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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a shell-and-
plate heat exchanger and a refrigeration apparatus.

BACKGROUND ART

[0002] Patent Document 1 discloses a refrigerant heat
exchanger including a hollow container and a plate poly-
mer housed in the internal space of the hollow container.
Inthe refrigerantheat exchanger of Patent Document 1, a
refrigerant liquid introduced through a refrigerant pipe
into the internal space of the hollow container exchanges
heatwith arefrigerant liquid flowing through a penetration
channel of the plate polymer.

CITATION LIST
PATENT DOCUMENT

[0003] Patent Document 1: Japanese Unexamined
Patent Publication No. 2018-204886

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0004] In the refrigerant heat exchanger of Patent
Document 1, the hollow container includes a circular
cylindrical shell, and disk-shaped flat ends that close
openings of the shell at both axial ends of the shell.
[0005] The disk-shaped flat ends may be deformed by
the pressure of the refrigerant liquid introduced into the
internal space. It is therefore conceivable to make the
thickness of each of the flat ends greater and increase the
rigidity.

[0006] However, the greater thickness of the flat ends
may resultin anincrease in the weight of the entire hollow
container.

[0007] Itisanobjectofthe presentdisclosuretoreduce
the weight of an entire shell.

SOLUTION TO THE PROBLEM

[0008] A first aspect of the present disclosure is direc-
ted to a shell-and-plate heat exchanger, including: a shell
(11) having an internal space (15); and a plate stack (30)
housed in the internal space (15) and including a plurality
of heat transfer plates (40) stacked and joined together,
the shell-and-plate heat exchanger causing heat ex-
change between a refrigerant that has flowed into the
internal space (15) of the shell (11) and a heating medium
that has flowed into a heating medium channel (32) of the
plate stack (30), the shell (11) including: a cylindrical body
(12) having openings on both axial ends; a first closing
member (13) configured to close the opening on one end
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ofthe cylindrical body (12); and a second closing member
(14) configured to close the opening on the other end of
the cylindrical body (12), at least one of the first closing
member (13) or the second closing member (14) being
formed into a curved shape protruding outward in an axial
direction of the cylindrical body (12), part of the plate
stack (30) being arranged in the at least one of the first
closing member (13) or the second closing member (14)
formed into the curved shape.

[0009] According to the first aspect, at least one of the
first closing member (13) or the second closing member
(14) is formed into a curved shape, which makes it
possible to reduce deformation caused by the pressure
of the refrigerant that has flowed into the internal space
(15) of the shell (11) and reduce the weight of the shell
(11) as a whole. Arranging part of the plate stack (30) in
the at least one of the first closing member (13) or the
second closing member (14) formed into the curved
shape can reduce the size of the shell (11) as a whole.

[0010] A second aspectof the presentdisclosure is the
shell-and-plate heat exchanger of the first aspect. In the
second aspect, the cylindrical body (12) has an axial
length shorter than a length of the plate stack (30) in a
stacking direction.

[0011] According to the second aspect, the cylindrical
body (12) has an axial length shorter than the length of the
plate stack (30) in the stacking direction, which makes it
possible to reduce the size of the shell (11) as a whole.
[0012] A third aspect of the present disclosure is the
shell-and-plate heat exchanger of the first or second
aspect. In the third aspect, both of the first closing mem-
ber (13) and the second closing member (14) are formed
into a curved shape protruding outward in the axial direc-
tion of the cylindrical body (12).

[0013] According to the third aspect, both of the first
closing member (13) and the second closing member
(14) are formed into a curved shape, which makes it
possible to reduce deformation caused by the pressure
of the refrigerant that has flowed into the internal space
(15) of the shell (11) and reduce the weight of the shell
(11) as a whole.

[0014] A fourth aspect of the present disclosure is the
shell-and-plate heat exchanger of any one of the first to
third aspects. The shell-and-plate heat exchanger of the
fourth aspect further includes: a reinforcing member (50)
arranged between the plate stack (30) and the at least
one of the first closing member (13) or the second closing
member (14) formed into the curved shape, the reinfor-
cing member (50) being configured to support the plate
stack (30).

