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(54) WATER HEAT EXCHANGER

(57) When a first layer (10) is viewed in a stacking
direction, each first flow path (11) extends from one end
portion to another end portion of the first layer (10) in a
direction crossing a direction of arrangement of the first
flow paths (11). When a second layer (20) is viewed in
the stacking direction, each second flow path (21) ex-
tends from one end portion to another end portion of the
second layer (20) in a direction crossing a direction of
arrangement of the second flow paths (21). Here, when
the first layer (10) is viewed in the stacking direction, the
first flow paths (11) have a meandering shape, and/or
when the second layer (20) is viewed in the stacking di-
rection, the second flow paths (21) have a meandering
shape.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a water heat
exchanger, and, particularly, to a water heat exchanger
including a first layer and a second layer that are stacked
upon each other, and exchanging heat between a first
fluid and a second fluid. The first layer has first flow paths
formed in a plurality of rows and through which water as
the first fluid flows. The second layer has second flow
paths formed in a plurality of rows and through which a
refrigerant as the second fluid flows.

BACKGROUND ART

[0002] Hitherto, water heat exchangers that exchange
heat between water as the first fluid and a refrigerant
(such as a chlorofluorocarbon refrigerant, a natural re-
frigerant, and brine) as the second fluid have been used
in, for example, heat-pump cooling and heating devices
and heat-pump hot water supply devices. As described
in Patent Literature 1 (Japanese Unexamined Patent Ap-
plication Publication No. 2010-117102), there exists a
type of such water heat exchangers including first layers
and second layers that are stacked upon each other.
Each first layer has first flow paths formed in a plurality
of rows and through which the first fluid flows. Each sec-
ond layer has second flow paths formed in a plurality of
rows and through which the second fluid flows.

SUMMARY OF THE INVENTION

[0003] The above-described water heat exchanger
known in the art can realize higher performance and can
be made compact as a result of reducing the flow-path
cross-sectional area of each first flow path and the flow-
path cross-sectional area of each second flow path.
[0004] However, when, for example, an increase in
pressure loss and clogging of the flow paths are consid-
ered, there is a limit as to how small the flow-path cross-
sectional area of each first flow path and the flow-path
cross-sectional area of each second flow path can be
made. Therefore, in order for the water heat exchanger
to realize even higher performance and to be made more
compact, it is necessary to, for example, appropriately
form the shapes of the flow paths.
[0005] An object of the present invention is to provide
a water heat exchanger that can realize even higher per-
formance and can be made more compact by, for exam-
ple, appropriately forming the shapes of the flow paths.
The water heat exchanger includes a first layer and a
second layer that are stacked upon each other, and ex-
changes heat between a first fluid and a second fluid.
The first layer has first flow paths formed in a plurality of
rows and through which water as the first fluid flows. The
second layer has second flow paths formed in a plurality
of rows and through which a refrigerant as the second

