate 3. Fig. 5is a front view of a reinforcement side plate
4. Fig. 6 is an exploded perspective view of the plate heat
exchanger 20.

[0010] As shown in Fig. 1, the plate heat exchanger
20 includes a plurality of stacked plates 2 and 3. The
plate heat exchanger 20 also includes the reinforcement
side plates 1 and 4 stacked at the forefront (an A side in
Fig. 1) and the rear end (a B side in Fig. 1), respectively.
As shown in Figs. 3 and 4, each of the plates 2 and 3 is
formed as a plate of an approximately rectangular shape.
Each of the plates 2 and 3 includes a first inlet hole 5
near one edge (an upper side ) in a long-side (longitudi-
nal) direction of the approximately rectangular shape.
Each of the plates 2 and 3 includes a first outlet hole 6
near another edge (a lower side) in the longitudinal di-
rection opposite from the first inlet hole 5. Each of the
plates 2 and 3 includes a second inlet hole 7 near the
same edge (the lower side) in the longitudinal direction
as the first outlet hole 6. Each of the plates 2 and 3 in-
cludes a second outlet hole 8 near the same edge (the
upper side) in the longitudinal direction as the first inlet
hole 5. Each of the plates 2 and 3 includes the first inlet
hole 5 and the first outlet hole 6 near the same edge (a
left side) in a short-side (lateral) direction of the approx-
imately rectangular shape. Each of the plates 2 and 3
includes the second inlet hole 7 and the second outlet
hole 8 near another edge (a right side) in the lateral di-
rection opposite from the first inlet hole 5 and the first
outlet hole 6.

That is, the first inlet hole 5, the first outlet hole 6, the
second inlet hole 7, and the second outlet hole 8 are
provided at four corners of each of the plates 2 and 3.
The first inlet hole 5 and the first outlet hole 6 will be
referred to as first inlet and outlet holes. Likewise, the
second inlet hole 7 and the second outlet hole 8 will be
referred to as second inlet and outlet holes.

[0011] Like the plates 2 and 3, the reinforcement side
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plates 1 and 4 are also formed as plates in an approxi-
mately rectangular shape, as shown in Figs. 2 and 5. As
shown in Fig. 2, the reinforcement side plate 1 stacked
at the forefront includes the first inlet hole 5 (a first inlet
duct), the first outlet hole 6 (a first outlet duct), the second
inlet hole 7 (a second inlet duct), and the second outlet
hole 8 (a second outlet duct) at the same positions as in
the plates 2 and 3.

On the other hand, as shown in Fig. 5, the reinforcement
side plate 4 stacked at the rear end does not include the
first inlet hole 5, the first outlet hole 6, the second inlet
hole 7, and the second outlet hole 8. In Fig. 5, the posi-
tions of the first inlet hole 5, the first outlet hole 6, the
second inlet hole 7, and the second outlet hole 8 are
indicated by dashed lines, butthese holes are not actually
present in the reinforcement side plate 4.

[0012] Eachofthe plates 2 and 3 and the reinforcement
side plate 1 are stacked such that the respective first inlet
holes 5, first outlet holes 6, second inlet holes 7, and
second outlet holes 8 are aligned with one another. The
second plate 2 and the first plate 3 are stacked alternate-
ly.

The plates 2 and 3 and the reinforcement side plates 1
and 4 are formed approximately identically in an approx-
imately rectangular shape.

[0013] As shown in Figs. 3 and 4, each of the plates 2
and 3 has a plurality of V-shaped concave portions and
convex portions (corrugations 9) arranged in longitudinal
arrays. The corrugations 9 have ends 13 at both sides in
the lateral direction. The corrugations 9 are formed in the
shape of a V having turning points 12, each turning point
12 being longitudinally misaligned with respect to the cor-
responding ends 13 at both sides. The pitch (width) of
the corrugations 9 is indicated as W in Fig. 4. The corru-
gations 9 are provided such that the direction thereof is
reversed between the second plate 2 and the first plate
3. That is, in the second plate 2, the corrugations 9 are
formed in the shape of a V with each turning point 12
positioned lower than the corresponding ends 13 at both
sides. On the other hand, in the first plate 3, the corru-
gations 9 are formed in the shape of a V (a reversed V)
with each turning point 12 positioned higher than the cor-
responding ends 13 at both sides.

In this way, the V-shaped corrugations 9 are formed in
the plates 2 and 3 by reversing the direction of the V
shape between the plates 2 and 3. By stacking the plates
2 and 3 alternately, flow paths with high heat transfer
efficiency are defmed between the plates 2 and 3. That
is, as shown in Fig. 6, a first flow path is defined between
the back surface of the second plate 2 and the front sur-
face of the first plate 3 such that a first fluid entered from
thefirstinlet hole 5 flows to the first outlet hole 6. Likewise,
a second flow path is defmed between the back surface
of the first plate 3 and the front surface of the second
plate 2 such that a second fluid entered from the second
inlet hole 7 flows to the second outlet hole 8.

The first fluid flowing through the first flow path is heat-
exchanged with the second fluid flowing through the sec-
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ond flow path via the plates 2 and 3.

[0014] Fig. 7 is a diagram showing dimensions of the
plates 2 and 3 of the plate heat exchanger 20. In Fig. 7,
alength L1 indicates a length of the plates 2 and 3 in the
longitudinal direction. A length L2 indicates a length of
the plates 2 and 3 in the lateral direction. A length L3
indicates a length from the first inlet hole 5 to a plate edge
proximate to the first inlet hole 5 in the lateral direction.
A length 4 indicates a length from the first outlet hole 6
to a plate edge proximate to the first outlet hole 6 in the
lateral direction. A length L5 indicates a length from the
second inlet hole 7 to a plate edge proximate to the sec-
ond inlet hole 7 in the lateral direction. A length L6 indi-
cates a length from the second outlet hole 8 to a plate
edge proximate to the second outlet hole 8 in the lateral
direction.

[0015] Fig. 8 is a diagram depicting the relationship
between stress and the ratio (length ratio) of the longitu-
dinal length and the lateral length of the plates 2 and 3.
The horizontal axis in Fig. 8 depicts the ratio (length ratio)
between the longitudinal length and the lateral length of
the plates 2 and 3. That is, the horizontal axis in Fig. 8
depicts the ratio of the longitudinal length L1 of the plates
2 and 3 to the lateral length L2 of the plates 2 and 3. The
vertical axis in Fig. 8 depicts the stress applied to the
edges (periphery) of the plates 2 and 3. In Fig. 8, stress
is expressed as a stress ratio. The reference value of the
stress ratio is a value indicated by the second point from
the right, namely, a point P, in Fig. 8. Each point in Fig.
8 represents a calculated value of a stress ratio relative
to a length ratio. The line in Fig. 8 represents values cal-
culated from each point by using a least-square method.
As shown in Fig. 8. the shorter the lateral length L2 of
the plates 2 and 3 is relative to the longitudinal length L1
of the plates 2 and 3, the smaller the stress applied to
the periphery of the plates 2 and 3. Thus, the length L2
should preferably be as short as possible relative to the
length L1. Specifically, the length L2 should preferably
be shortened such that the length L1 is 4 or more times
the length L2. However, due to limitations on the manu-
facture of the plate heat exchanger 20, the length L2 can-
not be shortened significantly Accordingly, the length L2
should preferably be shortened such that the length L1
is approximately from 4 to 6.5 times the length L2.

