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(57) ABSTRACT

A magnetic refrigeration system constructed in such a way
that a refrigerant transfer part transfers refrigerant from a first
refrigerant discharge part of one refrigerant port to a first
refrigerant circulation circuit after a magnetic field 1s applied
to a magnetic working material by a magnetic field applying
and removing part and that the refrigerant transier part trans-
fers refrigerant from a second refrigerant discharge part of
other refrigerant port to a second refrigerant circulation cir-
cuit after the magnetic field 1s removed from the magnetic
working material by the magnetic field applying and remov-
ing part.
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MAGNETIC REFRIGERATION SYSTEM AND
VEHICLE AIR CONDITIONING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present disclosure 1s based on Japanese Patent
Application No. 2011-14914 filed on Jan. 27, 2011, Japanese
Patent Application No. 2011-110206 filed on May 17, 2011,
and Japanese Patent Application No. 2011-281288 filed on
Dec. 22, 2011, and the contents of those are incorporated
herein by reference 1n their entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a magnetic refrig-
eration system and a vehicle air conditioning device to which
the magnetic refrigeration system 1s applied.

BACKGROUND ART

[0003] There 1s proposed a magnetic refrigeration system
utilizing a phenomenon (magnetocaloric effect) such that
when a magnetic field 1s applied to a magnetic working mate-
rial such as a magnetic material, the magnetic working mate-
rial generates heat and such that when the magnetic field 1s
removed from the magnetic working material, the magnetic
working material 1s decreased in temperature (see, for
example, patent document 1).

[0004] The magnetic refrigeration system of this patent
document 1 1s constructed of: a magnetic working material
mounted 1n a railroad vehicle; a strong magnetic field gener-
ating device for applying a magnetic field to the magnetic
working material; a first heat exchange tflow passage through
which a heating medium for transferring the heat (hot heat) of
the magnetic working material tlows, the heat (hot heat) being,
increased when the magnetic field applied to the magnetic
working material by the strong magnetic field generating,
device 1s increased; a second heat exchange flow passage
through which the heating medium for transierring the heat
(cold heat) of the magnetic working material flows, the heat
(cold heat) being decreased when the magnetic field applied
to the magnetic material by the strong magnetic field gener-
ating device 1s decreased; and pumps and heat exchangers
arranged 1n the respective heat exchange flow passages.
[0005] When the magnetic field applied by the strong mag-
netic field generating device 1s increased, the pump disposed
in the first heat exchange tflow passage 1s activated to make the
heating medium whose temperature 1s increased by the hot
heat of the magnetic working material exchange heat with air
outside a passenger compartment by the heat exchanger. On
the other hand, when the magnetic field applied by the strong
magnetic field generating device 1s decreased, the pump dis-
posedinthe second heat exchange flow passage 1s activated to
make the heating medium whose temperature 1s decreased by
the cold heat of the magnetic working material exchange heat
with air inside the passenger compartment by the heat
exchanger.

[0006] By the way, in the magnetic refrigeration system of
the patent document 1, the strong magnetic field generating,
device 1s constructed of a superconducting coil or the like so
as to 1crease a temperature change 1n the magnetic working
material and the application of the magnetic refrigeration
system 1s limited to special uses. Hence, 1t 1s difficult to apply
the magnetic refrigeration system to a general-purpose prod-
uct such as a vehicle air conditioning device.

Nov. 14, 2013

[0007] As a means for solving an 1ssue like this has been
known an AMR (Active Magnetic Refrigerator) type mag-
netic refrigeration system in which: aifter a magnetic field
applied to a magnetic working material 1s increased, refrig-
erant (magnetic heat transporting medium) 1s transferred to
one end (high temperature end) in the magnetic working
material; and after the magnetic field applied to the magnetic
working material 1s decreased, the refrigerant 1s transferred to
the other end (low temperature end) 1n the magnetic working
material, whereby the cold heat and the hot heat generated by
the magnetocaloric effect are stored 1n the magnetic working
material 1tself.

[0008] The AMR type magnetic refrigeration system gen-
crally has a container filled with a magnetic working material
and having a refrigerant flow passage through which a refrig-
erant flows and reciprocally transfers the refrigerant between
one end and the other end of the container according to
applying and removing a magnetic ficld to and from the
magnetic working material.

[0009] The following four processes are repeated: (1)
applying the magnetic field to the magnetic working material;
(11) transporting hot heat generated in the magnetic working
material to the one end (high temperature end) of the con-
taimner by the refrigerant; (111) removing the magnetic field
from the magnetic working material; and (1v) transporting
cold heat generated 1n the magnetic working material to the
other end (low temperature end) of the container by the refrig-
erant.

[0010] In thus way, a temperature gradient 1s produced 1n
the magnetic working material in the container and hence a
large temperature difference 1s produced between a high tem-
perature end and a low temperature end 1n the container.
[0011] Here, 1t may be thought thatthe AMR type magnetic
refrigeration system 1s applicable to the magnetic refrigera-
tion system of the patent document 1. However, 1n this case,
there 1s presented an 1ssue that the COP (Coetlicient Of Per-
formance) of relrigeration of the magnetic refrigeration sys-
tem 1s reduced. Here, the COP expresses a cooling or heating
capacity per 1 kW of power consumption.

[0012] This 1s because a relrigerant flowing through a
refrigerant flow passage 1s made to exchange heat with a
heating medium tlowing through a heat exchange tlow pas-
sage, around a magnetic working material, 1n the case where
the AMR type magnetic refrigeration system 1s applied to the
magnetic refrigeration system of the patent document 1.
Hence the heat of the magnetic working material 1s transmiut-
ted indirectly to the heating medium flowing through the heat
exchange flow passage. At this time, a heat exchange loss 1s
increased between the magnetic working material and the
heating medium.

PRIOR ART DOCUMENT

Patent Document

[0013] Patent document 1: JP-A-2006-56274
SUMMARY OF THE INVENTION
[0014] An object of the present disclosure 1s to provide a

magnetic refrigeration system and a vehicle air conditioning,
device to which the magnetic refrigeration system 1s applied.

[0015] A magnetic refrigeration system according to one
example of the present disclosure 1s provided with: a cylin-
drical container having a plurality of working chambers
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formed therein radially 1n a circumierential direction, the
plurality of working chambers having a magnetic working,
material having a magnetocaloric effect arranged therein and
having refrigerant tlowing therethrough; a magnetic field
applying and removing part which repeats applying and
removing a magnetic field to and from the magnetic working,
material; a first refrigerant circulation circuit constructed in
such a way that the refrigerant tlowing out of a refrigerant
discharge part of one refrigerant port flows through a first heat
exchanger and returns to a refrigerant suction part of the one
refrigerant port, of the one and other refrigerant ports respec-
tively disposed on end faces of the container 1n a longitudinal
direction; a second refrigerant circulation circuit constructed
in such a way that the refrigerant flowing out of a refrigerant
discharge part of the other refrigerant port flows through a
second heat exchanger and returns to a refrigerant suction part
ol the other refrigerant port, of the one and the other refrig-
erant ports; and a refrigerant transier part which transiers the
refrigerant between the one refrigerant port and the other
relrigerant port, wherein after the magnetic field 1s applied to
the magnetic working material by the magnetic field applying
and removing part, the refrigerant transier part transfers the
refrigerant from the other refrigerant port to the one refriger-
ant port, and wherein after the magnetic field 1s removed from
the magnetic working material by the magnetic field applying
and removing part, the refrigerant transier part transiers the
refrigerant from the one refrigerant port to the other refriger-
ant port.

[0016] Accordingly, after the magnetic field 1s applied to
the magnetic working material, the refrigerant 1s transferred
from the other refrigerant port to the one refrigerant port in the
working chambers, whereby the refrigerant near the one
refrigerant port, whose temperature 1s increased by hot heat of
the magnetic working material generated by applying the
magnetic field to the magnetic working material, can be made
to flow 1nto the first heat exchanger via the first refrigerant
circulation circuit.

[0017] Further, after the magnetic field 1s removed from the
magnetic working material, the refrigerant 1s transferred from
the one refrigerant port to the other refrigerant port in the
working chambers, whereby the refrigerant near the other
refrigerant port, whose temperature 1s decreased by cold heat
of the magnetic working material generated by removing the
magnetic field from the magnetic working material, can be
made to flow into the second heat exchanger via the second
refrigerant circulation circuit.

[0018] In thus way, the refrigerant whose temperature is
increased by the hot heat generated 1n the magnetic working
material can be made to flow directly into the first heat
exchanger and the refrigerant whose temperature 1s decreased
by the cold heat generated in the magnetic working material
can be made to flow directly into the second heat exchanger.
Hence, a heat exchange loss can be reduced when the hot heat
and the cold heat generated 1n the magnetic working material
are transported, and hence the COP of the magnetic refrig-
eration system can be improved.

[0019] In this regard, when the refrigerant 1s transferred
from the other refrigerant port to the one refrigerant port in the
working chambers, 1t follows that the refnigerant flowing
through the second heat exchanger tlows into the working,
chambers via the other refrigerant port from the second refrig-
erant circulation circuit. Further, when the refrigerant is trans-
terred from the one refrigerant port to the other refrigerant
port in the working chambers, 1t follows that the refrigerant
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flowing through the first heat exchanger tflows 1nto the work-
ing chambers via the one refrigerant port from the first refrig-
erant circulation circuit.

[0020] In particular, by making the volume of a space con-
structing each of the refrigerant suction part and the refriger-
ant discharge part smaller than the volume of the refrigerant
discharged at one time 1n the refrigerant transier part, it 1s
possible to prevent the refrigerant, whose temperature 1s
increased by the hot heat generated 1n the magnetic working
material, and the refrigerant, whose temperature 1s decreased
by the cold heat generated 1n the magnetic working material,
from remaining in the container. In other words, it 1s possible
to efficiently discharge the refrigerant, whose temperature 1s
increased by the hot heat generated 1n the magnetic working
matenal, and the refrigerant, whose temperature 1s decreased
by the cold heat generated 1n the magnetic working material,
to the outside.

[0021] Further, the refrigerant suction part 1s provided with
a suction valve opened when the refrigerant 1s sucked 1nto the
working chambers, and the refrigerant discharge part 1s pro-
vided with a discharge valve opened when the refrigerant 1s
discharged from the working chambers.

[0022] According to this, after the magnetic field 1s applied
to the magnetic working material, the refrigerant near the one
refrigerant port, whose temperature 1s increased by the hot
heat generated in the magnetic working material by applying
the magnetic field, can be made to surely flow into the first
heat exchanger via the first refrigerant circulation circuit and
the refrigerant flowing out of the second heat exchanger can
be sucked 1nto the working chambers from the other refrig-
erant port.

[0023] Further, after the magnetic field 1s removed from the
magnetic working matenal, the refrigerant near the other
refrigerant port, whose temperature 1s decreased by the cold
heat generated in the magnetic working material by removing
the magnetic field, can be made to surely flow 1nto the second
heat exchanger via the second refrigerant circulation circuit
and the refrigerant flowing out of the first heat exchanger can
be sucked into the working chambers from the one refrigerant
port.

[0024] Stll further, the discharge valve 1s arranged at a
position nearer to the working chambers than the suction
valve 1s 1n the longitudinal direction of the container.

[0025] Inthis way, when the discharge valve 1s arranged 1n
the vicinity of the working chambers, it 1s possible to prevent
an unnecessary heat exchange between the refrigerant
remaining around the suction valve and the refrigerant dis-
charged from the working chambers via the discharge valve.
This can reduce a heat exchange loss when the hot heat and
the cold heat generated 1n the magnetic working material are
transported, and hence can improve the COP of the magnetic
refrigeration system.

[0026] Still further, of the suction valve and the discharge
valve, at least the suction valve 1s constructed of arotary valve
having a valve plate and a rotary disk, the valve plate being
arranged adjacently to the working chambers and having a
communication hole communicating with an interior of the
working chambers, the rotary disk rotating 1n a circumieren-
tial direction of the container to thereby open or close the
communication hole.

[0027] According to this, it 1s possible to prevent the refrig-
erant from remaiming around the suction valve and to prevent
an unnecessary heat exchange between the refrigerant
remaining around the suction valve and the refrigerant dis-
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charged from the working chambers via the discharge valve.
This can reduce a heat exchange loss when the hot heat and
the cold heat generated 1n the magnetic working material are
transported, and hence can improve the COP of the magnetic
refrigeration system.

[0028] Still further, when the rotary valve 1s constructed 1n
such a way that the rotary disk rotates by the use of power for
driving the magnetic field applying and removing part, the
magnetic refrigeration system can be realized by a simple
construction.

[0029] Stll further, each of the refrigerant suction part and
the refrigerant discharge part in the one refrigerant port 1s
provided with a first backward flow preventing part for allow-
ing the refrigerant to tflow 1n one direction in order of the
reirigerant discharge part, arefrigerant tlow-in port in the first
heat exchanger, a refrigerant flow-out port in the first heat
exchanger, and the refrigerant suction part, and each of the
refrigerant suction part and the refrigerant discharge part in
the other refrigerant port 1s provided with a second backward
flow preventing part for allowing the refrigerant to flow 1n one
direction 1n order of the refrigerant discharge part, a refriger-
ant flow-1n port in the second heat exchanger, a refrigerant
flow-out port in the second heat exchanger, and the refrigerant
suction part.

[0030] This can also make the refrigerant near the one
refrigerant port, whose temperature 1s increased by the hot
heat generated 1n the magnetic working material by applying
the magnetic field after the magnetic field 1s applied to the
magnetic working matenal, surely flows into the first heat
exchanger via the first refrigerant circulation circuit and can
suck the refrigerant flowing out of the second heat exchanger
into the working chambers from the other refrigerant port.

[0031] Further, this can make the refrigerant near the other
refrigerant port, whose temperature 1s decreased by the cold
heat generated in the magnetic working material by removing,
the magnetic field after the magnetic field 1s removed from the
magnetic working material, surely flows into the second heat
exchanger via the second refrigerant circulation circuit and
can suck the refrigerant flowing out of the first heat exchanger
into the working chambers from the one refrigerant port.

[0032] Still further, when at least one of the first backward
flow preventing part and the second backward tlow prevent-
ing part 1s constructed of a fluid diode 1n which resistance 1s
smaller 1n a forward direction of a flow of the refrigerant than
in a backward direction of the flow of the refrigerant, the
magnetic refrigeration system can be realized by a simple
construction.

[0033] Stll further, when the refrigerant suction part and
the refrigerant discharge part are disposed plurally in corre-
spondence to the plurality of working chambers, it 1s prefer-
able that the refrigerant suction parts are disposed 1n such a
way as to be positioned on a same circumierence when
viewed from the longitudinal direction of the container and
that the refrigerant discharge parts are disposed in such a way
as to be positioned on a same circumierence when viewed
from the longitudinal direction of the container.

[0034] Specifically, the magnetic field applying and remov-
ing part 1s constructed of a magnetic field generating part, a
rotary shaft for rotatably supporting the magnetic field gen-
erating part, and a drive part for driving the rotary shatt, and
the magnetic field generating part 1s disposed 1n such a way as
to periodically come near to the magnetic working material
according to the rotation of the rotary shaft. This makes 1t
possible to periodically repeat applying and removing the
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magnetic field to and from the magnetic working material by
the magnetic field applying and removing part.

[0035] Stll further, the magnetic refrigeration system 1s
provided with a power transmission mechanism for transmit-
ting power by the drive part to the refrigerant transfer part.
The refrigerant transier part reciprocally transfers the refrig-
crant between the one refrigerant port and the other refriger-
ant port by the power transmitted via the power transmission
mechanism.

[0036] Inthis way, when the magnetic refrigeration system
employs a construction 1n which the refrigerant transier part
1s driven by the power of the drive part of the magnetic field
applying and removing part, the drive source can be common
between the refrigerant transier part and the magnetic field
applying and removing part. Hence, the magnetic refrigera-
tion system can be realized by a simple construction. More-
over, power consumption in the magnetic refrigeration sys-
tem can be restricted from increasing, and hence can further
improve the COP of the magnetic refrigeration system.

[0037] Stll further, it 1s preferable that the refrigerant trans-
fer part 1s constructed of a multi-cylinder type piston pump
having a plurality of cylinders and a plurality of pistons,
corresponding to the plurality of working chambers.

[0038] Stll further, when a vehicle air conditioning device
to which the magnetic refrigeration system described above 1s
applied includes a case constructing an air flow passage for
blown air to be blown into a passenger compartment. A heat-
ing heat exchanger for heating the blow air to be blown into
the passenger compartment 1s constructed by the first heat
exchanger, and a cooling heat exchanger for cooling the blow
air to be blown 1nto the passenger compartment 1s constructed
by the second heat exchanger. Thus, the vehicle air condition-
ing device can cool and heat the interior of the passenger
compartment.

