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MAGNETOCALORIC THERMAL APPLIANCE

Technical scope:

The present invention relates to a magnetocaldrental appliance including at
least:

- three coaxial magnetic rotors, coupled with atlua@or so as to be rotatable about a
rotational axis, of which two magnetic rotors airgke-faced and a central magnetic
rotor arranged between the two others is doubledasaid magnetic rotors being
provided with diametrally opposed magnetic poldggnad with each other, and
delimiting between each other air gaps locatedvimpiarallel air gap planes,

- two magnetocaloric element holders located id a#igap planes,

- magnetocaloric elements carried by said two hsldad in fluidic communication
with each other by means of fluidic connections nghreat least one heat transfer
fluid circulates and forming at least one determdifieidic loop, and

- means for circulating said heat transfer fluid said fluidic loop through said
magnetocaloric elements according to a reciprogdinth and back movement in
function of the magnetic cycles created by saidma#g rotors.

Prior art:

Magnetic refrigeration technology at ambient terapge has been known for more
than thirty years and its advantages in terms ofogy and sustainable development
are widely acknowledged. Its limits in terms of useful calorific output and its
thermal performance are also well known. Consedyeait the research undertaken
in this field tends to improve the performancestioé magnetocaloric thermal
appliances, by adjusting the various parametecty as the intensity of the magnetic
field, the performances of the magnetocaloric niatethe heat exchange surface
between the heat transfer fluid and the magnetacadtements, the performances of
the heat exchangers, etc.
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Today, the developments aim at optimizing the apyles in order, on the one hand,
to be able to manufacture them in large series @mdhe other hand, to ensure them
a long service life. Moreover, an additional elensrto be taken into consideration
in the design of this type of magnetocaloric thdrappliances, which relates to their
compactness, indispensable in many fields of agidio. In fact, in addition to the

need for a usable energy efficiency, a magnetacatbermal appliance must also
have a relatively reduced size or volume, allowiogexample to integrate it in a

household appliance, a vehicle, etc., alreadyiegisin the market or new.

A magnetocaloric thermal appliance is made of sdvetements, which are
indispensable for its operation. Among these irglisable materials, there are the
so-called magnetocaloric materials, whose temperataries according to the
magnetic field they are subjected to. More spedliffc the magnetocaloric material
warms up almost instantly when it is placed in agnadic field or subjected to an
intense magnetic field, and it cools down accordioga same thermal dynamics
when it is removed from the magnetic field or sobgd to a low magnetic field. The
magnetic field variation is generated by a magmnstgtem or arrangement that forms
another essential element and that can be formed ef@mple either by
electromagnets powered by a variable current orabyassembly of permanent
magnets in relative movement with respect to thgmatocaloric materials. The
higher the quantity of magnetocaloric material ithermal appliance, the higher the
thermal output of this appliance may be.

A liquid or gaseous heat transfer fluid is use@xtract the energy of the magnetic
phases or cycles, which include each a magnetizatml a demagnetization. This
heat transfer fluid is circulated to enter intorthal contact with said magnetocaloric
materials, so that it heats up on contact withntlagnetocaloric material during a so-
called magnetization phase and cools down on comnt@b the magnetocaloric

material during a so-called demagnetization ph@ssessically, the heat transfer fluid
circulates in rectilinear channels or through paksady existing or created in the

magnetocaloric material. This circulation corresgwnio a hydraulic flow of the
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fluid, preferably in laminary mode, in order to aist a maximum exchange surface

with a minimum hydraulic head loss.

Finally, in order to be able to operate the magradtwic thermal appliance, the latter
must be thermally connected, directly or throughathexchangers, with the
environment or with the application towards whibk produced thermal energy is to

be exchanged and/or evacuated.

The current needs in the field of magnetocalorarrttal appliances concentrate on
design and assembly simplicity and on the reduaiidhe size of such appliances.

