DEVI CE FOR GENERATI NG A THERVAL FLUX WTH A MAGNETO- CALORI C MATERI AL
Technical field: 5 The present invention concerns a device for generating a
thermal flux with a magneto-caloric nmaterial, conprizing at |east one
thermal flux generation unit provided with at | east two thermal bodi es each
containing at | east one magneto-caloric el enent, magnetic neans arranged to
emt at |east one magnetic field, displacenent neans coupled to the nmagnetic
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Prior art:

Conventional refrigeration devices usually comprize a compressor for compressing a cooling
fluid in order to raise its temperature and expansion means to decompress this cooling fluid

20 in order to cool it adiabatically. These conventional devices have a number of disadvantages.
In effect, gases such as the CFCs (chlorofluorocarbons) currently used as the cooling fluid
are serious pollutants and their use entails great risks of atmospheric pollution and
destruction of the ozone layer. Consequently, those gases do not satisfy present-day
requirements, nor the environmental standards of many countries. Furthermore, such

25 conventional equipment, which operates under pressure, has to be installed and maintained
by trained and certified personnel who must follow constraining procedures whose
implementation demands lengthy and repeated intervention times. Finally, such equipment is
noisy, produces numerous vibrations, is bulky and complex, and consumes a lot of electrical
energy. So conventional devices are not satisfactory.
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2 Research efforts have identified magneto-caloric materials that can be
used in tenpering and/or cooling installations. The magneto-cal oric effect
is the property that certain naterials possess, of becom ng warner under
the action of a magnetic field and then cooling to a tenperature |ower than
their initial tenperature once the magnétic field has disappeared or 5 when
the magnetic field is varied. A first technol ogy, based on the use of |arge,
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The obj ecfyQfitd A Publication FR-A-2 525 748 is a magnetic refrigeration
device conprizing a magnetizable material, a systemfor generating a
variabl e magnetic field and neans for transferring heat and col d that
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15 of the magnetizable substance produces cold, which is transmitted to the helium by
conducting elements. The use of superconducting equipment necessitates installations for
cooling with liquid nitrogen, which are bulky, costly, and which require delicate maintenance
operations. Such devices are complex and can only be used for limited applications.
Accordingly, that solution is not satisfactory.

20
The object of the publication FR-A-2 525 748 is a magnetic refrigeration device comprizing
a magnetizable material, a system for generating a variable magnetic field and means for
transferring heat and cold that comprize a space filled with a saturated liquid coolant. In a
first position the magnetizable material generates cold and the means for cold transfer extract

25 it from the magnetizable material by condensation of a coolant. In a second position the
magnetizable material generates heat and the means for heat transfer extract the heat from the
magnetizable material by the boiling or heating of another coolant. The overall efficacy of
such systems is extremely low and they cannot match the current refrigeration systems in
terms of efficiency. Thus, this solution is not economically satisfactory.
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such systens is extrenely |low and they cannot match the current
refrigeration systens in terns of efficiency. Thus, this solution is not
econom cally satisfactory. 30 3 Studies carried out in the United States
have | ed to the devel opnent of a new heat flow production process using a
magnet o-cal oric material. On passing acBoss the nmagnetic field the nagnetic
nonents of the nagneto-caloric material becone aligned and this gives rise

to a rearrangenent of its atons which causes the nagneto-caloric materi al
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magnet , thesm.r obt %sa:rsegunl, nﬁ gmhet%&leér ansfer block conprizing a heat
transfer U7 eircdit des ransport the calories and/or frigories

produaced by the gadol i ni um subj ected in alternation to the presence and

absence of the netic field. The heat transfer ck can b ed in
two ways. /Y5y of VRSB ESSERTTHET: S e fieied ap gﬁglﬁwntsﬁaeﬁotpgpgiaaeq%leggﬂe

