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(54) MAGNETIC REFRIGERATION MODULE

(57) A magnetic refrigeration module (20) includes:
a first intermediate flow path (31, 32) that communicates
with a low-temperature inflow path (25) and a first space
(29) and expands the flow of a heating medium heading
from the low-temperature inflow path (25) to the first
space (29); and a second intermediate flow path (33, 34)

that communicates with a high-temperature inflow path
(27) and a second space (30) and expands the flow of a
heating medium heading from the high-temperature in-
flow path (27) to the second space (30). This configura-
tion allows the heating medium to widely flow into a hous-
ing while minimizing a dead volume.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a magnetic
refrigeration module.

BACKGROUND ART

[0002] A magnetic refrigeration module for producing
cold thermal energy and warm thermal energy by using
a magnetocaloric effect has been known (see, for exam-
ple, Patent Document 1). The magnetic refrigeration
module of this document is configured to apply and re-
move a magnetic field to and from a housing that houses
a magnetic working substance, and to cause a heating
medium to flow into and out of the housing, thereby gen-
erating the cold thermal energy and the warm thermal
energy.

CITATION LIST

PATENT DOCUMENT

[0003] Patent Document 1: Japanese Unexamined
Patent Publication No. 2016-530479

SUMMARY

TECHNICAL PROBLEM

[0004] In order to maximize the performance of the
magnetic refrigeration module, the magnetic working
substance in the housing should be thoroughly used. For
this purpose, the heating medium needs to flow into a
wide range of the housing. In order to allow the heating
medium to flow into a wide range of the housing, a space
for expanding the flow of the heating medium is required
between a flow path into which the heating medium goes
and the housing. However, the heating medium in this
space cannot be discharged outside of the magnetic re-
frigeration module and becomes a dead volume, result-
ing in a decrease in performance of the magnetic refrig-
eration module. Thus, the space is desirably minimized.
However, if this space is made small, the heating medium
cannot flow into a wide range of the housing, and the
magnetic working substance cannot be effectively uti-
lized. This also results in a decrease in performance of
the magnetic refrigeration module.
[0005] An object of the present disclosure is to allow a
heating medium to widely flow into a housing while min-
imizing a dead volume.

SOLUTION TO THE PROBLEMS

[0006] A first aspect of the present disclosure is direct-
ed to a magnetic refrigeration module (20) including: a
housing (22, 22a to 22d) that houses a magnetic working

substance (24) and forms a flow path (23) through which
a heating medium flows; a low-temperature inflow path
(25) through which the heating medium flows into one
end of the flow path (23); a high-temperature inflow path
(27) through which the heating medium flows into the
other end of the flow path (23); a low-temperature outflow
path (26) through which the heating medium coming out
of the one end of the flow path (23) flows; and a high-
temperature outflow path (28) through which the heating
medium coming out of the other end of the flow path (23)
flows. In this magnetic refrigeration module (20), a first
space (29) is formed between the one end of the flow
path (23) and the low-temperature inflow path (25), and
a second space (30) is formed between the other end of
the flow path (23) and the high-temperature inflow path
(27). The magnetic refrigeration module (20) further in-
cludes: a first intermediate flow path (31, 32) that com-
municates with the low-temperature inflow path (25) and
the first space (29) and expands a flow of the heating
medium heading from the low-temperature inflow path
(25) to the first space (29); and a second intermediate
flow path (33, 34) that communicates with the high-tem-
perature inflow path (27) and the second space (30) and
expands a flow of the heating medium heading from the
high-temperature inflow path (27) to the second space
(30).
[0007] In the first aspect, the heating medium flows
from the low-temperature side to the high-temperature
side, or from the high-temperature side to the low-tem-
perature side, in the magnetic refrigeration module (20).
Specifically, in the magnetic refrigeration module (20),
the heating medium flows through the low-temperature
inflow path (25), the first intermediate flow path (31, 32),
the first space (29), the flow path (23) in the housing (22,
22a to 22d), and the high-temperature outflow path (28)
in this order, or through the high-temperature inflow path
(27), the second intermediate flow path (33, 34), the sec-
ond space (30), the flow path (23) in the housing (22, 22a
to 22d), and the low-temperature outflow path (26) in this
order.
[0008] The flow of the heating medium heading from
the low-temperature inflow path (25) to the first space
(29) via the first intermediate flow path (31, 32) is ex-
panded by the first intermediate flow path (31, 32). This
causes the heating medium to flow into a wide range of
the first space (29). Thus, even if the first space (29),
which can constitute a dead volume, is made relatively
small, the heating medium flows widely into the subse-
quent flow path (23) in the housing (22, 22a to 22d). Fur-
ther, the flow of the heating medium heading from the
high-temperature inflow path (27) to the second space
(30) via the second intermediate flow path (33, 34) is
expanded by the second intermediate flow path (33, 34).
This causes the heating medium to flow into a wide range
of the second space (30). Thus, even if the second space
(30), which can constitute a dead volume, is made rela-
tively small, the heating medium flows widely into the
subsequent flow path (23) of the housing (22, 22a to 22d).
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[0009] A second aspect of the present disclosure is an
embodiment of the first aspect. In the second aspect,
each of the first intermediate flow path (31, 32) and the
second intermediate flow path (33, 34) is comprised of
an elongated slit (31, 33, 35, 37) or a plurality of pipe
bodies (32, 34, 36, 38) or through holes.
[0010] In the second aspect, the flow of the heating
medium heading to the first space (29) or the second
space (30) is expanded by the elongated slit (31, 33, 35,
37) or the plurality of pipe bodies (32, 34, 36, 38) or
through holes. Specifically, the flow of the heating medi-
um is expanded in a range in which the elongated slit
(31, 33, 35, 37) extends, or in a range in which the plurality
of pipe bodies (32, 34, 36, 38) or through holes are
present.
[0011] A third aspect of the present disclosure is an
embodiment of the first or second aspect. In the third
aspect, the housing (22, 22a to 22d) is configured to be
applied with a magnetic field, and the first space (29) and
the second space (30) are arranged to sandwich the
housing (22, 22a to 22d) in a direction of the magnetic
field applied to the housing (22, 22a to 22d).
[0012] In the third aspect, the magnetic working sub-
stance (24) generates heat when the magnetic field is
applied to the housing (22, 22a to 22d), and absorbs heat
when the magnetic field is removed from the housing (22,
22a to 22d). In addition, both of the general direction in
which the heating medium flows from the first space (29)
to the second space (30) via the housing (22, 22a to 22d)
and the general direction in which the heating medium
flows in the reverse direction are substantially parallel to
the direction of the magnetic field applied to the housing
(22, 22a to 22d).
[0013] A fourth aspect of the present disclosure is an
embodiment of the first or second aspect. In the fourth
aspect, the housing (22, 22a to 22d) is configured to be
applied with a magnetic field, and the first space (29) and
the second space (30) are arranged to sandwich the
housing (22, 22a to 22d) in a direction perpendicular to
a direction of the magnetic field applied to the housing
(22, 22a to 22d).
[0014] In the fourth aspect, the magnetic working sub-
stance (24) generates heat when the magnetic field is
applied to the housing (22, 22a to 22d), and absorbs heat
when the magnetic field is removed from the housing (22,
22a to 22d). In addition, both of the general direction in
which the heating medium flows from the first space (29)
to the second space (30) via the housing (22, 22a to 22d)
and the general direction in which the heating medium
flows in the reverse direction are substantially perpen-
dicular to the direction of the magnetic field applied to
the housing (22, 22a to 22d).
[0015] A fifth aspect of the present disclosure is an
embodiment of any one of the first to fourth aspects. In
the fifth aspect, a direction in which the heating medium
flows into the low-temperature inflow path (25) and a di-
rection in which the heating medium flows out of the low-
temperature outflow path (26) are opposite to each other,

and a direction in which the heating medium flows into
the high-temperature inflow path (27) and a direction in
which the heating medium flows out of the high-temper-
ature outflow path (28) are opposite to each other.
[0016] In the fifth aspect, an inlet of the low-tempera-
ture inflow path (25) and an outlet of the low-temperature
outflow path (26) can be arranged on the same side of
the magnetic refrigeration module (20). Further, an inlet
of the high-temperature inflow path (27) and an outlet of
the high-temperature outflow path (28) can be arranged
on the same side of the magnetic refrigeration module
(20).
[0017] A sixth aspect of the present disclosure is an
embodiment of the fifth aspect. In the sixth aspect, a di-
rection in which the heating medium flows into the low-
temperature inflow path (25) and a direction in which the
heating medium flows out of the high-temperature out-
flow path (28) are the same, and a direction in which the
heating medium flows out of the low-temperature outflow
path (26) and a direction in which the heating medium
flows into the high-temperature inflow path (27) are the
same.
[0018] In the sixth aspect, an inlet of the low-temper-
ature inflow path (25) and an outlet of the low-tempera-
ture outflow path (26) can be arranged on the side of the
magnetic refrigeration module (20) opposite to an inlet
of the high-temperature inflow path (27) and an outlet of
the high-temperature outflow path (28).
[0019] A seventh aspect of the present disclosure is
an embodiment of the fifth aspect. In the seventh aspect,
a direction in which the heating medium flows into the
low-temperature inflow path (25) and a direction in which
the heating medium flows into the high-temperature in-
flow path (27) are the same, and a direction in which the
heating medium flows out of the low-temperature outflow
path (26) and a direction in which the heating medium
flows out of the high-temperature outflow path (28) are
the same.
[0020] In the seventh aspect, the low-temperature in-
flow and outflow paths (25, 26) and the high-temperature
inflow and outflow paths (27, 28) can be arranged on the
same side of the magnetic refrigeration module (20).
Specifically, all of these paths can be arranged on the
same side of the magnetic refrigeration module (20).
[0021] An eighth aspect of the present disclosure is an
embodiment of any one of the first to fourth aspects. In
the eighth aspect, a direction in which the heating medi-
um flows into the low-temperature inflow path (25) and
a direction in which the heating medium flows out of the
low-temperature outflow path (26) are the same, and a
direction in which the heating medium flows into the high-
temperature inflow path (27) and a direction in which the
heating medium flows out of the high-temperature out-
flow path (28) are the same.
[0022] In the eighth aspect, an inlet of the low-temper-
ature inflow path (25) and an outlet of the low-tempera-
ture outflow path (26) can be arranged on the opposite
sides of the magnetic refrigeration module (20). Further,
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an inlet of the high-temperature inflow path (27) and an
outlet of the high-temperature outflow path (28) can be
arranged on the opposite sides of the magnetic refriger-
ation module (20).
[0023] A ninth aspect of the present disclosure is an
embodiment of any one of the first to eighth aspects. In
the ninth aspect, magnetic refrigeration module (20) fur-
ther includes: a third intermediate flow path (35, 36) com-
municating with the first space (29) and the low-temper-
ature outflow path (26); and a fourth intermediate flow
path (37, 38) communicating with the second space (30)
and the high-temperature outflow path (28), wherein the
first to fourth intermediate flow paths (31 to 38) are ar-
ranged near a center of the housing (22, 22a to 22d) in
a direction perpendicular to a flow direction of the heating
medium in the flow path (23).
[0024] In the ninth aspect, the heating medium flows
in the magnetic refrigeration module (20) through the low-
temperature inflow path (25), the first intermediate flow
path (31, 32), the first space (29), the flow path (23) in
the housing (22, 22a to 22d), the second space (30), the
fourth intermediate flow path (37, 38), and the high-tem-
perature outflow path (28) in this order, or through the
high-temperature inflow path (27), the second interme-
diate flow path (33, 34), the second space (30), the flow
path (23) in the housing (22, 22a to 22d), the first space
(29), the third intermediate flow path (35, 36), and the
low-temperature outflow path (26) in this order. Since the
first to fourth intermediate flow paths (31 to 38) are ar-
ranged near the center of the housing (22, 22a to 22d),
the flow of the heating medium coming into the first space
(29) or the second space (30) is easily expanded, and
the heating medium can flow into the entire housing (22,
22a to 22d) even when the first space (29) and the second
space (30) are reduced in size.
[0025] A tenth aspect of the present disclosure is an
embodiment of any one of the first to eighth aspects. In
the tenth aspect, the magnetic refrigeration module (20)
further includes: a third intermediate flow path (35, 36)
communicating with the first space (29) and the low-tem-
perature outflow path (26); and a fourth intermediate flow
path (37, 38) communicating with the second space (30)
and the high-temperature outflow path (28), wherein the
first and second intermediate flow paths (31 to 34) are
arranged near one end of the housing (22, 22a to 22d)
in a direction perpendicular to a flow direction of the heat-
ing medium in the flow path (23), and the third and fourth
intermediate flow paths (35 to 38) are arranged near the
other end of the housing (22, 22a to 22d) in the direction
perpendicular to the flow direction of the heating medium
in the flow path (23).
[0026] In the tenth aspect, the heating medium flows
in the magnetic refrigeration module (20) through the low-
temperature inflow path (25), the first intermediate flow
path (31, 32), the first space (29), the flow path (23) in
the housing (22, 22a to 22d), the second space (30), the
fourth intermediate flow path (37, 38), and the high-tem-
perature outflow path (28) in this order, or through the