To that purpose, the applicant developed a magaketec thermal appliance as
schematically illustrated in figures 1, 2 and 3,thwireference to publication
WO 2013/076571. Figure 1 represents a fluidic l@tpan instant t connecting
magnetocaloric elements M1, M2, M7, M8 and M3, MM5, M6, mounted
respectively on two holders SUP1 and SUP2. The etagaloric elements M3, M4,
M8, M7 subjected to a magnetic field are represkbiea hatched rectangle and the
magnetocaloric elements M1, M2, M6, M5 located imgtgthe magnetic field are
simply represented by a rectangle. The interestoninecting two magnetocaloric
elements M1 and M2, M3 and M4, M5 and M6, M7 and, MBich are in a same
magnetic state — that is to say both subjectedrt@agnetic field or not — between a
heat exchanger EC1 or EC2 and a fluid actuator AJA® is that his allows
increasing the temperature gradient obtained edsteperation between the hot end
C and the cold end F of the magnetocaloric theapaliance. In this appliance, the
magnetic field is obtained thanks to two magnetitsucomprising each two rotating
magnetic rotors on which permanent magnets AP avented (see figure 2).
Therefore, the appliance comprises a total of fmagnetic rotors. The permanent
magnets of every magnetic unit form two poles PlaRanged substantially at 180°
from each other, in other words, diametrally opjosdth respect to the rotational
axis X of said magnetic units. The two magnetictaurare offset on the same

rotational axis X by an angle of 90 degrees, asvehim figure 2. Logically, the
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device that circulates the heat transfer fluidhe fluidic circuit that connects the
magnetocaloric elements of the two holders SUP1SiE?2 is arranged between the
two magnetic units. The main disadvantage of iss@nce is that it increases the
volume of the magnetocaloric thermal appliance n@lthe longitudinal axis X -
refer in particular to figure 2). This device inrpeular comprises a control cam CC
rotatably mounted on rotational axis X arrangechtive the pistons of actuators Al,
A2.

Figure 3 is a view representing the holders SURL SdP2 of the magnetocaloric
elements seen along planes A and B of figure 2iarldiidic communication with
each other through pipes forming a fluidic circuit.is to be noted that the
implementation of the fluidic circuit is complexcgoumbersome and that the length
of the required pipes is also very important. linigarticular visible that four pipes
identified by a fine dot-dash line run each aloadf bf the circumference of holders
SUP1, SUP2. These four pipes correspond to thedidluiconnection of
magnetocaloric elements of a same holder SUP1, SWR2h are in a same
magnetic state (M8 and M7, M1 and M2; M4 and M3, BIGM5). The direct
consequence of these important pipe lengths isad lwss leading to a decrease of
the efficiency of the appliance and a loss of oyt@as the heat transfer fluid
contained in the fluidic connections is not enyirekploited because of a high dead
volume, and it is moreover liable to generate tleriosses by increasing the

exchange surfaces with the environment.

In order to reduce the size of this magnetocaltrermal appliance, the applicant
developed a magnetic generator comprising threi@oand parallel magnetic
rotors instead of four, which delimit between eather two parallel air gaps. This
arrangement has the advantage of reducing the woand the weight of the thermal
appliance in comparison with that described in rexfee to figures 1 to 3. An
example of such a magnetic system is describedligation FR 2 987 433 (see in
particular figure 6) and in French patent applmatFR 12/57323 (see in particular

figure 12) filed by the applicant. However, the thgansfer fluid distribution circuit
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as described in the appliance of figures 1 to 8ak compatible with a magnetic
system with three magnetic rotors. In fact, in suah configuration, the
magnetocaloric elements arranged substantiallyantfof each other, in the two
holders located in the air gaps, are all in a saragnetic state, as the magnetic poles
formed by the magnetic rotors are obligatorily aéid. Conversely, in the previous
configuration comprising two distinct magnetic gnithe magnetic poles could be
offset or phase-shifted by 90° for example, gemsgatn angular offset in the
magnetization state of the magnetocaloric elemamtnged substantially in front of

each other.

Moreover, publication US 2011/0067415 Al describesmagnetocaloric thermal
appliance comprising several stages of magnetacatdements between several
stages of magnetic rotors. However, the magnetocaébements are connected to
each other in parallel and are integrated in onglsifluidic loop.