“blind" aﬂ@o?egcz{l hesulh bE HistarfPSS BRloliRfuRH@ bel vialitbd) Athls SHofo®e c@ﬂxﬁh@é%ta gt ween
the heat transfer fluid and the disk. In this first case the heat transfer
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L T T
di rectiscontagadt. The permanent magnet straddles the sectors of the disk. Opposite the permanent
magnet, the disk passes into a heat transfer block comprizing a heat transfer fluid circuit
designed to transport the calories and/or frigories produced by the gadolinium subjected in
alternation to the presence and absence of the magnetic field. The heat transfer block can be
designed in two ways. In a first embodiment the heat transfer block is said to be “blind” and
20 the circuit passes through it without direct contact between the heat transfer fluid and the
disk. In this first case the heat transfer efficiency is very low and the device is not viable in
energy terms. In a second embodiment the heat transfer block has inlet and outlet orifices
which open onto the rotating disk and allow the heat transfer fluid to make direct contact
with the disk. In this second case even if rotary joints are used it is very difficult to prevent
25  leakage between the disk and the heat transfer block without adverse effect on the overall

efficiency of the device. Thus, this solution is not satisfactory.

Publication WO-A-03/050456 also describes a magnetic refrigeration apparatus with a
similar magneto-caloric material which uses two permanent magnets. The device comprizes
30 a monoblock annular container which delimits twelve magnetocaloric compartments

separated by joints, each compartment containing gadolinium in porous form. Each



with the disk. In this second case even if rotary joints are used it is very
difficult to prevent 25 | eakage between the di sk and the heat transfer bl ock
wi t hout adverse effect on the overall efficiency of the device. Thus, this
solution is not satisfactory. Publication WO A-03/050456 al so describes a
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makes it impossible to guarantee that there will be no leaks, and reduces the life of the

device.

20  Publication FR-A-2 601 440 describes a magnetic refrigeration apparatus and process which
use a magneto-caloric substance in the form of a magneto-caloric disk that rotates relative to
a fixed magnetic ring which generates the magnetic field. Since the magneto-caloric disk is
rotating, it is difficult to ensure that no leakage will take place between the ducts carrying the
heat transfer fluid and the external hot and cold circuits, which are fixed.

25
Publication XP 002047554, which bears the title “Rotary recuperative magnetic heat pump”,
describes a heat pump comprizing a fixed magnetic rotor and moving magneto-caloric disks
of small thickness comprizing a magneto-caloric material such as gadolinium. The magnetic
field variation is obtained by continuous or reciprocating rotation of the magneto-caloric

30  disks. In this case the operation is similar to the preceding one and has the same drawbacks.



use a magneto-cal oric substance in the formof a nmagneto-cal oric disk that
rotates relative to a fixed magnetic ring which generates the nmagnetic
field. Since the nagneto-caloric disk is rotating, it is difficult to
ensure that no | eakage will take place between the ducts carrying the heat
transfer fluid and the external hot and>cold circuits, which are fixed. 25
Publ i cati on XP 002047554, which bears the title "Rotary recuperative

magneti c heat punp", describes a heat punp conprizing a fixed magnetic
rotor and novi ng magneto-cal oric disks of small thickness conprizing a
magnet o- cgkpihhGioARk &l idtensiygh as gadol i nium The nmagnetic field variation
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e LAl 08 SR e LN b LA ISR sl
IS move in reciprocation and are arranged so as to displace the magnetic means relative to the

magneto-caloric elements in a reciprocating movement chosen from the group that includes
at least a pivoting motion, pivoting combined with translation such as a helicoidal motion,
rectilinear translation, circular motion, sinusoidal motion, or movement along any other
suitable trajectory.
20
In a preferred embodiment the recuperation means comprize at least one heat transfer fluid
circuit, means for circulating the said heat transfer fluid in the circuit(s) and means for
extracting the calories and/or frigories recuperated by the heat transfer fluid(s), said circuit
comprizing at least two transfer zones each located in the immediate vicinity of one of the
25  magneto-caloric elements and arranged so that the heat transfer fluid recuperates at least in

part the calories and/or frigories emitted by the corresponding magneto-caloric element.

