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DESCRIPTION

Title of the Invention:

DIFFUSION BONDING HEAT EXCHANGER

Technical Field

[0001]

The present invention relates to a diffusion bonding
heat exchanger, particularly, to a diffusion bonding heat
exchanger having a configuration in which a plurality of
heat transfer plates, in each of which a flow path having
a groove shape is formed, are stacked and diffusion-bonded
to each other.

Background Art

[0002]

In the related art, there is known a diffusion
bonding heat exchanger having a configuration in which a
plurality of heat transfer plates, in each of which a flow
path having a groove shape is formed, are stacked and
diffusion-bonded to each other. Such a diffusion bonding
heat exchanger is disclosed in Japanese Unexamined Patent
Application Publication No. 2017-180984.

[0003]

Japanese Unexamined Patent Application Publication

No. 2017-180984 discloses a heat exchanger including a



10

15

20

25

core obtained by alternately stacking and diffusion-
bonding a first heat transfer plate and a second heat
transfer plate to each other. The first heat transfer
plate and the second heat transfer plate are formed of
stainless steel, and each of the first heat transfer plate
and the second heat transfer plate is provided with a
plurality of fluid path portions. The fluid path portion
is composed of a flow path (channel) that is formed as a
recessed groove at a surface of the heat transfer plate
and connects an inlet and an outlet for a fluid. The flow
path has a plurality of branches between the inlet and the
outlet. The plurality of branches extend linearly and are
arranged at intervals.
Citation List
Patent Literature

[0004]

[PTL 1] Japanese Unexamined Patent Application
Publication No. 2017-180984
Summary of Invention
Technical Problem

[0005]

The diffusion bonding heat exchanger as disclosed in
Japanese Unexamined Patent Application Publication No.
2017-180984 is high in strength since the metal heat

transfer plates are integrated with each other through
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diffusion bonding and 1is a device that 1s small in
comparison with a general heat exchanger. Since the
diffusion bonding heat exchanger can withstand a large
thermal stress, the diffusion bonding heat exchanger 1is
suitable for the purpose of heat exchange between fluids
significantly different from each other in temperature.
Such purposes include vaporization or an increase in
temperature of a very low-temperature fluid such as a
liquefied natural gas (LNG) and liquid hydrogen. In this
case, generally, water, antifreeze, or the like is used as
a high-temperature fluid serving as a heat source.

[0006]

However, 1in a <case where a very low-temperature
liquefied gas is caused to flow as a low-temperature fluid,
freezing (solidification) of a high-temperature fluid such
as water or an ethylene glycol solution may occur 1in a
flow path of a heat transfer plate such that the flow path
is partially closed. Particularly, at a high-temperature
fluid side flow path disposed at a position overlapping
the vicinity of a low-temperature fluid inlet, freezing is
likely to occur since the inlet temperature of the low-
temperature fluid is low. Since the diffusion bonding
heat exchanger is formed to have a small size, the
sectional area of the entire flow path is small and thus

there is a disadvantage that influence on the performance
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(decrease in performance) of the heat exchanger is great
in a case where a portion of the flow path is closed. In
addition, when freezing of the high-temperature fluid
occurs once, flowing thereof is suppressed at a position
downstream of a frozen portion and thus expansion of a
frozen region may occur starting from the frozen portion
in the flow path.

[0007]

Therefore, it 1is desired that freezing in a flow
path on a high-temperature fluid side can be suppressed in
a diffusion bonding heat exchanger in which a fluid having
a very low temperature is handled and expansion of a
frozen region can be suppressed even 1in the <case of
freezing.

[0008]

The invention has been made to solve problems as
described above and an object of the invention is to
provide a diffusion bonding heat exchanger with which it
is possible to suppress freezing in a flow path on a high-
temperature fluid side in a case where a fluid having a
very low temperature is handled and to suppress expansion
of a frozen region even in the case of freezing.

Solution to Problem

[0009]

In order to achieve the above-described object, the
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invention provides a diffusion bonding heat exchanger
including a core that includes a first heat transfer plate
and a second heat transfer plate that are stacked and
diffusion-bonded to each other, in which the first heat
transfer plate includes a high-temperature flow path that
includes a plurality of channels having a groove shape
provided to be arranged in a flow path width direction and
through which a high-temperature fluid flows, the second
heat transfer plate includes a low-temperature flow path
through which a low-temperature fluid flows, and the high-
temperature flow path of the first heat transfer plate
includes a connection channel portion configured such that
the high-temperature fluid flows across the plurality of
channels within at least a range that overlaps a
predetermined range in a stacking direction, the
predetermined range being a range from a flow path inlet
of the second heat transfer plate to a position downstream
of the flow path inlet. Note that, 1in the present
specification, the expressions “high-temperature fluid”
and “low-temperature fluid” are used to show a relative
difference between the temperatures thereof and does not
mean being at specific temperatures as absolute values.
In addition, in the present specification, the expression
“channel” means each of path portions partitioned by a

partition wall defining the inside of a flow path in the
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flow path width direction orthogonal to a flowing
direction of a fluid. According to the above-described
configuration, the plurality of channels communicate with
each other at 1least in the connection channel portion.
Therefore, each channel is not one independent path from
the flow path inlet to a flow path outlet. That is, each
channel may branch or join another channel in an area from
the flow path inlet to the flow path outlet.

[0010]

In the diffusion bonding heat exchanger according to
the invention, as described above, the connection channel
portion configured such that the high-temperature fluid
flows across the plurality of channels within at least the
range in the high-temperature flow path that overlaps the
predetermined range (vicinity of inlet of low-temperature
flow path) is provided, the predetermined range being a
range from the flow path inlet of the second heat transfer
plate to the position downstream of the flow path inlet.
Accordingly, in a range in the high-temperature flow path
that overlaps the predetermined range at which the
temperature becomes lowest, there is an increase in heat
transfer area (area of channel inner surface) in
comparison with a configuration in which the channels are
independent of each other and a stream close to turbulence

is generated due to a stream across the channels.
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Therefore, it 1s possible to improve the heat transfer
rate 1in the connection channel portion. As a result,
there is an increase in amount of heat input to the first
heat transfer plate in which the high-temperature flow
path 1s formed and thus the temperature of an inner
surface of the high-temperature flow path can be made high.
Therefore, 1t 1is possible to suppress freezing 1in the
high-temperature flow path. In addition, even 1in a case
where freezing (solidification) of the high-temperature
fluid occurs in the connection channel portion and a
portion of the channels is closed, the high-temperature
fluid flowing through another channel can flow around to a
downstream side of the channel that is closed by flowing
across the channels. As a result, it 1is possible to
suppress expansion of a frozen portion caused Dby
suppression of a stream of the high-temperature fluid in
the wvicinity of the frozen portion. Furthermore, when a
portion of the channels is closed due to freezing, the
flow path sectional area of the high-temperature flow path
is decreased corresponding to the freezing and the flow
rate of the high-temperature fluid in the channels that
are not frozen 1is increased. As a result, the heat
transfer rate in the channels that are not frozen 1is
improved and there is an increase in amount of heat input

to the first heat transfer plate. Therefore, expansion of
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the frozen portion of the high-temperature fluid 1is
suppressed. Accordingly, it is ©possible to suppress
freezing in a flow path on the high-temperature fluid side
in a case where a fluid having a very low temperature is
handled and to suppress expansion of a frozen region even
in the case of freezing.

[0011]

In the diffusion bonding heat exchanger according to
the invention, the connection channel portion is
preferably formed over the approximately entire high-
temperature flow path in the first heat transfer plate.
According to such a configuration, the effect achieved by
the connection channel portion can be realized over the
entire high-temperature flow path instead of Dbeing
realized over only the predetermined range (vicinity of
inlet of low-temperature flow path). The predetermined
range in which freezing is 1likely to occur in the high-
temperature flow path can be determined in advance through
an experiment or a simulation performed under operating
conditions set in design specifications. However, during
an actual operation, there are various variation factors
that cannot be grasped in advance and thus the frozen
portion may become larger than as expected. In such a
case, since the connection channel portion is formed over

the approximately entire high-temperature flow path in the
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above-described configuration, it is possible to reliably
suppress freezing and expansion of a frozen portion even
in a case where a frozen portion different from as
expected 1s generated.

[0012]

In the diffusion bonding heat exchanger according to
the invention, the high-temperature flow path preferably
includes the plurality of channels having a linear shape
arranged 1in the flow path width direction and in the
connection channel portion, a plurality of connection
paths having a groove shape, each of which extends across
the channels adjacent to each other such that the channels
communicate with each other, are preferably formed.
According to such a configuration, it 1is possible to
easily configure the connection channel portion only by
forming the connection paths having the groove shape such
that the channels composed of linear grooves are connected
to each other. Particularly, since groove structures
constituting the linear channels and the connection paths
can be collectively formed in a case where the high-
temperature flow path is formed with respect to the first
heat transfer plate through etching or the 1like, it 1is
possible to suppress a manufacturing step being
complicated even in a case where the connection channel

portion is to be provided.
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[0013]

In this case, the plurality of connection paths are
preferably arranged in a zigzag such that positions of the
connection paths adjacent to each other in the flow path
width direction are offset from each other in a flowing
direction of the high-temperature fluid. In the present
specification, “being arranged 1in a zigzag” means to
alternate and means that the positions of odd-numbered
connection paths in the flow path width direction and the
positions of even-numbered connection paths in the flow
path width direction alternate in the flowing direction,
for example. According to such a configuration, in
comparison with a case where the connection paths are
arranged linearly in the flow path width direction, it 1is
possible to cause the high-temperature fluid to move in
the flow path width direction more efficiently. As a
result, it 1is possible to achieve an improvement in heat
transfer efficiency of the connection channel portion and
to prompt the high-temperature fluid to flow around the
vicinity of a frozen portion in the connection channel
portion.

[0014]

In the diffusion bonding heat exchanger according to
the invention, the high-temperature flow path preferably

includes the plurality of channels that branch along a

10
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plurality of partition walls having an island shape, which
are disposed to be scattered in the flow path, and Jjoin
each other in the connection channel portion. According
to such a configuration as well, the high-temperature
fluids can flow across the plurality of channels by
branching or joining each other due to the partition walls
having the island shape and thus it 1s possible to
configure the connection channel portion.