By making the lengths L3, L4, L5, and L6 shorter, the
stress applied to the edges of the plates 2 and 3 is re-
duced. Specifically, the lengths L3, L4, L5, and L6 should
preferably be set to not more than 6 percent of the lateral
length L2 of the plates 2 and 3. The lengths L3, L4, L5,
and L6 may be set to not more than 5.6 mm, irrespective
of the lateral length L2 of the plates 2 and 3. However,
due to limitations on the manufacture of the plate heat
exchanger 20, the lengths L3, L4, L5, and L6 cannot be
shortened significantly. Accordingly, the lengths L3, L4,
L5, and L6 should preferably be set to between not less
than 3 percent and not more than 6 percent of the lateral
length L2 of the plates 2 and 3. Likewise, the lengths L3,
L4, L5, and L6 should preferably be set to not less than
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3 mm and not more than 5.6 mm.

[0016] Fig. 9 is a diagram depicting the relationship
between the ratio of the longitudinal length and the lateral
length of the plates 2 and 3 and the weight of the plate
heat exchanger 20. Specifically, Fig. 9 depicts the extent
to which the weight of the plate heat exchanger 20 can
be reduced by shortening the lateral length of the plates
2 and 3 without changing the longitudinal length of the
plates 2 and 3.

As in Fig. 8, the horizontal axis in Fig. 9 depicts the ratio
(length ratio) of the longitudinal length and the lateral
length of the plates 2 and 3. The vertical axis in Fig. 9
depicts the reduction ratio of the weight of the plate heat
exchanger 20. The reduction ratio of the weight of the
plate heat exchanger 20 is a value calculated based on
the weight of the plate heat exchanger 20 manufactured
with the length ratio selected as the reference value of
the stressratioin Fig. 8 (the value indicated by the second
point from the right, namely, the point P).

By making the length L2 shorter, the size of the plate
heat exchanger 20 is reduced, so that the weight of the
plate heat exchanger 20 can be reduced. However, by
making the length L2 shorter, not only the weight can be
reduced due to the reduced overall size, but also the
thickness of the plates 2 and 3 and the thickness of the
reinforcement side plates 1 and 4 can be reduced, so
that the weight can be reduced further. That is, by making
the length L2 shorter, the strength of the plate heat ex-
changer 20 is enhanced. Accordingly, the thickness of
the plates 2 and 3 and the thickness of the reinforcement
side plates 1 and 4 can be reduced, so that the weight
of the plate heat exchanger 20 can be reduced.

As a result, by shortening the length L2 relative to the
length L1, the weight of the plate heat exchanger 20 can
be reduced more than by the weight reduction due to
reduction in overall size.

[0017] Asdescribed above, in the plate heat exchang-
er 20 according to the first embodiment, the lateral length
L2 of the plates 2 and 3 is shortened relative to the lon-
gitudinal length L1 of the plates 2 and 3, so that the
strength of the plate heat exchanger 20 is enhanced.

In the plate heat exchanger 20 according to the first em-
bodiment, the lengths between the inlet or outlet holes
5, 6, 7, and 8 and the plate edge (the lengths L3, L4, L5,
and L6) are also shortened, so that the strength of the
plate heat exchanger 20 is enhanced.

Furthermore, due to the enhanced strength of the plate
heat exchanger 20, the weight of the plate heat exchang-
er 20 can be reduced.

[0018] By making the lateral length L2 shorter, a fluid
entered from the first inlet hole 5 or the second inlet hole
7 is also facilitated to spread in the lateral direction. This
eliminates the need to provide distribution facilitating
members around the firstinlet hole 5 and the second inlet
hole 7 so as to facilitate spreading of the fluid. The en-
hanced strength of the plate heat exchanger 20 also elim-
inates the need to provide reinforcement members
around the inlet holes (the first inlet hole 5, the second
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inlet hole 7). Thus, because there is no need to provide
distribution facilitating members or reinforcement mem-
bers, press working of the plates 2 and 3 is simplified.
Accordingly, the cost of manufacturing the plate heat ex-
changer 20 can be reduced. Variation in height of the
corrugations 9 can also be reduced. That is, the plate
heat exchanger 20 of stable quality can be manufactured.
[0019] When stagnation occurs in afluid in a plate heat
exchanger, dirt and scales tend to accumulate in a loca-
tion where the stagnation occurred. The plates 2 and 3
are prone to corrosion in the location where dirt and
scales are accumulated. If a heat exchanger in which
stagnation may occur in a fluid is used in an evaporator,
a drift may occur causing an uneven distribution of tem-
perature. This may cause the fluid to freeze in some lo-
cations. When the fluid freezes, the strength of the heat
exchanger is reduced. However, in the plate heat ex-
changer 20 according to the first embodiment, the lateral
length of the plates 2 and 3 is short, so that the possibility
of stagnation in a fluid is lessened. Thus, the possibility
of accumulation of dirt and scales is lessened, and the
strength is not reduced. The plate heat exchanger 20
according to the first embodiment is effective not only
when the fluid is water but also for other types of fluid
which have a tendency to drift due to a small density and
a high pressure loss (e.g., a hydrocarbon refrigerant or
a low-GWP refrigerant). With a chlorofluorocarbon refrig-
erant, effectiveness is also provided for preventing ac-
cumulation of refrigerant oil in the heat exchanger. This
permits power consumption to be reduced in an appara-
tus using the plate heat exchanger 20 according to the
first embodiment.

Second embodiment

[0020] In a second embodiment, there will be de-
scribed the plate heat exchanger 20 in which the diam-
eters of the first inlet and outlet holes are smaller than
the diameters of the second inlet and outlet holes. That
is, in the second embodiment, there will be described the
plate heat exchanger 20 in which the opening areas of
thefirstinletand outlet holes are smaller than the opening
areas of the second inlet and outlet holes.

[0021] Fig. 10 is a diagram showing the plates 2 and
3 in which the diameters of the first inlet and outlet holes
are smaller than the diameters of the second inlet and
outlet holes.