Description of the invention:

The present invention aims to offer a magnetoocalirermal appliance comprising
three aligned coaxial magnetic rotors that form &irogap planes in which holders
comprising magnetocaloric materials are placeds thppliance showing an
optimized size, and in which the hydraulic circaitd its driving system are easy to

implement.

This goal is achieved by a magnetocaloric therrppliance of the kind described in
the preamble, characterized in that said fluidinngxtions connect serially two by
two in said fluidic loop magnetocaloric elementatthelong respectively to the two
holders, said magnetocaloric elements connected bwdwo being in a same

magnetic state and positioned in front of eachrothe

Such a configuration or rotary structure whereia thagnetic system is in relative

movement with respect to the magnetocaloric elesieas the advantage of showing
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a good magnetocaloric material / used volume r&ioce the thermal output of the
thermal appliance depends in particular on the tiyaof magnetocaloric material

used, such arrangement is actually very advantageou

According to the invention, every fluidic loop caomprise first magnetocaloric
elements of every holder in an identical magnetatesand second magnetocaloric
elements of every holder in a reversed magnette,séad said displacement means
can be diametrally opposed and arranged for disgjabe heat transfer fluid in two

opposite directions.

Said displacement means comprise advantageousiatart positioned centrally
with respect to the median plane of the thermaliappe passing through the central

magnetic rotor.

In order to optimize the size of the appliancedseentral magnetic rotor can

comprise at least one means for controlling saidadors.

Moreover, the means for controlling the actuat@as comprise two cam profiles,
each cam profile being arranged for driving on¢heftwo actuators of every fluidic
loop. In other words, a part of the actuators iger by one cam profile and the other

part of the actuators of the appliance is driverthgyother cam profiles.

According to the invention, the cam profiles canidentical, but offset by an angle

of 90° about the rotational axis.

Of course, the appliance according to the inventiam preferably comprise several
fluidic loops and the actuators associated with fthiglic loops can be uniformly

distributed about the rotational axis.

According to the invention, the magnetocaloric edats carried by said holders can

be arranged symmetrically with respect to the nreg@iane of the thermal appliance
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that passes through the central magnetic rotor.

All fluidic loops of the thermal appliance can befluidic communication with a

common heat exchanger at the level of the cold sidbe thermal appliance and/or
with a common heat exchanger at the level of theshe of the thermal appliance.
As a variant, each fluidic loop can be in fluidmnemunication with a heat exchanger
that is associated to it at the level of the cotte of the thermal appliance and/or
with a heat exchanger that is associated to hetevel of the hot side of the thermal

appliance.
According to the invention, each rotor can moreasx@mnprise at least two pairs of
magnetic poles. They can for example comprise @osix poles, that is to say two

or three pairs or diametrally opposed poles.

The heat transfer fluid is preferably a liquid. Tlmat purpose, it is possible for

example to use pure water or water with antifreazglycolated product or a brine.

Brief description of the drawings:

The present invention and its advantages will bieebeevealed in the following
description of embodiments given as non limitingaraples, in reference to the

drawings in appendix, in which:

- figure 1 is a schematic view of a fluidic loop @afmagnetocaloric thermal
appliance according to the prior art,

- figure 2 is a schematic axial cross-sectionalwad the appliance according
to the prior art that corresponds to the fluidiodof figure 1,

- figure 3 represents the whole of the fluidic conmications or pipes of a
fluidic loop of the appliance of figure 2, illustitag the holders of the magnetocaloric
elements seen in a front view according to planes@B of figure 2,

- figure 4 is a schematic axial cross-sectionalwi@ a thermal appliance
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according to the prior art,

- figure 5 is a schematic view of a fluidic looptbE appliance of figure 4,

- figure 6 represents the whole of the fluidic conomcations of a fluidic loop
of the appliance of figure 4, illustrating the hedd of the magnetocaloric elements
seen in a front view according to planes A' andfBigure 4,

- figure 7 is a perspective view of the appliantdigure 4 showing a fluidic
loop, wherein the magnetic rotors are not represknt

- figure 8 is a view identical that of figure 7, @rein the magnetic rotors are
represented,

- figure 9 is a perspective view of the applianédigure 4 showing several
fluidic loops,

- figure 10 is a perspective view of a variant lo¢ tappliance represented in
figure 9, and

- figure 11 represents the two magnetocaloric etésbolders in a front view

according to planes A" and B' of figure 4.