fluid flows.
[0006] A water heat exchanger according to a first as-
pect includes a first layer and a second layer that are
stacked upon each other, and exchanges heat between
a first fluid and a second fluid, the first layer having first
flow paths formed in a plurality of rows and through which
water as the first fluid flows, the second layer having sec-
ond flow paths formed in a plurality of rows and through
which a refrigerant as the second fluid flows. When the
first layer is viewed in a stacking direction of the first layer
and the second layer, each first flow path extends from
one end portion to another end portion of the first layer
in a direction crossing a direction of arrangement of the
first flow paths. When the second layer is viewed in the
stacking direction, each second flow path extends from
one end portion to another end portion of the second
layer in a direction crossing a direction of arrangement
of the second flow paths. Here, when the first layer is
viewed in the stacking direction, the first flow paths have
a meandering shape, and/or when the second layer is
viewed in the stacking direction, the second flow paths
have a meandering shape.
[0007] Here, as described above, since the first flow
paths and the second flow paths have a meandering
shape when the first layer and the second layer are
viewed in the stacking direction, compared to when the
first flow paths and the second flow paths have a straight
shape, the flow path length per unit volume of the water
heat exchanger can be increased. Moreover, since a heat
transfer accelerating effect can be realized due to such
meandering shapes of the first flow paths and the second
flow paths, compared to when the first flow paths and the
second flow paths each have a straight shape, the ther-
mal conductivity of the first flow paths and the thermal
conductivity of the second flow paths can be increased.
In this way, here, the water heat exchanger can realize
higher performance and can be made compact.
[0008] A water heat exchanger according to a second
aspect is the water heat exchanger according to the first
aspect, in which when the first fluid is to be heated by
the second fluid, the first flow paths are formed such that
a flow-path cross-sectional area of a first-fluid outlet vi-
cinity positioned in a vicinity of an outlet for the first fluid
is larger than a flow-path cross-sectional area of an up-
stream-side portion disposed upstream of the first-fluid
outlet vicinity.
[0009] Here, as described above, since the flow-path
cross-sectional area of the first-fluid outlet vicinity of the
first flow paths is larger than the flow-path cross-sectional
area of the upstream-side portion, disposed upstream of
the first-fluid outlet vicinity, of the first flow paths, it is
possible to make it less likely for scale deposited when
the first fluid is heated to clog the first-fluid outlet vicinity,
while a reduction in thermal conductivity caused by a
reduction in the flow velocity of the first fluid in the first
flow paths is limited to only the first-fluid outlet vicinity.
In this way, here, clogging of the first flow paths of the
water heat exchanger can be suppressed, while a reduc-
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tion in thermal conductivity is minimized.
[0010] A water heat exchanger according to a third as-
pect is the water heat exchanger according to the first
aspect or the second aspect, in which when the first fluid
is to be cooled by the second fluid, the second flow paths
are formed such that a flow-path cross-sectional area of
a second-fluid outlet vicinity positioned in a vicinity of an
outlet for the second fluid is larger than a flow-path cross-
sectional area of an upstream-side portion disposed up-
stream of the second-fluid outlet vicinity.
[0011] Here, as described above, since the flow-path
cross-sectional area of the second-fluid outlet vicinity of
the second flow paths is larger than the flow-path cross-
sectional area of the upstream-side portion, disposed up-
stream of the second-fluid outlet vicinity, of the second
flow paths, the second fluid containing a large amount of
gas component that increases due to evaporation can
smoothly flow in the second-fluid outlet vicinity, while a
reduction in thermal conductivity caused by a reduction
in the flow velocity of the second fluid in the second flow
paths is limited to only the second-fluid outlet vicinity. In
this way, here, an increase in pressure loss in the second
flow paths of the water heat exchanger can be sup-
pressed, while a reduction in thermal conductivity is min-
imized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is an external view of a water heat exchanger
according to an embodiment of the present inven-
tion.
Fig. 2 shows first flow paths of the water heat ex-
changer according to the embodiment of the present
invention.
Fig. 3 shows second flow paths of the water heat
exchanger according to the embodiment of the
present invention.
Fig. 4 is a perspective view of a state in which the
first flow paths and the second flow paths of the water
heat exchanger according to the embodiment of the
present invention are stacked upon each other.
Fig. 5 shows first flow paths of a water heat exchang-
er according to Modification 1 of the present inven-
tion (and corresponds to Fig. 2).
Fig. 6 shows second flow paths of the water heat
exchanger according to Modification 1 of the present
invention (and corresponds to Fig. 3).
Fig. 7 shows first flow paths of a water heat exchang-
er according to Modification 2 of the present inven-
tion (and corresponds to Fig. 2).
Fig. 8 shows second flow paths of the water heat
exchanger according to Modification 2 of the present
invention (and corresponds to Fig. 3).
Fig. 9 is an external view of a water heat exchanger
according to Modification 3 of the present invention.
Fig. 10 shows second flow paths of the water heat

exchanger according to Modification 3 of the present
invention (and corresponds to Fig. 3).
Fig. 11 shows second flow paths of a water heat
exchanger according to Modification 4 of the present
invention (and corresponds to Fig. 3).
Fig. 12 shows the second flow paths of the water
heat exchanger according to Modification 4 of the
present invention (and corresponds to Fig. 3).
Fig. 13 shows first flow paths of a water heat ex-
changer according to Modification 5 of the present
invention (and corresponds to Fig. 2).
Fig. 14 shows the first flow paths of the water heat
exchanger according to Modification 5 of the present
invention (and corresponds to Fig. 2).
Fig. 15 shows second flow paths of a water heat
exchanger according to Modification 6 of the present
invention (and corresponds to Fig. 3).
Fig. 16 shows the second flow paths of the water
heat exchanger according to Modification 6 of the
present invention (and corresponds to Fig. 3).
Fig. 17 shows the second flow paths of the water
heat exchanger according to Modification 6 of the
present invention (and corresponds to Fig. 3).
Fig. 18 shows the second flow paths of the water
heat exchanger according to Modification 6 of the
present invention (and corresponds to Fig. 3).

DESCRIPTION OF EMBODIMENTS

[0013] An embodiment and modifications thereof of a
water heat exchanger according to the present invention
are described below on the basis of the drawings. Spe-
cific configurations of the water heat exchanger accord-
ing to the present invention are not limited to those of the
embodiment and the modifications thereof below and are
changeable within a scope that does not depart from the
spirit of the invention.