high-temperature inflow path (27), the second interme-
diate flow path (33, 34), the second space (30), the flow
path (23) in the housing (22, 22a to 22d), the first space
(29), the third intermediate flow path (35, 36), and the
low-temperature outflow path (26) in this order. In the
former case, the distance from the first space (29) to the
second space (30) between the first intermediate flow
path (31, 32) and the fourth intermediate flow path (37,
38) is substantially uniform, which causes the heating
medium to easily and uniformly flow from the first inter-
mediate flow path (31, 32) to the fourth intermediate flow
path (37, 38). This also applies to the flow of the heating
medium from the second intermediate flow path (33, 34)
to the third intermediate flow path (35, 36) in the latter
case.
[0027] An eleventh aspect of the present disclosure is
an embodiment of any one of the first to tenth aspects.
In the eleventh aspect, the magnetic refrigeration module
(20) further includes a case (21) that houses the housing
(22, 22a to 22d), the low-temperature and high-temper-
ature inflow paths (25, 27), the low-temperature and high-
temperature outflow paths (26, 28), and the first and sec-
ond intermediate flow paths (31 to 34).
[0028] In the eleventh aspect, the components of the
magnetic refrigeration module (20) can be unitized using
the case (21).
[0029] A twelfth aspect of the present disclosure is an
embodiment of the eleventh aspect. In the twelfth aspect,
at least a portion of the case (21) is made of a magnetic
material.
[0030] In the twelfth aspect, when a magnetic field is
applied to the magnetic working substance (24) to cause
the magnetocaloric effect, the portion of the case (21)
made of the magnetic material can be used as part of a
magnetic path.
[0031] A thirteenth aspect of the present disclosure is
an embodiment of the twelfth aspect. In the thirteenth
aspect, the case (21) includes a short-circuit blocking
portion (39 to 42) that blocks a short circuit of an applied
magnetic field via the case (21).
[0032] In the thirteenth aspect, since the applied mag-
netic field is blocked from being short-circuited via the
case (21), the magnetic field can efficiently act on the
magnetic working substance (24).
[0033] A fourteenth aspect of the present disclosure is
an embodiment of the thirteenth aspect. In the fourteenth
aspect, the short-circuit blocking portion (39 to 42) is com-
prised of a non-magnetic portion (39, 40) arranged be-
tween portions of the case (21) made of the magnetic
material.
[0034] In the fourteenth aspect, the non-magnetic por-
tion (39, 40) can block the short circuit of the magnetic
field via the case (21).
[0035] A fifteenth aspect of the present disclosure is
an embodiment of the thirteenth aspect. In the fifteenth
aspect, the short-circuit blocking portion (39 to 42) is com-
prised of a thin portion (41, 42) that is relatively thinned
in the case (21) and causes magnetic saturation due to
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the magnetic field.
[0036] In the fifteenth aspect, the thin portion (41, 42)
blocks the short circuit of the magnetic field via the case
(21).
[0037] A sixteenth aspect of the present disclosure is
an embodiment of any one of the eleventh to fifteenth
aspects. In the sixteenth aspect, a portion of the case
(21) facing an outer surface of the housing (22, 22a to
22d) that does not face both ends of the flow path (23)
has a lower thermal conductivity than the other portion.
[0038] In the sixteenth aspect, if a portion having a high
thermal conductivity is present between both ends of the
flow path (23), undesirable heat transfer, that is, heat
transfer that causes a loss from the high-temperature
side to the low-temperature side, occurs through the por-
tion. On the other hand, in the sixteenth aspect, the por-
tion of the case (21) between both ends of the flow path
(23) has a low thermal conductivity, which can block the
heat transfer from the high-temperature side to the low-
temperature side via the case (21).
[0039] A seventeenth aspect of the present disclosure
is an embodiment of any one of the eleventh to sixteenth
aspects. In the seventeenth aspect, the housing (22, 22a
to 22d) includes a plurality of housings arranged side by
side, and the low-temperature inflow path (25) or the low-
temperature outflow path (26) and the high-temperature
inflow path (27) or the high-temperature outflow path (28)
are arranged side by side in a direction in which the hous-
ings (22, 22a to 22d) are arranged side by side.
[0040] In the seventeenth aspect, plural sets of the low-
temperature inflow path (25), the low-temperature out-
flow path (26), the high-temperature inflow path (27), the
high-temperature outflow path (28), and the housing (22,
22a to 22d) are formed.
[0041] An eighteenth aspect of the present disclosure
is an embodiment of the seventeenth aspect. In the eight-
eenth aspect, the case (21) includes a thermal insulator
portion (43, 44) provided between the low-temperature
inflow path (25) or the low-temperature outflow path (26)
and the high-temperature inflow path (27) or the high-
temperature outflow path (28).
[0042] In the eighteenth aspect, the thermal insulator
portion (43, 44) blocks undesirable heat transfer from the
high-temperature inflow path (27) or the high-tempera-
ture outflow path (28) to the low-temperature inflow path
(25) or the low-temperature outflow path (26).
[0043] A nineteenth aspect of the present disclosure
is an embodiment of any one of the first to eighteenth
aspects. In the nineteenth aspect, the housing (22, 22a
to 22d) includes a plurality of housings arranged side by
side in a flow direction of the heating medium in the flow
path (23), and the low-temperature inflow path (25) and
the low-temperature outflow path (26) or the high-tem-
perature inflow path (27) and the high-temperature out-
flow path (28) are arranged between the housings (22,
22a to 22d) arranged side by side.
[0044] In the nineteenth aspect, the low-temperature
inflow path (25) and the low-temperature outflow path

(26) or the high-temperature inflow path (27) and the
high-temperature outflow path (28) can be arranged be-
tween the housings (22, 22a to 22d) side by side. There-
fore, the high-temperature inflow and outflow paths (27,
28) and the low-temperature inflow and outflow paths
(25, 26) can be arranged away from each other, which
can block undesirable heat transfer from the former to
the latter.
[0045] A twentieth aspect of the present disclosure is
an embodiment of any one of the first to eighteenth as-
pects. In the twentieth aspect, the housing (22, 22a to
22d) includes a plurality of housings arranged side by
side in a direction intersecting with a flow direction of the
heating medium in the flow path (23), the low-tempera-
ture inflow path (25) and the low-temperature outflow
path (26) are arranged on one side of the housings (22,
22a to 22d) in the flow direction, and the high-temperature
inflow path (27) and the high-temperature outflow path
(28) are arranged on the other side of the housings (22,
22a to 22d) in the flow direction.
[0046] In the twentieth aspect, the low-temperature in-
flow path (25) and the low-temperature outflow path (26)
or the high-temperature inflow path (27) and the high-
temperature outflow path (28) can be arranged on the
one side or the other side of the housings (22, 22a to
22d) in the flow direction of the heating medium in the
flow path (23). Therefore, the high-temperature inflow
and outflow paths (27, 28) and the low-temperature inflow
and outflow paths (25, 26) can be arranged away from
each other, which can block undesirable heat transfer
from the former to the latter.
[0047] A twenty-first aspect of the present disclosure
is an embodiment of any one of the first to twentieth as-
pects. In the twenty-first aspect, plural sets of the low-
temperature inflow path (25), the high-temperature inflow
path (27), the low-temperature outflow path (26), and the
high-temperature outflow path (28) are provided for a sin-
gle housing (22, 22a to 22d).
[0048] In the twenty-first aspect, the heating medium
flows into the single housing (22, 22a to 22d) from the
plurality of low-temperature inflow paths (25) or the plu-
rality of high-temperature inflow paths (27), and flows out
of the single housing (22, 22a to 22d) to the plurality of
low-temperature outflow paths (26) or the plurality of
high-temperature outflow paths (28).

BRIEF DESCRIPTION OF THE DRAWINGS

[0049]

[FIG. 1] FIG. 1 is a circuit diagram schematically il-
lustrating a configuration of an air-conditioning sys-
tem according to a first embodiment.
[FIG. 2] FIG. 2 is a perspective view schematically
illustrating a configuration of a magnetic refrigeration
module of the first embodiment.
[FIG. 3] FIG. 3 is a cross-sectional view taken along
line III-III of FIG. 2.
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[FIG. 4] FIG. 4 is a perspective view schematically
illustrating a configuration of a magnetic refrigeration
module according to a first variation of the first em-
bodiment.
[FIG. 5] FIG. 5 is a cross-sectional view taken along
line V-V of FIG. 4.
[FIG. 6] FIG. 6 is a perspective view schematically
illustrating a configuration of a magnetic refrigeration
module according to a second variation of the first
embodiment.
[FIG. 7] FIG. 7 is four orthogonal views schematically
illustrating a configuration of a magnetic refrigeration
module of a second embodiment.
[FIG. 8] FIG. 8 is a cross-sectional view taken along
line VIII-VIII of FIG. 7.
[FIG. 9] FIG. 9 is four orthogonal views schematically
illustrating a configuration of a magnetic refrigeration
module of a third embodiment.
[FIG. 10] FIG. 10 is a cross-sectional view taken
along line X-X of FIG. 9.
[FIG. 11] FIG. 11 is four orthogonal views schemat-
ically illustrating a configuration of a magnetic refrig-
eration module of a fourth embodiment.
[FIG. 12] FIG. 12 is a cross-sectional view taken
along line XII-XII of FIG. 11.
[FIG. 13] FIG. 13 is a view corresponding to FIG. 12,
illustrating a magnetic refrigeration module of a first
variation of the fourth embodiment.
[FIG. 14] FIG. 14 is a view corresponding to FIG. 12,
illustrating a magnetic refrigeration module of a sec-
ond variation of the fourth embodiment.
[FIG. 15] FIG. 15 is four orthogonal views schemat-
ically illustrating a configuration of a magnetic refrig-
eration module of a fifth embodiment.
[FIG. 16] FIG. 16 is a cross-sectional view taken
along line XVI-XVI of FIG. 15.