[0039] Specifically, when the first heat exchanger 1is
arranged downstream of the second heat exchanger 1n a flow
of the blown air 1n the case, the first heat exchanger can heat
the blown air, which 1s cooled and dehumidified by the second
heat exchanger, thereby dehumidify the blown air at the time
of heating the interior of the passenger compartment.

[0040] Stll further, the vehicle air conditioning device may
include a temperature adjusting part for adjusting a volume of
the blown air flowing 1nto the first heat exchanger to thereby
adjust a temperature of air blown off into the passenger com-
partment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] The above-mentioned object and other objects, fea-
tures, and advantages of the present disclosure will be made
clear by the following detailed descriptions with reference to
the accompanying drawings.

[0042] FIG. 1 1sa general construction diagram illustrating

a vehicle air conditioning device according to a first embodi-
ment.

[0043] FIG. 2 15 an enlarged view illustrating a magnetic
refrigerator according to the first embodiment.

[0044] FIG. 3 15 a section view taken along a line A-A 1n
FIG. 2.
[0045] FIG. 4 1s an explanatory view illustrating an oper-

ating principle of the magnetic refrigerator according to the
first embodiment.
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[0046] FIG. 5 1s ageneral construction diagram 1llustrating
a refrigerant circuit at the time of a cooling mode of the
vehicle air conditioning device according to the first embodi-
ment.

[0047] FIG. 6 1s a general construction diagram 1llustrating
the refrigerant circuit at the time of a heating mode of the
vehicle air conditioning device according to the first embodi-
ment.

[0048] FIG. 7 1s a general construction diagram illustrating
the refrigerant circuit at the time of a dehumiditying mode of
the vehicle air conditioning device according to the first
embodiment.

[0049] FIG. 8 1s a general construction diagram 1llustrating
a vehicle air conditioning device according to a second
embodiment.

[0050] FIG.91s ageneral construction diagram 1llustrating
a vehicle air conditioning device according to a third embodi-
ment.

[0051] FIG. 10 1s a general construction diagram illustrat-
ing a vehicle air conditioning device according to a fourth
embodiment.

[0052] FIG. 11 1s a general construction diagram illustrat-
ing a vehicle air conditioning device according to a fifth
embodiment.

[0053] FIG. 12 1s an enlarged view 1illustrating a magnetic
refrigerator according to the fifth embodiment.

[0054] FIG. 13 1s a general construction diagram illustrat-
ing a vehicle air conditioning device according to a sixth
embodiment.

[0055] FIG. 14 1s a general construction diagram illustrat-
ing a vehicle air conditioning device according to a seventh
embodiment.

[0056] FIG. 15 15 an enlarged view 1llustrating a main por-
tion of amagnetic refrigerator according to an eighth embodi-
ment.

[0057] FIG. 16 1s an enlarged view 1llustrating a magnetic
refrigerator according to a ninth embodiment.

[0058] FIG. 17 1s a section view taken along a line B-B 1n
FIG. 16.

[0059]
FIG. 16.

[0060] FIG. 19 is an enlarged view 1llustrating a magnetic
refrigerator according to a tenth embodiment.

[0061] FIG. 20 1s a section view taken along a line D-D 1n
FIG. 19.
[0062]
FIG. 19.

[0063] FIG. 22 1s a schematic section view 1llustrating a
nozzle type fluid diode according to an 11th embodiment.

[0064] FIG. 23 1s an explanatory view illustrating a vortex
type tluid diode according to the 11th embodiment.

FIG. 18 15 a section view taken along a line C-C in

1n

[T

FIG. 21 1s a section view taken along a line E-

MODE FOR CARRYING OUT THE INVENTION

[0065] Heremnafter, embodiments of the present disclosure
will be described on the basis of the drawings. In the respec-
tive embodiments to be described below, parts identical or
equivalent to each other are denoted by the same reference
symbols 1n the drawings.

First Embodiment

[0066] A first embodiment of the present disclosure will be
described on the basis of FIG. 1 to FIG. 7. FIG. 1 1s a general

construction diagram of a vehicle air conditioning device 1 of
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the present embodiment. In the present embodiment, a mag-
netic relrigeration system 2 of the present disclosure 1s
applied to the vehicle air conditioning device 1 for air-condi-
tioning an interior of a passenger compartment of an automo-

bile.

[0067] The vehicle air conditioning device 1 of the present
embodiment 1s an air conditioning device mounted 1n the
automobile acquiring a drive force for driving from an inter-
nal combustion engine (engine).

[0068] The vehicle air conditioning device 1, as shown 1n
FIG. 1, 1s provided with the magnetic refrigeration system 2
arranged 1n an engine compartment, an indoor air condition-
ing unit 10 arranged 1n the passenger compartment, and an air
conditioning control device 100.

[0069] The magnetic refrigeration system 2 of the present
embodiment 1s constructed in such a way as to be capable of
switching a refrigerant circuit of a cooling mode for cooling
the interior of the passenger compartment, a heating mode for
heating the interior of the passenger compartment, and a
dehumiditying mode for humiditying the interior of the pas-
senger compartment at the heating time. Hence, the vehicle
air conditioning device 1 can cool, heat, and dehumidify the
interior of the passenger compartment.

[0070] Specifically, the magnetic refrigeration system 2 of
the present embodiment employs an AMR (Active Magnetic
Refrigeration) system of storing cold heat and hot heat gen-
crated by a magnetocaloric effect 1n a magnetic working
material 30 itself. The magnetic refrigeration system 2 of the
present embodiment 1s constructed of a magnetic refrigerator
3 for generating the cold heat and the hot heat by the magne-
tocaloric effect, a high temperature side refrigerant circuit
(first refrigerant circulation circuit) 4 for circulating refriger-
ant whose temperature 1s increased by the hot heat generated
by the magnetic refrigerator 3 1n a heating heat exchanger
(first heat exchanger) 13, a low temperature side refrigerant
circuit (second refrigerant circulation circuit) 5 for circulat-
ing the refrigerant whose temperature 1s decreased by the cold
heat generated by the magnetic refrigerator 3 1n a cooling heat
exchanger (second heat exchanger) 12, and the like.

[0071] The magnetic refrigerator 3 1s constructed of: a heat
exchange container 31 having working chambers 311 formed
therein, the working chamber 311 receiving the magnetic
working material 30 having the magnetocaloric effect and
having refrigerant (for example, water or antifreeze solution)
ol a heat transporting medium flowing therethrough; a mag-
netic field applying and removing device 32 for applying and
removing a magnetic field to and from the magnetic working
material 30; a refrigerant pump 34 for transferring the refrig-
crant 1n the heat exchange container 31; an electric motor 35

corresponding to a drive source of the magnetic refrigerator 3;
and the like.

[0072] FIG. 2 1s an enlarged view of the magnetic refrig-
erator 3, and FIG. 3 1s a section view taken on a line A-A 1n
FIG. 2. For the sake of convenience of description, 1n FIG. 2,
a section 1n an axial direction of the magnetic refrigerator 3 1s
shown.

[0073] As shown in FIG. 2, the heat exchange container 31
of the present embodiment 1s divided into a high temperature
side container 31a for generating the hot heat by the magne-
tocaloric effect and a low temperature side container 315 for
generating the cold heat by the magnetocaloric effect. The
high temperature side container 31a and the low temperature
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side container 315 are arranged side by side 1n a coaxial
direction with the refrigerant pump 34 interposed between
them.

[0074] Each of the high temperature side container 31a and
the low temperature side container 315 1s constructed of a
cylindrical container. Each of the containers 31a, 315 has the
working chambers 311 formed therein, the working chamber
311 recewving the magnetic working material 30 1n a wall
portion constructing an outer shape and having the refrigerant
flowing therethrough. Here, as shown 1n FIG. 3, each of the
containers 31a, 315 has a plurality of working chambers 311
formed therein radially 1n a circumierential direction.

[0075] Further, high temperature side and low temperature
side refrigerant ports 312, 313 are respectively formed 1n end
faces of the heat exchange container 31 (on sides opposite to
the refrigerant pump 34 in the respective containers 31a,
31)), and the reinigerant can be sucked and discharged
through the refrigerant ports 312, 313.

[0076] Stll further, end faces adjacent to the reirigerant
pump 34 1n the respective containers 31a, 315 have commu-
nication passages 314, 315 respectively formed therein, the
communication passages 314, 315 communicating with the
interior of the cylinder bore 344 of the refrigerant pump 34
which will be described later. In this regard, the communica-
tion passages 314, 315 are formed plurally in correspondence
to the respective high temperature side ports 312 and to the
respective low temperature side ports 313.

[0077] Of the refrigerant ports 312, 313, the high tempera-
ture side ports 312 formed 1n the high temperature side con-
tainer 31a are formed 1n correspondence to the respective
working chambers 311 of the high temperature side container

31a and communicate with the corresponding working cham-
bers 311.

[0078] Each of the high temperature side ports 312 1s con-
structed of a refrigerant suction part 312a for sucking the
refrigerant and a refrigerant discharge part 3125 for discharg-
ing the refrigerant. The refrigerant suction part 312a 1s pro-
vided with a suction valve 312¢ opened at the time of sucking
the refrigerant, and the refrigerant discharge part 3125 1s
provided with a discharge valve 3124 opened at the time of
discharging the refrigerant. Each of the suction valve 312c¢
and the discharge valve 312d of the present embodiment 1s a
reed valve constructed of an elastic plate member having one

end fixed.

[0079] Stll further, of the refrigerant ports 312, 313, the
low temperature side ports 313 formed 1n the low temperature
side container 316 are formed in correspondence to the
respective working chambers 311 of the low temperature side
container 315 and communicate with the corresponding
working chambers 311.

[0080] As 1s the case with the high temperature side ports
312, cach of the low temperature side ports 313 1s constructed
of a refrigerant suction part 313a and a refrigerant discharge
part 3135b. The refrigerant suction part 3134 1s provided with
a suction valve 313c¢ and the refrigerant discharge part 3135 1s
provided with a discharge valve 3134.

[0081] Stll further, end faces adjacent to the reirigerant
pump 34 1n the respective containers 31a, 315 have commu-
nication passages 314, 315 respectively formed therein, the
communication passages 314, 315 communicating with the
interior of the cylinder bore 344 of the refrigerant pump 34
which will be described later. In this regard, the communica-
tion passages 314, 315 are formed plurally 1n correspondence
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to the respective high temperature side ports 312 and to the
respective low temperature side ports 313.

[0082] In the respective containers 31a, 315 are recerved
rotary shaits 321a, 3215b, rotors (rotors) 322a, 3226 fixed
respectively to the rotary shafts 321a, 3215, and permanent
magnets 323q, 3235 embedded respectively 1n the outer cir-
cumierential faces of the rotors 322a, 3225, which construct
parts ol the magnetic field applying and removing device 32.
[0083] Fach of the rotary shafts 321a, 3215 i1s rotatably
supported by support members 36a, 365 disposed on both end

portions 1n a longitudinal direction of each of the containers
31a, 31b.

[0084] The high temperature side rotary shait 321a
received in the high temperature side container 31a has anend
portion, adjacent to the refrigerant pump 34, extended to the
outside of the high temperature side container 31a and
coupled to a drive shait 341 of the refrigerant pump 34, which
will be described later, via a speed change mechanism 37a
which will be described later.

[0085] Further, the low temperature side rotary shait 3215
received 1n the low temperature side container 315 has an end
portion, on the refrigerant pump 34, extended to the outside of
the low temperature side container 315 and coupled to the
drive shaft 341 of the refrigerant pump 34, which will be
described later, via a speed change mechanism 375 which will
be described later. Still further, the low temperature side
rotary shatt 3215 has an end portion on the side opposite to the
refrigerant pump 34 extended to the outside of the low tem-
perature side container 315 and coupled to the electric motor
35 for rotating the respective rotary shaits 321a, 3215. The
clectric motor 35 will be described later.

[0086] The rotor 322a, 322b 1s fixed to the rotary shaft
321a,321bH1n such a way as to rotate with a given air gap from
the inner circumferential face of the container 31a, 315 1n a
state where the rotor 322a, 3225 has the permanent magnet
323a, 3235) disposed on 1ts outer circumierential face.
[0087] Sull further, as shown in FIG. 3, the permanent
magnet 323a, 3235 1s disposed on the outer circumierential
face (for example, a range of about 4 of the outer circumfier-
ential faces) 1n the rotor 322a, 3226 in such a way as to
periodically come near to the upper working chambers 311

and the lower working chambers 311 in the container 31a,
31b according to the rotation of the rotary shait 321qa, 32154.

[0088] In this way, according to the rotation of the rotary
shaft 321a, 3215, a magnetic field generated around the per-
manent magnet 323a, 3235 1s applied to the magnetic work-
ing material 30 received on the side near to the permanent
magnet 323a, 3235 1n the container 31a, 315 and 1s removed
from the magnetic working material 30 disposed on the side
far from the permanent magnet 323a, 3235 1n the container

31a, 31b.

[0089] The refrigerant pump 34 constructs a refrigerant
transier part for transierring the refrigerant between the high
temperature side ports 312 and the low temperature side ports
313 which are formed 1n the heat exchanger container 31. In
the present embodiment, a piston pump of a tandem type 1n
which two compression mechanisms are coaxially activated
by one drive shatt 341 1s employed as the refrigerant pump 34.

[0090] Specifically, the refrigerant pump 34 of the present
embodiment, as shown 1n FIG. 2, 1s constructed of: a housing
340; the drive shaft 341 rotatably supported in the housing
340; a swash plate 342 having a slant face slanted with respect
to the drive shait 341 and rotated integrally with the drive
shaft 341; a piston 343 reciprocated according to the rotation
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of the swash plate 342; the cylinder bore 344 formed on both
sides of the piston 343 in the housing 340; and the like.

[0091] The drive shaft 341 1s rotatably supported by sup-
port members 340a, 3405 disposed on both end portions in
the longitudinal direction of the housing 340. The drive shaft
341 has both end portions thereot extended to the outside of
the housing 340 and coupled to the high temperature side
rotary shait 321a and the low temperature side rotary shaft
3215 via the respective speed change mechamsms 37a, 375.

[0092] Here, the respective speed change mechanisms 37a,
3'7b construct a power transmission mechanism for transmit-
ting power generated by the electric motor 35 to the refriger-
ant pump 34 via the low temperature side rotary shaft 3215
coupled to the electric motor 35. Each of the speed change
mechanisms 37a, 375 of the present embodiment 1s con-
structed 1n such a way as to adjust the ratio (speed reducing
rat10) of the number of revolutions of each of the rotary shaits
321a, 3215 to the number of revolutions of the drive shaft 341
of the refrigerant pump 34. The speed reducing ratio 1s deter-
mined according to the number of poles of each of the per-
manent magnets 323a, 3235 fixed respectively to the rotary
shafts 321a, 3215. For example, in the case where the number
of poles of each of the permanent magnets 323a, 3235 1s n
poles, the speed reducing ratio can be determined to be 1/n1n
such a way that when the drive shait 341 of the refrigerant
pump 34 1s rotated by n, each of the rotary shafts 321a, 3215
are rotated by one.

[0093] The cylinder bore 344 1s constructed of a high tem-
perature side bore part 344a corresponding to the respective
communication passages 314 of the high temperature side
container 31aq and a low temperature side bore part 3445
corresponding to the respective communication passages 3135
of the low temperature side container 315. Here, the cylinder
bore 344 1s constructed 1n such a way that the refrigerant in the
high temperature side bore part 344a can exchange heat with
the refrigerant 1n the low temperature side bore part 3445,

[0094] Here, the refnigerant pump 34 of the present
embodiment 1s constructed 1n such a way as to suck or dis-
charge the refrigerant from or into the respective containers
31a, 3156 1n synchronization with applying and removing the
magnetic field to and from the magnetic working material 30.

[0095] For example, the refrigerant pump 34 1s constructed
in the following way: when the magnetic field 1s applied to the
magnetic working material 30 in the respective working
chambers 311 disposed on the upper side of each of the
containers 31a, 315, the refrigerant pump 34 discharges the
refrigerant 1n sequence into the respective working chambers
311 disposed on the upper side in the high temperature side
container 31a and sucks the refrigerant in sequence from the
respective working chambers 311 disposed on the upper side
in the low temperature side container 315. At this time, by the
reirigerant pump 34, the refrigerant 1s sucked 1n sequence
from the respective working chambers 311 disposed on the
lower side 1n the high temperature side container 31a and 1s
discharged 1n sequence mto the respective working chambers
311 disposed on the lower side 1n the low temperature side
container 315.

[0096] On the other hand, the refrigerant pump 34 1s con-
structed in the following way: when the magnetic field 1s
removed from the magnetic working material 30 in the
respective working chambers 311 disposed on the upper side
of each of the containers 31a, 315, the refrigerant pump 34
sucks the refrigerant 1n sequence from the respective working
chambers 311 disposed on the upper side 1n the high tempera-

Nov. 14, 2013

ture side container 31a and discharges the refrigerant in
sequence 1nto the respective working chambers 311 disposed
on the upper side 1n the low temperature side container 315.

