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Description
TECHNICAL FIELD

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

BACKGROUND ART

[0002] A refrigeration apparatus that performs a refrig-
eration cycle has been known in the art. A refrigeration
apparatus disclosed in Patent Document 1 has a refrig-
erant circuit that includes a compressor, a condenser, an
expansion valve, and an evaporator. This refrigeration
apparatus uses a refrigerant, which is, for example,
R-1233zd (1-chloro-3,3,3-trifluoropropene). R-1233zd
is a so-called low-pressure refrigerant.

CITATION LIST
PATENT DOCUMENT

[0003] Patent Document 1: Japanese Unexamined
Patent Publication No. 2019-45135

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0004] In the refrigeration apparatus of Patent Docu-
ment 1, an evaporator exchanges heat between a refrig-
erant and a predetermined heating medium. If this re-
frigeration apparatus performs a refrigeration cycle
where the evaporation pressure of a refrigerant is lower
than the atmospheric pressure, the volume of a gas
refrigerant evaporated inside a heat exchanger in-
creases. If the contact area between a liquid refrigerant
and a heat transfer member (a heat transfer tube) is
reduced due to that volume increase, the evaporator
exhibits poorer performance of heat exchange between
a refrigerant and a heating medium. For this reason, the
heat exchanger requires being oversized in order to
exhibit secure performance.

[0005] Itis an object of the present disclosure to pro-
vide a heat exchanger that can be used for a refrigeration
apparatus performing a refrigeration cycle where the
evaporation pressure of a refrigerant is lower than the
atmospheric pressure, but that can avoid being over-
sized.

SOLUTION TO THE PROBLEM

[0006] A first aspect is directed to a heat exchanger
that is provided in a refrigeration apparatus (R) config-
ured to be capable of performing a refrigeration cycle
where an evaporation pressure of a refrigerant is lower
than an atmospheric pressure, and that functions as an
evaporator, the heat exchanger comprising: a shell (20)

10

15

20

25

30

35

40

45

50

55

forming an internal space (21); and a plate stack (40)
arranged in the internal space (21) and including a plur-
ality of heat transfer plates (50a, 50b).

[0007] Accordingto the firstaspect, the plate stack (40)
is provided inside the shell (20) of the heat exchanger.
The plate stack (40) includes the plurality of heat transfer
plates (50a, 50b) integrated together, which has a rela-
tively small volume but has a larger heat transfer area.
Thus, even if this heat exchanger is used as an evapora-
tor of a refrigeration apparatus performing a refrigeration
cycle where the evaporation pressure of a refrigerant is
lower than the atmospheric pressure, it can exhibit fully
secure performance and can avoid being oversized.
[0008] A second aspect is an embodiment of the first
aspect. In the second aspect, the heat exchanger is
provided in the refrigeration apparatus (R) configured
to be capable of performing a refrigeration cycle where
the evaporation pressure of the refrigerantat 0°C or more
is lower than the atmospheric pressure.

[0009] According to the second aspect, the evapora-
tion pressure of arefrigerant even at 0°C or more is lower
than the atmospheric pressure, and thus the heat ex-
changer is likely to exhibit poorer performance of heat
exchange between a refrigerant and a heating medium.
However, the heat exchanger, which includes the plate
stack (40), can exhibit secure performance while avoid-
ing being oversized.

[0010] A third aspect is an embodiment of the second
aspect. In the third aspect, the heat exchanger is pro-
vided in the refrigeration apparatus (R) using 1-
chloro-3,3,3-trifluoropropene as the refrigerant.

[0011] According to the third aspect, the heat exchan-
ger used in the refrigeration apparatus (R) using a low
global warming potential (GWP) can exhibit secure per-
formance while avoiding being oversized.

[0012] A fourth aspectis an embodiment of any one of
the first to third aspects. In the fourth aspect, a pitch P
between the plurality of heat transfer plates (50a, 50b) is
more than 1.2 mm.

[0013] Inthe evaporator of the refrigeration apparatus
(R) performing a refrigeration cycle where the evapora-
tion pressure of a refrigerant is lower than the atmo-
spheric pressure, the volume of bubbles consisting of
the evaporated gas refrigerant is likely to increase. Thus,
if the pitch P between the heat transfer plates (50a, 50b)
adjacent to each other is too small, the bubbles become
spreadable along the heat transfer plates (50a, 50b) in
the refrigerant channel formed between the heat transfer
plates (50a, 50b) adjacent to each other. As a result, the
contact area between the heat transfer plates (50a, 50b)
and the gas refrigerant increases, whereas the contact
area between the heat transfer plates (50a, 50b) and the
liquid refrigerant decreases. Accordingly, the plate stack
(40) exhibits poorer performance of heat exchange be-
tween a refrigerant and a predetermined heating med-
ium.