[0015] According to the fourth aspect, the reinforcing
member (50) supports the plate stack (30), which makes
it possible to increase the strength of the shell-and-plate
heat exchanger as a whole.

[0016] A fifth aspect of the present disclosure is the
shell-and-plate heat exchanger of the fourth aspect. In
the fifth aspect, the reinforcing member (50) is arranged
to extend between an end portion of the plate stack (30)in
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the stacking direction and an inner wall surface of the at
least one of the first closing member (13) or the second
closing member (14) formed into the curved shape.
[0017] According to the fifth aspect, the reinforcing
member (50) can keep the plate stack (30) from being
deformed in the stacking direction.

[0018] A sixth aspect of the present disclosure is the
shell-and-plate heat exchanger of the fifth aspect. In the
sixth aspect, the reinforcing member (50) includes a
plurality of reinforcing members (50) spaced apart from
one another.

[0019] According to the sixth aspect, a plurality of re-
inforcing members (50) are provided, which makes it
possible to increase the strength of the shell-and-plate
heat exchanger as a whole.

[0020] Aseventhaspectofthe presentdisclosureisthe
shell-and-plate heat exchanger of any one of the first to
sixth aspects. In the seventh aspect, the first closing
member (13) and the second closing member (14) are
attached to the cylindrical body (12) by welding.

[0021] According to the seventh aspect, the first clos-
ing member (13) and the second closing member (14) are
attached to the cylindrical body (12) by welding, which
makes it possible to increase the strength of the shell (11).
[0022] An eighth aspect of the present disclosure is
directed to a refrigeration apparatus. The refrigeration
apparatus includes: the shell-and-plate heat exchanger
(10) of any one of the first to seventh aspects; and a
refrigerant circuit (1a) through which a refrigerant to
exchange heat in the shell-and-plate heat exchanger
(10) flows.

[0023] According to the eighth aspect, it is possible to
provide a refrigeration apparatus including the shell-and-
plate heat exchanger (10).

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

FIG. 1 is a refrigerant circuit diagram showing a
configuration of a refrigeration apparatus according
to a first embodiment.

FIG. 2 is a cross-sectional side view showing a
configuration of a shell-and-plate heat exchanger.
FIG. 3 is a cross-sectional front view showing the
configuration of the shell-and-plate heat exchanger.
FIG. 4 is a cross-sectional plan view showing the
configuration of the shell-and-plate heat exchanger.
FIG. 5 is a cross-sectional side view showing a
configuration of a plate stack.

FIG. 6 is a cross-sectional side view showing a
configuration of a shell-and-plate heat exchanger
according to a second embodiment.

FIG. 7 is a cross-sectional plan view showing the
configuration of the shell-and-plate heat exchanger.
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DESCRIPTION OF EMBODIMENTS
<<First Embodiment>>

[0025] As illustrated in FIG. 1, a shell-and-plate heat
exchanger (10) (will be hereinafter "referred to as a heat
exchanger") is provided in a refrigeration apparatus (1).
The refrigeration apparatus (1) includes a refrigerant
circuit (1a) filled with a refrigerant. The refrigerant circuit
(1a) includes a compressor (2), a radiator (3), a decom-
pression mechanism (4), and the heat exchanger (10)
serving as an evaporator. The decompression mechan-
ism (4) is, for example, an expansion valve. The refrig-
erant circuit (1a) performs a vapor compression refrig-
eration cycle.

[0026] The refrigeration apparatus (1) is an air condi-
tioner. The air conditioner may be any of a cooling-only
apparatus, a heating-only apparatus, or an air condi-
tioner switchable between cooling and heating. In this
case, the air conditioner has a switching mechanism
(e.g., a four-way switching valve) configured to switch
the direction of circulation of the refrigerant. The refrig-
eration apparatus (1) may be a water heater, a chiller unit,
or a cooling apparatus configured to cool airin an internal
space. The cooling apparatus cools the air in an internal
space of a refrigerator, a freezer, a container, or the like.

<Heat Exchanger>

[0027] Asillustratedin FIGS.2to4, the heatexchanger
(10)includes a shell (11) and a plate stack (30). The plate
stack (30) is housed in an internal space (15) of the shell
(11).