[0097] When the refrigerant 1s discharged 1nto the working
chambers 311 of the respective containers 31a, 315 by the
refrigerant pump 34, the discharge valves 312d, 3134 dis-
posed at the refrigerant discharge parts 31256, 31356 of the
respective containers 31a, 316 are opened, whereby the
refrigerant near the refrigerant discharge parts 3125, 31356 1n
the respective containers 31a, 315 1s discharged to the out-
side.

[0098] On the other hand, when the refrigerant 1s sucked
from the working chambers 311 of the respective containers
31a, 316 by the refrigerant pump 34, the suction valves 312c¢,
3134 disposed at the refrigerant suction parts 312a, 313a of
the respective containers 31a, 315 are opened, whereby the
refrigerant 1s mtroduced from the outside into portions near
the refrigerant suction parts 312a, 313a in the respective
containers 31a, 315.

[0099] Inthis way, 1n the magnetic refrigerator 3, the refrig-
erant can be sucked or discharged 1n sequence from or 1nto the
respective working chambers 311 in the respective containers
31a, 3156 1n synchronization with applying and removing the
magnetic field to and from the magnetic working material 30,
so that the refrigerant near the refrigerant discharge parts
3125, 313H 1n the respective containers 31la, 316 can be
continuously discharged to the outside.

[0100] Returning to FIG. 1, the electric motor 35 1s a drive
part that 1s activated by electric power supplied from a battery
(not shown) mounted in the automobile and that supplies
power to the rotary shaits 321a, 3215 and the drive shait 341

to thereby drive the magnetic refrigerator 3.

[0101] Here, in the present embodiment, the rotary shaftts
321a, 3215, the rotors 322a, 3225H, the permanent magnets
323a, 3235, which are recerved respectively 1n the containers
31, 315, and the electric motor 35 disposed on the outside of
the heat exchange container 31 construct the magnetic field
applying and removing device 32 that 1s a magnetic field
applying and removing part. Further, each of the permanent
magnets 323a, 323b constructs a magnetic field generating
part for generating a magnetic field.

[0102] Next, the high temperature side refrigerant circuit 4
and the low temperature side refrigerant circuit 5 will be
described. First, describing the high temperature side refrig-
crant circuit 4, the high temperature side refrigerant circuit 4
1s a relrigerant circulation circuit for introducing the refrig-
erant discharged from the refrigerant discharge parts 31256 of
the high temperature side ports 312 1n the high temperature
side container 31q 1nto a refrigerant flow-1n port 13q of the
heating heat exchanger 13 and for returning the refrigerant
flowing out of a refrigerant tlow-out port 135 of the heating
heat exchanger 13 into the refrigerant suction parts 312a of
the high temperature side ports 312.

[0103] Specifically, the refrigerant discharge parts 3125 of
the high temperature side ports 312 have the refrigerant flow-
in port 13a of the heating heat exchanger 13 connected
thereto. The heating heat exchanger 13 1s a heat exchanger
(first heat exchanger) that 1s arranged 1n a case 11 of the
indoor air conditioning unit 10 to be described later and that
makes the refrigerant flowing through the case 11 exchange
heat with blown air after passing through the cooling heat
exchanger 12 to be described later to thereby heat the blown
air.
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[0104] Therefrigerant flow-out port 1356 of the heating heat
exchanger 13 has a first electric three-way valve 41 connected
thereto. The first electric three-way valve 41 constructs a tlow
passage switching part whose activation 1s controlled by a
control signal outputted from the air conditioning control
device 100.

[0105] More specifically, the first electric three-way valve
41 switches a refrigerant circuit for connecting the refrigerant
flow-out port 135 of the heating heat exchanger 13 to the
refrigerant suction part 312a of the high temperature side
container 31a and a refrigerant tlow passage for connecting
the refrigerant flow-out port 135 of the heating heat
exchanger 13 to a heat radiation side refrigerant tlow-1n port
61a of a heat absorbing and radiating heat exchanger 6.
[0106] Theheatabsorbing and radiating heat exchanger 6 1s
an outdoor heat exchanger that 1s arranged in the engine
compartment and that makes the refrigerant tlowing through
itself exchange heat with an outside air. The heat absorbing
and radiating heat exchanger 6 of the present embodiment 1s
constructed of two heat exchange parts corresponding to a
heat radiating part 61 through which the refrigerant flowing
out of the heating heat exchanger 13 flows and a heat absorp-
tion part 62 through which the refrigerant discharged from the
low temperature side container 315 flows.

[0107] The heat radiating part 61 of the heat absorbing and
radiating heat exchanger 6 1s a heat exchange part for making,
the refrigerant flowing-in (refrigerant flowing out of the heat-
ing heat exchanger 13) through the heat radiation side refrig-
crant flow-in port 61a exchange heat with the outside air.
Further, the heat absorption part 62 of the heat absorbing and
radiating heat exchanger 6 1s a heat exchange part for making
the refrigerant flowing-in (refrigerant discharged from the
low temperature side container 315) through the heat absorp-
tion side refrigerant flow-1n port 62a exchange heat with the
outside atr.

[0108] Inthisregard, the heat radiating part 61 and the heat
absorption part 62 have their refrigerant flow passages con-
structed 1independently of each other so as to prevent the
refrigerant flowing through the heat radiating part 61 and the
reirigerant flowing 1n the heat absorption part 62 from being
mixed with each other in the heat absorbing and radiating heat
exchanger 6.

[0109] The heatradiation side refrigerant tlow-out port 6156
of the heat absorbing and radiating heat exchanger 6 has the
refrigerant suction parts 312a of the high temperature side
container 31a connected thereto, and the refrigerant having
heat radiated in the heat absorbing and radiating heat
exchanger 6 1s returned to the working chambers 311 of the
high temperature side container 31a.

[0110] Thus, the high temperature side refrigerant circuit 4
1s constructed of: a circulation circuit in which the refrigerant
is circulated 1n order of the refrigerant discharge part 31256 of
the high temperature side container 31a, the heating heat
exchanger 13, the first electric three-way valve 41, and the
refrigerant suction part 312a of the high temperature side
container 31a; and a circulation circuit 1n which the refriger-
ant 1s circulated 1n order of the refrigerant discharge part 31256
of the high temperature side container 31a, the heating heat
exchanger 13, the first electric three-way valve 41, the heat
radiating part 61 of the heat absorbing and radiating heat
exchanger 6, and the refrigerant suction part 312q of the high
temperature side container 31a.

[0111] Inthis regard, the high temperature side refrigerant
circuit 4 has a reservoir tank 43 connected between the heat-
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ing heat exchanger 13 and the first electric three-way valve 41
via a fixed throttle 42, the reservoir tank 43 adjusting the
amount of the refrigerant tflowing through the high tempera-
ture side refrigerant circuit 4. As the fixed throttle 42 can be
employed an orifice or a capillary tube.

[0112] Further, the low temperature side refrigerant circuit
5 1s a refrigerant circulation circuit that introduces the refrig-
erant discharged from the refrigerant discharge parts 3135 of
the low temperature side ports 313 in the low temperature side
container 315 into the refrigerant flow-in port 12a of the
cooling heat exchanger 12 and that returns the refrigerant
flowing out of the refrigerant flow-out port 125 of the cooling
heat exchanger 12 to the refrigerant suction parts 3134 of the
low temperature side ports 313.

[0113] Specifically, the refrigerant discharge parts 3135 of
the low temperature side ports 313 have a second electric
three-way valve 51 connected thereto. As 1s the case with the
first electric three-way valve 41, the second electric three-way
valve 51 constructs a tlow passage switching part whose
activation 1s controlled by a control signal outputted from the
air conditioning control device 100.

[0114] The second electric three-way valve 51 switches a
refrigerant circuit for connecting the refrigerant discharge
parts 3135 of the low temperature side ports 313 to the heat
absorption side refrigerant tflow-in port 62a of the heat
absorbing and radiating heat exchanger 6 and a refrigerant
circuit for connecting the refrigerant discharge parts 3135 of
the low temperature side ports 313 to a third electric three-
way valve 52 1n accordance with a control signal outputted
from the air conditioning control device 100. The heat absorp-
tion side refrigerant flow-out port 625 of the heat absorbing
and radiating heat exchanger 6 has the third electric three-way
valve 52 connected thereto.

[0115] As are the cases with the first and the second electric
three-way valves 41, 51, the third electric three-way valve 52
constructs a flow passage switching part whose activation 1s
controlled by a control signal outputted from the air condi-
tioning control device 100.

[0116] Specifically, the third electric three-way valve 52 1s
constructed 1n such a way as to be activated in conjunction
with the second electric three-way valve 51. That 1s, when the
refrigerant circuit 1s switched by the second electric three-
way valve 51 to a refrigerant circuit for connecting the refrig-
crant discharge parts 3135 of the low temperature side ports
313 to the third electric three-way valve 52, the third electric
three-way valve 52 switches the refrigerant circuit to a refrig-
crant circuit for connecting the second electric three-way
valve 51 to the refrigerant flow-1n port 12a of the cooling heat
exchanger 12. Further, when the refrigerant circuit 1is
switched by the second electric three-way valve 51 to a refrig-
erant circuit for connecting the refrigerant discharge parts
3135 of the low temperature side ports 313 to the heat absorp-
tion side refrigerant tlow-1n port 62a of the heat absorbing and
radiating heat exchanger 6, the third electric three-way valve
52 switches the refrigerant circuit to a refrigerant circuit for
connecting the second electric three-way valve 51 to the

refrigerant suction parts 313a of the low temperature side
ports 313.

[0117] The cooling heat exchanger 12 connected to the
third electric three-way valve 52 1s a heat exchanger that 1s
arranged on the upstream of the heating heat exchanger 13 1n
the tlow of the blown air in the case 11 of the indoor air
conditioning unit 10 and that makes the refrigerant flowing
through 1tself exchange heat with the blown air to thereby
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cool the blown air. The refrigerant suction parts 313a of the
low temperature side ports 313 are connected to the refriger-
ant tlow-out port 125 of the cooling heat exchanger 12.

[0118] In this way, the low temperature side refrigerant
circuit 3 1s constructed of: a circulation circuit in which the
refrigerant 1s circulated 1n order of the refrigerant discharge
parts 31356 of the low temperature side container 315, the
second electric three-way valve 51, the third electric three-
way valve 52, the cooling heat exchanger 12, and the refrig-
erant suction parts 313a of the low temperature side container
31b; and a circulation circuit 1n which the refrigerant 1s cir-
culated 1n order of the refrigerant discharge parts 3135 of the
low temperature side container 315, the heat absorption part
62 of the heat absorbing and radiating heat exchanger 6, the
second electric three-way valve 51, the third electric three-
way valve 52, and the refrigerant suction parts 313a of the low
temperature side container 315.

[0119] In this regard, the low temperature side refrigerant
circuit S has a reservoir tank 54 connected between the second
clectric three-way valve 51 and the heat absorbing and radi-
ating heat exchanger 6, and the third electric three-way valve
52 via a fixed throttle 53, the reservoir tank 54 adjusting the
amount of the refrigerant tflowing through the low tempera-
ture side refrigerant circuit 5. As the fixed throttle 53 can be
employed an orifice or a capillary tube.

[0120] Next, the indoor air conditioning unit 10 will be
described. The indoor air conditioning unit 10 1s a unit that 1s
arranged 1nside a meter board (instrument panel) at a fore-
front portion 1n the passenger compartment and that receives
a blower (not shown), the cooling heat exchanger 12, the
heating heat exchanger 13, and a heater core 14 1n the case 11
of forming the outer shape thereof.

[0121] The case 11 forms an air flow passage for the blown
air to be blown 1nto the passenger compartment and 1s formed
of resin having a certain degree of elasticity and excellent 1n
strength (for example, polypropylene). An mside and outside
air switching box (not shown) for switching and introducing
an 1nside air (air mside the passenger compartment) and an
outside air (air outside the passenger compartment) 1s
arranged on the most upstream side of the flow of the blown
air 1n the case 11.

[0122] More specifically, in the iside and outside air
switching box are formed an inside air introduction port
through which the inside air 1s introduced into the case 11 and
an outside air introduction port through which the outside air
1s 1ntroduced into the case 11. Further, in the inside and
outside air switching box 1s arranged an 1nside and outside air
switching door for continuously adjusting an opening area of
the mside air introduction port and an opening area of the
outside air introduction port to thereby change a ratio of the
volume of the 1nside air and the volume of the outside air. The
inside and outside air switching door constructs an air volume
ratio changing part for switching a suction port mode of
changing the ratio of the volume of the inside air and the
volume of the outside air which are introduced 1nto the case

11.

[0123] On the downstream side of the 1nside and outside air
switching box 1n the air flow 1s arranged a blower for blowing
the air sucked through the 1nside and outside air switching,
box into the passenger compartment. The blower 1s an electric
blower for driving a centrifugal multi-blade fan (sirocco fan)
by an electric motor and has the number of revolutions (the
volume of blown air) controlled by a control voltage output-
ted from the air conditioning control device 100.
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[0124] The cooling heat exchanger 12 1s arranged on the
downstream side of the blower 1n the air flow. On the down-
stream side of the cooling heat exchanger 12 in the air flow are
formed air passages such as a heating cold air passage 15 and
a cold air bypass passage 16 through which the air after
passing through the cooling heat exchanger 12 flows, and an
air mixing space 17 in which the air flowing out of the heating
cold air passage 15 1s mixed with the air tlowing out of the
cold air bypass passage 16.

[0125] In the heating cold air passage 13, the heating heat
exchanger 13 and a heater core 14 are arranged 1n this order 1n
a direction 1n which the blown air flows as a heating part for
heating the air after passing through the cooling heat
exchanger 12. The heater core 14 1s a heat exchanger for
making cooling water of an engine (not shown) which outputs
a drive force for running the automobile exchange heat with
the air after passing through the cooling heat exchanger 12 to
thereby heat the air after passing through the cooling heat
exchanger 12.

[0126] On the other hand, the cold air bypass passage 16 1s
an air passage for introducing the air after passing through the
cooling heat exchanger 12 into the air mixing space 17 with-
out passing through the heating heat exchanger 13 and the
heater core 14. Hence, the temperature of the blown air mixed
in the air mixing space 17 1s changed according to the ratio of
the volume of the air passing through the heating heat
exchanger 15 and the volume of the air passing through the
cold air bypass passage 16.

[0127] Thus, nthe present embodiment, an air mixing door
18 for continuously changing the ratio of the volume of the air
flowing into the heating cold air passage 15 and the volume of
the air flowing 1nto the cold air bypass passage 16 1s disposed
on the downstream side of the cooling heat exchanger 12 1n
the air flow and on the entry side of the heating cold air
passage 135 and the cold air bypass passage 16. In other words,
the air mixing door 18 constructs a temperature adjusting part
for adjusting the volume of the blown air flowing to the
heating heat exchanger 13 to thereby adjust an air temperature
in the air mixing space 17 (temperature of the air blown off
into the passenger compartment).

[0128] Further, on the most downstream side 1n the flow of
the blown air in the case 11 are arranged blowoll ports (not
shown, for example, face blowoll port, foot blowolil port, and
defroster blowoll port) for blowing off the blown air having
temperature adjusted 1nto the passenger compartment, which
1s a space to be cooled, from the air mixing space 17. In this
regard, on the upstream side of each of the blowoll ports in the
air flow 1s arranged a door for adjusting an opening area of the
blowoll port, and the blowoll ports for blowing ofl the con-
ditioned air 1into the passenger compartment can be switched
by opening or closing the respective doors.

[0129] Next, an electric control part of the present embodi-
ment will be described. The air conditioning control device
100 1s constructed of a well known microcomputer, which
includes a CPU, a ROM, and a RAM, and a peripheral circuit
thereof. The air conditioning control device 100 performs
various operations and processings on the basis of control
programs stored 1in the ROM to thereby control the activations
of the electric motor 35, the respective electric three-way
valves 41, 51, 52 for constructing flow passage switching
parts, the blower, and the drive part of the air mixing door 18
connected to the output side.

[0130] An operation signal 1s inputted to the mput side of
the air conditioning control device 100 from various air con-
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ditioning operation switches disposed in an operation panel
(not shown) arranged near the mstrument panel 1n the front
portion of the passenger compartment. Specifically, the vari-
ous air conditioning operation switches disposed 1n the opera-
tion panel include an activating switch, an automatic switch,
and a selector switch of an operation mode (cooling mode,
heating mode, dehumidifying mode) of the vehicle air con-
ditioning device 1.