Illustrations of the invention and various waygedlizing it:

In the illustrated embodiment examples, the idahieces or parts have the same

numerical references.

The drawings of figures 4 to 10 represent two emnthedt variants of a

magnetocaloric thermal appliance 1, 1' accordinght invention. It comprises a
magnetic system with three magnetic rotors R1, R2 that, due to their rotation
about rotational axis R, subject magnetocalorienelgts M11, M12, M13, M14,

M15, M16, M17, M18 to a magnetic field variatiorhd magnetic rotors R1, R2, R3
comprise magnetic poles. In the example, each mthr R2, R3 comprises two
diametrally opposed magnetic poles. Moreover, thiegpof rotors R1, R2, R3 are
mounted aligned with each other. They allow creptmthe appliance four air gaps
diametrally opposed two by two and aligned two p,tlocated in two air gap

planes PE1, PE2. The magnetic rotors R1, R2, Rdeeeach a frame T1, T2, T3
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on which permanent magnets AP1, AP2, AP2 are mdunthich are liable to be
associated with ferromagnetic elements to form thagnetic poles. More
specifically, the two magnetic end rotors R1 andaR8called single-faced, that is to
say that they comprise magnets only on one siakth@ncentral magnetic rotor R2 is
called double-faced, that is to say that it congwisiagnets on both sides or through
magnets. Magnetocaloric elements M11, M12, M13, MM45, M16, M17, M18 are
mounted in two fixed holders S1, S2 positionedimgap planes PEL, respectively

PE2, and are therefore coaxial and parallel to eduoér.

Even though the present description presents miagnebrs provides with two
poles, the invention is not restricted to this nembf poles. It is of course possible
to consider rotors comprising more poles, for examjpur poles diametrally

opposed two by two.

For the purpose of this invention, a magnetocalel@nent may comprise one or
several types of magnetocaloric materials. A magadbric element can for
example comprise several parts provided with chanioe the passage of the heat
transfer fluid, said parts being contiguous or safea by a blocking element or by a
heat transfer fluid guiding element that howevetoves a direct fluidic
communication. A magnetocaloric element can fomga be made of a succession
of magnetocaloric material sections arranged oim @rsame holder S1 or S2 and in

fluidic communication with each other.

The appliance according to the invention comprédeast one fluidic loop B1, B2,
B3 passing through the magnetocaloric elementsh Baidic loop comprises fluidic

communications connecting serially hydraulicallwesal magnetocaloric elements
and in which at least one heat transfer fluid dates. The heat transfer fluid is

displaced in each fluidic loop by suitable displaeat means, as explained later.

In the magnetocaloric elements, the heat trankiet €irculates from their cold end

F towards their hot end C during a first phase led tagnetic cycle, which
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corresponds to a heating phase during which thenatagaloric elements are
positioned in an air gap and are subjected to anetagfield leading to an increase
of their temperature, and then from their hot enwards their cold end F during a
second phase of the magnetic cycle, which correfpém a cooling phase during
which the magnetocaloric elements are positionetside@l an air gap and are
subjected to a zero magnetic field leading to aebse of their temperature

In order to realize the hydraulic diagram illusdétin figure 1 on an appliance
configuration as that of figure 4, both optimizitige length of the required fluidic
connections and reducing the volume of the appdiatiee applicant went against a
prejudice that consists in positioning on the oaadchthe magnetocaloric elements
connected to hot exchanger EC2 of the appliance loolder SUP2 close to hot side
C and, on the other hand, arranging the magnetocatements connected to cold
exchanger EC1 on a holder SUP1 close to cold sjdan& therefore connecting
directly fluidically to each other magnetocalorieraents that are in a same magnetic

state and belong to a same holder.

