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A magnetic heat pump cycle has a first to a fourth steps, which 
are repeatedly carried out. In the first step, a movement of heat 
medium is stopped by a pressure valve and a pressure accu 

(JP) mulating tank and a magnetic field is applied by a magnetic 
field control unit to a magnetic working material. In the 
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to a first axial end, and the magnetic field is increased depend 

(22) Filed: Apr. 23, 2012 ing on a moving speed of the heat medium. In the third step, 
the movement of the heat medium is stopped and the mag 
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moved in a revered direction and the magnetic field is 
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MAGNETIC HEAT PUMPAPPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is based on Japanese Patent Appli 
cations No. 2011-098351 filed on Apr. 26, 2011 and No. 
2012-020881 filed on Feb. 2, 2012, the disclosures of which 
are incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present disclosure relates to a magnetic heat 
pump apparatus, for which magnetocaloric effect of magnetic 
working material is utilized. 

BACKGROUND 

0003. A magnetic heat pump apparatus is known in the art, 
for example, as disclosed in French Patent Publication No. 
2943406, according to which magnetocaloric element of 
magnetic working material is magnetically and periodically 
operated or released from its magnetic operation, cooling 
fluid is alternately moved to a high-temperature chamber and 
a low-temperature chamber (which are provided at both sides 
of the magnetocaloric element) so that the cooling fluid 
passes through the magnetocaloric element in Synchronism 
with a magnetic-field applying stage or a magnetic-field 
releasing stage of the magnetocaloric element, and transfer of 
heat is thereby carried out. According to such a prior art, flow 
direction of the cooling fluid passing through the magnetoca 
loric element is reversed in the magnetic-field applying stage 
and the magnetic-field releasing stage, so that the cooling 
fluid continuously flows in a reciprocating manner. 
0004. The above prior art does not disclose anything about 
a relationship between an increase-decrease rate of magnetic 
field to be applied to the magnetocaloric element and a flow 
speed of the cooling fluid. It may be a problem that an oper 
ating condition of the magnetic heat pump apparatus differs 
from Carnot cycle (which is one of ideal heat cycles) and 
thereby sufficiently high operation efficiency cannot be real 
ized. 

SUMMARY OF THE DISCLOSURE 

0005. The inventors of the present disclosure have found 
out that it is possible to increase or decrease the magnetic field 
to the magnetocaloric element in an isothermal condition 
when a relationship between a change rate of increasing or 
decreasing the magnetic field and the flow speed of the cool 
ing fluid (heat medium) is controlled within a predetermined 
range, and thereby diremption from an ideal heat cycle can be 
decreased. 

0006. The present disclosure is made in view of the above 
points. It is an object of the present disclosure to provide a 
magnetic heat pump apparatus, according to which an opera 
tion efficiency thereof is increased. 
0007 According to a feature of the present disclosure (for 
example, as defined in the appended claim 1), a magnetic heat 
pump apparatus has a magnetic refrigerating device, which 
includes: 
0008 (a) a container device having a working chamber for 
accommodating magnetic working material having magne 
tocaloric effect, wherein heat medium passes through the 
working chamber; 
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0009 (b) a magnetic-field control unit for changing degree 
of the magnetic field to be applied to the magnetic working 
material; and 
0010 (c) a heat-medium moving device for moving the 
heat medium in the working chamber so that the heat medium 
is reciprocated between a first axial end and a second axial 
end of the working chamber. 
0011. The magnetic heat pump apparatus further has: 
0012 a heat radiating device for radiating heat, which is 
contained in the heat medium on a side of the second axial 
end, to an outside of the heat radiating device; and 
0013 a heat absorbing device for absorbing heat from an 
outside of the heat absorbing device into the heat medium, 
which is on a side of the first axial end. 
0014. In the above magnetic heat pump apparatus, a heat 
pump cycle of the magnetic heat pump apparatus includes 
following first to fourth steps, which are repeatedly carried 
Out: 
00.15 (i) the first step for increasing temperature of the 
magnetic working material; 
0016 (ii) the second step for increasing the degree of the 
magnetic field to be applied to the magnetic working material, 
temperature of which is increased in the first step, by the 
magnetic-field control unit, wherein the heat medium is 
moved from the first axial end to the second axial end by the 
heat-medium moving device; 
0017 (iii) the third step for decreasing the temperature of 
the magnetic working material after the second step; and 
0018 (iv) the fourth step for decreasing the degree of the 
magnetic field applied to the magnetic working material, the 
temperature of which is decreased in the third step, by the 
magnetic-field control unit, wherein the heat medium is 
moved from the second axial end to the first axial end. 
0019. Furthermore, in the above magnetic heat pump 
apparatus, heat absorbed in the heat absorbing device is radi 
ated from the heat radiating device, and 
0020 the heat-medium moving device and the magnetic 
field control unit are synchronized in Such a manner that, in 
the second and fourth steps, a change rate of the degree of the 
magnetic field to be applied to the magnetic working material 
by the magnetic-field control unit is made larger, as a moving 
speed of the heat medium by the heat-medium moving device 
is higher. 
0021. According to the above feature, the heat-medium 
moving device moves the heat medium from the first axial end 
to the second axial end in the second step. In addition, the 
magnetic-field control unit changes the magnetic field to be 
applied to the magnetic working material in Such a manner 
that an increase rate of the magnetic field becomes larger as 
the moving speed of the heat medium is increased. 
0022. Accordingly, the increase rate of the magnetic field 
to be applied to the magnetic working material is made larger, 
as the moving speed of the heat medium becomes higher and 
thereby the heat transfer can be efficiently carried out from 
the magnetic working material to the heat medium. As a 
result, an amount of the heat generated (a heat energy) in the 
magnetic working material is made larger. According to Such 
a feature, it is possible to keep the magnetic working material 
in an almost isothermal condition, in the second step. 
0023. In addition, according to the above feature, the heat 
medium moving device moves the heat medium from the 
second axial end to the first axial end in the fourth step. At the 
same time, the magnetic-field control unit changes the mag 
netic field applied to the magnetic working material in Such a 
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manner that a decrease rate of the magnetic field becomes 
larger as the moving speed of the heat medium is increased. 
0024. Accordingly, the decrease rate of the magnetic field 
applied to the magnetic working material is made larger, as 
the moving speed of the heat medium becomes higher and 
thereby the heat transfer can be efficiently carried out from 
the heat medium to the magnetic working material. As a 
result, an amount of the heat absorption (a cold energy gen 
erated) in the magnetic working material is made larger. 
According to such a feature, it is possible to keep the magnetic 
working material in an almost isothermal condition, in the 
fourth step. 
0025. According to the above feature, it is possible to 
Suppress diremption in the second step from an ideal process 
for an isothermal excitation of the heat cycle and to suppress 
diremption in the fourth step from an ideal process for an 
isothermaldegaussing of the heat cycle. As a result, the opera 
tion efficiency for the magnetic heat pump apparatus can be 
increased. 
0026. The above explained features can be further sum 
marized as below: 
0027. According to the heat pump cycle of the magnetic 
heat pump apparatus, the degree of the magnetic field to be 
applied to the magnetic working material by the magnetic 
field control unit as well as the movement of the heat medium 
by the heat-medium moving device is periodically changed, 
so that the heat absorbed in the heat absorbing device is 
radiated from the heat radiating device. 
0028. The heat pump cycle has the isothermal excitation 
process and the isothermal degaussing process in a case of an 
ideal heat cycle in view of an operation efficiency. In the 
isothermal excitation process, the magnetic field to be applied 
to the magnetic working material is increased, while the tem 
perature of the magnetic working material is not changed. In 
the isothermal degaussing process, the magnetic field applied 
to the magnetic working material is decreased, while the 
temperature of the magnetic working material is not changed. 
0029. In addition, in the isothermal excitation process, the 
magnetic field to be applied to the magnetic working material 
is increased by the magnetic-field control unit, while the heat 
medium is moved by the heat-medium moving device from 
the first axial end to the second axial end. In the isothermal 
degaussing process, the magnetic field applied to the mag 
netic working material is decreased by the magnetic-field 
control unit, while the heat medium is moved by the heat 
medium moving device from the second axial end to the first 
axial end. 
0030. In the above isothermal excitation process and the 
isothermal degaussing process, the heat-medium moving 
device and the magnetic-field control unit are synchronized in 
Such away that the change rate of the degree of the magnetic 
field to be applied to the magnetic working material by the 
magnetic-field control unit is made larger, as the moving 
speed of the heat medium by the heat-medium moving device 
is higher. 
0031. In a case of the isothermal excitation process of the 
ideal heat cycle, the heat-medium moving device moves the 
heat medium from the first axial end to the second axial end. 
Furthermore, the magnetic-field control unit increases the 
magnetic field to be applied to the magnetic working material 
in Such a manner that the increase rate of the degree of the 
magnetic field to be applied to the magnetic working material 
by the magnetic-field control unit is made larger, as the mov 
ing speed of the heat medium is higher. 
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0032. Accordingly, the increase rate of the degree of the 
magnetic field to be applied to the magnetic working material 
is made larger, as the moving speed of the heat medium 
becomes higher and thereby the heat transfer can be effi 
ciently, carried out from the magnetic working material to the 
heat medium. As a result, the heat generated in the magnetic 
working material is increased. As above, in the isothermal 
excitation process, the magnetic working material can be 
maintained in the almost isothermal condition. 
0033. In the case of the isothermal degaussing process of 
the ideal heat cycle, the heat-medium moving device moves 
the heat medium from the second axial end to the first axial 
end. Furthermore, the magnetic-field control unit decreases 
the magnetic field applied to the magnetic working material in 
Such a manner that the decrease rate of the degree of the 
magnetic field applied to the magnetic working material by 
the magnetic-field control unit is made larger, as the moving 
speed of the heat medium is higher. 
0034. Accordingly, the decrease rate of the degree of the 
magnetic field applied to the magnetic working material is 
made larger, as the moving speed of the heat medium 
becomes higher and thereby the heat transfer can be effi 
ciently carried out from the heat medium to the magnetic 
working material. As a result, the heat absorbing amount in 
the magnetic working material is increased. As above, in the 
isothermal degaussing process, the magnetic working mate 
rial can be maintained in the almost isothermal condition. 
0035. Therefore, it is possible to decrease the diremption 
from the ideal heat cycle in the isothermal excitation process 
and the isothermals degaussing process, to thereby improve 
the operation efficiency of the magnetic heat pump apparatus. 
0036. According to another feature of the present disclo 
Sure (for example, as defined in claim 12), a magnetic refrig 
erating device of a magnetic heat pump apparatus includes: 
0037 (a) a container device having a working chamber for 
accommodating magnetic Working material having magne 
tocaloric effect, wherein heat medium passes through the 
working chamber, 
0038 (b) a magnetic-field control unit for changing degree 
of the magnetic field to be applied to the magnetic working 
material; and 
0039 (c) a heat-medium moving device for moving the 
heat medium in the working chamber so that the heat medium 
is reciprocated between a first axial end and a second axial 
end of the working chamber. 
0040. The magnetic heat pump apparatus further has: 
0041 a heat radiating device for radiating heat, which is 
contained in the heat medium on a side of the second axial 
end, to an outside of the heat radiating device; and 
0042 a heat absorbing device for absorbing heat from an 
outside of the heat absorbing device into the heat medium, 
which is on a side of the first axial end. 
0043. A heat pump cycle of the magnetic heat pump appa 
ratus includes following first to fourth steps, which are repeat 
edly carried out so that heat absorbed in the heat absorbing 
device is radiated from the heat radiating device; 
0044 (i) the first step for increasing the magnetic field to 
be applied to the magnetic working material by the magnetic 
field control unit, while the movement of the heat medium in 
the working chamber by the heat-medium moving device is 
stopped; 
0045 (ii) the second step for moving the heat medium 
from the first axial end to the second axial end by the heat 
medium moving device without decreasing the magnetic field 



US 2012/0272665 A1 

applied to the magnetic working material, which has been 
increased by the magnetic-field control unit in the first step, 
wherein the second step is carried out after the elapse of a 
certain period of time from a start of the first step or when a 
physical quantity varying in accordance with the passage of 
time reaches at a predetermined value; 
0046 (iii) the third step for decreasing the magnetic field 
applied to the magnetic working material by the magnetic 
field control unit after the second step, while the movement of 
the heat medium in the working chamber by the heat-medium 
moving device is stopped; and 
0047 (iv) the fourth step for moving the heat medium 
from the second axial end to the first axial end by the heat 
medium moving device without increasing the magnetic field 
applied to the magnetic working material, which has been 
decreased by the magnetic-field control unit in the third step, 
wherein the fourth step is carried out after the elapse of a 
certain period of time from a start of the third step or when the 
physical quantity varying in accordance with the passage of 
time reaches at another predetermined value. 
0048. According to the above feature, an adiabatic state is 
formed, in which the movement of the heat medium in the 
working chamber by the heat-medium moving device is 
stopped in the first step. In Such adiabatic state, the magnetic 
field to be applied to the magnetic working material is 
increased, to thereby increase the temperature of the magnetic 
working material. 
0049. In the second step, the heat medium is moved from 
the first axial end to the second axial end of the working 
chamber, so that the heat energy generated in the magnetic 
working material in the first step is transferred to the heat 
medium and moved to the second axial end. 
0050. In the third step, the adiabatic state is formed, in 
which the movement of the heat medium in the working 
chamber by the heat-medium moving device is stopped. In 
Such adiabatic state, the magnetic field applied to the mag 
netic working material is decreased, to thereby decrease the 
temperature of the magnetic working material. 
0051. In the fourth step, the heat medium is moved from 
the second axial end to the first axial end of the working 
chamber, so that the cold energy generated in the magnetic 
working material in the third step is transferred to the heat 
medium and moved to the first axial end. 
0052 Accordingly, in the first step, the temperature of the 
magnetic working material is isenthropically increased, and 
in the second step, heat energy of the magnetic working 
material, the temperature of which is increased in the first 
step, is moved to the second axial end of the working cham 
ber. 
0053. In the third step, the temperature of the magnetic 
working material is isenthropically decreased, and in the 
fourth step, cold energy of the magnetic working material, the 
temperature of which is decreased in the third step, is moved 
to the first axial end of the working chamber. 
0054 As a result, the heat absorbed in the heat absorbing 
device is efficiently moved from the first axial end to the 
second axial end and radiated from the heat radiating device. 
Thus, the operating efficiency of the magnetic heat pump 
apparatus can be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0055. The above and other objects, features and advan 
tages of the present disclosure will become more apparent 
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from the following detailed description made with reference 
to the accompanying drawings. In the drawings: 
0056 FIG. 1 is a schematic structure of a magnetic refrig 
erating system, to which a magnetic heat pump apparatus 
according to a first embodiment of the present disclosure is 
applied; 
0057 FIG. 2 is a schematic cross sectional view showing 
a heat-exchange container unit of the magnetic refrigerating 
system; 
0.058 FIG. 3 is an enlarged schematic view, wherein a 
relevant portion of the heat-exchange container device is 
expanded in a straight direction; 
0059 FIG. 4 is a schematic cross sectional view showing 
a relevant portion of the magnetic refrigerating system for 
explaining an operation thereof (an operation of a first step); 
0060 FIG. 5 is a schematic cross sectional view showing 
a relevant portion of the magnetic refrigerating system for 
explaining an operation thereof (an operation of a second 
step); 
0061 FIG. 6 is a schematic cross sectional view showing 
a relevant portion of the magnetic refrigerating system for 
explaining an operation thereof (an operation of a third step); 
0062 FIG. 7 is a schematic cross sectional view showing 
a relevant portion of the magnetic refrigerating system for 
explaining an operation thereof (an operation of a fourth 
step); 
0063 FIG. 8 is a graph showing a fluid speed of heat 
medium in a working chamber; 
0064 FIG.9 is a graph showing a magnetic field applied to 
magnetic working material in the working chamber, 
0065 FIG. 10 is a graph showing a characteristic feature 
of a heat cycle for the magnetic refrigerating system of the 
present disclosure in a temperature-entropy diagram; 
0.066 FIG. 11 is a schematic cross sectional view showing 
a modification of a heat-exchange container device; 
0067 FIG. 12 is an enlarged schematic view, wherein a 
relevant portion of the heat-exchange container device of 
FIG. 11 is expanded in a straight direction: 
0068 FIG. 13 is a schematic cross sectional view showing 
another modification of a heat-exchange container device; 
0069 FIG. 14 is an enlarged schematic view, wherein a 
relevant portion of the heat-exchange container device of 
FIG. 13 is expanded in a straight direction: 
0070 FIG. 15 is a schematic cross sectional view showing 
a further modification of a heat-exchange container device; 
0071 FIG. 16 is a schematic cross sectional view showing 
a still further modification of a heat-exchange container 
device; 
0072 FIG. 17 is an enlarged schematic view, wherein a 
relevant portion of the heat-exchange container device of a 
further modification is expanded in a straight direction; 
0073 FIG. 18 is a graph showing a fluid speed of heat 
medium in a working chamber according to a second embodi 
ment of the present disclosure; 
0074 FIG. 19 is a graph showing a magnetic field applied 
to magnetic working material in the working chamber of the 
second embodiment; 
0075 FIG.20 is a schematic structure of a magnetic refrig 
erating system, to which a magnetic heat pump apparatus 
according to a third embodiment of the present disclosure is 
applied; 
0076 FIG. 21 is a schematic structure of an air condition 
ing apparatus for a vehicle equipped with a magnetic refrig 
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erating system, to which a magnetic heat pump apparatus 
according to a fourth embodiment of the present disclosure is 
applied; 
0077 FIG.22 is an enlarged cross sectional view showing 
the magnetic refrigerating system according to the fourth 
embodiment; 
0078 FIG. 23 is a schematic cross sectional view showing 
a heat-exchange container device of the fourth embodiment; 
007.9 FIG. 24 is a graph showing a fluid speed of heat 
medium in a working chamber of the fourth embodiment; 
0080 FIG. 25 is a graph showing a magnetic field applied 
to magnetic working material in the working chamber of the 
fourth embodiment; 
0081 FIG. 26 is a graph showing a characteristic feature 
of a heat cycle for the magnetic refrigerating system of the 
fourth embodiment in a temperature-entropy diagram; 
0082 FIG. 27 is a time chart for explaining operations of 
a piston, a high-temperature side container unit portion and a 
low-temperature side container unit portion; 
0083 FIG. 28 is a graph showing a fluid speed of heat 
medium in a working chamber of a fifth embodiment; 
0084 FIG. 29 is a graph showing a magnetic field applied 
to magnetic working material in the working chamber of the 
fifth embodiment; 
0085 FIG. 30 is a graph showing a characteristic feature 
of a heat cycle for the magnetic refrigerating system of the 
fifth embodiment in a temperature-entropy diagram; 
I0086 FIG.31 is a graph showing a magnetic field applied 
to magnetic working material in the working chamber of a 
sixth embodiment; 
0087 FIG. 32 is a graph showing a characteristic feature 
of a heat cycle for the magnetic refrigerating system of the 
sixth embodiment in a temperature-entropy diagram; 
0088 FIG.33 is a schematic cross sectional view showing 
a modification of the magnetic refrigerating system; and 
0089 FIG.34 is a schematic cross sectional view showing 
a heat-exchange container device of the modification. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0090 The present disclosure will be explained by way of 
multiple embodiments with reference to the drawings. The 
same reference numerals are used throughout the embodi 
ments for the purpose of designating the same or similar parts 
and/or components. 

First Embodiment 

0091 FIG. 1 schematically shows a structure of a mag 
netic refrigerating system 2 for a magnetic heat pump appa 
ratus according to a first embodiment of the present disclo 
Sure. FIG. 2 shows a cross sectional view of a heat-exchange 
container unit 31 for the magnetic refrigerating system 2. A 
magnetic refrigerating device 3 shown in FIG. 1, which is a 
relevant portion of the magnetic refrigerating system, corre 
sponds to a cross sectional view taken along a line I-I in FIG. 
2. FIG. 3 is an enlarged cross sectional view showing a rel 
evant portion of the heat-exchange container unit 31 of the 
magnetic refrigerating system 2, wherein its structure in a 
circumferential direction is expanded in a straight direction. 
0092. The magnetic refrigerating system 2 shown in FIG. 
1 is of an AMR (Active Magnetic Refrigerator) type, accord 
ing to which cold energy as well as heat energy generated by 
magnetocaloric effect is stored in magnetic working material 
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30. The magnetic refrigerating system 2 of the present 
embodiment is composed of the magnetic refrigerating 
device 3, a high-temperature side refrigerant circuit 4 (also 
referred to as a second refrigerant circuit) and a low-tempera 
ture side refrigerant circuit 5 (also referred to as a first refrig 
erant circuit). The magnetic refrigerating device 3 generates 
the cold and heat energy by the magnetocaloric effect. A heat 
medium (for example, water including anti-freeze liquid or 
the like, hereinafter also referred to as a refrigerant) is heated 
up by the heatenergy generated by the magnetic refrigerating 
device 3 and such heat medium is circulated in the high 
temperature side refrigerant circuit 4 through a heating-side 
heat exchanger 13 (also referred to as a heat radiating device). 
The heat medium (the refrigerant), which is cooled down by 
the cold energy generated by the magnetic refrigerating 
device 3, is circulated in the low-temperature side refrigerant 
circuit 5 through a cooling-side heat exchanger 12 (also 
referred to as a heat absorbing device). 
0093. The magnetic refrigerating system 2 is preferably 
applied to, for example, an air conditioning apparatus for a 
vehicle. For example, heat is absorbed by the cooling-side 
heat exchanger 12 from airflowing through a casing of the air 
conditioning apparatus So as to cool down the air. And then, 
Such cooled-down air is heated by the heating-side heat 
exchanger 13 through its heat radiation, so that temperature 
controlled air is blown into a passenger compartment of the 
vehicle to control temperature of the air inside of the vehicle. 
0094. The magnetic refrigerating device 3 is composed of 
the heat-exchange container device 31 (hereinafter also 
referred to as a container device 31), a magnetic-field control 
unit 32, a pair of (first and second) refrigerant pumps 34A and 
34B, an electric motor 35 and so on. Multiple working cham 
bers 311 are formed in the container device 31, in which the 
magnetic working material 30 having the magnetocaloric 
effect is accommodated and through which the heat medium 
(the refrigerant) passes. More exactly, the magnetic working 
material 30 is filled in multiple beds and the heat medium 
passes through spaces among the magnetic working materials 
30. The magnetic-field control unit 32 applies magnetic field 
to the magnetic working material 30, removes the magnetic 
field therefrom and changes degree of the magnetic field to be 
applied to the magnetic working material 30. The pair of 
refrigerant pumps 34A and 34B (also referred to as “a pump 
device' or “a refrigerant moving device') move the heat 
medium (the refrigerant) in the container device 31. The 
electric motor 35 drives the magnetic refrigerating device 3. 
Namely, the magnetic-field control unit 32 is rotated with 
respect to the container device 31. 
0.095 As shown in FIG. 1, the first and second refrigerant 
pumps 34A and 34B are coaxially arranged with the container 
device 31 at both sides thereof. 