For example, when the plate heat exchanger 20 is used
to exchange heat between a liquid such as water and a
refrigerant such as chlorofluorocarbon, there is a risk that
the plates may wear out (become thinner) due to erosion
ataninlet hole for the liquid (the second inlet hole 7 here).
For this reason, the diameters of the inlet and outlet holes
for the liquid (the second inlet hole 7, the second outlet
hole 8) need to be sufficiently large. However, there is
no need to make the diameters of the inlet and outlet
holes for the refrigerant (the first inlet hole 5, the first
outlet hole 6) as large as the diameters of the inlet and
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outlet holes for the liquid (the second inlet hole 7, the
second outlet hole 8). That is, the diameters of the first
inlet hole 5 and the first outlet hole 6 may be smaller than
the diameters of the second inlet hole 7 and the second
outlet hole 8. When the diameters of the first inlet hole 5
andthe firstoutlet hole 6 are reduced as described above,
the lateral length of the plates 2 and 3 can be correspond-
ingly shortened. Thus, the strength of the plate heat ex-
changer 20 is enhanced, and the weight of the plate heat
exchanger 20 can be reduced, as described in the first
embodiment.

The refrigerant is not limited to chlorofluorocarbon, and
may also be a hydrocarbon refrigerant or a low-GWP
refrigerant. A CO2 refrigerant requires the plate heat ex-
changer 20 to be strong due to a high working pressure.
Whenthe CO2refrigerantis used, itis especially effective
to configure the inlet and outlet holes for the refrigerant
to be smaller than the inlet and outlet holes for the liquid.
Since the CO2 refrigerant has a higher density and a
smaller pressure loss compared to the chlorofluorocar-
bon refrigerant, the diameters of the first inlet hole 5 and
the first outlet hole 6 can be further reduced.

[0022] Fig. 11 is a diagram showing the plate heat ex-
changer 20 configured such that the nearer each of the
plates 2 and 3 is to the reinforcement side plate 1, the
smaller the diameter of the first inlet hole 5.

The plate heat exchanger 20 shown in Fig. 11 is config-
ured such that not only the diameters of the first inlet and
outlet holes are smaller than the diameters of the second
inlet and outlet holes, but also the nearer each of the
stacked plates 2 and 3 is to the reinforcement side plate
1, the smaller the diameter of the first inlet hole 5. That
is, the nearer each of the stacked plates 2 and 3 is to the
reinforcement side plate 1 than to the reinforcement side
plate 4 , the smaller the diameter of the first inlet hole 5.
In other words, the nearer each of the stacked plates 2
and 3 is to the entrance side of the first fluid, the smaller
the diameter of the first inlet hole 5. Specifically, the first
inlet hole 5 is extremely small like a fine nozzle in the
plates 2 and 3 stacked near the reinforcement side plate
1.

Because the first inlet hole 5 is extremely small in the
plates 2 and 3 stacked near the reinforcement side plate
1, the first fluid can flow at high speed even when a large
number of the plates 2 and 3 are stacked. This also fa-
cilitates distribution of the first fluid toward the plates 2
and 3 stacked near the reinforcement side plate 4.
Furthermore, the nearer each of the stacked plates 2 and
3 is to the reinforcement side plate 4, the larger the di-
ameter of the first inlet hole 5 is. This facilitates an even
distribution of the first fluid through the first flow path de-
fined by each pair of the plates 2 and 3.

Third embodiment
[0023] In a third embodiment, there will be described

the plate heat exchanger 20 in which the inlet and outlet
holes are positioned not only nearer to the edges of each
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plate in the lateral direction, but also nearer to the edges
of each plate in the longitudinal direction. That is, in the
third embodiment, there will be described the plate heat
exchanger 20 in which the inlet and outlet holes are po-
sitioned nearer to the four corners of the plates 2 and 3.
[0024] Fig. 12 is a diagram showing dimensions of the
plates 2 and 3 in which the inlet and outlet holes are
positioned nearer to the four corners of each plate. In
Fig. 12, a length L7 indicates a length from the first inlet
hole 5 to a plate edge proximate to the first inlet hole 5
in the longitudinal direction. A length L8 indicates alength
from the first outlet hole 6 to a plate edge proximate to
the first outlet hole 6 in the longitudinal direction. A length
L9 indicates a length from the second inlet hole 7 to a
plate edge proximate to the second inlet hole 7 in the
longitudinal direction. A length L10 indicates a length
from the second outlet hole 8 to a plate edge proximate
to the second outlet hole 8 in the longitudinal direction.

Thelengths L7,L8, L9, and L10 are approximately equiv-
alent to the lengths L3, L4, L5, and L6 shown in Fig. 7,
respectively. In this way, by making the lengths L7, L8,
L9, and L10 shorter, the stress applied to the periphery
of each plate can be further reduced.

[0025] Specifically, in the plates 2 and 3 shown in Fig.
12, the diameters of the first inlet and outlet holes are
smaller than the diameters of the second inlet and outlet
holes. Accordingly, the centers of the first inlet and outlet
holes are positioned nearer to the corners of the plates
2 and 3 relative to the centers of the second inlet and
outlet holes.

In this way, by positioning the first inlet and outlet holes
having smaller diameters (the first inlet hole 5, the first
outlet hole 6) nearer to the four corners of the plates 2
and 3, the distance from the first inlet hole 5 to the first
outlet hole 6 is increased. That is, the length of the first
flow pathisincreased. Accordingly, the heat transfer area
is increased, and the heat exchange capability of the
plate heat exchanger 20 is enhanced.

[0026] Fig. 13 is a diagram describing a flow of the first
fluid on the first plate 3 in which the inlet and outlet holes
are positioned nearer to the four corners of the plate. Fig.
13 only applies to the first plate 3 instead of the plates 2
and 3. This is because a sealing portion 11 is shown in
Fig. 13. That is, the sealing portion 11 is provided at dif-
ferent locations between the second plate 2 and the first
plate 3.

By positioning the first inlet hole 5 having a smaller di-
ameter nearer to the corner of the plates 2 and 3, an
entrance region 10 for the first flow path can be provided
near the first inlet hole 5. The entrance region 10 is a
narrow region between the plate edge and the sealing
portion 11. This means that the width of the entrance
region 10 (a length L11 from the plate edge to the sealing
portion 11) is narrower than the lateral width (the length
L2) of the first plate 3. The first fluid entered from the first
inlet hole 5 passes through the narrow entrance region
10, then spreads in the lateral direction of the plate heat
exchanger 20, and flows to the first outlet hole 6.
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The sealing portion 11 is a wall which prevents the first
fluid entered from the first inlet hole 5 from flowing to the
second outlet hole 8. The sealing portion 11 is formed
as a protrusion raised in the stacking direction of the
plates 2 and 3. The sealing portion 11 is normally pro-
vided around the second outlet hole 8 in a circular shape.
However, the sealing portion 11 is provided here, starting
from near the edge (the upper side) in the longitudinal
direction where the firstinlet hole 5 and the second outlet
hole 8 are located and extending toward the edge (the
lower side) in the longitudinal direction where the second
inlet hole 7 and the second outlet hole 8 are located in
such a manner as to gradually curve toward the edge
(the right side) in the lateral direction near the second
outlet hole 8. Specifically, in Fig. 13, the sealing portion
11 is formed to gradually curve to the rightin a downward
direction.

