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(54) PLATE-TYPE HEAT EXCHANGER AND REFRIGERATION CYCLE DEVICE WITH SAME

(57) The present invention provides a plate-type heat
exchanger in which first flow passages A and second
flow passages B are alternately formed between a plu-
rality of heat transfer plates 1 provided at predetermined
intervals, and the first flow passages A and the second
flow passages B are each provided with an inner fin 2,
wherein: each of the plurality of heat transfer plates 1
includes an upstream-side passage hole 20a serving as
an inlet of a first fluid to the first flow passage A or as an
inlet of a second fluid to the second flow passage B, and
a downstream-side passage hole 20b serving as an out-
let of the first fluid from the first flow passage A or as an

outlet of the second fluid from the second flow passage
B; a sheet-like flow straightening plate 30 is disposed in
each of the first flow passages A and the second flow
passages B so as to separate between the upstream-
side passage hole 20a and the inner fin 2; and the flow
straightening plate 30 has a plurality of opening parts 31
serving as a flow passage for the first fluid or the second
fluid, and opening areas of the plurality of opening parts
31 are designed so that a flow passage resistance de-
creases from a side on which a distance to the upstream-
side passage hole 20a is smaller toward a side on which
the distance is larger in the flow straightening plate 30.
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Description

Technical Field

[0001] The present invention relates to a plate-type
heat exchanger and a refrigeration cycle apparatus in-
cluding the same.

Background Art

[0002] Conventionally, there is a stacked plate-type
heat exchanger in which a plurality of heat transfer plates
are stacked through an inner fin and different fluids are
circulated alternately through flow passages formed be-
tween one heat transfer plate and another heat transfer
plate so as to exchange heat through the heat transfer
plates (e.g., see Patent Literatures 1 and 2).
[0003] This kind of plate-type heat exchanger has a
passage hole serving as a fluid inlet, and a fluid flowing
in from the passage hole passes through the inner fin. In
the inner fin, the fluid flows at a lower velocity on the side
farther away from the passage hole and flows at a higher
velocity on the side closer to the passage hole. As a re-
sult, a flow velocity distribution is likely to occur inside
the flow passage, and a region of a low velocity becomes
a fluid stagnation part and fails to function as a heat trans-
fer surface. Moreover, the uneven flow causes an in-
crease in pressure loss. Therefore, in Patent Literatures
1 to 3, a flow straightening part for uniformizing the flow
velocity distribution is provided.

Citation List

Patent Literature

[0004]

Patent Literature 1: Japanese Patent No. 59-229193
(page 6, Fig. 4)
Patent Literature 2: Japanese Patent No. 63-140295
(page 6, Fig. 1)
Patent Literature 3: Japanese Unexamined Patent
Application Publication No. 2001-41676 (page 2,
page 3, Fig. 8 to Fig. 10)

Summary of Invention

Technical Problem

[0005] Both of the flow straightening parts of Patent
Literatures 1 and 2 are configured by intricately combin-
ing a plurality of sheet-like members, which makes them
costly and difficult to produce.
[0006] The flow straightening member of Patent Liter-
ature 3 is formed by partially cutting and raising, and
molding one sheet-like member, or folding a sheet-like
member several times, and therefore further simplifica-
tion of the structure is desired.

[0007] The present invention has been devised in view
of these problems, and an object of the invention is to
provide a low-cost plate-type heat exchanger which can
uniformize flow velocity distribution with a simple struc-
ture and a refrigeration cycle apparatus including this
plate-type heat exchanger.

Solution to Problem

[0008] According to the present invention, there is pro-
vided a plate-type heat exchanger in which first flow pas-
sages and second flow passages are alternately formed
between a plurality of heat transfer plates provided at
predetermined intervals, and the first flow passages and
the second flow passages are each provided with an in-
ner fin, wherein: each of the plurality of heat transfer
plates includes an upstream-side passage hole serving
as an inlet of a first fluid to the first flow passage or as
an inlet of a second fluid to the second flow passage, and
a downstream-side passage hole serving as an outlet of
the first fluid from the first flow passage or as an outlet
of the second fluid from the second flow passage, a
sheet-like flow straightening plate is disposed in each of
the first flow passages and the second flow passages so
as to separate between the upstream-side passage hole
and the inner fin, and the flow straightening plate has a
plurality of opening parts serving as a flow passage for
the first fluid or the second fluid, and opening areas of
the plurality of opening parts are designed so that a flow
passage resistance decreases from a side on which a
distance to the upstream-side passage hole is smaller
toward a side on which the distance is larger in the flow
straightening plate.

Advantageous Effects of Invention

[0009] According to the plate-type heat exchanger of
the present invention, a low-cost plate-type heat ex-
changer can be obtained which can uniformize flow ve-
locity distribution with a simple structure by virtue of the
disposition of the flow straightening plate.