[0015]

In the diffusion bonding heat exchanger according to
the invention, the high-temperature flow path preferably
includes an overlapping region that overlaps the low-
temperature flow path of the second heat transfer plate as
seen 1in plan view and a non-overlapping region that 1is
provided outside the overlapping region at least on the
flow path inlet side of the low-temperature flow path.
According to such a configuration, since the non-
overlapping region overlaps a portion where no low-
temperature fluid flows on the low-temperature flow path
side, the high-temperature fluid flowing through the non-
overlapping region does not contribute to heat exchange
between the high-temperature fluid that much and the low-
temperature fluid and becomes a surplus high-temperature
fluid. Therefore, with the non-overlapping region being

disposed on the flow path inlet side of the low-
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temperature flow path, a stream of the surplus high-
temperature fluid can be formed at a portion where the
temperature of the high-temperature fluid is decreased
(portion overlapping predetermined range 1in vicinity of
flow path inlet of low-temperature flow path). Therefore,
it is possible to achieve an increase in thermal capacity
of the high-temperature fluid corresponding to the amount
of the surplus high-temperature fluid flowing through the
non-overlapping region. In addition, even when the non-
overlapping region 1is frozen, a stream of the high-
temperature fluid can be formed at a position downstream
of a frozen portion with the high-temperature fluid
flowing around the frozen portion. As a result, a stream
of the surplus high-temperature fluid can be formed near a
region where freezing is 1likely to occur and on a
downstream side, and thus freezing in the high-temperature
flow path at the portion overlapping the predetermined
range 1in the vicinity of the flow path inlet of the low-
temperature flow path and expansion of a frozen portion
can be effectively suppressed.

[0016]

In the diffusion bonding heat exchanger according to
the invention, the low-temperature flow path preferably
includes a first ©portion that is provided 1in the

predetermined range of the second heat transfer plate and
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a second portion that is provided downstream of the first
portion and the first portion 1is preferably configured
such that a heat transfer performance of the first portion
is lower than a heat transfer performance of the second
portion. Note that, in the present specification, the
heat transfer performance is a comprehensive performance
including the movement of heat caused by each of heat
conduction, heat transfer (convective heat transfer), and
heat radiation. According to such a configuration, the
heat transfer performance of the low-temperature flow path
is suppressed by the first portion in the predetermined
range (vicinity of inlet of low-temperature flow path at
which temperature becomes lowest) from the flow path inlet
of the low-temperature flow path to the position
downstream of the flow path inlet and thus it is possible
to increase the surface temperature of the high-
temperature flow path side overlapping the predetermined
range corresponding thereto. As a result, it is possible
to effectively suppress freezing in a portion of the high-
temperature flow path that overlaps the predetermined
range 1in the vicinity of the flow path inlet of the low-
temperature flow path.

[0017]

In this case, the low-temperature flow path

preferably includes a plurality of channels having a

13
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groove shape through which the low-temperature fluid flows
and a planar shape of the channels of the first portion is
preferably different from a planar shape of the channels
of the second portion such that a heat transfer
performance of the channels of the first portion is lower
than a heat transfer performance of the channels of the
second portion. According to such a configuration, it is
possible to easily make the heat transfer performance of
the first portion lower than the heat transfer performance
of the second portion only by making the shapes of the
channels constituting the low-temperature flow path
different from each other by, for example, making the
inner surface area of the channels small, making the width
of the channels large, or forming the channels in a linear
shape.

[0018]

The diffusion bonding heat exchanger according to
the invention 1s preferably the diffusion bonding heat
exchanger is a parallel flow heat exchanger in which the
high-temperature fluid flowing through the high-
temperature flow path and the low-temperature fluid
flowing through the low-temperature flow path flow in the
same direction. According to such a configuration, a flow
path inlet of the high-temperature flow path and the flow

path inlet of the low-temperature flow path are provided
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on the same side of the flow paths. Therefore, the high-
temperature fluid in a highest-temperature state flows
through a position in the high-temperature flow path that
overlaps the vicinity of the inlet of the low-temperature
flow path and thus freezing of the high-temperature fluid
can be effectively suppressed. In addition, during the
actual operation of the heat exchanger, the outlet
temperatures of the high-temperature fluid and the low-
temperature fluid may become lower than as expected due to
various variation factors that cannot be grasped 1in
advance. However, the inlet temperatures thereof are not
likely to Dbe influenced Dby such wvariation factors.
Therefore, the influence of the various wvariation factors
is suppressed and a stable freezing-suppressing effect can
be achieved.

[0019]

In the diffusion bonding heat exchanger according to
the invention, each of the first heat transfer plate and
the second heat transfer plate preferably includes a pair
of first side end surfaces and a pair of second side end
surfaces adjacent to the first side end surfaces, the
high-temperature flow path is preferably formed to extend
in a direction along the second side end surfaces from a
flow path inlet open at the first side end surface of the

first heat transfer plate, and the low-temperature flow
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path is preferably formed such that the low-temperature
flow path is bent after extending from the flow path inlet
open at each of the pair of second side end surfaces of
the second heat transfer ©plate and extends 1in the
direction along the second side end surfaces. According
to such a configuration, it is possible to provide a flow
path inlet for the low-temperature fluid at each of the
second side end surfaces on both of right and left sides
with respect to a flow path inlet for the high-temperature
fluid on the first side end surface side. Therefore, in
comparison with a case where only one flow path inlet for
the low-temperature fluid is provided on one of the right
and left sides, 1t is possible to decrease the opening
area of each flow path inlet and thus it is possible to
disperse regions where freezing is 1likely to occur into
both of the right and left sides of the high-temperature
flow path while making the regions in the high-temperature
flow path small. Accordingly, it is possible to suppress
freezing and to make a frozen portion small even in the
case of freezing.
Advantageous Effects of Invention

[0020]

According to the present invention, it 1s possible
to provide a diffusion bonding heat exchanger with which

it 1is possible to suppress freezing in a flow path on a
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high-temperature fluid side in a case where a fluid having
a very low temperature 1is handled and to suppress
expansion of a frozen region even in the case of freezing.
Brief Description of Drawings

[0021]

Fig. 1 1is a schematic perspective view showing a
heat exchanger according to a first embodiment.

Fig. 2 1is a sectional view taken along line 500-500
in Figs. 3 and 4.

Fig. 3 is a plan view showing a configuration
example of a high-temperature flow path of a first heat
transfer plate.

Fig. 4 is a plan view showing a configuration
example of a low-temperature flow path of a second heat
transfer plate.

Fig. 5 1is a plan view showing a configuration
example of a connection channel portion.

Fig. 6 is a plan view for describing the positional
relationship between each part of the high-temperature
flow path and each part of the low-temperature flow path.

Fig. 7 is a graph illustrating a change in
temperature of a fluid along a flow path in a parallel
flow heat exchanger.

Fig. 8 1s a schematic wview showing a second heat

transfer plate of a heat exchanger according to a second
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embodiment.

Fig. 9 is a plan view for describing the positional
relationship between a high-temperature flow path and a
low-temperature flow path of the heat exchanger according
to the second embodiment.

Fig. 10 is a schematic view showing other
configuration examples (A) and (B) of the connection
channel portion.

Fig. 11 is a schematic view showing other
configuration examples of a first portion (A) and a second
portion (B) of the low-temperature flow path.

Fig. 12 1is a schematic view showing a modification
example related to the arrangement of connection paths at
the connection channel portion.

Description of Embodiments

[0022]

Hereinafter, embodiments of the present invention
will be described with reference to the drawings.

[0023]

(First Embodiment)

With reference to Figs. 1 to 6, the configuration of
a heat exchanger 100 according to a first embodiment will
be described. The heat exchanger 100 according to the
first embodiment is a diffusion bonding type plate-type

heat exchanger configured by stacking first heat transfer
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plates 10 and second heat transfer plates 20, in each of
which a flow path having a groove shape is formed, and
integrating the first heat transfer plates 10 and the
second heat transfer plates 20 with each other through
diffusion bonding. The heat exchanger 100 is an example
of a “diffusion bonding heat exchanger” in claims.

[0024]

As shown in Fig. 1, the heat exchanger 100 includes
a core 1 including the first heat transfer plates 10 and
the second heat transfer plates 20 that are stacked and
diffusion-bonded to each other. In addition, the heat
exchanger 100 includes a first inlet port 2a, a first
outlet port 2b (refer to Fig. 3), a second inlet port 3a
(refer to Fig. 4), and a second outlet port 3b. The core
1 includes a plurality of the first heat transfer plates
10 and a plurality of the second heat transfer plates 20.
The core 1 1is a heat exchange section at which heat
exchange i1s performed between a high-temperature fluid HF
flowing through the first heat transfer plates 10 and a
low-temperature fluid LF flowing through the second heat
transfer plates 20. The first inlet port 2a and the first
outlet port 2b are an inlet for introducing the high-
temperature fluid HF into the first heat transfer plates
10 and an outlet for leading out the high-temperature

fluid HF from the first heat transfer plates 10 and are
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provided at an inlet side and an outlet side while forming
a pair. The second inlet port 3a and the second outlet
port 3b are an inlet for introducing the low-temperature
fluid LF into the second heat transfer plates 20 and an
outlet for leading out the low-temperature fluid LF from
the second heat transfer plates 20 and are provided at an
inlet side and an outlet side while forming a pair.

[0025]

The heat exchanger 100 in the first embodiment 1is
configured as a vaporization device that vaporizes the
low-temperature fluid LF by increasing the temperature of
the low-temperature fluid LF through heat exchange between
the high-temperature fluid HF and the low-temperature
fluid LF. The heat exchanger 100 may be a temperature
raising device not causing vaporization. The low-
temperature fluid LF 1is a fluid of which the temperature
is lower than the freezing point of the high-temperature
fluid HF. The high-temperature fluid HF is a fluid of
which the temperature is higher than that of the low-
temperature fluid LF. In the first embodiment, the low-
temperature fluid LF is a very low-temperature liquefied
gas and 1is, for example, a liquefied natural gas (LNG).
Examples of the high-temperature fluid HF include 1ligquid
such as water, seawater, and antifreeze.