The sealing portion 11 facilitates the first fluid which has
flowed through the entrance region 10 to spread toward
the edge (the right side) in the lateral direction near the
second outlet hole 8. That is, the entrance region 10 and
the sealing portion 11 provide a guiding effect for guiding
the first fluid toward the edge (the right side) in the lateral
direction near the second outlethole 8. This guiding effect
can prevent the first fluid from stagnating around the seal-
ing portion 11 or near the periphery of the plates 2 and
3, thereby enhancing the heat exchange capability This
guiding effect can also reduce the pressure loss of the
first fluid. That is, the plate heat exchanger 20 with en-
hanced performance can be provided.

When the sealing portion 11 is provided around the sec-
ond outlet hole 8 in a circular shape, as is normally done,
it is necessary to provide a distribution facilitating mem-
ber around the first inlet hole 5 so as to prevent the first
fluid from drifting. The distribution facilitating member is
formed, for example, in a complex shape such as aradial
shape. Thus, it is difficult to manufacture the plate heat
exchanger 20 including the distribution facilitating mem-
ber. However, the plate heat exchanger 20 according to
the third embodiment simply includes the sealing portion
11 which is curved, and thus is simple to manufacture.
For this reason, the plate heat exchanger 20 according
to the third embodiment is highly suitable for mass pro-
duction.

[0027] Fig. 14 is adiagram describing the corrugations
9 in the first plate 3 in which the inlet and outlet holes are
positioned nearer to the four corners. Fig. 15is a diagram
showing the corrugations 9 in the second plate 2 in which
the inlet and outlet holes are positioned nearer to the four
corners. Fig. 16 is a diagram showing the corrugations
9 in the first plate 3 in which the inlet and outlet holes are
positioned nearer to the four corners.

As has been described in the first embodiment, each of
the plates 2 and 3 includes the corrugations 9 arranged
in a plurality of longitudinal arrays, the corrugations 9
having the ends 13 at both sides in the lateral direction
and also having the turning points 12 longitudinally mis-
aligned with respect to the corresponding ends 13 at both
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sides, so that the corrugations 9 are V-shaped. The turn-
ing points 12 of the corrugations 9 in the plates 2 and 3
shown in Figs. 3 and 4 are positioned at the lateral center.
Thatis, the corrugations 9 are formed in a bilaterally sym-
metrical manner.

In the plates 2 and 3 shown in Fig. 14, the diameters of
the first inlet and outlet holes are smaller than the diam-
eters of the second inlet and outlet holes. That is, in Fig.
14, the diameters of the firstinlet hole 5 and the first outlet
hole 6 are smaller than the diameters of the second inlet
hole 7 and the second outlet hole 8. For this reason, if
the turning points 12 are positioned at the lateral center
as in the plates 2 and 3 shown in Figs. 3 and 4, this will
create regions where the corrugations 9 are not formed
near the first inlet hole 5 and the first outlet hole 6. Thus,
in the regions near the first inlet hole 5 and the first outlet
hole 6, the corrugations 9 are formed by shifting the po-
sitions of the turning points 12 of the corrugations 9 near-
er to the first inlet hole 5 and the first outlet hole 6, re-
spectively. That is, as shown in Fig. 14, a line 15 linking
the turning points 12 of the corrugations 9 is defmed in
a gradual curve, curving toward the first inlet hole 5 and
the first outlet hole 6, respectively, from a center line 14
at the lateral center.

In this way, the corrugations 9 can also be formed in the
regions near the first inlet hole 5 and the first outlet hole
6, sothatthe heattransferareaisincreased. Accordingly,
the heat exchange capability of the plate heat exchanger
20 is enhanced. The plates 2 are joined with the respec-
tive adjacent plates 3 at portions where the corrugations
9 are formed. Generally speaking, the plates 2 and 3 are
prone to separation from one another in regions near the
inlet and outlet holes. However, by forming the corruga-
tions 9 also in the regions near the inlet and outlet holes,
the joining points between the plates 2 and 3 are in-
creased in number, so that the plates 2 and 3 can be
prevented from separating from one another. Further,
the position of each turning point 12 of the corrugations
9 gradually moves from the first inlet hole 5 toward the
lateral center and from the lateral center toward the first
outlet hole 6. This makes it possible to smoothly transfer
the first fluid entered from the firstinlet hole 5 to the lateral
center and from the lateral center to the first outlet hole
6. Accordingly, the pressure loss of the first fluid can be
reduced.

As in the first plate 3, the corrugations 9 are also formed
in the second plate 2 by shifting the positions of the turn-
ing points 12 nearer to the first inlet hole 5 and the first
outlet hole 6 in the regions near the first inlet hole 5 and
the first outlet hole 6 having smaller diameters, respec-
tively, as shown in Fig. 16.

Fourth embodiment

[0028] In afourth embodiment, there will be described
the plate heat exchanger 20 in which the shapes of the
first inlet and outlet holes and the second inlet and outlet
holes are modified.
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[0029] Figs. 17 to 19 are diagrams showing the plates
2 and 3 in which the firstinlet and outlet holes are shaped
differently from the second inlet and outlet holes while
maintaining required opening areas.

In Fig. 17, the first inlet and outlet holes and the second
inlet and outlet holes are formed in approximately ellip-
tical shapes different from each other. In Fig. 18, a circle
is divided into two such that one of the two portions is
the first inlet or outlet hole and the other portion is the
second outlet or inlet hole. In Fig. 19, an approximately
rectangular shape is divided into two such that one of the
two portions is the first inlet or outlet hole and the other
portion is the second outlet or inlet hole.

In Figs. 17 to 19, the diameters of the first inlet and outlet
holes are smaller than the diameters of the second inlet
and outlet holes.

[0030] Fig. 20 is a diagram comparing a case in which
the first inlet and outlet holes and the second inlet and
outlet holes are identical in shape , and a case in which
the first inlet and outlet holes and the second inlet and
outlet holes are different in shape. Fig. 20 shows the lon-
gitudinal side of the plates 2 and 3 where the first outlet
hole 6 and the second inlet hole 7 are located. Fig. 20(a)
shows the plates 2 and 3 in which the first outlet hole 6
and the second inlet hole 7 are both circularly shaped.
On the other hand, Fig. 20(b) shows the plates 2 and 3
in which a circle is divided into two such that one of the
two portions is the first inlet or outlet hole and the other
portion is the second outlet or inlet hole, as shown in Fig.
18. In Fig. 20(a) and Fig. 20(b), the diameters of the first
inlet and outlet holes are smaller than the diameters of
the second inlet and outlet holes.