0096. The container device 31 is formed in a hollow cylin 
drical shape. The multiple working chambers 311, in each of 
which the magnetic working material 30 is filled and through 
which the heat medium (the refrigerant) passes, are provided 
in an inner peripheral area of the container device 31. As 
shown in FIG. 2, the multiple working chambers 311 (twelve 
chambers in the present embodiment) are arranged at equal 
intervals in a circumferential direction. 

0097. As shown in FIG. 1, an inlet port and an outlet port 
for the heat medium (the refrigerant) are respectively pro 
vided at a first axial end 311b of each working chamber 311 
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and at a second axial end 311 a thereof opposite to the first 
axial end 311b in an axial direction (a right-and-left direction 
in the drawing). 
0098. A first refrigerant inlet port 313a and a first refrig 
erant outlet port313b are formed on a side of the first axial end 
3.11b for each working chamber 311, while a second refrig 
erant inlet port 312a and a second refrigerant outlet port 3.12b 
are formed on a side of the second axial end 311a for each 
working chamber 311. 
0099. An upstream end of the high-temperature side 
refrigerant circuit 4 is connected to the second refrigerant 
outlet port 312b. An upstream end of the low-temperature 
side refrigerant circuit 5 is connected to the first refrigerant 
outlet port 313b. 
0100. A first pressure switching valve 42a is provided in 
the container device 31 so as to communicate a space of the 
working chamber 311 on the side of the first axial end 311b 
either to the first refrigerant inlet port 313a or to the first 
refrigerant outlet port 313b. In a similar manner, a second 
pressure Switching valve 42b is provided in the container 
device 31 so as to communicate a space of the working 
chamber 311 on the side of the second axial end 311a either 
to the second refrigerant inlet port 312a or to the second 
refrigerant outlet port 312b. The first and second pressure 
switching valves 42a and 42b are collectively referred to as a 
pressure valve device. 
0101. When a pressure difference between the first refrig 
erant inlet port 313a and the working chamber 311 is lower 
than a predetermined value, the first pressure switching valve 
42a, on one hand, shuts off a refrigerant passage between the 
first refrigerant inlet port 313a and the space of the working 
chamber 311 on the side of the first axial end 311b, but on the 
other hand, the first pressure Switching valve 42a opens a 
refrigerant passage between the space of the working cham 
ber 311 on the side of the first axial end 311b and the first 
refrigerant outlet port 313b. When the pressure difference 
between the first refrigerant inlet port 313a and the working 
chamber 311 becomes higher than the predetermined value, a 
valve member of the first pressure switching valve 42a is 
lifted up (in a direction opposite to a center axis of the con 
tainer device 31), so that the refrigerant passage between the 
first refrigerant inlet port 313a and the space of the working 
chamber 311 of the first axial end 311b is opened, while the 
refrigerant passage between the space of the working cham 
ber 311 of the first axial end 311b and the first refrigerant 
outlet port 313b is shut off. 
0102. In the same manner, when a pressure difference 
between the second refrigerant inlet port 3.12a and the work 
ing chamber 311 is lower than a predetermined value, the 
second pressure Switching valve 42b, on one hand, shuts off a 
refrigerant passage between the second refrigerant inlet port 
3.12a and the space of the working chamber 311 on the side of 
the second axial end 311a, but on the other hand, the second 
pressure Switching valve 42b opens a refrigerant passage 
between the space of the working chamber 311 on the side of 
the second axial end 311a and the second refrigerant outlet 
port 312b. When the pressure difference between the second 
refrigerant inlet port 3.12a and the working chamber 311 
becomes higher than the predetermined value, a valve mem 
ber of the second pressure switching valve 42b is lifted up (in 
a direction opposite to the center axis of the container device 
31), so that the refrigerant passage between the second refrig 
erant inlet port 3.12a and the space of the working chamber 
311 of the second axial end 311a is opened, while the refrig 
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erant passage between the space of the working chamber 311 
of the second axial end 311a and the second refrigerant outlet 
port 312b is shut off. 
0103) The magnetic-field control unit 32, which is com 
posed of a rotational shaft 321, a rotor 322 fixed to the rota 
tional shaft 321 and permanent magnets 323 attached at an 
outer periphery of the rotor 322, is accommodated in an inside 
of the container device 31. 
0104. The rotational shaft 321 is rotatably supported by 
bearing portions, which are provided at both axial sides of the 
container device 31. Each of axial ends of the rotational shaft 
321 outwardly extends from the container device 31 in its 
axial direction, so that it is connected to a driving shaft 341 of 
each refrigerant pump 34A and 34B via a speed changing 
device 37, as explained below. The driving shaft 341 of the 
refrigerant pump 34A is connected to the electric motor 35, so 
that the driving shaft 341 is rotated by the electric motor 35. 
0105. As shown in FIG. 2, the rotor 322 (to the outer 
periphery of which the permanent magnets 323 are firmly 
attached) is fixed to the rotational shaft 321, in such a manner 
that a small radial gap is formed between the rotor 322 and the 
inner peripheral surface of the container device 31 so that the 
rotor 322 is rotated in the container device 31. 
0106 The multiple permanent magnets 323 (two magnets 
in the present embodiment) are provided at the outer periph 
ery of the rotor 322, so that each of the magnets 323 periodi 
cally approaches to the respective working chambers 311 of 
the container device 31 in accordance with rotation of the 
rotational shaft 321. A pair of grooves is formed in the rotor 
322 between the permanent magnets 323, wherein each of the 
grooves extends in the axial direction. 
0107 According to the above structure, in which the con 
tainer device 31 and the rotor 322 are working as a yoke, 
magnetic field is generated by the permanent magnets 323. 
The magnetic field is applied to the magnetic working mate 
rial 30 accommodated in each of the working chambers 311, 
or the magnetic field is removed in accordance with the rota 
tion of the rotational shaft 321. Holding members 33, which 
are made of non-magnetic material (for example, resin), are 
formed around the respective working chambers 311, so that 
each of the working chambers 311 is positioned by the respec 
tive holding members 33 in the container device 31. 
0.108 FIG. 3 shows a cross sectional view of a relevant 
portion for the permanent magnet 323 fixed to the rotor 322 
and the container device 31. FIG. 3 is an expanded view 
showing the relevant portion, wherein the relevant portion in 
the circumferential direction of the container device 31 (that 
is, in a rotational direction of the rotor 322) is expanded in the 
straight direction. 
0109 As schematically shown in FIG. 2, each of the per 
manent magnets 323 attached to the outer periphery of the 
rotor 322 is almost equally magnetized and its radial thick 
ness is also constant over its rotational direction. However, as 
shown in FIG.3, the permanent magnet 323 is so formed that 
a distance between a center of the rotor 322 and an outer 
peripheral Surface thereof is not constant over a circumferen 
tial area in the rotational direction. According to Such a fea 
ture, a gap between the outer peripheral Surface of the magnet 
323 and the inner peripheral surface of the container 31 will 
be changed when the rotor 322 is rotated. 
0110. The working chambers 311 accommodating the 
magnetic working material 30 are interposed in the gap 
between the outer surface of the magnets 323 and the inner 
Surface of the container device 31. The gap corresponds to a 
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gap 31G of a magnetic circuit formed by the permanent 
magnets 323 and the yoke (which is composed of the con 
tainer device 31 and the rotor 322). 
0111. The gap 31G is so formed that the magnetic field to 
be applied to the magnetic working material 30 (accommo 
dated in the respective working chambers 311) is changed in 
a predetermined pattern, when the rotor 322 is rotated. More 
exactly, the magnetic field is changed in a magnetic pattern 
shown in FIG. 9. The shape of the outer periphery of the 
permanent magnet 323 shown in FIG. 3 corresponds to a 
magnetic curve shown in FIG. 9, in sequence from a leading 
portion to a backward portion in the rotational direction. Each 
of the grooves formed in the rotor 322 corresponds to a 
portion of the magnetic pattern of FIG. 9, at which the mag 
netic field is substantially removed. 
0112 The pair of the refrigerant pumps 34A and 34B 
constitutes the refrigerant moving device (the pump device) 
for moving the refrigerant in the container device 31, so that 
the refrigerant is reciprocated between the first and second 
axial ends 311b and 311a of the respective working chamber 
311. According to the present embodiment, tandem type pis 
ton pumps are used for the refrigerant pumps 34A and 34B. In 
the tandem type piston pump, a Suction mechanism and a 
discharge mechanism are coaxially arranged and operated by 
one driving shaft 341. According to the present embodiment, 
however, only one-side pump mechanism of each pump is 
used for operating the magnetic refrigerating system. It may 
be possible to provide one pump and to use both-side pump 
mechanisms. 

0113 More in detail, as shown in FIG. 1, each of the 
refrigerant pumps 34A and 34B has a housing 340, the driving 
shaft 341 rotatably supported in the housing 340, a swash 
plate 342 fixed to the driving shaft 341 in an inclined manner 
and rotated together with the driving shaft341, multiple pairs 
of pistons 343 reciprocated in accordance with the rotation of 
the Swash plate 342, multiple pairs of cylinder bores 344a 
(and 344b) formed in the housing 340 at both sides of the 
Swash plate 342 for respectively accommodating the pair of 
the pistons 343 in a reciprocating manner. The cylinderbores 
344a and 344b are also referred to as pump chambers. 
0114. The driving shaft 341 is rotatably supported by bear 
ing portions provided in the housing 340 at its both axial ends. 
One axial end of the driving shaft 341 outwardly extends from 
the housing 340, so that it is connected to the rotational shaft 
321 via the speed changing device 37. 
0115 Each of the speed changing devices 37 constitutes a 
power transmitting mechanism, according to which a driving 
force of the electric motor 35 is transmitted to the rotational 
shaft 321 of the container device 31 and to the driving shaft 
341 of the refrigerant pump 34B, via the driving shaft 341 of 
the refrigerant pump 34A connected to the electric motor 35. 
0116 Each of the speed changing devices 37 is so struc 
tured that it adjusts a ratio of rotational speed (a speed reduc 
ingratio) of the rotational shaft 321 with respect to the rota 
tional speed of the driving shaft 341 of the respective 
refrigerant pumps 34A and 34B. The speed reducing ratio is 
decided depending on the number of the permanent magnets 
323 attached to the rotational shaft 321. For example, in the 
case of two magnets of the present embodiment, the speed 
reducing ratio is so set that the rotational shaft 321 is rotated 
by one revolution when each of the pistons 343 of the refrig 
erant pumps 34A and 34b is reciprocated twice. 
0117. Each of the refrigerant pumps 34A and 34B is oper 
ated in Such a manner that the refrigerant is Sucked into or 
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discharged from each working chamber 311 of the container 
device 31 in Synchronism with the change of the magnetic 
field applied to the magnetic working material 30 (that is, the 
application and removal of the magnetic field). 
0118. The first cylinder bore (the pump chamber) 344a of 
the refrigerant pump 34A is connected to the first refrigerant 
inlet port 313a of the container device 31 via a first connect 
ing pipe 314a. The second cylinderbore (the pump chamber) 
344b of the refrigerant pump 34B is connected to the second 
refrigerant inlet port 3.12a of the container device 31 via a 
second connecting pipe 314b. 
0119) A downstream end of the low-temperature side 
refrigerant circuit 5 is connected to the first connecting pipe 
314a. A check valve (a one-way valve) 43b, which allows 
flow of the refrigerant from an upstream side to a downstream 
side but prohibits the flow of the refrigerant from the down 
stream side to the upstream side, is provided in the low 
temperature side refrigerant circuit 5. 
0.120. A first pressure accumulating tank (a pressure accu 
mulating device) 41a is provided in the first connecting pipe 
314a. An inside space of the first pressure accumulating tank 
41a, which is filled with gas, is connected to the first cylinder 
bore 344a of the refrigerant pump 34A via the first connecting 
pipe 314a. The first pressure accumulating tank 41a accumu 
lates pressure by changing Volume of the gas filled in the 
inside space thereof. 
I0121. A downstream end of the high-temperature side 
refrigerant circuit 4 is connected to the second connecting 
pipe 314b. A check valve (a one-way valve) 43a, which 
allows flow of the refrigerant from an upstream side to a 
downstream side but prohibits the flow of the refrigerant from 
the downstream side to the upstream side, is provided in the 
high-temperature side refrigerant circuit 4. 
0.122 A second pressure accumulating tank (a pressure 
accumulating device) 41b is provided in the second connect 
ing pipe 314b. An inside space of the second pressure accu 
mulating tank 41b, which is filled with gas, is connected to the 
second cylinderbore 344b of the refrigerant pump 34B via the 
second connecting pipe 314b. The second pressure accumu 
lating tank 41b accumulates pressure by changing Volume of 
the gas filled in the inside space thereof. 
I0123. The first and second pressure accumulating tanks 
41a and 41b and the first and second pressure Switching 
valves 42a and 42b are collectively referred to as a heat 
medium-movement prohibiting unit. 
0.124. Although not shown in detail in the drawings, each 
of the refrigerant pumps 34A and 34B has the multiple cyl 
inderbores (the pump chambers) 344a and 344b, a number of 
which corresponds to a number of the working chambers 311 
of the container device 31. Each pump chamber 344a (for the 
low-temperature side) and each pump chamber 344b (for the 
high-temperature side) forms a pair of a pump mechanism 
(the structure for moving the heat medium). And each pair of 
the pump mechanisms is the same to one another. 
0.125 However, it is not always necessary to provide the 
cooling-side heat exchanger 12 and the heating-side heat 
exchanger 13, the numbers of which correspond to the num 
ber of the working chamber 311. Multiple cooling-side heat 
exchangers 12 may be collected together to structure one or 
more than one cooling-side heat exchangers 12, the number 
of which is less than the number of the working chambers 
311. In a similar way, the multiple heating-side heat exchang 
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ers 13 may be collected to one or more than one heating-side 
heat exchangers, the number of which is less than the number 
of the working chambers 311. 
0126 An operation of the magnetic refrigerating system 2 
will be explained with reference to FIGS. 4 to 9 in addition to 
FIGS. 1 to 3. Since each of the working chambers 311 has the 
same structure for moving the heat medium to one another, a 
structure for moving the heat medium for one working cham 
ber 311 is shown in FIGS. 4 to 7 and the operation for such one 
working chamber 311 will be explained. The following 
operation will be sequentially carried out for the other work 
ing chambers 311, wherein an operational phase is shifted in 
series. The electric motor 35 is omitted from the drawings of 
FIGS 4 to 7. 
0127. When the rotational force is transmitted from an 
output shaft of the electric motor 35 to the driving shaft 341, 
the magnetic refrigerating system 2 repeatedly carries out the 
following first to fourth steps in series. Namely, the heat 
energy, which is absorbed by the cooling-side heat exchanger 
12 from outside fluid (air), is moved by the heat medium, and 
Such heatenergy is radiated to outside fluid from the heating 
side heat exchanger 13. 
0128 FIG. 8 is a graph showing a change of fluid speed of 
the heat medium in the working chamber 311, wherein the 
fluid flow from the first axial end 311b toward the second 
axial end 311a (that is, in a right-hand direction in the draw 
ing) is indicated in a positive side (in an upper area above a 
reference line). 
0129 FIG. 9 is a graph showing a change of the magnetic 
field to be applied to the magnetic working material 30 in the 
working chamber 311. In FIGS. 8 and 9, numerals “I”, “II, 
“III and “IV” respectively designate the first to fourth steps. 
0130. As shown in FIG.4, when the piston 343 of the first 
refrigerant pump 34A moves from its bottom dead center to 
its top dead center, the piston 343 of the second refrigerant 
pump 34B moves from its top dead center to the bottom dead 
center, to thereby carry out the operation of the first step. 

(First Step Operation) 

0131. In the first step, the pressure difference between the 
first refrigerant inlet port 313a and the working chamber 311 
is lower than the predetermined value and thereby the first 
pressure Switching valve 42a closes the refrigerant passage 
between the first refrigerant inlet port 313a and the working 
chamber 311 on the side of the first axial end 311b. Therefore, 
the refrigerant (the heat medium) pumped out from the first 
refrigerant pump 34A does not flow into the working chamber 
311. Therefore, the refrigerant in the working chamber 311 is 
not moved (as shown by “I” in FIG. 8). 
0132 Pressure energy generated by the pumping-out 
operation of the refrigerant from the first refrigerant pump 
34A is accumulated in the first pressure accumulating tank 
41a by Volume shrinkage of the gas therein, as indicated by a 
dotted line in FIG. 4. In the first step, the second refrigerant 
pump 345 sucks the refrigerant, so that the refrigerant flows 
into the cylinder bore 344b from the high-temperature side 
refrigerant circuit 4, while pressure in the second pressure 
accumulating tank 41b is slightly reduced. 
0133. During this operation of the first step, as indicated 
by “I” in FIG. 9, the magnetic field of the permanent magnet 
323 applied to the magnetic working material 30 is rapidly 
increased from a condition that the magnetic field to be 
applied to the magnetic working material 30 is almost Zero. In 
other words, the first step is carried out, in which the magnetic 

Nov. 1, 2012 

field to be applied to the magnetic working material 30 is 
rapidly increased while the movement of the heat medium in 
the working chamber 311 is prohibited. As above, according 
to the first step, the movement of the heat medium in the 
working chamber 311 is stopped so that the magnetic working 
material 30 is kept in anadiabatic State, and the magnetic field 
to be applied to the magnetic working material 30 is rapidly 
increased to thereby increase temperature of the magnetic 
working material 30. 
I0134. When the first step goes on, as shown in FIG. 5, the 
piston 343 of the first refrigerant pump 34A further moves in 
the cylinder bore 344a toward the top dead center, while the 
piston 343 of the second refrigerant pump 34B moves in the 
cylinder bore 344b toward the bottom dead center. When the 
pressure difference between the first refrigerant inlet port 
313a and the working chamber 311 reaches at the predeter 
mined value, the valve member of the first pressure switching 
valve 42a is lifted up in a direction away from the rotational 
shaft 321, so that the refrigerant passage between the first 
refrigerant inlet port 313a and the working chamber 311 on 
the side of the first axial end 311b is opened. As a result, the 
process goes on from the first step of FIG. 4 to the second step 
of FIG.S. 

(Second Step Operation) 
I0135) In the second step, the refrigerant (the heat medium) 
flows into the working chamber 311 of the first axial end 311b 
from the first pressure accumulating tank 41a by its accumu 
lated pressure energy, in addition to the refrigerant pumped 
out from the first refrigerant pump 34A. Then, the flow of the 
refrigerant is formed in the working chamber 311 from the 
first axial end 311b to the second axial end 311a, as indicated 
by “II in FIG.8. The fluid speed of the refrigerant has such 
a fluid-speed pattern having a peak in a first halfportion. 
0.136 The second refrigerant pump 34B continuously 
Sucks the refrigerant from the high-temperature side refrig 
erant circuit 4 into the cylinderbore 344b. The refrigerant (the 
heat medium), which is heated up by the magnetic working 
material 30, flows out from the working chamber 311 of the 
second axial end 311a to the high-temperature side refriger 
ant circuit 4. 
0.137. During the operation of the second step, the mag 
netic field applied by the permanent magnet 323 to the mag 
netic working material 30 is further increased gradually from 
the degree of the magnetic field of the first step (more exactly, 
the degree of the magnetic field at the end of the first step), as 
indicated by “I” in FIG.9. 
0.138. In other words, the pressure difference between the 

first refrigerant inlet port 313a and the working chamber 311 
is increased in the first step operation. And when Such pres 
sure difference becomes larger than the predetermined value, 
the magnetic field applied to the magnetic working material 
30 is gradually increased (without being decreased) from the 
degree of the magnetic field at the end of the first step. The 
second step operation is thereby carried out, in which the heat 
medium (the refrigerant) is moved in the working chamber 
311 from the first axial end 311b to the secondaxial end 311a. 
In the second step, the heat energy of the magnetic working 
material 30, the temperature of which is increased in the first 
step, is transferred to the heat medium (the refrigerant) and 
moved to the second axial end 311a. 
0.139. In the second step, the magnetic field to be applied to 
the magnetic working material 30 is gradually increased 
depending on the fluid speed of the heat medium (the refrig 
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erant) in the working chamber 311, so that the heat energy 
generated in the magnetic working material 30 in the second 
step is also transferred to the heat medium. 
0140. As shown in FIG. 3, the gap 31G between the mag 
net 323 and the container device 31 is decreased depending on 
the operational phase. Therefore, in the second step, the mag 
netic field is increased in Such a way that an increase rate of 
the magnetic field to be applied to the magnetic working 
material 30 becomes larger, as the fluid speed of the heat 
medium (the refrigerant) becomes higher in the working 
chamber 311. For example, when the fluid speed of the heat 
medium becomes at its maximum value, the increase rate of 
the magnetic field becomes at a maximum value (a slope of a 
curve in FIG. 9 in the second step "II'). According to such an 
operation, the magnetic working material 30 is maintained in 
an isothermal condition, so that a coefficient of thermal con 
ductivity between the magnetic working material 30 and the 
heat medium is maintained at a high value during the second 
step operation. 
0141 When the piston 343 of the first refrigerant pump 
34A has reached at the top dead center and it moves from the 
top dead center toward the bottom dead center, as shown in 
FIG. 6, the piston 343 of the second refrigerant pump 34B 
moves from the bottom dead center toward the top dead 
center, so as to carry out the third step. 