[0131] In this regard, the air conditioning control device
100 has an electric motor control part controlling the electric
motor 35 corresponding to the drive part of the magnetic
refrigerator 3 and a flow passage switching control part con-
trolling the respective electric three-way valves 41, 51, 52.
[0132] Next, the operation of the vehicle air conditioning
device 1 including the magnetic refrigeration system 2 of the
present embodiment 1n the construction described above will
be described. First, an operation principle of the magnetic
refrigerator 3 1n the magnetic refrigeration system 2 will be
generally described on the basis of FIG. 4.

[0133] FIG. 4 illustrates enlarged views of a portion B
shown 1n FIG. 1. Here, (a) of FIG. 4 shows a magnetic field
applying process of applying a magnetic field to the magnetic
working material 30, (b) of FIG. 4 shows a refrigerant dis-
charging process of discharging the refrigerant from the
working chamber 311, (¢) of FIG. 4 shows a magnetic field
removing process ol removing the magnetic field from the
magnetic working material 30, and (d) of FIG. 4 shows a
refrigerant sucking process of sucking the refrigerant into the
working chamber 311.

[0134] Asshownin(a) of FIG. 4, when the piston 343 inthe
high temperature side bore part 344a 1n the refrigerant pump
34 1s positioned near a bottom dead center and the permanent
magnet 323a comes near to the upper working chambers 311
of the high temperature side container 31a, a magnetic field 1s
applied to the magnetic working material 30 received in the
upper working chambers 311 (that 1s, the magnetic working,
material 30 1s magnetized, the magnetic field applying pro-
cess). At this time, the magnetic working material 30 gener-
ates heat by the magnetocaloric effect, whereby the refriger-
ant 1 the upper working chambers 311 1s increased 1n
temperature.

[0135] Then, as shown in (b) of FI1G. 4, the piston 343 1n the
high temperature side bore part 344a 1s moved from the
bottom dead center to a top dead center and the refrigerant in
the upper working chambers 311 1s transierred from the
refrigerant pump 34 to the high temperature side ports 312. At
this time, the discharge valves 3124 disposed at the refriger-
ant discharge parts 3125 of the high temperature side ports
312 are opened and hence the high temperature refrigerant
near the refrigerant discharge parts 3125 1s discharged to the
heating heat exchanger 13 (refrigerant discharging process).

[0136] Then, as shownin (¢) of FIG. 4, when the piston 343
in the high temperature side bore part 344q 1s positioned near
the top dead center and the permanent magnet 3234 1s moved
away ifrom the upper working chambers 311 of the high
temperature side container 31a, the magnetic field 1s removed
from the magnetic working material 30 recerved 1n the upper
working chambers 311 (that 1s, the magnetic working mate-
rial 30 1s demagnetized, magnetic field removing process).

[0137] Then, as shown in (d) of F1G. 4, the piston 343 1n the
high temperature side bore part 344a 1s moved from the top
dead center to the bottom dead center and the refrigerant in
the upper working chambers 311 1s transferred from the high
temperature side ports 312 to the refrigerant pump 34. At this
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time, the suction valves 312¢ disposed at the refrigerant suc-
tion parts 312a of the high temperature side ports 312 are
opened and the refrigerant flowing out of the heating heat
exchanger 13 1s sucked into portions near the refrigerant
suction parts 312a (refrigerant sucking process). Then, when
the piston 343 of the refrigerant pump 34 1s returned near the
bottom dead center, there 1s brought about the magnetic field
applying process shown 1n (a) of FIG. 4.

[0138] Inthis way, the hot heat generated by the magneto-
caloric effect of the magnetic working material 30 recerved 1n
the upper working chambers 311 of the high temperature side
container 31la can be transported to the heating heat
exchanger 13 by these four processes of the magnetic field
applying process, the refrigerant discharging process, the
magnetic field removing process, and the refrigerant sucking
pProcess.

[0139] Here, on the lower working chambers 311 of the
high temperature side container 31a, as 1s the case with the
upper working chambers 311, the four processes of the mag-
netic field applying process, the refrigerant discharging pro-
cess, the magnetic field removing process, and the refrigerant
sucking process are performed, which 1s different only 1n
timing irom the processes performed on the upper working

chambers 311.

[0140] Here, although not shown, on the upper working
chambers 311 of the low temperature side container 315, at
the time of the magnetic field applying process on the upper
working chambers 311 of the high temperature side container
31a, the magnetic field 1s applied to the magnetic working
material 30 1n a state where the piston 343 in the low tem-
perature side bore part 3445 1s positioned near the top dead
center.

[0141] Then, the piston 343 1n the low temperature side
bore part 3445 1s moved from the top dead center to the
bottom dead center and the refrigerant in the upper working
chambers 311 is transferred from the low temperature side
ports 313 to the refrigerant pump 34. At this time, the suction
valves 313¢ disposed at the refrigerant suction parts 313a of
the low temperature side ports 313 are opened and the refrig-
crant flowing out of the cooling heat exchanger 12 1s sucked
into portions near the refrigerant suction parts 313a (refrig-
crant sucking process).

[0142] Then, ontheupper working chambers 311 of the low
temperature side container 315, at the time of the magnetic
field removing process on the upper working chambers 311 of
the high temperature side container 31a, the magnetic field 1s
removed from the magnetic working material 30 received 1n
the upper working chambers 311 1n a state where the piston
343 1n the low temperature side bore part 3445 1s positioned
near the bottom dead center.

[0143] Then, the piston 343 1n the low temperature side
bore part 3445 1s moved from the bottom dead center to the
top dead center and the refrigerant 1n the upper working
chambers 311 1s transferred from the refrigerant pump 34 to
the low temperature side ports 313. At this time, the discharge
valves 313d disposed at the refrigerant discharge parts 3135
of the low temperature side ports 313 are opened and the
refrigerant near the refrigerant discharge parts 3125 1s dis-
charged to the cooling heat exchanger 12 side (refrigerant
discharging process).

[0144] In this way, the cold heat generated by the magne-
tocaloric effect of the magnetic working material 30 received
in the upper working chambers 311 of the low temperature
side container 315 can be transported to the cooling heat
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exchanger 12 by these four processes of the magnetic field
applying process, the refrigerant discharging process, the
magnetic field removing process, and the refrigerant sucking,
process.

[0145] In this regard, on the lower working chambers 311
of the low temperature side container 315, as 1s the case with
the upper working chambers 311, the four processes of the
magnetic field applying process, the refrigerant discharging,
process, the magnetic field removing process, and the refrig-
erant sucking process are performed, which 1s different only
in timing from the processes performed on the upper working
chambers 311.

[0146] Here, when the heat exchange container 31 is
viewed on the whole, after the magnetic field 1s applied to the
magnetic working material 30, the refrigerant 1s transferred
from the low temperature side ports 313 to the high tempera-
ture side ports 312, whereas after the magnetic field 1s
removed from the magnetic working material 30, the refrig-
erant 1s transierred from the high temperature side ports 312
to the low temperature side ports 313.

[0147] Then, the magnetic field applying process, the
refrigerant discharging process, the magnetic field removing,
process, and the refrigerant sucking process are repeated on
the high temperature side container 31a 1n the heat exchange
container 31, and the magnetic field applying process, the
reirigerant discharging process, the magnetic field removing
process, and the refrigerant sucking process are repeated on
the low temperature side container 315, whereby a large
temperature gradient can be generated between the magnetic
working material 30 recerved in the upper working chambers
311 of the high temperature side container 31a and the mag-
netic working material 30 received 1n the upper working
chambers 311 of the low temperature side container 3154.
[0148] Next, an action at the time of each operation mode of
the vehicle air conditioming device 1 will be described on the
basis of FIG. 5 to FIG. 7. Each operation mode 1s set as
appropriate by a selector switch of the operation mode dis-
posed 1n the operation panel or by a control processing of the
air conditioming control device 100. Here, FIG. 5 shows the
refrigerant circuit at the time of the cooling mode, FIG. 6
shows the refrigerant circuit at the time of the heating mode,
and FIG. 7 shows the refrigerant circuit at the time of the
dehumidifying mode.

(A) Cooling Mode (see FIG. 5)

[0149] In the cooling mode, the high temperature side
refrigerant circuit 4 1s switched to the refrigerant circuit for
connecting the refrigerant tlow-out port 135 of the heating
heat exchanger 13 to the heat radiation side refrigerant flow-
in port 61a of the heat absorbing and radiating heat exchanger
6 by the first electric three-way valve 41 according to a control
signal from the air conditioning control device 100. Further,
the low temperature side refrigerant circuit 3 1s switched by
the second electric three-way valve 51 to the refrigerant cir-
cuit for connecting the refrigerant discharge parts 3135 of the
low temperature side ports 313 to the third electric three-way
valve 52 and 1s switched by the third electric three-way valve
52 to the refrigerant circuit for connecting the second electric
three-way valve 31 to the refrigerant tlow-1n port 12a of the
cooling heat exchanger 12.

[0150] Inthis way, as shown by arrows in FI1G. 5, 1n the high
temperature side refrigerant circuit 4 1s constructed a circu-
lation circuit 1n which the refrigerant 1s circulated 1n order of
the magnetic refrigerator 3, the heating heat exchanger 13, the

Nov. 14, 2013

first electric three-way valve 41, the heat radiating part 61 of
the heat absorbing and radiating heat exchanger 6, and the
magnetic refrigerator 3. Further, in the low temperature side
refrigerant circuit 3 1s constructed a circulation circuit in
which the refrigerant 1s circulated 1n order of the magnetic
refrigerator 3, the second electric three-way valve 51, the
third electric three-way valve 52, the cooling heat exchanger
12, and the magnetic refrigerator 3.

[0151] Thus, the refrigerant having temperature increased
by the magnetic refrigerator 3 1s discharged from the refrig-
crant discharge parts 3126 of the high temperature side con-
tainer 31a of the magnetic refrigerator 3 to the heating heat
exchanger 13 and exchanges heat with the blown air (cold air)
alter passing through the cooling heat exchanger 12 in the
heating heat exchanger 13, thereby being cooled. The refrig-
crant flowing out of the heating heat exchanger 13 exchanges
heat with the outside air 1n the heat radiating part 61 of the
heat absorbing and radiating heat exchanger 6, thereby being
cooled. Then, the refrigerant 1s sucked 1nto the high tempera-
ture side container 31a via the refrigerant suction parts 312a
of the magnetic refrigerator 3, thereby being again increased
in temperature.

[0152] On the other hand, the refrigerant having tempera-
ture decreased by the magnetic refrigerator 3 1s discharged
from the low temperature side ports 313 of the low tempera-
ture side container 315 of the magnetic refrigerator 3 to the
cooling heat exchanger 12 and absorbs heat from the blown
air in the cooling heat exchanger 12. In this way, the blown air
passing through the cooling heat exchanger 12 1s cooled.
[0153] Atthis time, the opening of the air mixing door 18 1n
the case 11 1s adjusted, whereby a portion (or all) of the blown
air cooled by the cooling heat exchanger 12 tflows into the cold
air bypass passage 16 and then tflows 1nto the air mixing space
17, whereas a portion (or all) of the blown air cooled by the
cooling heat exchanger 12 flows into the heating cold air
passage 15 and 1s again heated at the time of passing through
the heating heat exchanger 13 and the heater core 14 and then
flows 1nto the air mixing space 17.

[0154] Inthis way, both portions of the blown air are mixed
in the air mixing space 17 and hence the temperature of the
blown air to be blown off into the passenger compartment 1s
adjusted to a desired temperature, whereby the interior of the
passenger compartment can be cooled. In the cooling mode,
the blown air has also a high dehumidifying capacity but
hardly exerts a heating capacity.

[0155] Here, the refrigerant flowing out of the cooling heat
exchanger 12 1s sucked mto the low temperature side con-
tainer 315 via the refrigerant suction parts 313a of the mag-
netic refrigerator 3, thereby being again decreased 1n tem-
perature.

(B) Heating Mode (see FIG. 6)

[0156] In the heating mode, the high temperature side
refrigerant circuit 4 1s switched to the refrigerant circuit for
connecting the refrigerant tlow-out port 135 of the heating
heat exchanger 13 to the refrigerant suction parts 3124 of the
high temperature side container 31a by the first electric three-
way valve 41 according to a control signal from the air con-
ditioning control device 100. Further, the low temperature
side refrigerant circuit 5 1s switched to the refrigerant circuit
for connecting the refrigerant discharge parts 3135 of the low
temperature side ports 313 to the heat absorption side refrig-
erant flow-1n port 624 of the heat absorbing and radiating heat
exchanger 6 by the second electric three-way valve 51 and 1s
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switched to the refrigerant circuit for connecting the second
clectric three-way valve 51 to the refrigerant suction parts
313a of the low temperature side ports 313 by the third
clectric three-way valve 52.

[0157] Inthis way, as shown by arrows in FI1G. 6, 1n the high
temperature side refrigerant circuit 4 1s constructed a circu-
lation circuit in which the refrigerant 1s circulated 1n order of
the magnetic refrigerator 3, the heating heat exchanger 13, the
first electric three-way valve 41, and the magnetic refrigerator
3. Further, 1n the low temperature side refrigerant circuit 5 1s
constructed a circulation circuit 1n which the refrigerant 1s
circulated in order of the magnetic refrigerator 3, the heat
absorption part 62 of the heat absorbing and radiating heat
exchanger 6, the second electric three-way valve 51, the third
clectric three-way valve 52, and the magnetic refrigerator 3.

[0158] Thus, the refrigerant having temperature increased
by the magnetic refrigerator 3 1s discharged from the refrig-
erant discharge parts 3125 of the high temperature side con-
tainer 31a of the magnetic refrigerator 3 to the heating heat
exchanger 13 and exchanges heat with the blown air blown
from the blower in the heating heat exchanger 13, thereby
being cooled. In this way, the blown air passing through the
heating heat exchanger 13 1s heated.

[0159] At this time, since the opening of the air mixing door
18 1s adjusted, as 1s the case with the cooling mode, both
portions of the blown air are mixed 1n the air mixing space 17
and the temperature of the blown air blown off 1nto the pas-
senger compartment can be adjusted to a desired temperature
and the interior of the passenger compartment can be heated.
Here, 1in the heating mode, the dehumidifying capacity of the
blown air 1s not exerted.

[0160] The refrigerant flowing out of the heating heat
exchanger 13 1s sucked into the high temperature side con-
tainer 31a via the refrigerant suction parts 312a of the mag-
netic refrigerator 3, thereby being again increased 1n tempera-
ture.

[0161] On the other hand, the refrigerant having tempera-
ture decreased by the magnetic refrigerator 3 1s discharged
from the low temperature side ports 313 of the low tempera-
ture side container 3156 of the magnetic refrigerator 3 to the
heat absorbing and radiating heat exchanger 6 and exchanges
heat with the outside air 1n the heat absorption part 62 of the
heat absorbing and radiating heat exchanger 6, thereby being,
increased in temperature. The refrigerant flowing out of the
heat absorption part 62 of the heat absorbing and radiating
heat exchanger 6 1s sucked into the low temperature side
container 3156 via the refrigerant suction parts 313a of the
magnetic refrigerator 3, thereby being again decreased in
temperature.

(C) Dehumidifying Mode (see FIG. 7)

[0162] In the dehumidifying mode, the high temperature
side refrigerant circuit 4 1s switched to the refrigerant circuit
for connecting the refrigerant flow-out port 135 of the heating
heat exchanger 13 to the refrigerant suction parts 3124 of the
high temperature side container 31a by the first electric three-
way valve 41 according to a control signal from the air con-
ditioning control device 100. Further, the low temperature
side refrigerant circuit 5 1s switched to the refrigerant circuit
for connecting the refrigerant discharge parts 3135 of the low
temperature side ports 313 to the third electric three-way
valve 52 by the second electric three-way valve 51 and 1s
switched to the refrigerant circuit for connecting the second
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clectric three-way valve 31 to the refrigerant flow-1n port 12a
of the cooling heat exchanger 12 by the third electric three-
way valve 52.

[0163] Inthisway,as shownby arrows in FIG. 7, 1n the high
temperature side refrigerant circuit 4 1s constructed a circu-
lation circuit 1n which the refrigerant 1s circulated 1n order of
the magnetic refrigerator 3, the heating heat exchanger 13, the
first electric three-way valve 41, and the magnetic refrigerator
3. Further, 1n the low temperature side refrigerant circuit 5 1s
constructed a circulation circuit 1n which the refrigerant 1s
circulated in order of the magnetic refrigerator 3, the second
clectric three-way valve 51, the third electric three-way valve
52, the cooling heat exchanger 12, and the magnetic refrig-
erator 3.