Brief Description of Drawings

[0010]

[Fig. 1] Fig. 1 is a view showing a typical inner-finned
plate-type heat exchanger in an embodiment of the
present invention.
[Fig. 2] Fig. 2 is a view showing one example of inner
fins 2 of Fig. 1.
[Fig. 3] Fig. 3 is an enlarged perspective view of the
major part of Fig. 1.
[Fig. 4] Fig. 4 is a view illustrating a flow straightening
plate 30 of Fig. 3.
[Fig. 5] Fig. 5 is a view illustrating Modified Example
1 of the flow straightening plate 30 of Fig. 1.
[Fig. 6] Fig. 6 is a view illustrating Modified Example
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2 of the flow straightening plate 30 of Fig. 1.
[Fig. 7] Fig. 7 is a view illustrating Modified Example
3 of the flow straightening plate 30 of Fig. 1.
[Fig. 8] Fig. 8 is a view illustrating Modified Example
4 of the flow straightening plate 30 of Fig. 1.
[Fig. 9] Fig. 9 is a view illustrating Modified Example
5 of the flow straightening plate 30 of Fig. 1.
[Fig. 10] Fig. 10 is an enlarged perspective view of
the major part of a plate-type heat exchanger ac-
cording to Embodiment 2 of the present invention.
[Fig. 11] Fig. 11 is a perspective view of a plate-type
heat exchanger according to Embodiment 3 of the
present invention.
[Fig. 12] Fig. 12 is a perspective view of a modified
example of the plate-type heat exchanger according
to Embodiment 3 of the present invention.
[Fig. 13] Fig. 13 is a view showing a refrigerant circuit
of a refrigeration cycle apparatus according to Em-
bodiment 4 of the present invention.

Description of Embodiments

Embodiment 1.

[0011] Fig. 1 is a view showing a typical inner-finned
plate-type heat exchanger in an embodiment of the
present invention. Fig. 2 is a view showing one example
of inner fins 2 of Fig. 1. Fig. 3 is an enlarged perspective
view of the major part of Fig. 1. In Fig. 1 to Fig. 3 and
other drawings to be described later, components given
the same reference signs are the same or equivalent
components, and this applies throughout the entire text
of the specification. The forms of the components repre-
sented in the entire text of the specification are mere
examples, and the forms of the components are not lim-
ited to those described herein.
[0012] The inner-finned plate-type heat exchanger
(hereinafter simply referred to as a "plate heat exchang-
er") has a plurality of heat transfer plates 1 which are flat
heat transfer surfaces. The plurality of heat transfer
plates 1 are provided at predetermined intervals, and first
flow passages A through which a first fluid flows and sec-
ond flow passages B through which a second fluid flows
are alternately formed between the plurality of heat trans-
fer plates 1. In Fig. 1, the flow direction of the first fluid
and the flow direction of the second fluid are indicated
by the reference signs x and y, respectively. Each of the
first flow passages A and the second flow passages B is
provided with an inner fin 2 which promotes heat transfer.
At both ends in the stacking direction of the plurality of
heat transfer plates 1, side plates 3 functioning as a re-
inforcement are provided, and these side plates 3, the
plurality of heat transfer plates 1, and the inner fins 2 are
joined integrally as a whole.
[0013] In this example, an offset fin is used as the inner
fin 2. The offset fin has a configuration in which ridges
and valleys in a plate width direction of a corrugated fin
are formed in a staggered manner by being shifted by a