(Third Step Operation) 

0142. In the third step, since the pressure difference 
between the second refrigerant inlet port 3.12a and the work 
ing chamber 311 is lower than the predetermined value, the 
second pressure switching valve 42b holds the shut-off con 
dition of the refrigerant passage between the second refriger 
ant inlet port 312a and the working chamber 311 of the 
second axial end 311a. Therefore, the refrigerant pumped out 
from the second refrigerant pump 34B does not flow into the 
working chamber 311, so that the movement of the refrigerant 
(the heat medium) is not carried out in the working chamber 
311, as shown by “III in FIG. 8. 
0143 Pressure energy generated by the pumping-out 
operation of the refrigerant from the second refrigerant pump 
34B is accumulated in the second pressure accumulating tank 
41b by Volume shrinkage of the gas therein, as indicated by a 
dotted line in FIG. 6. In this third step, the first refrigerant 
pump 34A Sucks the refrigerant, so that the refrigerant flows 
into the cylinder bore 344a from the low-temperature side 
refrigerant circuit 5, while pressure in the first pressure accu 
mulating tank 41a is slightly reduced. 
0144. During the operation of the third step, as indicated 
by “III in FIG.9, the magnetic field of the permanent magnet 
323 applied to the magnetic working material 30 is rapidly 
decreased from the degree of the magnetic field which has 
been increased in the second step (from the magnetic field at 
the end of the second step), because of a stepped portion 
formed in the magnet 323 (that is, a rapid increase of the gap 
31G, as shown in FIG.3). 
0145. In other words, the third step is carried out, in which 
the magnetic field to be applied to the magnetic working 
material 30 is rapidly decreased while the movement of the 
heat medium in the working chamber 311 is prohibited. As 
above, according to the third step, the movement of the heat 
medium in the working chamber 311 is stopped so that the 
magnetic working material 30 is kept in the adiabatic state, 
and the magnetic field applied to the magnetic working mate 
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rial 30 is rapidly decreased to thereby decrease the tempera 
ture of the magnetic working material 30. 
0146 When the third step further goes on, as shown in 
FIG. 7, the piston 343 of the second refrigerant pump 34B 
further moves in the cylinder bore 344b toward the top dead 
center, while the piston 343 of the first refrigerant pump 34A, 
moves in the cylinder bore 344a toward the bottom dead 
center. When the pressure difference between the second 
refrigerant inlet port 3.12a and the working chamber 311 
reaches at the predetermined value, the valve member of the 
second pressure Switching valve 42b is lifted up in a direction 
away from the rotational shaft 321, so that the refrigerant 
passage between the second refrigerant inlet port 312a and 
the working chamber 311 of the second axial end 311a is 
opened. As a result, the process goes on from the third step of 
FIG. 6 to the fourth step of FIG. 7. 

(Fourth Step Operation) 
0.147. In the fourth step, the refrigerant flows into the 
working chamber 311 on the side of the secondaxial end 311a 
from the second pressure accumulating tank 41b by its accu 
mulated pressure energy, in addition to the refrigerant 
pumped out from the second refrigerant pump 34B. Then, the 
flow of the refrigerant is formed in the working chamber 311 
from the second axial end 311a to the first axial end 311b, as 
indicated by “IV” in FIG.8. The fluid speed of the refrigerant 
has such a fluid-speed pattern having a peak in a first half 
portion. 
0.148. The first refrigerant pump 34A continuously sucks 
the refrigerant from the low-temperature side refrigerant cir 
cuit 5 into the cylinder bore 344a. The refrigerant (the heat 
medium), which is cooled down by the magnetic working 
material 30, flows out from the working chamber 311 on the 
side of the first axial end 311b to the low-temperature side 
refrigerant circuit 5. 
0149. During the operation of the fourth step, the magnetic 
field applied by the permanent magnet 323 to the magnetic 
working material 30 is further decreased gradually from the 
degree of the magnetic field of the third step (the magnetic 
field at the end of the third step) to a condition in which the 
magnetic field becomes almost zero, as indicated by “IV” in 
FIG. 9. 
0150. In other words, the pressure difference between the 
second refrigerant inlet port 3.12a and the working chamber 
311 is increased in the fourth step operation. And when such 
pressure difference becomes larger than the predetermined 
value, the magnetic field applied to the magnetic working 
material 30 is gradually decreased (without being increased) 
from the degree of the magnetic field at the end of the third 
step. The fourth step operation is thereby carried out, in which 
the heat medium (the refrigerant) is moved in the working 
chamber 311 from the second axial end 311a to the first axial 
end 311b. In the fourth step, the cold energy of the magnetic 
working material 30, the temperature of which is decreased in 
the third step, is transferred to the heat medium (the refriger 
ant) and moved to the first axial end 311b. 
0151. In the fourth step, the magnetic field applied to the 
magnetic working material 30 is gradually decreased depend 
ing on the fluid speed of the heat medium (the refrigerant) in 
the working chamber 311, so that the cold energy generated in 
the magnetic working material 30 in the fourth step is also 
transferred to the heat medium. 
0152. As shown in FIG.3 (in a right-hand portion thereof), 
the gap 31G between the magnet 323 and the container device 
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31 is increased depending on the operational phase. There 
fore, in the fourth step, the magnetic field is decreased in Such 
a way that a decrease rate of the magnetic field applied to the 
magnetic working material 30 becomes larger, as the fluid 
speed of the heat medium (the refrigerant) becomes higher in 
the working chamber 311. According to such an operation, 
the magnetic working material 30 is maintained in the iso 
thermal condition, so that the coefficient of thermal conduc 
tivity between the magnetic working material 30 and the heat 
medium is maintained at a high value during the fourth step 
operation. 
0153. When the piston 343 of the second refrigerant pump 
34B has reached at the top dead center and it moves from the 
top dead center toward the bottom dead center, the piston 343 
of the first refrigerant pump 34A moves from the bottom dead 
center toward the top dead center, so as to carry out the first 
step again. 
0154 According to the above structure and operation, the 

first to fourth steps are repeatedly carried out, so that the heat 
energy, which is absorbed by the cooling-side heat exchanger 
12, will be radiated at the heating-side heat exchanger 13. 
0155. In the first step, the movement of the heat medium 
(the refrigerant) is stopped in the working chamber 311 to 
thereby form the adiabatic state and the magnetic field to be 
applied to the magnetic working material 30 is increased. 
Therefore, it is possible to increase the temperature of the 
magnetic working material 30. 
0156. In the second step, the heat medium (the refrigerant) 

is moved in the working chamber 311 from the first axial end 
3.11b to the second axial end 311a. Therefore, it is possible to 
transfer the heat energy from the magnetic working material 
30 (the temperature of which is increased in the first step and 
in the second step) to the heat medium to thereby move the 
heat energy to the second axial end 311a. 
0157. In the third step, the movement of the heat medium 
(the refrigerant) is again stopped in the working chamber 311 
to thereby form the adiabatic state and the magnetic field 
applied to the magnetic working material 30 is decreased. 
Therefore, it is possible to decrease the temperature of the 
magnetic working material 30. 
0158. In the fourth step, the heat medium (the refrigerant) 

is moved in the working chamber 311 from the second axial 
end 311a to the first axial end 311b. Therefore, it is possible 
to transfer the cold energy from the magnetic working mate 
rial 30 (the temperature of which is decreased in the third step 
and in the fourth step) to the heat medium to thereby move the 
heat energy to the first axial end 311b. 
0159. In the second step, the magnetic field to be applied to 
the magnetic working material 30 is increased depending on 
the moving speed (the fluid speed) of the heat medium in the 
working chamber 311 from the first axial end 311b to the 
second axial end 311a. Therefore, it is possible to keep the 
magnetic working material 30 in the isothermal condition. 
0160. In addition, in the fourth step, the magnetic field 
applied to the magnetic working material 30 is decreased 
depending on the moving speed (the fluid speed) of the heat 
medium in the working chamber 311 from the second axial 
end 311a to the first axial end 311b. It is, therefore, possible 
to keep the magnetic working material 30 in the isothermal 
condition. 
0161 Accordingly, it is possible in the second and fourth 
steps to maintain the coefficient of thermal conductivity 
between the magnetic working material 30 and the heat 
medium at the high value. 
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0162 More in detail, the operation of the first and second 
refrigerant pumps 34A and 34B and the operation of the 
magnetic-field control unit 32 are synchronized with each 
other, so that the magnetic field to be applied to the magnetic 
working material 30 is increased when the heat medium is 
moved in the working chamber 311 from the first axial end 
3.11b to the second axial end 311a in the second step or the 
magnetic field applied to the magnetic working material 30 is 
decreased when the heat medium is moved in the working 
chamber 311 from the second axial end 311a to the first axial 
end 311b in the fourth step. 
0163. In addition, the operation of the refrigerant pumps 
34A and 34B and the operation of the magnetic-field control 
unit 32 are synchronized with each other, so that the change 
rate of the magnetic field applied to the magnetic working 
material 30 becomes larger, as the moving speed (the fluid 
speed) of the heat medium in the working chamber 311 is 
higher. 
0.164 AS above, in the second step, as the moving speed of 
the heat medium becomes higher and the heat transfer from 
the magnetic working material 30 to the heat medium is 
higher, the increase rate of the magnetic field to be applied to 
the magnetic working material 30 is correspondingly made 
larger so that an amount of the heat energy generated in the 
magnetic working material 30 is made larger. Accordingly, 
the magnetic working material 30 is kept in the almost iso 
thermal condition in the second step. 
0.165. In the similar manner to the second step, in the 
fourth step, as the moving speed of the heat medium becomes 
higher and the heat transfer from the heat medium to the 
magnetic working material 30 is higher, the decrease rate of 
the magnetic field applied to the magnetic working material 
30 is correspondingly made larger so that a heat absorbing 
amount in the magnetic working material 30 is made larger. 
Accordingly, the magnetic working material 30 is kept in the 
almost isothermal condition in the fourth step. 
0166 As a result, the operating efficiency of the magnetic 
refrigerating system 2 can be increased. FIG. 10 is a graph 
showing a characteristic feature (indicated by a solid line) of 
the heat cycle of the magnetic refrigerating system 2 in a 
temperature-entropy diagram. A one-dot-chain line shows the 
Carnot cycle, which is one of ideal heat cycles in a view point 
of the operating efficiency. A dotted line shows a character 
istic feature of a comparative example, in which the heat 
medium (the refrigerant) in the working chamber is continu 
ously moved to reciprocate without stopping such reciprocal 
movement and the degree of the magnetic field is not changed 
during the operation in which the magnetic field is applied to 
the magnetic working material. 
0.167 As explained above, in the magnetic refrigerating 
system 2 of the present embodiment, the magnetic working 
material 30 is operated in a magnetic-excitation and adia 
batic-change condition in the first step, operated in a mag 
netic-excitation and isothermal-change condition in the sec 
ond step, operated in a degaussing and adiabatic-change 
condition in the third step, and operated in a degaussing and 
isothermal-change condition in the fourth step. 
0.168. The Carnot cycle indicated by the one-dot-chain 
line in FIG. 10, which is one of the ideal heat cycles, is 
composed of the following processes; anadiabatic excitation 
process; an isothermal excitation process; an adiabatic 
degaussing process; and an isothermal degaussing process. 
0169. In the magnetic refrigerating system 2 of the present 
embodiment, the first step “I can be approximated to the 
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ideal adiabatic excitation process and the second step 'II' can 
be approximated to the ideal isothermal excitation process. 
Furthermore, the third step "III can be approximated to the 
ideal adiabatic degaussing process and the fourth step “IV” 
can be approximated to the ideal isothermal degaussing pro 
CCSS, 

0170 As above, the heat cycle of the present embodiment 
(as indicated by the solid line in FIG.10) can be approximated 
to the ideal heat cycle (for example, the Carnot cycle of the 
one-dot-chain line). Accordingly, it is possible to reduce a 
degree of diremption from the ideal heat cycle in the respec 
tive adiabatic excitation process, isothermal excitation pro 
cess, adiabatic degaussing process and isothermal degaussing 
process. Accordingly, the operating efficiency of the mag 
netic refrigerating system 2 can be increased. 
0171 During the second and fourth steps, the magnetic 
field control unit 32 changes magnetic resistance in the mag 
netic circuit passing through the magnetic working material 
30 depending on the operational phases of the heat cycle (the 
heat pump cycle), so as to change the degree of the magnetic 
field to be applied to the magnetic working material 30. The 
change rate of the degree of the magnetic field is decided 
depending on the moving speed of the heat medium (the 
refrigerant). 
0172. The gap 31G, in which the magnetic working mate 

rial 30 is provided, is formed in the magnetic circuit. The gap 
31G is changed by the magnetic-field control unit 32 depend 
ing on the operational phase, so as to change the magnetic 
resistance in the magnetic circuit. 
0173 Accordingly, the magnetic-field control unit 32 
changes the gap 31G of the magnetic circuit depending on the 
operational phase, to thereby easily change the magnetic 
resistance of the magnetic circuit. It is, therefore, possible in 
the second and fourth steps to easily and Surely change the 
increase-decrease rate of the degree of the magnetic field to be 
applied to the magnetic working material 30 depending on the 
phase. 
0.174. In addition, the pressure accumulating tanks 41a 
and 41b and the pressure switching valves 42a and 42b are 
provided. According to Such a simple structure, it is possible 
to easily make the adiabatic state of the first step and to change 
the operational mode from the first step to the second step, 
even when the refrigerant pumps 34A and 34B are continu 
ously operated. In the same manner, it is possible to easily 
make the adiabatic state of the third step and to move on from 
the third step to the fourth step, while the refrigerant pumps 
34A and 34B are continuously operated. 
0.175. In the first step, the magnetic field to be applied to 
the magnetic working material 30 is more rapidly increased 
than that in the second step, while the magnetic field applied 
to the magnetic working material 30 is more rapidly 
decreased in the third step than that in the fourth step. There 
fore, in the first step, it is possible to form the adiabatic state 
to thereby rapidly heat up the magnetic working material 30. 
In the third step, it is possible to form the adiabatic state to 
thereby rapidly cool down the magnetic working material 30. 
As a result, the operation, in which the first to fourth steps are 
repeatedly carried out, can be smoothly done to thereby fur 
ther increase the operating efficiency of the magnetic heat 
pump apparatus. 
0176). In the present embodiment, the gap 31G is changed 
depending on the operational phase, so that the magnetic-field 
control unit 32 changes the magnetic resistance in the mag 
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netic circuit. The present disclosure, however, should not be 
limited to such a structure of the present embodiment. 

Modifications of First Embodiment 

0177. For example, the magnetic-field control unit may be 
modified in away of a magnetic-field control unit 32A shown 
in FIG. 11. The magnetic-field control unit 32A has a mag 
netic resisting member 324, which is attached at the outer 
peripheral surface of each permanent magnet 3239 and 
extending in the rotational direction of the rotor 322. The 
permanent magnet 3239 extends in the rotational direction 
and has a cross section of an arc shape on a plane perpendicu 
lar to the rotational shaft 321. The permanent magnet 3239 
has a constant thickness in the radial direction. 
0.178 As shown in detail in FIG. 12, in which a relevant 
portion is expanded in a straight direction, the magnetic 
resisting member 324 is composed of multiple different mate 
rials arranged in the rotational direction of the rotor 322, each 
of which has a magnetic resistance value different from one 
another (for example, resin having a large magnetic resistance 
value and iron having a low magnetic resistance value). A 
portion of the magnetic resisting member 324, at which the 
magnetic field to be applied to the magnetic working material 
30 should be made larger, is so formed that the magnetic 
resistance value thereof is Smaller. According to such a struc 
ture, the magnetic resistance value of the magnetic resisting 
member 324, which is provided in the magnetic circuit, is 
changed depending on the operational phase in order to 
change the magnetic resistance in the magnetic circuit. 
0179 According to the above structure, the magnetic-field 
control unit 32A changes the magnetic resistance value of the 
magnetic resisting member 324 (provided in the magnetic 
circuit) depending on the operational phase, to thereby 
change the magnetic resistance of the magnetic circuit. 
Therefore, in the second and fourth steps, it is possible to 
easily and Surely change the increase-decrease rate of the 
degree of the magnetic field applied to the magnetic working 
material 30 depending on the operational phase. 
0180. The magnetic-field control unit 32 may be further 
modified in a way of a magnetic-field control unit 32B shown 
in FIG. 13. In the magnetic-field control unit 32B, notched 
portions 3221 are formed in the rotor 322, which forms a part 
of the yoke. Each of the notched portions 3221 extends in the 
circumferential direction (that is, the rotational direction of 
the rotor) and in the axial direction. 
0181. As shown more in detail in FIG. 14, in which a 
relevant portion is expanded in a straight direction, a space 
dimension of the notched portion 3221 in the radial direction 
is changed along the rotational direction of the rotor. The 
space dimension of the notched portion 3221 becomes 
Smaller at Such a portion, at which the magnetic field to be 
applied to the magnetic working material 30 should be made 
larger. A minimum value of the space dimension is Zero at an 
intermediate portion. According to the above structure (the 
space dimension is changed along the rotational direction), it 
is also possible to change the magnetic resistance of the 
magnetic circuit depending on the operational phase. 
0182. As above, in the magnetic-field control unit 32B, the 
space dimension of the yoke (the rotor 322) provided in the 
magnetic circuit is changed depending on the operational 
phase, so that the magnetic resistance in the magnetic circuit 
is changed. Therefore, in the second and fourth steps, it is 
possible to easily and Surely change the increase-decrease 
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rate of the degree of the magnetic field applied to the magnetic 
working material 30 depending on the operational phase. 
0183. In the modification shown in FIGS. 13 and 14, the 
notched portion 3221 is an empty space. However, magnetic 
resisting material may be filled in the notched portion 3221. 
0184 In addition, the permanent magnet of the magnetic 
field control unit may have different magnetic characteristics 
along the rotational direction of the rotor depending on the 
operational phase of the heat cycle (the heat pump cycle), in 
order that the change rate for the degree of the magnetic field 
is set depending on the moving speed of the heat medium (the 
refrigerant) in the second and fourth steps. 
0185. For example, the magnetic-field control unit 32 may 
be further modified in a way of a magnetic-field control unit 
32C shown in FIG. 15. 
0186. According to the magnetic-field control unit 32C, 
the permanent magnet 3231 is composed of multiple magnet 
pieces, which are arranged in the rotational direction of the 
rotor 322. Magnetic characteristics of the multiple magnet 
pieces are different from one another. One or some of the 
magnet pieces, which are located at Such portions at which the 
magnetic field to be applied to the magnetic working material 
30 should be made larger, have larger residual magnetic flux 
density or larger magnetic holding force than that of the other 
magnet pieces. 
0187. In the above structure, the magnetic-field control 
unit 32C changes either the residual magnetic flux density or 
the magnetic holding force of the permanent magnet 3231 
depending on the operational phase. Therefore, in the second 
and fourth steps, it is possible to easily and Surely change the 
increase-decrease rate of the degree of the magnetic field 
applied to the magnetic working material 30 depending on the 
operational phase. 
0188 In addition, the magnetic-field control unit 32 may 
be further modified in a way of a magnetic-field control unit 
32D shown in FIG. 16. 
0189 According to the magnetic-field control unit 32D, a 
permanent magnet 3232 is composed of multiple magnet 
pieces, which are arranged in the rotational direction of the 
rotor 322. Magnetizing directions of the multiple magnet 
pieces are different from one another. In FIG. 16, each arrow 
designates the magnetizing direction for the respective mag 
net pieces. With Such an arrangement of the magnet pieces, 
the same effect to that of the magnetic-field control unit 32C 
can be obtained. 

0190. In the modifications shown in FIGS. 15 and 16, each 
of the permanent magnets 3231 and 3232 is composed of the 
multiple magnet pieces. However, one permanent magnet 
may be used for the permanent magnet 3231 or 3232, in 
which (in one magnet) different magnetic characteristics are 
realized. 

0191) Furthermore, the magnetic-field control unit 32 may 
be modified in a way of a magnetic-field control unit 32E 
shown in FIG. 17. 