[0164] Thus, the refrigerant having temperature increased
by the magnetic refrigerator 3 1s discharged from the refrig-
crant discharge parts 3126 of the high temperature side con-
tainer 31a of the magnetic refrigerator 3 to the heating heat
exchanger 13 and exchanges heat with the blown air (cold air)
alter passing through the cooling heat exchanger 12 1n the
heating heat exchanger 13, thereby being cooled. In this way,
the blown air passing through the heating heat exchanger 13
1s heated.

[0165] On the other hand, the refrigerant having tempera-
ture decreased by the magnetic refrigerator 3 1s discharged
from the low temperature side ports 313 of the low tempera-
ture side container 315 of the magnetic refrigerator 3 to the
cooling heat exchanger 12 and absorbs heat from the blown
air in the cooling heat exchanger 12. In this way, the blown air
passing through the cooling heat exchanger 12 1s cooled and

dehumidified.

[0166] In this way, the blown air cooled and dehumidified
by the cooling heat exchanger 12 1s again heated at the time of
passing through the heating heat exchanger 13 and the heater
core 14 and 1s blown off into the passenger compartment from
the air mixing space 17. In other words, the interior of the
passenger compartment can be dehumidified. Here, in the
dehumiditying mode, the humidifying capacity of the blown
air can be exerted but the heating capacity 1s reduced as
compared with the heating mode.

[0167] The refrnigerant flowing out of the heating heat
exchanger 13 1s sucked into the high temperature side con-
tainer 31a via the refrigerant suction parts 312a of the mag-

netic refrigerator 3, thereby being again increased 1n tempera-
ture

[0168] The vehicle air conditioning device 1 including the
magnetic refrigeration system 2 of the present embodiment 1s
activated in the manner described above and hence can pro-
duce the following excellent advantages.

[0169] As described above, inthe working chambers 311 of
the heat exchange container 31 1n the magnetic refrigerator 3,
the magnetic field 1s applied to the magnetic working material
30 and then the refrigerant 1s transferred from the low tem-
perature side ports 313 to the high temperature side ports 312,
whereby the refrigerant near the high temperature side ports
312, whose temperature 1s increased by the hot heat of the
magnetic working material 30 caused by applying the mag-
netic field, can be made to flow into the heating heat

exchanger 13 via the high temperature side refrigerant circuit
4

[0170] Further, 1n the working chambers 311 of the heat

exchange container 31 in the magnetic refrigerator 3, the
magnetic field 1s removed from the magnetic working mate-
rial 30 and then the refrigerant 1s transierred from the high
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temperature side ports 312 to the low temperature side ports
313, whereby the refrigerant near the low temperature side
ports 313, whose temperature 1s decreased by the cold heat of
the magnetic working material 30 caused by removing the
magnetic field, can be made to flow into the cooling heat
exchanger 12 via the low temperature side refrigerant circuit
5.

[0171] In this way, the relrigerant having temperature
increased by the hot heat generated 1n the magnetic working
material 30 can be made to directly flow into the heating heat
exchanger 13 and the refrigerant having temperature
decreased by the cold heat generated 1n the magnetic working
material 30 can be made to directly flow 1nto the cooling heat
exchanger12. As aresult, aheat exchange loss can be reduced
when the hot heat and the cold heat generated 1n the magnetic
working material 30 are transported to the respective heat
exchangers 12, 13.

[0172] Forexample, atemperature of refrigerant at the high
temperature side ports 312 of the heat exchange container 31
in the magnetic refrigerator 3 1s defined as Th, and a tempera-
ture of refrigerant at the low temperature side ports 313 1s
defined as T1 (<Th). Further, a cycle efficiency 1 of the mag-
netic refrigeration system 2 1s defined as 80% of a cycle
eificiency nth of an i1deal Camot cycle. At this time, 1n a
construction in which the hot heat and the cold heat of the
refrigerant in the heat exchange container 31 are transported
directly to the heating heat exchanger 13 and the cooling heat
exchanger 12, as in the present embodiment, COP can be
expressed by the following mathematical formula F1.

COP={Th/(Th-T1)}x%0/100 (F1)

[0173] On the other hand, 1 a construction in which the hot
heat and the cold heat of the refrigerant 1in the heat exchange
container 31 are transported indirectly to the heating heat
exchanger 13 and the cooling heat exchanger 12, as 1n the
prior art, temperatures on the heating heat exchanger 13 and
the cooling heat exchanger 12 become temperatures (Th—-AT,
T1-AT)acquired by subtracting a heat exchange loss AT from
Th, T1, then COP can be expressed by the following math-
ematical formula F2.

COP={(Th-AT)/(Th-TI)}x80/100 (F2)

[0174] Inthis way, in the magnetic refrigeration system 2 of
the present embodiment, the heat exchange loss AT can be
reduced when the hot heat and the cold heat generated in the
magnetic working material 30 are transported to the respec-
tive heat exchangers 12, 13. Hence, as compared with the
magnetic refrigeration system of the prior art, the COP of the
magnetic refrigeration system 2 can be improved.

[0175] The magnetic refrigerator 3 employing the AMR
system has a construction 1n which the refrigerant in the
working chambers 311 of the heat exchange container 31 1s
transierred between the high temperature side ports 312 and
the low temperature side ports 313. For this reason, 1t it 1s
employed a construction in which the ports 312, 313 of the
heat exchange container 31 are connected to the correspond-
ing heat exchanger 12, 13 simply by the use of piping or the
like, the refrigerant discharged from the respective ports 312,
313 toward the heat exchanger 12, 13 1s likely to be sucked
into the working chambers 311 of the heat exchange container
31 before the refrigerant tlows into the heat exchanger 12, 13.
[0176] In this case, the heat of the refrigerant discharged
from each of the ports 312, 313 toward each of the heat
exchangers 12, 13 is only transmitted to the refrigerant 1n
cach of the heat exchangers 12, 13 via the refrigerant in the
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piping and a long time 1s required to make the temperature of
the refrigerant 1n each of the heat exchangers 12, 13 to have a
desired temperature.

[0177] In contrast to this, in the present embodiment, the
high temperature side ports 312 of the heat exchange con-
tainer 31 1s connected to the heating heat exchanger 13 by the
high temperature side refrigerant circuit 4 constructed in such
a way that the refrigerant discharged from the high tempera-
ture side ports 312 passes through the heating heat exchanger
13 and again returns to the high temperature side ports 312, so
that the refrigerant discharged from the high temperature side
ports 312 of the heat exchange container 31 can be made to
flow 1nto the heating heat exchanger 13.

[0178] Similarly, the low temperature side ports 313 of the
heat exchange container 31 1s connected to the cooling heat
exchanger 12 by the low temperature side refrigerant circuit 3
constructed in such a way that the refrigerant discharged from
the low temperature side ports 313 passes through the cooling
heat exchanger 12 and again returns to the low temperature
side ports 313, so that the refrigerant discharged from the low
temperature side ports 313 of the heat exchange container 31
can be made to tlow 1nto the cooling heat exchanger 12.

[0179] Further, the present embodiment employs a con-
struction 1 which each of the ports 312, 313 of the heat
exchange container 31 i1s provided with the suction valve
opened when the refrigerant 1s sucked into the working cham-
bers 311 of the heat exchange container 31 and the discharge
valve opened when the refrigerant 1s discharged from the
working chambers 311 of the heat exchange container 31.

[0180] For this reason, after the magnetic field 1s applied to
the magnetic working material 30, the refrigerant near the
high temperature side ports 312, whose temperature 1s
increased by the hot heat generated 1n the magnetic working
material 30 by applying the magnetic field, can be made to
surely flow 1nto the heating heat exchanger 13 and the refrig-
crant flowing out of the heating heat exchanger 13 can be

sucked 1nto the working chambers 311 of the heat exchange
container 31.

[0181] Similarly, after the magnetic field 1s removed from
the magnetic working material 30, the refrigerant near the low
temperature side ports 313, whose temperature 1s decreased
by the cold heat generated 1n the magnetic working material
30 by removing the magnetic field can be made to surely tlow
into the cooling heat exchanger 12 and the refrigerant flowing
out of the cooling heat exchanger 12 can be sucked into the
working chambers 311 of the heat exchange container 31.

[0182] Further, the present embodiment employs the con-
struction in which the rotary shaits 321a, 32156 of the mag-
netic field applying and removing device 32 are coupled to the
drive shaft 341 of the refrigerant pump 34 and in which the
refrigerant pump 34 1s driven by the electric motor 35 which

1s the drive part of the magnetic field applying and removing
device 32.

[0183] According to this construction, the drive source of
the magnetic field applying and removing device 32 can be
made common to the drive source of the refrigerant pump 34,
so that the magnetic refrigeration system 2 can be realized by
a simple construction. Accordingly, the power consumption
in the magnetic refrigeration system 2 can be restricted from
increasing, and the COP of the magnetic refrigeration system
2 can be further improved.
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Second Embodiment

[0184] Next, a second embodiment of the present disclo-
sure will be described on the basis of FIG. 8. FIG. 8 15 a
general construction diagram of a vehicle air conditioning
device 1 of the present embodiment. In the present embodi-
ment, the descriptions of parts identical or equivalent to the
parts 1n the first embodiment will be omitted or simplified.
[0185] The first embodiment described above employs the
following construction: that i1s, the refrigerant suction part
312a, 313a of the container 31a, 315 1s provided with the
suction valve 312¢, 313¢; and the refrigerant discharge part
312b, 313b of the container 31a, 315 1s provided with the
discharge valve 3124, 3134, whereby 1n each of the refriger-
ant circuits 4, 5, the refrigerant flows in one direction 1n order
of the refrigerant ports 312, 313 of the container 31a, 315, the
refrigerant flow-in port 12a, 13a of the heat exchanger 12, 13,
the retfrigerant flow-out port 125, 135 of the heat exchanger
12,13, and the refrigerant ports 312, 313 of the container 314,
31b.

[0186] In contrast to this, the present embodiment employs
a construction in which the suction valve 312¢, 313¢ and the
discharge valve 312d, 3134 are eliminated, instead, the high
temperature side refrigerant circuit 4 1s provided with check
valves 44, 45 and the low temperature side refrigerant circuit
5 1s provided with check valves 56, 57.

[0187] Specifically, as shown in FIG. 8, in the high tem-
perature side refrigerant circuit 4, a first check valve 44 for
allowing the refrigerant to tlow from the refrigerant ports 312
of the high temperature side container 31a to the refrigerant
flow-1n port 13a of the heating heat exchanger 13 1s inter-
posed between the refrigerant ports 312 of the high tempera-
ture side container 31q and the refrigerant flow-1n port 13a of
the heating heat exchanger 13. Further, 1in the high tempera-
ture side refrigerant circuit 4, a second check valve 45 for
allowing the refrigerant to tlow from the refrigerant tlow-out
port 135 of the heating heat exchanger 13 to the refrigerant
ports 312 of the high temperature side container 31a 1s inter-
posed between the refrigerant flow-out port 135 of the heating,
heat exchanger 13 and the refrigerant ports 312 of the high
temperature side container 31a.

[0188] Onthe other side, 1n the low temperature side refrig-
erant circuit 3, a third check valve 56 for allowing the refrig-
crant to flow from the refrigerant ports 313 of the low tem-
perature side container 315 to the refrigerant flow-1n port 134
of the cooling heat exchanger 12 1s interposed between the
refrigerant ports 313 of the low temperature side container
316 and the refrigerant flow-1n port 13a of the cooling heat
exchanger 12. Further, 1in the low temperature side refrigerant
circuit 5, a fourth check valve 57 for allowing the refrigerant
to flow from the refrigerant flow-out port 135 of the cooling
heat exchanger 12 to the refrigerant ports 313 of the low
temperature side container 315 1s mterposed between the
refrigerant flow-out port 135 of the cooling heat exchanger 12
and the refrigerant ports 313 of the low temperature side
container 315.

[0189] According to this construction, after the magnetic
field 1s applied to the magnetic working material 30, the
reirigerant near the high temperature side ports 312, whose
temperature 1s increased by the hot heat generated in the
magnetic working material 30 by applying the magnetic field,
can be made to surely flow into the heating heat exchanger 13
and the refrigerant flowing out of the heating heat exchanger
13 can be sucked into the working chambers 311 of the heat
exchanger container 31.
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[0190] Similarly, after the magnetic field 1s removed from
the magnetic working material 30, the refrigerant near the low
temperature side ports 313, whose temperature 1s decreased
by the cold heat generated 1n the magnetic working material
30 by removing the magnetic field, can be made to surely tlow
into the cooling heat exchanger 12 and the refrigerant flowing
out of the cooling heat exchanger 12 can be sucked into the
working chambers 311 of the heat exchanger container 31.

[0191] In this regard, in the present embodiment, the first
and the second check valves 44, 45 disposed in the high
temperature side refrigerant circuit 4 may correspond to a first
backward flow preventing part of the present disclosure, and
the third and the fourth check valves 56, 57 disposed in the
low temperature side refrigerant circuit 5 may correspond to

a second backward flow preventing part of the present disclo-
sure.

Third Embodiment

[0192] Next, a third embodiment of the present disclosure
will be described on the basis of FIG. 9. FIG. 9 1s a general
construction diagram of a vehicle air conditioning device 1 of
the present embodiment. In the present embodiment, the
descriptions of parts identical or equivalent to the parts in the
first and the second embodiments will be omitted or simpli-

fied.

[0193] Thesecond embodiment described above employsa
construction 1 which the high temperature side refrigerant
circuit 4 1s provided with the first and the second check valves
44, 45 and 1n which the low temperature side refrigerant
circuit 5 1s provided with the third and the fourth check valves
56, 57. In contrast to this, the present embodiment employs a
construction in which the refrigerant circuit 4 1s provided with
opening and closing valves 46, 47 and the refrigerant circuit
5 1s provided with opening and closing valves 58, 59, the
opening and closing valves being opened or closed according
to a control signal from the air conditioning control device
100, 1n place of the respective check valves 44, 45 and 56, 57.

[0194] Specifically, as shown in FIG. 9, in the high tem-
perature side refrigerant circuit 4, a first opening and closing,
valve 46 1s interposed between the refrigerant ports 312 of the
high temperature side container 31a and the refrigerant flow-
in port 13a of the heating heat exchanger 13, and a second
opening and closing valve 47 1s interposed between the refrig-
erant flow-out port 135 of the heating heat exchanger 13 and
the refrigerant ports 312 of the high temperature side con-
tainer 31a.

[0195] In this regard, the first opening and closing valve 46
1s controlled by the air conditioning control device 100 1n
such a way as to allow the refrigerant to flow only from the
refrigerant ports 312 of the high temperature side container
31a to the reirigerant flow-1n port 13a of the heating heat
exchanger 13. Further, the second opening and closing valve
4’7 1s controlled by the air conditioning control device 100 1n
such a way as to allow the refrigerant to flow only from the
refrigerant flow-out port 135 of the heating heat exchanger 13
to the refrigerant ports 312 of the high temperature side con-
tainer 31a.

[0196] On the other hand, in the low temperature side
refrigerant circuit 5, a third opening and closing valve 38 1s
interposed between the refrigerant ports 313 of the low tem-
perature side container 315 and the refrigerant flow-in port
13a of the cooling heat exchanger 12, and a fourth opening
and closing valve 39 1s mterposed between the refrigerant
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flow-out port 135 of the cooling heat exchanger 12 and the
refrigerant ports 313 of the low temperature side container
31b.

[0197] Inthisregard, the third opening and closing valve 58
1s controlled by the air conditioning control device 100 1n
such a way as to allow the refrigerant to flow only from the
refrigerant ports 313 of the low temperature side container
31b to the refrigerant tlow-1n port 13a of the cooling heat
exchanger 12. Further, the fourth opening and closing valve
59 1s controlled by the air conditioning control device 100 1n
such a way as to allow the refrigerant to flow only from the
refrigerant tlow-out port 135 of the cooling heat exchanger 12
to the refrigerant ports 313 of the low temperature side con-
tainer 315.

[0198] Also according to this construction, the same advan-
tages as the second embodiment can be produced. In this
regard, the first and the second opening and closing valves 46,
4’7 disposed 1n the high temperature side refrigerant circuit 4
in the present embodiment may correspond to the first back-
ward flow preventing part of the present disclosure, and the
third and the fourth opening and closing valves 58, 39 dis-
posed 1n the low temperature side refrigerant circuit S in the
present embodiment may correspond to the second backward
flow preventing part of the present disclosure.

Fourth Embodiment

[0199] Next, a fourth embodiment of the present disclosure
will be described on the basis of FI1G. 10. FIG. 10 1s a general
construction diagram of a vehicle air conditioning device 1 of
the present embodiment.

