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(54) HEAT EXCHANGER AND REFRIGERATION DEVICE

(57) A second fluid that undergoes a phase change
flows through a second fluid layer (30). A second fluid
passage (31) is divided into at least a first channel section
(R1) and a second channel section (R2) different from
the first channel section (R1) by a structure that makes
the second fluid turn around at least one time. The first
channel section (R1) is near a condensation outlet or an
evaporation inlet. A channel cross-sectional area of the
first channel section (R1) is smaller than a channel
cross-sectional area of the second channel section (R2).
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a heat ex-
changer and a refrigeration apparatus.

BACKGROUND ART

[0002] Patent Document 1 discloses a plate heat ex-
changer in which the efficiency of the heat exchange is
improved by making a channel for refrigerant as a heated
fluid longer by a structure that makes the refrigerant turn
around several times, thereby ensuring the heat transfer
area.

CITATION LIST

PATENT DOCUMENT

[0003] Patent Document 1: Japanese Unexamined
Patent Publication No. 2002-267289

SUMMARY

TECHNICAL PROBLEM

[0004] When the plate heat exchanger of Patent Doc-
ument 1 is used as a condenser, the refrigerant as a
heated fluid condenses as it is closer to the downstream
side, and hence the refrigerant has a lower degree of
dryness. This means that the density changes from a gas
refrigerant to a liquid refrigerant, causing a reduction in
the flow velocity of the heated fluid on the downstream
side. As a result, the heat transfer coefficient decreases.
[0005] It is an object of the present disclosure to reduce
a decrease in the heat transfer coefficient due to a de-
crease in the flow velocity of a fluid at an end portion of
a fluid passage in a flow direction.

SOLUTION TO THE PROBLEMS

[0006] A first aspect of the present disclosure is direct-
ed to a heat exchanger. The heat exchanger includes: a
first fluid layer (20) having a first fluid passage (21)
through which a first fluid flows; and a second fluid layer
(30) having a second fluid passage (31) through which
a second fluid that undergoes a phase change flows, the
first fluid layer (20) and the second fluid layer (30) being
alternately stacked, the heat exchanger exchanging heat
between the first fluid and the second fluid, the second
fluid passage (31) being divided into a plurality of channel
sections from a first channel section (R1) to an N-th chan-
nel section (RN) by a structure that makes the second
fluid turn around (N - 1) times, where N is a natural
number greater than or equal to two, the first channel
section (R1) being near a condensation outlet or an evap-
oration inlet, the N-th channel section (RN) being near a

condensation inlet or an evaporation outlet, a channel
cross-sectional area of the first channel section (R1) be-
ing smaller than a channel cross-sectional area of the N-
th channel section (RN).
[0007] According to the first aspect, the channel cross-
sectional area of the first channel section (R1) is small,
thereby making it possible to increase the flow velocity
of the second fluid flowing through the first channel sec-
tion (R1) and reduce a decrease in the heat transfer co-
efficient in the first channel section (R1).
[0008] A second aspect of the present disclosure is an
embodiment of the heat exchanger of the first aspect. In
the second aspect, the channel cross-sectional area of
the first channel section (R1) is 25% or less of the channel
cross-sectional area of the N-th channel section (RN).
[0009] According to the second aspect, the channel
cross-sectional area of the first channel section (R1) is
appropriately set, thereby making it possible to increase
the flow velocity of the second fluid flowing through the
first channel section (R1) and reduce a decrease in the
heat transfer coefficient in the first channel section (R1).
[0010] A third aspect of the present disclosure is an
embodiment of the heat exchanger of the first or second
aspect. In the third aspect, the first channel section (R1)
has a plurality of first unit passages (r1) having a sub-
stantially constant channel cross-sectional area and ex-
tending along a direction of flow of the second fluid, the
N-th channel section (RN) has a plurality of N-th unit pas-
sages (rN) having a substantially constant channel cross-
sectional area and extending along the direction of flow
of the second fluid, a channel cross-sectional area of
each of the first unit passages (r1) is substantially equal
to a channel cross-sectional area of each of the N-th unit
passages (rN), and the number of the first unit passages
(r1) is less than the number of the N-th unit passages (rN).
[0011] According to the third aspect, the channel cross-
sectional area of the respective first unit passages (r1)
is substantially equal to that of the respective N-th unit
passages (rN), and the number of the first unit passages
(r1) is smaller than that of the N-th unit passages (rN). It
is thus possible to reduce the channel cross-sectional
area of the first channel section (R1).
[0012] A fourth aspect of the present disclosure is an
embodiment of the heat exchanger of the first or second
aspect. In the fourth aspect, the first channel section (R1)
has a plurality of first unit passages (r1) having a sub-
stantially constant channel cross-sectional area and ex-
tending along a direction of flow of the second fluid, the
N-th channel section (RN) has a plurality of N-th unit pas-
sages (rN) having a substantially constant channel cross-
sectional area and extending along the direction of flow
of the second fluid, the number of the first unit passages
(r1) is substantially equal to the number of the N-th unit
passages (rN), and a channel cross-sectional area of
each of the first unit passages (r1) is smaller than a chan-
nel cross-sectional area of each of the N-th unit passages
(rN).
[0013] According to the fourth aspect, the number of
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the first unit passages (r1) is substantially equal to that
of the N-th unit passages (rN), and the channel cross-
sectional area of the respective first unit passages (r1)
is smaller than the channel cross-sectional area of the
respective N-th unit passages (rN). It is thus possible to
reduce the channel cross-sectional area of the first chan-
nel section (R1).
[0014] A fifth aspect of the present disclosure is an
embodiment of the heat exchanger of the first or second
aspect. In the fifth aspect, the first channel section (R1)
has a plurality of first unit passages (r1) having a sub-
stantially constant channel cross-sectional area and ex-
tending along a direction of flow of the second fluid, the
N-th channel section (RN) has a plurality of N-th unit pas-
sages (rN) having a substantially constant channel cross-
sectional area and extending along the direction of flow
of the second fluid, a channel cross-sectional area of
each of the first unit passages (r1) is smaller than a chan-
nel cross-sectional area of each of the N-th unit passages
(rN), and the number of the first unit passages (r1) is less
than the number of the N-th unit passages (rN).
[0015] According to the fifth aspect, the channel cross-
sectional area of the respective first unit passages (r1)
is smaller than that of the respective N-th unit passages
(rN), and the number of the first unit passages (r1) is
smaller than that of the N-th unit passages (rN). It is thus
possible to reduce the channel cross-sectional area of
the first channel section (R1).
[0016] A sixth aspect of the present disclosure is an
embodiment of the heat exchanger of any one of the first
to fifth aspects. In the sixth aspect, N is a natural number
greater than or equal to three, and a channel cross-sec-
tional area decreases gradually from the N-th channel
section (RN) toward the first channel section (R1).
[0017] According to the sixth aspect, the flow velocity
of the second fluid from the N-th channel section (RN)
toward the first channel section (R1) is increased to im-
prove the heat transfer coefficient, thereby making it pos-
sible to perform heat exchange efficiently.
[0018] A seventh aspect of the present disclosure is
directed to a refrigeration apparatus. The refrigeration
apparatus includes: the heat exchanger (10) of any one
of the first to sixth aspects; and a fluid circuit (1a) to which
the heat exchanger (10) is connected and through which
the second fluid flows.
[0019] According to the seventh aspect, it is possible
to provide a refrigeration apparatus including the heat
exchanger (10).