[0026]

20



10

15

20

25

A side plate 4 is provided at each of opposite ends
of the core 1 in a stacking direction (direction Z) of the
first heat transfer plates 10 and the second heat transfer
plates 20. The first heat transfer plates 10, the second
heat transfer plates 20, and the side plates 4 are flat
plate members having a plate shape formed in the same
rectangular shape as seen in plan view. The core 1 is
configured by alternately stacking and diffusion-bonding
the first heat transfer plates 10 and the second heat
transfer plates 20, in each of which a flow path having a
groove shape 1is formed, to each other. That is, the core
1 is formed in a rectangular box-like shape (rectangular
parallelepiped shape) as a whole by causing a stack of the
first heat transfer plates 10 and the second heat transfer
plates 20, which are alternately stacked, to be interposed
between a pair of the side plates 4 and bonding the first
heat transfer plates 10, the second heat transfer plates
20, and the side plates 4 to each other through diffusion
bonding. For the sake of convenience, Fig. 1 shows an
example in which five first heat transfer plates 10 and
four second heat transfer plates 20 are alternately
stacked. However, the number of heat transfer plates to
be stacked is not limited thereto and the number of heat
transfer plates to be stacked may be any number.

Hereinafter, the stacking direction of the first heat

21
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transfer plates 10 and the second heat transfer plates 20
shown in Fig. 1 will be referred to as the direction Z.
In addition, a 1longitudinal direction of the core 1 as
seen in the direction Z will be referred to as a direction
X and a transverse direction of the core 1 will be
referred to as a direction Y, as shown in Fig. 1.

[0027]

Each of the first heat transfer plates 10 includes a
pair of first side end surfaces 10a (refer to Fig. 3) and
a pair of second side end surfaces 10b (refer to Fig. 3)
adjacent to the first side end surfaces 10a and each of
the second heat transfer plates 20 includes a pair of
first side end surfaces 20a (refer to Fig. 4) and a pair
of second side end surfaces 20b (refer to Fig. 4) adjacent
to the first side end surfaces 20a. The first side end
surfaces 10a and 20a are side end surfaces close to short
sides and the second side end surfaces 10b and 20b are
side end surfaces close to long sides. Regarding both of
the first heat transfer plates 10 and the second heat
transfer plates 20, the second side end surfaces 10b and
20b have a length (length of core 1) LO and the first side
end surfaces 10a and 20a have a length (width of core 1)
WO . Although the first heat transfer plates 10 and the
second heat transfer plates 20 have the approximately same

thickness t (refer to Fig. 2), the first heat transfer
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plates 10 and the second heat transfer plates 20 may be
different from each other in thickness t. The first heat
transfer plates 10 and the second heat transfer plates 20
are formed of, for example, stainless steel. The first
heat transfer plates 10 and the second heat transfer
plates 20 may be formed of metal other than stainless
steel as long as the first heat transfer plates 10 and the
second heat transfer plates 20 can be diffusion-bonded to
each other.

[0028]

As shown in Fig. 2, a flow path having a groove
shape is formed at one surface (upper surface) of each of
the first heat transfer plates 10 and the second heat
transfer plates 20 and the other surface (lower surface)
of each of the first heat transfer plates 10 and the
second heat transfer plates 20 is a flat surface. Each
first heat transfer plate 10 includes a high-temperature
flow path 11 through which the high-temperature fluid HF
flows and each second heat transfer plate 20 includes a
low-temperature flow path 21 through which the low-
temperature fluid LF flows. Each flow path is formed in a
predetermined shape through etching, for example. A
portion of the one surface (upper surface) of each of the
first heat transfer plates 10 and the second heat transfer

plates 20 excluding a portion (groove portion) where the
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flow path is formed is a flat surface and is a surface to
be bonded through diffusion bonding.

[0029]

(First Heat Transfer Plate)

As shown in Fig. 3, the first heat transfer plate 10
includes the high-temperature flow path 11 having a groove
shape and partition walls 12 defining the high-temperature
flow path 11. The partition walls 12 are hatched in Fig.
3 for the sake of convenience. Upper surfaces of the
hatched partition walls 12 are surfaces to be bonded
through diffusion bonding. The partition walls 12 are a
portion of a surface of the first heat transfer plate 10
at which groove formation for forming a flow path is not
performed.

[0030]

The high-temperature flow path 11 1is formed to
extend in a direction along the second side end surfaces
10b from a flow path inlet 13a open at the first side end
surface 10a of the first heat transfer plate 10. The
high-temperature flow path 11 is a flow path that linearly
extends between the flow path inlet 13a and a flow path
outlet 13b which are open at the pair of first side end
surfaces 10a of the first heat transfer plate 10
respectively. That is, the high-temperature flow path 11

linearly extends along the second side end surfaces 10b
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(long sides of core 1).

[0031]

A pair of header portions 5 is bonded to the first
side end surfaces 10a of the core 1. The pair of header
portions 5 is provided to cover the flow path inlets 13a
or the flow path outlets 13b of the stacked first heat
transfer plates 10. The pair of header portions 5 1is
provided with the first inlet port 2a and the first outlet
port 2b. Accordingly, the high-temperature fluid HF
flowing in through the first inlet port 2a flows into the
flow path inlet 13a of each of the first heat transfer
plates 10 wvia the header portion 5, passes through the
high-temperature flow paths 11 in a direction X1, flows
out via the flow path outlets 13b, and is discharged from
the first outlet port 2b via the header portion 5.

[0032]

(High-Temperature Flow Path)

The high-temperature flow path 11 includes a
plurality of channels 14 having a groove shape provided to
be arranged in a flow path width direction. The plurality
of channels 14 are individual flow path portions that are
partitioned in the flow path width direction by the
partition walls 12 formed in the high-temperature flow
path 11. In an example shown in Fig. 3, sixteen channels

14 are arranged at equal intervals in the flow path width
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direction. The number of channels 14 is not particularly
limited as long as a plurality of channels 14 are provided.

[0033]

The high-temperature flow path 11 includes a
connection channel portion 1la configured such that the
high-temperature fluid HF can flow across the plurality of
channels 14 within at least a range that overlaps a
predetermined range PR (refer to Fig. 4) in the stacking
direction, the predetermined range PR being a range from a
flow path inlet 23a of the second heat transfer plate 20
to a position downstream of the flow path inlet 23a. That
is, each channel 14 is not one independent path from the
flow path inlet 13a to the flow path outlet 13b and the
plurality of channels 14 are connected to each other at
least in the connection channel portion 1la. The
predetermined range PR will be described later.

[0034]

In the first embodiment, the connection channel
portion 1lla is formed over the approximately entire high-
temperature flow path 11 in the first heat transfer plate
10. Accordingly, the high-temperature flow path 11 1is
configured such that the high-temperature fluid HF can
flow across the plurality of channels 14 within the entire
range from the flow path inlet 13a to the flow path outlet

13b.
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[0035]

Specifically, the high-temperature flow path 11
includes the plurality of channels 14 having a linear
shape arranged in the flow path width direction and in the
connection channel portion 1lla, a plurality of connection
paths 15 having a groove shape, each of which extends
across the channels 14 adjacent to each other such that
the channels 14 communicate with each other, are formed.
Each channel 14 is formed to be linear in the direction X.
The connection path 15 extends in the flow path width
direction (direction Y) such that the connection path 15
penetrates (or divide) the partition wall 12 that
partitions the channels 14 adjacent to each other. The
plurality of connection paths 15 are provided at intervals
in a flowing direction (direction X) of the high-
temperature fluid HF. The plurality of connection paths
15 arranged in the direction X are arranged at
approximately equal intervals.

[0036]

As shown in Fig. 5, 1in the first embodiment, the
channels 14 of the high-temperature flow path 11 are
approximately the same as each other in channel width W1l
(width in flow path width direction). In addition, the
partition walls 12 partitioning the channels 14 are also

approximately the same as each other in width W2 (width in
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flow path width direction). The connection paths 15 are
approximately the same as each other in path width W3
(width in direction X). Note that, since the connection
paths 15 are paths extending in the flow path width
direction, the path width W3 refers to a width in a
flowing direction (direction X) of a fluid in the high-
temperature flow path 11. The length of the connection
path 15 in the flow path width direction coincides with
the width W2 of the partition wall 12. The pitch
(interval) of the plurality of connection paths 15
arranged in the direction X 1is, p. A length L1 of the
partition wall 12 between the connection paths 15 arranged
in the direction X is, (p-W3).

[0037]

In the first embodiment, the path width W3 of the
connection path 15 1is approximately the same as the
channel width W1l of the channel 14 (W3=Wl). Accordingly,
it is possible to collectively form the connection paths
15 and the channels 14 by means of the same etching
process and thus it is possible to simplify a
manufacturing step. It is preferable that the pitch p of
the connection paths 15 in the direction X is
approximately 2.5 or more times and approximately 10 or
less times the channel width Wl of the channel 14.

Alternatively, it 1is preferable that the length L1 of the
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partition wall 12 between the connection paths 15 adjacent
to each other in the direction X is approximately 1.5 or
more times and approximately 9 or less times the channel
width W1l of the channel 14. As the pitch p (length L1 of
partition wall 12) becomes larger, it becomes more
difficult for the high-temperature fluid HF to flow across
the channels 14 and thus there is a decrease in the flow-
around effect of the high-temperature fluid HF with
respect to a frozen portion. In addition, since an upper
surface of the partition wall 12 between the connection
paths 15 is a surface to be Dbonded to another heat
transfer plate (second heat transfer plate 20), as the
pitch p (length L1 of partition wall 12) becomes smaller,
the bonding area at a partition wall portion between the
connection paths 15 becomes smaller and thus there is a
decrease in bonding strength. Therefore, the pitch p 1is
made fall within the above-described range and thus it is
possible to secure the flow-around effect of the high-
temperature fluid HF and a bonding area at the partition
wall 12 between the channels 14 at the same time.

[0038]

Fig. 5 shows an example of the lower limit wvalues in
the above-described preferable ranges in which the pitch p
of the connection paths 15 in the direction X 1is

approximately 2.5 times the channel width W1l (=path width
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W3 of connection path 15) and the length L1 of the
partition walls 12 is approximately 1.5 times the channel
width Wl.