In fact, referring to figure 5, in appliance 1 aaiog to the invention, a fluidic loop
B1 that connects serially by fluidic connectionghtimagnetocaloric elements M11,
M12, M13, M14, M15, M16, M17, M18, connects respeay four magnetocaloric
elements M12, M14, M15, M17 of a first holder Stedily to four magnetocaloric
elements, respectively M11, M13, M16, M18 of secohdlder S2, said
magnetocaloric elements being arranged on froneawfh other and in a same
magnetization state. Hot side C of appliance bdsatied on the right in figures 5 and
7, at the level of hot exchanger E12, and cold Bidéthe appliance is located on the
left, at the level of cold exchanger E11. Referinghe diagram of figure 5, figure 7
shows clearly that the magnetocaloric elements M1, M15, M16 are connected
to the cold side or cold exchanger E11 of applialhhdeut distributed on both holders
S1, S2, while the holder located on the cold ssdbalder S1. The same applies to
magnetocaloric elements M11, M12, M17, M18 distidolin both holders S1, S2,

but connected to hot exchanger E12 of hot side @ppfiance 1, while the holder
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located on the hot side is holder S2.

Such an arrangement allows reducing considerabéy ldngth of the fluidic
connections or pipes required for closing the fluidop, in particular by dividing
the length by three with respect to the classigatesn as represented in figure 3.
This result is surprising as, ultimately, a fluidbop performs six passages from one
holder S1, S2 to the other holder S2, S1, that sal, four direct passages between
magnetocaloric elements and two passages throughatars All, Al2. Such
shortening of the length of the fluidic loops is@bpossible thanks to the integration
on central magnetic rotor R2 of a control can CCalctuators Al1l, A12 or pistons.
This construction allows bringing together as cl@se possible magnetocaloric
elements holders S1, S2 and arranging control c@mfGctuators A11, A12 outside
of the axial space of magnetocaloric thermal detic&his construction also allows
driving control can CC in rotation about rotatiorsalis R at the same speed as
magnetic rotors R1, R2, R3, directly synchronizethwthe magnetization variations.
In order to allow displacing the heat transferdlgio that, when a magnetocaloric
element is subjected to heating, the heat trantfigsl is directed towards hot
exchanger E12 and, when it is subjected to cootimg heat transfer fluid is directed
towards cold exchanger E11, control cam CC compris® identical cam profiles
F1, F2 offset angularly by 90° about axis R. Anwdagoffset is necessary and it is
due to the position of the actuators. It is in faetessary that, in a same fluidic loop,
an actuator is in one state and the other actistarthe opposite or complementary
state. Since the fluidic loop is closed, the floidthe fluidic loop must be able to
flow without fluid compression. In the illustratezkample, this offset between the
profiles is 90° (which corresponds to the 180° phstsft between the actuators of a
fluidic loop divided by the number of magnetic pldere two magnetic poles)
because two actuators of a same fluidic loop asgtipoed at 180° and the control

cam is defined to coincide with two magnetic cycles

As a general rule, each fluidic loop B1l, B2, B3 wects serially magnetocaloric
elements belonging to the two holders S1, S2. M@edhe drive or distribution of
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the heat transfer fluid through the fluidic conmees of a fluidic loop B1, B2, B3 is
central and positioned in the median plane of seenagnetic rotor R2, between the
two holders S1 and S2 which are arranged symmbiyriwéh respect to said median
plane. A fluidic loop B1, B2, B3 comprises a hatesand a cold side. The hot side of
the fluidic loop is connected thermally to a hoahexchanger E12 and the cold side
iIs connected thermally to a cold heat exchanger. Bdithout considering magnetic
rotors R1, R2, R3, holders S1 and S2 are eachgadam the thermal appliance
between the central distribution and one of saidt lexchangers E11, E12. The
magnetocaloric elements M17, M18, M12, M11 arrangethe hot side of fluidic
loop B1, B2, B3 are mounted in the two holders 3t &2. Likewise, the
magnetocaloric elements M15, M16, M14, M13 arranigethe cold side of fluidic
loop B1, B2, B3 are mounted in the two holders 8d 82. In other words, each
holder S1, S2 comprises both magnetocaloric elesneiiyd, M15; M16, M13 that
belong to the cold side of the fluidic loop and metgcaloric elements M17, M12;
M18, M11 that belong to the hot side of the fluithop, even though holder S1 is
located on the hot side of the thermal applianaktaider S2 is located on the cold
side of the thermal appliance. A dissociation isi@ed between the hot side and the
cold side of fluidic loops B1, B2, B3 and the himtesand the cold side of the thermal

appliance.