(1) Configurations and Characteristics

[0014] Figs. 1 to 4 each show a water heat exchanger
1 according to the embodiment of the present invention.
[0015] The water heat exchanger 1 is a heat exchanger
that exchanges heat between water as a first fluid and a
refrigerant as a second fluid in, for example, an air-con-
ditioning and heating device and a heat-pump hot water
supply device. In the description below, with reference
to a near-side surface in a sheet plane of the water heat
exchanger 1 shown in Figs. 1 to 3, expressions indicating
directions, such as "up", "down", "left", "right", "vertical",
and "horizontal" are used. However, these expressions
are used for convenience of description, and do not in-
dicate the actual arrangement of the water heat exchang-
er 1 and structural portions thereof.
[0016] The water heat exchanger 1 primarily includes
a casing 2 in which a heat exchanging unit 3 that ex-
changes heat between the first fluid and the second fluid
is provided, a first pipe 4a and a first pipe 4b that are

3 4 



EP 3 569 962 A1

4

5

10

15

20

25

30

35

40

45

50

55

each an inlet and an outlet for the first fluid, and a second
pipe 5a and a second pipe 5b that are each an inlet and
an outlet for the second fluid.
[0017] The heat exchanging unit 3 includes first layers
10 and second layers 20 that are stacked upon each
other. Each first layer 10 has first flow paths 11 formed
in a plurality of rows and through which the first fluid flows.
Each second layer 20 has second flow paths 21 formed
in a plurality of rows and through which the second fluid
flows. Here, the direction in which the first layers 10 and
the second layers 20 are stacked upon each other (here,
a direction from the near side in the sheet plane to a far
side in the sheet plane of Figs. 1 to 3) is defined as a
stacking direction. The direction in which the plurality of
first flow paths 11 are arranged side by side (here, a left-
right direction in the sheet plane of Fig. 2) is defined as
a direction of arrangement of the first flow paths 11, and
the direction in which the plurality of second flow paths
21 are arranged side by side (here, an up-down direction
in the sheet plane of Fig. 3) is defined as a direction of
arrangement of the second flow paths 21. When the first
layers 10 are viewed in the stacking direction of the first
layers 10 and the second layers 20, each first flow path
11 extends from one end portion of the first layer 10 (an
upper end portion of the first layer 10 in Fig. 2) to another
end portion of the first layer 10 (a lower end portion of
the first layer 10 in Fig. 2) in a direction crossing the di-
rection of arrangement of the first flow paths 11 (here,
the up-down direction or a vertical direction in the sheet
plane of Fig. 2). When the second layers 20 are viewed
in the stacking direction of the first layers 10 and the
second layers 20, each second flow path 21 extends from
one end portion of the second layer 20 (a left end portion
of the second layer 20 in Fig. 3) to another end portion
of the second layer 20 (a right end portion of the second
layer 20 in Fig. 3) in a direction crossing the direction of
arrangement of the second flow paths 21 (here, the left-
right direction or a horizontal direction in the sheet plane
of Fig. 3). In this way, here, the first flow paths 11 and
the second flow paths 21 are arranged so as to allow
cross-flows.
[0018] Here, when the first layers 10 are viewed in the
stacking direction, the first flow paths 11 have a mean-
dering shape. Specifically, each first flow path 11 extends
in the direction crossing the direction of arrangement of
the first flow paths 11 (here, the vertical direction) while
each first flow path 11 linearly (that is, angularly) mean-
ders in the direction of arrangement of the first flow paths
11 (here, the left-right direction in the sheet plane of Fig.
2). It is desirable that each first flow path 11 meander
three or more times from the one end portion to the other
end portion of the first layer 10. When the second layers
20 are viewed in the stacking direction, the second flow
paths 21 have a meandering shape. Specifically, each
second flow path 21 extends in the direction crossing the
direction of arrangement of the second flow paths 21
(here, the horizontal direction) while each second flow
path 21 linearly (that is, angularly) meanders in the di-