[0028] A liquid refrigerant flows into the internal space
(15) of the shell (11). The liquid refrigerant exchanges
heatwith a heating medium flowing in the plate stack (30).
As can be seen, the heat exchanger (10) allows the
refrigerant that has flowed into the internal space (15)
of the shell (11) to evaporate, and thus, functions as an
evaporator. Examples of the heating medium used in-
clude water and brine.

<Shell>

[0029] The shell (11)includes a cylindrical body (12), a
first closing member (13), and a second closing member
(14). The cylindrical body (12) is a circular cylindrical
member extending in a horizontal direction and having
openings on both axial ends.

[0030] Thefirstclosingmember(13)closesanopening
on one end (the left end in FIG. 2) of the cylindrical body
(12). The first closing member (13) is attached to the
cylindrical body (12) by welding. The first closing member
(13) is formed into a curved shape protruding outward in
the axial direction of the cylindrical body (12).

[0031] The second closing member (14) closes an
opening on the other end (the right end in FIG. 2) of
the cylindrical body (12). The second closing member
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(14) is attached to the cylindrical body (12) by welding.
The second closing member (14) is formed into a curved
shape protruding outward in the axial direction of the
cylindrical body (12).

[0032] The shell (11) has the internal space (15) de-
fined by the cylindrical body (12), the first closing member
(13), and the second closing member (14). The internal
space (15) stores therein the liquid refrigerant. The plate
stack (30) is housed in the internal space (15). The
cylindrical body (12) has an axial length that is shorter
than the length of the plate stack (30) in a stacking
direction.

[0033] Thus, a left end portion of the plate stack (30)
beyond the left end portion of the cylindrical body (12) is
arranged in the first closing member (13). A right end
portion of the plate stack (30) beyond the right end portion
of the cylindrical body (12) is arranged in the second
closing member (14).

[0034] As can be seen, the first closing member (13)
and the second closing member (14)formedinto a curved
shape can reduce the deformation caused by the pres-
sure of the refrigerant that has flowed into the internal
space (15) of the shell (11) and reduce the weight of the
shell (11)as awhole. Arranging part of the plate stack (30)
in the first closing member (13) and the second closing
member (14) formed into the curved shape can reduce
the size of the shell (11) as a whole.

[0035] The cylindrical body (12) is provided with a
refrigerant inlet (21) and a refrigerant outlet (22). The
refrigerantinlet (21) is formed at the bottom of the cylind-
rical body (12). The refrigerant is introduced into the
internal space (15) through the refrigerant inlet (21).
[0036] The refrigerantoutlet (22) is formed at the top of
the cylindrical body (12). The refrigerant evaporated in
the internal space (15) is emitted out of the shell (11)
through the refrigerant outlet (22). The refrigerant inlet
(21) and the refrigerant outlet (22) are connected to the
refrigerant circuit (1a).

[0037] The first closing member (13) is provided with a
heating medium inlet (23) and a heating medium outlet
(24). The heating medium inlet (23) and the heating
medium outlet (24) are tubular members.

[0038] The heating medium inlet (23) penetrates the
first closing member (13). The heating medium inlet (23)
is connected to a heating medium introduction path (33)
of the plate stack (30). The heating medium inlet (23)
supplies the heating medium to the plate stack (30). The
refrigerant that has flowed into the internal space (15) of
the shell (11) exchanges heat with the heating medium
that has flowed into heating medium channels (32), which
will be described later, of the plate stack (30).

[0039] The heating medium outlet (24) penetrates the
first closing member (13) above the heating medium inlet
(23). The heating medium outlet (24) is connected to a
heating medium emission path (34) of the plate stack
(30). The heating medium outlet (24) emits the heating
medium out of the plate stack (30).
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<Plate Stack>

[0040] The plate stack (30) includes a plurality of heat
transfer plates (40) stacked and joined together. The
plate stack (30) is housed in the internal space (15) of
the shell (11) in a posture in which the stacking direction of
the heat transfer plates (40) is the lateral direction.