[0039]

In the first embodiment, the plurality of connection
paths 15 are arranged in a zigzag such that the positions
of the connection paths 15 adjacent to each other in the
flow path width direction (direction Y) are offset from
each other in the flowing direction (direction X) of the
high-temperature fluid HF. That 1is, the positions in the
direction X of the connection paths 15 formed at the
partition walls 12 adjacent to each other in the direction
Y alternate. In other words, the connection path 15 is
provided to face the partition wall 12 adjacent thereto in
the direction Y. Note that, as shown in Fig. 5, the
formation positions in the direction X of the connection
paths 15 formed at the partition walls 12 adjacent to each
other in the direction Y may partially overlap each other
and the connection paths 15 may be formed such that the
formation positions thereof in the direction X do not
overlap each other at all.

[0040]

(Second Heat Transfer Plate)

As shown 1in Fig. 4, the second heat transfer plate

20 includes the low-temperature flow path 21 having a
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groove shape and partition walls 22 defining the low-
temperature flow path 21. The partition walls 22 are
hatched in Fig. 4 for the sake of convenience. Upper
surfaces of the hatched partition walls 22 are surfaces to
be bonded through diffusion bonding. The partition walls
22 are a portion of a surface of the second heat transfer
plate 20 at which groove formation for forming a flow path
is not performed.

[0041]

The low-temperature flow path 21 is a bent flow path
that connects the flow path inlet 23a and a flow path
outlet 23b which are open at the pair of second side end
surfaces 20b o0of the second heat transfer plate 20
respectively. The flow path inlet 23a of the low-
temperature flow path 21 is provided at an end portion of
one second side end surface 20b, the end portion being on
one side (direction X2 side) on which the flow path inlet
13a of the high-temperature flow path 11 is disposed. The
flow path outlet 23b of the low-temperature flow path 21
is provided at an end portion of the other second side end
surface 20b, the end portion being on the other side
(direction X1 side) on which the flow path outlet 13b of
the high-temperature flow path 11 is disposed.

[0042]

The low-temperature flow path 21 1is Dbent after

31



10

15

20

25

extending in the direction Y from the flow path inlet 23a
open at the one second side end surface 20b of the second
heat transfer plate 20 and extends in the direction X
along the second side end surfaces 20b and the low-
temperature flow path 21 is bent after extending up to an
end portion 1in the direction X1 and extends in the
direction Y up to the flow path outlet 23b open at the
other second side end surface 20Db.

[0043]

A pair of header portions 5 is bonded to the second
side end surfaces 20b of the core 1. The pair of header
portions 5 is provided with the second inlet port 3a and
the second outlet port 3b and is provided to cover the
flow path inlets 23a or the flow path outlets 23b of the
stacked second heat transfer plates 20. Accordingly, the
low-temperature fluid LF flowing in through the second
inlet port 3a flows into the flow path inlet 23a of each
of the second heat transfer plates 20 via the header
portion 5, passes through the low-temperature flow paths
21, flows out via the flow path outlets 23b, and 1is
discharged from the second outlet port 3b via the header
portion 5.

[0044]

(Low-Temperature Flow Path)

The low-temperature flow path 21 includes a
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plurality of channels 24 having a groove shape provided to
be arranged in the flow path width direction. The
plurality of channels 24 are individual flow path portions
that are partitioned in the flow path width direction by
the partition walls 22 formed in the low-temperature flow
path 21.

[0045]

In a configuration example in Fig. 4, the planar
shapes of the channels 24 of the low-temperature flow path
21 become different from each other at an intermediate
portion of the flow path. That is, in the low-temperature
flow path 21, channel shapes switch from a first pattern
on an upstream side to a second pattern on a downstream
side.

[0046]

Specifically, the low-temperature flow path 21
includes a first portion 2la that 1is provided in the
predetermined range PR of the second heat transfer plate
20 and a second portion 21b that is provided downstream of
the first portion 2la and the first portion 2la is
configured such that the heat transfer performance of the
first portion 2la is lower than the heat transfer
performance of the second portion 21b. In the first
embodiment, such a difference in heat transfer performance

is realized by a difference in shape pattern of the
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channels 24.

[0047]

The first portion 21la is provided in the
predetermined range PR from the flow path inlet 23a of the
second heat transfer plate 20 to the position downstream
of the flow path inlet 23a. Each of channels 24a at the
first portion 2la has a linear shape and the channels 24a
are separated from each other by the partition walls 22.
Therefore, the low-temperature fluid LF does not flow
across the plurality of channels 24. 1In addition, each of
the channels 24a at the first portion 2la is formed in a
linear shape except for at a bent portion of the low-
temperature flow path 21. That is, each of the channels
24a at the first portion 2la is bent at the bent portion
of the low-temperature flow path 21 after extending
linearly in the direction Y from the flow path inlet 23a
and extends linearly 1in the direction X. The first
pattern of the channel shapes is a pattern in which each
of the channels 24 is formed in a single 1linear shape
mainly composed of straight lines.

[0048]

The second portion 21b is provided at a range from a
downstream side end portion of the first portion 2la
(predetermined range PR) to the flow path outlet 23b of

the second heat transfer plate 20. Each of channels 24b
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at the second portion 21b is bent at a bent portion of the
low-temperature flow path 21 after extending linearly in
the direction X from the downstream side end portion of
the first portion 2la (predetermined range PR) and extends
linearly in the direction Y.

[0049]

In an example shown 1in Fig. 4, as with channel
shapes in the connection channel portion 1la of the high-
temperature flow path 11, each of the channels 24b at the
second portion 21b is formed linearly (except for at bent
portion of low-temperature flow path 21) and the channels
24b adjacent to each other are connected by the connection
paths 25. That is, the second pattern of the channel
shapes 1is a pattern in which each of the channels 24b 1is
mainly composed of straight lines and the channels 24b are
connected to each other by the plurality of connection
paths 25 arranged in a zigzag. The shape pattern of the
channels 24b at the second portion 21b is the same as that
in the connection channel portion 1lla of the first portion
2la except for a point that the low-temperature flow path
21 is bent at an intermediate portion.

[0050]

Note that, in Fig. 4, a channel width at the first
portion 2la and a channel width at the second portion 21b

are approximately the same as each other. The channel
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width at the first portion 2la and the channel width at
the second portion 21b may be different from each other.

[0051]

When comparing the first portion 2la and the second
portion 21b with each other, the second portion 21b 1is
larger in heat transfer area since the partition walls 22
are divided by the connection paths 25 and the first
portion 2la 1is lower in heat transfer performance since
the low-temperature fluid LF can flow between the channels
24b and thus the flow thereof becomes close to turbulence.

[0052]

(Positional Relationship between High-Temperature
Flow Path and Low-Temperature Flow Path)

In Fig. 6, the outer shape of the entire high-
temperature flow path 11 is illustrated by means of solid
lines and the outer shape of the entire low-temperature
flow path 21 is illustrated by means of broken lines such
that the high-temperature flow path 11 and the low-
temperature flow path 21 overlapping each other are shown.
The flow path inlet 23a of the low-temperature flow path
21 and the flow path inlet 13a of the high-temperature
flow path 11 are disposed on one side (direction X2 side)
of the core 1 in the direction X and the flow path outlet
23b of the low-temperature flow path 21 and the flow path

outlet 13b of the high-temperature flow path 11 are
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disposed on the other side (direction X1 side) of the core
1 in the direction X.

[0053]

As described above, the heat exchanger 100 is a
parallel flow heat exchanger in which the flow path inlets
of both of the high-temperature flow path 11 and the low-
temperature flow path 21 are provided at an end portion on
the direction X2 side, the flow path outlets of both of
the high-temperature flow path 11 and the low-temperature
flow path 21 are provided at an end portion on the
direction X1 side, and the high-temperature fluid HF
flowing through the high-temperature flow path 11 and the
low-temperature fluid LF flowing through the low-
temperature flow path 21 flow 1in the same direction
(direction X1). In the high-temperature flow path 11, the
high-temperature fluid HF flows in the direction X1 toward
the flow path outlet 13b on the direction X1 side from the
flow path inlet 13a on the direction X2 side. In the low-
temperature flow path 21, after the low-temperature fluid
LF flowing in through the flow path inlet 23a on the
direction X2 side 1s bent once and flows in the direction
X1, the low-temperature fluid LF is bent again and flows
to the flow path outlet 23b on the direction X1 side.

[0054]

(Predetermined Range in Low-Temperature Flow Path)
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Next, the predetermined range PR from the flow path
inlet 23a of the second heat transfer plate 20 to the
position downstream of the flow path inlet 23a, in which
the first portion 2la is formed, will be described. As
shown in Fig. 6, the high-temperature flow path 11 and the
low-temperature flow path 21 overlap each other at the
approximately entire region extending in the direction X
except for at a region immediately after the flow path
inlet 23a of the low-temperature flow path 21 and a region
immediately before the flow path outlet 23b of the low-
temperature flow path 21.

[0055]

Here, the predetermined range PR from the flow path
inlet 23a of the second heat transfer plate 20 to the
position downstream of the flow path inlet 23a, in which
the first portion 2la is formed, is set as a range from a
position P1 that is at one end (end portion in direction
X2) of the flow path inlet 23a in the direction X to a
position P2 that is downstream of the other end (end
portion in direction X1) of the flow path inlet 23a in the
direction X and 1is separated from the other end by a
predetermined distance. The predetermined range PR is set
to include a high-risk region E where freezing is likely
to occur on the high-temperature flow path 11 side because

of the low-temperature fluid LF of which the inlet
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temperature is a very low temperature.

[0056]

Here, the heat exchanger 100 in the first embodiment
is not a general heat exchanger wused under random
operating conditions and is a type of heat exchanger that
is designed such that a predetermined heat exchange
performance 1is achieved under predetermined operating
conditions set in advance. Therefore, the position and
the range of the high-risk region E are grasped in advance
by using an experimental method or an analytical method
such as simulation based on operating conditions and
design conditions specified in advance. The high-risk
region E is a portion where the low-temperature flow path
21 and the high-temperature flow path 11 overlap each
other and is a position in the high-temperature flow path
11 that overlaps a position in the vicinity of the flow
path inlet 23a at which the temperature of the low-
temperature fluid LF becomes lowest. The predetermined
range PR (first portion 2la) of the low-temperature flow
path 21 1is set as a range that includes the high-risk
region E and extends up to a position downstream of the
high-risk region E.