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is a refrigerant circuit diagram of a refrigeration
cycle device according to a first embodiment.
FIG. 2 is a front sectional view illustrating a config-
uration of a plate heat exchanger.
FIG. 3 is a side sectional view illustrating a configu-

ration of a first fluid layer.
FIG. 4 is a side sectional view illustrating a configu-
ration of a second fluid layer.
FIG. 5 is a cross-sectional view taken along line A-
A in FIG. 4 and viewed in the direction of arrows.
FIG. 6 is a cross-sectional view taken along line B-
B in FIG. 4 and viewed in the direction of arrows.
FIG. 7 is a front sectional view illustrating the channel
cross-sectional area of a first channel section and
the channel cross-sectional area of a second chan-
nel section.
FIG. 8 is a diagram illustrating configurations of a
first fluid layer and a second fluid layer according to
a variation of the first embodiment, and corresponds
to FIG. 5.
FIG. 9 is a diagram illustrating the configurations of
the first fluid layer and the second fluid layer, and
corresponds to FIG. 6.
FIG. 10 is a front sectional view illustrating the chan-
nel cross-sectional area of a first channel section
and the channel cross-sectional area of a second
channel section.
FIG. 11 is a side sectional view illustrating a config-
uration of a second fluid layer according to a second
embodiment.
FIG. 12 is a front sectional view illustrating the chan-
nel cross-sectional area of a first channel section
and the channel cross-sectional area of a second
channel section.
FIG. 13 is a front sectional view illustrating the chan-
nel cross-sectional area of a first channel section
and the channel cross-sectional area of a second
channel section according to a variation of the sec-
ond embodiment.
FIG. 14 is a side sectional view illustrating a config-
uration of a second fluid layer according to a third
embodiment.
FIG. 15 is a front sectional view illustrating the chan-
nel cross-sectional area of a first channel section
and the channel cross-sectional area of a second
channel section.
FIG. 16 is a front sectional view illustrating the chan-
nel cross-sectional area of a first channel section
and the channel cross-sectional area of a second
channel section according to a variation of the third
embodiment.
FIG. 17 is a side sectional view illustrating a config-
uration of a second fluid layer according to a fourth
embodiment.
FIG. 18 is a side sectional view illustrating a config-
uration of a second fluid layer according to a fifth
embodiment.
FIG. 19 is a side sectional view illustrating a config-
uration of a second fluid layer according to a sixth
embodiment.
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DESCRIPTION OF EMBODIMENT

<<First Embodiment>>

[0021] As illustrated in FIG. 1, a refrigeration apparatus
(1) transfers heat between a first fluid and a second fluid
that undergoes a phase change. The first fluid is, for ex-
ample, water. The second fluid is a refrigerant that un-
dergoes a phase change between a gas refrigerant and
a liquid refrigerant. The second fluid is, for example, pro-
pane.
[0022] The refrigeration apparatus (1) includes a fluid
circuit (1a) serving as a fluid circuit filled with the refrig-
erant. The fluid circuit (1a) includes a compressor (2), a
four-way switching valve (3), a decompression mecha-
nism (4), an air heat exchanger (5), and a plate heat
exchanger (10).
[0023] The decompression mechanism (4) is, for ex-
ample, an expansion valve. The air heat exchanger (5)
is, for example, a cross-fin type fin-and-tube heat ex-
changer. The fluid circuit (1a) performs a vapor compres-
sion refrigeration cycle.
[0024] The four-way switching valve (3) switches the
direction of circulation of the refrigerant. When the four-
way switching valve (3) is in the state indicated by the
solid curves in FIG. 1, the air heat exchanger (5) functions
as an evaporator, and the plate heat exchanger (10) func-
tions as a condenser. When the four-way switching valve
(3) is in the state indicated by the dashed curves in FIG.
1, the air heat exchanger (5) functions as a condenser,
and the plate heat exchanger (10) functions as an evap-
orator.
[0025] A situation where the air heat exchanger (5)
functions as an evaporator and the plate heat exchanger
(10) functions as a condenser will be described below.
[0026] The refrigeration apparatus (1) is, for example,
a water heater. A water circuit (6) is connected to the
plate heat exchanger (10). The water circuit (6) has a
tank (7). In the plate heat exchanger (10), heat is trans-
ferred between the refrigerant flowing through the plate
heat exchanger (10) and water flowing through the water
circuit (6). The water that has undergone heat exchange
in the plate heat exchanger (10) is stored in the tank (7).
An inflow pipe (8) and an outflow pipe (9) are connected
to the tank (7). The inflow pipe (8) allows water to flow
into the tank (7). The outflow pipe (9) allows the water
stored in the tank (7) to flow out.

<Plate Heat Exchanger>

[0027] As illustrated in FIGS. 2 to 4, the plate heat ex-
changer (10) includes first fluid layers (20) and second
fluid layers (30). The first fluid layers (20) and the second
fluid layers (30) are alternately stacked in the thickness
direction. The plate heat exchanger (10) transfers heat
between the first fluid and the second fluid.
[0028] The first fluid layers (20) each have a first fluid
passage (21). Water as the first fluid flows through the

first fluid passage (21). In each of the drawings, the flow
of the first fluid is indicated by the black solid arrows. The
first fluid passage (21) extends in the vertical direction in
FIG. 3.
[0029] The second fluid layers (30) each have a sec-
ond fluid passage (31). The refrigerant as the second
fluid that undergoes a phase change flows through the
second fluid passage (31). In each of the drawings, the
flow of the second fluid is indicated by the hollow arrows.
The second fluid passage (31) extends in the lateral di-
rection in FIG. 4.
[0030] The second fluid passage (31) is divided into a
plurality of channel sections from a first channel section
(R1) to an N-th channel section (RN) by a structure that
makes the refrigerant turn around (N - 1) times, where N
is a natural number greater than or equal to two. In the
example illustrated in FIG. 4, N = 4. The second fluid
passage (31) will be described in detail later.
[0031] The plate heat exchanger (10) is provided with
a first inlet header (11), a first outlet header (12), a second
inlet header (13), and a second outlet header (14).
[0032] The first inlet header (11) is configured as a hole
extending in the stacking direction at a lower portion of
the plate heat exchanger (10) in FIG. 3. A first inlet pipe
(15) is connected to the first inlet header (11). The first
inlet pipe (15) allows water as the first fluid to flow into
the plate heat exchanger (10).
[0033] The first outlet header (12) is configured as a
hole extending in the stacking direction at an upper por-
tion of the plate heat exchanger (10) in FIG. 3. A first
outlet pipe (16) is connected to the first outlet header
(12). The first outlet pipe (16) allows water that has
passed through the first inlet header (11), the first fluid
passages (21), and the first outlet header (12) to flow out
of the plate heat exchanger (10).
[0034] The second inlet header (13) is configured as
a hole extending in the stacking direction at an upper left
portion of the plate heat exchanger (10) in FIG. 4. A sec-
ond inlet pipe (17) is connected to the second inlet header
(13). The second inlet pipe (17) allows the refrigerant as
the second fluid to flow into the plate heat exchanger (10).
[0035] The second outlet header (14) is configured as
a hole extending in the stacking direction at a lower left
portion of the plate heat exchanger (10) in FIG. 4. A sec-
ond outlet pipe (18) is connected to the second outlet
header (14). The second outlet pipe (18) allows the re-
frigerant that has passed through the second inlet header
(13), the second fluid passages (31), and the second
outlet header (14) to flow out of the plate heat exchanger
(10).