[0200] In the present embodiment, the magnetic refrigera-
tion system 2 having a refrigerant circuit of only the cooling
mode for cooling the 1nterior of passenger compartment will
be described. In this regard, in the present embodiment, the
descriptions of parts identical or equivalent to the parts 1n the
first to the third embodiments will be omitted or simplified.
[0201] The magnetic refrigeration system 2 of the present
embodiment, as shown in FIG. 10, 1s constructed of: the
magnetic refrigerator 3; a heat radiation side refrigerant cir-
cuit (first refrigerant circulation circuit) 8 for circulating the
refrigerant having temperature increased by the hot heat gen-
crated by the magnetic refrigerator 3 to a heat radiator (first
heat exchanger) 7; and a low temperature side refrigerant
circuit (second refrigerant circulation circuit) 3 for circulat-
ing the refrigerant having temperature decreased by the clod
heat generated by the magnetic refrigerator 3 to the cooling
heat exchanger (second heat exchanger) 12.

[0202] The heat exchange container 31 of the magnetic
reirigerator 3 of the present embodiment 1s constructed of a
hollow cylindrical container having working chambers 311
formed therein, the working chamber 311 having the mag-
netic working material 30 received therein and having the
reirigerant flowing therethrough. The heat exchange con-
tainer 31 has the refrigerant pump 34 coaxially arranged on
one end side thereof.

[0203] The heat exchange container 31 has the refrigerant
ports 312 formed 1n 1ts end face opposite to the refrigerant
pump 34, and has communication passages 314 formed 1n its
end face adjacent to the refrigerant pump 34, the communi-
cation passage 314 communicating with the cylinder bore
344 of the refrigerant pump 34.

[0204] The refrigerant pump 34 of the present embodiment
1s constructed of a first bore part 344a corresponding to the
communication passages 314 of the heat exchange container
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31, and a second bore part 3445 communicating with the low
temperature side refrigerant circuit 3 which will be described
later. In this regard, the cylinder bore 344 is constructed 1n
such a way that the refrigerant 1n the first bore part 344q and
the refrigerant 1n the second bore part 3445 can flow, whereby
the heat of the first bore part 344 1s directly transported to the
second bore part 3445.

[0205] Inthisregard, each communication passage 345 for
making the second bore part 3445 to commumnicate with the
low temperature side refrigerant circuit 5 1s constructed of a
refrigerant suction part 345q for sucking the refrigerant from
the low temperature side refrigerant circuit S and a refrigerant
discharge part 3455 for discharging the refrigerant to the low
temperature side refrigerant circuit 5. The refrigerant suction
part 345qa of the communication passage 345 1s provided with
a suction valve 345¢ opened when the refrigerant 1s sucked,
and the refrigerant discharge part 3455 of the communication
passage 345 1s provided with a discharge valve 3454 opened
when the reifrigerant 1s discharged. Here, in the present
embodiment, the communication passages 345 communicat-
ing with the low temperature side refrigerant circuit 5 1n the
refrigerant pump 34 construct refrigerant ports corresponding
to the refrigerant ports 312 1n the heat exchange container 31.
[0206] The heat radiation side refrigerant circuit 8 is a
refrigerant circulation circuit for introducing the refrigerant
discharged from the refrigerant discharge parts 3126 of the
refrigerant ports 312 1n the heat exchange container 31 into a
refrigerant tlow-in port 7a of the heat radiator 7 and for
returning the refrigerant flowing out of a refrigerant flow-out
port 135 of the heat radiator 7 to the refrigerant suction parts
312a of the refrigerant ports 312 in the heat exchange con-
tainer 31.

[0207] Thus, 1n the heat radiation side refrigerant circuit 8,
the refrigerant 1s circulated in order of the refrigerant dis-
charge parts 3125 of the heat exchange container 31, the heat
radiator 7, and the refrigerant suction parts 312a of the heat
exchange container 31. In this regard, the heat radiator 7 1s a
heat exchanger that 1s arranged 1n the engine compartment
and that makes the refrigerant tlowing therein through the
refrigerant flow-1n port 7a exchange heat with the outside arr.

[0208] Further, the low temperature side refrigerant circuit
5 of the present embodiment 1s a refrigerant circulation circuit
for introducing the refrigerant discharged from the refrigerant
discharge parts 34556 of the communication passages 345 1n
the refrigerant pump 34 into the refrigerant flow-1n port 12a
ol the cooling heat exchanger 12 and for returning the refrig-
erant flowing out of the refrigerant flow-out port 1256 of the
cooling heat exchanger 12 to the refrigerant suction parts
345a of the communication passages 345 in the refrigerant
pump 34.

[0209] Thus, in the low temperature side refrigerant circuit
5, the refrnigerant i1s circulated 1 order of the refrigerant
discharge parts 34556 of the communication passages 345 1n
the relfrigerant pump 34, the cooling heat exchanger 12, and
the refrigerant suction parts 345a of the communication pas-
sages 345 1n the refrigerant pump 34.

[0210] Next, the operation of the magnetic refrigerator 3 1n
the refrigeration system 2 of the present embodiment will be
generally described.

[0211] When the piston 343 1n the first bore part 344q 1n the
refrigerant pump 34 1s positioned near the bottom dead center
and the permanent magnet 323a comes near to the upper
working chambers 311 of the heat exchange container 31, the
magnetic field 1s applied to the magnetic working material 30
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received 1n the upper working chambers 311 and the refrig-
cerant 1n the upper working chambers 311 1s increased 1n
temperature (the magnetic field applying process). At this
time, the piston 343 1n the second bore part 3445 1s positioned
near the top dead center.

[0212] Then, when the piston 343 1n the first bore part 344a
1s moved from the bottom dead center to the top dead center,
the refrigerant 1n the upper working chambers 311 1s trans-
terred from the refrigerant pump 34 to the refrigerant ports
312 and the high temperature refrigerant near the refrigerant
discharge parts 3126 1s discharged to the heat radiator 7
(refrigerant discharging process). At this time, the piston 343
in the second bore part 3445 1s moved from the top dead
center to the bottom dead center and the refrigerant flowing
out of the cooling heat exchanger 12 1s sucked 1nto the second
bore part 3445 via the refrigerant suction parts 345a of the
communication passages 345.

[0213] Then, when the piston 343 1n the first bore part 344a
1s positioned near the top dead center and the permanent
magnet 323q 1s moved away from the upper working cham-
bers 311 1n the heat exchange container 31, the magnetic field
1s removed from the magnetic working material 30 recerved
in the upper working chambers 311, whereby the refrigerant
in the upper working chambers 311 1s decreased 1n tempera-
ture (magnetic field removing process). At this time, the pis-
ton 343 1n the second bore part 3445 1s positioned near the
bottom dead center. In this regard, the refrigerant 1n the first
bore part 344a whose temperature 1s decreased by removing
the magnetic field from the magnetic working material 30
flows 1nto the second bore part 3445, whereby the refrigerant
in the second bore 3445H 1s decreased in temperature.

[0214] Then, the piston 343 1n the first bore part 344a 1s
moved from the top dead center to the bottom dead center and
the refrigerant flowing out of the heating heat exchanger 13 1s
sucked 1nto portions near the refrigerant suction parts 312a.
At this time, the piston 343 in the second bore part 344b 1s
moved from the bottom dead center to the top dead center and
the refrigerant 1n the second bore part 3445 1s discharged to
the cooling heat exchanger 12 via the refrigerant discharge
parts 3455 of the communication passages 345.

[0215] In this way, by these four processes of the magnetic
field applying process, the refrigerant discharging process,
the magnetic field removing process, and the refrigerant suck-
ing process, the cold heat generated by the magnetocaloric
elfect of the magnetic working material 30 received 1n the
upper working chambers 311 of the heat exchange container
31 1stransported to the cooling heat exchanger 12. In this way,
the blown air to be blown 1nto the passenger compartment can
be cooled 1n the cooling heat exchanger 12. In this regard, the
hot heat generated by the magnetocaloric effect of the mag-
netic working material 30 received 1n the upper working
chambers 311 of the heat exchange container 31 1s trans-
ported to the heat radiator 7 and 1s radiated to the outside arr.

[0216] According to the present embodiment described
above, the refrigerant having temperature decreased by the
cold heat generated in the magnetic working material 30 can
be made to directly tlow into the cooling heat exchanger 12,
so that a heat exchanger loss caused when the cold heat
generated 1n the magnetic working material 30 1s transported
can be reduced and hence the COP of the magnetic refrigera-
tion system can be improved.

[0217] In thus regard, although the magnetic refrigeration
system 2 having the refrigerant circuit of only the cooling
mode for cooling the interior of the passenger compartment
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has been described 1n the present embodiment, the magnetic
refrigeration system 2 may have a construction having a
refrigerant circuit of only the heating mode for heating the
interior ol the passenger compartment. In this case, the fol-
lowing construction 1s recommended: for example, the heat
radiator 7 of the present embodiment 1s arranged 1n the case
11 of the indoor air conditioning unit 10 and 1s functioned as
a heating heat exchanger for heating the blown air to be blown
into the passenger compartment, and the cooling heat
exchanger 12 1s arranged 1n the engine compartment and 1s
functioned as a heat absorber for exchanging heat with the
outside air.

Fifth Embodiment

[0218] Next, a fifth embodiment of the present disclosure
will be described on the basis of FIG. 11 and FI1G. 12. FI1G. 11
1s a general construction diagram of a vehicle air conditioning
device 1 of the present embodiment, and FIG. 12 1s an
enlarged view of a magnetic refrigerator of the present
embodiment.

[0219] Thepresent embodiment 1s different from the firstto
the fourth embodiments in the specific construction of the one
and the other refrigerant ports 312, 313 1n the magnetic refrig-
erator 3 and i the specific construction of the refrigerant
pump 34. In this regard, in the present embodiment, the
descriptions of parts identical or equivalent to the parts in the
first to the fourth embodiments will be omitted or simplified.
[0220] As shown 1in FIG. 11 and FIG. 12, 1n each of the
refrigerant ports 312, 313 of the present embodiment, the
respective refrigerant suction parts 312a, 313a are disposed
on the same circumierence when viewed from the longitudi-
nal direction of the heat exchange container 31. Further, the
respective refrigerant discharge parts 3126, 3135 are dis-
posed on the same circumierence when viewed from the
longitudinal direction of the heat exchange container 31. In
the present embodiment, the refrigerant discharge parts 3125,
313b are arranged 1n such a way as to be positioned on the
outer side 1n the radial direction of the heat exchange con-
tainer 31 as compared with the refrigerant suction parts 312a,
313a. Here, the refrigerant suction parts 312a, 313a may be
arranged 1n such a way as to be positioned on the outer side 1n
the radial direction of the heat exchange container 31 as
compared with the refrigerant discharge parts 3125, 3135.
[0221] FEach of the refrigerant suction parts 3124, 313a 1s
provided with the suction valve 313¢ and each of the refrig-
erant discharge parts 31256, 3135 1s provided with the dis-
charge valve 313d. Here, the respective suction valves 313c¢
are disposed 1n such a way as to be positioned on the same
circumierence when viewed from the longitudinal direction
of the heat exchange container 31 in correspondence to the
refrigerant suction parts 312q, 313a. Similarly, the respective
discharge valves 313d are disposed 1n such a way as to be
positioned on the same circumierence when viewed from the
longitudinal direction of the heat exchange container 31 1n
correspondence to the refrigerant discharge parts 31256, 3135.
[0222] The respective refrigerant suction parts 312q 1n the
high temperature side ports 312 communicate with each other
via a suction side manifold 312¢, whereas the respective
discharge parts 3126 1n the lhigh temperature side ports 312
communicate with each other via a discharge side mamiold
312/. Similarly, the respective refrigerant suction parts 313a
in the low temperature side ports 313 communicate with each
other via a suction side manifold 313e, whereas the respective
discharge parts 31356 1n the low temperature side ports 313
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communicate with each other via a discharge side manifold
313/. In this regard, a heat insulating material (not shown) 1s
arranged between the suction side manifold 312¢ and the
discharge side manifold 312/ 1n the high temperature side
ports 312, which hence inhibits heat transter between the both
manifolds 312¢ and 312/. Similarly, a heat insulating material
(not shown) 1s arranged between the suction side manifold
313¢ and the discharge side manifold 313/ in the low tem-
perature side ports 313, which hence inhibits heat transier
between the both manifolds 313¢ and 313/

[0223] Here, the volume of a space constructing each of the
refrigerant suction parts 312a, 313a and the refrigerant dis-
charge parts 3125, 3135 in the heat exchange container 31 1s
made smaller than the volume of the refrigerant discharged at
one time (that1s, cylinder volume) 1n the refrigerant pump 34,
which will be described later. Here, the volume of the space
constructing each of the refrigerant suction parts 312a, 313a
and the refrigerant discharge parts 3125, 3135 in the heat
exchange container 31 corresponds to the total volume of the
volume (dead volume) of a space 1n which each of the valves
312¢, 313c, 3124, 313d 1s arranged (including the movable

range of each valve).

[0224] Further, the permanent magnets 323a, 3235 con-
structing a portion of the magnetic field applying and remov-
ing device 32 are disposed at positions shifted by 180° from
each other 1n the outer circumfierences of the rotors 322a,
3225, respectively. For example, as shown m FIG. 12, in the
case where one permanent magnet 323a 1s positioned on the
upper side, the other permanent magnet 3235 1s positioned on
the lower side.

[0225] Next, describing the refrigerant pump 34 of the
present embodiment, the present embodiment employs a
radial piston pump of a multi-cylinder type in which the
pistons 346 are slid 1n the radial direction with respect to the
axial direction of the rotary shaft 321a, 3215.

[0226] Specifically, the refrigerant pump 34 of the present
embodiment 1s constructed of a cylindrical housing 340, a
drive shaft rotatably supported 1n the housing 340 and having
an eccentric cam 348 integrally formed, a plurality of cylinder
bores 347 formed radially in the housing 340, and the pistons
346 reciprocated 1n the respective cylinder bores 347 accord-
ing to the rotation of the eccentric cam 348. Here, 1n the
present embodiment, the heat exchange container 31 1s inte-
grated with the housing 340 of the refrigerant pump 34.

[0227] As are the cases with the refrigerant pump described
in the above-mentioned embodiments, the refrigerant pump
34 of the present embodiment 1s constructed in such a way as
to suck or discharge the refrigerant from or 1into the respective
containers 31a, 315 1n synchronization with applying and
removing the magnetic field to and from the magnetic work-
ing material 30.

[0228] For example, when the magnetic field 1s applied to
the magnetic working material 30 1n the working chambers
311 positioned on the upper side 1n the high temperature side
container 31a and the magnetic field 1s removed from the
magnetic working material 30 in the working chambers 311
positioned on the upper side 1n the low temperature side
container 315, the refrigerant pump 34 discharges the refrig-
crant 1n sequence nto the respective working chambers 311
positioned on the upper side 1n the respective containers 31a,
315 and sucks the refrigerant in sequence from the respective
working chambers 311 positioned on the lower side 1n the
respective containers 31a, 315b.
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[0229] On the other hand, when the magnetic field 1is
removed from the magnetic working material 30 1n the work-
ing chambers 311 positioned on the upper side in the high
temperature side container 31a and the magnetic field 1s
applied to the magnetic working material 30 in the working
chambers 311 positioned on the upper side in the low tem-
perature side container 315, the refrigerant pump 34 sucks the
refrigerant in sequence from the respective working cham-
bers 311 positioned on the upper side 1n the respective con-
tainers 31a, 315 and discharges the refrigerant in sequence
into the respective working chambers 311 positioned on the
lower side 1n the respective containers 31a, 31b.

[0230] Inthis way, in the magnetic refrigerator 3, the refrig-
erant can be sucked or discharged 1n sequence from or 1into the
respective working chambers 311 in the respective containers
31a, 3156 1n synchronization with applying and removing the
magnetic field to and from the magnetic working material 30,
so that the refrigerant near the refrigerant discharge parts
3125, 313H 1n the respective containers 31la, 316 can be
continuously discharged to the outside.

[0231] Next, the operation of the magnetic refrigerator 3
according to the present embodiment will be generally
described. When the piston 346 1n the cylinder bore 347
positioned on the upper side 1n the refrigerant pump 34 1s
positioned near the bottom dead center and the permanent
magnet 323a comes near to the upper working chambers 311
positioned on the upper side of the high temperature side
container 31a, the magnetic field 1s applied 1n sequence to the
magnetic working material 30 received in the upper working
chambers 311 positioned on the upper side (that 1s, the mag-
netic working material 30 1s magnetized, the magnetic field
applying process). At this time, the magnetic working mate-
rial 30 generates heat by the magnetocaloric effect, whereby
the refrigerant in the respective working chambers 311 posi-
tioned on the upper side 1s sequentially increased 1n tempera-
ture

[0232] Then, the piston 346 1n the cylinder bore 347 posi-
tioned on the upper side 1n the refrigerant pump 34 1s moved
from the bottom dead center to the top dead center and the
refrigerant 1n the respective working chambers 311 posi-
tioned on the upper side 1s transferred from the refrigerant
pump 34 to the high temperature side ports 312. At this time,
the discharge valves 312d disposed at the refrigerant dis-
charge parts 3125 of the high temperature side ports 312 are
opened and hence the high temperature refrigerant near the
reirigerant discharge parts 3125 1s discharged to the heating
heat exchanger 13 via the discharge side manifolds 312/
(refrigerant discharging process).