DESCRIPTION OF EMBODIMENTS

«First Embodiment»

[0050] A first embodiment will be described below. A
magnetic refrigeration module (20) of the present em-
bodiment controls the temperature of a heating medium
by means of a magnetocaloric effect, and is provided in
an air-conditioning system (10) configured as, for exam-
ple, a chiller for cooling purpose only. Note that the use
of the magnetic refrigeration module (20) is not limited
to this. For example, the magnetic refrigeration module
(20) may be provided for an air conditioner.

-Configuration of Air-Conditioning System-

[0051] FIG. 1 is a circuit diagram schematically illus-
trating a configuration of the air-conditioning system (10)
according to the first embodiment. As shown in this figure,
the air-conditioning system (10) includes a heating me-
dium circuit (11) provided with the magnetic refrigeration

module (20), a low-temperature heat exchanger (60), a
high-temperature heat exchanger (70), and a heating
medium pump (80). The components of the heating me-
dium circuit (11) are connected together through heating
medium pipes.
[0052] The magnetic refrigeration module (20) in-
cludes a magnetic working substance (24), and causes
a magnetocaloric effect by applying or removing a mag-
netic field to or from the magnetic working substance
(24), thereby heating or cooling a heating medium flowing
therein. The magnetic refrigeration module (20) has a
low-temperature inflow path (25), a low-temperature out-
flow path (26), a high-temperature inflow path (27), and
a high-temperature outflow path (28). The inflow paths
(25, 27) and the outflow paths (26, 28) are in communi-
cation with an internal space of a housing (22) (see FIG.
2) of the magnetic refrigeration module (20). The heating
medium coming from the low-temperature inflow path
(25) flows through the housing (22), and is discharged
from the high-temperature outflow path (28). The heating
medium coming from the high-temperature inflow path
(27) flows through the housing (22), and is discharged
from the low-temperature outflow path (26). The config-
uration of the magnetic refrigeration module (20) will be
described in detail later.
[0053] The low-temperature heat exchanger (60)
causes heat exchange between the heating medium
cooled in the magnetic refrigeration module (20) and a
secondary refrigerant flowing through a utilization unit
(e.g., an air handling unit), which is not illustrated. The
low-temperature heat exchanger (60) has a first inflow
port (61) connected to the low-temperature outflow path
(26) of the magnetic refrigeration module (20), a first out-
flow port (62) connected to the low-temperature inflow
path (25) of the magnetic refrigeration module (20), and
a third inflow port (63) and a third outflow port (64) both
connected to the utilization unit.
[0054] A heating medium pipe between the low-tem-
perature outflow path (26) and the first inflow port (61) is
provided with a first check valve (91) which allows the
heating medium to flow from the former to the latter, while
preventing the heating medium from flowing in the re-
verse direction. A heating medium pipe between the low-
temperature inflow path (25) and the first outflow port
(62) is provided with a second check valve (92) which
allows the heating medium to flow from the latter to the
former, while preventing the heating medium from flowing
in the reverse direction.
[0055] The high-temperature heat exchanger (70)
causes heat exchange between the heating medium
heated in the magnetic refrigeration module (20) and a
secondary refrigerant flowing through a heat source unit
(such as a cooling tower), which is not illustrated. The
high-temperature heat exchanger (70) has a second in-
flow port (71) connected to the high-temperature outflow
path (28) of the magnetic refrigeration module (20), a
second outflow port (72) connected to the high-temper-
ature inflow path (27) of the magnetic refrigeration mod-
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ule (20), and a fourth inflow port (73) and a fourth outflow
port (74) both connected to the heat source unit.
[0056] A heating medium pipe between the high-tem-
perature outflow path (28) and the second inflow port (71)
is provided with a third check valve (93) which allows the
heating medium to flow from the former to the latter, while
preventing the heating medium from flowing in the re-
verse direction. A heating medium pipe between the high-
temperature inflow path (27) and the second outflow port
(72) is provided with a fourth check valve (94) which al-
lows the heating medium to flow from the latter to the
former, while preventing the heating medium from flowing
in the reverse direction.
[0057] The heating medium pump (80) allows the heat-
ing medium to flow between the magnetic refrigeration
module (20) and the heat exchangers (60, 70). The heat-
ing medium pump (80) is configured as a piston pump in
this example, and includes a cylinder (81) and a piston
(84) disposed therein. The piston (84) partitions the in-
terior of the cylinder (81) into a first chamber (82) and a
second chamber (83). The first chamber (82) communi-
cates with a portion of the heating medium pipe between
the low-temperature heat exchanger (60) and the second
check valve (92), and the second chamber (83) commu-
nicates with a portion of the heating medium pipe be-
tween the high-temperature heat exchanger (70) and the
fourth check valve (94).
[0058] The heating medium pump (80) is configured
to have its piston (84) reciprocated in the cylinder (81) to
perform a first operation for discharging the heating me-
dium from the first chamber (82) and sucking the heating
medium into the second chamber (83), and a second
operation for discharging the heating medium from the
second chamber (83) and sucking the heating medium
into the first chamber (82).

-Configuration of Magnetic Refrigeration Module-

[0059] FIG. 2 is a perspective view schematically illus-
trating the configuration of the magnetic refrigeration
module (20). FIG. 3 is a cross-sectional view taken along
line III-III of FIG. 2. As shown in the figure, the magnetic
refrigeration module (20) includes a housing (22), a low-
temperature inflow path (25), a high-temperature inflow
path (27), a low-temperature outflow path (26), a high-
temperature outflow path (28), and a case (21) housing
these components.
[0060] The housing (22) is formed in a rectangular par-
allelepiped shape extending in a longitudinal direction of
the magnetic refrigeration module (20) (i.e., a direction
perpendicular to the plane of FIG. 3). The housing (22)
houses a magnetic working substance (24). The housing
(22) forms a flow path (23) through which the heating
medium flows. One end of the flow path (23) corresponds
to the left end of the housing (22) in FIGS. 2 and 3, and
the other end corresponds to the right end of the housing
(22) in FIGS. 2 and 3. Therefore, the heating medium
flows in the flow path (23) generally in the left-right direc-

tion in FIGS. 2 and 3 (see the two-way arrow in FIG. 3).
This direction substantially coincides with the direction
of a magnetic field applied to the housing (22) as shown
in FIGS. 2 and 3.
[0061] The low-temperature inflow path (25) is a rec-
tangular tube-shaped flow path extending in the longitu-
dinal direction of the magnetic refrigeration module (20).
The low-temperature inflow path (25) has a sealed end
on the rear side in FIGS. 2 and 3, and an open end on
the front side in the same figures. The front end of the
low-temperature inflow path (25) is connected to the first
outflow port (62) of the low-temperature heat exchanger
(60) via a heating medium pipe. The low-temperature
inflow path (25) allows the heating medium coming from
the low-temperature heat exchanger (60) to flow into one
end of the flow path (23) in the housing (22). The heating
medium flows through the low-temperature inflow path
(25) from the front side to the rear side in FIGS. 2 and 3
(see an arrows in FIG. 2 and a symbol in FIG. 3).
[0062] The high-temperature inflow path (27) is a rec-
tangular tube-shaped flow path extending in the longitu-
dinal direction of the magnetic refrigeration module (20).
The high-temperature inflow path (27) has a sealed end
on the front side in FIGS. 2 and 3, and an open end on
the rear side in the same figures. The rear end of the
high-temperature inflow path (27) is connected to the
second outflow port (72) of the high-temperature heat
exchanger (70) via a heating medium pipe. The high-
temperature inflow path (27) allows the heating medium
coming from the high-temperature heat exchanger (70)
to flow into the other end of the flow path (23) in the
housing (22). The heating medium flows through the
high-temperature inflow path (27) from the rear side to
the front side in FIGS. 2 and 3 (see an arrow in FIG. 2
and a symbol in FIG. 3).
[0063] The low-temperature outflow path (26) is a rec-
tangular tube-shaped flow path extending in the longitu-
dinal direction of the magnetic refrigeration module (20).
The low-temperature outflow path (26) has a sealed end
on the rear side in FIGS. 2 and 3, and an open end on
the front side in the same figures. The front end of the
low-temperature outflow path (26) is connected to the
first inflow port (61) of the low-temperature heat exchang-
er (60) via a heating medium pipe. The heating medium
that has come out of the one end of the flow path (23) of
the housing (22) flows through the low-temperature out-
flow path (26). The heating medium flows through the
low-temperature outflow path (26) from the rear side to
the front side in FIGS. 2 and 3 (see an arrow in FIG. 2
and a symbol in FIG. 3).
[0064] The high-temperature outflow path (28) is a rec-
tangular tube-shaped flow path extending in the longitu-
dinal direction of the magnetic refrigeration module (20).
The high-temperature outflow path (28) has a sealed end
on the front side in FIGS. 2 and 3, and an open end on
the rear side in the same figures. The rear end of the
high-temperature outflow path (28) is connected to the
second inflow port (71) of the high-temperature heat ex-
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changer (70) via a heating medium pipe. The heating
medium that has come out of the other end of the flow
path (23) of the housing (22) flows through the high-tem-
perature outflow path (28). The heating medium flows
through the high-temperature outflow path (28) from the
front side to the rear side in FIGS. 2 and 3 (see an arrow
in FIG. 2 and a symbol in FIG. 3).
[0065] A first space (29) is formed between the one
end of the flow path (23) of the housing (22) and the low-
temperature inflow and outflow paths (25, 26). The first
space (29) is a flat rectangular tube-shaped space ex-
tending in the longitudinal direction of the magnetic re-
frigeration module (20). The first space (29) communi-
cates with the entirety of the one end of the flow path (23)
of the housing (22).
[0066] A first slit (31) is formed between the low-tem-
perature inflow path (25) and the first space (29) to com-
municate with both of them. The first slit (31) is an elon-
gated gap extending in the longitudinal direction of the
magnetic refrigeration module (20). The first slit (31) ex-
pands the flow of the heating medium heading from the
low-temperature inflow path (25) to the first space (29).
Specifically, the presence of the first slit (31) allows the
heating medium flowing through the low-temperature in-
flow path (25) to flow into substantially the entire first
space (29) in the longitudinal direction of the magnetic
refrigeration module (20). The first slit (31) constitutes a
first intermediate flow path.
[0067] A third slit (35) is formed between the low-tem-
perature outflow path (26) and the first space (29) to com-
municate with both of them. The third slit (35) is an elon-
gated gap extending in the longitudinal direction of the
magnetic refrigeration module (20). The third slit (35) al-
lows the heating medium to smoothly flow from the first
space (29) to the low-temperature outflow path (26). The
third slit (35) constitutes a third intermediate flow path.
[0068] The first slit (31) and the third slit (35) are ar-
ranged near the center of the housing (22) in a direction
perpendicular to the general flow direction of the heating
medium in the flow path (23) of the housing (22) (i.e., the
vertical direction in FIG. 3). Specifically, the first slit (31)
allows a lower end of the low-temperature inflow path
(25) arranged in the upper half of the magnetic refriger-
ation module (20) to communicate with a center portion
of the first space (29). The third slit (35) allows an upper
end of the low-temperature outflow path (26) arranged
in the lower half of the magnetic refrigeration module (20)
to communicate with the center portion of the first space
(29).
[0069] A second space (30) is formed between the oth-
er end of the flow path (23) of the housing (22) and the
high-temperature inflow and outflow paths (27, 28). The
second space (30) is a flat rectangular tube-shaped
space extending in the longitudinal direction of the mag-
netic refrigeration module (20). The second space (30)
communicates with the entirety of the other end of the
flow path (23) of the housing (22).
[0070] A second slit (33) is formed between the high-