<First Fluid Layer>

[0036] As illustrated also in FIGS. 5 and 6, the first fluid
layers (20) each include a pair of partition plates (22), a
first frame-shaped member (23), and a first spacer mem-
ber (25).
[0037] The pair of partition plates (22) are spaced apart
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from each other in the thickness direction. The first frame-
shaped member (23) has a rectangular first internal
space (24) extending in the vertical direction in FIG. 3.
The first frame-shaped member (23) is disposed between
the pair of partition plates (22). The first internal space
(24) is sealed by the partition plates (22).
[0038] The first spacer member (25) is disposed in the
first internal space (24). The first spacer member (25) is
configured as a corrugated board. The first spacer mem-
ber (25) is disposed in the first internal space (24) in such
a posture that the crests and troughs of the corrugation
are continuous in the lateral direction in FIG. 5. The tops
of the crests and the bottoms of the troughs of the cor-
rugation of the first spacer member (25) are in contact
with the partition plates (22). Thus, spaces defined by
the first spacer member (25) and the partition plates (22)
form the first fluid passages (21).
[0039] The partition plates (22), the first frame-shaped
member (23), and second frame-shaped member (33)
to be described later have through holes at positions fac-
ing the first inlet header (11), the first outlet header (12),
the second inlet header, and the second outlet header
(14), respectively. The partition plates (22) which form
the outer wall surfaces of the plate heat exchanger (10)
have no through holes. These through holes successive-
ly joined together in the stacking direction form the first
inlet header (11), the first outlet header (12), the second
inlet header, and the second outlet header (14).

<Second Fluid Layer>

[0040] The second fluid layers (30) each include a pair
of partition plates (22), a second frame-shaped member
(33), and a second spacer member (35).
[0041] The pair of partition plates (22) are spaced apart
from each other in the thickness direction. In this embod-
iment, each second fluid layer (30) shares the partition
plates (22) with the first fluid layers (20) adjacent to the
second fluid layer (30).
[0042] The second frame-shaped member (33) has a
rectangular second internal space (34) extending in the
vertical direction in FIG. 4. The second frame-shaped
member (33) is disposed between the pair of partition
plates (22). The second internal space (34) is sealed by
the pair of partition plates (22).
[0043] The second internal space (34) includes a first
turnaround portion (36), a second turnaround portion
(37), and a third turnaround portion (38). The first turna-
round portion (36), the second turnaround portion (37),
and the third turnaround portion (38) are spaced apart
from one another in the vertical direction in FIG. 4.
[0044] The first turnaround portion (36) extends right-
ward from the left inner wall surface of the second internal
space (34) in FIG. 4. A gap is formed between the right
end of the first turnaround portion (36) and the right inner
wall surface of the second internal space (34). A space
between the first turnaround portion (36) and the lower
inner wall surface of the second internal space (34) com-

municates with the second outlet header (14).
[0045] The second turnaround portion (37) is disposed
above the first turnaround portion (36). The second turn-
around portion (37) extends leftward from the right inner
wall surface of the second internal space (34) in FIG. 4.
A gap is formed between the left end of the second turn-
around portion (37) and the left inner wall surface of the
second internal space (34).
[0046] The third turnaround portion (38) is disposed
above the second turnaround portion (37). The third turn-
around portion (38) extends rightward from the left inner
wall surface of the second internal space (34) in FIG. 4.
A gap is formed between the right end of the third turn-
around portion (38) and the right inner wall surface of the
second internal space (34). A space between the third
turnaround portion (38) and the upper inner wall surface
of the second internal space (34) communicates with the
second inlet header (13).
[0047] Thus, the second fluid passage (31) is divided
into the first channel section (R1), the second channel
section (R2), the third channel section (R3), and the
fourth channel section (R4) by the structure that makes
the refrigerant turn around and which is formed by the
first turnaround portion (36), the second turnaround por-
tion (37), and the third turnaround portion (38). The sec-
ond fluid passage (31) with a structure that makes the
refrigerant turn around can increase the heat transfer ar-
ea.
[0048] The first channel section (R1) is a space be-
tween the lower inner wall surface of the second internal
space (34) and the first turnaround portion (36). Thus,
the first channel section (R1) is near a condensation out-
let of the plate heat exchanger (10) functioning as a con-
denser. At this time, the fourth channel section (R4) is
near a condensation inlet of the plate heat exchanger
(10).
[0049] When the plate heat exchanger (10) functions
as an evaporator, the first channel section (R1) is near
an evaporation inlet. At this time, the fourth channel sec-
tion (R4) is near an evaporation outlet of the plate heat
exchanger (10).
[0050] The second channel section (R2) is a space be-
tween the first turnaround portion (36) and the second
turnaround portion (37) in the second internal space (34).
The third channel section (R3) is a space between the
second turnaround portion (37) and the third turnaround
portion (38) in the second internal space (34). The fourth
channel section (R4) is a space between the upper inner
wall surface of the second internal space (34) and the
third turnaround portion (38).
[0051] The second spacer member (35) is disposed in
the second internal space (34). The second spacer mem-
ber (35) is configured as a corrugated board. The second
spacer member (35) is disposed in the second internal
space (34) in such a posture that the crests and troughs
of the corrugation are continuous in the vertical direction
in FIG. 6. The tops of the crests and the bottoms of the
troughs of the corrugation forming the second spacer
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member (35) are in contact with the partition plates (22).
Thus, spaces defined by the second spacer member (35)
and the partition plates (22) form the second fluid pas-
sages (31).
[0052] The second spacer member (35) is disposed in
the first channel section (R1), the second channel section
(R2), the third channel section (R3), and the fourth chan-
nel section (R4). In the second spacer member (35), the
refrigerant flows in the lateral direction in FIG. 4.
[0053] Thus, the refrigerant that has flowed in from the
second inlet pipe (17) and the second inlet header (13)
passes through the second fluid passage (31) in the
fourth channel section (R4), and then passes through the
gap between the third turnaround portion (38) and the
inner wall surface of the second internal space (34) to-
ward the third channel section (R3).
[0054] The refrigerant that has passed through the sec-
ond fluid passage (31) in the third channel section (R3)
passes through the gap between the second turnaround
portion (37) and the inner wall surface of the second in-
ternal space (34) toward the second channel section
(R2).
[0055] The refrigerant that has passed through second
fluid passage (31) in the second channel section (R2)
passes through the gap between the first turnaround por-
tion (36) and the inner wall surface of the second internal
space (34) toward the first channel section (R1).
[0056] The refrigerant that has passed through the sec-
ond fluid passage (31) in the first channel section (R1)
passes through the second outlet header (14) and the
second outlet pipe (18) to flow out of the plate heat ex-
changer (10).