[0041] As illustrated in FIG. 5, the heat transfer plates
(40) include first plates (40a) and second plates (40b).
The first plates (40a) and the second plates (40b) are
alternately stacked to form the plate stack (30). In the
following description, for each of the first plates (40a) and
the second plates (40b), a surface on the left side in FIG. 5
will be referred to as a "front surface," and a surface on the
right side in FIG. 5 will be referred to as a "back surface."

<Heating Medium Introduction Path and Heating Med-
ium Emission Path>

[0042] Each of the first plates (40a) has an inlet protru-
sion (41a) and an outlet protrusion (43a). The inlet pro-
trusion (41a) and the outlet protrusion (43a) are portions
of the first plate (40a) bulged toward the front surface.
[0043] The inlet protrusion (41a) is formed in a lower
portion of the first plate (40a). A first inlet hole (42a) is
formed in a center portion of the inlet protrusion (41a).
The firstinlet hole (42a) is a circular hole penetrating the
first plate (40a) in a thickness direction.

[0044] The outlet protrusion (43a)is formed inan upper
portion of the first plate (40a). A first outlet hole (44a) is
formed in a center portion of the outlet protrusion (43a).
Thefirstoutlet hole (44a)is a circular hole penetrating the
first plate (40a) in the thickness direction.

[0045] Each of the second plates (40b) has an inlet
recess (41b) and an outlet recess (43b). The inlet recess
(41b) and the outlet recess (43b) are portions of the
second plate (40b) bulged toward the back surface.
[0046] The inlet recess (41b) is formed in a lower
portion of the second plate (40b). A second inlet hole
(42b) is formed in a center portion of the inlet recess
(41b). The second inlet hole (42b) is a circular hole
penetrating the second plate (40b) in the thickness direc-
tion. The inlet recess (41b) is positioned to face the inlet
protrusion (41a) of the first plate (40a). The second inlet
hole (42b) is positioned to face the first inlet hole (42a) of
the first plate (40a).

[0047] The outlet recess (43b) is formed in an upper
portion of the second plate (40b). A second outlet hole
(44b) is formed in a center portion of the outlet recess
(43b). The second outlet hole (44b) is a circular hole
penetrating the second plate (40b) in the thickness direc-
tion. The outlet recess (43b) is positioned to face the
outlet protrusion (43a) of the first plate (40a). The second
outlet hole (44b) is positioned to face the first outlet hole
(44a) of the first plate (40a).

[0048] Inthe plate stack (30), each first plate (40a) and
an adjacent one of the second plates (40b) on the back
side of the first plate (40a) are welded together at their
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peripheral portions along the entire perimeter. These
plates may be brazed together.

[0049] Inthe plate stack (30), the firstinlet hole (42a) of
each first plate (40a) overlaps the second inlet hole (42b)
of an adjacent one of the second plates (40b) on the front
side of the first plate (40a). The rims of the overlapping
first inlet hole (42a) and second inlet hole (42b) are
welded together along the entire perimeter. These rims
may be brazed together. The firstinlet hole (42a) and the
second inlet hole (42b) communicate with the heating
medium channels (32), which will be described later, to
introduce the heating medium into the heating medium
channels (32).

[0050] Inthe plate stack (30), the first outlet hole (44a)
of each first plate (40a) overlaps the second outlet hole
(44b) of an adjacent one of the second plates (40b) on the
front side of the first plate (40a). The rims of the over-
lapping first outlet hole (44a) and second outlethole (44b)
are welded together along the entire perimeter. These
rims may be brazed together. The first outlet hole (44a)
and the second outlet hole (44b) communicate with the
heating medium channels (32), which will be described
later, to emit the heating medium out of the heating
medium channels (32).

[0051] Intheplate stack (30), theinlet protrusions (41a)
and first inlet holes (42a) of the first plates (40a) and the
inlet recesses (41b) and second inlet holes (42b) of the
second plates (40b) form the heating medium introduc-
tion path (33).

[0052] In the plate stack (30), the outlet protrusions
(43a) and first outlet holes (44a) of the first plates (40a)
and the outlet recesses (43b) and second outlet holes
(44b) of the second plates (40b) form the heating medium
emission path (34).