half ridge in the plate width direction at a predetermined
pitch in the longitudinal direction of the plate.
[0014] The plurality of heat transfer plates 1 and the
two side plates 3 are formed of a substantially rectangular
metal flat plate, and a first fluid inflow pipe 4, a first fluid
outflow pipe 5, a second fluid inflow pipe 6, and a second
fluid outflow pipe 7 are provided at four corners of one
of the two side plates 3.
[0015] Each heat transfer plate 1 has a first opening
11, a second opening 12, a third opening 13, and a fourth
opening 14 formed at positions corresponding to the first
fluid inflow pipe 4, the first fluid outflow pipe 5, the second
fluid inflow pipe 6, and the second fluid outflow pipe 7.
These first opening 11, second opening 12, third opening
13, and fourth opening 14 form an inflow port of the first
flow passage A, an outflow port of the first flow passage
A, an inflow port of the second flow passage B, and an
outflow port of the second flow passage B, respectively.
[0016] In the heat transfer plate 1, a cover part 21 (see
Fig. 3) is provided around the first opening 11 and the
second opening 12 or around the third opening 13 and
the fourth opening 14. This cover part 21 seals the third
opening 13 and the fourth opening 14 in the first flow
passage A where the first fluid flows, and seals the first
opening 11 and the second opening 12 in the second
flow passage B where the second fluid flows. Thus, inflow
of the second fluid into the first flow passage A is blocked,
as well as inflow of the first fluid into the second flow
passage B is blocked.
[0017] Hereinafter, of the four openings formed in the
heat transfer plate 1, openings communicating with the
inner fin 2 will be referred to as passage holes. Accord-
ingly, the third opening 13 and the fourth opening 14 are
the passage holes in the first flow passage A, while the
first opening 11 and the second opening 12 are passage
holes in the second flow passage B. Hereinafter, of the
two passage holes provided in one heat transfer plate 1,
the passage hole serving as a fluid inlet will be referred
to as an upstream-side passage hole 20a, and the pas-
sage hole serving as a fluid outlet will be referred to as
a downstream-side passage hole 20b. Hereinafter,
where no distinction is made between the first flow pas-
sage A and the second flow passage B, these will be
simply referred to as flow passages. Similarly, where no
distinction is made between the first fluid and the second
fluid, these will be simply referred to as fluids.
[0018] The fluid flowing into the flow passage from the
upstream-side passage hole 20a flows generally at a
higher velocity in the vicinity of the upstream-side pas-
sage hole 20a and at a lower velocity at a distance from
the upstream-side passage hole 20a. As a result, the
fluid does not flow easily to a region M which is at a large
distance from the upstream-side passage hole 20a, so
that the fluid stagnates in the region M. Thus, as the flow
rate of the fluid flowing from the region M toward the
downstream side decreases, the effective heat transfer
area decreases.
[0019] To remedy such non-uniformity in flow rate dis-

3 4 



EP 2 977 704 A1

4

5

10

15

20

25

30

35

40

45

50

55

tribution due to the unevenness of the flow velocity dis-
tribution in the short direction (X-Y direction in Fig. 3) of
the heat transfer plate 1, the present invention has adopt-
ed the following configuration. That is, a sheet-like flow
straightening plate 30 for uniformizing flow velocity is dis-
posed in each of the first flow passages A and the second
flow passages B between the upstream-side passage
hole 20a and the inner fin 2. The flow straightening plate
30 is disposed in the heat transfer plate 1 so as to sep-
arate between the upstream-side passage hole 20a and
the inner fin 2.
[0020] Fig. 4 is a view illustrating the flow straightening
plate 30 of Fig. 3, in which Fig. 4(a) is a front view, Fig.
4(b) is a cross-sectional view along the line A-A of Fig.
4(a), and Fig. 4(c) is a side view. Fig. 4 is a view illustrating
the features of the flow straightening plate 30 of Fig. 3,
and the number, scale, etc. of opening parts 31 do not
exactly correspond to those of Fig. 3. The same applies
to the drawings illustrating the flow straightening plate 30
to be described later.
[0021] In the flow straightening plate 30, the plurality
of opening parts 31 are formed at intervals in the sepa-
ration direction of the flow straightening plate 30 (longi-
tudinal direction of the flow straightening plate 30). In the
flow straightening plate 30, the opening areas of the plu-
rality of opening parts 31 are designed so that the flow
passage resistance of the flow straightening plate 30 de-
creases from the side on which the distance to the up-
stream-side passage hole 20a is smaller toward the side
on which the distance is larger. More specifically, the
opening areas of the plurality of opening parts 31 in-
crease in the order of their positions from the side on
which the distance to the upstream-side passage hole
20a is smaller toward the side on which the distance is
larger in the flow straightening plate 30.
[0022] In Fig. 4, the plurality of opening parts 31 (31 a,
31 b) are circular in this example, and the diameter of
the opening parts 31 a on the side of a region A1 which
is farther away from the upstream-side passage hole 20a
is larger than the diameter of the opening parts 31 b on
the side of a region A2 which is closer to the upstream-
side passage hole 20a. While the opening areas are de-
signed in two stages in this example, the number of stag-
es is not limited to two and may be made in a larger
number of stages.
[0023] Due to this configuration, the opening area of
the opening parts 31 a located on the side of the region
A1 farther away from the upstream-side passage hole
20a is larger than the opening area of the opening parts
31 b located on the side of the region A2 closer to the
upstream-side passage hole 20a. Accordingly, in the flow
straightening plate 30, the flow passage resistance on
the side of the region A1 where the flow velocity is lower
is smaller than the flow passage resistance on the side
of the region A2 where the flow velocity is higher, so that
the fluid flows more easily to the region M. Thus, it is
possible to uniformize the flow velocity in the X-Y direc-
tion and remedy the fluid stagnation in the region M. As