[0057]

Therefore, the connection channel portion 1lla of the

high-temperature flow path 11 is formed over at least a
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range overlapping the predetermined range PR (first
portion 2la) of the low-temperature flow path 21. As a
result, the connection channel portion 1la is provided at
a range that includes the high-risk region E where
freezing is 1likely to occur in the high-temperature flow
path 11. 1In addition, the connection channel portion 1lla
is provided to extend in a direction (direction X1) to a
downstream side of the low-temperature flow path 21
further than the high-risk region E.

[0058]

In addition, in the first embodiment, the shapes of
the channels 24a (refer to Fig. 4) constituting the first
portion 2la provided in the predetermined range PR of the
low-temperature flow path 21 are set such that a condition
that an inner surface temperature Ts of the flow path in
the high-risk region E in the high-temperature flow path
11 becomes equal to or greater than a freezing point FP of
the high-temperature fluid HF 1is satisfied. A typical
temperature distribution corresponding to a position in
the direction X in the parallel flow heat exchanger 100 is
shown in Fig. 7. The horizontal axis in Fig. 7 represents
the position of each flow path in the direction X and the
vertical axis represents the temperature thereof.

[0059]

The average temperature of the high-temperature
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fluid HF flowing through the high-temperature flow path 11
and the average temperature of the low-temperature fluid
LF flowing through the low-temperature flow path 21 become
closer to each other toward a downstream side (direction
X1) due to heat exchange, as shown in Fig. 7. In the
parallel flow heat exchanger 100, a temperature difference
between fluids 1is largest at a position (predetermined
range PR) 1in the vicinity of the flow path inlet 23a of
the low-temperature flow path 21, which is an upstream
side end portion. However, the inner surface temperature
Ts of the high-temperature flow path 11 shown in Fig. 7 is
lower than the average temperature of the high-temperature
fluid HF and when the inner surface temperature Ts becomes
lower than the freezing point FP of the high-temperature
fluid HF, there 1is a possibility that 1local freezing
occurs at a flow path inner surface. The higher the heat
transfer performance of the high-temperature flow path 11
is, the higher the inner surface temperature Ts of the
high-temperature flow path 11 is and the lower the heat
transfer performance of the low-temperature flow path 21,
the higher the inner surface temperature Ts is. Therefore,
in the first embodiment, the heat exchanger 100 is
configured such that the heat transfer performance of the
first portion 2la 1is made lower than the heat transfer

performance of the second portion 21b and the inner
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surface temperature Ts in the high-risk region E is made
higher than the freezing point FP of the high-temperature
fluid HF.

[0060]

(Overlapping Region and Non-Overlapping Region)

As shown in Fig. 6, 1in the first embodiment, the
high-temperature flow path 11 includes an overlapping
region 1lb that overlaps the low-temperature flow path 21
of the second heat transfer plate 20 as seen in plan view
and a non-overlapping region 1llc that is provided outside
the overlapping region 1llb at least on the flow path inlet
23a side of the low-temperature flow path 21. In an
example shown in Fig. 6, the side close to the flow path
inlet 23a of the low-temperature flow path 21 1is the
direction Y1 side in the direction Y.

[0061]

Specifically, at a portion where each flow path
extends in the direction X, the low-temperature flow path
21 of the second heat transfer plate 20 has a flow path
width W12 and the high-temperature flow path 11 of the
first heat transfer plate 10 has a flow path width W11l
larger than the flow path width Wl2. Therefore, the high-
temperature flow path 11 is provided to stick out from the
low-temperature flow path 21 in the flow path width

direction and a portion of the high-temperature flow path
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11 sticking out from the low-temperature flow path 21 is
the non-overlapping region 1lc. The non-overlapping
region 1llc is provided with at least one channel 14 (refer
to Fig. 3). In an example shown in Fig. 6, the non-
overlapping region 1llc 1is provided not only on an outer
side on the flow path inlet 23a side (direction Y1 side)
of the low-temperature flow path 21 but also on an outer
side on the flow path outlet 23b side (direction Y2 side)
of the low-temperature flow path 21. Since the non-
overlapping region 1llc that is provided on the flow path
inlet 23a side of the low-temperature flow path 21 1is
adjacent to an outer edge of the low-temperature flow path
21 in the direction Y on the flow path inlet 23a side as
seen 1in plan view, the non-overlapping region 1llc 1is
disposed in the high-risk region E and the wvicinity of the
high-risk region E.

[0062]

In the overlapping region 1lb, the high-temperature
flow path 11 and the low-temperature flow path 21 overlap
each other in the stacking direction and thus heat
exchange 1s performed between the high-temperature fluid
HF and the low-temperature fluid LF flowing through the
flow paths respectively.

[0063]

Meanwhile, in the non-overlapping region 1lc, the
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high-temperature flow path 11 and a portion corresponding
to the partition walls 22 defining the outer edges of the
low-temperature flow path 21 (portion where no low-
temperature fluid LF flows) overlap each other in the
stacking direction. In comparison with the overlapping
region 11lb, the surplus high-temperature fluid HF of which
the degree of contribution to heat exchange with the low-
temperature fluid LF is low flows through the channels 14
(refer to Fig. 3) provided at the non-overlapping region
llc. Therefore, since the non-overlapping region 1lc 1is
disposed outside (closer to direction Y1 side than) the
overlapping region 1llb, which overlaps the low-temperature
flow path 21, in the flow path width direction, it 1is
possible to cause the surplus high-temperature fluid HF,
of which the degree of contribution to normal heat
exchange is low, to flow in the high-risk region E and the
vicinity of the high-risk region E.

[0064]

It 1s preferable that the width of the non-
overlapping region 1llc that is provided on the flow path
inlet 23a side of the low-temperature flow path 21 is set
to such an extent that one to three channels 14 (refer to
Fig. 3) of the high-temperature flow path 11 are provided.
Since one channel 14 occupies a width of (W1l+W2) in

consideration of the partition wall 12 between the
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channels 14, the width of the non-overlapping region 1llc
is set to be approximately one to three times (W1+W2).
This 1is because the heat exchange performance per volume
of the heat exchanger 100 1is decreased when the non-
overlapping region 1llc 1is provided more than necessary
since the high-temperature fluid HF flowing through the
non-overlapping region llc is low in degree of
contribution to normal heat exchange as described above.

[0065]

(Action of First Embodiment)

Next, with reference to Fig. 6, the action of the
heat exchanger 100 according to the first embodiment will
be described. For the shape of each flow path, refer to
Figs. 3 and 4. When the high-temperature fluid HF and the
low-temperature fluid LF flow into the high-temperature
flow path 11 and the low-temperature flow path 21
respectively as shown in Fig. 6, heat exchange between the
high-temperature fluid HF and the low-temperature fluid LF
occurs in a region where the flow paths overlap each other.
The high-temperature fluid HF passes through the high-risk
region E while passing through a position overlapping the
predetermined range PR of the low-temperature flow path 21.

[0066]

At this time, since the heat transfer performance 1is

relatively low in the first portion 2la provided in the
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predetermined range PR of the low-temperature flow path 21,
a decrease in inner surface temperature Ts (refer to Fig.
7) of the high-temperature flow path 11 is suppressed. In
addition, regarding a range in the high-temperature flow
path 11 that overlaps the predetermined range PR of the
low-temperature flow path 21, the connection channel
portion 1lla 1s provided and thus the heat transfer
performance is high and a decrease in inner surface
temperature Ts of the high-temperature flow path 11 is
suppressed.

[0067]

There are various variation factors during the
operation of the heat exchanger 100 and there 1is a
possibility that the temperature of a fluid (flow path
inner surface) 1is decreased to be lower than the design
specification due to a change in operating conditions. 1In
such a case, freezing may occur in the high-risk region E
in the high-temperature flow path 11. Therefore, it will
be assumed that freezing has occurred in the high-risk
region E and the channels 14 at the high-risk region E
have been closed.

[0068]

In this case, since the channels 14 are closed, the
flow path width of the high-temperature flow path 11 1is

decreased to W13 at a frozen portion. As a result, in the
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channels 14 that are not frozen, the flow rate of the

high-temperature fluid HF 1is increased and thus there is

an increase in heat transfer rate. Therefore, expansion

of the frozen portion in the direction Y is suppressed.
[0069]

Meanwhile, in the channels 14 closed due to freezing,
the high-temperature fluid HF does not flow to a position
downstream of the frozen portion. However, 1in the
connection channel portion 1lla, the high-temperature fluid
HF can flow across the channels 14. When passing through
a position beside the frozen portion, the flow path width
of the high-temperature flow path 11 is increased from W13
to W1l and thus a stream of the high-temperature fluid HF
is expanded in the flow path width direction across the
channels 14 as represented by flowlines in Fig. 6. That
is, through the channels 14 that are in the vicinity of
the frozen portion and are not frozen the high-temperature
fluid HF flows in the flow path width direction (direction
Y) to flow around the frozen portion up to a position
downstream of (behind) the frozen portion. As a result,
stagnation of the high-temperature fluid HF at a position
downstream of frozen portions of the channels 14 that are
closed 1is suppressed and thus expansion of the frozen
portions in the direction X is suppressed.

[0070]
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Furthermore, the non-overlapping region 1llc which
does not overlap the low-temperature flow path 21 is
provided near the frozen portion of the high-temperature
flow path 11 and the surplus high-temperature fluid HF
flows therethrough. Therefore, there is an increase in
thermal capacity of the high-temperature fluid HF
corresponding to the amount of the surplus high-
temperature fluid HF flowing into the channels 14 in the
non-overlapping region 1llc. In addition, even when the
channels 14 in the non-overlapping region 1llc are closed
in the high-risk region E due to freezing, a stream of the
high-temperature fluid HF 1s formed downstream of the
frozen portion in the non-overlapping region 1llc since the
high-temperature fluid HF flows around the frozen portion.
Since the high-temperature fluid HF flowing through the
non-overlapping region llc is low in degree of
contribution to heat exchange with the low-temperature
fluid LF, expansion of the frozen portion is suppressed by
a surplus amount of heat of the high-temperature fluid HF.

[0071]

In addition, even if the frozen portion is expanded
beyond the high-risk region E due to a change in operating
conditions, since the connection channel portion 1lla 1is
provided over the entire surface of the high-temperature

flow path 11 in the heat exchanger 100 according to the
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first embodiment, an effect that expansion of the frozen
portion is suppressed with the high-temperature fluid HF
flowing around the frozen portion is maintained.