In a non illustrated embodiment variant, whereir tbtors have four poles and
wherein the two actuators of a same fluidic loop positioned at 180°, the profiles
of the two cams are also identical to each othetr different from those of the two-
pole variant. In such a configuration, the angutiset between the cam profiles
would be 45°.

Referring to the illustrated variant, it appearsacly on figures 4 and 7 that the two
actuators A21, A22 of a same fluidic loop B2 lochie two opposite positions are
not located in a same plane, in order to be drietwo different devices such as the
two cam profiles F1 and F2. Figure 4 shows thectlifieidic connection between

magnetocaloric elements M17, M18, and M14, M13 ofluadic loop B1. It
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illustrates the actuators A21 and A22 of anotherdit loop B2, however without
illustrating the magnetocaloric elements of thisidic loop B2, nor the fluidic

connections.

Figure 6 represents schematically fluidic loop Bl an instant t at which
magnetocaloric elements M17, M18, M14 and M13 aragmetized and
magnetocaloric elements M15, M16, M11, M12 are dgmeézed. This figure 6
represents the fluidic connections of fluidic citcB1, magnetocaloric elements
holders S1, S2 seen in a front view according emg$ A' and B' of figure 4. The
dotted lines illustrate the direct fluidic connects between magnetocaloric elements
arranged in front of each other and in a same niggstate. These connections are
therefore very short, as holders S1, S2 are seghmatly by central magnetic rotor
R2. In the prior art, the two holders SUP1, SUP2enseparated by the distribution
system and two magnetic rotors. Actuators All, AbRnect to each other two
magnetocaloric elements M16, M17; M13, M12 offsgtan angle of 90°. Likewise,
heat exchangers E11, E12 connect magnetocalornteels M14, M15; M11, M18
offset by an angle of 90°. These are the longeshections. In comparison, the
fluidic loops of the prior art comprise six conneans connecting magnetocaloric
elements located at 180° from each other, requimngh higher pipe lengths (more

than three times more).

Figure 7 represents fluidic loop B1 of figure Saiimagnetocaloric thermal appliance
1. In this simplified illustration, magnetic rotoRl, R2, R3 and drive cam CC for
actuators All, A12 are not represented. Moreowefatilitate understanding, the
distances between the various components of fllodip B1 have been exaggerated,
therefore increasing the length of the fluidic cections. Referring to figures 5 to 9,
fluidic loop B1 connects by means of fluidic conti@gs magnetocaloric elements
arranged in the two holders S1, S2, in the follgynder, that is to say,
- a first magnetocaloric element M11 of second hol@&® is serially
connected directly to

- a first magnetocaloric element M12 of first hol&, arranged in front and
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in a same magnetic state, which is connected thraatuator A12 to

- a second magnetocaloric element M13 of second h@&e this second
magnetocaloric element M13 being in a reversed etagetate with respect
to that of first magnetocaloric elements M11 and2VHnd offset by an
angle of 90° on rotational axis R with respect e tatter, this second
magnetocaloric element M13 of second holder S2goseérially connected
directly to

- a second magnetocaloric element M14 of first hosler arranged in front
and in a same magnetic state, which is connectedigh heat exchanger
El1l to

- a third magnetocaloric element M15 of first holdeét, in a reversed
magnetic state and offset by an angle of 90°, thisl magnetocaloric
element M15 being serially connected directly to

- a third magnetocaloric element M16 of second ho&&rarranged in front
and in a same magnetic state, which is connectedgh actuator A11 to

- a fourth and last magnetocaloric element M17 dft firolder S1, this last
magnetocaloric element M17 being in a reversed etagetate with respect
to that of third magnetocaloric elements M15 and6Mihd offset by an
angle of 90° on rotational axis R with respecttie tatter, this fourth and
last magnetocaloric element M17 of first holderl#&ing serially connected
directly to

- afourth and last magnetocaloric element M18 obsddolder S2, arranged
in front and in a same magnetic state, this foard last magnetocaloric
element M18 of second holder S2 being connectexlitiir heat exchanger
E12 to first magnetocaloric element M11 of secowttér S2, therefore

closing fluidic loop B1.