[0014] Incontrast, according to the fourth aspect, in the
plate stack (40), the pitch P between the plurality of heat
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transfer plates (50a, 50b) adjacent to each other is 1.2
mm or more. Accordingly, in the refrigerant channel
between the heat transfer plates (50a, 50b) adjacent to
each other, the gas refrigerant becomes less spreadable
along the heat transfer plates (50a, 50b). As a result,
reduction in the contact area between the heat transfer
plates (50a, 50b) and the liquid refrigerant due to produc-
tion of bubbles can be reduced, and poorer performance
of the heat exchanger can be reduced.

[0015] A fifth aspect is an embodiment of the fourth
aspect. In the fifth aspect, the pitch P is 1.5 mm or more.
[0016] According to the fifth aspect, the pitch P is 1.5
mm or more. Accordingly, reduction in the contact area
between the heat transfer plates (50a, 50b) and the liquid
refrigerant can be further reduced, and poorer perfor-
mance of the heat exchanger can be further reduced.
[0017] A sixth aspect is an embodiment of the fifth
aspect. In the sixth aspect, the pitch P is 2.1 mm or less.
[0018] Ifthe pitch Pis too large, the refrigerant flows at
alower speed inthe refrigerant channel between the heat
transfer plates (50a, 50b) adjacent to each other, and the
heat exchanger exhibits poorer performance.

[0019] In contrast, according to the sixth aspect, the
pitch P between the plurality of heat transfer plates (50a,
50b) is 2.1 mm or less. Accordingly, lowering of the flow
speed of the refrigerant can be reduced, poorer perfor-
mance of the heat exchanger can be reduced.

[0020] A seventh aspectis an embodiment of any one
of the first to sixth aspects. In the seventh aspect, a
surface of the heat transfer plate (50a, 50b) has a rough
portion (80).

[0021] The surface of the heat transfer plate (50a, 50b)
of the seventh aspect has the rough portion (80) for
making the surface rough. The rough portion (80) im-
proves the wettability of a liquid refrigerant on the surface
of the heat transfer plate (50a, 50b), and thus the per-
formance of the heat exchanger can be improved.
[0022] An eighth aspect is directed to a refrigeration
apparatus including: the heat exchanger (10) of any one
of the first to seventh aspects.

The refrigeration apparatus is configured to be capable of
performing the refrigeration cycle where the evaporation
pressure of the refrigerant is lower than the atmospheric
pressure.

[0023] According tothe eighth aspect, the refrigeration
apparatus which is capable of performing the refrigera-
tion cycle where the evaporation pressure of the refrig-
erant is lower than the atmospheric pressure and which
keeps the heat exchanger (10) from being oversized can
be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]
FIG. 1 is a schematic diagram of a refrigeration

apparatus according to an embodiment.
FIG. 2 is a plan view of a heat exchanger.
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FIG. 3 is a cross-sectional view taken along line Il-I|
shown in FIG. 2.

FIG. 4 is a partially-enlarged, schematic, longitudi-
nal-cross-sectional view of a plate stack.

FIG. 5 is a front view of a first plate.

FIG. 6 is a front view of a second plate.

FIG. 7 is a schematic view of the flow of a heating
medium in the plate stack.

FIG. 8 is a schematic view of the flow of the heating
medium on a heat transfer plate.

FIG. 9 is a partially-enlarged, schematic, longitudi-
nal-cross-sectional view of a plate stack with dimen-
sions.

FIG. 10 is a graph showing the evaluation of the
relationship between the heat flux and the heat
transfer coefficient in the heat exchanger including
a plurality of heat transfer plates having various
pitches.

FIG. 11 is a partially-enlarged, longitudinal-cross-
sectional view of a plate stack of a heat exchanger
according to a first variation.

DESCRIPTION OF EMBODIMENTS

[0025] Embodiments will be described below with re-
ference to the drawings. The following embodiments are
merely exemplary ones in nature, and are notintended to
limit the scope, applications, or use of the invention.

<<Embodiment>>

[0026] A heatexchanger (10) of the present disclosure
is a shell-and-plate heat exchanger. The heat exchanger
(10) is provided in a refrigeration apparatus (R). The
refrigeration apparatus (R) of this example is a chiller
unit that produces cold water.