[0072]

In the low-temperature flow path 21, since the heat
transfer performance of the first portion 2la is lower
than that of the second portion 21b, an increase in
temperature of the low-temperature fluid LF is relatively
suppressed in the first portion 21la. That is, in
comparison with a case where the first portion 2la and the
second portion 21b are composed of channels having the
same shape pattern, an increase in temperature of the low-
temperature fluid LF is gentle. Meanwhile, when the low-
temperature fluid LF flows into the second portion 21b
beyond the predetermined range PR (first portion 21a),
since the heat transfer performance 1s high in the second
portion 21b, heat exchange with the high-temperature fluid
HF is accelerated and thus the temperature of the low-
temperature fluid LF 1s 1increased up to a target
temperature during a process in which the low-temperature
fluid LF reaches the flow path outlet 23b. At a stage
where the low-temperature fluid LF reaches the second
portion 21b, the temperature of the low-temperature fluid
LF 1s increased to such an extent that the high-

temperature fluid HF is not frozen on the high-temperature
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flow path 11 side. Therefore, in a region overlapping the
second portion 21b of the high-temperature flow path 11,
there is no high-risk region E where freezing occurs.

[0073]

(Effect of First Embodiment)

According to the first embodiment, the following
effects can be achieved.

[0074]

In the first embodiment, as described above, the
connection channel portion 1lla is provided at least in a
range in the high-temperature flow path 11 that overlaps
the predetermined range PR from the flow path inlet 23a of
the second heat transfer plate 20 to a position downstream
of the flow path inlet 23a. Therefore, it is possible to
improve the heat transfer rate in the connection channel
portion lla. As a result, there is an increase in amount
of heat input to the first heat transfer plate 10 in which
the high-temperature flow path 11 is formed and thus the
inner surface temperature Ts of the high-temperature flow
path 11 can be made high. Therefore, it 1is possible to
suppress freezing in the high-temperature flow path 11.
In addition, even in a case where freezing of the high-
temperature fluid HF occurs 1in the connection channel
portion 1lla, expansion of the frozen portion in the

direction X can be avoided since the high-temperature
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fluid HF flowing through another channel 14 can flow
around the frozen portion to a downstream side of the
channel 14 closed. Furthermore, when a portion of the
channels 14 1is closed due to freezing, the flow rate of
the high-temperature fluid HF in the channels 14 that are
not frozen is increased. As a result, the heat transfer
rate in the channels 14 that are not frozen is improved
and there 1s an increase in amount of heat input to the
first heat transfer plate 10. Therefore, expansion of the
frozen portion in the direction Y 1is suppressed. As a
result, it is possible to suppress freezing in a flow path
on the high-temperature fluid HF side in a case where a
fluid having a very low temperature 1is handled and to
suppress expansion of a frozen region even in the case of
freezing.

[0075]

In addition, since the connection channel portion
1lla is formed over the approximately entire high-
temperature flow path 11 in the first heat transfer plate
10, the effect achieved by the connection channel portion
1lla can be realized over the entire high-temperature flow
path 11 instead of being realized over only the
predetermined range PR. As a result, even in a case where
a frozen portion different from as expected is generated,

it is possible to reliably suppress freezing and expansion
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of the frozen portion.

[0076]

In addition, in the connection channel portion 1lla
of the high-temperature flow path 11, the plurality of
connection paths 15 having a groove shape, each of which
extends across the channels 14 adjacent to each other such
that the channels 14 communicate with each other, are
formed. Therefore, it is possible to easily configure the
connection channel portion 1lla. Particularly, since the
channels 14 and the connection paths 15 can be
collectively formed when forming the high-temperature flow
path 11 with respect to the first heat transfer plate 10
through etching, it is possible to suppress a
manufacturing step being complicated even 1in a case where
the connection channel portion 1la is to be provided.

[0077]

In addition, in the connection channel portion 1la,
the plurality of connection paths 15 are arranged 1in a
zigzag such that the positions of the connection paths 15
adjacent to each other in the flow path width direction
(direction Y) are offset from each other in the flowing
direction of the high-temperature fluid HF. Therefore, in
comparison with a case where the connection paths 15 are
arranged linearly in the flow path width direction, it 1is

possible to cause the high-temperature fluid HF to move in
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the flow path width direction more efficiently. As a
result, it 1is possible to achieve an improvement in heat
transfer efficiency of the connection channel portion 1la
and to prompt the high-temperature fluid HF to flow around
the vicinity of a frozen portion in the connection channel
portion 1la.

[0078]

In addition, the high-temperature flow path 11
includes the non-overlapping region 1llc that 1is provided
outside the overlapping region 1lb at least on the flow
path inlet 23a side of the low-temperature flow path 21.
Therefore, a stream of the surplus high-temperature fluid
HF flowing through the non-overlapping region 1lc, of
which the degree of contribution to heat exchange is low,
can be formed near the high-risk region E overlapping the
vicinity of the flow path inlet 23a of the low-temperature
fluid LF. Therefore, 1t 1is possible to achieve an
increase in thermal capacity of the high-temperature fluid
HF corresponding to the amount of the surplus high-
temperature fluid HF flowing through the non-overlapping
region 1llc. In addition, even when the non-overlapping
region 1lc is frozen, a stream of the high-temperature
fluid HF can be formed at a position downstream of a
frozen portion with the high-temperature fluid HF flowing

around the frozen portion. As a result, a stream of the
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surplus high-temperature fluid HF can be formed near the
high-risk region E and on a downstream side, and thus
freezing of the high-temperature fluid HF in the high-risk
region E and expansion of a frozen portion <can Dbe
effectively suppressed.

[0079]

In addition, since the first portion 2la provided in
the predetermined range PR in the low-temperature flow
path 21 is configured to have a lower heat transfer
performance than the second portion 21b, the heat transfer
performance of the low-temperature flow path 21 1is
suppressed by the first portion 2la and thus it 1is
possible to increase the inner surface temperature Ts of
the high-temperature flow path 11 overlapping the
predetermined range PR corresponding thereto. As a result,
it 1s possible to effectively suppress freezing 1in a
portion of the high-temperature flow path 11 that overlaps
the predetermined range PR.

[0080]

In addition, since there is a difference in planar
shape such that the heat transfer performance of the
channels 24a of the first portion 2la is lower than the
heat transfer performance of the channels 24b of the
second portion 21b, it is possible to easily make the heat

transfer performance of the first portion 2la lower than
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the heat transfer performance of the second portion 21b
only by making the shapes of the channels 24 constituting
the low-temperature flow path 21 different from each other
as shown in Fig. 4.

[0081]

In addition, since the heat exchanger 100 in the
first embodiment is a parallel flow heat exchanger, the
high-temperature fluid HF in a highest-temperature state
flows through a position in the high-temperature flow path
11 that overlaps the predetermined range PR and thus
freezing of the high-temperature fluid HF can Dbe
effectively suppressed. In addition, even in a case where
various changes that cannot be grasped in advance are made
during the actual operation of the heat exchanger 100,
since an inlet temperature is unlikely to be influenced by
such wvariation factors, the influence of the wvariation
factors in the predetermined range PR in which freezing is
likely to occur is suppressed and a stable freezing-
suppressing effect can be achieved.

[0082]

(Second Embodiment)

Next, with reference to Figs. 8 and 9, a second
embodiment will be described. In the second embodiment,
an example in which the low-temperature flow path 21 1is

provided with a plurality of flow path inlets 123a unlike
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the first embodiment, in which the low-temperature flow
path 21 of the second heat transfer plate 20 is provided
with one flow path inlet 23a, will Dbe described. Note
that, 1in the second embodiment, components other than a
second heat transfer plate 120, the second inlet port 3a,
and the second outlet port 3b are the same as those in the
first embodiment. Therefore, the components are given the
same reference numerals and description thereof will be
omitted.

[0083]

As shown in Fig. 8, in a heat exchanger 200 in the
second embodiment, the second heat transfer plate 120 1is
provided with the plurality of (two) flow path inlets 123a.
In addition, the second heat transfer plate 120 1is
provided with a plurality of (two) flow path outlets 123Db.

[0084]

The two flow path inlets 123a are provided to form a
pair (one pair) such that the flow path inlets 123a are
open at the pair of second side end surfaces 20b of the
second heat transfer plate 120 respectively. The pair of
flow path inlets 123a is formed at positions facing each
other in the direction Y at an end portion of the second
heat transfer plate 120 that is on the direction X2 side.

[0085]

The two flow path outlets 123b are provided to form
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a pair (one pair) such that the flow path outlets 123b are
open at the pair of second side end surfaces 20b of the
second heat transfer plate 120 respectively. The pair of
flow path outlets 123b is formed at positions facing each
other in the direction Y at an end portion that is on the
direction X1 side, which is a side opposite to the flow
path inlets 123a.

[0086]

In total, four header ©portions 5 are provided
corresponding to the pair of the flow path inlets 123a and
the flow path outlets 123b to cover openings thereof.
Each of two header portions 5 covering the flow path
inlets 123a 1is provided with the second inlet port 3a for
introducing the low-temperature fluid LF. FEach of two
header portions 5 covering the flow path outlets 123b is
provided with the second outlet port 3b for leading out
the low-temperature fluid LF.

[0087]

In the second embodiment, a low-temperature flow
path 121 is formed such that the low-temperature flow path
121 is bent after extending from the flow path inlet 123a
open at each of the pair of second side end surfaces 20b
of the second heat transfer plate 120 and extends in a
direction along the second side end surfaces 20b. As

described above, in the second embodiment, with respect to
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the high-temperature flow path 11 (refer to Fig. 9) in
which the flow path inlet 13a is provided at the first
side end surface 20a of the first heat transfer plate 10,
the pair of flow path inlets 123a of the low-temperature
flow path 121 is provided at the pair of second side end
surfaces 20b corresponding to both of right and left sides
of the high-temperature flow path 11.

[0088]

The low-temperature fluid LF 1is bent after flowing
to the center of the low-temperature flow path 121 in the
direction Y through the pair of flow path inlets 123a,
proceeds in the direction X1, branches to opposite sides
in the direction Y at an end portion in the direction X1,
and flows out through each of the flow path outlets 123b
on the opposite sides in the direction Y. In a case where
the pair of flow path inlets 123a 1s provided on the
opposite sides in the direction Y as described above, it
is possible to suppress a stream of the low-temperature
fluid LF being biased in the low-temperature flow path 121
by providing the pair of flow path outlets 123b on the
opposite sides in the direction Y in the same manner.
Since the opening area (opening width) of each flow path
inlet 123a can be made small, a local decrease in inner
surface temperature Ts in the high-temperature flow path

11 overlapping the low-temperature flow path 121 can be
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suppressed.