rection of arrangement of the second flow paths 21 (here,
the up-down direction in the sheet plane of Fig. 3). It is
desirable that each second flow path 21 meander three
or more times from the one end portion to the other end
portion of the second layer 20.
[0019] Here, the heat exchanging unit 3 including the
first layers 10 and the second layers 20 that are stacked
upon each other includes first plates 12 and second
plates 22 that are alternately stacked upon each other.
Grooves that form the first flow paths are formed in one
surface of each first plate 12. Grooves that form the sec-
ond flow paths 21 are formed in one surface of each
second plate 22. Each first plate 12 and each second
plate 22 are made of a metallic material. The grooves
that form the first flow paths 11 and the grooves that form
the second flow paths 21 are formed by, for example,
machining or etching the first plates 12 and the second
plates 22, respectively. After stacking predetermined
numbers of the first plates 12 and the second plates 22,
each being grooved thus, for example, the first plates 12
and the second plates 22 are joined to each other by a
joining process, such as diffusion joining, to form the heat
exchanging unit 3 including the first layers 10 and the
second layers 20 that are stacked upon each other. Here,
although the grooves that form the flow paths 11 are
formed in one surface of each first plate 12 and the
grooves that form the flow paths 21 are formed in one
surface of each second plate 22, the configurations are
not limited thereto. Each first plate 12 may have grooves
that form the flow paths 11, 21 in both surfaces thereof,
and/or each second plate 22 may have grooves that form
the flow paths 11, 21 in both surfaces thereof.
[0020] Here, the first pipe 4a is disposed at an upper
portion of the casing 2, and the first pipe 4b is disposed
at a lower portion of the casing 2. The casing 2 includes
a first header 6 disposed at the upper portion of the casing
2 and having a space that allows upper end portions of
the first flow paths 11 to merge, and a first header 7 dis-
posed at the lower portion of the casing 2 and having a
space that allows lower end portions of the first flow paths
11 to merge. The first pipe 4a communicates with the
upper end portions of the first flow paths 11 via the first
header 6, and the first pipe 4b communicates with the
lower end portions of the first flow paths 11 via the first
header 7. Here, the second pipe 5a is disposed on a left
portion of the casing 2, and the second pipe 5b is dis-
posed on a right portion of the casing 2. The casing 2
includes a second header 8 disposed at the left portion
of the casing 2 and having a space that allows left end
portions of the second flow paths 21 to merge, and a
second header 9 disposed at the right portion of the cas-
ing 2 and having a space that allows right end portions
of the second flow paths 21 to merge. The second pipe
5a communicates with the left end portions of the second
flow paths 21 via the second header 8, and the second
pipe 5b communicates with the right end portions of the
second flow paths 21 via the second header 9.
[0021] In the water heat exchanger 1 having such a
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configuration, for example, when the first fluid is to be
heated by the second fluid, the first pipe 4b can be the
inlet for the first fluid, the first pipe 4a can be the outlet
for the first fluid, the second pipe 5b can be the inlet for
the second fluid, and the second pipe 5a can be the outlet
for the second fluid. In this case, the water heat exchang-
er 1 functions as a heat exchanger in which the first fluid
flows through the first flow paths 11 from bottom to top
and is heated and in which the second fluid flows through
the second flow paths 21 from right to left and is cooled.
In the water heat exchanger 1, for example, when the
first fluid is to be cooled by the second fluid, the first pipe
4b can be the inlet for the first fluid, the first pipe 4a can
be the outlet for the first fluid, the second pipe 5a can be
the inlet for the second fluid, and the second pipe 5b can
be the outlet for the second fluid. In this case, the water
heat exchanger 1 functions as a heat exchanger in which
the first fluid flows through the first flow paths 11 from
the bottom to the top and is cooled and in which the sec-
ond fluid flows through the second flow paths 21 from
the left to the right and is heated.
[0022] In such a water heat exchanger 1, as described
above, since the first flow paths 11 and the second flow
paths 21 have a meandering shape when the first layers
10 and the second layers 20 are viewed in the stacking
direction, compared to when the first flow paths 11 and
the second flow paths 21 each have a straight shape,
the flow path length per unit volume of the water heat
exchanger 1 can be increased. Moreover, since a heat
transfer accelerating effect can be realized due to such
meandering shapes of the first flow paths 11 and the
second flow paths 21, compared to when the first flow
paths 11 and the second flow paths 21 each have a
straight shape, the thermal conductivity of the first flow
paths 11 and the thermal conductivity of the second flow
paths 21 can be increased. In this way, here, the water
heat exchanger 1 can realize higher performance and
can be made compact.

(2) Modification 1

[0023] Although, in the water heat exchanger 1 of the
above-described embodiment, as shown in Figs. 2 and
3, the first flow paths 11 and the second flow paths 21
have a linearly (that is, angularly) meandering shape, the
shape is not limited thereto.
[0024] For example, as shown in Figs. 5 and 6, the first
flow paths 11 and the second flow paths 21 may have a
curvedly (that is, a roundedly instead of an angularly)
meandering shape.
[0025] This configuration of the present modification
can also provide operational effects similar to those of
the above-described embodiment.

(3) Modification 2

[0026] Although, in the water heat exchangers 1 of the
above-described embodiment and Modification 1, the

first flow paths 11 and the second flow paths 21 both
have a meandering shape, only the first flow paths 11 or
only the second flow paths 21 may have a meandering
shape.
[0027] For example, the second flow paths 21 may
have a meandering shape such as that shown in Fig. 3
or Fig. 6, and the first flow paths 11 may each have a
straight shape such as that shown in Fig. 7. In contrast,
the first flow paths 11 may have a meandering shape
such as that shown in Fig. 2 or Fig. 5, and the second
flow paths 21 may each have a straight shape such as
that shown in Fig. 8.
[0028] This configuration of the present modification
can also provide operational effects similar to those of
the above-described embodiment and Modification 1.