The first outlet hole 6 shown in Fig. 20(a) is a circle having
a diameter of "12 mm", and the second inlet hole 7 is a
circle having a diameter of "28 mm". The distance be-
tween the first outlet hole 6 and the second inlet hole 7
is "3 mm". Accordingly, the opening area of the first outlet
hole 6 is "36 nm?2", and the opening area of the second
inlet hole 7 is "196 mm2". The length from the edge of the
first outlet hole 6 to the edge of the second inlet hole 7
is "43 mm".

On the other hand, the first outlet hole 6 shown in Fig.
20(b) is a quarter of a circle having a diameter of "24
mm", and the second inlet hole 7 is three-quarters of a
circle of "31 mm". The distance between the first outlet
hole 6 and the second inlet hole 7 is "3 mm". Accordingly,
the opening area of the first outlet hole 6 is "36 nmZ2", and
the opening area of the second inlet hole 7 is "192 tm?2".
The length from the edge of the first outlet hole 6 to the
edge of the second inlet hole 7 is "31 mm".

That is, the opening area of the first outlet hole 6 shown
in Fig. 20(a) and the opening area of the second inlet
hole 7 shown in Fig. 20(b) are both "36 nm?2" and thus
are the same. The opening area of the first outlet hole 6
shown in Fig. 20(a) and the opening area of the second
inlet hole 7 shown in Fig. 20(b) are "196 tm2" and "192
nmm?2", respectively, and thus are approximately the same.
However, the length from the edge of the first outlet hole
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6 to the edge of the second inlet hole 7 is "43 mm" in the
plates 2 and 3 shown in Fig. 20(a), whereas this length
is "31 mm" in the plates 2 and 3 shown in Fig. 20(b). That
is, the length from the edge of the first outlet hole 6 to
the edge of the second inlet hole 7 is significantly shorter
in the plates 2 and 3 shown in Fig. 20 (b) than in the
plates 2 and 3 shown in Fig. 20 (a). This means that by
forming the first outlet hole 6 and the second inlet hole 7
as shown in Fig. 20 (b), the lateral length of the plates 2
and 3 can be significantly shortened while maintaining
the required opening areas of the first outlet hole 6 and
the second inlet hole 7.

[0031] Figs. 21 to 24 are diagrams showing the plates
2 and 3 in which the first inlet and outlet holes and the
second inlet and outlet holes are formed in identical non-
circular shapes while maintaining the required opening
areas.

In Fig. 21, the first inlet and outlet holes and the second
inlet and outlet holes are formed identically in an approx-
imately elliptical shape. In Figs. 22 and 23, the first inlet
and outlet holes and the second inlet and outlet holes
are formed identically in a fan-like shape. In Fig. 24, the
first inlet and outlet holes and the second inlet and outlet
holes are formed identically in a star-like shape.

[0032] By forming the first inlet and outlet holes and
the second inlet and outlet holes in various combinations
of shapes as described above, the lateral length of the
plates 2 and 3 can be shortened. Thus, the effects de-
scribed in the first embodiment can be obtained. When
the first inlet and outlet holes and the second inlet and
outlet holes are shaped identically, the plate heat ex-
changer 20 can be configured with the plates 2 and 3 of
a single type.

Fifth embodiment

[0033] In afifth embodiment, there will be described a
heating and hot water system 29, which is a usage ex-
ample of the plate heat exchanger 20 described in the
above embodiments.

[0034] Fig. 25 is a diagram showing the heating and
hot water system 29.

The heating and hot water system 29 includes a com-
pressor 21, the plate heat exchanger 20, an expansion
valve 22, aheat exchanger 23, awater heater 24, aheater
25, a refrigerant path 26, and a water path 27. The plate
heat exchanger 20 here is the plate heat exchanger 20
described in the above embodiments. The compressor
21, the plate heat exchanger 20, the expansion valve 22,
the heat exchanger 23, and the refrigerant path 26 con-
stitute a heat exchange system 28.

A refrigerant flows through the refrigerant path 26 by cir-
culating sequentially through the compressor 21, the
plate heat exchanger 20, the expansion valve 22, and
the heat exchanger 23. As described above, the com-
pressor 21 compresses the refrigerant. The plate heat
exchanger 20 exchanges heat between the refrigerant
compressed by the compressor 21 and a fluid (water in
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this case) flowing through the water path 27. Here, the
refrigerant is cooled and the water is warmed by heat
exchange in the plate heat exchanger 20. The expansion
valve 22 controls expansion of the refrigerant heat-ex-
changed by the plate heat exchanger 20. The heat ex-
changer 23 exchanges heat between air and the refrig-
erant expanded based on control by the expansion valve
22. Here, the refrigerant is warmed and the air is cooled
by heat exchange in the heat exchanger 23. Then, the
warmed refrigerant enters the compressor 21.

On the other hand, the water flows through the water
path 27 among the plate heat exchanger 20, the water
heater 24, and the heater 25. As described above, the
water is warmed by heat exchange in the plate heat ex-
changer 20. Then, the warmed water flows to the water
heater 24 orthe heater 25. The water for hot-water supply
may be different from the water heat-exchanged by the
plate heat exchanger 20. That is, the water heater 24 or
the like may further exchange heat between the water
flowing through the water path 27 and the water for hot-
water supply.

[0035] The plate heat exchanger 20 described in the
above embodiments provides enhanced strength, a com-
pact and lightweight structure, and enhanced efficiency.
Thus, the heat exchange system 28 using the plate heat
exchanger 20 described in the above embodiments also
provides enhanced efficiency. The heating and hot water
system 29 using the heat exchange system 28 also pro-
vides enhanced efficiency.

Here, a heat exchange system (an air-to-water (ATW)
system) has been described, wherein the plate heat ex-
changer 20 described in the above embodiments heats
water by using a compressed refrigerant. However, the
implementation is not limited to this, and a refrigeration
cycle (a refrigeration air conditioner) may be configured
for exchanging heat by using the plate heat exchanger
20 described in the above embodiments so as to heat or
cool a fluid such as air.

[0036] The above embodiments are summarized as
follows:

The plate heat exchanger 20 is configured with a plurality
of stacked plates such that flow holes which act as inlets
or outlets for a fluid are formed at four corners of each
plate, and inlet ducts and outlet ducts are provided in the
plurality of stacked plates. The plate heat exchanger 20
is characterized in that the ratio of the height (H) to the
width (W) of the plates is in a range of 4 to 6.5.