The recuperation means can comprize means for reversing the circulation direction of the
heat transfer fluid in the heat transfer fluid circuit.
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20 In a preferred enbodi ment the recuperation nmeans conprize at |east one
heat transfer fluid <circuit, neans for circulating the said heat transfer
fluid in the circuit(s) and neans for extracting the calories and/or
frigories recuperated by the heat transfer fluid(s), said circuit
conprizing at least two transfer zones €ach located in the inmediate
vicinity of one of the 25 nagneto-caloric elenents and arranged so that the
heat tran%ﬁer fluid recupeg&tes at least in part the calories, and/or
frigories BRTSCHREPURAR TPFES PEETRYBSAUPHE HagHEto-heat Ganséer dluighrruits, phvhich
recuper at hORafRARSs Ga*hof QIBMitZ for TRERSIoFi&Y ad®¥eleddt MhelibQ €l bir@fit’OBr the
direction of the heat transfer fluid in the heat transfer fluid circuit. 30
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commut ati on neans arranged so as to connect each transfer zone to one or

ot her of the said heat transfer fluid circuits. 5 Advantageously, .the device
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el ement conprlzes at | east one magneto-caloric material chosen fromthe
groupl¢hat includes at |east gadolinium (Gd) or a gadoliniumalloy

conpri zi ng ,at .| eas terial chasen fromthe group t?at i ncl udes. at .| east
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p | , a _ pa | e, powder, or .
aggl onmer afENRIZIng @k deast Tderiab chgsennfigheths- @arnthat ingludes at deaplasilipep (S,
germanium (Ge), iron (Fe), magnesium (Mg), phosphorus (P) and arsenic (As), the magneto-

15 caloric material being in one of the forms chosen from the group that includes a block, a
pastille, powder, or an agglomerate of pieces. The use of magneto-caloric materials having
different active temperature levels makes it possible to obtain a very wide range of powers

and temperatures.

20  Advantageously, each thermal body is made at least partially of a conductive material
selected for its good thermal conductivity and chosen from the group that includes at least
copper, copper alloys, aluminum, aluminum alloys, steels, steel alloys, stainless metals and

alloys thereof.

25  Preferably, at least one of the thermal bodies comprizes at least one through-channel
provided with at least one inlet orifice and at least one outlet orifice connected to the heat

transfer fluid circuit, this through-channel constituting the corresponding transfer zone.

Particularly advantageously, at least one of the thermal bodies comprizes a single through-
30 channel provided with a single inlet orifice and a single outlet orifice connected to the circuit,

the through-channel constituting the corresponding transfer zone.



different active tenperature levels nakes it possible to obtain a very w de
range of powers and tenperatures. 20 Advantageously, each thermal body is
made at | east partially of a conductive nmaterial selected for its good
thermal conductivity and chosen fromthe group that includes at |east
copper, copper alloys, alum num alum ndm alloys, steels, steel alloys,
stainless netals and alloys thereof. 25 Preferably, at |east one of the

t hermal bodi es conprizes at | east one through-channel provided with at

| east one inlet orifice and at | east one outlet orifice connected to the
heat trapgdghblf,! e dnsdnbtdlinteand Borfiphider AUGL GRaRRhetOBRehUplodiel REth at
correspondi ng transfer zone. Particul arly advantageously, at |east one of
t he t her nifastyvdipesnapentpragrels a si ngl e through- 30 channel provided with a
single inlet orifice and a single outlet orifice connected to the circuit,
t he t hrough-channel constituting the corresponding transfer zone. 7
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material being chosen fromthe group that includes at |east iron (Fe),

cobal t (CbY), osdsambipgipn of dhnseimatarialsy)  or a combi nation of those material s.
10 The magnetic elenment is preferably U shaped or C shaped, arranged so as
to receive the nmagneto-caloric elenment between its arns in a reciprocating
nmovenent . Ths nmghetivctlemantois priferablyatjrsbaper 61 €lstlaped, beanged esoatset, rebéiee heape of
the magnetic el enment can he different.and can be optim zed. 15 ..
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at least a space or an insulating material. The device can al so conpri ze

several nfBfifBEZFE el enents carried by a support coupled to the reciprocating
di spl acenent neans.

I5  Advantageously, the thermal bodies are independent and are separated by at least one
thermally insulating element chosen from the group that includes at least a space or an
insulating material. The device can also comprize several magnetic elements carried by a

support coupled to the reciprocating displacement means.

20 In a first embodiment the support is essentially circular, forming at least one ring mounted to
pivot in reciprocation about its axis, said ring carrying the magnetic means radially and the
thermal bodies defining circular sectors arranged essentially in a circle one after another so

that they can be freely straddled by the magnetic means.