0.192 As shown in FIG. 17, in which a relevant portion of 
the magnetic-field control unit 32E is expanded in a straight 
direction, a permanent magnet 3233 extending in the rota 
tional direction of the rotor is provided. A thickness of the 
permanent magnet 3233 in the radial direction is changed 
along the rotational direction of the rotor. The thickness of the 
permanent magnet 3233 is made larger at Such a portion, at 
which the magnetic field to be applied to the magnetic work 
ing material 30 should be made larger. 
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0193 According to the above structure, the magnetic-field 
control unit 32E changes the thickness of the permanent 
magnet 3233 depending on the operational phase, so that the 
magnetic resistance in the magnetic circuit is changed. There 
fore, in the second and fourth steps, it is possible to easily and 
Surely change the increase-decrease rate of the degree of the 
magnetic field applied to the magnetic working material 30 
depending on the operational phase. 
0194 In the above modification of FIG. 17, the thickness 

is changed for one permanent magnet. However, the perma 
nent magnet may be composed of multiple magnet pieces, 
thicknesses of which are different from one another. 
0.195. It is also possible to combine the above modifica 
tions to one another in order to change the degree of the 
magnetic field as well as the increase-decrease rate for the 
degree of the magnetic field to be applied to the magnetic 
working material 30 depending on the operational phase. In 
other words, more than two of the following parameters may 
be changed depending on the operational phase. Those 
parameters are the dimension of the gap 31G, the magnetic 
resistance value of the magnetic resisting member 324, the 
space dimension of the notched portion 3221, the residual 
magnetic flux density of the permanent magnet, the magnetic 
holding force of the permanent magnet, the magnetizing 
directions of the permanent magnet, the thickness of the 
permanent magnet in the radial direction, and so on. 

Second Embodiment 

(0196. A second embodiment of the present disclosure will 
be explained with reference to FIGS. 18 and 19. 
0.197 A fluid-speed pattern of the heat medium as well as 
an applying pattern of the magnetic field of the second 
embodiment is different from those of the first embodiment. 
The same reference numerals to the first embodimentare used 
in the second embodiment. 
0198 FIG. 18 is a graph showing a change offluid speed of 
the heat medium in the working chamber 311 of the present 
embodiment. FIG. 19 is a graph showing a change of the 
magnetic field to be applied to the magnetic working material 
30 in the working chamber 311. 
0199. A magnetic refrigerating system of the present 
embodiment is almost the same to that of the first embodi 
ment. The fluid-speed pattern of FIG. 18 is obtained in the 
present embodiment, in which a shape of the swash plate 342 
is changed a bit. 
0200. In the first embodiment, six different magnetic-field 
control units 32 (including the modifications 32A to 32E) are 
explained, according to each of which the degree of the mag 
netic field to be applied to the magnetic working material 30 
as well as the increase-decrease rate of the degree of the 
magnetic field is changed depending on the respective oper 
ating phases. According to the present embodiment, the 
applying pattern of the magnetic field of FIG. 19 is obtained, 
in which one or more than one of the six magnetic-field 
control units 32 (and 32A to 32E) are combined with the other 
magnetic-field control unit 32 (and 32A to 32E). 
0201 In the first and third steps “I” and “III, the magnetic 
refrigerating system of the present embodiment operates in 
the same manner to those of the first embodiment. 
0202 In the second step, the refrigerant flows at once into 
the working chamber 311 of the first axial end 311b from the 
first pressure accumulating tank 41a by its accumulated pres 
Sure energy, in addition to the refrigerant pumped out from the 
first refrigerant pump34A. Then, the flow of the refrigerant of 
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a constant fluid speed is formed in the working chamber 311 
from the first axial end 311b to the second axial end 311a, as 
indicated by “I” in FIG. 18. 
0203 The second refrigerant pump 34B sucks the refrig 
erant from the high-temperature side refrigerant circuit 4 into 
the cylinder bore (the pump chamber) 344b. The refrigerant 
(the heat medium), which is heated up by the magnetic work 
ing material 30, flows out from the working chamber 311 of 
the secondaxial end 311a to the high-temperature side refrig 
erant circuit 4. 
0204. During the operation of the second step, the mag 
netic field applied by the permanent magnet 323 to the mag 
netic working material 30 is further increased gradually from 
the magnetic field of the first step (more exactly, the magnetic 
field at the end of the first step), as indicated by “II in FIG. 
19. 
0205. In other words, the pressure difference between the 

first refrigerant inlet port 313a and the working chamber 311 
is increased in the first step operation. And when Such pres 
sure difference becomes larger than the predetermined value, 
the magnetic field applied to the magnetic working material 
30 is gradually increased (without being decreased) from the 
degree of the magnetic field at the end of the first step. The 
second step operation is thereby carried out, in which the heat 
medium (the refrigerant) is moved in the working chamber 
311 from the first axial end 311b to the secondaxial end 311a. 
In the second step, the heat energy of the magnetic working 
material 30, the temperature of which is increased in the first 
step, is transferred to the heat medium (the refrigerant) and 
moved to the second axial end 311a. 
0206. In the second step, the magnetic field to be applied to 
the magnetic working material 30 is gradually increased 
depending on the fluid speed of the heat medium (the refrig 
erant) in the working chamber 311, so that the heat energy 
generated in the magnetic working material 30 in the second 
step is transferred to the heat medium. Accordingly, the mag 
netic working material 30 is held in the almost isothermal 
condition. The coefficient of thermal conductivity between 
the magnetic working material 30 and the heat medium is 
maintained at the high value during the second step. 
0207. In the fourth step, the refrigerant flows at once into 
the working chamber 311 on the side of the second axial end 
3.11a from the second pressure accumulating tank 41b by its 
accumulated pressure energy, in addition to the refrigerant 
pumped out from the second refrigerant pump 34B. Then, the 
flow of the refrigerant of a constant fluid speed is formed in 
the working chamber 311 from the second axial end 311a to 
the first axial end 311b, as indicated by “IV” in FIG. 18. 
0208. The first refrigerant pump 34A sucks the refrigerant 
from the low-temperature side refrigerant circuit 5 into the 
cylinder bore (the pump chamber) 344a. The refrigerant (the 
heat medium), which is cooled down by the magnetic work 
ing material 30, flows out from the working chamber 311 on 
the side of the first axial end 311b to the low-temperature side 
refrigerant circuit 5. 
0209. During the operation of the fourth step, the magnetic 
field applied by the permanent magnet 323 to the magnetic 
working material 30 is further decreased gradually from the 
magnetic field of the third step (the magnetic field at the end 
of the third step) to a condition in which the magnetic field 
becomes almost zero, as indicated by “IV” in FIG. 19. 
0210. In other words, the pressure difference between the 
second refrigerant inlet port 312a and the working chamber 
311 is increased in the fourth step operation. And when such 
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pressure difference becomes larger than the predetermined 
value, the magnetic field applied to the magnetic working 
material 30 is gradually decreased (without being increased) 
from the magnetic field at the end of the third step. The fourth 
step operation is thereby carried out, in which the heat 
medium (the refrigerant) is moved in the working chamber 
311 from the secondaxial end 311a to the first axial end 311b. 
In the fourth step, the cold energy of the magnetic working 
material 30, the temperature of which is decreased in the third 
step, is transferred to the heat medium (the refrigerant) and 
moved to the first axial end 311b. 
0211. In the fourth step, the magnetic field to be applied to 
the magnetic working material 30 is gradually decreased 
depending on the fluid speed of the heat medium (the refrig 
erant) in the working chamber 311, so that the cold energy 
generated in the magnetic working material 30 in the fourth 
step is also transferred to the heat medium. Accordingly, the 
magnetic working material 30 is held in the almost isothermal 
condition. The coefficient of thermal conductivity between 
the magnetic working material 30 and the heat medium is 
maintained at the high value during the fourth step. 
0212. According to the above structure and operation, the 

first to fourth steps are repeatedly carried out, so that the heat 
energy, which is absorbed by the cooling-side heat exchanger 
12, will be radiated at the heating-side heat exchanger 13. 
0213. In the first step, the movement of the heat medium 
(the refrigerant) is stopped in the working chamber 311 to 
thereby form the adiabatic state and the magnetic field to be 
applied to the magnetic working material 30 is increased. 
Therefore, it is possible to increase the temperature of the 
magnetic working material 30. 
0214. In the second step, the heat medium (the refrigerant) 

is moved in the working chamber 311 from the first axial end 
3.11b to the second axial end 311a. Therefore, it is possible to 
transfer the heat energy from the magnetic working material 
30 (the temperature of which is increased in the first step and 
in the second step) to the heat medium to thereby move the 
heat energy to the second axial end 311a. 
0215. In the third step, the movement of the heat medium 
(the refrigerant) is again stopped in the working chamber 311 
to thereby form the adiabatic state and the magnetic field 
applied to the magnetic working material 30 is decreased. 
Therefore, it is possible to decrease the temperature of the 
magnetic working material 30. 
0216. In the fourth step, the heat medium (the refrigerant) 

is moved in the working chamber 311 from the second axial 
end 311a to the first axial end 311b. Therefore, it is possible 
to transfer the cold energy from the magnetic working mate 
rial 30 (the temperature of which is decreased in the third step 
and in the fourth step) to the heat medium to thereby move the 
heat energy to the first axial end 311b. 
0217. In the second step, the magnetic field to be applied to 
the magnetic working material 30 is increased depending on 
the moving speed (the fluid speed) of the heat medium in the 
working chamber 311 from the first axial end 311b to the 
second axial end 311a. Therefore, it is possible to hold the 
magnetic working material 30 in the isothermal condition. 
0218. In addition, in the fourth step, the magnetic field 
applied to the magnetic working material 30 is decreased 
depending on the moving speed (the fluid speed) of the heat 
medium in the working chamber 311 from the second axial 
end 311a to the first axial end 311b. It is, therefore, possible 
to keep the magnetic working material 30 in the isothermal 
condition. 
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0219. Accordingly, it is possible in the second and fourth 
steps to maintain the coefficient of thermal conductivity 
between the magnetic working material 30 and the heat 
medium at the high value. 
0220. As in the same manner to the first embodiment, in 
the second embodiment, the operating efficiency of the mag 
netic refrigerating system 2 can be increased. 
0221. Accordingly, in the magnetic refrigerating system 
of the present embodiment, the magnetic working material 30 
is operated in the magnetic-excitation and adiabatic-change 
condition in the first step, the magnetic working material 30 is 
operated in the magnetic-excitation and isothermal-change 
condition in the second step, the magnetic working material 
30 is operated in the degaussing and adiabatic-change condi 
tion in the third step, and the magnetic working material 30 is 
operated in the degaussing and isothermal-change condition 
in the fourth step. Therefore, the heat cycle of the present 
embodiment can be approximated to the ideal heat cycle, as 
shown by the solid line in FIG. 10. 

Third Embodiment 

0222. A third embodiment of the present disclosure will be 
explained with reference to FIG. 20. 
0223. The third embodiment differs from the first embodi 
ment in that the heat-exchange container device 31 is divided 
into two container units, one of which is a high-temperature 
side container unit 31a for generating heat energy by the 
magnetocaloric effect and the other of which is a low-tem 
perature side container unit 31b for generating cold energy by 
the magnetocaloric effect. In the same manner to the second 
embodiment, the same reference numerals for designating the 
same and/or similar parts and components are used in the 
present embodiment. 
0224. As shown in FIG. 20, the high-temperature side and 
the low-temperature side container units 31a and 31b are 
coaxially arranged with one refrigerant pump 34, wherein the 
refrigerant pump 34 is arranged between the container units 
31a and 31b. 
0225. Each of the container units 31a and 31b is formed in 
a cylindrical hollow shape. Multiple working chambers 311 
are formed in each of the container units 31a and 31b at its 
inner peripheral portion and arranged in the circumferential 
direction, so as to respectively accommodate the magnetic 
working material 30. The heat medium (the refrigerant) 
passes through the respective working chambers 311. 
0226. A pair of inlet-outlet ports 312 is provided in an 
axial end 311a (the second axial end) of each working cham 
ber 311 of the container unit 31a on a side opposite to the 
refrigerant pump 34 (on a right-hand side in the drawing), 
while another pair of inlet-outlet ports 313 is provided in an 
axial end 311b (the first axial end) of each working chamber 
311 of the other container unit 31b on a side opposite to the 
refrigerant pump 34 (on a left-hand side in the drawing). The 
refrigerant is Sucked into or discharged from the working 
chamber through such pair of the inlet-outlet ports 312 or 313. 
0227 Multiple pairs of the inlet-outlet ports 312 are pro 
vided in the high-temperature side container unit 31a and 
each pair of the inlet-outlet ports 312 is communicated to the 
respective working chambers 311. 
0228. Each pair of the inlet-outlet ports 312 is composed 
of a refrigerant inlet port 3.12a and a refrigerant outlet port 
312b. A suction valve 312c is provided for each refrigerant 
inlet port 312a, wherein the suction valve 312c is opened 
when the refrigerant is sucked into the working chamber 311. 
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A discharge valve 312d is likewise provided for each refrig 
erant outlet port 312b, so that the discharge valve 312d is 
opened when the refrigerant is discharged from the working 
chamber 311. 

0229. In a similar manner, multiple pairs of the inlet-outlet 
ports 313 are provided in the low-temperature side container 
unit 31b and each pair of the inlet-outlet ports 313 is commu 
nicated to the respective working chambers 311. 
0230. Each pair of the inlet-outlet ports 313 is composed 
of a refrigerant inlet port 313a and a refrigerant outlet port 
313b. A suction valve 313c is provided for each refrigerant 
inlet port 313a, wherein the suction valve 313c is opened 
when the refrigerant is sucked into the working chamber 311. 
A discharge valve 313d is likewise provided for each refrig 
erant outlet port 313b, so that the discharge valve 313d is 
opened when the refrigerant is discharged from the working 
chamber 311. 
0231. Multiple connecting pipes 314a are provided 
between each cylinder bore (pump chamber) 344a of the 
refrigerant pump 34 and each working chamber 311 of the 
high-temperature side container unit 31a on a side to the 
refrigerant pump 34 (that is, on a left-hand side of the con 
tainer unit 31a in the drawing). 
0232. In a similar manner, multiple connecting pipes 314b 
are provided between each cylinder bore (pump chamber) 
344b of the refrigerant pump 34 and each working chamber 
311 of the low-temperature side container unit 31b on a side 
to the refrigerant pump 34 (that is, on a right-hand side of the 
container unit 31b in the drawing). The inside structure of 
each container unit 31a or 31b is basically identical to that of 
the first embodiment. The explanation thereof is omitted. 
0233. The rotational shaft 321 for the high-temperature 
side container unit 31a outwardly extends toward the refrig 
erant pump 34, so that the rotational shaft 321 is connected to 
the driving shaft 341 of the refrigerant pump 34 via the speed 
changing device 37. 
0234. In a similar manner, one end of the rotational shaft 
321 for the low-temperature side container unit 31b out 
wardly extends toward the refrigerant pump 34, so that the 
rotational shaft 321 is connected to the driving shaft 341 of 
the refrigerant pump 34 via the speed changing device 37. In 
addition, the other end of the rotational shaft 321 outwardly 
extends to the electric motor 35 (in the direction opposite to 
the refrigerant pump.34), so that the other end of the rotational 
shaft 321 is connected to the electric motor 35. 

0235. The refrigerant pump 34 constitutes the refrigerant 
moving device, which moves the refrigerant so as to recipro 
cate between the inlet-outlet ports 312 of the high-tempera 
ture side container unit 31a and the inlet-outlet ports 313 of 
the low-temperature side container unit 31b. In the present 
embodiment, one tandem-type piston pump is used as the 
refrigerant pump 34, wherein two compression mechanisms 
(provided at both sides of the Swash plate 342) are coaxially 
operated by one driving shaft 341. 
0236 More in detail, the refrigerant pump 34 of the 
present embodiment is composed of the housing 340; the 
driving shaft 341 rotatably supported in the housing 340; the 
swash plate 342 attached to the driving shaft 341 in the 
inclined manner so that the swash plate 342 is rotated together 
with the driving shaft 341; multiple pistons 343 reciprocating 
in accordance with the rotation of the Swash plate 342; and 
multiple cylinderbores 344a and 344b formed in the housing 
340 at both sides of the swash plate 342. 
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0237 Each of the axial ends of the driving shaft 341 out 
wardly extends from the housing 340 and is respectively 
connected to the rotational shafts 321 for the high-tempera 
ture and low-temperature side container units 31a and 31b via 
the speed changing device 37. 
0238 Multiple cylinder bores 344 are composed of the 
high-temperature side cylinder bores 344a, each of which is 
connected to the respective working chambers 311 of the 
high-temperature side container unit 31a via the respective 
connecting pipes 314a, and the low-temperature side cylinder 
bores 344b, each of which is connected to the respective 
working chambers 311 of the low-temperature side container 
unit 31b via the respective connecting pipes 314b. The refrig 
erant in the cylinderbore 344a (for the high-temperature side) 
and the refrigerant in the cylinder bore 344b (for the low 
temperature side) are thermally connected to each other via 
the housing 340, the swash plate 342, the pistons 343 and so 
on. The housing 340, the swash plate 342 and the pistons 343 
are preferably made of such material having high coefficient 
of thermal conductivity (for, example, copper, aluminum or 
the like). 
0239. Each of the suction valves 312c and 313c and each 
of the discharge valves 312d and 313d are provided for the 
purpose of preventing reverse flow of the refrigerant in each 
of the high-temperature side refrigerant circuit 4 and the 
low-temperature side refrigerant circuit 5, like the check 
valves 43a and 43b of the first embodiment. 
0240 According to the present embodiment, each of the 
discharge valves 312d and 313d is operated as the pressure 
valve device, which is opened when the difference pressure 
between the working chamber 311 and the refrigerant circuit 
4 or 5 becomes larger than the predetermined value. As in the 
same manner to the first embodiment, the pressure accumu 
lating tanks 41a and 41b are respectively provided in the 
connecting pipes 314a and 314b. In the present embodiment, 
the pressure accumulating tanks 41a and 41b and the dis 
charge valves 312d and 313d are collectively referred to as the 
heat-medium-movement prohibiting unit. 
0241. According to the structure of the present embodi 
ment, when the magnetic-field control units 32 in the con 
tainer units 31a and 31b as well as the refrigerant pump 34 are 
continuously operated by the electric motor 35, the magnetic 
working material 30 is respectively operated in the magnetic 
excitation and adiabatic-change condition in the first step, in 
the magnetic-excitation and isothermal-change condition in 
the second step, in the degaussing and adiabatic-change con 
dition in the third step, and in the degaussing and isothermal 
change condition in the fourth step. As a result, the same 
effects to the first embodiment can be obtained. 
0242. In the above first to third embodiments, it is possible 

to prohibit the movement of the heat medium (the refrigerant) 
in the first and third steps, when the shape of the swash plate 
342 of the refrigerant pump is accordingly formed. In Such a 
case, the magnetic working material 30 can be operated in the 
adiabatic-change condition in the first and third steps, without 
providing the pressure accumulating tanks 41a and 41b. 

Fourth Embodiment 

0243 A fourth embodiment of the present disclosure will 
be explained with reference to FIGS. 21 to 26. 
0244. The fourth embodiment differs from the first to third 
embodiments in that the magnetic working material will not 
be operated in the adiabatic state in the first and third steps of 
the heat cycle. 
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0245 FIG. 21 is a schematic view showing an outlined 
structure of an air conditioning apparatus 1, which has a 
magnetic refrigerating system (also referred to as a magnetic 
heat pump system) according to the fourth embodiment of the 
present disclosure. FIG.22 is an enlarged cross sectional view 
showing a magnetic refrigerating device 103 of the magnetic 
refrigerating system 2. FIG. 23 is a cross sectional view of the 
of the magnetic refrigerating device 103 taken along a plane 
perpendicular to an axis thereof. Each of the cross sectional 
views of the magnetic refrigerating device 103 of FIGS. 21 
and 22 corresponds to a cross section taken along a line 
XXIXXII-XXI/XXII in FIG. 23. 

0246 According to the present embodiment, the magnetic 
heat pump system 2 is applied to the air conditioning appa 
ratus 1 for the vehicle, which receives a vehicle-driving force 
from an internal combustion engine. 
0247 The air conditioning apparatus 1 has the magnetic 
refrigerating system 2 arranged in an engine room of the 
vehicle, an air conditioning unit 10 arranged in a passenger 
compartment of the vehicle, and an air conditioning control 
unit 100. 

0248. A refrigerant circuit of the magnetic refrigerating 
system 2 is Switched to a cooling mode for cooling the pas 
senger compartment, a heating mode for heating the passen 
ger compartment, and a dehumidifying mode for dehumidi 
fying the air in the passenger compartment. The air 
conditioning apparatus 1 carries out the cooling operation, the 
heating operation and/or the dehumidifying operation. 
0249. The magnetic refrigerating system 2 shown in FIG. 
21 is of the AMR (Active Magnetic Refrigerator) type, 
according to which cold energy as well as heat energy gen 
erated by the magnetocaloric effect is stored in the magnetic 
working material 30. The magnetic refrigerating system 2 of 
the present embodiment is composed of the magnetic refrig 
erating device 103, the high-temperature side refrigerant cir 
cuit 4 and the low-temperature side refrigerant circuit 5. The 
magnetic refrigerating device 103 generates the cold and heat 
energy by the magnetocaloric effect. The heat medium (for 
example, water including anti-freeze liquid or the like, here 
inafter also referred to as the refrigerant) is heated up by the 
heat energy generated by the magnetic refrigerating device 
103 and such heat medium is circulated in the high-tempera 
ture side refrigerant circuit 4 (also referred to as the second 
refrigerant circuit) through the heating-side heat exchanger 
13 (the heat radiating device). The heat medium (the refrig 
erant), which is cooled down by the cold energy generated by 
the magnetic refrigerating device 103, is circulated in the 
low-temperature side refrigerant circuit 5 (also referred to as 
the first refrigerant circuit) through the cooling-side heat 
exchanger 12 (the heat absorbing device). 
0250. The magnetic refrigerating device 103 is composed 
of the heat-exchange container device 31 (container unit por 
tions 31a and 31b), the magnetic-field control units 32, the 
refrigerant pump 34, the electric motor 35 and so on. The 
multiple working chambers 311 are formed in each of the 
container unit portions 31a and 31b, in which the magnetic 
working material 30 having the magnetocaloric effect is 
respectively accommodated and through which the heat 
medium (the refrigerant) passes. Each of the magnetic-field 
control units 32 applies the magnetic field to the magnetic 
working material 30 and removes the magnetic field applied 
to the magnetic working material 30. The refrigerant pump 34 
(the pump device or the refrigerant moving device) moves the 
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heat medium (the refrigerant) in the heat-exchange container 
device 31. The electric motor 35 drives the magnetic refrig 
erating device 103. 
0251. As shown in FIG. 22, the container device 31 is 
divided into two container unit portions, one of which is the 
container unit portion 31a of the high-temperature side for 
generating heat energy by the magnetocaloric effect and the 
other of which is the container unit portion 31b of the low 
temperature side for generating cold energy by the magneto 
caloric effect. The container unit portions 31a and 31b are 
coaxially arranged with each other via the refrigerant pump 
34. 