(4) Modification 3

[0029] Although, in the water heat exchangers 1 of the
above-described embodiment and Modifications 1 and
2, the first flow paths 11 and the second flow paths 21
are arranged so as to allow cross-flows, the structures
are not limited thereto.
[0030] For example, as shown in Figs. 9 and 10, each
second flow path 21 extending from the one end portion
of the second layer 20 (the left end portion of the second
layer 20 in Fig. 3) to the other end portion of the second
layer 20 (the right end portion of the second layer 20 in
Fig. 3) in the horizontal direction may be caused to extend
from one end portion of the second layer 20 (a lower end
portion of the second layer 20 in Fig. 10) to another end
portion of the second layer 20 (an upper end portion of
the second layer 20 in Fig. 10) in the vertical direction,
to arrange the first flow paths 11 and the second flow
paths 21 so as to allow counter-flows (or parallel flows).
In this case, the second pipe 5a and the second header
8 are disposed at the lower portion of the casing 2, and
the second pipe 5b and the second header 9 are disposed
at the upper portion of the casing 2. This configuration
functions as a heat exchanger in which, when the first
fluid is to be heated by the second fluid, the first fluid
flows through the first flow paths 11 from the bottom to
the top and is heated, and the second fluid flows through
the second flow paths 21 from the top to the bottom and
is cooled. This configuration also functions as a heat ex-
changer in which, when the first fluid is to be cooled by
the second fluid, the first fluid flows through the first flow
paths 11 from the bottom to the top and is cooled, and
the second fluid flows through the second flow paths 21
from the bottom to the top and is heated.
[0031] This configuration of the present modification
can also provide operational effects similar to those of
the above-described embodiment and Modifications 1
and 2.

(5) Modification 4

[0032] Although, in the water heat exchangers 1 of the
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above-described embodiment and Modifications 1 and
2, the first flow paths 11 and the second flow paths 21
are arranged so as to allow cross-flows, the structures
are not limited thereto.
[0033] For example, the second flow paths 21 may be
divided into a plurality of flow path groups and these flow
path groups may be connected in series, to arrange the
first flow paths 11 and the second flow paths 21 so as to
allow orthogonal counter-flows (or orthogonal parallel
flows). Specifically, in the configuration shown in Fig. 11,
the second flow paths 21 are divided into three flow path
groups 21A, 21B, and 21C in the direction of arrangement
of the second flow paths 21 (here, in the up-down direc-
tion in the sheet plane of Fig. 11). For example, a parti-
tioning member in the second header 9 partitions the
space in the second header 9 into a space 9a that com-
municates with the second pipe 5b and the right end por-
tions of the second flow paths 21 of the flow path group
21A and into a space 9b that communicates with the right
end portions of the second flow paths 21 of the flow path
groups 21B and 21C. For example, a partitioning member
in the second header 8 partitions the space in the second
header 8 into a space 8a that communicates with the
second pipe 5a and the left end portions of the second
flow paths 21 of the flow path group 21C and into a space
8b that communicates with the left end portions of the
second flow paths 21 of the flow path groups 21A and
21B. Therefore, the flow path groups 21A, 21B, and 21C
of the second flow paths 21 are connected in series by
the second headers 8 and 9 and are arranged such that
the first flow paths 11 and the second flow paths 21 allow
orthogonal counter-flows (or orthogonal parallel flows).
This configuration functions as a heat exchanger in
which, when the first fluid is to be heated by the second
fluid, the first fluid flows through the first flow paths 11
from the bottom to the top and is heated, and the second
fluid flows through the second flow paths 21 from the flow
path groups 21A to 21B and to 21C in that order from the
top to the bottom while the second fluid makes turns left-
wards and rightwards, and is cooled. This configuration
functions as a heat exchanger in which, when the first
fluid is to be cooled by the second fluid, the first fluid flows
through the first flow paths 11 from the bottom to the top
and is cooled, and the second fluid flows through the
second flow paths 21 from the flow path groups 21C to
21B and to 21A in that order from the bottom to the top
while the second fluid makes turns leftwards and right-
wards, and is heated.
[0034] Although, in the configuration shown in Fig. 11,
the space in the second header 8 is partitioned into the
spaces 8a and 8b such that the flow path groups 21A,
21B, and 21C are connected in series and the space in
the second header 9 is partitioned into the spaces 9a and
9b such that the flow path groups 21A, 21B, and 21C are
connected in series, the structure is not limited thereto.
For example, as shown in Fig. 12, a connecting flow path
29a having the same function as the space 8b may be
disposed on the left end portions of the second flow paths