<Channel Cross-Sectional Area of First Channel Sec-
tion>

[0057] When the plate heat exchanger (10) is used as
a condenser, the refrigerant as a heated fluid condenses
as it is closer to the downstream side, and hence the
refrigerant has a lower degree of dryness. This means
that the density changes from a gas refrigerant to a liquid
refrigerant, causing a reduction in the flow velocity of the
heated fluid on the downstream side. As a result, the heat
transfer coefficient decreases.
[0058] To address this problem, in this embodiment, it
is possible to reduce a decrease in the heat transfer co-
efficient due to a decrease in the flow velocity of the re-
frigerant at the condensation outlet of the second fluid
passage (31).
[0059] Specifically, as illustrated in FIG. 7, the first
channel section (R1) has a smaller channel cross-sec-
tional area than a channel cross-sectional area of the
second channel section (R2) different from the first chan-
nel section (R1). For example, it is preferable that the
first channel section (R1) has a channel cross-sectional
area that is 25% or less of the channel cross-sectional
area of the second channel section (R2).
[0060] The first channel section (R1) has a plurality of

first unit passages (r1). Each of the first unit passages
(r1) has a substantially constant channel cross-sectional
area, and extends along the direction of flow of the re-
frigerant. The first unit passages (r1) are formed in a
space surrounded by the corrugated second spacer
member (35) between the tops of adjacent crests and by
the partition plate (22), and a space surrounded by the
corrugated second spacer member (35) between the bot-
toms of adjacent troughs and by the partition plate (22).
[0061] The second channel section (R2) has a plurality
of second unit passages (r2). Each of the second unit
passages (r2) has a substantially constant channel
cross-sectional area, and extends along the direction of
flow of the refrigerant. The second unit passages (r2) are
formed in a space surrounded by the corrugated second
spacer member (35) between the tops of adjacent crests
and by the partition plate (22), and a space surrounded
by the corrugated second spacer member (35) between
the bottoms of adjacent troughs and by the partition plate
(22).
[0062] The channel cross-sectional area of the respec-
tive first unit passages (r1) is substantially equal to the
channel cross-sectional area of the respective second
unit passages (r2). The number of the first unit passages
(r1) is less than the number of the second unit passages
(r2).
[0063] As can be seen, the channel cross-sectional ar-
ea of the first channel section (R1) is smaller than that
of the second channel section (R2), thereby making it
possible to increase the flow velocity of the refrigerant
flowing through the first channel section (R1), and reduce
a decrease in the heat transfer coefficient in the first chan-
nel section (R1).
[0064] In this embodiment, the passage is divided to
include the first channel section (R1), the second channel
section (R2), the third channel section (R3), and the
fourth channel section (R4) by the structure that makes
the refrigerant turn around two or more times. Thus, it is
preferable that the channel cross-sectional area of the
first channel section (R1) is 25% or less of the channel
cross-sectional area of the fluid section having the largest
channel cross-sectional area among the second channel
section (R2), the third channel section (R3), and the
fourth channel section (R4).

- Advantages of First Embodiment -

[0065] According to a feature of this embodiment, the
channel cross-sectional area of the first channel section
(R1) is small, thereby making it possible to increase the
flow velocity of the second fluid flowing through the first
channel section (R1) and reduce a decrease in the heat
transfer coefficient in the first channel section (R1).
[0066] According to a feature of this embodiment, the
channel cross-sectional area of the first channel section
(R1) is appropriately set, thereby making it possible to
increase the flow velocity of the second fluid flowing
through the first channel section (R1) and reduce a de-
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crease in the heat transfer coefficient in the first channel
section (R1).
[0067] According to a feature of this embodiment, the
channel cross-sectional area of the respective first unit
passages (r1) is substantially equal to that of the respec-
tive second unit passages (r2), and the number of the
first unit passages (r1) is smaller than that of the second
unit passages (r2). It is thus possible to reduce the chan-
nel cross-sectional area of the first channel section (R1).
[0068] According to a feature of this embodiment, the
heat exchanger (10), and the fluid circuit (1a) to which
the heat exchanger (10) is connected and through which
the second fluid flows are provided. It is therefore possi-
ble to provide a refrigeration apparatus (1) including the
heat exchanger (10).

<<Variation of First Embodiment>>

[0069] In the following description, the same reference
characters designate the same components as those of
the first embodiment, and the description is focused only
on the difference.
[0070] As illustrated in FIGS. 8 and 9, the first fluid
layers (20) each include a pair of partition plates (22), a
first frame-shaped member (23), and a first spacer mem-
ber (25). The pair of partition plates (22) are spaced apart
from each other in the thickness direction. The first frame-
shaped member (23) is disposed between the pair of
partition plates (22).
[0071] The first spacer member (25) is configured as
a plurality of protrusions integrally formed with one of the
partition plates (22) adjacent to each other. The protru-
sions as the first spacer member (25) are spaced apart
from one another in the lateral direction in FIG. 8. The
distal ends of the protrusions as the first spacer member
(25) are in contact with the other one of the adjacent
partition plates (22). Thus, spaces defined by the first
spacer member (25) and the partition plates (22) form
the first fluid passages (21).
[0072] The second fluid layers (30) each include a pair
of partition plates (22), a second frame-shaped member
(33), and a second spacer member (35).
[0073] The pair of partition plates (22) are spaced apart
from each other in the thickness direction. In this embod-
iment, each second fluid layer (30) shares the partition
plates (22) with the first fluid layers (20) adjacent to the
second fluid layer (30). The second frame-shaped mem-
ber (33) is disposed between the pair of partition plates
(22).
[0074] The second spacer member (35) is configured
as a board with a plurality of grooves. The plurality of
grooves are spaced apart from one another in the vertical
direction in FIG. 9. The second spacer member (35) is
in contact with the partition plates (22). Thus, spaces
defined by the grooves of the second spacer member
(35) and the partition plates (22) form second fluid pas-
sages (31).
[0075] As illustrated in FIG. 10, the first channel section

(R1) has a smaller channel cross-sectional area than a
channel cross-sectional area of the second channel sec-
tion (R2) different from the first channel section (R1). For
example, it is preferable that the first channel section
(R1) has a channel cross-sectional area that is 25% or
less of the channel cross-sectional area of the second
channel section (R2).
[0076] Specifically, the first channel section (R1) has
a plurality of first unit passages (r1). Each of the first unit
passages (r1) has a substantially constant channel
cross-sectional area, and extends along the direction of
flow of the refrigerant. The first unit passage (r1) is a
space surrounded by the groove of the second spacer
member (35) and the partition plate (22).
[0077] The second channel section (R2) has a plurality
of second unit passages (r2). Each of the second unit
passages (r2) has a substantially constant channel
cross-sectional area, and extends along the direction of
flow of the refrigerant. The second unit passage (r2) is a
space surrounded by the groove of the second spacer
member (35) and the partition plate (22).
[0078] Here, the channel cross-sectional area of the
respective first unit passages (r1) is substantially equal
to the channel cross-sectional area of the respective sec-
ond unit passages (r2). The number of the first unit pas-
sages (r1) is less than the number of the second unit
passages (r2).
[0079] As can be seen, the channel cross-sectional ar-
ea of the first channel section (R1) is smaller than that
of the second channel section (R2), thereby making it
possible to increase the flow velocity of the refrigerant
flowing through the first channel section (R1), and reduce
a decrease in the heat transfer coefficient in the first chan-
nel section (R1).