a result, since the portion downstream from the region
M in the heat transfer plate 1 is allowed to function as a
heat transfer surface, the effective heat transfer area can
be increased.
[0024] Here, a length L1 in the X-Y direction of the re-
gion A1 where the opening parts 31 are larger should be
shorter than a length L2 in the same direction of the cover
part 21. Since the flow passage formed by the cover part
21 and the flow straightening plate 30 is narrower than
the flow passage between the upstream-side passage
hole 20a and the flow straightening plate 30, the fluid
does not flow easily to the region M. For this reason, the
flow straightening plate 30 is provided with the region of
the length L1 having a smaller resistance; however, if the
length L1 is larger than the length L2, the fluid flows out
of the opening parts 31 inside the region of the length L1
on the near side before flowing into the region M, which
makes it difficult to uniformize the velocity. If the length
L1 is smaller than the length L2, the velocity can be further
uniformized compared with the case of L1 > L2.
[0025] While the cover part 21 creates a resistance to
the fluid flowing toward the region M, in the present in-
vention, the opening areas in the flow straightening plate
30 can be designed so as to reduce the increase in pres-
sure loss due to this resistance. This is effective for the
remedy of unevenness in flow velocity distribution. The
shapes of the opening parts 31 are not limited to circular
but may be square, rectangular, etc. In Fig. 4, the diam-
eters of the opening parts 31 a in the region A1 are all
the same, and the diameters of the opening parts 31 b
in the region A2 are all the same as well, but the diameters
may be gradually increased as the distance from the up-
stream-side passage hole 20a increases.
[0026] Here, if the flow straightening plate 30 is not
provided, an increase in flow velocity due to the uneven
flow would contribute to an increase in pressure loss.
However, it is possible to reduce the pressure loss by
disposing the flow straightening plate 30 since an in-
crease in flow velocity due to the uneven flow can be
suppressed.
[0027] As has been described so far, in Embodiment
1, the sheet-like flow straightening plate 30 is disposed
between the upstream-side passage hole 20a and the
inner fin 2 provided in the heat transfer plate 1 so as to
separate between them. The plurality of opening parts
31 are provided at intervals in the separation direction in
the flow straightening plate 30. Moreover, the opening
areas of the plurality of opening parts 31 are designed
so that the flow passage resistance to the fluid while pass-
ing through the flow straightening plate 30 is smaller on
the side farther away from the upstream-side passage
hole 20a than on the side closer to the upstream-side
passage hole 20a. Thus, it is possible to uniformize the
flow velocity distribution, remedy the unevenness in flow
rate on the inlet side of the inner fin 2, and achieve an
increase of the effective heat transfer area and a reduc-
tion of the pressure loss.
[0028] Since the flow straightening plate 30 is simply
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structured with a sheet-like member having holes bored
therein, the production is easy and the effect of the in-
creased effective heat transfer area and the reduced
pressure loss can be obtained at low cost, as well as a
weight reduction can be achieved.
[0029] Moreover, since the flow straightening plate 30
is simply structured with a sheet-like member having
holes bored therein, the size of each opening part 31 can
also be easily adjusted to uniformize the flow velocity
distribution. While producing the flow straightening plate
30 as a single part is also inexpensive, molding the flow
straightening plate 30 integrally with the inner fin 2 is
more inexpensive, as the number of parts is reduced in
that way. The flow straightening plate 30 can be joined
on the heat transfer plate 1 by brazing, and the plate-
type heat exchanger can be manufactured inexpensively
by integral brazing.
[0030] In the flow straightening plate 30, partition walls,
which are portions between each two opening parts 31,
have an effect of mixing the fluid passing through the
opening parts 31, which in turn has a favorable effect on
uniformization of the flow velocity.
[0031] Since the flow straightening plate 30 is disposed
upright so as to separate between the upstream-side
passage hole 20a and the inner fin 2, the flow straight-
ening plate 30, which functions as a distribution improv-
ing mechanism, requires no large space for installation
but can be installed in a small space.
[0032] The region M where stagnation is likely to occur
is a portion where the flow velocity of a fluid is low if the
flow straightening plate 30 is not provided. Therefore,
when the fluid is water and the plate-type heat exchanger
is used as an evaporator, the temperature decreases lo-
cally and the region M becomes a freezing starting point.
In Embodiment 1, by contrast, freezing can be sup-
pressed since the flow velocity of the fluid in the region
M can be increased, so that quality improvement can be
achieved.
[0033] Thus, since the plate-type heat exchanger of
Embodiment 1 has advantages such as high heat trans-
fer efficiency, low pressure loss, and high reliability, CO2
refrigerant having a low evaporation capacity, hydrocar-
bon refrigerant having a large pressure loss, and flam-
mable refrigerant such as a low GWP refrigerant become
also available.
[0034] Since the offset fin is used as the inner fin 2,
the following effects can be obtained. The offset fin is a
heat transfer promotion body having low pressure loss,
and due to its small resistance, the fluid flows easily in a
linear manner. Therefore, if the flow straightening plate
30 is not provided and the fluid does not flow into the
region M, almost no fluid would flow to the region down-
stream from the region M. In this case, the effective heat
transfer area is reduced as described above. However,
it is possible to achieve a reduction of the pressure loss
and an increase of the effective heat transfer area by
using the offset fin having low pressure loss as a heat
transfer surface, and further combining it with the flow