25 In this configuration the magnetic means can be orientated so that the gaps of the U or C
shapes are substantially parallel or perpendicular to the pivoting axis of the ring, and the
thermal bodies can be orientated, respectively, substantially parallel or perpendicular to the

pivoting axis of the support.

30 Inasecond embodiment the support is essentially rectilinear, forming at least one bar, which

travels in reciprocating rectilinear motion, the bar carrying the magnetic means and the



20 In a first enbodi nent the support is essentially circular, formng at

| east one ring nounted to pivot in reciprocation about its axis, said ring
carrying the magnetic nmeans radially and the thermal bodies defining
circular sectors arranged essentially in a circle one after another so that
they can be freely straddl ed by the magfetic means. 25 In this configuration
the magneti c neans can be orientated so that the gaps of the U or C shapes
are substantially parallel or perpendicular to the pivoting axis of the
ring, andherer! Boriss PEINSIFET st ainlest oBF tame stEgunding fchar af \peing #5epgtdt i al | y
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second enbodi nent the support is essentially rectilinear, formng at |east
one bar, which travels in reciprocating rectilinear notion, the bar
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| east oneE ?ﬁﬂgggﬁﬁ?ﬁaﬁ?%héa gcﬁg%ngﬁ%hE%&ﬁ%ngggdﬁd%%Eégg%ﬁﬁﬁ?ﬁﬁﬁ?gfﬁ i ne
SO that t bieher sida oberetar arddbe@tbwist el the fyantehan aghetd srige aftherrhal bollies each
configurat&og t he nagnetig}neans,can be 8osigbgned in a staggered

ar r angereft VRN crespndis o thedraggptic means §f oRGohtS' ™ ws, and the frame can have
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Advant ageously, the circulation neans are chose rom the group that

i ncludes at |l east a punp, a circulator, or thernosiphonic circulation. The

extracti on ,neans eferably conprize at, |l east t exch ers, .at |east one
exchanger AT AEeisn BF FReGBEr BT 6ToRa Fbi e, 1A BiidG o BRe one
exchanger phfp, of didc@Rtor &% th@mbsiph&tc tigculdidg. "col d circuit”. The reciprocating
drive neans can be chosen fromthe group that includes at |east a notor, a

jack, a spring mechanism an aerogenerator, an el ectromagnet or a
hydrogenefat Ofirac4h means preferably comprize at least two exchangers, at least one exchanger for

15 calories connected to the “hot circuit” and at least one exchanger for frigories connected to

the “cold circuit”.

The reciprocating drive means can be chosen from the group that includes at least a motor, a
jack, a spring mechanism, an aerogenerator, an electromagnet or a hydrogenerator.

20
Advantageously, the device comprizes several thermal flux generation units connected in

series, in parallel, or in a series-parallel combination.

25  Brief description of the drawings:

The present invention and its advantages will be more easily understood from the description
below, of several embodiments, given as non-limiting examples and referring to the attached
drawings in which:
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Advant ageousl y, the device conprizes several thermal flux generation units
connected in series, in parallel, or in a series-parallel conbination. 25
Brief description of the drawi ngs: The present invention and its advantages

will be nore easily understood fromthe description below of several
enbodi ments, given as non-linmting exanfles and referring to the attached
drawings in which: 30 9 Fig. | shows an expl oded perspective view of a first

enbodi nent of E,device according to the inventjon Fig. 2 shows_a sectional
si de view of a''Bhdr RAWSHEHY*POASH RESREANC TSt et firpt PaabgdineRe of 8 giicce | n
Fig. 1 Figs. 3fxcBrdaMLolkd sP&aiohve views of the device in Fig. 1, shown
respectively from below and fromabove I 0 - Figs. 4A-C are, respectively,
expl oded perspective views from above and bel ow, of a second enbodi nent of
a device accor gding SB&VSIé‘i(‘ec'tiﬂé{aefﬁweqli‘e‘{bﬁétwﬁﬁ%}%o@ggor df.ﬁ?ﬁ?&ﬁ%aké’f@# guid.@fﬁle()ded
and non-expl oded perspective views of a thir enbodi ment of a device
according to tHevideniuéig.ilon at two stages of operation, and 15 Figs. 6A-B are
sinplified schematic illustrations of the way in which a device according
to the invention operates 20 Optimum manner of inplenenting the invention:
Referring-to Frgs.3AB dreqittspdfinB ABEs € aRr givitg tharig f i shstvnaefireiveentropf the
i nvention, the device 1 for thermal flux generation with a nagneto-caloric
material, calldovepdfigenabese in the remainder of this description,
conprizes a thermal flux generation unit 10 provided with 25 twelve therm
bodies | i each defining a circular sector. Each thermal body 11 fornms an