(1) Overview of Refrigeration Apparatus

[0027] As illustrated in FIG. 1, the refrigeration appa-
ratus (R) includes a refrigerant circuit (1) filled with a
refrigerant. The refrigerant circuit (1) has a compressor
(2), a radiator (3), a decompression mechanism (4), and
an evaporator (5). The heatexchanger (10) of the present
disclosure constitutes the evaporator (5). The refrigerant
circuit (1) performs a vapor compression refrigeration
cycle. The compressor (2) is a screw compressor, but
may be any other type of compressor, such as a turbo
compressor, a scroll compressor, an oscillating piston
compressor, or a rotary compressor.

[0028] In the refrigeration cycle, the refrigerant com-
pressed by the compressor (2) dissipates heat in the
radiator (3). The refrigerant which has dissipated heat
is decompressed by the decompression mechanism (4)
and evaporates in the evaporator (5). The evaporated
refrigerant is sucked into the compressor (2).

[0029] The refrigerant circuit (1) may include a switch-
ing mechanism such as a four-way switching valve that
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switches channels of a refrigerant. In this case, the heat
exchanger (10) functions as an evaporator or a conden-
ser.

(2) Overview of Heat Exchanger

[0030] Asillustratedin FIGS. 2 and 3, the heat exchan-
ger (10) includes a shell (20) and a plate stack (40). The
plate stack (40) is housed in an internal space (21) of the
shell (20). Aliquid refrigerant flows into the internal space
(21) of the shell (20). The liquid refrigerant exchanges
heat with a heating medium flowing in the plate stack (40).
The heat exchanger (10) evaporates a refrigerant having
flowed into the internal space (21) of the shell (20), there-
by functioning as an evaporator. Examples of the heating
medium include water and brine.

(2-1) Shell

[0031] Theshell (20)is comprised of a closed container
having a horizontally long, cylindrical shape. The shell
(20) has a barrel (20a), a first sidewall (20b), and a
second sidewall (20c). The barrel (20a) is formed in a
cylindrical shape. The first sidewall (20b) is formed in a
circular shape and blocks a left end of the barrel (20a).
The second sidewall (20c) is formed in a circular shape
and blocks a right end of the barrel (20a). The shell (20)
forms the internal space (21) defined by the barrel (20a),
the first sidewall (20b), and the second sidewall (20c).
The internal space (21) stores a liquid refrigerant.
[0032] The barrel (20a) has a refrigerant inlet (32) and
a refrigerant outlet (33). The refrigerant inlet (32) is
formed at the bottom of the barrel (20a). A refrigerant
is introduced into the internal space (21) through the
refrigerantinlet (32). The refrigerant outlet (33) is formed
at the top of the barrel (20a). The refrigerant evaporated
in the internal space (21) is emitted out of the shell (20)
through the refrigerant outlet (33). The refrigerant inlet
(32) and the refrigerant outlet (33) are connected to the
refrigerant circuit via pipes.

[0033] The first sidewall (20b) is provided with a heat-
ing medium inlet (23) and a heating medium outlet (24).
The heating medium inlet (23) and the heating medium
outlet (24) are tubular members. In this example, the
heating medium inlet (23) is disposed above the heating
medium outlet (24). In other words, a heating medium
flows from the upper side toward the lower side of the
plate stack (40). The heating medium inlet (23) may be
disposed below the heating medium outlet (24). In this
case, the heating medium flows from the lower side
toward the upper side of the plate stack (40).

[0034] The heating medium inlet (23) penetrates sub-
stantially the center of the first sidewall (20b). The heating
medium inlet (23) is connected to a heating medium
introduction path (43) of the plate stack (40) to supply
the heating medium to the plate stack (40).

[0035] The heating medium outlet (24) penetrates the
first sidewall (20b) at a substantially intermediate position

10

15

20

25

30

35

40

45

50

55

between the heating medium inlet (23) and a lower end of
the first sidewall (20b). The heating medium outlet (24) is
connected to a heating medium emission path (44) of the
plate stack (40) to emit the heating medium out of the
plate stack.

(2-2) Plate Stack

[0036] The plate stack (40) includes a plurality of heat
transfer plates (50a, 50b) stacked in the lateral direction
and joined together. The plate stack (40) is housed in the
internal space (21) of the shell (20) with the stacking
direction of the heat transfer plates (50a, 50b) extending
in the lateral direction.