temperature inflow path (27) and the second space (30)
to communicate with both of them. The second slit (33)
is an elongated gap extending in the longitudinal direction
of the magnetic refrigeration module (20). The second
slit (33) expands the flow of the heating medium heading
from the high-temperature inflow path (27) to the second
space (30). That is, the presence of the second slit (33)
allows the heating medium flowing through the high-tem-
perature inflow path (27) to flow into substantially the
entire second space (30) in the longitudinal direction of
the magnetic refrigeration module (20). The second slit
(33) constitutes a second intermediate flow path.
[0071] A fourth slit (37) is formed between the high-
temperature outflow path (28) and the second space (30)
to communicate with both of them. The fourth slit (37) is
an elongated gap extending in the longitudinal direction
of the magnetic refrigeration module (20). The fourth slit
(37) allows the heating medium to smoothly flow from
the second space (30) to the high-temperature outflow
path (28). The fourth slit (37) constitutes a fourth inter-
mediate flow path.
[0072] The second slit (33) and the fourth slit (37) are
arranged near the center of the housing (22) in a direction
perpendicular to the general flow direction of the heating
medium in the flow path (23) of the housing (22). Specif-
ically, the second slit (33) allows a lower end of the high-
temperature inflow path (27) arranged in the upper half
of the magnetic refrigeration module (20) to communicate
with a center portion of the second space (30). The fourth
slit (37) allows an upper end of the high-temperature out-
flow path (28) arranged in the lower half of the magnetic
refrigeration module (20) to communicate with the center
portion of the second space (30).
[0073] The first space (29) and the second space (30)
are arranged to sandwich the housing (22) in the direction
of the magnetic field applied to the housing (22) (i.e., the
left-right direction in FIGS. 2 and 3). That is, the first space
(29) is arranged on the left of the housing (22), and the
second space (30) is arranged on the right of the housing
(22).
[0074] The case (21) is a member constituting an outer
portion of the magnetic refrigeration module (20). The
case (21) houses the housing (22), the low-temperature
and high-temperature inflow paths (25, 27), the low-tem-
perature and high-temperature outflow paths (26, 28),
the first and second spaces (29, 30), and the first to fourth
slits (31, 33, 35, 37).
[0075] The case (21) has a portion surrounding the
low-temperature inflow and outflow paths (25, 26) (i.e.,
a left portion in FIGS. 2 and 3) and a portion surrounding
the high-temperature inflow and outflow paths (27, 28)
(i.e., a right portion in FIGS. 2 and 3), both of which are
made of a magnetic material (e.g., an electromagnetic
steel sheet). Between these portions, the case (21) has
first and second non-magnetic portions (39, 40) made of
a non-magnetic material. Here, the case (21) has a first
non-magnetic portion (39) between the low-temperature
inflow path (25) and the high-temperature inflow path
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(27), and a second non-magnetic portion (40) between
the low-temperature outflow path (26) and the high-tem-
perature outflow path (28). The non-magnetic material
forming the first and second non-magnetic portions (39,
40) has a lower thermal conductivity than the material
forming both of the portion surrounding the low-temper-
ature inflow and outflow paths (25, 26) and the portion
surrounding the high-temperature inflow and outflow
paths (27, 28). Each of the first and second non-magnetic
portions (39, 40) constitutes a short-circuit blocking por-
tion.

-Operation-

[0076] Next, the operation of the air-conditioning sys-
tem (10) and the magnetic refrigeration module (20) will
be described below.
[0077] The air-conditioning system (10) causes the
heating medium pump (80) to alternately perform the first
and second operations, and applies or removes a mag-
netic field to or from the housing (22) of the magnetic
refrigeration module (20) in response to these opera-
tions. This allows cold thermal energy to be supplied to
the utilization unit.
[0078] Specifically, first, while the flow of the heating
medium is stopped, a magnetic field is applied to the
housing (22) of the magnetic refrigeration module (20).
This causes the magnetic working substance (24) in the
housing (22) to generate heat. When the heating medium
pump (80) performs the first operation in this state, the
piston (84) moves to the left in FIG. 1, and the heating
medium is discharged from the first chamber (82). The
heating medium discharged from the first chamber (82)
flows into the housing (22) through the second check
valve (92), and is heated through heat exchange with the
heat-generating magnetic working substance (24). Sub-
sequently, the heated heating medium flows into the
high-temperature heat exchanger (70) through the third
check valve (93), dissipates heat to the secondary refrig-
erant in the heat source unit, and flows out of the high-
temperature heat exchanger (70). The heating medium
that has flowed out of the high-temperature heat ex-
changer (70) is sucked into the second chamber (83) of
the heating medium pump (80).
[0079] Then, while the flow of the heating medium is
stopped, the magnetic field is removed from the housing
(22) of the magnetic refrigeration module (20). This caus-
es the magnetic working substance (24) in the housing
(22) to absorb heat. When the heating medium pump
(80) performs the second operation in this state, the pis-
ton (84) moves to the right in FIG. 1, and the heating
medium is discharged from the second chamber (83).
The heating medium discharged from the second cham-
ber (83) flows into the housing (22) through the fourth
check valve (94), and is cooled through heat exchange
with the heat-absorbing magnetic working substance
(24). Subsequently, the cooled heating medium flows into
the low-temperature heat exchanger (60) through the first

check valve (91), cools the secondary refrigerant in the
utilization unit, and flows out of the low-temperature heat
exchanger (60). The heating medium that has flowed out
of the low-temperature heat exchanger (60) is sucked
into the first chamber (82) of the heating medium pump
(80).
[0080] Repeating the foregoing operations allows cold
thermal energy to be supplied to the low-temperature
heat exchanger (60), and allows warm thermal energy
to be supplied to the high-temperature heat exchanger
(70). Thus, a target space can be cooled using the utili-
zation unit. In a steady state, the low-temperature heat
exchanger (60) and the high-temperature heat exchang-
er (70) are respectively maintained at substantially fixed
temperatures adapted to the magnetic working sub-
stance (24) in the housing (22). In this example, the mag-
netic working substance (24) is selected so that the tem-
perature of the low-temperature heat exchanger (60) is
maintained at a temperature lower than the temperature
of the target space and the temperature of air around the
housing (22).

-Flow of Heating Medium in Magnetic Refrigeration Mod-
ule-

[0081] In the magnetic refrigeration module (20), when
the heating medium pump (80) performs the first opera-
tion, the heating medium flows through the low-temper-
ature inflow path (25), the first slit (31), the first space
(29), the flow path (23) in the housing (22), the second
space (30), the fourth slit (37), and the high-temperature
outflow path (28) in this order. At this time, the flow of the
heating medium coming out of the low-temperature inflow
path (25) is expanded by the first slit (31) in the longitu-
dinal direction of the magnetic refrigeration module (20),
and flows into substantially the entire first space (29).
Further, in the first space (29), the flow of the heating
medium is expanded in the vertical direction in FIGS. 2
and 3, which causes the heating medium to flow into sub-
stantially the entire flow path (23) of the housing (22).
[0082] On the other hand, when the heating medium
pump (80) performs the second operation in the magnetic
refrigeration module (20), the heating medium flows
through the high-temperature inflow path (27), the sec-
ond slit (33), the second space (30), the flow path (23)
in the housing (22), the first space (29), the third slit (35),
and the low-temperature outflow path (26) in this order.
At this time, the flow of the heating medium coming out
of the high-temperature inflow path (27) is expanded by
the second slit (33) in the longitudinal direction of the
magnetic refrigeration module (20), and flows into sub-
stantially the entire second space (30). Further, in the
second space (30), the flow of the heating medium is
expanded in the vertical direction in FIGS. 2 and 3, which
causes the heating medium to flow into substantially the
entire flow path (23) of the housing (22).
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-Advantages of First Embodiment-

[0083] The magnetic refrigeration module (20) of the
present embodiment includes: the housing (22) that
houses the magnetic working substance (24) and forms
the flow path (23) through which the heating medium
flows; the low-temperature inflow path (25) through which
the heating medium flows into one end of the flow path
(23); the high-temperature inflow path (27) through which
the heating medium flows into the other end of the flow
path (23); a low-temperature outflow path (26) through
which the heating medium coming out of the one end of
the flow path (23) flows; and the high-temperature outflow
path (28) through which the heating medium coming out
of the other end of the flow path (23) flows. In the magnetic
refrigeration module (20), the first space (29) is formed
between the one end of the flow path (23) and the low-
temperature inflow path (25), and the second space (30)
is formed between the other end of the flow path (23) and
the high-temperature inflow path (27). The magnetic re-
frigeration module (20) further includes: the first slit (31)
that communicates with the low-temperature inflow path
(25) and the first space (29) and expands the flow of the
heating medium heading from the low-temperature inflow
path (25) to the first space (29); and the second slit (33)
that communicates with the high-temperature inflow path
(27) and the second space (30) and expands the flow of
the heating medium heading from the high-temperature
inflow path (27) to the second space (30).
[0084] Therefore, the heating medium flows from the
low-temperature side to the high-temperature side, or
from the high-temperature side to the low-temperature
side, in the magnetic refrigeration module (20). Specifi-
cally, in the magnetic refrigeration module (20), the heat-
ing medium flows through the low-temperature inflow
path (25), the first slit (31), the first space (29), the flow
path (23) in the housing (22), and the high-temperature
outflow path (28) in this order, or through the high-tem-
perature inflow path (27), the second slit (33), the second
space (30), the flow path (23) in the housing (22), and
the low-temperature outflow path (26) in this order. The
flow of the heating medium heading from the low-tem-
perature inflow path (25) to the first space (29) via the
first slit (31) is expanded by the first slit (31). This causes
the heating medium to flow into a wide range of the first
space (29). Thus, even if the first space (29), which can
constitute a dead volume, is made relatively small, the
heating medium flows widely into the subsequent flow
path (23) in the housing (22). The flow of the heating
medium heading from the high-temperature inflow path
(27) to the second space (30) via the second slit (33) is
expanded by the second slit (33). This causes the heating
medium to flow into a wide range of the second space
(30). Thus, even if the second space (30), which can
constitute a dead volume, is made relatively small, the
heating medium flows widely into the subsequent flow
path (23) in the housing (22).
[0085] In the magnetic refrigeration module (20) of the