straightening plate 30.
[0035] On the other hand, a leading edge effect of the
offset fin allows enhanced heat transfer as well as sup-
pression of increase in pressure loss. The leading edge
effect refers to an effect that is realized by preferentially
using a leading edge portion of a flat plate as a heat
transfer part based on the property that the heat transfer
rate is favorable at the leading edge portion of the flat
plate. That is, when a flat plate is placed in a flow, the
boundary layer is thin at the leading edge of the flat plate,
and the thickness increases toward the downstream side.
Accordingly, the heat transfer is favorable at the leading
edge portion of the flat plate where the boundary layer
is thin.
[0036] Since each of the flow straightening plate 30,
the offset fin, the heat transfer plate 1 being a flat heat
transfer surface can be produced by pressing, a plate-
type heat exchanger having low pressure loss and high
heat transfer performance can be manufactured inex-
pensively. If the plate-type heat exchanger has low pres-
sure loss, the power required for activating a fluid is re-
duced. Accordingly, the capacity of a pump and a com-
pressor serving as a power source for circulating the fluid
into the plate-type heat exchanger can be reduced.
[0037] While the above-described effects can be ob-
tained when the offset fin is used as the inner fin 2, the
inner fin of the present invention is not limited to the offset
fin. The inner fin 2 of the present invention is not limited
to the fin which is formed separately from the heat transfer
plate 1, but also includes a fin which is formed, for ex-
ample, by corrugating the surface of the heat transfer
plate 1.
[0038] An equal distribution of the flow rate is required
on the inlet side of the flow passage, and is not required
on the outlet side. Therefore, instead of providing the flow
straightening plate 30 on both inlet side and outlet side,
providing the flow straightening plate 30 only on the inlet
side can reduce the cost.
[0039] The number, shape, and disposition of the
opening parts 31 of the flow straightening plate 30 are
not limited to those in the structure shown in Fig. 1, and
various modifications can be made, for example, as
shown in the following Modified Examples 1 to 4. Each
of these modified examples has a configuration in which
the plurality of or one opening part 31 is formed so that
the flow passage resistance to a fluid while passing
through the flow straightening plate 30 is smaller on the
side farther away from the upstream-side passage hole
20a than on the side closer to the upstream-side passage
hole 20a. Each of the modified examples has an effect
of uniformizing the flow velocity.

(Modified Example 1)

[0040] Fig. 5 is a view illustrating Modified Example 1
of the flow straightening plate 30 of Fig. 3, in which Fig.
5(a) is a front view, Fig. 5(b) is a cross-sectional view
along the line A-A of Fig. 5(a), and Fig. 5(c) is a side view.
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[0041] While in Fig. 4 the plurality of opening parts 31
are provided in each of the region A1 and the region A2,
only one opening part 31 (31 a, 31 b) may be provided
in each of the region A1 and the region A2. Fig. 5 shows
an example in which the shape of the opening part 31 is
rectangular. In this configuration, as with in Fig. 4, the
opening area of the opening part 31 a on the side of the
region A1 farther away from the upstream-side passage
hole 20a is larger than the opening area of the opening
part 31 b on the side of the region A2 closer to the up-
stream-side passage hole 20a.

(Modified Example 2)

[0042] Fig. 6 is a view illustrating Modified Example 2
of the flow straightening plate 30 of Fig. 3, in which Fig.
6(a) is a front view, Fig. 6(b) is a cross-sectional view
along the line A-A of Fig. 6(a), and Fig. 6(c) is a side view.
[0043] While in Fig. 4 the diameters of the opening
parts 31 are different between the region A1 and the re-
gion A2, in Fig. 6, the diameters are all the same and the
number of the opening parts 31 disposed increases as
the distance to the upstream-side passage hole 20a in-
creases. In the above-described embodiment, the open-
ing areas of the opening parts 31 are increased in two
stages, from the side on which the distance to the up-
stream-side passage hole 20a is smaller toward the side
on which the distance is larger. However, the number of
stages is not limited to two, and Fig. 6 shows an example
of three stages.