[0037] Asillustrated in FIG. 2, the heat transfer plates
(50a, 50b) constituting the plate stack (40) are substan-
tially semicircular plate-shaped members. The width of
each heat transfer plate (50a, 50b) increases toward the
upper end thereof. The plate stack (40) is arranged near
the bottom of the internal space (21) of the shell (20) with
arc-shaped edges of the heat transfer plates (50a, 50b)
facing downward. Although not shown, supports in the
shape of protrusions for supporting the plate stack (40)
protrude from the inner surface of the shell (20). The plate
stack (40) housed in the internal space (21) of the shell
(20) is spaced apart from the inner surface of the shell
(20), and forms a gap (25) between the edges facing
downward of the heat transfer plates (50a, 50b) of the
plate stack (40) and the inner surface of the shell (20). An
upper space (21a) is formed above the plate stack (40)in
the internal space (21).

[0038] As illustrated in FIG. 4, the plate stack (40)
includes a first plate (50a) and a second plate (50b) as
the heat transfer plates (50a, 50b), each having different
shapes. The plate stack (40) includes a plurality of first
plates (50a) and a plurality of second plates (50b). In the
plate stack (40), the first plate (50a) and the second plate
(50b) are stacked alternately. In the following description,
for each of the first plates (50a) and the second plates
(50b), a surface on the leftin FIG. 4 will be referred to as a
front surface, and a surface on the right in FIG. 4 will be
referred to as a back surface.

(2-3) Heating Medium Introduction Path and Heating
Medium Emission Path

[0039] Thefirstplate (50a)has alower protrusion (51a)
and an upper protrusion (53a). Each of the lower protru-
sion (51a) and the upper protrusion (53a) is a circular
portion bulging toward the front side of the first plate
(50a). Each of the lower protrusion (51a) and the upper
protrusion (53a)is formed in a widthwise center portion of
the first plate (50a). The lower protrusion (51a) is formed
in a lower portion of the first plate (50a). The upper
protrusion (53a) is formed in an upper portion of the first
plate (50a). A first lower hole (52a) is formed in a center
portion of the lower protrusion (51a). A first upper hole
(54a) is formed in a center portion of the upper protrusion
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(53a). Each of the first lower hole (52a) and the first upper
hole (54a) is a circular hole penetrating the first plate
(50a) in a thickness direction.

[0040] The second plate (50b)has alowerrecess (51b)
and an upper recess (53b). Each of the lower recess
(51b) and the upper recess (53b) is a circular portion
bulging toward the back side of the second plate (50b).
Each of the lower recess (51b) and the upper recess
(53b) is formed in a widthwise center portion of the
second plate (50b). The lower recess (51b) is formed
in a lower portion of the second plate (50b). The upper
recess (53b) is formed in an upper portion of the second
plate (50b). A second lower hole (52b) is formed in a
center portion of the lower recess (51b). A second upper
hole (54b) is formed in a center portion of the upper
recess (53b). Each of the second lower hole (52b) and
the second upper hole (54b) is a circular hole penetrating
the second plate (50b) in a thickness direction.

[0041] The second plate (50b) has the lower recess
(51b) formed at a position corresponding to the lower
protrusion (51a) of the first plate (50a), and the upper
recess (53b) formed at a position corresponding to the
upper protrusion (53a) of the first plate (50a). The second
plate (50b) has the second lower hole (52b) formed at a
position corresponding to the first lower hole (52a) of the
first plate (50a), and the second upper hole (54b) formed
ata position corresponding to the first upper hole (54a) of
the first plate (50a). The first lower hole (52a) and the
second lower hole (52b) have a substantially equal dia-
meter. The first upper hole (54a) and the second upper
hole (54b) have a substantially equal diameter.

[0042] Inthe plate stack (40), each first plate (50a) and
an adjacent one of the second plates (50b) on the back
side of the first plate (50a) are welded together at their
peripheral portions along the whole perimeter. In the
plate stack (40), the first lower hole (52a) of each first
plate (50a) overlaps the second lower hole (52b) of an
adjacent one of the second plates (50b) on the front side
of thefirst plate (50a), and the rims of the overlapping first
lower hole (52a) and second lower hole (52b) are welded
together along the entire perimeter. In the plate stack
(40), the first upper hole (54a) of each first plate (50a)
overlaps the second upper hole (54b) of an adjacent one
of the second plates (50b) on the front side of the first
plate (50a), and the rims of the overlapping first upper
hole (54a) and second upper hole (54b) are welded
together along the entire perimeter.

[0043] In the plate stack (40), the lower protrusions
(51a) and first lower holes (52a) of the first plates (50a)
and the lower recesses (51b) and second lower holes
(52b) of the second plates (50b) form the heating medium
emission path (44). In the plate stack (40), the upper
protrusions (53a) and first upper holes (54a) of the first
plates (50a) and the upper recesses (53b) and second
upper holes (54b) of the second plates (50b) form the
heating medium introduction path (43).