present embodiment, the housing (22) is configured to
be applied with a magnetic field, and the first space (29)
and the second space (30) are arranged to sandwich the
housing (22) in the direction of the magnetic field applied
to the housing (22). Therefore, the magnetic working sub-
stance (24) generates heat when the magnetic field is
applied to the housing (22), and absorbs heat when the
magnetic field is removed from the housing (22). In ad-
dition, both of the general direction in which the heating
medium flows from the first space (29) to the second
space (30) via the housing (22) and the general direction
in which the heating medium flows in the reverse direction
are substantially parallel to the direction of the magnetic
field applied to the housing (22).
[0086] In the magnetic refrigeration module (20) of the
present embodiment, the direction in which the heating
medium flows into the low-temperature inflow path (25)
and the direction in which the heating medium flows out
of the low-temperature outflow path (26) are opposite to
each other, and the direction in which the heating medium
flows into the high-temperature inflow path (27) and the
direction in which the heating medium flows out of the
high-temperature outflow path (28) are opposite to each
other. Therefore, an inlet of the low-temperature inflow
path (25) and an outlet of the low-temperature outflow
path (26) can be arranged on the same side of the mag-
netic refrigeration module (20). Further, an inlet of the
high-temperature inflow path (27) and an outlet of the
high-temperature outflow path (28) can be arranged on
the same side of the magnetic refrigeration module (20).
[0087] Moreover, in the magnetic refrigeration module
(20) of the present embodiment, the direction in which
the heating medium flows into the low-temperature inflow
path (25) and the direction in which the heating medium
flows out of the high-temperature outflow path (28) are
the same, and the direction in which the heating medium
flows out of the low-temperature outflow path (26) and
the direction in which the heating medium flows into the
high-temperature inflow path (27) are the same. There-
fore, the inlet of the low-temperature inflow path (25) and
the outlet of the low-temperature outflow path (26) can
be arranged on the side of the magnetic refrigeration
module (20) opposite to the inlet of the high-temperature
inflow path (27) and the outlet of the high-temperature
outflow path (28).
[0088] In addition, the magnetic refrigeration module
(20) of the present embodiment includes the third slit (35)
communicating with the first space (29) and the low-tem-
perature outflow path (26), and the fourth slit (37) com-
municating with the second space (30) and the high-tem-
perature outflow path (28). The first to fourth slits (31, 33,
35, 37) are arranged near the center of the housing (22)
in the direction perpendicular to the flow direction of the
heating medium in the flow path (23). Therefore, in the
magnetic refrigeration module (20), the heating medium
flows through the low-temperature inflow path (25), the
first slit (31), the first space (29), the flow path (23) in the
housing (22), the second space (30), the fourth slit (37),

17 18 



EP 3 812 667 A1

11

5

10

15

20

25

30

35

40

45

50

55

and the high-temperature outflow path (28) in this order,
or through the high-temperature inflow path (27), the sec-
ond slit (33), the second space (30), the flow path (23)
in the housing (22), the first space (29), the third slit (35),
and the low-temperature outflow path (26) in this order.
Since the first to fourth slits (31, 33, 35, 37) are arranged
near the center of the housing (22), the flow of the heating
medium coming into the first space (29) or the second
space (30) is easily expanded, and the heating medium
can flow into the entire housing (22) even when the first
space (29) and the second space (30) are reduced in
size.
[0089] The magnetic refrigeration module (20) of the
present embodiment further includes the case (21) that
houses the housing (22), the low-temperature and high-
temperature inflow paths (25, 27), the low-temperature
and high-temperature outflow paths (26, 28), and the first
and second slits (31, 33). Thus, the components of the
magnetic refrigeration module (20) can be unitized using
the case (21).
[0090] In the magnetic refrigeration module (20) of the
present embodiment, at least a portion of the case (21)
is made of a magnetic material. Therefore, when a mag-
netic field is applied to the magnetic working substance
(24) to cause the magnetocaloric effect, the portion of
the case (21) made of the magnetic material can be used
as part of the magnetic path.
[0091] In addition, the magnetic refrigeration module
(20) of the present embodiment includes the short-circuit
blocking portions (39 to 42) that block a short circuit of
the applied magnetic field via the case (21). Since the
applied magnetic field is blocked from being short-
circuited via the case (21), the magnetic field can effi-
ciently act on the magnetic working substance (24).
[0092] In the magnetic refrigeration module (20) of the
present embodiment, the short-circuit blocking portions
(39 to 42) are comprised of the first and second non-
magnetic portions (39, 40) arranged between the por-
tions of the case (21) made of the magnetic material.
Thus, the first and second non-magnetic portions (39,
40) block the short circuit of the magnetic field via the
case (21).
[0093] In addition, in the magnetic refrigeration module
(20) of the present embodiment, portions of the case (21)
facing outer surfaces of the housing (22) that do not face
both ends of the flow path (23) (i.e., the first and second
non-magnetic portions (39, 40)) have a lower thermal
conductivity than the other portion. If a portion having a
high thermal conductivity is present between both ends
of the flow path (23), undesirable heat transfer occurs
via the portion, i.e., heat transfer that would be a loss
from the high-temperature side to the low-temperature
side occurs. On the other hand, in the present embodi-
ment, the portion of the case (21) between both ends of
the flow path (23) has a low thermal conductivity, which
blocks the heat transfer from the high-temperature side
to the low-temperature side via the case (21).

-First Variation of First Embodiment-

[0094] A first variation of the first embodiment will be
described below. This variation differs from the first em-
bodiment in the direction in which the heating medium
flows in the magnetic refrigeration module (20), the po-
sition of each slit (31, 33, 35, 37), the direction of the
magnetic field applied to the housing (22), and the con-
figuration of the case (21). Thus, differences from the
first embodiment will be mainly described below.
[0095] FIG. 4 is a perspective view schematically
showing a configuration of a magnetic refrigeration mod-
ule (20) of the present variation. FIG. 5 is a cross-sec-
tional view taken along line V-V of FIG. 4. As shown in
the figures, the low-temperature inflow path (25), the
high-temperature inflow path (27), the low-temperature
outflow path (26), and the high-temperature outflow path
(28) have sealed ends on the rear side in FIGS. 4 and 5,
and open ends on the front side in the same figures.
[0096] The front end of the low-temperature inflow path
(25) is connected to the first outflow port (62) of the low-
temperature heat exchanger (60) via a heating medium
pipe. The heating medium flows through the low-temper-
ature inflow path (25) from the front side to the rear side
in FIGS. 4 and 5 (see an arrow in FIG. 4 and a symbol
in FIG. 5).
[0097] The front end of the high-temperature inflow
path (27) is connected to the second outflow port (72) of
the high-temperature heat exchanger (70) via a heating
medium pipe. The heating medium flows through the
high-temperature inflow path (27) from the front side to
the rear side in FIGS. 4 and 5 (see an arrow in FIG. 4
and a symbol in FIG. 5).
[0098] The front end of the low-temperature outflow
path (26) is connected to the first inflow port (61) of the
low-temperature heat exchanger (60) via a heating me-
dium pipe. The heating medium flows through the low-
temperature outflow path (26) from the rear side to the
front side in FIGS. 4 and 5 (see an arrow in FIG. 4 and
a symbol in FIG. 5).
[0099] The front end of the high-temperature outflow
path (28) is connected to the second inflow port (71) of
the high-temperature heat exchanger (70) via a heating
medium pipe. The heating medium flows through the
high-temperature outflow path (28) from the rear side to
the front side in FIGS. 4 and 5 (see an arrow in FIG. 4
and a symbol in FIG. 5).
[0100] The first slit (31) and the third slit (35) are ar-
ranged near the ends of the housing (22) in a direction
perpendicular to the general flow direction of the heating
medium in the flow path (23) of the housing (22) (i.e., the
vertical direction in FIG. 5). Specifically, the first slit (31)
allows an upper end of the low-temperature inflow path
(25) arranged in the upper half of the magnetic refriger-
ation module (20) to communicate with an upper end of
the first space (29). The third slit (35) allows a lower end
of the low-temperature outflow path (26) arranged in the
lower half of the magnetic refrigeration module (20) to
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communicate with a lower end of the first space (29).
[0101] The second slit (33) and the fourth slit (37) are
arranged near the ends of the housing (22) in the direction
perpendicular to the general flow direction of the heating
medium in the flow path (23) of the housing (22). Specif-
ically, the second slit (33) allows an upper end of the
high-temperature inflow path (27) arranged in the upper
half of the magnetic refrigeration module (20) to commu-
nicate with an upper end of the second space (30). The
fourth slit (37) allows a lower end of the high-temperature
outflow path (28) arranged in the lower half of the mag-
netic refrigeration module (20) to communicate with a
lower end of the second space (30).
[0102] The housing (22) is configured to be applied
with a magnetic field in the vertical direction in FIGS. 4
and 5. Thus, the first space (29) and the second space
(30) are arranged to sandwich the housing (22) in a di-
rection perpendicular to the direction of the magnetic field
applied to the housing (22).
[0103] The case (21) is substantially entirely made of
a magnetic material (e.g., an electromagnetic steel
sheet). The case (21) has a portion surrounding the low-
temperature inflow and outflow paths (25, 26) (i.e., a left
portion in FIGS. 4 and 5) and a portion surrounding the
high-temperature inflow and outflow paths (27, 28) (i.e.,
a right portion in FIGS. 4 and 5), both of which are rela-
tively thinned in the case (21). Specifically, the case (21)
has first and second thin portions (41, 42) which are thin-
ner than portions above and below the housing (22). The
case (21) has the first thin portion (41) on the left in FIGS.
4 and 5 and the second thin portion (42) on the right in
the same figures. The first and second thin portions (41,
42) are configured to cause magnetic saturation due to
a magnetic field, if applied to the housing (22). Each of
the first and second thin portions (41, 42) constitutes the
short-circuit blocking portion.
[0104] A thermal insulator (51) covers the portion sur-
rounding the low-temperature inflow and outflow paths
(25, 26) and the portion surrounding the high-tempera-
ture inflow and outflow paths (27, 28) of the case (21).
This makes it possible to reduce undesirable heat trans-
fer of the heating medium flowing through the magnetic
refrigeration module (20) with the outside air. The case
(21) may be entirely covered with the thermal insulator
(51).

-Advantages of First Variation of First Embodiment-

[0105] The magnetic refrigeration module (20) of the
present variation provides the same advantages as those
of the first embodiment.
[0106] In the magnetic refrigeration module (20) of the
present variation, the housing (22) is configured to be
applied with a magnetic field, and the first space (29) and
the second space (30) are arranged to sandwich the
housing (22) in the direction perpendicular to the direction
of the magnetic field applied to the housing (22). The
magnetic working substance (24) generates heat when

the magnetic field is applied to the housing (22), and ab-
sorbs heat when the magnetic field is removed from the
housing (22). In addition, both of the general direction in
which the heating medium flows from the first space (29)
to the second space (30) via the housing (22) and the
general direction in which the heating medium flows in
the reverse direction are substantially perpendicular to
the direction of the magnetic field applied to the housing
(22).
[0107] In the magnetic refrigeration module (20) of the
present variation, the direction in which the heating me-
dium flows into the low-temperature inflow path (25) and
the direction in which the heating medium flows into the
high-temperature inflow path (27) are the same, and the
direction in which the heating medium flows out of the
low-temperature outflow path (26) and the direction in
which the heating medium flows out of the high-temper-
ature outflow path (28) are the same. Therefore, the low-
temperature inflow and outflow paths (25, 26) and the
high-temperature inflow and outflow paths (27, 28) can
be arranged on the same side of the magnetic refriger-
ation module (20). That is, all of these paths can be ar-
ranged on the same side of the magnetic refrigeration
module (20).
[0108] In addition, the magnetic refrigeration module
(20) of the present variation includes the third slit (35)
communicating with the first space (29) and the low-tem-
perature outflow path (26), and the fourth slit (37) com-
municating with the second space (30) and the high-tem-
perature outflow path (28). The first and second slits (31,
33) are arranged near one end of the housing (22) in the
direction perpendicular to the flow direction of the heating
medium in the flow path (23), and the third and fourth
slits (35, 37) are arranged near the other end of the hous-
ing (22) in the direction perpendicular to the flow direction
of the heating medium in the flow path (23). Therefore,
in the magnetic refrigeration module (20), the heating
medium flows through the low-temperature inflow path
(25), the first slit (31), the first space (29), the flow path
(23) in the housing (22), the second space (30), the fourth
slit (37), and the high-temperature outflow path (28) in
this order, or through the high-temperature inflow path
(27), the second slit (33), the second space (30), the flow
path (23) in the housing (22), the first space (29), the
third slit (35), and the low-temperature outflow path (26)
in this order. In the former case, the distance from the
first space (29) to the second space (30) between the
first slit (31) and the fourth slit (37) is substantially uni-
form, which causes the heating medium to easily and
uniformly flow from the first slit (31) to the fourth slit (37).
This also applies to the flow of the heating medium from
the second slit (33) to the third slit (35) in the latter case.
[0109] In the magnetic refrigeration module (20) of the
present variation, the short-circuit blocking portions (39
to 42) are comprised of the first and second thin portions
(41, 42) that are relatively thinned in the case (21) and
which cause magnetic saturation due to the magnetic
field. Therefore, the first and second thin portions (41,
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42) block the short circuit of the magnetic field via the
case (21).