<<Second Embodiment>>

[0080] In the following description, the same reference
characters designate the same components as those of
the first embodiment, and the description is focused only
on the difference.
[0081] As illustrated in FIG. 11 and 12, the first channel
section (R1) has a plurality of first unit passages (r1).
Each of the first unit passages (r1) has a substantially
constant channel cross-sectional area, and extends
along the direction of flow of the refrigerant. The first unit
passages (r1) are formed in a space surrounded by the
corrugated second spacer member (35) between the
tops of adjacent crests and by the partition plate (22),
and a space surrounded by the corrugated second spac-
er member (35) between the bottoms of adjacent troughs
and by the partition plate (22).
[0082] The second channel section (R2) has a plurality
of second unit passages (r2). Each of the second unit
passages (r2) has a substantially constant channel
cross-sectional area, and extends along the direction of
flow of the refrigerant. The second unit passages (r2) are
formed in a space surrounded by the corrugated second
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spacer member (35) between the tops of adjacent crests
and by the partition plate (22), and a space surrounded
by the corrugated second spacer member (35) between
the bottoms of adjacent troughs and by the partition plate
(22).
[0083] Here, the number of the first unit passages (r1)
is substantially equal to that of the second unit passages
(r2). The channel cross-sectional area of the respective
first unit passages (r1) is smaller than the channel cross-
sectional area of the respective second unit passages
(r2).
[0084] Thus, the channel cross-sectional area of the
first channel section (R1) can be smaller than the channel
cross-sectional area of the second channel section (R2)
different from the first channel section (R1). The channel
cross-sectional area of the second channel section (R2)
is smaller than the channel cross-sectional area of the
third channel section (R3). The channel cross-sectional
area of the third channel section (R3) is smaller than the
channel cross-sectional area of the fourth channel sec-
tion (R4). That is, the channel cross-sectional area de-
creases gradually from the fourth channel section (R4)
toward the first channel section (R1). For example, it is
preferable that the first channel section (R1) has a chan-
nel cross-sectional area that is 25% or less of the channel
cross-sectional area of the fourth channel section (R4).
[0085] The third channel section (R3) may have a
channel cross-sectional area that is substantially equal
to that of the second channel section (R2).
[0086] The first channel section (R1) may have a chan-
nel cross-sectional area that is substantially equal to that
of the second channel section (R2). In this configuration,
it is possible to increase the flow velocity of the second
fluid in the first channel section (R1) and the second chan-
nel section (R2). Heat can be exchanged with the first
fluid efficiently, particularly in a case in which the super-
cooled second fluid occupies a large proportion in the
plate heat exchanger (10).
[0087] The channel cross-sectional areas of the first
channel section (R1) and the second channel section
(R2) may be reduced by making the number of the first
unit passages (r1) and the number of the second unit
passages (r2) substantially equal to the number of fourth
unit passages (r4), and making the channel cross-sec-
tional area of the respective first unit passages (r1) and
the channel cross-sectional area of the respective sec-
ond unit passages (r2) smaller than that of the respective
fourth unit passages (r4).
[0088] The channel cross-sectional area of the first
channel section (R1) may be reduced by making the
channel cross-sectional area of the respective first unit
passages (r1) and the channel cross-sectional area of
the respective second unit passages (r2) smaller than
that of the respective fourth unit passages (r4), and mak-
ing the number of the first unit passages (r1) and the
number of the second unit passages (r2) smaller than
the number of the fourth unit passages (r4).

- Advantages of Second Embodiment -

[0089] According to a feature of this embodiment, the
number of the first unit passages (r1) is substantially
equal to that of the second unit passages (r2), and the
channel cross-sectional area of the respective first unit
passages (r1) is smaller than the channel cross-sectional
area of the respective second unit passages (r2). It is
thus possible to reduce the channel cross-sectional area
of the first channel section (R1).
[0090] Further, the flow velocity of the second fluid from
the fourth channel section (R4) toward the first channel
section (R1) is increased to improve the heat transfer
coefficient, thereby making it possible to perform heat
exchange efficiently.
[0091] Further, for example, heat can be transferred
efficiently in a gas-liquid two-phase region by changing
the channel cross-sectional area according to changes
in the degree of dryness of the second fluid that has
flowed into the second internal space (34) in the gas-
liquid two-phase state.

<<Variation of Second Embodiment>>

[0092] In the following description, the same reference
characters designate the same components as those of
a variation of the first embodiment, and the description
is focused only on the difference.
[0093] As illustrated in FIG. 13, the first channel section
(R1) has a plurality of first unit passages (r1). Each of
the first unit passages (r1) has a substantially constant
channel cross-sectional area, and extends along the di-
rection of flow of the refrigerant. The first unit passage
(r1) is a space surrounded by the groove of the second
spacer member (35) and the partition plate (22).
[0094] The second channel section (R2) has a plurality
of second unit passages (r2). Each of the second unit
passages (r2) has a substantially constant channel
cross-sectional area, and extends along the direction of
flow of the refrigerant. The second unit passage (r2) is a
space surrounded by the groove of the second spacer
member (35) and the partition plate (22).
[0095] Here, the number of the first unit passages (r1)
is substantially equal to that of the second unit passages
(r2). The channel cross-sectional area of the respective
first unit passages (r1) is smaller than the channel cross-
sectional area of the respective second unit passages
(r2).
[0096] Thus, the channel cross-sectional area of the
first channel section (R1) can be smaller than the channel
cross-sectional area of the second channel section (R2)
different from the first channel section (R1). For example,
it is preferable that the first channel section (R1) has a
channel cross-sectional area that is 25% or less of the
channel cross-sectional area of the second channel sec-
tion (R2).
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<<Third Embodiment>>

[0097] In the following description, the same reference
characters designate the same components as those of
the first embodiment, and the description is focused only
on the difference.
[0098] As illustrated in FIG. 14 and 15, the first channel
section (R1) has a plurality of first unit passages (r1).
Each of the first unit passages (r1) has a substantially
constant channel cross-sectional area, and extends
along the direction of flow of the refrigerant. The first unit
passages (r1) are formed in a space surrounded by the
corrugated second spacer member (35) between the
tops of adjacent crests and by the partition plate (22),
and a space surrounded by the corrugated second spac-
er member (35) between the bottoms of adjacent troughs
and by the partition plate (22).
[0099] The second channel section (R2) has a plurality
of second unit passages (r2). Each of the second unit
passages (r2) has a substantially constant channel
cross-sectional area, and extends along the direction of
flow of the refrigerant. The second unit passages (r2) are
formed in a space surrounded by the corrugated second
spacer member (35) between the tops of adjacent crests
and by the partition plate (22), and a space surrounded
by the corrugated second spacer member (35) between
the bottoms of adjacent troughs and by the partition plate
(22).
[0100] Here, the channel cross-sectional area of the
respective first unit passages (r1) is smaller than the
channel cross-sectional area of the respective second
unit passages (r2). The number of the first unit passages
(r1) is less than the number of the second unit passages
(r2).
[0101] Thus, the channel cross-sectional area of the
first channel section (R1) can be smaller than the channel
cross-sectional area of the second channel section (R2)
different from the first channel section (R1). For example,
it is preferable that the first channel section (R1) has a
channel cross-sectional area that is 25% or less of the
channel cross-sectional area of the second channel sec-
tion (R2).

- Advantages of Third Embodiment -

[0102] According to a feature of this embodiment, the
channel cross-sectional area of the respective first unit
passages (r1) is smaller than that of the respective sec-
ond unit passages (r2), and the number of the first unit
passages (r1) is smaller than that of the second unit pas-
sages (r2). It is thus possible to reduce the channel cross-
sectional area of the first channel section (R1).