[0233] Then, when the piston 346 in the cylinder bore 347
positioned on the upper side 1n the refrigerant pump 34 1s
positioned near the top dead center and the permanent magnet
323a 1s moved away from the respective working chambers
311 positioned on the upper side of the high temperature side
container 31a, the magnetic field 1s removed from the mag-
netic working material 30 received in the respective working
chambers 311 positioned on the upper side (that 1s, the mag-
netic working material 30 1s demagnetized, magnetic field
removing process).

[0234] Then, the piston 346 1n the cylinder bore 347 posi-
tioned on the upper side in the refrigerant pump 34 1s moved
from the top dead center to the bottom dead center and the
refrigerant 1n the respective working chambers 311 posi-
tioned on the upper side 1s transterred from the high tempera-
ture side ports 312 to the refrigerant pump 34. Atthis time, the
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suction valves 312¢ disposed at the refrigerant suction parts
312a of the high temperature side ports 312 are opened and
the refrigerant flowing out of the heating heat exchanger 13 1s
sucked into portions near the refrigerant suction parts 312a
via the suction side manifolds 312e (refrigerant sucking pro-
cess). Then, when the piston 346 of the refrigerant pump 34 1s
returned to a position near the bottom dead center, there 1s
again brought about the magnetic field applying process.

[0235] In this way, when these four processes of the mag-
netic field applying process, the refrigerant discharging pro-
cess, the magnetic field removing process, and the refrigerant
sucking process are repeated in sequence 1n the respective
working chambers 311 of the high temperature side container
314, the hotheat generated by the magnetocaloric effect of the
magnetic working material 30 received 1n the respective
working chambers 311 of the high temperature side container
31a can be transported to the heating heat exchanger 13.

[0236] On the other hand, when the magnetic field 1is
applied to the magnetic working material 30 1n the respective
working chambers 311 positioned on the upper side of the
high temperature side container 31a, in the respective work-
ing chambers 311 positioned on the upper side of the low
temperature side container 315, the permanent magnet 3235
gets far away from the working chambers 311 and hence the
magnetic field 1s removed 1n sequence from the magnetic
working material 30 recerved 1n the respective working cham-
bers 311 positioned on the upper side (magnetic field remov-
1ng Process).

[0237] Then, the piston 346 in the cylinder bore 347 posi-
tioned on the upper side in the refrigerant pump 34 1s moved
from the bottom dead center to the top dead center and the
refrigerant 1n the respective working chambers 311 posi-
tioned on the upper side 1s transferred from the refrigerant
pump 34 to the low temperature side ports 313. At this time,
the discharge valves 313d disposed at the refrigerant dis-
charge parts 3135 of the low temperature side ports 313 are
opened and the low temperature refrigerant near the refriger-
ant discharge parts 3135 1s discharged to the cooling heat
exchanger 12 via the discharge side mamifolds 313/ (refrig-
erant discharging process).

[0238] Further, when the piston 346 1n the cylinder bore
347 positioned on the upper side in the refrigerant pump 34 1s
moved near the top dead center and the permanent magnet
3235 comes near the respective working chambers 311 posi-
tioned on the upper side of the low temperature side container
315, the magnetic field 1s applied to the magnetic working
material 30 received in the respective working chambers 311
positioned on the upper side (magnetic field applying pro-
Cess).

[0239] Then, the piston 346 in the cylinder bore 347 posi-
tioned on the upper side 1n the refrigerant pump 34 1s moved
from the top dead center to the bottom dead center and the
refrigerant in the respective working chambers 311 posi-
tioned on the upper side 1s transierred from the low tempera-
ture side ports 313 to the refrigerant pump 34. Atthis time, the
suction valves 313¢ disposed at the refrigerant suction parts
3134 of the low temperature side ports 313 are opened and the
reirigerant flowing out of the cooling heat exchanger 12 1s
sucked into portions near the refrigerant suction parts 313a
via the suction side manifolds 313e (refrigerant sucking pro-
cess). Then, when the piston 346 of the refrigerant pump 34 1s
returned near the bottom dead center, there 1s again brought
about the magnetic field removing process.
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[0240] In this way, when these four processes of the mag-
netic field removing process, the refrigerant discharging pro-
cess, the magnetic field applying process, and the refrigerant
sucking process are repeated in sequence in the respective
working chambers 311 of the low temperature side container
31b, the cold heat generated by the magnetocaloric effect of
the magnetic working material 30 recerved in the respective
working chambers 311 of the low temperature side container
315 can be transported to the cooling heat exchanger 12.
[0241] In the magnetic refrigeration system of the present
embodiment described above, the refrigerant having tem-
perature increased by the hot heat generated 1n the magnetic
working material 30 can be made to directly tlow into the
heating heat exchanger 13, and the refrigerant having tem-
perature decreased by the cold heat generated 1n the magnetic
working material 30 can be made to directly tlow into the
cooling heat exchanger 12, so that the same advantages as the
first embodiment described above can be produced.

[0242] In addition to this, 1n the present embodiment, the
volume of a space constructing each of the refrigerant suction
parts 312a, 313a and the refrigerant discharge parts 3125,
3135 1n the heat exchange container 31 1s made smaller than
the volume of the refrigerant discharged at one time (that 1s,
cylinder volume) 1n the refrigerant pump 34. For this reason,
it 1s possible to prevent the refrigerant, whose temperature 1s
increased by the hot heat generated 1n the magnetic working
material 30, and the reifrigerant, whose temperature 1s
decreased by the cold heat generated 1n the magnetic working
material 30, from remaining in the heat exchange container
31 and hence to efliciently transport the hot heat and the cold
heat generated 1n the magnetic working material 30 to the
outside of the heat exchange container 31.

Sixth Embodiment

[0243] Next, a sixth embodiment of the present disclosure
will be described on the basis of FIG. 13. FIG. 13 1s a general
construction diagram of a vehicle air conditioning device 1 of
the present embodiment. Here, in the present embodiment,
the descriptions of parts 1dentical or equivalent to the parts in
the first to the fifth embodiments will be omitted or sitmplified.
[0244] The present embodiment employs a construction 1n
which the suction valves 312¢, 313¢, which are disposed
respectively in the refrigerant suction parts 312a, 3134, and
the discharge valves 312d, 313d, which are disposed respec-
tively 1n the refrigerant discharge parts 3126, 3135, 1n the fifth
embodiment are eliminated and 1n which check valves 44, 45
and 56, 57 are provided 1n place of those valves.

[0245] Specifically, each of the refrigerant suction parts
3124 of the high temperature side container 31a 1s provided
with a first check valve 44 for allowing the refrigerant to flow
from the refrigerant flow-out port 135 of the heating heat
exchanger 13 to each of the refrigerant suction parts 312a of
the high temperature side container 31a, whereas each of the
refrigerant discharge parts 3125 of the high temperature side
container 31a 1s provided with a second check valve 45 for
allowing the refrigerant to flow from each of the refrigerant
discharge parts 3126 of the high temperature side container
31a to the refrigerant flow-in port 13a of the heating heat
exchanger 13.

[0246] Similarly, each of the refrigerant suction parts 313a
of the low temperature side container 315 1s provided with a
third check valve 56 for allowing the refrigerant to flow from
the refrigerant flow-out port 126 of the cooling heat
exchanger 12 to each of the refrigerant suction parts 313a of
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the low temperature side container 315, whereas each of the
reirigerant discharge parts 3135 of the low temperature side
container 315 1s provided with a fourth check valve 57 for
allowing the refrigerant to flow from each of the refrigerant
discharge parts 3135 of the low temperature side container
3156 to the refrigerant flow-in port 12a of the cooling heat
exchanger 12.

[0247] Here, the respective first and third check valves 44,
56 disposed at the respective refrigerant suction parts 312a,
313a are arranged 1n such a way as to be positioned on the
same circumierence when the heat exchange container 31 1s
viewed from the longitudinal direction 1n correspondence to
the refrigerant suction parts 312a, 313a. Further, the respec-
tive second and fourth check valves 45, 57 disposed at the
respective relrigerant discharge parts 3126, 31356 are
arranged 1n such a way as to be positioned on the same
circumierence when the heat exchange container 31 1s viewed
from the longitudinal direction in correspondence to the
refrigerant discharge parts 3125, 3135.

[0248] Also according to this construction, the refrigerant
having temperature increased by the hot heat generated in the
magnetic working material 30 can be made to directly flow
into the heating heat exchanger 13, and the refrigerant having
temperature decreased by the cold heat generated in the mag-
netic working material 30 can be made to directly flow 1nto
the cooling heat exchanger 12, so that the same advantages as
the fifth embodiment described above can be produced.

Seventh Embodiment

[0249] Next, a seventh embodiment of the present disclo-
sure will be described on the basis of FIG. 14. FIG. 14 1s a
general construction diagram of a vehicle air conditioning
device 1 of the present embodiment. Here, in the present
embodiment, the descriptions of parts identical or equivalent
to the parts i1n the first to the sixth embodiments will be
omitted or simplified.

[0250] The present embodiment employs a construction 1n
which the check valves 44, 45, which are disposed in the
respective refrigerant suction parts 3124, 313a and the check
valves 56, 57, which are disposed 1n the respective refrigerant
discharge parts 3126, 3135, 1n the sixth embodiment are
climinated and 1in which opening and closing valves 46, 47
and 58, 59, which are opened or closed according to a control
signal from the air conditioning control device 110, are pro-
vided 1n place of those check valves 44, 45 and 56, 57.
[0251] Specifically, each of the refrigerant suction parts
312a of the high temperature side container 31a 1s provided
with a first opening and closing valve 46 controlled 1n such a
way as to allow the refrigerant to flow only from the refrig-
crant flow-out port 1356 of the heating heat exchanger 13 to
cach of the refrigerant suction parts 3124 of the high tempera-
ture side container 31a, whereas each of the refrigerant dis-
charge parts 3125 of the high temperature side container 31a
1s provided with a second opening and closing valve 47 con-
trolled 1n such a way as to allow the refrigerant to flow only
from the refrigerant discharge part 31256 of the high tempera-
ture side container 31a to the refrigerant tlow-1n port 13a of
the heating heat exchanger 13.

[0252] Similarly, each of the refrigerant suction parts 313a
of the low temperature side container 315 1s provided with a
third opening and closing valve 58 controlled 1n such a way as
to allow the refrigerant to flow only from the refrigerant
flow-out port 126 of the cooling heat exchanger 12 to each of
the refrigerant suction parts 313a of the low temperature side
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container 315, whereas each of the refrigerant discharge parts
3135 of the low temperature side container 315 1s provided
with a fourth opening and closing valve 59 controlled 1n such
a way as to allow the refrigerant to flow only from each of the
refrigerant discharge parts 3135 of the low temperature side
container 315 to the refrigerant flow-1n port 12a of the cooling
heat exchanger 12.

[0253] Inthis regard, the respective first and third opening
and closing valves 46, 58 disposed at the respective refriger-
ant suction parts 312a, 313a are arranged 1n such a way as to
be positioned on the same circumierence when the heat
exchange container 31 1s viewed from the longitudinal direc-
tion 1n correspondence to the refrigerant suction parts 312a,
313a. Further, the respective second and fourth opening and
closing valves 47, 39 disposed at the respective refrigerant
discharge parts 3125, 313b arc arranged 1n such a way asto be
positioned on the same circumierence when the heat
exchange container 31 1s viewed from the longitudinal direc-
tion 1 correspondence to the refrigerant discharge parts
3125, 3135b.

[0254] Also according to this construction, the refrigerant
having temperature increased by the hot heat generated in the
magnetic working material 30 can be made to directly flow
into the heating heat exchanger 13, and the refrigerant having
temperature decreased by the cold heat generated 1n the mag-
netic working material 30 can be made to directly flow 1nto
the cooling heat exchanger 12, so that the same advantages as
the fifth and sixth embodiments described above can be pro-
duced.

Eighth Embodiment

[0255] In the fifth embodiment described above, as shown
in FIG. 12, the suction valves 312¢, 313c¢ are arranged nearer
to the working chambers 311 than the discharge valves 3124,
3134 are. For this reason, when the refrigerant 1s discharged
from each of the discharge valves 312d, 3134, the refrigerant
remaining in a dead space around each of the suction valves
312¢, 313c¢ and the refrigerant discharged from each of the
discharge valves 312¢, 313c¢ are likely to be mixed with each
other and to unnecessarily exchange heat between them.
[0256] Hence, an eighth embodiment employs a construc-
tion 1n which the discharge valves 312d, 313d are arranged
nearer to the working chambers 311 1n the longitudinal direc-
tion of the heat exchange container 31 than the suction valves
312¢, 313c¢ are. In other words, the discharge valves 3124,
3134 are arranged 1n the vicinity of the working chambers
311.

[0257] As shown by a partial enlarged section view 1n FIG.
15, in the present embodiment, the refrigerant suction parts
3124, 3134 are arranged on the outer side 1n the radial direc-
tion of the heat exchange container 31 as compared with the
reirigerant discharge parts 3125, 3135.

[0258] A plate-shaped valve plate 316 having a suction hole
3164 and a discharge hole 3165 formed therein 1s arranged at
a position adjacent to the working chambers 311. Here, the
suction hole 3164 formed 1n the valve pate 316 constructs a
communication hole for sucking the refrigerant into the
working chamber 311 and the discharge hole 3165 constructs
a communication hole for discharging the refrigerant from
the working chamber 311.

[0259] The discharge valves 312d, 313d are arranged at

positions adjacent to the valve plate 316 and the suction
valves 312¢, 313c¢ are arranged at positions away from the
valve plate 316 by a distance more than a movable range of the
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valve. In other words, the discharge valve 3124, 3134 1s
constructed in such a way as to directly open or close the
discharge hole 3165 of the valve plate 316 and the suction
valve 312c¢, 313c¢ 1s constructed 1n such a way as to indirectly
open or close the suction hole 316a of the valve plate 316.
[0260] In this way, when the discharge valve 312d, 3134 1s
arranged close to the working chamber 311, 1t 1s possible to
prevent an unnecessary heat exchange between the refriger-
ant remaining around the suction valve 312¢, 313c¢ and the
refrigerant discharged from the working chamber 311 via the
discharge valve 312d, 3134. This can reduce a heat exchang
loss at the time of transporting the hot heat and the cold heat
generated in the magnetic working material 30 and hence can
improve the COP of the magnetic refrigeration system.

Ninth Embodiment

[0261] In the present embodiment will be described an
example 1 which the respective valves 312¢, 3124 are con-
structed of a rotary valve and in which the respective valves
313c¢, 3134 are constructed of a rotary valve.

[0262] As shown by an enlarged view of a magnetic refrig-
crator 3 in FIG. 16, one rotary valve constructs the valves
312¢, 312d and the other rotary valve constructs the valves
313c¢, 313d. Each of the rotary valves 1s constructed of a valve
plate 317 and a rotary disk 318. The valve plate 317 1s
arranged adjacently to the working chambers 311, and has
suction holes 317a and discharge holes 3175 formed therein.
Each of the suction holes 317a and discharge holes 3175
communicates with each of the working chambers 311. The
rotary disk 318 rotates 1n a circumiferential direction of the
heat exchange container 31 and opens or closes the suction
holes 317a and the discharge holes 3175 of the valve plate
317.

[0263] Each of the suction holes 317a formed 1n the valve
plate 317 constructs a communication hole for sucking the
refrigerant into each of the working chambers 311, and each
of the discharge holes 3175 constructs a communication hole
for discharging the refrigerant from each of the working
chambers 311.

[0264] As shown in FIG. 17 by a section view taken on a
line B-B 1n FIG. 16 and shown 1n FIG. 18 by a section view
taken on a line C-C 1n FIG. 16, the rotary disk 318 1s coupled
to the rotary shaft 321a, 3215 in such a way as to be rotated by
power supplied from the electric motor 35 which 1s a dnive
part and 1s constructed in such a way as to open or close the
suction holes 317a and the discharge holes 3175 of the valve
plate 317 at timings shifted from each other 1n synchroniza-
tion with the rotation of the rotary shatt 321a, 3215.

[0265] Specifically, the rotary disk 318 has suction side
through holes 318a passed through from an obverse to a
reverse at positions, which are opposite to the suction holes
317a of the valve plate 317 in the axial direction when the
refrigerant 1s sucked into the working chambers 311. Simi-
larly, the rotary disk 318 has discharge side through holes
318b passed through from an obverse to areverse at positions,
which are opposite to the discharge holes 3175 of the valve
plate 317 1n the axial direction when the refrigerant 1s dis-
charged from the working chambers 311.