[0037] The plate heat exchanger 20 is configured with
a plurality of stacked plates such that flow holes which
actas inlets or outlets for a fluid are formed at four corners
of each plate, and inlet ducts and outlet ducts are pro-
vided in the plurality of stacked plates. The plate heat
exchanger 20 is characterized in that the widthwise dis-
tance between each of the first and second fluid inlets
and outlets and the periphery of the plate is 3 to 6 % of
the width (W) of the plate.

[0038] The plate heat exchanger 20 is configured with
a plurality of stacked plates such that flow holes which
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actasinlets or outlets for a fluid are formed at four corners
of each plate, and inlet ducts and outlet ducts are pro-
vided in the plurality of stacked plates. The plate heat
exchanger 20 is characterized in that the widthwise dis-
tance between each of the first and second fluid inlets
and outlets and the periphery of the plate is 3 to 5.6 mm.
[0039] The plate heat exchanger 20 is configured with
a plurality of stacked plates such that flow holes which
actas inlets or outlets for a fluid are formed at four corners
of each plate, and inlet ducts and outlet ducts are pro-
vided in the plurality of stacked plates. The plate heat
exchanger 20 is characterized in that the diameters of
the first inlet and outlet are differently sized from the di-
ameters of the second fluid inlet and outlet.

[0040] The plate heat exchanger 20 is configured with
a plurality of stacked plates such that flow holes which
actasinlets or outlets for a fluid are formed at four corners
of each plate, and inlet ducts and outlet ducts are pro-
vided in the plurality of stacked plates. The plate heat
exchanger 20 is characterized in that the centers of the
first fluid inlet and outlet are misaligned with the centers
of the second fluid inlet and outlet such that the fluid inlets
and outlets are shifted nearer to the periphery of the plate.
[0041] The plate heat exchanger 20 is configured with
a plurality of stacked plates such that flow holes which
actasinlets or outlets for a fluid are formed at four corners
of each plate, and inlet ducts and outlet ducts are pro-
vided in the plurality of stacked plates. The plate heat
exchanger 20 is characterized in that crest portions
formed at turning points of waves are arranged to grad-
ually curve from the center of the plate such that the turn-
ing points of the waves are formed in regions near the
inlet and outlet.

[0042] The plate heat exchanger 20 is configured with
a plurality of stacked plates such that flow holes which
actasinlets or outlets for a fluid are formed at four corners
of each plate, and inlet ducts and outlet ducts are pro-
vided in the plurality of stacked plates. The plate heat
exchanger 20 is characterized in that the centers of the
diameters of the first fluid inlet and outlet are misaligned
with the centers of the diameters of the second inlet and
outlet, and the first inlet and outlet and the second inlet
and outlet are formed in a combination of different shapes
such as circular shapes or polygonal shapes while main-
taining required opening areas according to a processing
flow amount of the second fluid.

[0043] The plate heat exchanger 20 is configured with
a plurality of stacked plates such that flow holes which
actasinlets or outlets for a fluid are formed at four corners
of each plate, and inlet ducts and outlet ducts are pro-
vided in the plurality of stacked plates. The plate heat
exchanger 20 is characterized in that the first inlet and
outlet and the second inlet and outlet are formed in a
combination of an identical shape such as a circular
shape or a polygonal shape while maintaining required
opening areas according to a processing flow amount of
the second fluid.
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Reference Signs List

[0044] 1, 4:reinforcement side plates, 2: second plate,
3:firstplate, 5: firstinlet hole, 6: first outlet hole, 7: second
inlet hole, 8: second outlet hole, 9: corrugations, 10: en-
trance region, 11: sealing portion, 12: turning point, 13:
ends, 14: centerline inthe lateral direction, 15: line linking
the turning points 12, 20: plate heat exchanger, 21: com-
pressor, 22: expansion valve, 23: heat exchanger, 24:
water heater, 25: heater, 26: refrigerant path, 27: water
path, 28: heat exchange system

Claims

1. A plate heat exchanger configured with a plurality of
stacked plates,
wherein each plate of the plurality of stacked plates
includes:

a first inlet hole which acts as an inlet for a first
fluid, the first inlet hole being located near one
edge in a longitudinal direction;

a first outlet hole which acts as an outlet for the
first fluid, the first outlet hole being located near
another edge opposite from the first inlet hole in
the longitudinal direction;

a second inlet hole which acts as an inlet for a
second fluid, the second inlet hole being located
near one edge in the longitudinal direction; and
a second outlet hole which acts as an outlet for
the second fluid, the second outlet hole being
located near another edge opposite from the
second inlet hole in the longitudinal direction,
wherein the each plate and an adjacent plate
define therebetween either one of a first flow
path and a second flow path, the first flow path
passing the first fluid entered from the first inlet
hole to the first outlet hole such that the first fluid
spreads in a lateral direction, and the second
flow path passing the second fluid entered from
the second inlet hole to the second outlet hole
such that the second fluid spreads in the lateral
direction, and the each plate exchanges heat
between the first fluid flowing through the first
flow path and the second fluid flowing through
the second flow path, and

wherein the each plate is configured such that
alength in the longitudinal direction is 4 or more
times a length in the lateral direction.

2. The plate heat exchanger according to claim 1,
wherein each of a length from the first inlet hole to a
plate edge proximate to the first inlet hole in the lat-
eral direction, a length from the first outlet hole to a
plate edge proximate to the first outlet hole in the
lateral direction, a length from the second inlet hole
to a plate edge proximate to the second inlet hole in
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the lateral direction, and a length from the second
outlet hole to a plate edge proximate to the second
outlet hole in the lateral direction is not more than 6
percent of the length in the lateral direction.

The plate heat exchanger according to claim 1,
wherein each of a length from the first inlet hole to a
plate edge proximate to the first inlet hole in the lat-
eral direction, a length from the first outlet hole to a
plate edge proximate to the first outlet hole in the
lateral direction, a length from the second inlet hole
to a plate edge proximate to the second inlet hole in
the lateral direction, and a length from the second
outlet hole to a plate edge proximate to the second
outlet hole in the lateral direction is not more than
5.6 mm.

The plate heat exchanger according to claim 1,

wherein each of an opening area of the first inlet hole
and an opening area of the first outlet hole is smaller
than either of an opening area of the second inlet
hole and an opening area of the second outlet hole.

The plate heat exchanger according to claim 4,
wherein a center of the first inlet hole and a center
of the first outlet hole are positioned nearer to a plate
edge relative to a center of the second inlet hole and
a center of the second outlet hole.

The plate heat exchanger according to claim 4,
wherein a first plate and a second plate are stacked
alternately,

wherein the first inlet hole and the second outlet hole
are positioned near a same edge in the longitudinal
direction, and

wherein the first plate includes a sealing portion for
preventing a fluid entered from the firstinlet hole from
flowing to the second outlet hole, the sealing portion
being formed as a protrusion raised in a stacking
direction of the plurality of stacked plates such that
the sealing portion extends from near the edge
where the first inlet hole and the second outlet hole
are located toward an opposite edge in the longitu-
dinal direction, so as to gradually approach an edge
in the lateral direction near the second outlet hole.