21, and a connecting flow path 29b having the same func-
tion as the space 9b may be disposed on the right end
portions of the second flow paths 21. That is, the con-
necting flow path 29a that causes the left end portions
of the second flow paths 21 of the flow path groups 21A
and 21B to communicate with each other and the con-
necting flow path 29b that causes the right end portions
of the second flow paths 21 of the flow path groups 21B
and 21C to communicate with each other are formed in
the second layer 20. Here, grooves that form the con-
necting flow paths 29a and 29b can be formed in the
second plate 22. In this case, the second header 8 can
have only a space corresponding to the space 8a in Fig.
11, and the second header 9 can have only a space cor-
responding to the space 9a in Fig. 11.
[0035] This configuration of the present modification
can also provide operational effects similar to those of
the above-described embodiment and Modifications 1
and 2.

(6) Modification 5

[0036] In the water heat exchangers 1 of the above-
described embodiment and Modifications 1 to 4, when
water as the first fluid is to be heated by the second fluid,
the first flow paths 11 may become clogged by scale de-
posited in the first flow paths 11.
[0037] Therefore, here, in order to suppress such clog-
ging of portions of the first flow paths 11 in the vicinity of
the outlet caused by the deposited scale, for example,
as shown in Fig. 13, each first flow path 11 is formed
such that a flow-path cross-sectional area S11a of a first-
fluid outlet vicinity 11a positioned in the vicinity of the
outlet for the first fluid is larger than a flow-path cross-
sectional area S11b of an upstream-side portion 11b dis-
posed upstream of the first-fluid outlet vicinity 11a. Here,
by making a flow-path width W11a of the first-fluid outlet
vicinity 11a of each first flow path 11 larger than a flow-
path width W11b of each upstream-side portion 11b dis-
posed upstream of the first-fluid outlet vicinity 11a, each
flow-path cross-sectional area S11a is made larger than
its corresponding flow-path cross-sectional area S11b.
The first-fluid outlet vicinity 11a refers to a portion that is
disposed closer to the outlet and that has a flow-path
length which is 20% to 50% of the flow-path length from
an inlet side of the first flow path 11 (here, an end portion
on a side of the first pipe 4b) to an outlet side of the first
flow path 11 (here, an end portion on a side of the first
pipe 4a).
[0038] Unlike the configuration of each first flow path
11 shown in Fig. 13, the first flow paths 11 may be merged
such that the number of flow paths at the first-fluid outlet
vicinities 11a is less than the number of flow paths at the
upstream-side portions disposed upstream of the first-
fluid outlet vicinities 11a. For example, as shown in Fig.
14, by merging at the first-fluid outlet vicinities 11a two
first flow paths 11 adjacent to each other in the direction
of arrangement of the first flow paths 11 and forming the
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two first flow paths 11 into one first flow path 11, the flow-
path width W11a of the first-fluid outlet vicinity 11a after
the first flow paths 11 have been merged may be made
larger than the total of the flow-path widths W11b of the
upstream-side portions 11b disposed upstream of the
first-fluid outlet vicinities 11a before the first flow paths
11 have been merged. Therefore, the flow-path cross-
sectional area S11a of the first-fluid outlet vicinity 11a
after the first flow paths 11 have been merged can be
made larger than the total of the flow-path cross-sectional
areas S11b of the upstream-side portions 11b disposed
upstream of the first-fluid outlet vicinities 11a before the
first flow paths 11 have been merged.
[0039] In such a water heat exchanger 1, as described
above, since the flow-path cross-sectional area S11a of
the first-fluid outlet vicinity 11a of each first flow path 11
is larger than the flow-path cross-sectional area of each
upstream-side portion 11b disposed upstream of the first-
fluid outlet vicinity 11a, it is possible to make it less likely
for scale deposited when the first fluid is heated to clog
the first-fluid outlet vicinities 11a, while a reduction in ther-
mal conductivity caused by a reduction in the flow velocity
of the first fluid in the first flow paths 11 is limited to only
the first-fluid outlet vicinities 11a. In this way, here, not
only can operational effects similar to those of the above-
described embodiment and Modifications 1 to 4 be pro-
vided, but also clogging of the first flow paths 11 of the
water heat exchanger 1 can be suppressed, while a re-
duction in thermal conductivity is minimized.