[0266] As i1s the case with the present embodiment, in the
case where the respective valves 312¢, 3124 are constructed
of the rotary valve and where the respective valves 313¢, 3134
are constructed of the rotary valve, 1t1s possible to prevent the
refrigerant from remaining around the respective suction
valves 312¢, 313¢. Hence, 1t 15 possible to prevent an unnec-
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essary heat exchange between the refrigerant remaining
around the suction valve 312¢, 313¢ and the refrigerant dis-
charged from the working chamber 311 via the discharge
valve 312d, 313d. In this way, 1t 1s possible to reduce a heat
exchange loss at the time of transporting the hot heat and the
cold heat generated 1n the magnetic working material 30 and
hence to improve the COP of the magnetic refrigeration sys-
tem.

[0267] Further, the present embodiment employs a con-
struction 1n which the rotary disk 318 of the rotary valve 1s
rotated by the power for driving the magnetic field applying
and removing device 32, that 1s, the power of the electric
motor 35, the magnetic refrigeration system can be realized
by a simple construction. Still further, the suction valves 312¢
and the discharge valves 312d can be integrally constructed
and the suction valves 313 ¢ and the discharge valves 313d can
be integrally constructed. Hence, the magnetic refrigeration
system can be realized by a further simpler construction.

Tenth Embodiment

[0268] In the present embodiment will be described an
example 1 which each of the suction valves 312¢, 313c¢ 1s
constructed of a rotary valve and in which each of the dis-
charge valves 312d, 313d 1s constructed of a reed valve.

[0269] Asshown by an enlarged view of a magnetic refrig-
erator 1n FIG. 19, the rotary valve constructing the respective
suction valve 312¢, 313c¢ 1s constructed of a valve plate 317
and a rotary disk 318. The valve plate 317 1s arranged adja-
cently to the working chambers 311 and has suction holes
317a each of which communicates with each of the working
chambers 311. The rotary disk 318 rotates 1n a circumieren-
tial direction of the heat exchange container 31 and opens or
closes the suction holes 317a of the valve plate 317.

[0270] As shown in FIG. 20 by a section view taken on a
line D-D 1n FIG. 19 and 1n FIG. 21 by a section view taken on
a line E-E 1n FIG. 19, the rotary disk 318 1s coupled to the
rotary shait 321a, 3215 1n such a way as to be rotated by
power supplied from the electric motor 35 corresponding to
the drive part and 1s constructed 1n such a way as to open or
close the suction holes 317a of the valve plate 317 1n syn-
chronization with the rotation of the rotary shaft 321a, 3215.
In this regard, 1n the rotary disk 318 are formed suction side
through holes 318a each of which 1s passed through from an
obverse to a reverse at a position opposite to the suction hole
317a of the valve plate 317 1n the axial direction when the
refrigerant 1s sucked into each of the working chambers 311.

[0271] Here, the reed valve constructing the discharge
valve 312d, 313d is constructed 1n such a way as to open or
close each of discharge holes 31756 formed 1n the valve plate
317 by an elastic plate member.

[0272] Asis the case with the present embodiment, even 1n
the case where only the suction valve 312¢, 313c¢ 1s con-
structed of the rotary valve, 1t 1s possible to prevent the refrig-
erant from remaining around the suction valve 312¢,313cand
hence to prevent an unnecessary heat exchange between the
refrigerant remaining around the suction valve 312¢, 313c¢
and the refrigerant discharged from the working chamber 311
via the discharge valve 312d, 3134. In this way, it 1s possible
to reduce a heat exchange loss at the time of transporting the
hot heat and the cold heat generated 1n the magnetic working
material 30 and hence to improve the COP of the magnetic
refrigeration system.
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11th Embodiment

[0273] The first and the second backward tlow preventing
parts are respectively constructed of the check valves 44, 45
and 56, 57 in the second and the sixth embodiments. Alter-
natively, each of the first and the second backward flow pre-
venting parts may be constructed of a fluid diode 1n which
resistance 1s smaller 1n a forward direction of a refrigerant
flow than 1n a backward direction of the refrigerant tlow.
According to this construction, the magnetic refrigeration
system can be realized by a simple construction. Here, one of
the first and the second backward flow preventing parts may
be constructed of a fluid diode 71, 72.

[0274] Here, as the fluid diode can be employed a nozzle
type fluid diode 71 or a vortex type fluid diode 72.

[0275] FIG. 22 1s a schematic section view of the nozzle
type fluid diode 71. The nozzle type fluid diode 71 1s con-
structed of a cylindrical member and, as shown 1n FIG. 22, 1s
constructed of a tapered part 71a whose size 1s decreased 1n a
conical shape from an upstream side of a refrigerant flow to a
downstream side of the refrigerant flow 1n a refrigerant flow
passage.

[0276] In this nozzle type tluid diode 71, resistance at the
tapered part 71a becomes larger 1n the case where the refrig-
crant flows 1n the backward direction (see a black arrow 1n the
drawing) than i1n the case where the refrigerant flows in the
forward direction (see a white arrow 1n the drawing).

[0277] FIG. 23 1s an explanatory view 1llustrating the vor-
tex type fluid diode 72, in which (a) of FIG. 23 1s the sche-
matic perspective view, (b) of FIG. 23 1s a top view of (a)
illustrating a flow of the refrigerant in the forward direction,
and (¢) of FI1G. 23 1s a top view of (b) 1llustrating a tlow of the
refrigerant in the backward direction.

[0278] The vortex type flmd diode 72, as shown 1n (a) of
FIG. 23, 1s constructed of a vortex case 721 having a cylin-
drical vortex chamber formed therein, an axial nozzle 722
extended 1n a central axis direction of the vortex chamber 1n
the vortex case 721, and a tangent nozzle 723 extended in a
tangential direction of an outer circumierence of the vortex
chamber.

[0279] In this vortex type fluid diode 72, 1in the case where
the refrigerant flows from the upstream side to the down-
stream side of the refrigerant flow, as shown by white arrows
in (b) of FIG. 23, the refrigerant from the axial nozzle 722
flows to the tangential nozzle 723 without developing a vortex
in the vortex chamber 1n the vortex case 721.

[0280] In contrast to this, in the case where the refrigerant
flows from the downstream side to the upstream side of the
refrigerant tlow, as shown by the black arrows 1n (¢) of FIG.
23, the refrigerant from the tangential nozzle 723 flows vor-
tically in the vortex chamber 1n the vortex case 721 and then
flows 1nto the axial nozzle 722. In this way, 1n the vortex type
fluid diode 72, resistance becomes larger 1in the case where the
refrigerant flows from the downstream side to the upstream
side of the refrigerant flow, that 1s, 1n the backward direction
than in the case where the refrigerant tlows from the upstream
side to the downstream side of the refrigerant flow, that 1s, 1n
the forward direction.

Other Embodiments

[0281] While the embodiments of the present disclosure
have been described above, the present disclosure 1s not lim-
ited to these embodiments. The present disclosure 1s not lim-
ited by the wording as claimed 1n the respective claims but
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includes a scope replaced easily from the claims by persons
skilled 1n the art as far as the scope does not depart from the
scope as claimed 1n the claims and can have modifications
added thereto as appropriate, the modifications being made
on the basis of knowledge acquired by the persons skilled 1n
the art. For example, the present disclosure can be modified
variously in the following manner.

[0282] (A)Inthe respective embodiments described above,
the magnetic field generating part of the magnetic field apply-
ing and removing device 32 1s constructed of the permanent
magnets 323a, 3235. However, the magnetic field generating
part 1s not limited to this but may be constructed of an electric
magnet for generating a magnetic field when current 1s
applied thereto.

[0283] (B) Like the respective embodiments described
above, 1t 1s desirable that the drive sources of the refrigerant
pump 34 and the magnetic field applying and removing
device 32 are constructed of one electric motor 35. However,
the drive sources of the refrigerant pump 34 and the magnetic
field applying and removing device 32 may be constructed of
separate drive sources.

[0284] Further, like the ninth and the tenth embodiments, 1t
1s desirable that the drive sources of the respective valves
312¢, 313¢, 3124, 3134 and the magnetic field applying and
removing device 32 are constructed of one electric motor 35.
However, the respective drive sources may be constructed of
separate drive sources.

[0285] (C) In the respective embodiments, the magnetic
refrigeration system 2 1s applied to the vehicle air condition-
ing device 1. However, the magnetic refrigeration system 2 1s
not limited to this but may be applied to the other device.

[0286] (D) The respective embodiments described above
can be combined with each other within a possible scope.

[0287] While the present disclosure has been described
with reference to preferred embodiments thereot, it 1s to be
understood that the disclosure 1s not limited to the preferred
embodiments and constructions. The present disclosure 1s
intended to cover various modification and equivalent
arrangements. In addition, while the various combinations
and configurations, which are preferred, other combinations
and configurations, including more, less or only a single
clement, are also within the spirit and scope of the present
disclosure.

1. A magnetic refrigeration system comprising:

a cylindrical container having a plurality of working cham-
bers formed therein radially 1n a circumierential direc-
tion, the plurality of working chambers having a mag-
netic working material having a magnetocaloric effect
arranged therein and having refrigerant flowing there-
through, the cylindrical container having one and other
refrigerant ports respectively on end faces 1n a longitu-
dinal direction;

a magnetic field applying and removing part which repeats
applying and removing a magnetic field to and from the
magnetic working material;

a first refrigerant circulation circuit constructed in such a
way that the refrigerant flowing out of a first refrigerant
discharge part of the one refrigerant port flows through a
first heat exchanger and returns to a first refrigerant
suction part of the one refrigerant port;

a second refrigerant circulation circuit constructed 1n such
a way that the refrigerant tlowing out of a second refrig-
erant discharge part of the other refrigerant port flows
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through a second heat exchanger and returns to a second
refrigerant suction part of the other refrigerant port; and

a refrigerant transfer part which transfers the refrigerant
between the one refrigerant port and the other refrigerant
port, wherein

the refrigerant transier part 1s constructed in such a way as
to transier the refrigerant from the other refrigerant port
to the one relfrigerant port after the magnetic field 1s
applied to the magnetic working material by the mag-
netic field applying and removing part to thereby make
the refrigerant flow out of the first refrigerant discharge
part of the one refrigerant port to the first refrigerant
circulation circuit, and 1n such a way as to transfer the
refrigerant from the one refrigerant port to the other
refrigerant port after the magnetic field 1s removed from
the magnetic working material by the magnetic field
applying and removing part to thereby make the refrig-
erant flow out of the second refrigerant discharge part of
the other refrigerant port to the second refrigerant circu-
lation circuit, and

a volume of a space constructing each of the first refriger-
ant suction part, the first refrigerant discharge part, the
second refrigerant suction part and the second refriger-
ant discharge part 1s smaller than a volume of the refrig-
crant discharged at one time 1n the refrigerant transier
part.

2. A magnetic refrigeration system comprising:

a cylindrical container having a plurality of working cham-
bers formed therein radially 1n a circumierential direc-
tion, the plurality of working chambers having a mag-
netic working material having a magnetocaloric effect
arranged therein and having refrigerant flowing there-
through, the cylindrical container having one and other
refrigerant ports respectively on end faces 1n a longitu-
dinal direction;

a magnetic field applying and removing part which repeats
applying and removing a magnetic field to and from the
magnetic working material;

a {irst refrigerant circulation circuit constructed 1n such a
way that the refrigerant flowing out of a first refrigerant
discharge part of the one refrigerant port flows through a
first heat exchanger and returns to a first refrigerant
suction part of the one refrigerant port;

a second refrigerant circulation circuit constructed 1n such
a way that the refrigerant flowing out of a second refrig-
erant discharge part of the other refrigerant port flows
through a second heat exchanger and returns to a second
refrigerant suction part of the other refrigerant port; and

a refrigerant transfer part which transiers the refrigerant
between the one refrigerant port and the other refrigerant
port, wherein

after the magnetic field 1s applied to the magnetic working,
material by the magnetic field applying and removing
part, the refrigerant transier part transiers the refrigerant

from the other refrigerant port to the one refrigerant port,
and

after the magnetic field 1s removed from the magnetic
working material by the magnetic field applying and
removing part, the refrigerant transfer part transiers the
refrigerant from the one refrigerant port to the other
refrigerant port.

3. The magnetic refrigeration system according to claim 2,
turther comprising:
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a suction valve provided to each of the first refrigerant
suction part and the second refrigerant suction part and
opened when the refrigerant 1s sucked into the working
chambers, and

a discharge valve provided to each of the first refrigerant
discharge part and the second refrigerant discharge part
and opened when the refrigerant 1s discharged from the
working chambers.

4. The magnetic refrigeration system according to claim 3,
wherein the discharge valve 1s arranged at a position nearer to
the working chambers than the suction valve is 1n the longi-
tudinal direction of the container.

5. The magnetic refrigeration system according to claim 3,
wherein

of the suction valve and the discharge valve, at least the
suction valve 1s constructed of a rotary valve having a
valve plate and a rotary disk, the valve plate being
arranged adjacently to the working chambers and having,
a communication hole communicating with interior of
the working chambers, the rotary disk rotating in a cir-
cumierential direction of the container to thereby open
or close the communication hole.

6. The magnetic refrigeration system according to claim 3,
wherein the rotary valve 1s constructed 1n such a way that the
rotary disk rotates by power for driving the magnetic field
applying and removing part.

7. The magnetic refrigeration system according to claim 1,
further comprising:

a first backward tlow preventing part provided to each of
the first refrigerant suction part and the first refrigerant
discharge part of the one refrigerant port so as to allow
the refrigerant to flow 1n one direction 1n order of the first
refrigerant discharge part, a refrigerant flow-i1n port of
the first heat exchanger, a refrigerant flow-out port of the
first heat exchanger, and the first refrigerant suction part;
and

a second backward flow preventing part provided to each of
the second refrigerant suction part and the second refrig-
crant discharge part of the other refrigerant port so as to
allow the refrigerant to flow 1n one direction in order of
the second refrigerant discharge part, a refrigerant flow-
in port of the second heat exchanger, a refrigerant tlow-
out port of the second heat exchanger, and the second
refrigerant suction part.

8. The magnetic refrigeration system according to claim 7,
wherein at least one of the first backward tlow preventing part
and the second backward flow preventing part 1s constructed
of a fluid diode 1n which resistance 1s smaller 1n a forward
direction of a flow of the refrigerant than in a backward
direction of the flow of the refrigerant.

9. The magnetic refrigeration system according to claim 2,
wherein

cach of the first relfnigerant suction part and the second
refrigerant suction part 1s one of a plurality of refrigerant
suction parts disposed in correspondence to the plurality
of working chambers,

cach of the first refrigerant discharge part and the second
refrigerant discharge part 1s one of a plurality of refrig-
erant discharge parts disposed 1n correspondence to the
plurality of working chambers,

the plurality of refrigerant suction parts are positioned on a
same circumierence when viewed from the longitudinal
direction of the container, and
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the plurality of refrigerant discharge parts are positioned
on a same circumierence when viewed from the longi-
tudinal direction of the container.

10. The magnetic refrigeration system according to claim

2, wherein

the magnetic field applying and removing part 1s con-
structed of a magnetic field generating part, a rotary
shaft which rotatably supports the magnetic field gener-
ating part and a drive part which drives the rotary shaft,
and

the magnetic field generating part 1s disposed 1n such a way
as to periodically come near to the magnetic working
material according to rotation of the rotary shaft.

11. The magnetic refrigeration system according to claim

10, further comprising;:

a power transmission mechanism which transmits power
by the drive part to the refrigerant transier part,

wherein the refrigerant transier part reciprocally transfers
the refrigerant between the one refrigerant port and the
other refrigerant port by the power transmitted via the
power transmission mechanism.

12. The magnetic refrigeration system according to claim
2, wherein the refrigerant transier part 1s constructed of a
multi-cylinder type piston pump having a plurality of cylin-

Nov. 14, 2013

ders and a plurality of pistons so as to correspond to the
plurality of working chambers.

13. A vehicle air conditioning device to which the magnetic
refrigeration system according to claim 2 1s applied, the
vehicle air conditioning device comprising:

a case constructing an air flow passage for blown air to be

blown 1nto a passenger compartment,

wherein the first heat exchanger 1s arranged 1n the case to
construct a heating heat exchanger that heats the blown
air, and

wherein the second heat exchanger 1s arranged in the case
to construct a cooling heat exchanger that cools the
blown air.

14. The vehicle air conditioning device according to claim
13, wherein the first heat exchanger 1s arranged downstream
of the second heat exchanger 1n a tlow of the blown air 1n the
case.

15. The vehicle air conditioning device according to claim
13 further comprising:

a temperature adjusting part which adjusts a volume of the
blown air flowing into the first heat exchanger to thereby
adjust a temperature of air blown off into the passenger
compartment.
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