<<Variation of Third Embodiment>>

[0103] In the following description, the same reference
characters designate the same components as those of
a variation of the third embodiment, and the description

is focused only on the difference.
[0104] As illustrated in FIG. 16, the first channel section
(R1) has a plurality of first unit passages (r1). Each of
the first unit passages (r1) has a substantially constant
channel cross-sectional area, and extends along the di-
rection of flow of the refrigerant. The first unit passage
(r1) is a space surrounded by the groove of the second
spacer member (35) and the partition plate (22).
[0105] The second channel section (R2) has a plurality
of second unit passages (r2). Each of the second unit
passages (r2) has a substantially constant channel
cross-sectional area, and extends along the direction of
flow of the refrigerant. The second unit passage (r2) is a
space surrounded by the groove of the second spacer
member (35) and the partition plate (22).
[0106] Here, the channel cross-sectional area of the
respective first unit passages (r1) is smaller than the
channel cross-sectional area of the respective second
unit passages (r2). The number of the first unit passages
(r1) is less than the number of the second unit passages
(r2).
[0107] Thus, the channel cross-sectional area of the
first channel section (R1) can be smaller than the channel
cross-sectional area of the second channel section (R2)
different from the first channel section (R1). For example,
it is preferable that the first channel section (R1) has a
channel cross-sectional area that is 25% or less of the
channel cross-sectional area of the second channel sec-
tion (R2).

<<Fourth Embodiment>>

[0108] As illustrated in FIG. 17, the second fluid pas-
sage (31) is divided into a plurality of channel sections
from a first channel section (R1) to an N-th channel sec-
tion (RN) by a structure that makes the refrigerant turn
around (N - 1) times, where N is a natural number greater
than or equal to two. In the example illustrated in FIG.
17, N = 2.
[0109] The second internal space (34) includes a first
turnaround portion (36). The first turnaround portion (36)
extends rightward from the left inner wall surface of the
second internal space (34) in FIG. 4. A gap is formed
between the right end of the first turnaround portion (36)
and the right inner wall surface of the second internal
space (34).
[0110] A space between the first turnaround portion
(36) and the lower inner wall surface of the second inter-
nal space (34) is the first channel section (R1). The first
channel section (R1) communicates with the second out-
let header (14). A space between the first turnaround
portion (36) and the upper inner wall surface of the sec-
ond internal space (34) is the second channel section
(R2). The second channel section (R2) communicates
with the second inlet header (13).
[0111] Thus, the second fluid passage (31) is divided
into the first channel section (R1) and the second channel
section (R2) by the structure that makes the refrigerant
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turn around one time and which is formed by the first
turnaround portion (36).
[0112] The first channel section (R1) is near a conden-
sation outlet of the plate heat exchanger (10) functioning
as a condenser. At this time, the second channel section
(R2) is near a condensation inlet of the plate heat ex-
changer (10).
[0113] When the plate heat exchanger (10) functions
as an evaporator, the first channel section (R1) is near
an evaporation inlet. At this time, the second channel
section (R2) is near an evaporation outlet of the plate
heat exchanger (10).
[0114] The first channel section (R1) has a plurality of
first unit passages (r1). Each of the first unit passages
(r1) has a substantially constant channel cross-sectional
area, and extends along the direction of flow of the re-
frigerant. The second channel section (R2) has a plurality
of second unit passages (r2). Each of the second unit
passages (r2) has a substantially constant channel
cross-sectional area, and extends along the direction of
flow of the refrigerant.
[0115] Here, as described in the first embodiment (see
FIG. 7), the first unit passages (r1) and the second unit
passages (r2) merely need to be a space surrounded by
the corrugated second spacer member (35) between the
tops of adjacent crests and by the partition plate (22),
and a space surrounded by the corrugated second spac-
er member (35) between the bottoms of adjacent troughs
and by the partition plate (22).
[0116] As described in the variation of the first embod-
iment (see FIG. 10), the first unit passages (r1) and the
second unit passages (r2) may be each a space sur-
rounded by the groove of the second spacer member
(35) and the partition plate (22).
[0117] In the example illustrated in FIG. 17, the channel
cross-sectional area of the respective first unit passages
(r1) is substantially equal to the channel cross-sectional
area of the respective second unit passages (r2). The
number of the first unit passages (r1) is less than the
number of the second unit passages (r2).
[0118] Thus, the channel cross-sectional area of the
first channel section (R1) can be smaller than the channel
cross-sectional area of the second channel section (R2).
For example, it is preferable that the first channel section
(R1) has a channel cross-sectional area that is 25% or
less of the channel cross-sectional area of the second
channel section (R2).
[0119] The channel cross-sectional areas of the first
channel section (R1) may be reduced by making the
number of the first unit passages (r1) substantially equal
to the number of the second unit passages (r2), and mak-
ing the channel cross-sectional area of the respective
first unit passages (r1) smaller than that of the respective
second unit passages (r2).
[0120] The channel cross-sectional areas of the first
channel section (R1) may be reduced by making the
channel cross-sectional area of the respective first unit
passages (r1) smaller than the channel cross-sectional

area of the respective second unit passages (r2), and
making the number of the first unit passages (r1) smaller
than that of the second unit passages (r2).

- Advantages of Fourth Embodiment -

[0121] According to a feature of this embodiment, the
channel cross-sectional area of the first channel section
(R1) is smaller than that of the second channel section
(R2), thereby making it possible to increase the flow ve-
locity of the refrigerant flowing through the first channel
section (R1), and reduce a decrease in the heat transfer
coefficient in the first channel section (R1).