[0044] The heating medium introduction path (43) and
the heating medium emission path (44) are passages
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extending in the stacking direction of the heat transfer
plates (50a, 50b) in the plate stack (40). The heating
medium introduction path (43) and the heating medium
emission path (44) are passages blocked from the inter-
nal space (21) of the shell (20).

[0045] The heating medium introduction path (43)
communicates with all the heating medium channels
(42), and is connected to the heating medium inlet
(23). The heating medium emission path (44) commu-
nicates with all the heating medium channels (42), and is
connected to the heating medium outlet (24).

(2-4) Refrigerant Channel and Heating Medium Channel

[0046] The plate stack (40) includes refrigerant chan-
nels (41) and heating medium channels (42), each of the
heating medium channels (42) being adjacent to an
associated one of the refrigerant channels (41) with
the heat transfer plate (50a, 50b) interposed therebetw-
een. The refrigerant channel (41) and the corresponding
heating medium channel (42) are separated from each
other by the heat transfer plate (50a, 50b). The first plate
(50a) and the second plate (50b) have a first corrugated
pattern (62a) a second corrugated pattern (62b), respec-
tively, each of which includes repetition of long, narrow
ridges and grooves. As illustrated in FIGS. 5 and 6, the
ridges and grooves of the first corrugated pattern (62a)
extend at a first angle a1 to a horizontal direction X, and
the ridges and grooves of the second corrugated pattern
(62b) extend at a second angle a2 to the horizontal
direction X. The first angle a1 and the second angle a2
have supplementary angles. For example, when the first
angle a1 is 45 degrees, the second angle a2 is 135
degrees. The first angle a1 ranges from 15 degrees to
75 degrees. The second angle a2 ranges from 165
degrees to 105 degrees.

[0047] The refrigerant channel (41) is a channel sand-
wiched between the front surface of the first plate (50a)
and the back surface of the second plate (50b). The
refrigerant channel (41) is a channel that communicating
with the internal space (21) of the shell (20) and allowing
the refrigerant to flow therethrough. The heating medium
channel (42) is a channel sandwiched between the back
surface of the first plate (50a) and the front surface of the
second plate (50b). The heating medium channel (42) is
blocked from the internal space of the shell (20).

(2-4) Guide

[0048] As illustrated in FIGS. 5 and 6, the heating
medium channel (42) is provided with a guide (70).
The guide (70) includes a first linear flat portion (65a)
and a second linear flat portion (65b).

[0049] The first linear flat portion is linearly formed on
the back surface of the first plate (50a). The first linear flat
portion (65a) bulges toward the back side of the first plate
(50a), and has aflatbulging top. Thefirstlinear flat portion
(65a) extends linearly in the width direction of the heat
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transfer plate (50a, 50b).

[0050] The second linear flat portion (65b) is linearly
formed on the front surface of the second plate (50b). The
second linear flat portion (65b) bulges toward the front
side of the second plate (50b), and has a flat bulging top.
The second linear flat portion (65b) extends linearly in the
width direction of the heat transfer plate (50a, 50b). The
second linear flat portion (65b) is formed at a position
corresponding to the first linear flat portion (65a) with the
first plate (50a) and the second plate (50b) being stacked.
The guide (70) is arranged symmetrically with respect to
a center line Y of the heat transfer plate (50a, 50b).

(3) Flows of Heating Medium and Refrigerant

[0051] How the heating medium and the refrigerant
flow in the heat exchanger (10) will be specifically de-
scribed with reference to FIGS. 7 and 8. Arrows shown in
FIG. 7 indicate the flow of the heating medium. FIG. 8
shows that the liquid refrigerant is stored in the shell.
Solid arrows indicate the flow of the heating medium, and
broken line arrows indicate the flow of the refrigerant.
[0052] As illustrated in FIG. 7, the heating medium
flows from the heating medium inlet (23) into the heating
medium introduction path (43). The heating medium
flowing through the heating medium introduction path
(43) flows through the heating medium channels (42).
The heating medium flows downward while flowing to-
ward both lateral ends of the heat transfer plate (50a,
50b).

[0053] Asillustratedin FIG. 8, the heating medium that
has flowed into the heating medium channels (42) is
guided toward side portions of the heat transfer plate
(50a, 50b) by the guide (70). Precisely, the guide (70)
prevents the heating medium from flowing downward in
the heating medium channels (42), and allows the heat-
ing medium to flow toward the side portions of the heat
transfer plate (50a, 50b). The heating medium that has
moved to the side portions of the heat transfer plate (50a,
50b) by the guide (70) flows to a lower portion of the heat
transfer plate (50a, 50b). The heating medium enters the
heating medium emission path (44).