[0053] The heating medium introduction path (33) is a
passage extending in the stacking direction of the heat
transfer plates (40) in the plate stack (30). The heating
medium introduction path (33) is a passage blocked from
the internal space (15) of the shell (11), and allows all the
heating medium channels (32) to communicate with the
heating medium inlet (23).

[0054] The heating medium emission path (34) is a
passage extending in the stacking direction of the heat
transfer plates (40) in the plate stack (30). The heating
medium emission path (34)is a passage blocked from the
internal space (15) of the shell (11), and allows all the
heating medium channels (32) to communicate with the
heating medium outlet (24).

<Refrigerant Channel and Heating Medium Channel>

[0055] The plate stack (30) includes a refrigerant chan-
nel (31) and a heating medium channel (32). The refrig-
erant channel (31) and the heating medium channel (32)
are formed with a heat transfer plate (40) interposed
therebetween, and include a plurality of refrigerant chan-
nels (31)and a plurality of heating medium channels (32).
The heat transfer plate (40) separates the refrigerant
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channel (31) and the heating medium channel (32) from
each other. Each of the first plate (40a) and the second
plate (40b) includes repetition of long and narrow ridges
and grooves.

[0056] Each first plate (40a) includes first front-side
protrusions (45a) and first back-side protrusions (47a)
alternately arranged. The first front-side protrusions
(45a) bulge toward the front side of the first plate
(40a). The first back-side protrusions (47a) bulge toward
the back side of the first plate (40a).

[0057] Each second plate (40b) includes second front-
side protrusions (47b) and second back-side protrusions
(45b) alternately arranged. The second front-side protru-
sions (47b) bulge toward the front side of the second plate
(40b). The second back-side protrusions (45b) bulge
toward the back side of the second plate (40b).

[0058] Each of the refrigerant channels (31) is a chan-
nel sandwiched between the front surface of the first plate
(40a) and the back surface of the second plate (40b). The
refrigerant channel (31) is a channel that communicates
with the internal space (15) of the shell (11) and allows the
refrigerant to flow therethrough.

[0059] Specifically, each refrigerant channel (31) in-
cludes channels formed between the front surfaces of the
first back-side protrusions (47a) and the back surfaces of
the second front-side protrusions (47b), and spaces
formed between the first front-side protrusions (45a)
and the second back-side protrusions (45b).

[0060] Each of the heating medium channels (32) is a
channel sandwiched between the back surface of the first
plate (40a) and the front surface of the second plate
(40b). The heating medium channel (32) is a channel
blocked from the internal space (15) of the shell (11) and
allows the heating medium to flow therethrough.

[0061] Specifically, each heating medium channel (32)
includes channels formed between the back surfaces of
the first front-side protrusions (45a) and the front sur-
faces of the second back-side protrusions (45b), and
spaces formed between the first back-side protrusions
(47a) and the second front-side protrusions (47b).

<Flows of Heating Medium and Refrigerant>

[0062] Flows ofthe heating medium and the refrigerant
in the heat exchanger (10) will be described. The flow of
the heating medium is shown by the arrows in FIG. 5.
[0063] As illustrated in FIG. 5, the heating medium
flows from the heating medium inlet (23) into the heating
medium introduction path (33). The heating medium
flowing through the heating medium introduction path
(33) flows from the first inlet holes (42a) and the second
inletholes (42b) toward the first outlet holes (44a) and the
second outlet holes (44b) through the heating medium
channels (32).

[0064] Specifically, the heating medium flowing
through the heating medium introduction path (33) enters
the heating medium channel (32). The heating medium
flows along the heating medium channel (32), passes
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through the space formed between the first back-side
protrusion (47a) and the second front-side protrusion
(47b), and enters an adjacent heating medium channel
(32) above the heating medium channel (32). In this
manner, the heating medium flows upward while flowing
from one end to the other of the heat transfer plate (40).
[0065] Next, the flow of the refrigerant will be described
below. The refrigerant that has passed through the de-
compression mechanism (4) in the refrigerant circuit (1a)
flows toward the heat exchanger (10). The liquid refrig-
erant flows into the internal space (15) of the shell (11)
through the refrigerant inlet (21). The liquid refrigerant
stored in the internal space (15) reaches close to the
upper end of the plate stack (30). The plate stack (30) is
immersed in the liquid refrigerant. The refrigerant stored
in the internal space (15) has a relatively low pressure.
The low-pressure refrigerant exchanges heat with the
heating medium flowing through the heating medium
channels (32).