(7) Modification 6

[0040] In the water heat exchangers 1 of the above-
described embodiment and Modifications 1 to 5, when
the first fluid is to be cooled by a refrigerant as the second
fluid, the amount of gas component that flows through
the second flow paths 21 is increased due to evaporation
of the second fluid, as a result of which pressure loss in
the second flow paths 21 may increase.
[0041] Therefore, here, in order to suppress such an
increase in pressure loss in the second flow paths 21
caused by evaporation of the second fluid, for example,
as shown in Fig. 15, each second flow path 21 is formed
such that a flow-path cross-sectional area S21a of a sec-
ond-fluid outlet vicinity 21a positioned in the vicinity of
the outlet for the second fluid is larger than a flow-path
cross-sectional area S21b of an upstream-side portion
21b disposed upstream of the second-fluid outlet vicinity
21a. Here, by making a flow-path width W21a of the sec-
ond-fluid outlet vicinity 21a of each second flow path 21
larger than a flow-path width W21b of each upstream-
side portion 21b disposed upstream of the second-fluid
outlet vicinity 21a, each flow-path cross-sectional area
S21a is made larger than its corresponding flow-path
cross-sectional area S21b. The second-fluid outlet vicin-
ity 21a refers to a portion that is disposed closer to the
outlet and that has a flow-path length which is 20% to
50% of the flow-path length from an inlet side of the sec-

ond flow path 21 (here, an end portion on a side of the
second pipe 5a) to an outlet side of the second flow path
21 (here, an end portion on a side of the second pipe
5b). The first flow paths 11 and the second flow paths 21
may be arranged so as to allow orthogonal counter-flows
(or orthogonal parallel flows).
[0042] Even the configuration, such as that of Modifi-
cation 4 above, in which the second flow paths 21 are
divided into the plurality of flow path groups 21A, 21B,
and 21C and in which these flow path groups 21A, 21B,
and 21C are connected in series may use the configura-
tion in which the flow-path widths W21a of the second-
fluid outlet vicinities 21a of the second flow paths 21 are
made large similarly to the configuration shown in Fig.
15. In this case, for example, as shown in Fig. 16, the
flow path group 21A positioned in the vicinity of the outlet
for the second fluid may be defined as second-fluid outlet
vicinities 21a, the flow path groups 21B and 21C may be
defined as upstream-side portions 21b disposed up-
stream of the second-fluid outlet vicinities 21a, and the
flow-path width W21a of each second flow path 21 of the
flow path group 21A may be made larger than the flow-
path width W21b of each second flow path 21 of the flow
path groups 21B and 21C.
[0043] Unlike the configuration of each second flow
path 21 shown in Fig. 15, the second flow paths 21 may
be merged such that the number of flow paths at the
second-fluid outlet vicinities 21a is less than the number
of flow paths at the upstream-side portions disposed up-
stream of the second-fluid outlet vicinities 21a. For ex-
ample, as shown in Fig. 17, by merging at the second-
fluid outlet vicinities 21a two second flow paths 21 adja-
cent to each other in the direction of arrangement of the
second flow paths 21 and forming the two second flow
paths 21 into one second flow path 21, the flow-path width
W21a of the second-fluid outlet vicinity 21a after the sec-
ond flow paths 21 have been merged may be made larger
than the total of the flow-path widths W21b of the up-
stream-side portions 21b disposed upstream of the sec-
ond-fluid outlet vicinities 21a before the second flow
paths 21 have been merged. Therefore, the flow-path
cross-sectional area S21a of the second-fluid outlet vi-
cinity 21a after the second flow paths 21 have been
merged can be made larger than the total of the flow-
path cross-sectional areas S21b of the upstream-side
portions 21b disposed upstream of the second-fluid outlet
vicinities 21a before the second flow paths 21 have been
merged.
[0044] In contrast to the configuration shown in Fig. 17
in which the flow-path cross-sectional area S21a is made
larger than the total of the flow-path cross-sectional areas
S21b by merging the second flow paths 21 at the second-
fluid outlet vicinities 21a, the total of the flow-path cross-
sectional areas S21a may be made larger than the total
of the flow-path cross-sectional areas S21b by branching
the second flow paths 21 such that the number of flow
paths at the second-fluid outlet vicinities 21a is larger
than the number of flow paths at the upstream-side por-
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tions 21b disposed upstream of the second-fluid outlet
vicinities 21a. For example, in the configuration, such as
that of Modification 4 above, in which the second flow
paths 21 are divided into the plurality of flow path groups
21A, 21B, and 21C and in which these flow path groups
21A, 21B, and 21C are connected in series, as shown in
Fig. 18, the flow path group 21A positioned in the vicinity
of the outlet for the second fluid may be defined as sec-
ond-fluid outlet vicinities 21a, the flow path groups 21B
and 21C may be defined as upstream-side portions 21b
disposed upstream of the second-fluid outlet vicinities
21a, and the number N21a of the second flow paths 21
of the flow path group 21A may be larger than the number
N21b of the flow paths of the flow path groups 21B and
21C. Here, the flow-path widths W21a and W21b (the
flow-path cross-sectional areas S21a and S21b) of the
second flow paths 21 are equal to each other, and the
flow-path cross-sectional area S21a of the flow path
group 21A and the total of the flow-path cross-sectional
areas S21b of the flow path groups 21B and 21C are
changed by changing the number of flow paths.
[0045] As described above, since the flow-path cross-
sectional area S21a of the second-fluid outlet vicinity 21a
of each second flow path 21 is larger than that of the
upstream-side portion 21b disposed upstream of the sec-
ond-fluid outlet vicinity 21a, such a water heat exchanger
1 allows the second fluid containing a large amount of
gas component that increases due to evaporation to
smoothly flow in each second-fluid outlet vicinity 21a,
while a reduction in thermal conductivity caused by a
reduction in the flow velocity of the second fluid in the
second flow paths 21 is limited to only the second-fluid
outlet vicinities 21a. In this way, here, not only can oper-
ational effects similar to those of the above-described
embodiment and Modifications 1 to 5 be provided, but
also an increase in pressure loss in the second flow paths
21 of the water heat exchanger 1 can be suppressed,
while a reduction in thermal conductivity is minimized.
[0046] As with the configuration shown in Fig. 18, the
configuration in which the number N21a of flow paths at
the second-fluid outlet vicinities 21a is larger than the
number of flow paths at the upstream-side portions 21b
disposed upstream of the second-fluid outlet vicinities
21a not only suppresses an increase in pressure loss in
the second flow paths 21 of the water heat exchanger 1,
but also can properly maintain the distribution perform-
ance in the second flow paths 21 for the second fluid by
reducing the number of flow paths at the inlet for the
second fluid. In particular, the configuration shown in Fig.
18 effectively contributes to the distribution performance
in each second flow path 21 for the second fluid because,
not only is the number N21a of flow paths of the flow path
group 21A larger than the number N21b of flow paths of
the flow path groups 21B and 21C disposed upstream of
the flow path group 21A, but also the number of flow
paths from largest to smallest is the number of flow paths
of the flow path group 21A, the number of flow paths of
the flow path group 21B, and the number of flow paths