0252. In the present embodiment, the container unit por 
tion 31a of the high-temperature side, the container unit por 
tion 31b of the low-temperature side and the refrigerant pump 
34 are integrally formed with one another, wherein those 
components 31a, 31b and 34 are accommodated in the com 
mon housing 340. 
0253 Each of the container unit portions 31a and 31b is 
composed of a cylindrical hollow container. The multiple 
working chambers 311, in each of which the magnetic work 
ing material 30 is filled and through which the heat medium 
(the refrigerant) passes, are provided in the inner peripheral 
area of the respective container unit portions 31a and 31b. As 
shown in FIG. 23, the multiple working chambers 311 
(twelve chambers in the present embodiment) are arranged at 
equal intervals in the circumferential direction. 
0254 As shown in FIG. 22, a pair of inlet-outlet ports 312 

is provided in an axial end 311a (the second axial end) of each 
working chamber 311 of the container unit portion 31a on a 
side opposite to the refrigerant pump 34 (on a right-hand side 
in the drawing), while another pair of inlet-outlet ports 313 is 
provided in an axial end 311b (the first axial end) of each 
working chamber 311 of the other container unit portion 31b 
on a side opposite to the refrigerant pump 34 (on a left-hand 
side in the drawing). The refrigerant is Sucked into or dis 
charged from the working chamber 311 through such pair of 
the inlet-outlet ports 312 and 313. 
0255 Multiple pairs of the inlet-outlet ports 312 are pro 
vided in the high-temperature side container unit portion 31a 
and each pair of the inlet-outlet ports 312 is communicated to 
the respective working chambers 311. Multiple pairs of the 
inlet-outlet ports 313 are provided in the low-temperature 
side container unit portion 31b and each pair of the inlet 
outlet ports 313 is communicated to the respective working 
chambers 311. 

0256 In FIG. 22, two pairs of the inlet-outlet ports 312, 
which are connected to the container unit portion 31a of the 
high-temperature side, are shown, wherein one pair of them 
312 is connected to the working chamber 311 in an upper side 
of the drawing, while the other pair of them 312 is connected 
to the working chamber 311 in a lower side of the drawing. 
0257 Each of the inlet-outlet ports 312 is composed of the 
refrigerant inlet port 3.12a through which the refrigerant is 
Sucked into the container unit portion 31a and the refrigerant 
outlet port 312b through which the refrigerant is discharged 
from the container unit portion 31a. A suction valve 312c is 
provided in each of the refrigerant inlet ports 312a, wherein 
the suction valve 312c is opened when the refrigerant is 
sucked into the working chamber 311. A discharge valve 
312d is provided in each of the refrigerant outlet ports 312b, 
wherein the discharge valve 312d is opened when the refrig 
erant is discharged from the working chamber 311. 
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0258. In a similar manner, two pairs of the inlet-outlet 
ports 313, which are connected to the container unit portion 
31b of the low-temperature side, are shown in FIG. 22. 
wherein one pair of them 313 is connected to the working 
chamber 311 in the upper side of the drawing, while the other 
pair of them 313 is connected to the working chamber 311 in 
the lower side of the drawing. 
(0259 Each of the inlet-outlet ports 313 is composed of the 
refrigerant inlet port 313a and the refrigerant outlet port313b. 
A suction valve 313c is provided in each of the refrigerant 
inlet ports 313a. A discharge valve 313 disprovided in each of 
the refrigerant outlet ports 313b. 
0260 Communication passages 314 and 315 are respec 
tively provided at each side wall of the container unit portions 
31a and 31b, so that each of the working chambers 311 is 
communicated to an inside space of the respective cylinder 
bore (the pump chamber) 344 of the refrigerant pump 34. 
0261) Each of the magnetic-field control units 32 is com 
posed of a rotational shaft 321a (321b), a rotor 322a (322b) 
fixed to the rotational shaft 321a (321b), and permanent mag 
nets 323a (323b) fixed to the outer periphery of the rotor 322a 
(322b). 
0262 Each of the rotational shafts 321a and 321b is rotat 
ably supported by bearing members provided at the axial side 
walls of the container unit portions 31a and 31b. 
0263. The rotational shaft 321a (of the high-temperature 
side) and the rotational shaft 321b (of the low-temperature 
side) are integrally formed with the driving shaft 341 of the 
refrigerant pump 34. 
0264. An axial end of the rotational shaft 321b (of the 
low-temperature side) outwardly extends in the direction 
opposite to the refrigerant pump 34, so that the axial end is 
connected to the electric motor 35 which rotates the rotational 
shafts 321a and 321b as well as the driving shaft 341. 
0265. Each of the permanent magnets 323a and 323b is 
fixed to the respective outer periphery of the rotors 322a and 
322b to form a gap between an outer peripheral surface of the 
magnets 323a and 323b and an inner peripheral surface of the 
respective container unit portions 31a and 31b. The rotors 
322a and 322b are fixed to the respective rotational shafts 
321a and 321b, so that each of the rotors 322a and 322b is 
rotated within each container unit portion 31a and 31b. 
0266. In each of the container unit portions 31a and 31b, 
two permanent magnets 323a (323b) are provided at the outer 
periphery of the rotor 322a (322b), wherein the permanent 
magnets 323a (323b) occupy an area of 5/6 (five-sixth) at the 
outer peripheral space of the rotor 322a (322b). Each of the 
permanent magnets 323a (323.b) periodically approaches to 
the respective working chambers 311 of the container unit 
portion 31a (31b) in accordance with rotation of the rotational 
shaft 321a (321b). A pair of grooves is formed in the rotor 
322a (322b) between the permanent magnets 323a (323b). 
wherein each of the grooves extends in the axial direction. 
0267 According to the above structure, in which the con 
tainer unit portion 31a (31b) and the rotor 322a (322b) are 
working as the yoke, the magnetic field is respectively gen 
erated by the permanent magnets 323a (323b). The magnetic 
field is applied to the magnetic working material 30 accom 
modated in such working chamber 311, to which the perma 
nent magnet 323a (323b) has approached. On the other hand 
the magnetic field, which has been applied to the magnetic 
working material 30, is removed from the magnetic working 
material 30 accommodated in such working chamber 311, 
from which the permanent magnet 323a (323b) is separated 
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in accordance the rotation of the rotational shaft 321a (321b). 
In each of the container unit portions 31a and 31b, the radial 
direction corresponds to a direction in which the magnetic 
field is applied to the magnetic working material 30 accom 
modated in the respective working chamber 311. 
0268. In each of the magnetic-field control units 32, one or 
more than one parameters of the following parameters can be 
changed depending on the rotational phase in order to realize 
the applying patterns of the magnetic field, for example, as 
shown in FIG. 25, which will be explained below. As in the 
similar manner to the first embodiment, the parameters 
include; the dimension of the gap; the magnetic resistance 
value of the magnetic resisting member; the space dimension 
of the notched portion; the residual magnetic flux density of 
the permanent magnet; the magnetic holding force of the 
permanent magnet; the magnetizing directions of the perma 
nent magnet; and the thickness of the permanent magnet in 
the radial direction. 

0269. The holding members 33, which are made of non 
magnetic material (for example, resin), are formed around the 
respective working chambers 311, so that each of the working 
chambers 311 is positioned by the respective holding mem 
bers 33 in each of the container unit portions 31a and 31b. 
0270. The refrigerant pump 34 constitutes the refrigerant 
moving device (the pump device) for moving the refrigerant 
in the respective container unit portions 31a and 31b, so that 
the refrigerant is reciprocated between the high-temperature 
side inlet-outlet ports 312 and the low-temperature side inlet 
outlet ports 313. In the present embodiment, a piston pump of 
a radial-piston type is used as the refrigerant pump 34. 
according to which multiple pump chambers (corresponding 
to the number of the working chambers 311) are formed 
around the driving shaft 341 and arranged at equal intervals in 
the circumferential direction. A suction-discharge mecha 
nism (including a piston) is provided in each of the pump 
chambers and operated in the radial direction by a control cam 
member 342A fixed to the driving shaft 341 in accordance 
with the rotation of the cam member 342A. 

0271 More in detail, as shown in FIG. 22, the refrigerant 
pump 34 is composed of the housing 340, the driving shaft 
341 rotatably supported in the housing 340, the control cam 
member 342A fixed to the driving shaft 341 and rotated 
together with the driving shaft 341, the multiple pistons 343 
reciprocating in the radial directions in accordance with the 
rotation of the control cam member 342A, the multiple cyl 
inder bores 344 for movably accommodating the respective 
pistons 343, and so on. The driving shaft 341 is rotatably 
supported by bearing members provided ataxial side walls of 
the housing 340 (that is, the axial side walls of the respective 
container unit portions 31a and 31b). 
0272. A shape of the control cam member 342A is decided 
depending on the number of the magnets 323a (323.b) fixed to 
the rotor 322a (322b). In the present embodiment, two per 
manent magnets 323a (323b) are fixed to each of the rotors 
322a and 322b, the shape of the control cam member 342A is 
so made that each of the rotors 322a and 322b (the rotational 
shafts 321a and 321b) is rotated by one revolution when each 
of the pistons 343 is reciprocated two times. 
0273. In the present embodiment, the magnets 323a for the 
container unit portion 31a (of the high-temperature side) are 
displaced from the magnets 323b for the container unit por 
tion 31b (of the low-temperature side) by 90 degrees in the 
rotational direction of the rotational shaft 321. Therefore, as 
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explained below, the operational phase for the container unit 
portion 31a is displaced from that for the container unit por 
tion 31b by 180 degrees. 
0274 Each of the cylinder bores 344 is communicated to 
the communication passage 314 for the container unit portion 
31a (the high-temperature side) and to the communication 
passage 315 for the container unit portion 31b (the low 
temperature side). According to Such a structure, heat 
exchange is carried out in the common cylinder bore 344 
between the refrigerant from the container unit portion 31a 
and the refrigerant from the container unit portion 31b. 
0275. The refrigerant pump 34 is so operated that the 
refrigerant is sucked into and discharged from the respective 
working chambers 311 of the container unit portions 31a and 
31b in Synchronism with the step for applying the magnetic 
field to the magnetic working material 30 and the step for 
removing the magnetic field from the magnetic working 
material 30. 
0276 For example, the refrigerant is pumped out from the 
cylinderbore 344 to the respective working chambers 311 of 
the container unit portions 31a and 31b via the communica 
tion passages 314 and 315, when the magnetic field is applied 
to the magnetic working material 30 in the working chamber 
311 of the container unit portion 31a (the high-temperature 
side) while the magnetic field is removed from the magnetic 
working material 30 in the working chamber 311 of the con 
tainer unit portion 31b (the low-temperature side). 
0277 On the other hand, the refrigerant is sucked into the 
cylinderbore 344 from the respective working chambers 311 
of the container unit portions 31a and 31b via the communi 
cation passages 314 and 315, when the magnetic field is 
removed from the magnetic working material 30 in the work 
ing chamber 311 of the container unit portion 31a (the high 
temperature side) while the magnetic field is applied to the 
magnetic working material 30 in the working chamber 311 of 
the container unit portion 31b (the low-temperature side). 
0278. As above, when the refrigerant is pumped out from 
the refrigerant pump 34 to the respective working chambers 
311 of the container unit portions 31a and 31b, the discharge 
valves 312d and 313d (provided in the respective refrigerant 
outlet ports 312b and 313b) of the container unit portions 31a 
and 31b are opened, so that the refrigerant in the respective 
working chambers 311 (neighboring to the refrigerant outlet 
ports 312b and 313b) is discharged to the respective refriger 
ant circuits 4 and 5. 
0279. On the other hand, when the refrigerant is sucked 
into the refrigerant pump 34 from the respective working 
chambers 311 of the container unit portions 31a and 31b, the 
suction valves 312c and 313c (provided in the respective 
refrigerant inlet ports 312a and 313a) of the container unit 
portions 31a and 31b are opened, the refrigerant is sucked 
into the respective working chambers (in the spaces neigh 
boring to the refrigerant inlet ports 312a and 313a) of the 
container unit portions 31a and 31b from the respective 
refrigerant circuits 4 and 5. 
0280. The electric motor 35 shown in FIG. 21 or 22 is 
operated when electric power is supplied from a battery (not 
shown) mounted in the vehicle, so that rotational power of the 
electric motor 35 is transmitted to the rotational shafts 321a 
and 321b and the driving shaft 341. The electric motor 35 is 
also referred to as a driving unit for driving the magnetic 
refrigerating device 103. 
0281. In the present embodiment, the rotational shafts 
321a and 321b, the rotors 322a and 322b, the permanent 
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magnets 323a and 323b and the electric motor 35 (which is 
provided at the outside of the heat-exchange container device 
31) constitute the respective magnetic-field control units 32 
for the respective container unit portions 31a and 31b. The 
permanent magnets 323a and 323b respectively constitute the 
magnetic-field generating portions. 
0282 Although not shown in the drawings, the refrigerant 
pump 34 has the multiple cylinders, the number of which 
corresponds to the number of the working chambers 311 
(more exactly, the number of pair of the working chambers, 
wherein the working chamber of the container unit portion 
31a and the corresponding working chamber of the container 
unit portion 31b constitute the pair of the working chambers). 
In other words, the magnetic refrigerating device 103 has the 
multiple refrigerant moving mechanisms corresponding to 
the number of the pairs of the working chambers 311. 
0283 An operation of the magnetic refrigerating system 2 
of the present embodiment will be explained with reference to 
FIGS. 24 and 25 and FIG. 27. As explained above, although 
the magnetic refrigerating device 103 has the multiple work 
ing chambers 311, the operation for one working chamber 
will be explained, since the operations for the other working 
chambers are substantially the same to one another. However, 
the operations for the respective working chambers are car 
ried out in a de-phased manner. 
0284 FIG.24 is a graph showing a change offluid speed of 
the heat medium in the working chamber 311, wherein the 
fluid flow from the first axial end 311b toward the second 
axial end 311a (that is, in a right-hand direction in the draw 
ing), is indicated in a positive side (in an upper area above a 
reference line). 
0285 FIG.25 is a graph showing a change of the magnetic 
field to be applied to the magnetic working material 30 in the 
working chamber 311. FIG. 27 is a time chart for showing 
more in detail movements of the relevant portions (such as, 
the piston 343, the suction valve 312c and the discharge valve 
312d of the high-temperature side container unit portion 31a, 
the suction valve 313c and the discharge valve 313d of the 
low-temperature side container unit portion 31b) as well as 
changes of the fluid speed of the heat medium and the mag 
netic field applied to the magnetic working material. In FIGS. 
24 and 25 and FIG. 27, numerals “I”, “II”, “III and “IV 
respectively designate the following first to fourth steps. 
0286 At first, an operation for the container unit portion 
31a (the high-temperature side) will be explained. When the 
piston 343 in the cylinder bore 344 is located at a position 
close to the bottom dead center (in the first step “I” shown in 
FIG. 24 and between til and t2 in FIG. 27), the permanent 
magnet 323a approaches to the working chamber 311 of the 
container unit portion 31a (the high-temperature side) so that 
the magnetic field is applied to the magnetic working material 
30 accommodated in the working chamber 311 (as shown in 
the step “I” in FIG. 25 and FIG. 27). Then, the heat is gener 
ated in the magnetic working material 30 by the magnetoca 
loric effect and thereby the temperature of the refrigerant in 
the working chamber 311 is increased. The first step “I” 
shown in FIGS. 24 and 25 and FIG. 27 corresponds to a 
non-adiabatic excitation process. 
(0287. When, thereafter, the piston 343 is further moved in 
the cylinderbore 344 from the bottom dead center toward the 
top dead center, the refrigerant in the working chamber 311 is 
moved in the right-hand direction from the axial end side on 
the side of the refrigerant pump 34 to the other axial end side 
of the refrigerant inlet-outlet ports 312 (the step "II" in FIG. 
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24 and between t2 and t3 in FIG. 27). In this operation, the 
discharge valve 312d provided in the refrigerant outlet port 
312b is opened, so that high-temperature refrigerant is dis 
charged from the working chamber 311 (from the space 
neighboring to the refrigerant outlet port3.12b) into the refrig 
erant circuit 4 of the high-temperature side (in which the 
heating-side heat exchanger 13 is provided), as indicated by a 
solid-line arrow for the container unit portion 31a in FIG. 27. 
The second step 'II' for the container unit portion 31a cor 
responds to a refrigerant discharge process. 
(0288. As shown by the step "II" in FIGS. 24 and 25, the 
magnetic field to be applied to the magnetic working material 
30 is gradually increased depending on the fluid speed of the 
refrigerant (the heat medium) in the working chamber 311. 
During this operation, the heat generated in the second step 
'II' is also transferred from the magnetic working material 30 
to the refrigerant (the heat medium). 
0289. The degree of the magnetic field is increased in such 
a manner that the increase rate of the magnetic field to be 
applied to the magnetic working material 30 is made larger as 
the fluid speed of the refrigerant (the heat medium) is higher. 
For example, when the fluid speed of the heat medium 
becomes at its maximum value, the increase rate of the mag 
netic field becomes at the maximum value (a slope of a curve 
in FIG. 25 in the second step "II'). According to such an 
operation, the magnetic working material 30 is maintained in 
the isothermal condition, so that the coefficient of thermal 
conductivity between the magnetic working material 30 and 
the heat medium is maintained at the high value during the 
second step operation. 
0290. When the piston 343 in the cylinder bore 344 is 
located at a position close to the top dead center (in the third 
step "III" shown in FIG.24 and betweent3 and tá in FIG. 27), 
the permanent magnet 323a is moved away from the working 
chamber 311 of the container unit portion 31a. As a result, the 
magnetic field is removed from the magnetic working mate 
rial 30 accommodated in the working chamber 311 (as shown 
by the step "III" in FIG. 25 and FIG. 27). The third step "III" 
for the container unit portion 31 a shown in FIGS. 24 and 25 
and FIG. 27 corresponds to a non-adiabatic degaussing pro 
CCSS, 

0291. Thereafter, when the piston 343 is further moved in 
the cylinder bore 344 from the top dead center toward the 
bottom dead center, the refrigerant (the heat medium) in the 
working chamber 311 is moved in the left-hand direction 
from the axial end side of the refrigerant inlet-outlet ports 312 
to the other axial end side on the side of the refrigerant pump 
34 (the step“IV” in FIG.24 and betweent4 and t5 in FIG. 27). 
In this operation, the suction valve 312c provided in the 
refrigerant inlet port 312a is opened, so that the refrigerant 
(which has passed through the heating-side heat exchanger 
13) is sucked into the working chamber 311 (into the space 
neighboring to the refrigerant inlet port 312a) from the refrig 
erant circuit 4 (the high-temperature side), as indicated by a 
dotted-line arrow for the container unit portion 31a in FIG. 
27. The fourth step “IV” for the container unit portion 31a 
corresponds to a refrigerant Suction process. 
0292. As shown by the step “IV” in FIGS. 24 and 25 and 
FIG. 27, the magnetic field applied to the magnetic working 
material 30 is gradually decreased depending on the fluid 
speed of the heat medium in the working chamber 311. Dur 
ing this operation, the heat decreased in the fourth step “IV” 
is transferred from the heat medium to the magnetic working 
material 30. 
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0293. In the fourth step “IV, the degree of the magnetic 
field is decreased in such a manner that the decreaserate of the 
magnetic field to be removed from the magnetic working 
material 30 is made larger as the fluid speed of the heat 
medium is higher. According to such an operation, the mag 
netic working material 30 is maintained in the isothermal 
condition, so that the coefficient of thermal conductivity 
between the magnetic working material 30 and the heat 
medium is maintained at the high value during the fourth step 
operation. 
0294. When the piston 343 comes back to the position 
close to the bottom dead center, the next step (that is, the first 
step “I” between t5 and té in FIG. 27) for applying the mag 
netic field to the magnetic working material is carried out 
again. 
0295 The above first step for applying the magnetic field, 
the second step for discharging the refrigerant, the third step 
for removing the magnetic field, and the fourth step for Suck 
ing the refrigerant are repeatedly carried out, so that the heat 
energy generated in the magnetic working material 30 accom 
modated in the working chamber 311 of the container unit 
portion 31a (the high-temperature side) by the magnetoca 
loric effect thereof is transferred to the side of the heating-side 
heat exchanger 13. 
0296 Now, an operation for the container unit portion 31b 
(the low-temperature side) will be explained. As explained 
above, when the piston 343 in the cylinderbore 344 is located 
at the position close to the top dead center (corresponding to 
the step "III' for the container unit portion 31a and between 
t3 and ta in FIG. 27), the magnetic field is removed from the 
magnetic working material 30 accommodated in the working 
chamber 311 of the container unit portion 31a (the high 
temperature side). 
0297. However, the operational phase for the container 
unit portion 31b is displaced from that of the container unit 
portion 31a by 180 degrees. In other words, the timing of the 
third step "III' for the container unit portion 31a (between t3 
and tá in FIG. 27) corresponds to the first step “I” for the 
container unit portion 31b. Therefore, in the working cham 
ber 311 of the container unit portion 31b (the low-temperature 
side), the magnetic field is applied to the magnetic working 
material 30, as shown by the step “I” in FIG.25 and FIG. 27, 
when the piston 343 in the cylinder bore 344 is located at the 
position close to the top dead center (the step “I” in FIG. 24 
and between t3 and tá in FIG. 27). 
0298. Thereafter, when the piston 343 is further moved in 
the cylinder bore 344 from the top dead center toward the 
bottom dead center, the refrigerant in the working chamber 
311 is moved (in the right-hand direction) from the axial end 
side of the refrigerant outlet-outlet ports 313 to the otheraxial 
end side on the side of the refrigerant pump 34 (the step "II' 
in FIG. 24 and between ta and t5 in FIG. 27), as indicated by 
a solid-line arrow in FIG. 27 for the container unit portion 
31b. In this operation, the suction valve 313c provided in the 
refrigerant inlet port 313a is opened, so that the refrigerant 
(which has passed through the cooling-side heat exchanger 
12) is sucked into the working chamber 311 (into the space 
neighboring to the refrigerant inlet port 3.13a) from the refrig 
erant circuit 5 (the low-temperature side). 
0299. As shown by the step “II' for the container unit 
portion 31b in FIGS. 24 and 25 and FIG. 27, the magnetic 
field applied to the magnetic working material 30 is gradually 
increased depending on the fluid speed of the refrigerant (the 
heat medium) in the working chamber 311. During this opera 
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tion, the heat increased in the second step 'II' is transferred 
from the magnetic working material 30 to the heat medium. 
0300. In the second step "II”, the degree of the magnetic 
field is increased in Such a manner that the increase rate of the 
magnetic field to be applied to the magnetic working material 
30 is made larger as the fluid speed of the heat medium is 
higher. For example, when the fluid speed of the heat medium 
becomes at its maximum value, the increase rate of the mag 
netic field becomes at the maximum value (the slope of the 
curve in FIG.25 in the second step II'). According to such an 
operation, the magnetic working material 30 is maintained in 
the isothermal condition, so that the coefficient of thermal 
conductivity between the magnetic working material 30 and 
the heat medium is maintained at the high value during the 
second step operation. 
(0301 When the piston 343 is located in the cylinder bore 
344 at the position close to the bottom dead center, the mag 
netic field is applied to the magnetic working material in the 
working chamber 311 of the container unit portion 31a (the 
high-temperature side), as shown by the step “I” in FIG. 25 
and between t5 and t(5 in FIG. 27. 