The plate heat exchanger according to claim 4,
wherein the each plate includes V-shaped convex
portions and concave portions arranged in a plurality
of arrays in the longitudinal direction, each of the
convex portions and concave portions having ends
at both ends in the lateral direction and also having
a turning point longitudinally misaligned with the
ends, so that the convex portions and concave por-
tions are formed in a V shape, and

wherein, in a vicinity of at least either hole of the first
inlet hole and the first outlet hole, the V-shaped con-
vex portions and concave portions are formed such
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that a position of the turning point is gradually shifted
toward the either hole away from a center in the lat-
eral direction as a position of each of the V-shaped
convex portions and concave portions becomes
nearer to the each hole.

The plate heat exchanger according to claim 4,
wherein the plurality of stacked plates are stacked
suchthatthefirstinlet hole of the each plateis aligned
with first inlet holes of other plates, so that the first
fluid sequentially flows from the first inlet hole of the
each plate stacked at one side of the stacking direc-
tion into the first inlet hole of the each plate stacked
at another side of the stacking direction, and
wherein the nearer the each plate of the plurality of
stacked plates is to the one side from which the first
fluid enters, the smaller a diameter of the first inlet
hole.

The plate heat exchanger according to claim 1,
wherein the firstinlet hole and the second outlet hole
are formed near a same edge in the longitudinal di-
rection, and the second inlet hole and the first outlet
hole are formed near a same edge in the longitudinal
direction, and

wherein a shape of the firstinlet hole is different from
a shape of the second outlet hole, and a shape of
the second inlet hole is different from a shape of the
first outlet hole.

The plate heat exchanger according to claim 9,
wherein the first inlet hole and the second outlet hole
are formed by dividing one hole of a circular, elliptical,
or polygonal shape into two holes, and

wherein the second inlet hole and the first outlet hole
are formed by dividing one hole of a circular, elliptical,
or polygonal shape into two holes.

A refrigeration air conditioner comprising the plate
heat exchanger according to claim 1.

A plate heat exchanger configured with a plurality of
stacked plates,

wherein each plate of the plurality of stacked plates
includes:

a first inlet hole which acts as an inlet for a first
fluid, the first inlet hole being located near one
edge in the longitudinal direction;

a first outlet hole which acts as an outlet for the
first fluid, the first outlet hole being located near
another edge opposite from the first inlet hole in
the longitudinal direction;

a second inlet hole which acts as an inlet for a
second fluid, the second inlet hole being located
near one edge in the longitudinal direction; and
a second outlet hole which acts as an outlet for
the second fluid, the second outlet hole being
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located near another edge opposite from the
second inlet hole in the longitudinal direction,
wherein the each plate and an adjacent plate
define therebetween either one of a first flow
path and a second flow path, the first flow path
passing the first fluid entered from the first inlet
hole to the first outlet hole such that the first fluid
spreads in a lateral direction, and the second
flow path passing the second fluid entered from
the second inlet hole to the second outlet hole
such that the second fluid spreads in the lateral
direction, and the each plate exchanges heat
between the first fluid flowing through the first
flow path and the second fluid flowing through
the second flow path, and

wherein each of a length from the first inlet hole
to a plate edge proximate to the first inlet hole
in the lateral direction, a length from the first out-
let hole to a plate edge proximate to the first
outlet hole in the lateral direction, a length from
the second inlet hole to a plate edge proximate
to the second inlet hole in the lateral direction,
and a length from the second outlet hole to a
plate edge proximate to the second outlet hole
in the lateral direction is not more than 6 percent
of a length in the lateral direction.

13. A plate heat exchanger configured with a plurality of

stacked plates,
wherein each plate of the plurality of stacked plates
includes:

a first inlet hole which acts as an inlet for a first
fluid, the first inlet hole being located near one
edge in the longitudinal direction;

a first outlet hole which acts as an outlet for the
first fluid, the first outlet hole being located near
another edge opposite from the first inlet hole in
the longitudinal direction;

a second inlet hole which acts as an inlet for a
second fluid, the second inlet hole being located
near one edge in the longitudinal direction; and
a second outlet hole which acts as an outlet for
the second fluid, the second outlet hole being
located near another edge opposite from the
second inlet hole in the longitudinal direction,
wherein the each plate and an adjacent plate
define therebetween either one of a first flow
path and a second flow path, the first flow path
passing the first fluid entered from the first inlet
hole to the first outlet hole such that the first fluid
spreads in a lateral direction, and the second
flow path passing the second fluid entered from
the second inlet hole to the second outlet hole
such that the second fluid spreads in the lateral
direction, and the each plate exchanges heat
between the first fluid flowing through the first
flow path and the second fluid flowing through
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the second flow path, and

wherein each of a length from the first inlet hole
to a plate edge proximate to the first inlet hole
in the lateral direction, a length from the first out-
let hole to a plate edge proximate to the first
outlet hole in the lateral direction, a length from
the second inlet hole to a plate edge proximate
to the second inlet hole in the lateral direction,
and a length from the second outlet hole to a
plate edge proximate to the second outlet hole
in the lateral direction is not more than 5.6 mm.

Amended claims under Art. 19.1 PCT

A plate heat exchanger configured with a plurality of
stacked plates,

wherein each plate of the plurality of stacked plates
includes:

a first inlet hole which acts as an inlet for a first
fluid, the first inlet hole being located near one
edge in a longitudinal direction;

a first outlet hole which acts as an outlet for the
first fluid, the first outlet hole being located near
another edge opposite from the first inlet hole in
the longitudinal direction;

a second inlet hole which acts as an inlet for a
second fluid, the second inlet hole being located
near one edge in the longitudinal direction; and
a second outlet hole which acts as an outlet for
the second fluid, the second outlet hole being
located near another edge opposite from the
second inlet hole in the longitudinal direction,
wherein the each plate and an adjacent plate
define therebetween either one of a first flow
path and a second flow path, the first flow path
passing the first fluid entered from the first inlet
hole to the first outlet hole such that the first fluid
spreads in a lateral direction, and the second
flow path passing the second fluid entered from
the second inlet hole to the second outlet hole
such that the second fluid spreads in the lateral
direction, and the each plate exchanges heat
between the first fluid flowing through the first
flow path and the second fluid flowing through
the second flow path,

wherein the each plate is configured such that
alength in the longitudinal direction is 4 or more
times a length in the lateral direction, and
wherein each of a length from the first inlet hole
to a plate edge proximate to the first inlet hole
in the lateral direction, a length from the first out-
let hole to a plate edge proximate to the first
outlet hole in the lateral direction, a length from
the second inlet hole to a plate edge proximate
to the second inlet hole in the lateral direction,
and a length from the second outlet hole to a
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plate edge proximate to the second outlet hole
in the lateral direction is not more than 5.6 mm.