[0054] Next, how the refrigerant flows will be described
below. The refrigerant that has passed through an ex-
pansion valve in the refrigerant circuit flows toward the
heat exchanger (10). This liquid refrigerant flows into the
internal space (21) of the shell (20) through the refrigerant
inlet (32). The liquid refrigerant stored in the internal
space (21) reaches close to the upper end of the plate
stack (40). The plate stack (40) is immersed in the liquid
refrigerant. The refrigerant stored in the internal space
(21) has a relatively low pressure. The low-pressure
refrigerant exchanges heat with the heating medium
flowing through the heating medium channels (42). Pre-
cisely, the refrigerant channel (41) and the heating med-
ium channel (42) are adjacent to each other with the heat
transfer plate (50a, 50b) interposed therebetween. Thus,
the liquid refrigerant absorbs heat from the heating med-
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ium flowing through the heating medium channel (42)
and evaporates. The evaporated refrigerant moves from
the refrigerant channel (41) to the upper space (21a)
which is an upper portion of the internal space (21).
The refrigerant in the upper space (21a) flows into the
refrigerant circuit through the refrigerant outlet (33).

(4) Refrigerant and Refrigeration Cycle

[0055] The refrigeration apparatus (R) of the present
disclosure uses a refrigerant, in particular, a so-called
low-pressure refrigerant. Specifically, the refrigeration
apparatus (R) uses arefrigerant of which the evaporation
pressure at 0°C or more is lower than the atmospheric
pressure. In this example, this refrigerant is, for example,
R-1233zd (1-chloro-3,3,3-trifluoropropene). The refrig-
erant R-1233zd has a low global warming potential
(GWP), and thus enables the refrigeration apparatus
(R) to be environmentally friendly.

[0056] Other than the above refrigerant, the refrigera-
tion apparatus (R) may use refrigerants, such as
R1233zd(E) (trans-1-chloro-3,3,3-trifluoropropene),
R1224yd(z) (1-chloro-2,3,3,3-tetrafluoropropene), and
R-1336mzz(Z) (1,1, 1,4,4,4-hexafluoro-2-butene).
[0057] The refrigeration apparatus (R) is capable of
performing a refrigeration cycle where the evaporation
pressure of the refrigerant is lower than the atmospheric
pressure in the heat exchanger (10) functioning as an
evaporator. The refrigeration apparatus (R) performs the
refrigeration cycle where the evaporation pressure of the
refrigerant is lower than the atmospheric pressure during
rated operation. More precisely, the refrigeration appa-
ratus (R) performs the refrigeration cycle where the eva-
poration pressure of a refrigerant at 0°C or more is lower
than the atmospheric pressure during rated operation.

(5) Dimension etc. of Heat Transfer Plates

[0058] As illustrated in FIG. 9, for the plate stack (40),
the dimension and so on of the plurality of heat transfer
plates (50a, 50b) are set as follows. In the following
description, the left side in FIG. 9 will be referred to as
the front side of the plate stack (40), and the right side in
FIG. 9 will be referred to as the rear side of the plate stack
(40). In the plate stack (40), the stacking direction of the
heat transfer plates (50a, 50b) corresponds to the front-
to-rear direction.

[0059] The plurality of heat transfer plates (50a, 50b)
are arranged in the front-to-rear direction. The first plate
(50a) and the second plate (50b) are alternately and
repeatedly arranged. As illustrated in FIG. 9, the position
of the foremost portion of the back surface of the second
plate (50b) is referred to as "a," and the position of the
rearmost portion of the back surface of the second plate
(50b) is referred to as "b." The position of the foremost
portion of the front surface of the first plate (50a) is
equivalent to the position b. The position of the rearmost
portion of the front surface of the first plate (50a) is
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referred to as "c." The distance from the position a to the
position b on the second plate (50b) is referred to as "P1,"
and the distance from the position b to the position c on
the first plate (50a) is referred to as "P2." In this case, the
distance P1 corresponds to the length of the first channel
(41a) of the refrigerant channel (41) formed on the back
side of the second plate (50b) in the front-to-rear direction
(the channel height). The distance P2 corresponds to the
length of the second channel (41b) of the refrigerant
channel (41) formed on the front side of the first plate
(50a) in the front-to-rear direction (the channel height). In
the plate stack (40) of this example, the distances P1 and
P2 are equal to each other.