-Second Variation of First Embodiment-

[0110] A second variation of the first embodiment will
be described below. This variation is different from the
first embodiment in the direction in which the heating me-
dium flows in the magnetic refrigeration module (20) and
the configuration of first to fourth intermediate flow paths
(31 to 38). Thus, differences from the first embodiment
will be mainly described below.
[0111] FIG. 6 is a perspective view schematically illus-
trating a configuration of a magnetic refrigeration module
of the present variation. As shown in this figure, the low-
temperature inflow path (25) and the high-temperature
outflow path (28) have sealed ends on the rear side in
FIG. 6, and open ends on the front side in the same figure.
The high-temperature inflow path (27) and the low-tem-
perature outflow path (26) have sealed ends on the front
side in FIG. 6, and open ends on the rear side in the same
figure.
[0112] The front end of the low-temperature inflow path
(25) is connected to the first outflow port (62) of the low-
temperature heat exchanger (60) via a heating medium
pipe. The heating medium flows through the low-temper-
ature inflow path (25) from the front side to the rear side
in FIG. 6 (see an arrow in FIG. 6).
[0113] The rear end of the high-temperature inflow
path (27) is connected to the second outflow port (72) of
the high-temperature heat exchanger (70) via a heating
medium pipe. The heating medium flows through the
high-temperature inflow path (27) from the rear side to
the front side in FIG. 6 (see an arrow in FIG. 6).
[0114] The rear end of the low-temperature outflow
path (26) is connected to the first inflow port (61) of the
low-temperature heat exchanger (60) via a heating me-
dium pipe. The heating medium flows through the low-
temperature outflow path (26) from the front side to the
rear side in FIG. 6 (see an arrow in FIG. 6).
[0115] The front end of the high-temperature outflow
path (28) is connected to the second inflow port (71) of
the high-temperature heat exchanger (70) via a heating
medium pipe. The heating medium flows through the
high-temperature outflow path (28) from the rear side to
the front side in FIG. 6 (see an arrow in FIG. 6).
[0116] As shown in FIG. 6, each of the first to fourth
intermediate flow paths (31 to 38) is comprised of a plu-
rality of pipe bodies (32, 34, 36, 38). Specifically, a plu-
rality of first pipe bodies (32) communicating with the low-
temperature inflow path (25) and the first space (29) con-
stitutes the first intermediate flow path; a plurality of sec-
ond pipe bodies (34) communicating with the high-tem-
perature inflow path (27) and the second space (30) con-
stitutes the second intermediate flow path; a plurality of
third pipe bodies (36) communicating with the low-tem-
perature outflow path (26) and the first space (29) con-
stitutes the third intermediate flow path; and a plurality

of fourth pipe bodies (38) communicating with the high-
temperature outflow path (28) and the second space (30)
constitutes the fourth intermediate flow path. The first to
fourth pipe bodies (32, 34, 36, 38) are arranged at equal
intervals along the entire length of the magnetic refriger-
ation module (20) in the longitudinal direction.

-Advantages of Second Variation of First Embodiment-

[0117] The magnetic refrigeration module (20) of the
present variation provides the same advantages as those
of the first embodiment.
[0118] In the magnetic refrigeration module (20) of the
present variation, the first to fourth intermediate flow
paths (31 to 38) are made of a plurality of first to fourth
pipe bodies (32, 34 ,36, 38). Thus, the flow of the heating
medium heading to the first space (29) or the second
space (30) is expanded by the plurality of first to fourth
pipe bodies (32, 34, 36, 38). Specifically, the flow of the
heating medium is expanded in a range where the plu-
rality of first to fourth pipe bodies (32, 34, 36, 38) are
present.
[0119] In the magnetic refrigeration module (20) of the
present variation, the direction in which the heating me-
dium flows into the low-temperature inflow path (25) and
the direction in which the heating medium flows out of
the low-temperature outflow path (26) are the same, and
the direction in which the heating medium flows into the
high-temperature inflow path (27) and the direction in
which the heating medium flows out of the high-temper-
ature outflow path (28) are the same. Therefore, an inlet
of the low-temperature inflow path (25) and an outlet of
the low-temperature outflow path (26) can be arranged
on the opposite sides of the magnetic refrigeration mod-
ule (20). Further, an inlet of the high-temperature inflow
path (27) and an outlet of the high-temperature outflow
path (28) can be arranged on the opposite sides of the
magnetic refrigeration module (20).

«Second Embodiment»

[0120] A second embodiment will be described below.
A magnetic refrigeration module (20) of this embodiment
is different from that of the first embodiment in that it
includes a plurality of housings (22), a plurality of inflow
paths (25, 27), and a plurality of outflow paths (26, 28).
Thus, differences from the first embodiment will be mainly
described below.
[0121] FIG. 7 is four orthogonal views schematically
illustrating a configuration of a magnetic refrigeration
module (20) of the present embodiment. Specifically,
FIG. 7 shows a plan view of the magnetic refrigeration
module (20) at the center, a front view of the magnetic
refrigeration module (20) below the plan view, a rear view
of the magnetic refrigeration module (20) above the plan
view, and a right side view of the magnetic refrigeration
module (20) on the right of the plan view (the same ap-
plies to FIGS. 9, 11, and 15). FIG. 8 is a cross-sectional
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view taken along line VIII-VIII of FIG. 7.
[0122] As shown in the above figures, the magnetic
refrigeration module (20) includes a plurality of (four in
this example) housings (22). The magnetic refrigeration
module (20) has a low-temperature inflow path (25), a
high-temperature inflow path (27), a low-temperature
outflow path (26), and a high-temperature outflow path
(28) for each of the housings (22). Specifically, in this
example, the magnetic refrigeration module (20) includes
four low-temperature inflow paths (25), four high-temper-
ature inflow paths (27), four low-temperature outflow
paths (26), and four high-temperature outflow paths (28).
[0123] The plurality of housings (22) are arranged side
by side in the left-right direction in FIG. 8. The low-tem-
perature inflow and outflow paths (25, 26) and the high-
temperature inflow and outflow paths (27, 28) are ar-
ranged side by side in the direction in which the housings
(22) are arranged side by side. Here, two high-tempera-
ture inflow paths (27) and two high-temperature outflow
paths (28), or two low-temperature inflow paths (25) and
two low-temperature outflow path (26), are arranged be-
tween the adjacent housings (22). Thus, the low-temper-
ature inflow and outflow paths (25, 26) and the high-tem-
perature inflow and outflow paths (27, 28) can be ar-
ranged away from each other, which can block undesir-
able heat transfer between them.
[0124] As shown in FIG. 7, the magnetic refrigeration
module (20) includes a low-temperature header (45), a
high-temperature header (48), a low-temperature inflow
pipe (46), a low-temperature outflow pipe (47), a high-
temperature inflow pipe (49), and a high-temperature out-
flow pipe (50).
[0125] The low-temperature header (45) is provided
on the front side of the magnetic refrigeration module
(20). The inside of the low-temperature header (45) has
an upper portion formed as a low-temperature inflow
chamber (45a) and a lower portion formed as a low-tem-
perature outflow chamber (45b). The low-temperature in-
flow chamber (45a) communicates with all the low-tem-
perature inflow paths (25) and the low-temperature inflow
pipe (46). The low-temperature outflow chamber (45b)
communicates with all the low-temperature outflow paths
(26) and the low-temperature outflow pipe (47).
[0126] The high-temperature header (48) is provided
on the rear side of the magnetic refrigeration module (20).
The inside of the high-temperature header (48) has an
upper portion formed as a high-temperature inflow cham-
ber (48a) and a lower portion formed as a high-temper-
ature outflow chamber (48b). The high-temperature in-
flow chamber (48a) communicates with all the high-tem-
perature inflow paths (27) and the high-temperature in-
flow pipe (49). The high-temperature outflow chamber
(48b) communicates with all the high-temperature out-
flow paths (28) and the high-temperature outflow pipe
(50).
[0127] An inlet of the low-temperature inflow pipe (46)
is connected to the first outflow port (62) of the low-tem-
perature heat exchanger (60) via a heating medium pipe.

An outlet of the low-temperature outflow pipe (47) is con-
nected to the first inflow port (61) of the low-temperature
heat exchanger (60) via a heating medium pipe. An inlet
of the high-temperature inflow pipe (49) is connected to
the second outflow port (72) of the high-temperature heat
exchanger (70) via a heating medium pipe. An outlet of
the high-temperature outflow pipe (50) is connected to
the second inflow port (71) of the high-temperature heat
exchanger (70) via a heating medium pipe.

-Flow of Heating Medium in Magnetic Refrigeration Mod-
ule-

[0128] When the heating medium pump (80) performs
the first operation in the magnetic refrigeration module
(20), the heating medium flows through the low-temper-
ature inflow pipe (46), the low-temperature inflow cham-
ber (45a), the low-temperature inflow path (25), the first
slit (31), the first space (29), the flow path (23) in the
housing (22), the second space (30), the fourth slit (37),
the high-temperature outflow path (28), the high-temper-
ature outflow chamber (48b), and the high-temperature
outflow pipe (50) in this order. On the other hand, when
the heating medium pump (80) performs the second op-
eration in the magnetic refrigeration module (20), the
heating medium flows through the high-temperature in-
flow pipe (49), the high-temperature inflow chamber
(48a), the high-temperature inflow path (27), the second
slit (33), the second space (30), the flow path (23) in the
housing (22), the first space (29), the third slit (35), the
low-temperature outflow path (26), the low-temperature
outflow chamber (45b), and the low-temperature outflow
pipe (47) in this order.