(Modified Example 3)

[0044] Fig. 7 is a view illustrating Modified Example 3
of the flow straightening plate 30 of Fig. 3, in which Fig.
7(a) is a front view, Fig. 7(b) is a cross-sectional view
along the line A-A of Fig. 7(a), and Fig. 7(c) is a side view.
[0045] In Fig. 7, the number of the opening parts 31 is
one, and the opening area increases from the side on
which the distance to the upstream-side passage hole
20a is smaller toward the side on which the distance is
larger in the flow straightening plate 30.

(Modified Example 4)

[0046] In Modified Example 4, by virtue of the external
shape of the flow straightening plate 30, the flow passage
resistance to a fluid while passing through the portion of
the flow straightening plate 30 is smaller on the side far-
ther away from the upstream-side passage hole 20a than
on the side closer to the upstream-side passage hole 20a.
[0047] Fig. 8 is a view illustrating Modified Example 4
of the flow straightening plate 30 of Fig. 3, in which Fig.
8(a) is a front view, Fig. 8(b) is a plan view, and Fig. 8(c)
is a side view.
[0048] The flow straightening plate 30 of Fig. 8 is
formed so that the height of the flow straightening plate
30 in the stacking direction (left-right direction in Fig. 1)

decreases from the side on which the distance to the
upstream-side passage hole 20a is smaller toward the
side on which the distance is larger in the flow straight-
ening plate 30.
[0049] While the flow straightening plates 30 shown in
Fig. 3 to Fig. 8 have a simple sheet-like shape, the flow
straightening plate 30 may be configured as in Modified
Example 5 shown in Fig. 9.

(Modified Example 5)

[0050] Fig. 9 is a view illustrating Modified Example 5
of the flow straightening plate 30 of Fig. 3, in which Fig.
9(a) is a front view, Fig. 9(b) is a cross-sectional end view
along the line A-A of Fig. 9(a), and Fig. 9(c) is a side view.
[0051] This flow straightening plate 30 has a pair of leg
portions 32 which extend parallel to each other in a di-
rection orthogonal to the flow straightening plate 30 from
both ends in the short direction (direction orthogonal to
the separation direction) of the flow straightening plate
30.
[0052] As each of the pair of leg portions 32 serves a
joint surface between the flow straightening plate 30 and
the heat transfer plate 1, the flow straightening plate 30
serves as a support column. Then, it is possible to adjust
the area of the joint surface between the pair of leg por-
tions 32 and the heat transfer plate 1 according to the
required strength by adjusting the lengths of the pair of
leg portions 32. Thus, it is possible to enhance the
strength around the upstream-side passage hole 20a to
the required strength by adjusting the lengths of the pair
of leg portions 32 according to the strength required for
the area around the passage hole where the strength
against detachment is low, and using the adjusted pair
of leg portions 32 as the joint surface.
[0053] When molding the flow straightening plate 30
into the shape shown in Fig. 9, pressing allows low-cost
manufacturing since the flow straightening plate 30 can
be produced by one pressing.

Embodiment 2.

[0054] Embodiment 2 is different from Embodiment 1
in terms of the disposition of the flow straightening plate
30. Embodiment 2 is otherwise the same as Embodiment
1. The modified examples applicable to the same com-
ponent parts as those of Embodiment 1 shall be similarly
applicable to Embodiment 2.
[0055] Fig. 10 is an enlarged perspective view of the
major part of the plate-type heat exchanger according to
Embodiment 2 of the present invention.
[0056] In Embodiment 2, the flow straightening plate
30 is provided at an angle on the heat transfer plate 1 so
that the clearance between the flow straightening plate
30 and the inner fin 2 decreases from the side closer to
the upstream-side passage hole 20a toward the side far-
ther away from the upstream-side passage hole 20a.
[0057] With this configuration, the same effects as in
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Embodiment 1 can be obtained, as well as the fluid flow-
ing into the flow passage from the upstream-side pas-
sage hole 20a can be guided to the region M. Thus, the
fluid flows more easily to the region M than in the case
where the flow straightening plate 30 is disposed orthog-
onally to the flow direction as in Embodiment 1. There-
fore, a finer adjustment of the flow velocity distribution is
made possible by the adjustment of the inclination angle
of the flow straightening plate 30 of Embodiment 2 in
addition to the designing of the opening areas of the
opening parts 31 of Embodiment 1.

Embodiment 3.