0302. On the other hand, for the working chamber 311 of 
the container unit portion 31b (the low-temperature side), 
when the piston 343 is located at the position close to the 
bottom dead center (the step "III" in FIG. 24 and between t5 
and té in FIG. 27), the magnetic field is removed from the 
magnetic working material 30 (as shown by the step "III in 
FIG. 25). 
(0303. Thereafter, when the piston 343 is further moved in 
the cylinderbore 344 from the bottom dead center toward the 
top dead center, the refrigerant in the working chamber 311 
for the container unit portion 31b is moved (in the left-hand 
direction) from the axial end side on the side of the refrigerant 
pump 34 to the other axial end side of the refrigerant inlet 
outlet ports 313 (the step “IV” in FIG.24 and between t6 and 
t7 in FIG. 27). 
0304. In this operation, the discharge valve 313d provided 
in the refrigerant outlet port 313b is opened, so that the 
low-temperature refrigerant is discharged from the working 
chamber 311 of the container unit portion 31b (from the space 
neighboring to the refrigerant outlet port 313b) to the refrig 
erant circuit 5 of the low-temperature side (in which the 
cooling-side heat exchanger 12 is provided), as indicated by a 
dotted-line arrow for the container unit portion 31b in FIG. 
27. 

(0305 As shown by the step “IV” in FIGS. 24 and 25 and 
FIG. 27, the magnetic field applied to the magnetic working 
material 30 is gradually decreased depending on the fluid 
speed of the heat medium in the working chamber 311 for the 
container unit portion 31b. During this operation, the heat 
decreased in the fourth step “IV (the cold energy generated 
in the fourth step “IV) is also transferred from the magnetic 
working material 30 to the heat medium. 
(0306. In the fourth step “IV” for the container unit portion 
31b, the degree of the magnetic field is decreased in such a 
manner that the decrease rate of the magnetic field to be 
removed from the magnetic working material 30 is made 
larger as the fluid speed of the heat medium is higher. Accord 
ing to Such an operation, the magnetic working material 30 is 
maintained in the isothermal condition, so that the coefficient 
of thermal conductivity between the magnetic working mate 
rial 30 and the heat medium is maintained at the high value 
during the fourth step operation. 
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0307 The above first step for applying the magnetic field, 
the second step for Sucking the refrigerant, the third step for 
removing the magnetic field, and the fourth step for discharg 
ing the refrigerant are repeatedly carried out in the container 
unit portion 31b of the low-temperature side, so that the cold 
energy generated in the magnetic working material 30 accom 
modated in the working chamber 311 of the container unit 
portion 31b by the magnetocaloric effect thereof is trans 
ferred to the side of the cooling-side heat exchanger 12. 
0308 When the above operation is observed as a whole, 
including the operations for the container unit portions 31a 
and 31b, the refrigerant is moved in the direction from the 
low-temperature side inlet-outlet ports 313 to the high-tem 
perature side inlet-outlet ports 312 after the magnetic field has 
been applied to the magnetic working material 30, while the 
refrigerant is moved in the direction from the high-tempera 
ture side inlet-outlet ports 312 to the low-temperature side 
inlet-outlet ports 313 after the magnetic field has been 
removed from the magnetic working material 30. 
0309 The first step for applying the magnetic field, the 
second step for discharging the refrigerant, the third step for 
removing the magnetic field, and the fourth step for Sucking 
the refrigerant are repeatedly carried out for the working 
chambers 311 of the container unit portion 31a, on one hand. 
The first step for applying the magnetic field, the second step 
for Sucking the refrigerant, the third step for removing the 
magnetic field, and the fourth step for discharging the refrig 
erant are repeatedly carried out for the working chambers 311 
of the container unit portion 31b, on the other hand. As a 
result, a large temperature gradient can be generated between 
the magnetic working material 30 accommodated in the 
working chambers 311 of the high-temperature side container 
unit portion 31a and the magnetic working material 30 
accommodated in the working chambers 311 of the low 
temperature side container unit portion 31b. 
0310. Now, the refrigerant circuit 4 of the high-tempera 
ture side and the refrigerant circuit 5 of the low-temperature 
side will be explained. 
0311. The refrigerant circuit 4 corresponds to a refrigerant 
circuit, according to which the refrigerant discharged from 
the refrigerant outlet port 312b is supplied to a flow-in port 
13a of the heating-side heat exchanger 13 and the refrigerant 
from a flow-out port 13b of the heat exchanger 13 is supplied 
to the refrigerant inlet port 312a. 
0312 More in detail, the flow-in port 13a of the heat 
exchanger 13 is connected to the refrigerant outlet port 312b. 
The heat exchanger 13 is arranged in a casing 11 of the air 
conditioning unit 10. The heat exchanger 13 corresponds to a 
heat exchanger (also referred to as a second heat exchanger) 
for heating air passing through the heat exchanger, in which 
heat exchange is carried out between the refrigerant flowing 
through the heat exchanger 13 and the air (which has passed 
through the low-temperature side heat exchanger 12) passing 
through the heat exchanger 13. 
0313 A first electric three-way valve 141 is provided in 
the refrigerant circuit 4 at a position on a side of the flow-out 
port 13b of the heat exchanger 13. The three-way valve 141 
constitutes a fluid-passage Switching device, which is oper 
ated by a control signal from the air conditioning control unit 
1OO. 

0314 More in detail, the three-way valve 141 switches 
over a fluid passage depending on the control signal from the 
air conditioning control unit 100, either to such a fluid pas 
sage for connecting the flow-out port 13b of the heat 

Nov. 1, 2012 

exchanger 13 to the refrigerant inlet port 312a of the container 
unit portion 31a or to such a fluid passage for connecting the 
flow-out port 13b of the heat exchanger 13 to a fluid inlet port 
61a of a heat radiating portion of another heat exchanger 6 (a 
heat absorbing-and-radiating heat exchanger). 
0315. The heat exchanger 6 corresponds to an outdoor 
heat exchanger arranged in the engine room of the vehicle, in 
which heat exchange is carried out between the refrigerant 
flowing through the heat exchanger 6 and outside air passing 
through the heat exchanger 6. The heat exchanger 6 is com 
posed of a heat radiating portion 61 and a heat absorbing 
portion 62, wherein the refrigerant from the heating-side heat 
exchanger 13 flows through the heat radiating portion 61, 
while the refrigerant from the low-temperature side container 
unit portion 31b flows through the heat absorbing portion 62. 
0316 The heat radiating portion 61 corresponds to a heat 
exchanging portion, in which heat exchange is carried out 
between the refrigerant flowing into the inside thereof via the 
fluid inlet port 61a (the refrigerant discharged from the heat 
ing-side heat exchanger 13) and the outside air. The heat 
absorbing portion 62 corresponds to a heat exchanging por 
tion, in which heat exchange is carried out between the refrig 
erant flowing into the inside thereof via a fluid inlet port 62a 
(the refrigerant discharged from the low-temperature side 
container unit portion 31b) and the outside air. 
0317 Fluid passages for the heat radiating portion 61 and 
the heat absorbing portion 62 are formed in the heat 
exchanger 6 independently from each other, in order that the 
refrigerant flowing through the heat radiating portion 61 and 
the refrigerant flowing through the heat absorbing portion 62 
are not mixed with each other. 
0318. The refrigerant inlet port 312a of the high-tempera 
ture side container unit portion 31a is connected to a fluid 
outlet port 61b of the heat exchanger 6, so that the refrigerant 
(the heat of which is radiated in the heat exchanger 6) returns 
to the working chamber 311 of the container unit portion 31a 
of the high-temperature side. 
0319. Accordingly, the refrigerant circuit 4 is composed of 
a circulation circuit, in which the refrigerant is circulated 
through the refrigerant outlet port 312b of the container unit 
portion 31a, the heating-side heat exchanger 13, the first 
electric three-way valve 141, and the refrigerant inlet port 
3.12a of the container unit portion 31a of the high-tempera 
ture side. The refrigerant circuit 4 has another circulation 
circuit, in which the refrigerant is circulated through the 
refrigerant outlet port 312b of the container unit portion 31a, 
the heating-side heat exchanger 13, the first electric three 
way valve 141, the heat radiating portion 61 of the heat 
exchanger 6, and the refrigerant inlet port 312a of the con 
tainer unit portion 31a. 
0320 A reservoir tank 143 is connected to the refrigerant 
circuit 4 via a fixed restriction 142 so as to adjust an amount 
of the refrigerant in the refrigerant circuit 4. An orifice, a 
capillary tube or the like may be used as the fixed restriction 
142. 
0321. The refrigerant circuit 5 of the low-temperature side 
corresponds to a refrigerant circulation circuit, according to 
which the refrigerant from the refrigerant outlet port 313.b of 
the container unit portion 31b (the low-temperature side) is 
Supplied to a flow-in port 12a of the cooling-side heat 
exchanger 12 and the refrigerant from a flow-out port 12b of 
the cooling-side heat exchanger 12 is returned to the refrig 
erant inlet port 313a of the container unit portion 31b (the 
low-temperature side). 
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0322 More in detail, a second electric three-way valve 51 
is provided in the refrigerant circuit 5 on a side to the refrig 
erant outlet port 313.b of the container unit portion 31b. As in 
the same manner to the first three-way valve 141, the second 
three-way valve 51 constitutes a fluid-passage Switching 
device, which is operated by a control signal from the air 
conditioning control unit 100. 
0323 More in detail, the three-way valve 51 switches over 
a fluid passage depending on the control signal from the air 
conditioning control unit 100, either to Such a fluid passage 
for connecting the refrigerant outlet port 313.b of the inlet 
outlet ports 313 to the fluid inlet port 62a of the heat 
exchanger 6 or to Such a fluid passage for connecting the 
refrigerant outlet port 313.b of the inlet-outlet ports 313 to a 
third electric three-way valve 52, which is also provided in the 
refrigerant circuit 5 on a side to a fluid inlet port 62b of the 
heat exchanger 6. 
0324. As in the same manner to the first and second three 
way valves 141 and 51, the third three-way valve 52 consti 
tutes a fluid-passage Switching device, which is operated by a 
control signal from the air conditioning control unit 100. 
0325 More in detail, the third three-way valve 52 is oper 
ated in synchronism with the second three-way valve 51. 
When the fluid passage is switched over by the second three 
way valve 51 so that the refrigerant outlet port 313.b of the 
low-temperature side inlet-outlet ports 313 is communicated 
to the third three-way valve 52, the fluid passage is switched 
over by the third three-way valve 52 in such a way that the 
second three-way valve 51 is communicated to the flow-in 
port 12a of the cooling-side heat exchanger 12. On the other 
hand, when the fluid passage is Switched over by the second 
three-way valve 51 so that the refrigerant outlet port 313b is 
communicated to the fluid inlet port 62a of the heat exchanger 
6, the fluid passage is so switched over by the third three-way 
valve 52 that the second three-way valve 51 is communicated 
to the refrigerant inlet port 313a. 
0326. The cooling-side heat exchanger 12, which is con 
nected to the third three-way valve 52 is arranged in the casing 
11 of the air conditioning unit 10 at an upstream side of the 
heating-side heat exchanger 13, in order to carry out heat 
exchange between the blowing air passing through the heat 
exchanger 12 and the refrigerant flowing through the heat 
exchanger 12 to thereby cool down the blowing air. 
0327. Accordingly, the refrigerant circuit 5 is composed of 
a circulation circuit, in which the refrigerant is circulated 
through the refrigerant outlet port 313.b of the low-tempera 
ture side container unit portion 31b, the second three-way 
valve 51, the third three-way valve 52, the cooling-side heat 
exchanger 12, and the refrigerant inlet port 313a of the low 
temperature side container unit portion 31b. The refrigerant 
circuit 5 is further composed of another circulation circuit, in 
which the refrigerant is circulated through the refrigerant 
outlet port 313.b of the low-temperature side container unit 
portion 31b, the heat absorbing portion 62 of the heat 
exchanger 6, the second three-way valve 51, the third three 
way valve 52, and the refrigerant inlet port 313a of the low 
temperature side container unit portion 31b. 
0328. A reservoir tank 54 is connected to the refrigerant 
circuit 5 via a fixed restriction 53 so as to adjust an amount of 
the refrigerant in the refrigerant circuit 5. An orifice, a capil 
lary tube or the like may be used as the fixed restriction 53. 
0329. The air conditioning unit 10 will be explained. The 
air conditioning unit 10 is arranged in the passenger compart 
ment in an instrument panel (which is located at a front side of 
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the passenger compartment). A blower unit (not shown), the 
cooling-side heat exchanger 12, the heating-side heat 
exchanger 13, a heater core 14 and so on are arranged in the 
casing 11. 
0330. The casing 11 forms multiple air passages for the 
blowing air, which is blown into the passenger compartment 
of the vehicle. The casing 11 is made of, for example, resin 
having a certain level of elasticity and Sufficient strength (for 
example, polypropylene). An air Switching device (not 
shown) is provided in the casing 11 at an upstream end of the 
air passage, so that the air to be withdrawn into the passenger 
compartment is Switched to outside air or to inside air. 
0331. The blower unit (not shown) is provided in the air 
passage of the casing 11 at a downstream side of the air 
switching device so as to blow the air (the outside air or the 
inside air) into the passenger compartment. The blower unit 
has a centrifugal multiple-blade fan (a sirocco fan) driven by 
an electric motor (not shown), an operation of which is con 
trolled by a control voltage outputted from the air condition 
ing control unit 100. 
0332 The cooling-side heat exchanger 12 is provided in 
the casing 11 at the downstream side of the blower unit. A hot 
air passage 15 and a cold air bypass passage 16 are formed in 
the casing 11 at the downstream side of the cooling-side heat 
exchanger 12, so that cold air having passed through the heat 
exchanger 12 is heated by the heating-side heat exchanger 13 
provided in the hot air passage 15. An air-mix chamber 17 is 
further formed in the casing 11 so as to mix the hot air from 
the hot airpassage 15 and the cold air from the cold airbypass 
passage 16. 
0333. The heating-side heat exchanger 13 and the heater 
core 14 are arranged in this order in the hot air passage 15, so 
as to heat the cold air having passed through the cooling-side 
heat exchanger 12. The heater core 14 is a heat exchanger, in 
which heat exchange is carried out between the air passing 
through the hot air passage 15 and cooling water for an 
internal combustion engine (not shown) for driving the 
vehicle. 
0334 The cold air bypass passage 16 is an air passage for 
guiding the cold air having passed through the cooling-side 
heat exchanger 12 to the air-mix chamber 17 bypassing the 
heating-side heat exchanger 13 and the heater core 14. 
Accordingly, temperature of the air mixed in the air-mix 
chamber 17 depends on a flow-amount ratio of the airpassing 
through the hot air passage 15 and the air passing through the 
cold air bypass passage 16. 
0335. According to the present embodiment, therefore, an 
air-mix door 18 is provided in the air passage at the down 
stream side of the cooling-side heat exchanger 12 but at the 
upstream side of the hot airpassage 15 and the cold-air bypass 
passage 16, so as to continuously change the flow-amount 
ratio of the cold airpassing through the hot airpassage 15 and 
the cold-air bypass passage 16. Therefore, the air-mix door 18 
corresponds to a temperature control unit for adjusting the 
temperature of the air (to be blown into the passenger com 
partment) in the air-mix chamber 17 by controlling the flow 
amount of the air passing through the heating-side heat 
exchanger 13. 
0336 Multiple air ducts (not shown) are provided at a 
most downstream end of the airpassage of the casing 11 So as 
to blow the air (the temperature of which is controlled) from 
the air-mix chamber 17 into the passenger compartment. The 
air ducts include, for example, a face air duct, a foot air duct, 
a defroster air duct and so on. An air Switching door is pro 
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vided in each of the air ducts for controlling an opening area 
of the respective air passages. The air ducts are selectively 
opened by Such air Switching doors so that the air is blown 
into the passenger compartment. 
0337 The air conditioning control unit 100 (the A/C ECU) 

is composed of a well-known micro-computer (having CPU, 
ROM, RAM and so on) and its peripheral equipment. The A/C 
ECU 100 carries out various kinds of calculations and pro 
cesses in accordance with control programs memorized in 
ROM, to thereby control operations of the electric motor 35, 
the three-way valves 141, 51 and 52, the blower unit, the 
air-mix door 18 and so on. 
0338 Operating signals are inputted from operating 
Switches (not shown) provided at the instrument panel to an 
input side of the A/C ECU 100. The operating switches 
include, for example, an ON/OFF switch, an AUTO switch 
(for an automatic operation), an operating mode Switch (for a 
cooling operation mode, a heating operation mode, a dehu 
midifying operation mode, and so on) for the air conditioning 
apparatus 1. 
0339. The A/C ECU 100 also includes a motor control 
portion for the electric motor 35 (which drives the magnetic 
refrigerating device 103) and a valve control portion for the 
three-way valves 141, 51 and 52. 
0340. The air conditioning apparatus 1 having the mag 
netic refrigerating system 2 carries out various operation 
modes (the cooling operation mode, the heating operation 
mode, the dehumidifying operation mode and so on) in accor 
dance with the operation of the operating switches for the air 
conditioning apparatus and/or the control operation of the 
AFC ECU 100. 
0341 For example, in the cooling operation mode, in 
accordance with the control signals from the A/C ECU 100, 
the fluid passage of the refrigerant circuit 4 (the high-tem 
perature side) is so switched by the first three-way valve 141 
that the flow-out port 13b of the heating-side heat exchanger 
13 is connected to the fluid inlet port 61a of the heat 
exchanger 6. In addition, in the refrigerant circuit 5 (the 
low-temperature side), the fluid passage is Switched by the 
second three-way valve 51 that the refrigerant outlet port 
313.b of the container unit portion 31b is communicated to the 
third three-way valve 52 and furthermore the fluid passage is 
switched by the third three-way valve 52 that the second 
three-way valve 51 is communicated to the flow-in port 12a of 
the cooling-side heat exchanger 12. 
0342. In the heating operation mode, in accordance with 
the control signals from the A/C ECU 100, the fluid passage 
of the refrigerant circuit 4 (the high-temperature side) is so 
switched by the first three-way valve 141 that the flow-out 
port 13b of the heating-side heat exchanger 13 is connected to 
the refrigerant inlet port 312a of the container unit portion 
31a. In addition, in the refrigerant circuit 5 (the low-tempera 
ture side), the fluid passage is switched by the second three 
way valve 51 that the refrigerant outlet port 313.b of the 
container unit portion 31b is communicated to the fluid inlet 
port 62a of the heat exchanger 6 and furthermore the fluid 
passage is switched by the third three-way valve 52 that the 
second three-way valve 51 is communicated to the refrigerant 
inlet port 313a of the container unit portion 31b. 
0343. In the dehumidifying operation mode, in accor 
dance with the control signals from the A/C ECU 100, the 
fluid passage of the refrigerant circuit 4 (the high-temperature 
side) is so switched by the first three-way valve 141 that the 
flow-out port 13b of the heating-side heat exchanger 13 is 
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connected to the refrigerant inlet port 3.12a of the container 
unit portion 31a. In addition, in the refrigerant circuit 5 (the 
low-temperature side), the fluid passage is Switched by the 
second three-way valve 51 that the refrigerant outlet port 
313.b of the container unit portion 31b is communicated to the 
third three-way valve 52 and furthermore the fluid passage is 
switched by the third three-way valve 52 that the second 
three-way valve 51 is communicated to the flow-in port 12a of 
the cooling-side heat exchanger 12. 
0344 As above, the heat energy generated in the second 
axial end 311a of the container device 31 (the magnetic 
refrigerating device 103) and the cold energy generated in the 
first axial end 311b are used in the respective operation 
modes, so that the passenger compartment of the vehicle is 
air-conditioned. 
0345 Although not explained in detail for the first to third 
embodiments, the cooling-side and the heating-side heat 
exchangers 12 and 13 can be likewise used for the air condi 
tioning apparatus for the vehicle like the present embodiment. 
0346 AS explained above, according to the magnetic 
refrigerating system, the heatenergy absorbed in the cooling 
side heat exchanger 12 is radiated in the heating-side heat 
exchanger 13, when the heat cycle of the above-explained 
first to fourth steps is repeatedly carried out for the respective 
container unit portions 31a and 31b. 
0347 In the first step for the container unit portion 31a (the 
high-temperature side), the heat medium is slightly moved in 
the working chamber 311 and the degree of the magnetic field 
to be applied to the magnetic working material 30 is 
increased, to thereby increase the temperature of the magnetic 
working material 30. In the second step for the container unit 
portion 31a, the heat medium is moved in the working cham 
ber 311 in the direction from the first axial end 311b to the 
second axial end 311a and the heat energy generated in the 
magnetic working material 30 in the first and second steps is 
transferred to the heat medium, so that the heat energy is 
moved to the second axial end 311a. 
0348. In the third step for the container unit portion 31b 
(the low-temperature side), the heat medium is slightly 
moved in the working chamber 311 and the degree of the 
magnetic field applied to the magnetic working material 30 is 
decreased, to thereby decrease the temperature of the mag 
netic working material 30. In the fourth step for the container 
unit portion 31b, the heat medium is moved in the working 
chamber 311 in the direction from the second axial end 311a 
to the first axial end 311b and the cold energy generated in the 
magnetic working material 30 in the third and fourth steps is 
transferred to the heat medium, so that the cold energy is 
moved to the first axial end 311b. 