[0060] The pitch P between the heat transfer plates
(50a, 50b) adjacent to each other is the pitch between the
center line m1 and the center line m2. The pitch P is the
interval between the center line m1 of the channel height
(P1) of the first channel (41a) on the back side of the
second plate (50b) and the center line m2 of the channel
height (P2) of the second channel (41b) on the front side
of the first plate (50a). Here, the center line m1 is a line
segment that passes through the intermediate position of
the first channel (41a) in the front-to-rear direction and
thatis orthogonal to the front-to-rear direction. The center
line m2 is a line segment that passes through the inter-
mediate position of the second channel (41b) in the front-
to-rear direction and that is orthogonal to the front-to-rear
direction. In the plate stack (40) of this example, the pitch
P is equal to P1 and P2.

[0061] Forthe heatexchanger (10)of this example, the
pitch P is set so as to improve the heat exchange per-
formance of the plate stack (40). The pitch P is preferably
more than 1.2 mm, and more preferably 1.5 mm or more.
The pitch P is preferably 2.1 mm or less, and more
preferably 1.8 mm or less.

[0062] In other words, P1 and P2 are preferably more
than 1.2 mm, and more preferably 1.5 mm or more. P1
and the P2 are preferably 2.1 mm or less, and more
preferably 1.8 mm or less.

(6) Evaluation of Performance of Heat Exchanger

[0063] FIG. 10 shows the results of evaluation of the
relationship between the pitches P of the plurality of heat
transfer plates (50a, 50b) and the performance of heat
exchange. In this evaluation, with the various pitches P of
the heat transfer plates (50a, 50b): 1.2 mm, 1.5 mm, 1.8
mm, and 2.1 mm, the heat flux and heat transfer coeffi-
cientin the heat transfer plates (50a, 50b) obtained when
R-1233zd flowed through the refrigerant channels (41)
were observed. In FIG. 10, the heat flux is represented by
the horizontal axis, and the heat transfer coefficient is
represented by the vertical axis.

[0064] As can be clarified from FIG. 10, if the pitch P is
1.2 mm, the heat transfer coefficient tends to be lower
than those of the other pitches. In particular, in the range
where the heat flux is relatively high, the heat transfer
coefficient is lower than those of the other pitches.
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[0065] Inthe refrigerant channel (41), the refrigerantis
gasified, thereby producing bubbles. Here, if a refriger-
ant, in particular, a so-called low-pressure refrigerant
such as R-1233zd is used, the volume of the bubbles
is likely to increase. If the pitch P is too small, the bubbles
become spreadable along the heat transfer plates (50a,
50b). Thus, the contact area between the liquid refriger-
ant and the heat transfer plates (50a, 50b) are reduced,
and the heat transfer coefficient is also likely to be re-
duced. In contrast, if the pitch is greater than 1.2 mm, the
bubbles become less spreadable along the heat transfer
plates (50a, 50b). Thus, the reduction in the heat transfer
coefficient due to production of the bubbles can be re-
duced.

[0066] In particular, as can be seen from FIG. 10, if the
pitch P is 1.5 mm or more, the heat transfer coefficient is
highin awide range of the heat flux. In contrast, if the pitch
P is 2.1 mm, the heat transfer coefficient is lower than if
the pitch Pis 1.8 mm. This seems because the pitch P that
was too large caused the refrigerant to flow through the
refrigerant channels (41) at a lower speed.

[0067] The above evaluation results show that the
pitch P is preferably more than 1.2 mm, more preferably
1.5 mm or more, and still more preferably 1.5 mm or more
and 2.1 mm or less.

(7) Features

[0068] (7-1) The heatexchanger (10)is provided in the
refrigeration apparatus (R) configured to be capable of
performing a refrigeration cycle where the evaporation
pressure of a refrigerant is lower than the atmospheric
pressure, and the heat exchanger (10) functions as an
evaporator. The heat exchanger (10) includes the shell
(20) forming the internal space (21) and includes the plate
stack (40) arranged in the internal space (21) and includ-
ing the plurality of heat transfer plates (50a, 50b).
[0069] If the refrigeration apparatus (R) performs a
refrigeration cycle where the evaporation pressure of a
refrigerant is lower than the atmospheric pressure, the
heat exchanger (10) serving as an evaporator is likely to
exhibit poorer performance of heat exchange because
the volume of a gasified refrigerant increases. However,
the heat exchanger (10) consists of the plate stack (40)
including the plurality of heat transfer plates (50a, 50b)
stacked together, and thus the heat exchanger (10) can
exhibit secure performance while avoiding being over-
sized.