[0066] Specifically, the refrigerantchannel (31) and the
heating medium channel (32) are adjacent to each other
with the heat transfer plate (40) interposed therebetw-
een. Thus, the liquid refrigerant absorbs heat from the
heating medium flowing through the heating medium
channel (32) and evaporates. The evaporated refrigerant
moves from the refrigerant channel (31) further upward
from the plate stack (30). The evaporated refrigerant
flows out through the refrigerant outlet (22) into the re-
frigerant circuit.

-Advantages of First Embodiment-

[0067] According to a feature of this embodiment, at
least one of the first closing member (13) or the second
closingmember (14)is formed into a curved shape, which
makes it possible to reduce deformation caused by the
pressure of the refrigerantthathas flowed into the internal
space (15) of the shell (11) and reduce the weight of the
shell (11) asawhole. Arranging part of the plate stack (30)
in the at least one of the first closing member (13) or the
second closing member (14) formed into the curved
shape can reduce the size of the shell (11) as a whole.

[0068] According to a feature of this embodiment, the
cylindrical body (12) has an axial length shorter than the
length of the plate stack (30) in the stacking direction,
which makes it possible to reduce the size of the shell (11)
as a whole.

[0069] According to a feature of this embodiment, both
of the first closing member (13) and the second closing
member (14) are formed into a curved shape, which
makes it possible to reduce deformation caused by the
pressure of the refrigerantthathas flowed into the internal
space (15) of the shell (11) and reduce the weight of the
shell (11) as a whole.

[0070] According to a feature of this embodiment, the
first closing member (13) and the second closing member
(14) are attached to the cylindrical body (12) by welding,
which makes it possible to increase the strength of the
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shell (11).

[0071] According to a feature of this embodiment, a
refrigeration apparatus includes: the shell-and-plate heat
exchanger (10); and the refrigerant circuit (1a) through
which the refrigerant to exchange heat in the shell-and-
plate heat exchanger (10) flows. It is thus possible to
provide a refrigeration apparatus including the shell-and-
plate heat exchanger (10).

«Second Embodiment»

[0072] Inthe 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.

[0073] As illustrated in FIGS. 6 and 7, a shell (11)
includes a cylindrical body (12), a first closing member
(13), and a second closing member (14). A plate stack
(30) is housed in an internal space (15) of the shell (11).
[0074] The shell (11) includes reinforcing members
(50). The reinforcing members (50) include first reinfor-
cing members (51) and second reinforcing members
(52). The first reinforcing members (51) and the second
reinforcing members (52) are configured as plate-shaped
members extending in the vertical direction.

[0075] Thefirstreinforcing members (51) are arranged
between one end portion (right end portion in FIG. 6) of
the plate stack (30) in the stacking direction and the inner
wall surface of the first closing member (13) formedinto a
curved shape. The first reinforcing members (51) are
welded to the first closing member (13). The first reinfor-
cing members (51) may be welded to the plate stack (30).
[0076] The first reinforcing members (51) support the
left end portion of the plate stack (30). The plurality of first
reinforcing members (51) are spaced apart from one
another in the direction of depth of the sheet of FIG. 6
(the upward/downward direction in FIG. 7).

[0077] The second reinforcing members (52) are ar-
ranged between the other end portion (rightend portionin
FIG. 6) of the plate stack (30) in the stacking direction and
the inner wall surface of the second closing member (14)
formed into a curved shape. The second reinforcing
members (52) are welded to the second closing member
(14). The second reinforcing members (52) may be
welded to the plate stack (30).

[0078] The second reinforcing members (52) support
therightend portion of the plate stack (30). The plurality of
second reinforcing members (52) are spaced apart from
one another in the direction of depth of the sheet of FIG. 6
(the upward/downward direction in FIG. 7).