[0058] In Embodiments 1 and 2 described above, the
flow straightening plate 30 is disposed in each of the first
flow passages A and the second flow passages B be-
tween the upstream-side passage hole 20a and the inner
fin 2. In Embodiment 3, the flow straightening plate 30 is
disposed between the downstream-side passage hole
20b and the inner fin 2 as well. Embodiment 3 is otherwise
the same as Embodiments 1 and 2. The modified exam-
ples applicable to the same component parts as those
of Embodiment 1 shall be similarly applicable to Embod-
iment 3.
[0059] Fig. 11 is a perspective view of the plate-type
heat exchanger according to Embodiment 3 of the
present invention.
[0060] As shown in Fig. 11, the flow straightening plate
30 is disposed between the downstream-side passage
hole 20b and the inner fin 2 as well.
[0061] According to Embodiment 3, the same effects
as Embodiments 1 and 2 can be obtained, and since the
flow straightening plate 30 is disposed on both of the
upstream side and the downstream side, the distribution
is improved not only on the inlet side but also on the outlet
side. Therefore, compared with the case where the flow
straightening plate 30 is disposed only at the inlet, higher
effects can be obtained in terms of an increase of the
effective heat transfer area, a reduction of the pressure
loss, and suppression of freezing.
[0062] Moreover, since the flow straightening plates
30 are located at the outlet and the inlet of the flow pas-
sage, this plate-type heat exchanger is effective when
applied to a device in which the flow direction of a fluid
inside a heat exchanger switches to the opposite direc-
tion, such as an air-conditioning device capable of switch-
ing between cooling and heating or an air-conditioning
device capable of cooling and heating simultaneous op-
eration.
[0063] In a case where a fluid undergoes a phase
change inside the plate-type heat exchanger and the
density of the fluid changes between the inlet side and
the outlet side, the total opening area of the opening parts
31 (the total of the opening areas of all the opening parts
31) may be varied according to the change in density
between the flow straightening plate 30 on the inlet side
and the flow straightening plate 30 on the outlet side. For

example, in a case where the fluid on the inlet side is a
liquid and the fluid on the outlet side is steam (that is, the
density is lower than the liquid and a large pressure loss
is likely to occur during passage through the opening
parts 31), as shown in Fig. 12, the total opening area of
the flow straightening plate 30 on the outlet side (on the
left side in Fig. 12) may be larger than the total opening
area of the flow straightening plate 30 on the inlet side
(on the right side in Fig. 12). Thus, the pressure loss can
be reduced.

Embodiment 4.

[0064] Embodiment 4 relates to a refrigeration cycle
apparatus to which the plate-type heat exchanger of any
one of Embodiment 1 to Embodiment 3 is applied.
[0065] Fig. 13 is a view showing a refrigerant circuit of
a refrigeration cycle apparatus 40 according to Embod-
iment 4 of the present invention.
[0066] The refrigeration cycle apparatus 40 is a typical
refrigeration cycle apparatus which includes a compres-
sor 41, a condenser (including a gas cooler) 42, an ex-
pansion device 43, and an evaporator 44. As one or both
of the condenser 42 and the evaporator 44 of the refrig-
eration cycle apparatus 40, the plate-type heat exchang-
er of any one of Embodiment 1 to Embodiment 3 is ap-
plied.
[0067] According to Embodiment 4, it is possible to ob-
tain the low-cost refrigeration cycle apparatus 40, which
has high reliability and energy saving performance, by
including the plate-type heat exchanger of Embodiment
1 to Embodiment 3. The refrigerant circuit shown in Fig.
13 is an example, and the refrigerant circuit to which the
plate-type heat exchanger of the present invention is ap-
plied is not limited to the configuration of Fig. 13. For
example, the refrigerant circuit may be a circuit which is
provided with a four-way valve and can switch between
cooling and heating, or a circuit which is capable of cool-
ing and heating simultaneous operation.
[0068] Examples of applications of the present inven-
tion include many industrial and household appliances
equipped with a plate-type heat exchanger, such as an
air-conditioner, a power generator, and a heat-steriliza-
tion treatment apparatus for food.

Reference Signs List

[0069] 1 heat transfer plate 2 inner fin 3 side plate 4
inflow pipe 5 outflow pipe 6 inflow pipe 7 outflow pipe 11
first opening 12 second opening 13 third opening 14
fourth opening 20a upstream-side passage hole 20b
downstream-side passage hole 21 cover part 30 flow
straightening plate 31 opening part 31 a opening part 31
b opening part 32 leg portion 40 refrigeration cycle ap-
paratus 41 compressor 42 condenser 43 expansion de-
vice 44 evaporator A first flow passage A1 region A2
region B second flow passage M region

11 12 



EP 2 977 704 A1

8

5

10

15

20

25

30

35

40

45

50

55

Claims

1. A plate-type heat exchanger in which first flow pas-
sages and second flow passages are alternately
formed between a plurality of heat transfer plates
provided at predetermined intervals, and the first flow
passages and the second flow passages are each
provided with an inner fin, wherein
each of the plurality of heat transfer plates includes
an upstream-side passage hole serving as an inlet
of a first fluid to the first flow passage or as an inlet
of a second fluid to the second flow passage, and a
downstream-side passage hole serving as an outlet
of the first fluid from the first flow passage or as an
outlet of the second fluid from the second flow pas-
sage,
a sheet-like flow straightening plate is disposed in
each of the first flow passages and the second flow
passages so as to separate between the upstream-
side passage hole and the inner fin, and
the flow straightening plate has a plurality of opening
parts serving as a flow passage for the first fluid or
the second fluid, and opening areas of the plurality
of opening parts are designed so that a flow passage
resistance decreases from a side on which a dis-
tance to the upstream-side passage hole is smaller
toward a side on which the distance is larger in the
flow straightening plate.