[0070] (7-2)

[0071] The heat exchanger (10) is provided in the
refrigeration apparatus (R) configured to be capable of
performing a refrigeration cycle where the evaporation
pressure of a refrigerant at 0°C or more is lower than the
atmospheric pressure. Specifically, the heat exchanger
(10)is provided in the refrigeration apparatus (R) using 1-
chloro-3,3,3-trifluoropropene as a refrigerant.

[0072] This refrigeration apparatus (R) using a so-
called low-pressure refrigerant can still allow the heat
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exchanger (10) to exhibit secure performance while
avoiding being oversized.

[0073] (7-3)

[0074] If the pitch P between the plurality of heat
transfer plates (50a, 50b) is 1.2 mm or more, poorer
performance of the heat exchanger (10) due to produc-
tion of the bubbles can be reduced. If the pitch P is
particularly 1.5 mm or more, the performance of the heat
exchanger (10) can be improved as can be clarified from
FIG. 10. Further, if the pitch P is 1.8 mm or more, poorer
performance of the heat exchanger (10) due to the re-
frigerant flowing through the refrigerant channels (41) at
a lower speed can be reduced.

(8) Variations

[0075]
follows.

The above embodiment may be modified as

(8-1) First Variation

[0076] As illustrated in FIG. 11, a surface of the heat
transfer plate (50a, 50b) has a rough portion (80). The
rough portion (80) is formed on a portion of the heat
transfer plate (50a, 50b) facing the refrigerant channel
(41). The rough portion (80) is formed by spraying a
predetermined medium onto the surface of the heat
transfer plate (50a, 50b) through the sandblasting pro-
cess.

[0077] The roughness of the rough portion (80) of the
heattransfer plate (50a, 50b) improves the wettability of a
liquid refrigerant on the surface of the heat transfer plate
(50a, 50b). Accordingly, the performance of the heat
exchanger (10) can be improved.

(8-2) Second Variation

[0078] The heat exchanger (10) of the embodiment
may be a falling-film-type, shell-and-plate heat exchan-
ger. Precisely, the heat exchanger (10) may include a
sprayer arranged above the plate stack (40) in the shell
(20) to spray the liquid refrigerant onto the plate stack
(40). Alternatively, the heat exchanger (10) may include a
plate stack having a structure that enables spraying of a
liquid refrigerant.

[0079] While the embodiment and variations thereof
have been described above, it will be understood that
various changes in form and details may be made without
departing from the spirit and scope of the claims. The
elements according to the embodiment, the variations
thereof, and the other embodiments may be combined
and replaced with each other. The ordinal numbers such
as "first," "second," "third," ..., described above are used
to distinguish the terms to which these expressions are
given, and do not limit the number and order of the terms.
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INDUSTRIAL APPLICABILITY
[0080] As described above, the present disclosure is
useful for a heat exchanger and a refrigeration appara-

tus.

DESCRIPTION OF REFERENCE CHARACTERS

[0081]

5 Evaporator

10 Heat Exchanger

20 Shell

21 Internal Space

40 Plate Stack

50a, 50b  Heat Transfer Plate

R Refrigeration Apparatus
Claims

1. A heat exchanger that is provided in a refrigeration
apparatus (R) configured to be capable of perform-
ing a refrigeration cycle where an evaporation pres-
sure of a refrigerant is lower than an atmospheric
pressure, and that functions as an evaporator, the
heat exchanger comprising:

a shell (20) forming an internal space (21); and
a plate stack (40) arranged in the internal space
(21) and including a plurality of heat transfer
plates (50a, 50b).

2. The heat exchanger of claim 1, wherein
the heat exchanger is provided in the refrigeration
apparatus (R) configured to be capable of perform-
ing a refrigeration cycle where the evaporation pres-
sure of the refrigerantat 0°C or more is lower than the
atmospheric pressure.

3. The heat exchanger of claim 2, wherein
the heat exchanger is provided in the refrigeration
apparatus (R) using 1-chloro-3,3,3-trifluoropropene
as the refrigerant.

4. The heat exchanger of any one of claims 1 to 3,
wherein
a pitch P between the plurality of heat transfer plates
(50a, 50b) is more than 1.2 mm.

5. The heat exchanger of claim 4, wherein
the pitch P is 1.5 mm or more.

6. The heat exchanger of claim 5, wherein
the pitch P is 2.1 mm or less.

7. The heat exchanger of any one of claims 1 to 6,
wherein
a surface of the heat transfer plate (50a, 50b) has a
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rough portion (80).
8. A refrigeration apparatus comprising:

the heat exchanger (10) of any one of claims 1 to
7,

the refrigeration apparatus being configured to
be capable of performing the refrigeration cycle
where the evaporation pressure of the refriger-
ant is lower than the atmospheric pressure.
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