Actuators A11 and Al12 constantly displace the hesaisfer fluid in fluidic loop B1
simultaneously and in opposite directions. At thstant t represented in figure 5,
actuator A11 pushes the heat transfer fluid andadot A12 sucks the heat transfer

fluid. Of course, the heat transfer fluid is prefgy incompressible.
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The description relating to fluidic loop B1 of cearalso applies to the other fluidic
loops B2, B3 provided in appliance 1 accordingh® invention. Figure 9 represents
appliance 1 according to the invention comprisinge¢ fluidic loops B1, B2, B3.

Each fluidic loop B1, B2, B3, comprises four magmaioric elements arranged in
first holder S1 (for B1: M12, M17, M15, M14; for BRM22, M27, M25, M24; for

B3: M32, M37, M35, M34) and in front of four otheragnetocaloric elements, with
which they are directly connected, and arrangetherother holder S2 (for B1: M11,
M18, M16, M13; for B2: M21, M28, M26, M23; for B3vi31, M38, M36, M33).

Referring to figure 11, the two holders S1, S2 hewveh a geometrical configuration
that the magnetocaloric elements have a symmetrcahgement with respect to the
median plane that passes through central magnetar R2. Even though the
magnetocaloric elements are represented with aantizdly parallelepipedic shape,
the invention is not restricted to such magneto@alelements geometry. It is
possible, as an example, to provide magnetoca®ements with an arched or V

shape.

Thermal appliance 1' represented in figure 10 diffeom that of figure 9 only by its
heat exchangers. All fluidic loops of this appliant’ are connected to one single
heat exchanger E1 on the cold side and to oneeslmgst exchanger E2 on the hot

side.

Indeed, the fluidic loops can be connected to anglescommon heat exchanger on
the hot side and/or on the cold side, or everydituioop can be connected to a
dedicated heat exchanger on the hot side and/treocold side.

As it appears in figures 9 and 10, one single abmireans in the form of a control
cam CC moves all actuators A11, A12, A21, A22, AB32 of appliance 1, 1’. Half
of the actuators are driven by a first cam prdfileand the other half are driven by a
second cam profile F2. This also appears in figyie which actuators A11, A12 of

fluidic loop B1 are positioned offset, each actudteing effectively driven by a
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different cam profile F1, F2. The magnetocalorieneénts of holders S1, S2 are
arranged symmetrically with respect to the medianeg of appliance 1, 1', and each
magnetocaloric element of a holder S1, S2 is imditucommunication with the
magnetocaloric element of the other holder S2)&Hhted in front of it, as illustrated

in figures 6 and 7.

Possibilities for industrial application:

This description shows clearly that the inventidloves reaching the goals defined,
that is to say offer a magnetocaloric thermal appe with a structurally simple and
industrializable production. Such appliance camanticular find an application, as
well industrial as domestic, in the area of heatiag conditioning, tempering,

cooling or others, at competitive costs and withueed space requirements.

The present invention is not restricted to the eplasmof embodiment described, but
extends to any modification and variant which igiobs to a person skilled in the art

while remaining within the scope of the protectdefined in the attached claims.
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Claims

1. Magnetocaloric thermal appliance (1, 1) compgsat least:

- three coaxial magnetic rotors (R1, R2, R3), cedplith an actuator so as to be
rotatable about a rotational axis (R), of which twagnetic rotors (R1, R3) are
single-faced and a central magnetic rotor (R2)reyed between the two others is
double-faced, said magnetic rotors being provideith wliametrally opposed
magnetic poles (P), aligned with each other, arlondeng between each other air
gaps located in two parallel air gap planes (PER)P