<<Fifth Embodiment>>

[0122] As illustrated in FIG. 18, the second fluid pas-
sage (31) is divided into a plurality of channel sections
from a first channel section (R1) to an N-th channel sec-
tion (RN) by a structure that makes the refrigerant turn
around (N - 1) times, where N is a natural number greater
than or equal to two. In the example illustrated in FIG.
18, N = 4.
[0123] The second internal space (34) includes a first
turnaround portion (36), a second turnaround portion
(37), and a third turnaround portion (38). The first turna-
round portion (36), the second turnaround portion (37),
and the third turnaround portion (38) are spaced apart
from one another in the vertical direction in FIG. 18.
[0124] Thus, the second fluid passage (31) is divided
into the first channel section (R1), the second channel
section (R2), the third channel section (R3), and the
fourth channel section (R4) by the structure that makes
the refrigerant turn around three times and which is
formed by the first turnaround portion (36), the second
turnaround portion (37), and the third turnaround portion
(38).
[0125] The first channel section (R1) is near a conden-
sation outlet of the plate heat exchanger (10) functioning
as a condenser. At this time, the fourth channel section
(R4) is near a condensation inlet of the plate heat ex-
changer (10).
[0126] When the plate heat exchanger (10) functions
as an evaporator, the first channel section (R1) is near
an evaporation inlet. At this time, the fourth channel sec-
tion (R4) is near an evaporation outlet of the plate heat
exchanger (10).
[0127] The first channel section (R1) has a plurality of
first unit passages (r1). Each of the first unit passages
(r1) has a substantially constant channel cross-sectional
area, and extends along the direction of flow of the re-
frigerant. The second channel section (R2) has a plurality
of second unit passages (r2). Each of the second unit
passages (r2) has a substantially constant channel
cross-sectional area, and extends along the direction of
flow of the refrigerant.
[0128] The third channel section (R3) has a plurality of
third unit passages (r3). Each of the third unit passages
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(r3) has a substantially constant channel cross-sectional
area, and extends along the direction of flow of the re-
frigerant. The fourth channel section (R4) has a plurality
of fourth unit passages (r4). Each of the fourth unit pas-
sages (r4) has a substantially constant channel cross-
sectional area, and extends along the direction of flow of
the refrigerant.
[0129] Here, as described in the first embodiment (see
FIG. 7), the first unit passages (r1), the second unit pas-
sages (r2), the third unit passages (r3), and the fourth
unit passages (r4) merely need to be a space surrounded
by the corrugated second spacer member (35) between
the tops of adjacent crests and by the partition plate (22),
and a space surrounded by the corrugated second spac-
er member (35) between the bottoms of adjacent troughs
and by the partition plate (22).
[0130] As described in the variation of the first embod-
iment (see FIG. 10), the first unit passages (r1), the sec-
ond unit passages (r2), the third unit passages (r3), and
the fourth unit passages (r4) may be each a space sur-
rounded by the groove of the second spacer member
(35) and the partition plate (22).
[0131] In the example illustrated in FIG. 18, the channel
cross-sectional area of the respective first unit passages
(r1) is substantially equal to the channel cross-sectional
area of the respective second unit passages (r2), the
third unit passages (r3), and the fourth unit passages
(r4). The number of the first unit passages (r1) is less
than the number of the second unit passages (r2), the
number of the third unit passages (r3), and the number
of the fourth unit passages (r4).
[0132] Thus, the channel cross-sectional area of the
first channel section (R1) can be smaller than the channel
cross-sectional areas of the second channel section
(R2), the third channel section (R3), and the fourth chan-
nel section (R4). In the example illustrated in FIG. 18,
the second channel section (R2), the third channel sec-
tion (R3), and the fourth channel section (R4) have sub-
stantially the same channel cross-sectional area. For ex-
ample, it is preferable that the first channel section (R1)
has a channel cross-sectional area that is 25% or less
of the channel cross-sectional area of the fourth channel
section (R4).
[0133] The channel cross-sectional areas of the first
channel section (R1) may be reduced by making the
number of the first unit passages (r1) substantially equal
to the number of the fourth unit passages (r4), and making
the channel cross-sectional area of the respective first
unit passages (r1) smaller than that of the respective
fourth unit passages (r4).
[0134] The channel cross-sectional area of the first
channel section (R1) may be reduced by making the
channel cross-sectional area of the respective first unit
passages (r1) smaller than that of the respective fourth
unit passages (r4), and making the number of the first
unit passages (r1) smaller than the number of the fourth
unit passages (r4).

- Advantages of Fifth Embodiment -

[0135] According to a feature of this embodiment, the
channel cross-sectional area of the first channel section
(R1) is smaller than that of the fourth channel section
(R4), thereby making it possible to increase the flow ve-
locity of the refrigerant flowing through the first channel
section (R1), and reduce a decrease in the heat transfer
coefficient in the first channel section (R1).

<<Sixth Embodiment>>

[0136] As illustrated in FIG. 19, the second fluid pas-
sage (31) is divided into a plurality of channel sections
from a first channel section (R1) to an N-th channel sec-
tion (RN) by a structure that makes the refrigerant turn
around (N - 1) times, where N is a natural number greater
than or equal to two. In the example illustrated in FIG.
19, N = 6.
[0137] The second internal space (34) includes a first
turnaround portion (36), a second turnaround portion
(37), a third turnaround portion (38), a fourth turnaround
portion (39), and a fifth turnaround portion (40). The first
turnaround portion (36), the second turnaround portion
(37), the third turnaround portion (38), the fourth turna-
round portion (39), and the fifth turnaround portion (40)
are spaced apart from one another in the vertical direction
in FIG. 19.
[0138] Thus, the second fluid passage (31) is divided
into a first channel section (R1), a second channel section
(R2), a third channel section (R3), a fourth channel sec-
tion (R4), a fifth channel section (R5), and a sixth channel
section (R6) by the structure that makes the refrigerant
turn around five times and which is formed by the first
turnaround portion (36), the second turnaround portion
(37), the third turnaround portion (38), the fourth turna-
round portion (39), and the fifth turnaround portion (40).
[0139] The first channel section (R1) is near a conden-
sation outlet of the plate heat exchanger (10) functioning
as a condenser. At this time, the sixth channel section
(R6) is near a condensation inlet of the plate heat ex-
changer (10).
[0140] When the plate heat exchanger (10) functions
as an evaporator, the first channel section (R1) is near
an evaporation inlet. At this time, the sixth channel sec-
tion (R6) is near an evaporation outlet of the plate heat
exchanger (10).
[0141] The first channel section (R1) has a plurality of
first unit passages (r1). Each of the first unit passages
(r1) has a substantially constant channel cross-sectional
area, and extends along the direction of flow of the re-
frigerant. The second channel section (R2) has a plurality
of second unit passages (r2). Each of the second unit
passages (r2) has a substantially constant channel
cross-sectional area, and extends along the direction of
flow of the refrigerant.
[0142] The third channel section (R3) has a plurality of
third unit passages (r3). Each of the third unit passages

19 20 



EP 4 462 065 A1

12

5

10

15

20

25

30

35

40

45

50

55

(r3) has a substantially constant channel cross-sectional
area, and extends along the direction of flow of the re-
frigerant. The fourth channel section (R4) has a plurality
of fourth unit passages (r4). Each of the fourth unit pas-
sages (r4) has a substantially constant channel cross-
sectional area, and extends along the direction of flow of
the refrigerant.
[0143] The fifth channel section (R5) has a plurality of
fifth unit passages (r5). Each of the fifth unit passages
(r5) has a substantially constant channel cross-sectional
area, and extends along the direction of flow of the re-
frigerant. The sixth channel section (R1) has a plurality
of sixth unit passages (r6). Each of the sixth unit passag-
es (r6) has a substantially constant channel cross-sec-
tional area, and extends along the direction of flow of the
refrigerant.
[0144] Here, as described in the first embodiment (see
FIG. 7), the first unit passages (r1), the second unit pas-
sages (r2), the third unit passages (r3), the fourth unit
passages (r4), the fifth unit passages (r5), and the sixth
unit passages (r6) merely need to be a space surrounded
by the corrugated second spacer member (35) between
the tops of adjacent crests and by the partition plate (22),
and a space surrounded by the corrugated second spac-
er member (35) between the bottoms of adjacent troughs
and by the partition plate (22).
[0145] As described in the variation of the first embod-
iment (see FIG. 10), the first unit passages (r1), the sec-
ond unit passages (r2), the third unit passages (r3), the
fourth unit passages (r4), the fifth unit passages (r5), and
the sixth unit passages (r6) may be each a space sur-
rounded by the groove of the second spacer member
(35) and the partition plate (22).
[0146] In the example illustrated in FIG. 19, the channel
cross-sectional area of the respective first unit passages
(r1) is substantially equal to the channel cross-sectional
area of the respective second unit passages (r2), the
third unit passages (r3), the fourth unit passages (r4), the
fifth unit passages (r5), and the sixth unit passages (r6).
The number of the first unit passages (r1) is less than
the number of the second unit passages (r2), the number
of the third unit passages (r3), the number of the fourth
unit passages (r4), the number of the fifth unit passages
(r5), and the number of the sixth unit passages (r6).
[0147] Thus, the channel cross-sectional area of the
first channel section (R1) can be smaller than the channel
cross-sectional areas of the second channel section
(R2), the third channel section (R3), the fourth channel
section (R4), the fifth channel section (R5), and the sixth
channel section (R6).
[0148] The channel cross-sectional area of the second
channel section (R2) is smaller than the channel cross-
sectional area of the third channel section (R3). The
channel cross-sectional area of the third channel section
(R3) is smaller than the channel cross-sectional area of
the fourth channel section (R4). The channel cross-sec-
tional area of the fourth channel section (R4) is smaller
than the channel cross-sectional area of the fifth channel