0349. As in the same manner to the first embodiment, the 
operation of the refrigerant pump 34 and the operation of the 
magnetic-field control unit 32 are synchronized with each 
other, so that the change rate (the increase or the decrease 
rate) of the magnetic field applied to the magnetic working 
material 30 is made larger, in the second and fourth steps, as 
the fluid speed of the heat medium (the refrigerant) becomes 
higher in the working chamber 311. 
0350. In the second step for the container unit portion 31a 
(the high-temperature side), as the moving speed (the fluid 
speed) of the heat medium becomes higher and the heat 
transfer from the magnetic working material 30 to the heat 
medium is higher, the increase rate of the magnetic field to be 
applied to the magnetic working material 30 (in the working 
chamber 311 of the container unit portion 31a) is made larger 
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so that the amount of the heat energy generated in the mag 
netic working material is made larger. Accordingly, the mag 
netic working material 30 is kept in the almost isothermal 
condition in the second step. 
0351. In the similar manner to the second step, in the 
fourth step for the container unit portion 31b (the low-tem 
perature side), as the moving speed (the fluid speed) of the 
heat medium becomes higher and the heat transfer from the 
heat medium to the magnetic working material 30 (in the 
working chamber 311 for the container unit portion 31b) is 
higher, the decrease rate of the magnetic field applied to the 
magnetic working material 30 is made larger so that the heat 
absorbing amount in the magnetic working material is made 
larger. Accordingly, the magnetic working material 30 is kept 
in the almost isothermal condition in the fourth step. 
0352. As a result, the operating efficiency of the magnetic 
refrigerating system 2 can be increased. FIG. 26 is a graph 
showing a characteristic feature (indicated by a solid line) of 
the heat cycle of the magnetic refrigerating system 2 in a 
temperature-entropy diagram. A one-dot-chain line shows the 
Carnot cycle, which is one of ideal heat cycles in a view point 
of the operating efficiency. A dotted line shows a character 
istic feature of a comparative example, in which the heat 
medium (the refrigerant) in the working chamber is continu 
ously moved to reciprocate without stopping Such reciprocal 
movement and the degree of the magnetic field is not changed 
during the operation in which the magnetic field is applied to 
the magnetic working material. 
0353. In the magnetic refrigerating system 2 of the present 
embodiment, although the magnetic working material 30 is 
not operated in the adiabatic state in the first and third steps 
(“I’’ and “III'), the magnetic working material 30 is operated 
in the magnetic-excitation and isothermal-change condition 
in the second step and operated in the degaussing and isother 
mal-change condition in the fourth step (“II' and “IV). 
0354. The Carnot cycle indicated by the one-dot-chain 
line in FIG. 26, which is one of the ideal heat cycles, is 
composed of the following processes; the adiabatic excitation 
process; the isothermal excitation process; the adiabatic 
degaussing process; and the isothermal degaussing process. 
0355. In the magnetic refrigerating system 2 of the present 
embodiment, the second step II can be approximated to the 
ideal isothermal excitation process. Furthermore, the fourth 
step “IV” can be approximated to the ideal isothermal 
degaussing process. 
0356. As above, the heat cycle of the present embodiment 
(as indicated by the solid line in FIG. 26) can be approximated 
to the ideal heat cycle (for example, the Carnot cycle of the 
one-dot-chain line). Accordingly, it is possible to reduce a 
degree of diremption from the ideal heat cycle in the respec 
tive isothermal excitation process and isothermal degaussing 
process. Accordingly, the operating efficiency of the mag 
netic refrigerating system 2 can be increased. 
0357 When the movement of the heat medium is prohib 
ited in the first and third steps of the magnetic refrigerating 
device 103 of the present embodiment, for example, by the 
shape of the cam profile of the control cam member, the 
magnetic working material 30 can be operated in the adiabatic 
state. Then, as in the same manner to the first embodiment, it 
is possible to reduce the degree of diremption from the ideal 
heat cycle in the respective steps, that is, in the first step for 
magnetic-excitation and adiabatic-change condition, in the 
second step for the magnetic-excitation and isothermal 
change condition, in the third step for the degaussing and 
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adiabatic-change condition, and in the fourth step for the 
degaussing and isothermal-change condition. Accordingly, 
the operating efficiency of the magnetic refrigerating system 
2 can be Surely increased. 

Fifth Embodiment 

0358. A fifth embodiment of the present disclosure will be 
explained with reference to FIGS. 28 to 30. 
0359. The fifth embodiment is different from the fourth 
embodiment in the applying pattern of the magnetic field. 
0360 FIG.28 is a graph showing a change offluid speed of 
the heat medium in the working chamber 311, wherein the 
fluid flow from the first axial end 311b toward the second 
axial end 311a (that is, in the right-hand direction in the 
drawing of FIG. 21 or 22) is indicated in a positive side (in an 
upper area above a reference line). 
0361 FIG. 29 is a graph showing the change of the mag 
netic field to be applied to the magnetic working material 30 
in the working chamber 311. In FIGS. 28 and 29, numerals 
“I”, “II”, “III and “IV respectively designate the first to 
fourth steps. 
0362. The magnetic refrigerating system of the present 
embodiment is almost the same to that of the fourth embodi 
ment. The operational phase for the synchronized operation 
between the refrigerant pump 34 and the magnetic-field con 
trol unit 32 is different from that of the fourth embodiment. In 
the present embodiment, the refrigerant pump 34 and the 
magnetic-field control unit 32 are synchronized in such away 
that the applying pattern of the magnetic field of FIG. 29 is 
synchronized with the fluid flow pattern of the heat medium 
shown in FIG. 28. In the magnetic-field control unit 32, one or 
more than one parameters of the following parameters is 
changed depending on the rotational phase in order to realize 
the applying pattern of the magnetic field of FIG. 29. The 
parameters include; the dimension of the gap; the magnetic 
resistance value of the magnetic resisting member, the space 
dimension of the notched portion; the residual magnetic flux 
density of the permanent magnet; the magnetic holding force 
of the permanent magnet; the magnetizing directions of the 
permanent magnet; and the thickness of the permanent mag 
net in the radial direction. 
0363 According to the magnetic refrigerating system of 
the present embodiment, the heat energy absorbed in the 
cooling-side heat exchanger 12 is radiated in the heating-side 
heat exchanger 13, when the heat cycle of the first to fourth 
steps is repeatedly carried out for the respective container unit 
portions 31a and 31b (FIG. 21 or 22). 
0364. In the first step for the container unit portion 31a (the 
high-temperature side), the moving speed of the heat medium 
in the working chamber 311 in the direction from the second 
axial end 311a to the first axial end 311b is decreased (as 
shown by “I” in FIG. 28), and no magnetic field is applied to 
the magnetic working material 30 (the degree of the magnetic 
field is not changed, as shown in “I” of FIG. 29). Since the 
degree of the magnetic field is not changed (Zero in the 
present embodiment) in the first step, the heat is not generated 
in the magnetic working material 30. However, the heat is 
transferred from the heat medium moving in the working 
chamber 311 to the magnetic working material 30, and 
thereby the temperature thereof is increased. 
0365. In the second step, the moving speed of the heat 
medium in the working chamber 311 in the direction from the 
first axial end 311b to the second axial end 311a is increased 
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(as shown by “II in FIG. 28), and the magnetic field to be 
applied to the magnetic working material 30 is increased (as 
shown in “II of FIG. 29). 
0366. In the second step, the degree of the magnetic field is 
increased in Such a manner that the increase rate of the mag 
netic field to be applied to the magnetic working material 30 
is made larger as the moving speed of the heat medium 
becomes higher. For example, when the moving speed of the 
heat medium becomes at its maximum value, the increase rate 
of the magnetic field becomes at a maximum value (a slope of 
a curve in FIG. 29 in the second step II'). According to such 
an operation, the magnetic working material 30 is maintained 
in the isothermal condition, so that the coefficient of thermal 
conductivity between the magnetic working material 30 and 
the heat medium is maintained at a high value during the 
second step operation. 
0367. In the second step, the heat medium is moved in the 
working chamber 311 in the direction from the first axial end 
3.11b to the second axial end 311a. Therefore, it is possible to 
transfer the heat energy from the magnetic working material 
30 (the temperature of which is increased in the first step and 
in the second step) to the heat medium to thereby move the 
heat energy to the second axial end 311a. 
0368. In the third step, the moving speed of the heat 
medium in the working chamber 311 in the direction from the 
first axial end 311b to the second axial end 311a is decreased 
(as shown by “III in FIG. 28), however, the degree of the 
magnetic field applied to the magnetic working material 30 is 
not changed (as shown in “III of FIG. 29). Since the degree 
of the magnetic field is not changed in the third step, the heat 
(the cold energy) is not generated in the magnetic working 
material 30. However, the temperature of the magnetic work 
ing material 30 is decreased by heat transfer to the heat 
medium moving in the working chamber 311. 
0369. In the fourth step, the moving speed of the heat 
medium in the working chamber 311 in the direction from the 
second axial end 311a to the first axial end 311b is increased 
(as shown by “IV” in FIG. 28), and the magnetic field applied 
to the magnetic working material 30 is decreased (as shown in 
“IV of FIG. 29). 
0370. In the fourth step, the degree of the magnetic field is 
decreased in Such a manner that the decrease rate of the 
magnetic field applied to the magnetic working material 30 is 
made larger as the moving speed of the heat medium becomes 
higher. According to such an operation, the magnetic working 
material 30 is maintained in the isothermal condition, so that 
the coefficient of thermal conductivity between the magnetic 
working material 30 and the heat medium is maintained at a 
high value during the fourth step operation. 
0371. In the fourth step for the container unit portion 31b 
(the low-temperature side), the heat medium is moved in the 
working chamber 311 in the direction from the second axial 
end 311a to the first axial end 311b. Therefore, it is possible 
to transfer the cold energy from the magnetic working mate 
rial 30 (the temperature of which is decreased in the third and 
fourth steps) to the heat medium to thereby move the cold 
energy to the first axial end 311b. 
0372 According to the present embodiment, the operation 
of the refrigerant 34 and the operation of the magnetic-field 
control unit 32 are synchronized with each other in such a 
manner that, in the second and fourth steps, the change rate 
(the increase rate or the decrease rate) for the degree of the 
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magnetic field applied to the magnetic working material 30 is 
made larger as the moving speed of the heat medium becomes 
higher. 
0373 Namely, in the second step for the container unit 
portion 31a (the high-temperature side), as the moving speed 
of the heat medium becomes higher and the heat transfer from 
the magnetic working material 30 to the heat medium is 
higher, the increase rate of the magnetic field to be applied to 
the magnetic working material 30 is made larger so that the 
amount of the heatenergy generated in the magnetic working 
material 30 is made larger. And thereby, the magnetic work 
ing material 30 is kept in the almost isothermal condition in 
the second step. 
0374. On the other hand, in the fourth step for the con 
tainer unit portion 31b (the low-temperature side), as the 
moving speed of the heat medium becomes higher and the 
heat transfer from the heat medium to the magnetic working 
material 30 is higher, the decrease rate of the magnetic field 
applied to the magnetic working material 30 is made larger So 
that the heat absorbing amount in the magnetic working mate 
rial 30 is made larger. And thereby, the magnetic working 
material 30 is kept in the almost isothermal condition in the 
fourth step. 
0375. Accordingly, the operating efficiency of the mag 
netic refrigerating system 2 can be increased. FIG. 30 is a 
graph showing a characteristic feature (indicated by a solid 
line) of the heat cycle of the magnetic refrigerating system 2 
of the present embodiment in a temperature-entropy diagram. 
A one-dot-chain line shows the Ericsson cycle, which is also 
one of the ideal heat cycles in the view point of the operating 
efficiency. A two-dot-chain line shows the Carnot cycle. 
0376. In the magnetic refrigerating system of the present 
embodiment, the magnetic working material 30 can be oper 
ated in an isothermal magnetic-excitation condition for the 
second step and in an isothermaldegaussing condition for the 
fourth step. 
0377 The Ericsson cycle indicated by the one-dot-chain 
line in FIG. 30, which is one of the ideal heat cycles, has an 
isothermal magnetic-excitation process and an isothermal 
degaussing process. In the magnetic refrigerating system of 
the present embodiment, the second step 'II' can be approxi 
mated to the ideal isothermal excitation process. In addition, 
the fourth step “IV” can be approximated to the ideal isother 
mal degaussing process. 
0378 Namely, in the present embodiment, the heat cycle 
of the magnetic refrigerating system can be approximated to 
the ideal cycle, as shown in FIG. 30. Accordingly, it is pos 
sible to reduce a degree of diremption from the ideal heat 
cycle in the respective isothermal excitation process and iso 
thermal degaussing process. Accordingly, the operating effi 
ciency of the magnetic refrigerating system 2 can be 
increased. 

0379. In the present embodiment, the synchronization 
between the operation of the refrigerant pump 34 and the 
operation of the magnetic-field control unit 32 should not be 
limited to that shown by FIGS. 28 and 29. 
0380 For example, it may be modified in the following 
manner. The second step 'II' is prolonged in FIG. 28 to a 
point, at which the flow speed of the heat medium is over the 
maximum value. Then, in Such a prolonged step "II, the 
magnetic field is changed in Such a manner that the change 
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rate of the magnetic field applied to the magnetic working 
material 30 is made larger as the moving speed of the heat 
medium is higher. 

Sixth Embodiment 

0381. A sixth embodiment of the present disclosure will 
be explained with reference to FIGS. 18, 31 and 32. 
0382. The sixth embodiment is different from the second 
embodiment in the applying pattern of the magnetic field. 
0383. A flow-speed pattern of the heat medium of the 
present embodiment is the same to that of FIG. 18 for the 
second embodiment. 
0384 FIG.31 is a graph showing a change of the magnetic 
field to be applied to the magnetic working material 30 in the 
working chamber 311. In FIGS. 18 and 31, numerals “I”, “II, 
“III and “IV” respectively designate the first to fourth steps. 
0385. The magnetic refrigerating system of the present 
embodiment is almost the same to that of the second embodi 
ment. In the present embodiment, the refrigerant pump34 and 
the magnetic-field control unit 32 are synchronized in Such a 
way that the applying pattern of the magnetic field of FIG. 31 
is synchronized with the fluid flow pattern of the heat medium 
shown in FIG. 18. However, in the magnetic-field control unit 
32 of the present embodiment, none of the following param 
eters (including the dimension of the gap, the magnetic resis 
tance value of the magnetic resisting member, the space 
dimension of the notched portion, the residual magnetic flux 
density of the permanent magnet, the magnetic holding force 
of the permanent magnet, the magnetizing directions of the 
permanent magnet, or the thickness of the permanent magnet 
in the radial direction) is changed in the circumferential direc 
tion (in the rotational direction of the rotor). Instead, in the 
present embodiment, the magnetic-field control unit 32 has a 
semicircular arc-shaped permanent magnet, which extends in 
the circumferential direction of the rotor to occupy a half 
cross sectional area of the rotor in the circumferential direc 
tion. As a result, the applying pattern of the magnetic field 
shown in FIG. 31 is obtained. 
0386 During an operation of the magnetic refrigerating 
system of the present embodiment, for the first and third steps, 
the magnetic refrigerating system operates in a similar man 
ner to those of the second embodiment. In the third step, 
however, the magnetic field applied to the magnetic working 
material 30 is rapidly decreased to the level of Zero (to a 
condition, in which the magnetic field is almost completely 
removed). 
0387. In the second step, the refrigerant flows at once into 
the working chamber 311 of the first axial end 311b from the 
pressure accumulating tank 41a by its accumulated pressure 
energy, in addition to the refrigerant pumped out from the 
refrigerant pump 34A. Then, the flow of the refrigerant (the 
flow speed of which is almost constant) is immediately 
formed in the working chamber 311 in the direction from the 
first axial end 311b to the second axial end 311a, as indicated 
by “II in FIG. 18. 
0388. The refrigerant pump 34B sucks the refrigerant 
from the high-temperature side refrigerant circuit 4 into the 
cylinder bore (the pump chamber) 344b. The refrigerant, 
which is heated up by the magnetic working material 30, 
flows out from the working chamber 311 of the second axial 
end 311a to the high-temperature side refrigerant circuit 4. 
0389. During the operation of the second step, the mag 
netic field applied by the permanent magnet 323 to the mag 
netic working material 30 is maintained at the value increased 
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in the first step (namely, at the magnetic field at the end of the 
first step), as indicated by “II in FIG. 31. 
0390. In other words, the pressure difference between the 
refrigerant inlet port 313a and the working chamber 311 is 
increased in the first step operation. And when Such pressure 
difference becomes larger than the predetermined value, the 
magnetic field applied to the magnetic working material 30 is 
maintained at the constant value (without decreasing from the 
magnetic field at the end of the first step). The second step 
operation is thereby carried out, in which the heat medium is 
moved in the working chamber 311 in the direction from the 
first axial end 311b to the secondaxial end 311a. In the second 
step, the heatenergy of the magnetic working material 30, the 
temperature of which is increased in the first step, is trans 
ferred to the heat medium and moved to the second axial end 
3.11a. 
0391. In the second step, since the magnetic field applied 
to the magnetic working material 30 is not changed, the heat 
is not generated in the magnetic working material 30. In the 
second step, the heat energy generated in the first step is 
transferred to the heat medium and thereby the temperature of 
the magnetic working material 30 is decreased. 
0392. In the fourth step, the refrigerant flows at once into 
the working chamber 311 of the second axial end 311a from 
the pressure accumulating tank 41b by its accumulated pres 
Sure energy, in addition to the refrigerant pumped out from the 
refrigerant pump 34.B. Then, the flow of the refrigerant of 
almost constant value is immediately formed in the working 
chamber 311 in the direction from the second axial end 311a 
to the first axial end 311b, as indicated by “IV” in FIG. 18. 
0393. The refrigerant pump 34A sucks the refrigerant 
from the low-temperature side refrigerant circuit 5 into the 
cylinder bore (the pump chamber) 344a. The refrigerant, 
which is cooled down by the magnetic working material 30, 
flows out from the working chamber 311 of the first axial end 
3.11b to the low-temperature side refrigerant circuit 5. 
0394. During the operation of the fourth step, the magnetic 
field applied by the permanent magnet 323 to the magnetic 
working material 30 is maintained at the value (the magnetic 
field at the end of the third step), to which the magnetic field 
is decreased in the third step, that is Zero in the present 
embodiment, as shown in “IV of FIG. 31. 
0395. In other words, the pressure difference between the 
refrigerant inlet port 312a and the working chamber 311 is 
decreased in the fourth step operation. And when Such pres 
sure difference becomes smaller than the predetermined 
value, the magnetic field applied to the magnetic working 
material 30 is still maintained at the constant value (without 
being increased) from the magnetic field at the end of the third 
step (that is Zero in the present embodiment). The fourth step 
operation is thereby carried out, in which the heat medium is 
moved in the working chamber 311 in the direction from the 
second axial end 311a to the first axial end 311b. In the fourth 
step, the coldenergy of the magnetic working material 30, the 
temperature of which is decreased in the third step, is trans 
ferred to the heat medium and moved to the first axial end 
3.11b. 
0396. In the fourth step, since the magnetic field applied to 
the magnetic working material 30 (that is, Zero) is not 
changed, the cold energy is not generated in the magnetic 
working material 30. In the fourth step, the heat energy gen 
erated in the third step is transferred to the heat medium and 
thereby the temperature of the magnetic working material 30 
is increased. 
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0397 According to the magnetic refrigerating system of 
the present embodiment, the heat energy absorbed in the 
cooling-side heat exchanger 12 is radiated in the heating-side 
heat exchanger 13, when the heat cycle of the first to fourth 
steps is repeatedly carried out. 
0398. In the first step, the movement of the heat medium is 
stopped in the working chamber 311 to thereby form the 
adiabatic state and the magnetic field to be applied to the 
magnetic working material 30 is increased. Therefore, it is 
possible to increase the temperature of the magnetic working 
material 30. 
0399. In the second step, the heat medium is moved in the 
working chamber 311 in the right-hand direction (FIG. 1) 
from the first axial end 311b to the second axial end 311a. 
Therefore, it is possible to transfer the heat energy from the 
magnetic working material 30 (the temperature of which is 
increased in the first step) to the heat medium to thereby move 
the heat energy to the second axial end 311a. 
0400. In the third step, the movement of the heat medium 