[0089]

In the case of the low-temperature flow path 121, as
with the first embodiment, the first portion 2la (hatched
portion in low-temperature flow path 121) is provided in
the predetermined range PR from the flow path inlets 123a
of the second heat transfer plate 120 to a position
downstream of the flow path inlets 123a and the second
portion 21b 1is provided downstream of the first portion
2la. In addition, the first portion 2la is configured to
have a lower heat transfer performance than that of the
second portion 21b. The specific shapes of channels in
the first portion 2la and the second portion 21b are the
same as those obtained by making the low-temperature flow
path 21 in the first embodiment to branch to right and
left sides in the direction Y. Therefore description
thereof will be omitted. Therefore, the planar shape of
the channels of the first portion 2la is different from
the planar shape of the channels of the second portion 21b
such that the heat transfer performance of the channels of
the first portion 2la is lower than the heat transfer
performance of the channels of the second portion 21b and
detailed description thereof will be omitted.

[0090]

Fig. 9 shows the high-temperature flow path 11
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(solid 1lines) and the low-temperature flow path 121
(broken 1lines) overlapping each other. In the second
embodiment, since the low-temperature flow path 121 is
provided with the pair of flow path inlets 123a, the
opening area (opening width) of each flow path inlet 123a
is approximately half the opening area (opening width) of
the flow path inlet 23a in the first embodiment. Since
the positions of inflow of the low-temperature fluid LF in
a very low temperature state are dispersed and the flow
rate in each flow path inlet 123a is suppressed, the high-
risk regions E of the high-temperature flow path 11 are
also dispersed into two positions corresponding thereto
such that the area thereof is decreased. Therefore, in
the heat exchanger 200 in the second embodiment, the high-
risk regions E where freezing is likely to occur in the
high-temperature flow path 11 are dispersed and made small
such that freezing 1is further suppressed. In addition,
even in a case where freezing occurs in each of the high-
risk regions E, smaller frozen portions are formed at
positions separated from each other in the flow path width
direction (direction Y) and thus expansion of each frozen
portion can also be effectively suppressed.

[0091]

The effect achieved Dby the connection channel

portion 1lla of the high-temperature flow path 11 is the
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same as that in the first embodiment. As understood from
Figs. 3 to 9, even in a case where freezing occurs in any
of two high-risk regions E, the high-temperature fluid HF
can flow around the frozen portions by flowing across the
channels 14 in the connection channel portion 1lla.

[0092]

In the second embodiment, the flow path inlet 123a
is provided on each of the opposite sides in the direction
Y in the low-temperature flow path 121. Therefore, the
non-overlapping region 1llc in the high-temperature flow
path 11, which does not overlap the low-temperature flow
path 121, is also provided on each of the opposite sides
in the direction Y on which the flow path inlets 123a are
provided.

[0093]

The other configurations 1in the second embodiment
are the same as those in the first embodiment.

[0094]

(Effect of Second Embodiment)

In the second embodiment as well, as with the first
embodiment, the connection channel portion 1lla (refer to
Figs. 3 and 9) 1is provided at least in a range in the
high-temperature flow path 11 that overlaps the
predetermined range PR from the flow path inlets 123a of

the second heat transfer plate 120 to a position
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downstream of the flow path inlets 123a. Therefore, it is
possible to suppress freezing in a flow path on the high-
temperature fluid HF side in a case where a fluid having a
very low temperature is handled and to suppress expansion
of a frozen region even in the case of freezing.

[0095]

In addition, in the second embodiment, the low-
temperature flow path 121 is formed such that the low-
temperature flow path 121 is bent after extending from the
flow path inlet 123a open at each of the pair of second
side end surfaces 20b of the second heat transfer plate
120 and extends in the direction X along the second side
end surfaces 20b. Therefore, with respect to the flow
path inlet 13a for the high-temperature fluid HF, the flow
path inlets 123a for the low-temperature fluid LF can be
provided at the second side end surfaces 20b on both of
the right and left sides. Therefore, in comparison with a
case where only one flow path inlet 123a for the low-
temperature fluid LF is provided on one of the right and
left sides, it is possible to decrease the opening area of
each flow path inlet 123a and thus it 1is possible to
disperse the high-risk regions E into both of the right
and left sides of the high-temperature flow path 11 while
making the high-risk regions E in the high-temperature

flow path 11 small. Accordingly, it 1is possible to
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suppress freezing and to make a frozen portion small even
in the case of freezing.

[0096]

The other effects of the second embodiment are the
same as those of the first embodiment.

[0097]

(Example of Flow Path Configuration)

Next, a configuration example of the flow paths and
the channels will be described. In the first and second
embodiments, an example 1in which the connection channel
portion 1la of the high-temperature flow path 11 1is
composed of the 1linear channels 14 and the connection
paths 15, through each of which the channels 14 adjacent
to each other communicate with each other, has been
described. However, the configuration of the connection
channel portion lla is not limited thereto.

[0098]

For example, as shown in Figs. 10(A) and 10(B),
channels may not be formed linearly. In a configuration
example shown in Figs. 10 (A) and 10(B), the high-
temperature flow path 11 includes a plurality of channels
214 that branch along a plurality of partition walls 212
having an island shape, which are disposed to be scattered
in the flow path, and join each other in the connection

channel ©portion 1la. In the configuration example,
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regarding the channels 214, a space between the partition
walls 212, which 1is defined by the partition walls 212
adjacent to each other, in the flow path width direction
(direction Y) orthogonal to  the flowing direction
(direction X) of the high-temperature fluid HF is defined
as one channel.

[0099]

In a configuration example shown in Figs. 10(A) and
10(B), the high-temperature flow path 11 includes the
plurality of channels 214 that branch along the plurality
of partition walls 212 having an island shape, which are
disposed to be scattered in the flow path, and Jjoin each
other in the connection channel portion 1la. Therefore,
the high-temperature fluids HF can flow across the
plurality of channels 214 by branching or Jjoining each
other due to the partition walls 212 having the island
shape. Therefore, with such a configuration as well, it
is possible to configure the connection channel portion
11la.

[0100]

In an example shown in Fig. 10(A), the partition
walls 212, which are circular as seen in plan view, are
provided in the high-temperature flow path 11 so as to be
scattered in an island shape. The partition walls 212 are

linearly arranged at predetermined intervals 1in the
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flowing direction (direction X) of the high-temperature
flow path 11. However, the partition walls 212 are
disposed 1in a =zigzag such that the positions of the
partition walls 212 constituting rows adjacent to each
other in the flow path width direction (direction Y) are
offset from each other in the direction X. Therefore, the
channels 214 are formed to meander along the partition
walls 212 and to repeatedly branch and join each other and
thus the high-temperature fluid HF can flow across the
channels 214 adjacent to each other.

[0101]

In an example shown in Fig. 10(B), the partition
walls 212, each of which has a wing-like shape as seen in
plan view, are provided in the high-temperature flow path
11 so as to be scattered in an island shape. The “wing-
like shape” is a sectional shape of a wing of an aircraft
or the 1like and 1is a shape basically having a rounded
leading edge (upstream side edge in flowing direction) and
a sharp trailing edge (downstream side edge in flowing
direction). The partition walls 212 are linearly arranged
at predetermined intervals in the flowing direction
(direction X) of the high-temperature flow path 11.
However, the partition walls 212 are disposed in a zigzag
such that the ©positions of the partition walls 212

constituting rows adjacent to each other in the flow path
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width direction (direction Y) are offset from each other
in the direction X. In addition, each of the partition
walls 212 linearly arranged in the direction X is inclined
toward one side or the other side in the direction Y with
respect to the direction X and the partition walls 212 are
disposed such that the partition walls 212 inclined toward
the one side and the partition walls 212 inclined toward
the other side are alternately arranged. Note that, the
partition walls 212 having a wing shape may be provided to
face the same direction as each other without being
inclined in the direction Y.

[0102]

In a configuration example shown in Fig. 10(B) as
well, the channels 214 are formed to meander along the
partition walls 212 and to repeatedly branch and join each
other between the partition walls 212 and thus the high-
temperature fluid HF can flow across the channels 214
adjacent to each other.

[0103]

(Configuration Example of First Portion and Second
Portion)

In addition, in the first and second embodiments, an
example 1in which the first portion 2la of the low-
temperature flow path 21 has a pattern composed of the

linear channels 24a which are independent of each other
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and the second portion 21b has a pattern in which the
linear channels 24b communicate with each other through
the plurality of connection paths 25 as with the
connection channel ©portion 1la has Dbeen described.
However, the channels in the first portion 2la and the
second portion 21b may be formed in patterns as shown in
Figs. 11(A) and 11 (B).

[0104]

Fig. 11(A) shows the pattern of the first portion
2la and as with the first and second embodiments,
partition walls 222 constitute linear channels 224a that
are 1independent of each other. On the other hand, Fig.
11(B) shows the pattern of the second portion 21b and
channels 224b are linear channels that are made
independent of each other by the partition walls 222
unlike the first and second embodiments. However, each of
the channels 224b in Fig. 11(B) has a shape that meanders
in a =zigzag shape by being alternately inclined in the
flow path width direction (direction Y). In this case as
well, the path length of the channels 224a of the first
portion 2la 1is longer than that of the zigzag channels
224b of the second portion 21b and the channel inner
surface area thereof 1is small. Therefore, the heat
transfer performance is relatively low. In addition, the

channels 224b of the second portion 21b may have shapes as
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shown in Fig. 10(A) or Fig. 10(B).

[0105]

(Modification Example)

Note that, the embodiments disclosed herein are
merely illustrative 1in all aspects and should not be
recognized as being restrictive. The scope of the present
invention is defined by the scope of the claims instead of
the description in the embodiments, and 1is intended to
include meaning equivalent to the scope of the claims and
all modifications (modification examples) within the scope.