The plate heat exchanger according to claim 1,
wherein each of a length from the first inlet hole to a
plate edge proximate to the first inlet hole in the lat-
eral direction, a length from the first outlet hole to a
plate edge proximate to the first outlet hole in the
lateral direction, a length from the second inlet hole
to a plate edge proximate to the second inlet hole in
the lateral direction, and a length from the second
outlet hole to a plate edge proximate to the second
outlet hole in the lateral direction is not more than 6
percent of the length in the lateral direction.

The plate heat exchanger according to claim 1,

wherein each of an opening area of the first inlet hole
and an opening area of the first outlet hole is smaller
than either of an opening area of the second inlet
hole and an opening area of the second outlet hole.

The plate heat exchanger according to claim 3,
wherein a center of the first inlet hole and a center
of the first outlet hole are positioned nearer to a plate
edge relative to a center of the second inlet hole and
a center of the second outlet hole.

The plate heat exchanger according to claim 3,
wherein a first plate and a second plate are stacked
alternately,

wherein the first inlet hole and the second outlet hole
are positioned near a same edge in the longitudinal
direction, and

wherein the first plate includes a sealing portion for
preventing a fluid entered from the firstinlet hole from
flowing to the second outlet hole, the sealing portion
being formed as a protrusion raised in a stacking
direction of the plurality of stacked plates such that
the sealing portion extends from near the edge
where the first inlet hole and the second outlet hole
are located toward an opposite edge in the longitu-
dinal direction, so as to gradually approach an edge
in the lateral direction near the second outlet hole.

The plate heat exchanger according to claim 3,
wherein the each plate includes V-shaped convex
portions and concave portions arranged in a plurality
of arrays in the longitudinal direction, each of the
convex portions and concave portions having ends
at both ends in the lateral direction and also having
a turning point longitudinally misaligned with the
ends, so that the convex portions and concave por-
tions are formed in a V shape, and

wherein, in a vicinity of at least either hole of the first
inlet hole and the first outlet hole, the V-shaped con-
vex portions and concave portions are formed such
that a position of the turning point is gradually shifted
toward the either hole away from a center in the lat-
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eral direction as a position of each of the V-shaped
convex portions and concave portions becomes
nearer to the each hole.

The plate heat exchanger according to claim 3,
wherein the plurality of stacked plates are stacked
suchthatthefirstinlet hole of the each plate is aligned
with first inlet holes of other plates, so that the first
fluid sequentially flows from the first inlet hole of the
each plate stacked at one side of the stacking direc-
tion into the first inlet hole of the each plate stacked
at another side of the stacking direction, and
wherein the nearer the each plate of the plurality of
stacked plates is to the one side from which the first
fluid enters, the smaller a diameter of the first inlet
hole.

The plate heat exchanger according to claim 1,
wherein the firstinlet hole and the second outlet hole
are formed near a same edge in the longitudinal di-
rection, and the second inlet hole and the first outlet
hole are formed near a same edge in the longitudinal
direction, and

wherein a shape of the firstinlet hole is different from
a shape of the second outlet hole, and a shape of
the second inlet hole is different from a shape of the
first outlet hole.

The plate heat exchanger according to claim 8,
wherein the first inlet hole and the second outlet hole
are formed by dividing one hole of a circular, elliptical,
or polygonal shape into two holes, and

wherein the second inlet hole and the first outlet hole
are formed by dividing one hole of a circular, elliptical,
or polygonal shape into two holes.

A refrigeration air conditioner comprising the plate
heat exchanger according to claim 1.

A plate heat exchanger configured with a plurality of
stacked plates,

wherein each plate of the plurality of stacked plates
includes:

a first inlet hole which acts as an inlet for a first
fluid, the first inlet hole being located near one
edge in the longitudinal direction;

a first outlet hole which acts as an outlet for the
first fluid, the first outlet hole being located near
another edge opposite from the first inlet hole in
the longitudinal direction;

a second inlet hole which acts as an inlet for a
second fluid, the second inlet hole being located
near one edge in the longitudinal direction; and
a second outlet hole which acts as an outlet for
the second fluid, the second outlet hole being
located near another edge opposite from the
second inlet hole in the longitudinal direction,
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wherein the each plate and an adjacent plate
define therebetween either one of a first flow
path and a second flow path, the first flow path
passing the first fluid entered from the first inlet
hole to the first outlet hole such that the first fluid
spreads in a lateral direction, and the second
flow path passing the second fluid entered from
the second inlet hole to the second outlet hole
such that the second fluid spreads in the lateral
direction, and the each plate exchanges heat
between the first fluid flowing through the first
flow path and the second fluid flowing through
the second flow path, and

wherein each of a length from the first inlet hole
to a plate edge proximate to the first inlet hole
in the lateral direction, a length from the first out-
let hole to a plate edge proximate to the first
outlet hole in the lateral direction, a length from
the second inlet hole to a plate edge proximate
to the second inlet hole in the lateral direction,
and a length from the second outlet hole to a
plate edge proximate to the second outlet hole
in the lateral direction is not more than 6 percent
of a length in the lateral direction.

12. A plate heat exchanger configured with a plurality of

stacked plates,
wherein each plate of the plurality of stacked plates
includes:

a first inlet hole which acts as an inlet for a first
fluid, the first inlet hole being located near one
edge in the longitudinal direction;

a first outlet hole which acts as an outlet for the
first fluid, the first outlet hole being located near
another edge opposite from the first inlet hole in
the longitudinal direction;

a second inlet hole which acts as an inlet for a
second fluid, the second inlet hole being located
near one edge in the longitudinal direction; and
a second outlet hole which acts as an outlet for
the second fluid, the second outlet hole being
located near another edge opposite from the
second inlet hole in the longitudinal direction,
wherein the each plate and an adjacent plate
define therebetween either one of a first flow
path and a second flow path, the first flow path
passing the first fluid entered from the first inlet
hole to the first outlet hole such that the first fluid
spreads in a lateral direction, and the second
flow path passing the second fluid entered from
the second inlet hole to the second outlet hole
such that the second fluid spreads in the lateral
direction, and the each plate exchanges heat
between the first fluid flowing through the first
flow path and the second fluid flowing through
the second flow path, and

wherein each of a length from the first inlet hole
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to a plate edge proximate to the first inlet hole
in the lateral direction, a length from the first out-
let hole to a plate edge proximate to the first
outlet hole in the lateral direction, a length from
the second inlet hole to a plate edge proximate
to the second inlet hole in the lateral direction,
and a length from the second outlet hole to a
plate edge proximate to the second outlet hole
in the lateral direction is not more than 5.6 mm.
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