- two holders (S1, S2) for magnetocaloric elemém$l, M12, M13, M14, M15,
M16, M17, M18, M21, M22, M23, M24, M25, M26, M27,28, M31, M32, M33,
M34, M35, M36, M37, M38) located in said air gapupes (PE1, PE2),

- magnetocaloric elements (M11, M12, M13, M14, MM16, M17, M18, M21,
M22, M23, M24, M25, M26, M27, M28, M31, M32, M33, 34, M35, M36, M37,
M38) carried by said two holders (S1, S2) and uidit communication with each
other by means of fluidic connections wherein asteone heat transfer fluid
circulates and forming at least one determinediituioop (B1, B2, B3), and

- means for circulating said heat transfer fluidsaid fluidic loop (B1, B2, B3)
through said magnetocaloric elements according tecgrocating forth and back
movement in function of the magnetic cycles credgdaid magnetic rotors,
characterized in that said fluidic connections @mrserially two by two in said
fluidic loop (B1, B2, B3) magnetocaloric elemenid1(, M12; M13, M14; M15,
M16; M17, M18; M21, M22; M23, M24; M25, M26; M27, 28; M31, M32; M33,
M34; M35, M36; M37, M38) that belong respectivetythe two holders (S1, S2),
said magnetocaloric elements connected two by ®wgbin a same magnetic state
and positioned in front of each other.

2. Thermal appliance according to claim 1, charasd in that every fluidic loop
(B1, B2, B3) comprises first magnetocaloric elemmef17, M14 and M18, M13;
M22, M25 and M21, M26; M32, M35 and M31, M36) ofegy holder (S1, S2) in an

identical magnetic state and second magnetocadtgiments (M15, M12 and M11,
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M16; M24, M27 and M23, M28; M34, M37 and M33, M3#)every holder (S1, S2)
in a reversed magnetic state, and in that saidatisment means are diametrally

opposed and arranged for displacing the heat #aflsfd in two opposite directions.

3. Thermal appliance according to any of the pneviolaims, characterized in that
the displacement means comprise actuators (All, APA, A22, A3l, A32)
positioned centrally with respect to the mediamelaf thermal appliance (1, 1°)

passing through central magnetic rotor (R2).

4. Thermal appliance according to claim 3, charasd in that said central
magnetic rotor (R2) comprises at least one mea@3 {@ controlling said actuators
(All, A12; A21, A22; A31, A32).

5. Thermal appliance according to claim 4, charasd in that said means (CC) for
controlling the actuators (Al1, Al12; A21, A22; A3A32) comprises at least two
cam profiles (F1, F2), each cam profile being agemhfor driving one of the two
actuators (All, A12; A21, A22; A31, A32) of evelyidlic loop (B1, B2, B3).

6. Thermal appliance according to claim 5, charad in that the cam profiles (F1,

F2) are identical, but offset by an angle of 908wthlrotational axis (R).

7. Thermal appliance according to any of the previdaims, characterized in that it
comprises several fluidic loops (B1, B2, B3) andthat the actuators (All, Al2;
A21, A22; A31, A32) associated with said fluidicofs are uniformly distributed

about rotational axis (R).

8. Thermal appliance according to any of the pneviolaims, characterized in that
the magnetocaloric elements carried by said hold&%, S2) are arranged
symmetrically with respect to the median plane ledrtnal appliance (1, 1') that

passes through central magnetic rotor (R2).
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9. Thermal appliance according to any of the pneviolaims, characterized in that
all fluidic loops (B1, B2, B3) are in fluidic commication with a common heat
exchanger (E1) at the level of the cold side (Rhefmal appliance (1') and/or with a

common heat exchanger (E2) at the level of thesia# (C) of thermal appliance

(1).

10. Thermal appliance according to any of clainmte 8, characterized in that each
fluidic loop (B1, B2, B3) is in fluidic communicath with a heat exchanger (E11,
E21, E31) that is associated to it at the levahefcold side (F) of thermal appliance
(1) and/or with a heat exchanger (E12, E22, E3&) #hassociated to it at the level
of the hot side (C) of thermal appliance (1).

11. Thermal appliance according to claim 1, charatd in that each magnetic rotor
comprises at least two pairs of magnetic poles.