2. The plate-type heat exchanger of claim 1, wherein
the flow straightening plate is disposed in the first
flow passages and the second flow passages so that
a clearance between the flow straightening plate and
the inner fin decreases from a side on which a dis-
tance between the flow straightening plate and the
upstream-side passage hole is smaller toward a side
on which the distance is larger.

3. The plate-type heat exchanger of claim 1 or 2, where-
in the opening areas of the plurality of opening parts
increase in an order of their positions from a side on
which a distance between the plurality of opening
parts and the upstream-side passage hole is smaller
toward a side on which the distance is larger.

4. The plate-type heat exchanger of claim 1 or 2, where-
in
the plurality of opening parts have the same size, and
the number of the plurality of opening parts disposed
in the flow straightening plate increases from the side
on which the distance between the flow straightening
plate and the upstream-side passage hole is smaller
toward the side on which the distance is larger in the
flow straightening plate.

5. The plate-type heat exchanger of any one of claims
1 to 4, wherein the inner fin is an offset fin.

6. The plate-type heat exchanger of any one of claims
1 to 5, further comprising an additional flow straight-
ening plate between the downstream-side passage
hole and the inner fin.

7. The plate-type heat exchanger of any one of claims
1 to 5, further comprising an additional flow straight-
ening plate in which shapes of the plurality of opening
parts are a same as those of the flow straightening
plate, while a total opening area is different from that
of the flow straightening plate, between the down-
stream-side passage hole and the inner fin.

8. The plate-type heat exchanger of claim 7, wherein
a total opening area of one flow straightening plate
of the two flow straightening plates through which a
fluid passes at a lower density is larger than a total
opening area of an other flow straightening plate
through which a fluid passes at a higher density.

9. The plate-type heat exchanger of any one of claims
1 to 8, wherein the flow straightening plate further
includes a pair of leg portions extending parallel to
each other in a direction orthogonal to the flow
straightening plate from both ends in a direction or-
thogonal to a separation direction of the flow straight-
ening plate, and the pair of leg portions serve as a
joint surface between the flow straightening plate
and each of the heat transfer plates.

10. A plate-type heat exchanger in which first flow pas-
sages and second flow passages are alternately
formed between a plurality of stacked heat transfer
plates, and the first flow passages and the second
flow passages are each provided with an inner fin,
wherein
each of the plurality of heat transfer plates includes
an upstream-side passage hole serving as an inlet
of a first fluid to the first flow passage or as an inlet
of a second fluid to the second flow passage, and a
downstream-side passage hole serving as an outlet
of the first fluid from the first flow passage or as an
outlet of the second fluid from the second flow pas-
sage,
a flow straightening plate is disposed in each of the
first flow passages and the second flow passages
so as to separate between the upstream-side pas-
sage hole and the inner fin,
the flow straightening plate has one opening part ex-
tending in a separation direction of the flow straight-
ening plate, and
an opening area of the opening part is designed so
that a flow passage resistance decreases from a side
on which a distance to the upstream-side passage
hole is smaller toward a side on which the distance
is larger in the flow straightening plate.

11. A plate-type heat exchanger in which first flow pas-
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sages and second flow passages are alternately
formed between a plurality of stacked heat transfer
plates, and the first flow passages and the second
flow passages are each provided with an inner fin,
wherein
each of the plurality of heat transfer plates includes
an upstream-side passage hole serving as an inlet
of a first fluid to the first flow passage or as an inlet
of a second fluid to the second flow passage, and a
downstream-side passage hole serving as an outlet
of the first fluid from the first flow passage or as an
outlet of the second fluid from the second flow pas-
sage,
a flow straightening plate is disposed in each of the
first flow passages and the second flow passages
so as to separate between the upstream-side pas-
sage hole and the inner fin, and
a height of the flow straightening plate decreases
from a side on which a distance to the upstream-side
passage hole is smaller toward a side on which the
distance is larger in the flow straightening plate.

12. A refrigeration cycle apparatus comprising the plate-
type heat exchanger of any one of claims 1 to 11.
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