-Advantages of Second Embodiment-

[0129] The magnetic refrigeration module (20) of the
present embodiment provides the same advantages as
those of the first embodiment.
[0130] In the magnetic refrigeration module (20) of the
present embodiment, the housings (22) are arranged
side by side, and the low-temperature inflow paths (25)
or the low-temperature outflow paths (26) and the high-
temperature inflow paths (27) or the high-temperature
outflow paths (28) are arranged side by side in the direc-
tion in which the housings (22) are arranged side by side.
This provides plural sets of the low-temperature inflow
path (25), the low-temperature outflow path (26), the
high-temperature inflow path (27), the high-temperature
outflow path (28), and the housing (22).
[0131] Further, in the magnetic refrigeration module
(20) of the present embodiment, the housings (22) are
arranged side by side in the flow direction of the heating
medium in the flow path (23), and the low-temperature
inflow path (25) and the low-temperature outflow path
(26) or the high-temperature inflow path (27) and the
high-temperature outflow path (28) are arranged be-
tween the housings (22) arranged side by side. Thus, the
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low-temperature inflow path (25) and the low-tempera-
ture outflow path (26) or the high-temperature inflow path
(27) and the high-temperature outflow path (28) can be
arranged between the housings (22) arranged side by
side. Therefore, the high-temperature inflow and outflow
paths (27, 28) and the low-temperature inflow and outflow
paths (25, 26) can be arranged away from each other,
which can block undesirable heat transfer from the former
to the latter.

«Third Embodiment»

[0132] A third embodiment will be described below. A
magnetic refrigeration module (20) of this embodiment
is different from that of the second embodiment in the
arrangement of the low-temperature inflow and outflow
paths (25, 26) and the high-temperature inflow and out-
flow paths (27, 28), and the configuration of the case
(21). Thus, differences from the second embodiment will
be mainly described below.
[0133] FIG. 9 is four orthogonal views schematically
illustrating a configuration of a magnetic refrigeration
module (20) of the present embodiment. FIG. 10 is a
cross-sectional view taken along line X-X of FIG. 9.
[0134] As shown in the above figures, the magnetic
refrigeration module (20) includes a plurality of (four in
this example) housings (22a to 22d). The housings (22a
to 22d) are arranged side by side in the left-right direction
in FIG. 10. In the present embodiment, the housings (22a
to 22d) may also be referred to as first to fourth housings
(22a to 22d) in the order from left to right in FIG. 10.
[0135] The low-temperature inflow paths (25) are pro-
vided in an upper portion of the case (21). Specifically,
the low-temperature inflow paths (25), three in total, are
provided, i.e., one at the upper left of the first housing
(22a), one above and between the second housing (22b)
and the third housing (22c), and one at the upper right
of the fourth housing (22d).
[0136] The low-temperature outflow paths (26) are pro-
vided in a lower portion of the case (21). Specifically, the
low-temperature outflow paths (26), three in total, are
provided, i.e., one at the lower left of the first housing
(22a), one below and between the second housing (22b)
and the third housing (22c), and one at the lower right of
the fourth housing (22d).
[0137] The high-temperature inflow paths (27) are pro-
vided in the upper portion of the case (21). Specifically,
the high-temperature inflow paths (27), two in total, are
provided, i.e., one above and between the first housing
(22a) and the second housing (22b), and one above and
between the third housing (22c) and the fourth housing
(22d).
[0138] The high-temperature outflow paths (28) are
provided in the lower portion of the case (21). Specifically,
the high-temperature outflow paths (28), two in total, are
provided, i.e., one below and between the first housing
(22a) and the second housing (22b), and one below and
between the third housing (22c) and the fourth housing

(22d).
[0139] A portion of the case (21) above the housings
(22a to 22d) and a portion of the case (21) below the
housings (22a to 22d) are made of a magnetic material
(e.g., an electromagnetic steel plate). The case (21) in-
cludes a plurality of (four in this example) first thermal
insulator portions (43) each of which is provided between
the low-temperature inflow path (25) and the high-tem-
perature inflow path (27). The case (21) also includes a
plurality of (four in this example) second thermal insulator
portions (44) each of which is provided between the low-
temperature outflow path (26) and the high-temperature
outflow path (28). The first and second thermal insulator
portions (43, 44) are made of a material having a lower
thermal conductivity than the magnetic material. The first
and second thermal insulator portions (43, 44) may be
air layers.

-Advantages of Third Embodiment-

[0140] The magnetic refrigeration module (20) of the
present embodiment provides the same advantages as
those of the second embodiment.
[0141] In the magnetic refrigeration module (20) of the
present embodiment, the case (21) includes the first ther-
mal insulator portions (43) each of which is provided be-
tween the low-temperature inflow path (25) and the high-
temperature inflow path (27), and the second thermal
insulator portions (44) each of which is provided between
the low-temperature outflow path (26) and the high-tem-
perature outflow path (28). Therefore, the first and sec-
ond thermal insulator portions (43, 44) block undesirable
heat transfer from the high-temperature inflow path (27)
or the high-temperature outflow path (28) to the low-tem-
perature inflow path (25) or the low-temperature outflow
path (26).

«Fourth Embodiment»

[0142] A fourth embodiment will be described below.
A magnetic refrigeration module (20) of this embodiment
is different from that of the third embodiment in the ar-
rangement of the low-temperature inflow and outflow
paths (25, 26) and the high-temperature inflow and out-
flow paths (27, 28). Thus, differences from the third em-
bodiment will be mainly described below.
[0143] FIG. 11 is four orthogonal views schematically
illustrating a configuration of the magnetic refrigeration
module (20) of the present embodiment. FIG. 12 is a
cross-sectional view taken along line XII-XII of FIG. 11.
[0144] As shown in the above figures, the magnetic
refrigeration module (20) includes a plurality of (four in
this example) housings (22a to 22d). The housings (22a
to 22d) are arranged side by side in the left-right direction
in FIG. 12. In the present embodiment, the housings (22a
to 22d) may also be referred to as first to fourth housings
(22a to 22d) in the order from left to right in FIG. 12.
[0145] The low-temperature inflow paths (25) and the
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low-temperature outflow paths (26) are provided in an
upper portion of the case (21). Specifically, the low-tem-
perature inflow paths (25), four in total, are provided, i.e.,
one at the upper left of each of the first and third housings
(22a, 22c), and one at the upper right of each of the sec-
ond and fourth housings (22b, 22d). Further, the low-
temperature outflow paths (26), four in total, are provided,
i.e., one at the upper right of each of the first and third
housings (22a, 22c), and one at the upper left of each of
the second and fourth housings (22b, 22d).
[0146] The high-temperature inflow paths (27) and the
high-temperature outflow paths (28) are provided in a
lower portion of the case (21). Specifically, the high-tem-
perature inflow paths (27), four in total, are provided, i.e.,
one at the lower left of each of the first and third housings
(22a, 22c), and one at the lower right of each of the sec-
ond and fourth housings (22b, 22d). Further, the high-
temperature outflow paths (28), four in total, are provided,
i.e., one at the lower right of each of the first and third
housings (22a, 22c), and one at the lower left of each of
the second and fourth housings (22b, 22d).
[0147] A portion of the case (21) above the housings
(22a to 22d) and a portion of the case (21) below the
housings (22a to 22d) are made of a magnetic material
(e.g., an electromagnetic steel plate). The case (21) has
non-magnetic portions (39) made of a non-magnetic ma-
terial between these portions made of the magnetic ma-
terial, i.e., on the left and right of each of the housings
(22a to 22d).

-Advantages of Fourth Embodiment-

[0148] The magnetic refrigeration module (20) of the
present embodiment provides the same advantages as
those of the third embodiment.
[0149] In the magnetic refrigeration module (20) of the
present embodiment, the housings (22a to 22d) are ar-
ranged side by side in a direction intersecting with the
flow direction of the heating medium in the flow path (23).
The low-temperature inflow paths (25) and the low-tem-
perature outflow paths (26) are arranged on one side of
the housings (22a to 22d) in the flow direction, and the
high-temperature inflow paths (27) and the high-temper-
ature outflow paths (28) are arranged on the other side
of the housings (22a to 22d) in the flow direction. Thus,
the low-temperature inflow paths (25) and the low-tem-
perature outflow paths (26) or the high-temperature in-
flow paths (27) and the high-temperature outflow paths
(28) can be arranged on the one side or the other side
of the housings (22a to 22d) in the flow direction of the
heating medium in the flow path (23). Therefore, the high-
temperature inflow and outflow paths (27, 28) and the
low-temperature inflow and outflow paths (25, 26) can
be arranged away from each other, which can block un-
desirable heat transfer from the former to the latter.

-First Variation of Fourth Embodiment-

[0150] A first variation of the fourth embodiment will be
described below. A magnetic refrigeration module (20)
of this variation is different from that of the fourth embod-
iment in that only a single housing (22) is provided, and
that plural sets of the low-temperature inflow and outflow
paths (25, 26) and the high-temperature inflow and out-
flow paths (27, 28) are provided for the single housing
(22). Thus, differences from the fourth embodiment will
be mainly described below.
[0151] FIG. 13 is a view corresponding to FIG. 12,
showing the magnetic refrigeration module (20) of this
variation. As shown in the figure, the magnetic refriger-
ation module (20) includes only one housing (22) extend-
ed in the width direction thereof (i.e., the left-right direc-
tion in FIG. 13). The number and arrangement of the low-
temperature inflow and outflow paths (25, 26) and the
high-temperature inflow and outflow paths (27, 28) are
the same as those of the fourth embodiment. Thus, in
the magnetic refrigeration module (20) of the present var-
iation, plural sets (four sets in this example) of the low-
temperature inflow and outflow paths (25, 26) and the
high-temperature inflow and outflow paths (27, 28) are
provided for the single housing (22).

-Advantages of First Variation of Fourth Embodiment-

[0152] The magnetic refrigeration module (20) of the
present variation provides the same advantages as those
of the fourth embodiment.
[0153] In the magnetic refrigeration module (20) of the
present variation, plural sets of the low-temperature in-
flow path (25), the high-temperature inflow path (27), the
low-temperature outflow path (26), and the high-temper-
ature outflow path (28) are provided for the single housing
(22). Therefore, the heating medium flows into the single
housing (22) from the plurality of low-temperature inflow
paths (25) or the plurality of high-temperature inflow
paths (27), and flows out of the single housing (22) toward
the plurality of low-temperature outflow paths (26) or the
plurality of high-temperature outflow paths (28).

-Second Variation of Fourth Embodiment-

[0154] A second variation of the fourth embodiment
will be described below. A magnetic refrigeration module
(20) of this variation is different from that of the first var-
iation of the fourth embodiment in the configuration of
the low-temperature inflow and outflow paths (25, 26)
and the high-temperature inflow and outflow paths (27,
28). Thus, differences from the first variation of the fourth
embodiment will be mainly described below.
[0155] FIG. 14 is a view corresponding to FIG. 12,
showing the magnetic refrigeration module (20) of this
variation. As shown in the figure, each of the inflow paths
(25, 27) and outflow paths (26, 28) of the present variation
is configured as a unified structure of the paths of the
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same type arranged adjacent to each other according to
the first variation of the fourth embodiment (e.g., two low-
temperature inflow paths (25) corresponding to the first
and second housings (22a, 22b) are unified into a path).
[0156] This can facilitate the formation of the inflow
paths (25, 27) and the outflow paths (26, 28). Further,
compared to the first variation of the fourth embodiment,
for example, the portion made of the magnetic material
arranged between the two low-temperature inflow paths
(25) corresponding to the first and second housings (22a,
22b) can be omitted. This can make the magnetic refrig-
eration module (20) compact in the width direction.