is again stopped in the working chamber 311 to thereby form 
the adiabatic state and the magnetic field applied to the mag 
netic working material 30 is decreased. Therefore, it is pos 
sible to decrease the temperature of the magnetic working 
material 30. 
04.01. In the fourth step, the heat medium is moved in the 
working chamber 311 in the left-hand direction (FIG. 1) from 
the second axial end 311a to the first axial end 311b. There 
fore, it is possible to transfer the cold energy from the mag 
netic working material 30 (the temperature of which is 
decreased in the third step) to the heat medium to thereby 
move the cold energy to the first axial end 311b. 
0402. As a result, the operating efficiency of the magnetic 
refrigerating system 2 can be increased. FIG. 32 is a graph 
showing a characteristic feature (indicated by a solid line) of 
the heat cycle of the magnetic refrigerating system 2 of the 
present embodiment in a temperature-entropy diagram. A 
one-dot-chain line shows the Brayton cycle, which is one of 
ideal heat cycles in a view point of the operating efficiency. A 
two-dot-chain line shows the Carnot cycle. 
0403. A dotted line shows a characteristic feature of the 
comparative example, in which the heat medium in the work 
ing chamber is continuously moved to reciprocate without 
stopping Such reciprocal movement and the degree of the 
magnetic field is not changed during the operation in which 
the magnetic field is applied to the magnetic working mate 
rial. 
0404 In the magnetic refrigerating system of the present 
embodiment, the magnetic working material 30 can be oper 
ated in anadiabatic magnetic-excitation condition for the first 
step “I” and in anadiabatic degaussing condition for the third 
step “III. 
04.05 The Brayton cycle indicated by the one-dot-chain 
line in FIG. 32, which is one of the ideal heat cycles, has an 
adiabatic magnetic-excitation process and an adiabatic 
degaussing process. In the magnetic refrigerating system of 
the present embodiment, the first step “I can be approxi 
mated to the ideal adiabatic excitation process. In addition, 
the third step "III can be approximated to the ideal adiabatic 
degaussing process. 
0406 Namely, in the present embodiment, the heat cycle 
of the magnetic refrigerating system can be approximated to 
the ideal cycle, as shown in FIG. 32. Accordingly, it is pos 
sible to reduce a degree of diremption from the ideal heat 
cycle in the respective adiabatic excitation process and adia 
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batic degaussing process. Accordingly, the operating effi 
ciency of the magnetic refrigerating system 2 can be 
increased. 

(Further Modifications) 
0407 As above, the several embodiments of the present 
disclosure are explained. However, the present disclosure 
should not be limited to those embodiments, but the present 
disclosure can be modified in various manners without 
departing from the spirit of the present disclosure. 
0408. In the above first, second and sixth embodiments, 
each of the pressure Switching valves 42a and 42b (the pres 
sure valve devices) is provided in the container device 31 on 
the side of the respective refrigerant inlet ports 312a and 
313a, through which the refrigerant is supplied from the 
refrigerant pumps 34A and 34B into the working chamber 
311. In the above third and fourth embodiments, each of the 
discharge valves 312d and 313d (the pressure valve devices) 
is provided in the respective container units (or the respective 
container unit portions) 31a and 31b on the side of each 
refrigerant outlet port 312b and 313b, through which the 
refrigerant is pumped out by the refrigerant pump 34 from the 
working chamber 311 toward the heat exchangers 12 and 13. 
Those pressure valve devices may be provided on either side 
of the refrigerant inlet ports or the refrigerant outlet ports. 
04.09 When the pressure valve devices are provided on the 
side of the refrigerant inlet ports, it is possible to surely stop 
the movement of the heat medium in the working chamber 
311 in the first and third step operations. 
0410. In above first, second, third and sixth embodiments, 
the pressure accumulating tanks 41a and 41b (the pressure 
accumulating devices) accumulate the pressure of the refrig 
erant (the refrigerant discharging pressure) pumped out by 
the refrigerant pumps 34, 34A and 34B during the first and 
third steps. The pressure accumulating devices may accumu 
late refrigerant Sucking pressure. 
0411. In the above first, second, third, and sixth embodi 
ments, the heat-medium-movement prohibiting unit is 
formed by the pressure accumulating device and the pressure 
valve device. The heat-medium-prohibiting unit carries out 
the process changes from the first to the second step and from 
the third to the fourth step, when the pressure difference 
(which is a physical quantity varying in accordance with 
passage of time) reaches at the predetermined value. The 
heat-medium-prohibiting unit should not be limited to such a 
structure and operation. 
0412 For example, the heat-medium-prohibiting unit may 
be composed of a rotational angle detecting device for detect 
ing a rotational position of the rotational shaft(s) and an 
electromagnetic valve, wherein the electromagnetic valve is 
operated (opened) depending on the rotational position of the 
rotational shaft (s), which is also a physical quantity varying 
in accordance with the passage of time. 
0413 Further alternatively, the heat-medium-prohibiting 
unit may be composed of a timer device and an electromag 
netic valve, wherein the electromagnetic valve is opened after 
the elapse of a certain period of time. 
0414. In the above first, second, third and sixth embodi 
ments, the refrigerant pump 34, 34A, 34B is continuously 
operated on one hand. On the other hand, the movement of the 
heat medium (the refrigerant) is prohibited in the first and 
third steps by the heat-medium-movement prohibiting unit 
(being composed of the pressure accumulating device and the 
pressure valve device). 
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0415. The operation of the refrigerant pump should not be 
limited to such continuous operation. For example, the refrig 
erant pump may be intermittently operated so that the opera 
tion of the refrigerant pump is stopped in the first and third 
steps. 
0416) In the above embodiments, the predetermined pat 
terns of the magnetic field to be applied to the magnetic 
working material are obtained by rotating the magnetic-field 
control unit. 
0417. The present disclosure should not be limited to such 
operation. For example, the position of the magnetic-field 
control unit may be relatively changed to the magnetic work 
ing material. Namely, the magnetic-field control unit may be 
fixed, while the working chamber for the magnetic working 
material may be moved. 
0418. The present disclosure should not be further limited 

to the above modification, in which the positions between the 
magnetic-field control unit and the working chamber (accom 
modating the magnetic working material) are relatively 
changed with each other. 
0419 For example, the gap changing member, the mag 
netic resistance changing member, the space dimension 
changing member or the like (which are explained in the first 
embodiment, for example, with reference to FIGS. 11 to 17) 
may be used. Namely, while the magnetic-field control unit 
and the magnetic working material are fixed, the gap or the 
space in the magnetic circuit may be mechanically changed or 
the magnetic resisting member provided in the magnetic cir 
cuit may be moved with respect to the magnetic-field control 
unit and the magnetic working material. 
0420. In the above embodiments, the permanent magnets 
are used as the magnetic-field generating member. An elec 
tromagnetic coil, which generates magnetic field upon receiv 
ing electric power, may be used. 
0421 For example, the magnetic refrigerating device 103 
may be modified in way of a magnetic refrigerating device 
203, as shown in FIGS. 33 and 34. 
0422 FIG.33 is a cross sectional view taken along a plane 
in parallel to an axial direction of the magnetic refrigerating 
device 203, while FIG. 34 is a cross sectional view of a 
heat-exchange container device 31 taken along a plane per 
pendicular to the axial direction. As shown in FIGS. 33 and 
34, the magnetic refrigerating device 203 differs from that of 
the fourth embodiment (FIGS. 21 to 27) in that electromag 
netic coils 132 are used in place of the permanent magnets 
323a and 323b. 
0423. As shown in FIGS. 33 and 34, each of the electro 
magnetic coils 132 is wound on the outer periphery of the 
holding member 33, which forms the working chamber 311 
for accommodating therein the magnetic working material 
30. The various kinds of the patterns for the magnetic field to 
be applied to the magnetic working material 30 can be 
obtained by changing the electric current to the electromag 
netic coil 132. 
0424. In a case that the electromagnetic coil 132 is applied 
to the above first to fifth embodiments and an amount of 
current supply to the electromagnetic coil 132 is controlled 
depending on the operational phase of the heat pump cycle in 
the second and fourth steps, it is possible to realize the change 
rate (increase-decrease rate) of the magnetic field in accor 
dance with the fluid speed of the heat medium. 
0425 Therefore, in the case of the electromagnetic coil, 
the degree of the magnetic field to be applied to the magnetic 
working material can be easily changed. In other words, the 
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magnetic-field control unit can easily change the degree of the 
magnetic field to be applied to the magnetic working material 
and the increase-decrease rate thereof depending on the 
operational phase. 
0426. As shown in FIGS. 32 and 33, two working cham 
bers 311 are formed in the one heat-exchange container 
device 31 (in the respective container unit portions 31a and 
31b) for each cylinder of the refrigerant pump34. Each of the 
coils 132 is arranged to the respective working chambers 311. 
The patterns of the magnetic field generated by the respective 
coils 132 are displaced in phase from each other. Therefore, as 
shown in FIG.33, a low-permeability layer 31s, for example, 
made of resin, is formed in the heat-exchange container 
device 31 (which forms a part of the yoke) in order that the 
magnetic fields generated by the respective coils 132 may not 
be interfered with each other. 
0427. The number of the working chambers and the elec 
tromagnetic coils should not be limited to two in the circum 
ferential direction. The low-permeability layer 31s may be 
removed, when the magnetic field generated by one of the 
electromagnetic coils does not give an adverse influence to 
the magnetic field generated by the other electromagnetic 
coil. 
0428. In the above first to fourth and sixth embodiments, 
the first step includes not only a time point in which the 
magnetic field is rapidly increased but also its anteroposterior 
time period. The third step includes not only a time point in 
which the magnetic field is rapidly decreased but also its 
anteroposterior time period. 
0429. The present disclosure should not be limited to this. 
For example, the first step may be defined as to include only 
the time point in which the magnetic field is rapidly increased. 
And the third step may be defined as to include only the time 
point in which the magnetic field is rapidly decreased. 
0430. In the above embodiments, the high-temperature 
refrigerant in the second axial end 311a of the working cham 
ber 311 is circulated through the heating-side heat exchanger 
13 so as to radiate the heatenergy to the outside thereof, while 
the low-temperature refrigerant in the first axial end 311b of 
the working chamber 311 is circulated through the cooling 
side heat exchanger 12 so as to absorb the heat from the 
outside. The present disclosure should not be limited accord 
ingly. For example, the heat exchange between the refrigerant 
and outside fluid may be carried out at both axial ends of the 
working chamber. 

What is claimed is: 
1. A magnetic heat pump apparatus comprising: 
a magnetic refrigerating device including: 

a container device having a working chamber for accom 
modating magnetic working material having magne 
tocaloric effect, heat medium passing through the 
working chamber; 

a magnetic-field control unit for changing degree of the 
magnetic field to be applied to the magnetic working 
material; and 

a heat-medium moving device for moving the heat 
medium in the working chamber so that the heat 
medium is reciprocated between a first axial end and 
a second axial end of the working chamber, 

a heat radiating device for radiating heat, which is con 
tained in the heat medium on a side of the second axial 
end, to an outside of the heat radiating device; and 
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aheat absorbing device for absorbing heat from an outside 
of the heat absorbing device into the heat medium, 
which is on a side of the first axial end, 

wherein a heat pump cycle of the magnetic heat pump 
apparatus includes following first to fourth steps, which 
are repeatedly carried out; 

the first step for increasing temperature of the magnetic 
working material; 

the second step for increasing the degree of the magnetic 
field to be applied to the magnetic working material, 
temperature of which is increased in the first step, by the 
magnetic-field control unit, wherein the heat medium is 
moved from the first axial end to the second axial end by 
the heat-medium moving device; 

the third step for decreasing the temperature of the mag 
netic working material after the second step; and 

the fourth step for decreasing the degree of the magnetic 
field applied to the magnetic working material, the tem 
perature of which is decreased in the third step, by the 
magnetic-field control unit, wherein the heat medium is 
moved from the second axial end to the first axial end by 
the heat-medium moving device, 

wherein heat absorbed in the heat absorbing device is radi 
ated from the heat radiating device, and 

wherein the heat-medium moving device and the mag 
netic-field control unit are synchronized in Such a man 
ner that, in the second and fourth steps, a change rate of 
the degree of the magnetic field to be applied to the 
magnetic working material by the magnetic-field control 
unit is made larger, as a moving speed of the heat 
medium by the heat-medium moving device is higher. 

2. The magnetic heat pump apparatus according to claim 1, 
wherein 

the magnetic-field control unit changes a magnetic resis 
tance of a magnetic circuit, in which the magnetic work 
ing material is provided, depending on an operational 
phase of the heat pump cycle, so as to change the degree 
of the magnetic field to be applied to the magnetic work 
ing material and to thereby change the change rate of the 
degree of the magnetic field in the second and fourth 
steps. 

3. The magnetic heat pump apparatus according to claim 2, 
wherein 

a gap, in which the magnetic working material is arranged, 
is formed in the magnetic circuit, and 

the magnetic-field control unit changes a size of the gap 
depending on the operational phase so as to change the 
magnetic resistance of the magnetic circuit. 

4. The magnetic heat pump apparatus according to claim 2, 
wherein 

the magnetic-field control unit changes a magnetic resist 
ing value of a magnetic resisting member, which is pro 
vided in the magnetic circuit, so as to change the mag 
netic resistance of the magnetic circuit. 

5. The magnetic heat pump apparatus according to claim 2, 
further comprising: 

a yoke for forming a part of the magnetic circuit, 
wherein a notched portion, which is different from the gap 

in which the magnetic working material is arranged, is 
formed in the yoke, 

the magnetic-field control unit changes a space dimension 
of the notched portion depending on the operational 
phase, so as to change the magnetic resistance in the 
magnetic circuit. 
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6. The magnetic heat pump apparatus according to claim 1, 
wherein 

the magnetic-field control unit has multiple permanent 
magnets, which move relative to the magnetic working 
material, 

the permanent magnets have different magnetic character 
istics from one another in a direction, in which the per 
manent magnets move relative to the magnetic working 
material, in Such a manner the change rate of the degree 
of the magnetic field varies depending on the moving 
speed of the heat medium during the second and fourth 
steps. 

7. The magnetic heat pump apparatus according to claim 6. 
wherein 

the magnetic characteristic includes one of a residual mag 
netic flux density and a magnetic holding force of the 
permanent magnets. 

8. The magnetic heat pump apparatus according to claim 6. 
wherein 

the magnetic characteristic is a magnetizing direction of 
the permanent magnets. 

9. The magnetic heat pump apparatus according to claim 6. 
wherein 

the magnetic characteristic is a thickness of the permanent 
magnets, which varies along the direction, in which the 
permanent magnets move relative to the magnetic work 
ing material. 

10. The magnetic heat pump apparatus according to claim 
1, wherein 

the magnetic-field control unit includes an electromagnetic 
coil, and 

current Supply to the electromagnetic coil is changed dur 
ing the second and fourth steps depending on the opera 
tional phase of the heat pump cycle, so that the change 
rate of the degree of the magnetic field varies depending 
on the moving speed of the heat medium. 

11. The magnetic heat pump apparatus according to claim 
1, wherein 

in the first step, the magnetic field to be applied to the 
magnetic working material is increased by the magnetic 
field control unit, while the movement of the heat 
medium in the working chamber is stopped by the heat 
medium moving device, 

the second step is carried out after the elapse of a certain 
period of time from a start of the first step or when a 
physical quantity varying in accordance with the pas 
Sage of time reaches at a predetermined value, 

in the third step, the magnetic field applied to the magnetic 
working material is decreased by the magnetic-field 
control unit, while the movement of the heat medium in 
the working chamber is stopped by the heat-medium 
moving device, and 

the fourth step is carried out after the elapse of a certain 
period of time from a start of the third step or when the 
physical quantity varying in accordance with the pas 
Sage of time reaches at another predetermined value. 

12. A magnetic heat pump apparatus comprising: 
a magnetic refrigerating device including: 

a container device having a working chamber for accom 
modating magnetic working material having magne 
tocaloric effect, heat medium passing through the 
working chamber; 
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a magnetic-field control unit for changing degree of the 
magnetic field to be applied to the magnetic working 
material; and 

a heat-medium moving device for moving the heat 
medium in the working chamber so that the heat 
medium is reciprocated between a first axial end and 
a second axial end of the working chamber, 

a heat radiating device for radiating heat, which is con 
tained in the heat medium on a side of the second axial 
end, to an outside of the heat radiating device; and 

aheat absorbing device for absorbing heat from an outside 
of the heat absorbing device into the heat medium, 
which is on a side of the first axial end, 

wherein a heat pump cycle of the magnetic heat pump 
apparatus includes following first to fourth steps, which 
are repeatedly carried out so that heat absorbed in the 
heat absorbing device is radiated from the heat radiating 
device; 

the first step for increasing the magnetic field to be applied 
to the magnetic working material by the magnetic-field 
control unit, while the movement of the heat medium in 
the working chamber by the heat-medium moving 
device is stopped; 

the second step for moving the heat medium from the first 
axial end to the second axial end by the heat-medium 
moving device without decreasing the magnetic field 
applied to the magnetic working material, which has 
been increased by the magnetic-field control unit in the 
first step, wherein the second step is carried out after the 
elapse of a certain period of time from a start of the first 
step or when a physical quantity varying in accordance 
with the passage of time reaches at a predetermined 
value; 

the third step for decreasing the magnetic field applied to 
the magnetic working material by the magnetic-field 
control unit after the second step, while the movement of 
the heat medium in the working chamber by the heat 
medium moving device is stopped; and 

the fourth step for moving the heat medium from the sec 
ond axial end to the first axial end by the heat-medium 
moving device without increasing the magnetic field 
applied to the magnetic working material, which has 
been decreased by the magnetic-field control unit in the 
third step, wherein the fourth step is carried out after the 
elapse of a certain period of time from a start of the third 
step or when the physical quantity varying in accordance 
with the passage of time reaches at another predeter 
mined value. 

13. The magnetic heat pump apparatus according to claim 
12, wherein 

the heat-medium moving device is continuously operated 
for reciprocating the heat medium, 

a heat-medium-movement prohibiting unit is provided for 
prohibiting movement of the heat medium in the work 
ing chamber, and 

the movement of the heat medium in the working chamber 
is stopped by the heat-medium-movement prohibiting 

28 
Nov. 1, 2012 

unit in the first and third steps, while the heat-medium 
moving device is in its operation. 

14. The magnetic heat pump apparatus according to claim 
13, wherein 

the heat-medium moving device is composed of a pump 
device, which is provided at an outside of the working 
chamber for continuously changing Volume of pump 
chambers to Suck the heat medium from the working 
chamber or discharge the heat medium into the working 
chamber so as to reciprocate the heat medium in the 
working chamber, 

the heat-medium-movement prohibiting unit is composed 
of: 

(i) a pressure accumulating device for accumulating a dis 
charging pressure or a Sucking pressure; and 

(ii) a pressure valve device, which is opened when a pres 
sure difference between the working chamber and the 
pump chambers reaches at a predetermined pressure so 
that the heat medium flows into the working chamber in 
accordance with a discharging or a Sucking operation of 
the pump device together with an accumulated discharg 
ing pressure or an accumulated Sucking pressure of the 
pressure accumulating device, 

wherein the first step is changed to the second step, when 
the pressure valve device is opened when the pressure 
difference reaches at the predetermined pressure, 
wherein the pressure difference corresponds to the 
physical quantity which varies in accordance with the 
passage of time, and 

wherein the third step is changed to the fourth step, when 
the pressure valve device is opened when the pressure 
difference reaches at the predetermined pressure, 
wherein the pressure difference corresponds to the 
physical quantity which varies in accordance with the 
passage of time. 

15. The magnetic heat pump apparatus according to claim 
12, wherein 

in the second step, the magnetic field to be applied to the 
magnetic working material is increased by the magnetic 
field control unit depending on a moving speed of the 
heat medium, which is moved by the heat-medium mov 
ing device from the first axial end to the second axial 
end, and 

in the fourth step, the magnetic field applied to the mag 
netic working material is decreased by the magnetic 
field control unit depending on a moving speed of the 
heat medium, which is moved by the heat-medium mov 
ing device from the second axial end to the first axial 
end. 

16. The magnetic heat pump apparatus according to claim 
15, wherein 

in the second step, the magnetic field to be applied to the 
magnetic working material is more slowly increased by 
the magnetic-field control unit than the first step, and 

in the fourth step, the magnetic field applied to the mag 
netic working material is more slowly decreased by the 
magnetic-field control unit than the third step. 

c c c c c 