section (R5). The channel cross-sectional area of the fifth
channel section (R5) is smaller than the channel cross-
sectional area of the sixth channel section (R6).
[0149] That is, the channel cross-sectional area de-
creases gradually from the sixth channel section (R6)
toward the first channel section (R1). For example, it is
preferable that the first channel section (R1) has a chan-
nel cross-sectional area that is 25% or less of the channel
cross-sectional area of the sixth channel section (R6).
[0150] The channel cross-sectional areas of the first
channel section (R1) may be reduced by making the
number of the first unit passages (r1) substantially equal
to the number of the sixth unit passages (r6), and making
the channel cross-sectional area of the respective first
unit passages (r1) smaller than that of the respective sixth
unit passages (r6).
[0151] The channel cross-sectional area of the first
channel section (R1) may be reduced by making the
channel cross-sectional area of the respective first unit
passages (r1) smaller than that of the respective sixth
unit passages (r6), and making the number of the first
unit passages (r1) smaller than the number of the sixth
unit passages (r6).
[0152] The second channel section (R2), the third
channel section (R3), the fourth channel section (R4),
the fifth channel section (R5), and the sixth channel sec-
tion (R6) may have substantially the same channel cross-
sectional area.
[0153] The first channel section (R1) may have a chan-
nel cross-sectional area that is substantially equal to that
of the second channel section (R2). In this configuration,
it is possible to increase the flow velocity of the second
fluid in the first channel section (R1) and the second chan-
nel section (R2). Heat can be exchanged with the first
fluid efficiently, particularly in a case in which the super-
cooled second fluid occupies a large proportion in the
plate heat exchanger (10).

- Advantages of Sixth Embodiment -

[0154] According to a feature of this embodiment, the
channel cross-sectional area of the first channel section
(R1) is smaller than that of the sixth channel section (R6),
thereby making it possible to increase the flow velocity
of the refrigerant flowing through the first channel section
(R1), and reduce a decrease in the heat transfer coeffi-
cient in the first channel section (R1).
[0155] Further, the flow velocity of the second fluid from
the sixth channel section (R6) toward the first channel
section (R1) is increased to improve the heat transfer
coefficient, thereby making it possible to perform heat
exchange efficiently.

<<Other Embodiments>>

[0156] While the embodiments and variations have
been described above, it will be understood that various
changes in form and details can be made without depart-
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ing from the spirit and scope of the claims. The elements
according to embodiments, the variations thereof, and
the other embodiments may be combined and replaced
with each other. In addition, the expressions of "first,"
"second," "third," ... , in the specification and claims are
used to distinguish the terms to which these expressions
are given, and do not limit the number and order of the
terms.

INDUSTRIAL APPLICABILITY

[0157] As can be seen from the foregoing description,
the present disclosure is useful for a heat exchanger and
a refrigeration apparatus.

DESCRIPTION OF REFERENCE CHARACTERS

[0158]

1 Refrigeration Apparatus
1a Refrigerant Circuit (Fluid Circuit)
10 Plate Heat Exchanger (Heat Exchanger)
20 First Fluid Layer
21 First Fluid Passage
30 Second Fluid Layer
31 Second Fluid Passage
r1 First Unit Passage
r2 Second Unit Passage
r3 Third Unit Passage
r4 Fourth Unit Passage
R1 First Channel Section
R2 Second Channel Section

Claims

1. A heat exchanger comprising: a first fluid layer (20)
having a first fluid passage (21) through which a first
fluid flows; and a second fluid layer (30) having a
second fluid passage (31) through which a second
fluid that undergoes a phase change flows, the first
fluid layer (20) and the second fluid layer (30) being
alternately stacked, the heat exchanger exchanging
heat between the first fluid and the second fluid,

the second fluid passage (31) being divided into
a plurality of channel sections from a first chan-
nel section (R1) to an N-th channel section (RN)
by a structure that makes the second fluid turn
around (N - 1) times, where N is a natural number
greater than or equal to two,
the first channel section (R1) being near a con-
densation outlet or an evaporation inlet,
the N-th channel section (RN) being near a con-
densation inlet or an evaporation outlet,
a channel cross-sectional area of the first chan-
nel section (R1) being smaller than a channel
cross-sectional area of the N-th channel section

(RN).

2. The heat exchanger of claim 1, wherein
the channel cross-sectional area of the first channel
section (R1) is 25% or less of the channel cross-
sectional area of the N-th channel section (RN).

3. The heat exchanger of claim 1 or 2, wherein

the first channel section (R1) has a plurality of
first unit passages (r1) having a substantially
constant channel cross-sectional area and ex-
tending along a direction of flow of the second
fluid,
the N-th channel section (RN) has a plurality of
N-th unit passages (rN) having a substantially
constant channel cross-sectional area and ex-
tending along the direction of flow of the second
fluid,
a channel cross-sectional area of each of the
first unit passages (r1) is substantially equal to
a channel cross-sectional area of each of the N-
th unit passages (rN), and
the number of the first unit passages (r1) is less
than the number of the N-th unit passages (rN).

4. The heat exchanger of claim 1 or 2, wherein

the first channel section (R1) has a plurality of
first unit passages (r1) having a substantially
constant channel cross-sectional area and ex-
tending along a direction of flow of the second
fluid,
the N-th channel section (RN) has a plurality of
N-th unit passages (rN) having a substantially
constant channel cross-sectional area and ex-
tending along the direction of flow of the second
fluid,
the number of the first unit passages (r1) is sub-
stantially equal to the number of the N-th unit
passages (rN), and
a channel cross-sectional area of each of the
first unit passages (r1) is smaller than a channel
cross-sectional area of each of the N-th unit pas-
sages (rN).

5. The heat exchanger of claim 1 or 2, wherein

the first channel section (R1) has a plurality of
first unit passages (r1) having a substantially
constant channel cross-sectional area and ex-
tending along a direction of flow of the second
fluid,
the N-th channel section (RN) has a plurality of
N-th unit passages (rN) having a substantially
constant channel cross-sectional area and ex-
tending along the direction of flow of the second
fluid,
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a channel cross-sectional area of each of the
first unit passages (r1) is smaller than a channel
cross-sectional area of each of the N-th unit pas-
sages (rN), and
the number of the first unit passages (r1) is less
than the number of the N-th unit passages (rN).

6. The heat exchanger of any one of claims 1 to 5,
wherein

N is a natural number greater than or equal to
three, and
a channel cross-sectional area decreases grad-
ually from the N-th channel section (RN) toward
the first channel section (R1).

7. A refrigeration apparatus comprising:

the heat exchanger (10) of any one of claims 1
to 6; and
a fluid circuit (1a) to which the heat exchanger
(10) is connected and through which the second
fluid flows.
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