i ndepefdent netigamiAcfl arelrespectivelyhicsplod@inpanpecid@ptieds tromatbdivngnd keloveed.a These

t her mal second embodiment of a device according to the invention

- Figs. SA-C are, respectively, exploded and non-exploded perspective views of a third

embodiment of a device according to the invention at two stages of operation, and

- Figs. 6A-B are simplified schematic illustrations of the way in which a device

according to the invention operates

20  Optimum manner of implementing the invention:

Referring to Figs. 1, 2 and 3A-B and according to a first embodiment of the invention, the
device 1 for thermal flux generation with a magneto-caloric material, called “the device” in
the remainder of this description, comprizes a thermal flux generation unit 10 provided with

25  twelve thermal bodies 11 each defining a circular sector. Each thermal body 11 forms an
independent mechanical element which can be adapted according to need. These thermal
bodies 11 are arranged in sequence essentially in a circle, and are mutually separated by one
or more thermally insulating elements such as a space J, an insulating material, or any other
equivalent means.
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bodi es 11 are arranged in sequence essentially in a circle, and are nutual ly
separated by one or nore thermally insulating elenents such as a space J,
an insulating material, or any other equivalent neans. 30 10 The thermal
bodi es 11 contain a magneto-caloric elenent 12 nmade of a magneto-caloric
material such as gadolinium (Gd), a gadoliniumalloy containing for exanple
silicon (Si), germanium (Ge), iron (Fe), magnesium (M), phosphorus (P),
arsenic (As), or any other equivalent magneti zable material or alloy. The
choi ce be”tfheéwrmdglmim tlakonthio arsagndterdcalorie eBmentid2 aadenef 2 erpenetotcalorige

heati ng ap [ ]

Slﬁlia?|y geﬁgpﬁﬁgq?%gy 6§wﬁgeggto ca éﬂﬁk&ﬁgpgéﬁgﬁhggégg%ﬁﬁﬂ Q??%ﬁg%ﬁl body
11 depengasmaniuinh@Gd)eabn mﬁe)amdagﬁmlm r(Mg@,opmlshc}rmsﬁlal lesdnic t(As), J[mn?xg cnheDrI ]
operating tenperatures, the [nst ower t he magnet | Ield.and the
A Ur e of AT BTG ZeblE SR At Bl T Blcp Devth ARG ErS TR § o
exanpl & pegdd Rivnd RegaRf @ fhe mgtlﬁéﬁﬁﬂdscd?)ﬁmg PelveREoRSMEIndVWhE Rendpdigtu®f rahges

gadol i nium a magnetic field o .5 Testa, a tenperature range of 33C and a

cycl e of aeedscécénﬂéaﬂ}sah@qe%utseotim@gmt%%lgrl% lﬁ%@s’r’éﬂ*&%j phitseberstal drgvdire and
non- expos %n& nttpﬁ gﬁ& ]pgol ng%lo%efs 1Hst£lne'dsth§)§ log oé%@tlr%tgﬁlﬁgrgtu? ! @'é' c

el enent 1 REaS i'rcul-ar sector a erna ody 11
conpri zes matahahpewermfuhe mugneﬂoefmld tand %wumtmh afthe nognethealoag medteriat atsalf.i c

el enent 1 aterall .The heat-con .el nt, 13 i s. made o ngucti ve
mator 1l CRHBLERATSY iyif I SSONPE RETIALY S lneina b0 Iy o sedinEdevieh B W £

al | oyse abadslifium, @ mhdretialfleRy 5f 1.5ST@R], a0tempt@ire drlg@)sT, 338Cadndl £55cleref al s or
their alloys, or any other equivalent material. Thus, when the