-Advantages of Second Embodiment-

[0079] According to a feature of this embodiment, the
reinforcing members (50) support the plate stack (30),
which makes it possible to increase the strength of the
shell-and-plate heat exchanger as a whole.

[0080] According to a feature of this embodiment, the
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reinforcing members (50) can keep the plate stack (30)
from being deformed in the stacking direction.

[0081] According to a feature of this embodiment, a
plurality of reinforcing members (50) are provided, which
makes it possible to increase the strength of the shell-
and-plate heat exchanger as a whole.

[0082] It is not necessary to provide the reinforcing
members (50) if the plate stack (30) has sufficiently high
strength in the stacking direction, such as in a case in
which adjacent heat transfer plates (40) are brazed to
each other in the plate stack (30).

<<Other Embodiments>>

[0083] 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-
ing from the spirit and scope of the claims. The elements
according to the embodiments, the variations thereof,
and the other embodiments may be combined and re-
placed 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 expres-
sions are given, and do not limit the number and order of
the terms.

INDUSTRIAL APPLICABILITY

[0084] As can be seen from the foregoing description,
the present disclosure is useful for a shell-and-plate heat
exchanger and a refrigeration apparatus.

DESCRIPTION OF REFERENCE CHARACTERS
[0085]

1 Refrigeration Apparatus
1a  Refrigerant Circuit

10  Shell-and-Plate Heat Exchanger
11 Shell

12 Cylindrical Body

13  First Closing Member

14  Second Closing Member
15  Internal Space

30 Plate Stack

32 Heating Medium Channel
40 Heat Transfer Plate

50 Reinforcing Member

Claims

1. A shell-and-plate heat exchanger, comprising: a
shell (11) having an internal space (15); and a plate
stack (30) housed in the internal space (15) and
including a plurality of heat transfer plates (40)
stacked and joined together, the shell-and-plate heat
exchanger causing heat exchange between a refrig-
erant that has flowed into the internal space (15) of

10

15

20

25

30

35

40

45

50

55

the shell (11) and a heating medium that has flowed
into a heating medium channel (32) of the plate stack
(30),

the shell (11) including: a cylindrical body (12)
having openings on both axial ends; a first clos-
ing member (13) configured to close the opening
on one end of the cylindrical body (12); and a
second closing member (14) configured to close
the opening on the other end of the cylindrical
body (12),

at least one of the first closing member (13) or
the second closing member (14) being formed
into a curved shape protruding outward in an
axial direction of the cylindrical body (12),

part of the plate stack (30) being arranged in the
at least one of the first closing member (13) or
the second closing member (14) formed into the
curved shape.

The shell-and-plate heat exchanger of claim 1,
wherein

the cylindrical body (12) has an axial length shorter
than a length of the plate stack (30) in a stacking
direction.

The shell-and-plate heat exchanger of claim 1 or 2,
wherein

both of the first closing member (13) and the second
closing member (14) are formed into a curved shape
protruding outward in the axial direction of the cy-
lindrical body (12).

The shell-and-plate heat exchanger of any one of
claims 1 to 3, further comprising:

a reinforcing member (50) arranged between the
plate stack (30) and the atleast one of the first closing
member (13) or the second closing member (14)
formed into the curved shape, the reinforcing mem-
ber (50) being configured to support the plate stack
(30).

The shell-and-plate heat exchanger of claim 4,
wherein

the reinforcing member (50) is arranged to extend
between an end portion of the plate stack (30) in the
stacking direction and an inner wall surface of the at
least one of the first closing member (13) or the
second closing member (14) formed into the curved
shape.

The shell-and-plate heat exchanger of claim 5,
wherein
the reinforcing member (50) includes a plurality of
reinforcing members (50) spaced apart from one
another.

The shell-and-plate heat exchanger of any one of



13 EP 4 464 969 A1

claims 1 to 6, wherein

the first closing member (13) and the second closing
member (14) are attached to the cylindrical body (12)
by welding.

A refrigeration apparatus, comprising:

the shell-and-plate heat exchanger (10) of any
one of claims 1 to 7; and

a refrigerant circuit (1a) through which a refrig-
erant to exchange heat in the shell-and-plate
heat exchanger (10) flows.
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