of the flow path group 21C in this order, that is, the number
of flow paths decreases with decreasing distance from
the inlet for the second fluid.

INDUSTRIAL APPLICABILITY

[0047] The present invention provides a configuration
that includes a first layer and a second layer that are
stacked upon each other, with the first layer having first
flow paths formed in a plurality of rows and through which
water as a first fluid flows and the second layer having
second flow paths formed in a plurality of rows and
through which a refrigerant as a second fluid flows; and
can be widely applied to water heat exchangers that ex-
change heat between the first fluid and the second fluid.

REFERENCE SIGNS LIST

[0048]

1 water heat exchanger
10 first layer
11 first flow path
11a first-fluid outlet vicinity
11b upstream-side portion disposed upstream of first-

fluid outlet vicinity
20 second layer
21 second flow path
21a second-fluid outlet vicinity
21b upstream-side portion disposed upstream of sec-

ond-fluid outlet vicinity
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Patent Literature 1

[0049] Japanese Unexamined Patent Application Pub-
lication No. 2010-117102

Claims

1. A water heat exchanger (1) comprising a first layer
(10) and a second layer (20) that are stacked upon
each other, and exchanging heat between a first fluid
and a second fluid, the first layer having first flow
paths (11) formed in a plurality of rows and through
which water as the first fluid flows, the second layer
having second flow paths (21) formed in a plurality
of rows and through which a refrigerant as the sec-
ond fluid flows, wherein
when the first layer is viewed in a stacking direction
of the first layer and the second layer, each first flow
path extends from one end portion to another end
portion of the first layer in a direction crossing a di-
rection of arrangement of the first flow paths,
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when the second layer is viewed in the stacking di-
rection, each second flow path extends from one end
portion to another end portion of the second layer in
a direction crossing a direction of arrangement of the
second flow paths, and
when the first layer is viewed in the stacking direction,
the first flow paths have a meandering shape, and/or
when the second layer is viewed in the stacking di-
rection, the second flow paths have a meandering
shape.

2. The water heat exchanger according to claim 1,
wherein
when the first fluid is to be heated by the second
fluid, the first flow paths are formed such that a flow-
path cross-sectional area of a first-fluid outlet vicinity
(11a) positioned in a vicinity of an outlet for the first
fluid is larger than a flow-path cross-sectional area
of an upstream-side portion (11b) disposed up-
stream of the first-fluid outlet vicinity.

3. The water heat exchanger according to claim 1 or
claim 2, wherein
when the first fluid is to be cooled by the second fluid,
the second flow paths are formed such that a flow-
path cross-sectional area of a second-fluid outlet vi-
cinity (21a) positioned in a vicinity of an outlet for the
second fluid is larger than a flow-path cross-sectional
area of an upstream-side portion (21b) disposed up-
stream of the second-fluid outlet vicinity.
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