[0106]

For example, in the first and second embodiments, an
example of the parallel flow heat exchanger 100 in which a
fluid passing through the first heat transfer plate 10 and
a fluid passing through the second heat transfer plate 20
flow in the same direction as each other has been
described. However, the present invention is not limited
thereto. In the present invention, the heat exchanger may
be a counterflow heat exchanger in which a fluid passing
through the first heat transfer plate 10 and a fluid
passing through the second heat transfer plate 20 flow in
opposite directions or a crossflow heat exchanger the
fluids intersect each other.

[0107]

In addition, in the first and second embodiments, an
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example in which the high-temperature flow path 11 and the
low-temperature flow path 21 are configured such that a
fluid flows into a heat transfer plate through one end
side (direction X2 side) of the heat transfer plate and
flows out through the other end side (direction X1 side)

has been described. However, the present invention is not
limited thereto. The high-temperature flow path and the
low-temperature flow path may be configured to extend
reversely by turning back one time or a plurality of times.
For example, the high-temperature flow path 11 and the
low-temperature flow path 21 may be configured such that a
fluid flows 1into a heat transfer plate through one end
side (direction X2 side) of the heat transfer plate, turns

back at the other side (direction X1 side) one time,

returns to the one side (direction X2 side), and flows out.

[0108]

In addition, in the first and second embodiments, an
example 1in which the plurality of first heat transfer
plates 10 and the plurality of second heat transfer plates
20 are alternately stacked to constitute the core 1 has
been described. However, the present invention 1is not
limited thereto. 1In the present invention, the first heat
transfer plates and the second heat transfer plates may
not be alternately stacked. For example, two (plurality

of) second heat transfer plates may be stacked with
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respect to one first heat transfer plate such that the
first heat transfer plates and the second heat transfer
plates are arranged in the order of the second heat
transfer plate, the first heat transfer plate, the second
heat transfer plate, the second heat transfer plate, the
first heat transfer plate, ... and so forth along the
direction 7. On the contrary, one second heat transfer
plate may be stacked with respect to two (plurality of)
first heat transfer plates.

[0109]

In addition, in the first and second embodiments, an
example in which the connection channel portion 1la 1is
provided over the entire high-temperature flow path 11 has
been described. However, the present invention 1is not
limited thereto. 1In the present invention, the connection
channel portion 1lla may be provided at least over a range
in the high-temperature flow path 11 that overlaps the
predetermined range PR and the connection channel portion
1la may not be provided over a range not overlapping the
predetermined range PR. Therefore, the high-temperature
flow path 11 may be divided into a first portion and a
second portion as with the low-temperature flow path 21,
the first portion may be provided with the connection
channel portion 1la, and the second portion may be

provided with channels (for example, refer to Figs. 11 (A)
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and 11(B)) that are independent of each other such that
the high-temperature fluid HF cannot flow across the
channels.

[0110]

In addition, in the first and second embodiments, an
example in which the plurality of connection paths 15 of
the connection channel portion 1lla are provided to be
disposed in a zigzag has been described. However, the
present invention is not limited thereto. In the present
invention, the plurality of connection paths 15 may be
linearly arranged 1in the flow path width direction
(direction Y), may be regularly dispersed in a shape
different from a zigzag shape and a linear shape, and may
be dispersed irregularly (randomly).

[0111]

In addition, in the first and second embodiments, an
example in which the pitch p of the connection paths 15 in
the direction X 1is approximately 2.5 times the channel
width W1l and the length L1 of the partition wall 12 1is
approximately 1.5 times the channel width Wl as shown in
Fig. 5 has been described. However, the present invention
is not limited thereto. The pitch p of the connection
paths 15 in the direction X may be any value falling in a
range from a value that is approximately 2.5 or more times

the channel width W1l of the channel 14 to a wvalue that 1is
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approximately 10 or less times the channel width W1 of the
channel 14. In addition, the length L1 of the partition
wall 12 between the connection paths 15 adjacent to each
other may be any value falling in a range from a value
that is approximately 1.5 or more times the channel width
Wl of the channel 14 and a value that is approximately 9
or less times the channel width Wl of the channel 14. For
example, Fig. 12 shows an example of the upper limit
values 1in the above-described preferable ranges in which
the pitch p of the connection paths 15 in the direction X
is approximately 10 times the channel width Wl and the
length L1 of the partition walls 12 is approximately 9
times the channel width Wl (=path width W3 of connection
path 15). The pitch p of the connection paths 15 in the
direction X or the 1length L1 of the partition wall 12
between the connection paths 15 adjacent to each other may
not fall in the above-described ranges.

[0112]

In addition, in the first and second embodiments, an
example 1in which the high-temperature flow path 11 is
provided with the non-overlapping region 1lc that is
provided outside the overlapping region 11b has been
described. However, the present invention is not limited
thereto. In the present invention, the non-overlapping

region may not be provided.
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[0113]

In addition, in the first and the second embodiments,
an example in which the low-temperature flow path 21 is
provided with the first portion 2la and the second portion
21b has been described. However, the present invention is
not limited thereto. In the present invention, the low-
temperature flow path 21 may not be provided with the
first portion 2la and the second portion 21b and the low-
temperature flow path 21 may be composed of the channels
14 in a single pattern.

[0114]

In addition, in the first and second embodiments, an
example in which the planar shapes of the channels 14 of
the first portion 2la and the channels 14 of the second
portion 21b are made different from each other such that
the heat transfer performance of the first portion 2la 1is
made relatively low has been described. However, the
present invention is not limited thereto. For example, a
surface treatment such as coating, which lowers the heat
transfer performance, may be performed only on inner
surfaces of the channels 14 of the first portion 2la such
that the heat transfer performance of the first portion

2la is made relatively low.
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Reference Signs List
[0115]
1 core
5 10 first heat transfer plate
10a first side end surface
10b second side end surface
11 high-temperature flow path
1lla connection channel portion
10 11b overlapping region
llc non-overlapping region
13a flow path inlet (flow path inlet of high-
temperature flow path)
13b flow path outlet (flow path outlet of high-
15 temperature flow path)
14, 214 channel
15 connection path
20, 120 second heat transfer plate
20a first side end surface
20 20b second side end surface
21, 121 low-temperature flow path
2la first portion
21b second portion
23a, 123a flow path inlet (flow path inlet of low-

25 temperature flow path)
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23b, 123b2 flow path outlet

low-temperature flow path)

(flow path outlet of

24, 24a, 24b, 224a, 224b channel

100, 200 heat exchanger (diffusion bonding heat

exchanger)

212 partition wall (partition wall having island

shape)
HF high-temperature fluid
LEF low-temperature fluid

PR predetermined range

75



10

15

20

25

CLAIMS

[Claim 1]

A diffusion bonding heat exchanger comprising:

a core that includes a first heat transfer plate and
a second heat transfer plate that are stacked and
diffusion-bonded to each other,

wherein the first heat transfer plate includes a
high-temperature flow path that includes a plurality of
channels having a groove shape provided to be arranged in
a flow path width direction and through which a high-
temperature fluid flows,

the second heat transfer plate includes a low-
temperature flow path through which a low-temperature
fluid flows, the low-temperature fluid being a fluid of
which a temperature is lower than a freezing point of the
high-temperature fluid,

the high-temperature flow path of the first heat
transfer plate includes a connection channel portion
configured such that the high-temperature fluid flows
across the plurality of channels within at least a range
that overlaps a predetermined range 1in a stacking
direction, the predetermined range being a range from a
flow path inlet of the second heat transfer plate to a

position downstream of the flow path inlet,
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the low-temperature flow path of the second heat
transfer plate includes a first portion that is provided
in the predetermined range of the second heat transfer
plate and a second portion that is provided downstream of
the first portion, and

the first portion is configured such that a heat
transfer performance of the first portion is lower than a
heat transfer performance of the second portion, due to a
difference 1in shape pattern of channels or in a surface

treatment between the first portion and the second portion.

[Claim 2]

The diffusion bonding heat exchanger according to
Claim 1,

wherein the connection channel portion is formed
over the approximately entire high-temperature flow path

in the first heat transfer plate.

[Claim 3]

The diffusion bonding heat exchanger according to
Claim 1,

wherein the high-temperature flow path includes the
plurality of channels having a linear shape arranged in
the flow path width direction, and

in the connection channel portion, a plurality of
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connection paths having a groove shape, each of which
extends across the channels adjacent to each other such

that the channels communicate with each other, are formed.

[Claim 4]

The diffusion bonding heat exchanger according to
Claim 3,

wherein the ©plurality of connection ©paths are
arranged in a zigzag such that positions of the connection
paths adjacent to each other in the flow path width
direction are offset from each other in a flowing

direction of the high-temperature fluid.

[Claim 5]

The diffusion bonding heat exchanger according to
Claim 1,

wherein the high-temperature flow path includes the
plurality of channels that branch along a plurality of
partition walls having an island shape, which are disposed
to be scattered in the flow path, and join each other in

the connection channel portion.

[Claim 6]
The diffusion bonding heat exchanger according to

Claim 1,
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wherein the high-temperature flow path includes an
overlapping region that overlaps the low-temperature flow
path of the second heat transfer plate as seen in plan
view and a non-overlapping region that is provided outside
the overlapping region at least on the flow path inlet

side of the low-temperature flow path.

[Claim 7]

The diffusion bonding heat exchanger according to
Claim 1,

wherein the low-temperature flow path includes a
plurality of channels having a groove shape through which
the low-temperature fluid flows, and

a planar shape of the channels of the first portion
is different from a planar shape of the channels of the
second portion such that a heat transfer performance of
the channels of the first portion is lower than a heat

transfer performance of the channels of the second portion.

[Claim 8]

The diffusion bonding heat exchanger according to
Claim 1,

wherein the diffusion bonding heat exchanger 1is a
parallel flow heat exchanger in which the high-temperature

fluid flowing through the high-temperature flow path and
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the low-temperature fluid flowing through the low-

temperature flow path flow in the same direction.

[Claim 9]

The diffusion bonding heat exchanger according to
Claim 1,

wherein each of the first heat transfer plate and
the second heat transfer plate includes a pair of first
side end surfaces and a pair of second side end surfaces
adjacent to the first side end surfaces,

the high-temperature flow path 1is formed to extend
in a direction along the second side end surfaces from a
flow path inlet open at the first side end surface of the
first heat transfer plate, and

the low-temperature flow path 1is formed such that
the low-temperature flow path is bent after extending from
the flow path inlet open at each of the pair of second
side end surfaces of the second heat transfer plate and
extends in the direction along the second side end

surfaces.
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