«Fifth Embodiment»

[0157] A fifth embodiment will be described below. A
magnetic refrigeration module (20) of the present em-
bodiment is different from the second variation of the
fourth embodiment in the number and arrangement of
the housings (22), the inflow paths (25, 27), and the out-
flow paths (26, 28). Thus, differences from the second
variation of the fourth embodiment will be mainly de-
scribed below.
[0158] FIG. 15 is four orthogonal views schematically
illustrating a configuration of the magnetic refrigeration
module (20) of the present embodiment. FIG. 16 is a
cross-sectional view taken along line XVI-XVI of FIG. 15.
[0159] As shown in the above figures, the magnetic
refrigeration module (20) includes two housings (22) ex-
tended in the width direction thereof (i.e., the left-right
direction in FIG. 15). The two housings (22) are arranged
side by side in the height direction of the magnetic refrig-
eration module (20) (i.e., the vertical direction in FIG. 15).
The number and arrangement of the low-temperature in-
flow and outflow paths (25, 26) and the high-temperature
inflow and outflow paths (27, 28) for each of the housings
(22) are the same as those of the second variation of the
fourth embodiment.
[0160] In addition, the magnetic refrigeration module
(20) of the present embodiment is provided with two low-
temperature headers (45) spaced apart from each other
in the height direction.

-Advantages of Fifth Embodiment-

[0161] The magnetic refrigeration module (20) of the
present embodiment provides the same advantages as
those of the second variation of the fourth embodiment.
[0162] While the embodiments 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
foregoing embodiments and variations thereof may be
combined and replaced with each other without deterio-
rating the intended functions of the present disclosure.

INDUSTRIAL APPLICABILITY

[0163] As can be seen from the foregoing description,
the present disclosure is useful for a magnetic refrigera-
tion module.

DESCRIPTION OF REFERENCE CHARACTERS

[0164]

20 Magnetic Refrigeration Module
21 Case
22 Housing
22a to 22d First to Fourth Housings (Housing)
23 Flow Path
24 Magnetic Working Substance
25 Low-Temperature Inflow Path
26 Low-Temperature Outflow Path
27 High-Temperature Inflow Path
28 High-Temperature Outflow Path
29 First Space
30 Second Space
31 First Slit (First Intermediate Flow Path)
32 First Pipe Body (First Intermediate Flow Path)
33 Second Slit (Second Intermediate Flow Path)
34 Second Pipe Body (Second Intermediate Flow
Path)
35 Third Slit (Third Intermediate Flow Path)
36 Third Pipe Body (Third Intermediate Flow Path)
37 Fourth Slit (Fourth Intermediate Flow Path)
38 Fourth Pipe Body (Fourth Intermediate Flow Path)
39 First Non-Magnetic Portion (Non-Magnetic Por-
tion, Short-Circuit Blocking Portion)
40 Second Non-Magnetic Portion (Non-Magnetic
Portion, Short-Circuit Blocking Portion)
41 First Thin Portion (Thin Portion, Short-Circuit
Blocking Portion)
42 Second Thin Portion (Thin Portion, Short-Circuit
Blocking Portion)
43 First Thermal Insulator Portion (Thermal Insulator
Portion)
44 Second Thermal Insulator Portion (Thermal Insu-
lator Portion)

Claims

1. A magnetic refrigeration module (20), comprising:

a housing (22, 22a to 22d) that houses a mag-
netic working substance (24) and forms a flow
path (23) through which a heating medium flows;
a low-temperature inflow path (25) through
which the heating medium flows into one end of
the flow path (23);
a high-temperature inflow path (27) through
which the heating medium flows into the other
end of the flow path (23);
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a low-temperature outflow path (26) through
which the heating medium coming out of the one
end of the flow path (23) flows; and
a high-temperature outflow path (28) through
which the heating medium coming out of the oth-
er end of the flow path (23) flows, wherein
a first space (29) is formed between the one end
of the flow path (23) and the low-temperature
inflow path (25),
a second space (30) is formed between the other
end of the flow path (23) and the high-tempera-
ture inflow path (27),
the magnetic refrigeration module (20) further
comprises:

a first intermediate flow path (31, 32) that
communicates with the low-temperature in-
flow path (25) and the first space (29) and
expands a flow of the heating medium head-
ing from the low-temperature inflow path
(25) to the first space (29); and
a second intermediate flow path (33, 34)
that communicates with the high-tempera-
ture inflow path (27) and the second space
(30) and expands a flow of the heating me-
dium heading from the high-temperature in-
flow path (27) to the second space (30).

2. The magnetic refrigeration module of claim 1, where-
in
each of the first intermediate flow path (31, 32) and
the second intermediate flow path (33, 34) is com-
prised of an elongated slit (31, 33, 35, 37) or a plu-
rality of pipe bodies (32, 34, 36, 38) or through holes.

3. The magnetic refrigeration module of claim 1 or 2,
wherein
the housing (22, 22a to 22d) is configured to be ap-
plied with a magnetic field, and
the first space (29) and the second space (30) are
arranged to sandwich the housing (22, 22a to 22d)
in a direction of the magnetic field applied to the
housing (22, 22a to 22d).

4. The magnetic refrigeration module of claim 1 or 2,
wherein
the housing (22, 22a to 22d) is configured to be ap-
plied with a magnetic field, and
the first space (29) and the second space (30) are
arranged to sandwich the housing (22, 22a to 22d)
in a direction perpendicular to a direction of the mag-
netic field applied to the housing (22, 22a to 22d).

5. The magnetic refrigeration module of any one of
claims 1 to 4, wherein
a direction in which the heating medium flows into
the low-temperature inflow path (25) and a direction
in which the heating medium flows out of the low-

temperature outflow path (26) are opposite to each
other, and
a direction in which the heating medium flows into
the high-temperature inflow path (27) and a direction
in which the heating medium flows out of the high-
temperature outflow path (28) are opposite to each
other.

6. The magnetic refrigeration module of claim 5, where-
in
a direction in which the heating medium flows into
the low-temperature inflow path (25) and a direction
in which the heating medium flows out of the high-
temperature outflow path (28) are the same, and
a direction in which the heating medium flows out of
the low-temperature outflow path (26) and a direction
in which the heating medium flows into the high-tem-
perature inflow path (27) are the same.

7. The magnetic refrigeration module of claim 5, where-
in
a direction in which the heating medium flows into
the low-temperature inflow path (25) and a direction
in which the heating medium flows into the high-tem-
perature inflow path (27) are the same, and
a direction in which the heating medium flows out of
the low-temperature outflow path (26) and a direction
in which the heating medium flows out of the high-
temperature outflow path (28) are the same.

8. The magnetic refrigeration module of any one of
claims 1 to 4, wherein
a direction in which the heating medium flows into
the low-temperature inflow path (25) and a direction
in which the heating medium flows out of the low-
temperature outflow path (26) are the same, and
a direction in which the heating medium flows into
the high-temperature inflow path (27) and a direction
in which the heating medium flows out of the high-
temperature outflow path (28) are the same.

9. The magnetic refrigeration module of any one of
claims 1 to 8, further comprising:

a third intermediate flow path (35, 36) commu-
nicating with the first space (29) and the low-
temperature outflow path (26); and
a fourth intermediate flow path (37, 38) commu-
nicating with the second space (30) and the
high-temperature outflow path (28), wherein
the first to fourth intermediate flow paths (31 to
38) are arranged near a center of the housing
(22, 22a to 22d) in a direction perpendicular to
a flow direction of the heating medium in the flow
path (23).

10. The magnetic refrigeration module of any one of
claims 1 to 8, further comprising:
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a third intermediate flow path (35, 36) commu-
nicating with the first space (29) and the low-
temperature outflow path (26); and
a fourth intermediate flow path (37, 38) commu-
nicating with the second space (30) and the
high-temperature outflow path (28), wherein
the first and second intermediate flow paths (31
to 34) are arranged near one end of the housing
(22, 22a to 22d) in a direction perpendicular to
a flow direction of the heating medium in the flow
path (23), and
the third and fourth intermediate flow paths (35
to 38) are arranged near the other end of the
housing (22, 22a to 22d) in the direction perpen-
dicular to the flow direction of the heating medi-
um in the flow path (23).

11. The magnetic refrigeration module of any one of
claims 1 to 10, further comprising:
a case (21) that houses the housing (22, 22a to 22d),
the low-temperature and high-temperature inflow
paths (25, 27), the low-temperature and high-tem-
perature outflow paths (26, 28), and the first and sec-
ond intermediate flow paths (31 to 34).

12. The magnetic refrigeration module of claim 11,
wherein
at least a portion of the case (21) is made of a mag-
netic material.

13. The magnetic refrigeration module of claim 12,
wherein
the case (21) includes a short-circuit blocking portion
(39 to 42) that blocks a short circuit of an applied
magnetic field via the case (21).

14. The magnetic refrigeration module of claim 13,
wherein
the short-circuit blocking portion (39 to 42) is com-
prised of a non-magnetic portion (39, 40) arranged
between portions of the case (21) made of the mag-
netic material.

15. The magnetic refrigeration module of claim 13,
wherein
the short-circuit blocking portion (39 to 42) is com-
prised of a thin portion (41, 42) that is relatively
thinned in the case (21) and causes magnetic satu-
ration due to the magnetic field.

16. The magnetic refrigeration module of any one of
claims 11 to 15, wherein
a portion of the case (21) facing an outer surface of
the housing (22, 22a to 22d) that does not face both
ends of the flow path (23) has a lower thermal con-
ductivity than the other portion.

17. The magnetic refrigeration module of any one of

claims 11 to 16, wherein
the housing (22, 22a to 22d) includes a plurality of
housings arranged side by side, and
the low-temperature inflow path (25) or the low-tem-
perature outflow path (26) and the high-temperature
inflow path (27) or the high-temperature outflow path
(28) are arranged side by side in a direction in which
the housings (22, 22a to 22d) are arranged side by
side.

18. The magnetic refrigeration module of claim 17,
wherein
the case (21) includes a thermal insulator portion
(43, 44) provided between the low-temperature in-
flow path (25) or the low-temperature outflow path
(26) and the high-temperature inflow path (27) or the
high-temperature outflow path (28).

19. The magnetic refrigeration module of any one of
claims 1 to 18, wherein
the housing (22, 22a to 22d) includes a plurality of
housings arranged side by side in a flow direction of
the heating medium in the flow path (23), and
the low-temperature inflow path (25) and the low-
temperature outflow path (26) or the high-tempera-
ture inflow path (27) and the high-temperature out-
flow path (28) are arranged between the housings
(22, 22a to 22d) arranged side by side.

20. The magnetic refrigeration module of any one of
claims 1 to 18, wherein
the housing (22, 22a to 22d) includes a plurality of
housings arranged side by side in a direction inter-
secting with a flow direction of the heating medium
in the flow path (23),
the low-temperature inflow path (25) and the low-
temperature outflow path (26) are arranged on one
side of the housings (22, 22a to 22d) in the flow di-
rection, and
the high-temperature inflow path (27) and the high-
temperature outflow path (28) are arranged on the
other side of the housings (22, 22a to 22d) in the flow
direction.

21. The magnetic refrigeration module of any one of
claims 1 to 20, wherein
plural sets of the low-temperature inflow path (25),
the high-temperature inflow path (27), the low-tem-
perature outflow path (26), and the high-temperature
outflow path (28) are provided for a single housing
(22, 22a to 22d).
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