magnet o- c&iCRdsc S ef¥Elft CaDPHERGSUGHBSSHIE BRRSeSs Of SuRGSUTeh ande fIpRsEXPasHIet fgethe
magnetic 20 &*@égkyarlatlon it transfers part of its calories or frigories
to the heat-conducting elenent I3 which warns up or cools rapidly,

i ncreasi ng the thermal absorptlon capacity of the thermal body 11 to the

sar ot B REnIESHE B SR SSRGS el G S BT 1
magnet 9- cehleMidl ®ody 11 comprizes a heat-conducting element 13 which extends the magneto-caloric
element 12 laterally. The heat-conducting element 13 is made of a conductive material
chosen for its good thermal conductivity, such as copper or its alloys, aluminum or its alloys,
steel or steel alloys, stainless metals or their alloys, or any other equivalent material. Thus,
when the magneto-caloric element 12 warms up or cools under the effect of the magnetic
20  field variation, it transfers part of its calories or frigories to the heat-conducting element 13
which warms up or cools rapidly, increasing the thermal absorption capacity of the thermal
body 11 to the same extent. The geometry of the thermal bodies 11 thus favors a large
contact area with the magnetic elements 103 described later. In general, the magneto-caloric
material can be a block, a pastille, powder, an agglomerate of pieces, or any other suitable
25  form. The magneto-caloric element 12 can comprize several magneto-caloric materials, for

example several plates arranged side by side.

Each thermal body 11 comprizes a transfer zone 14 through which passes the heat transfer
fluid to be heated or cooled. This transfer zone, illustrated in Fig. 2A, is formed of a
30 through-channel which opens, on the same side in this example, into an essentially flat wall

15 of the thermal body 11 at an inlet orifice 16 and an outlet orifice 17. Of course it is



material can be a block, a pastille, powder, an agglonerate of pieces, or
any other suitable 25 form The nmagneto-caloric elenent 12 can conprize
several magneto-caloric materials, for exanple several plates arranged side
by side. Each thermal body 11 conprizes a transfer zone 14 through which
passes the heat transfer fluid to be hPated or cooled. This transfer zone,
illustrated in Fig. 2A is fornmed of a 30 through channel whi ch opens, on

the sane side.in this exa i nto essent i a

ther nal bBRIOE {° BiPvidn 1 o abpt enieactge Sernabeskaer de s 4@ a8 ot our se
it is 11 pRssdshkedikeibRted\dnd®vot siddveh Arladbl m@hbet OfRvallk 15N6aid Ransak ahadigs 11,
the inlet 16 and outlet 17 orifices are distributed on two or even a Iarger
nunber of flgledrngt.- 15, said walls 15 all being flat or not. 5 The thernal
bodies 11 are fixed, resting on their wall 15 conprizing the inlet 16 and
outlet 17 orifices, on a plate 18 made of a nmechanically rigid material. On
t he side Th@thegnalt‘c@d@batlare ﬂi8ed hestinpen rrgdir W@kﬂilé&ompﬂjziagehqahﬂmildeaddwhtlét

shoul ders e arder. t facil.it e eir

rount | no. ShORREe e BRI ERas o FstbEeheae SRhealoonfis 1ot BstieeltPhicanst e
fluid. Thes pleah@miBoidd 1tihge pldeideR withGHLE erd 11 akRicH @Radasd t:'hélrlabéaan bider Bl
joint 19. This 10 thernal joint 19 and the plate 18 conprize conmunication

orifices foditsimther meybiRe padhapete randHe imatove heatsaelanes mithdhe heqé transter
communi capj,Qn pfd f)l'aféei% 109+ Jﬁf@lel%a@‘ﬂoér%g MO g&am&%%%&%‘i émﬁhw\“)rhfsm

connecting the inlet 16 an let 17 orifices of the transter zones 14 of
the vari thgsnal h@ntrhﬂr att;btltﬁ @¥atd 18 tompmes ommmi@tiex bafinel 100 wiudh alsl;ovpp@sdtgsted

BB i s L R B A T e O Con A el

i denti cal stwnglifbi eérﬁlla&tldgeaﬁe ihletN&f8 duklei d7 ofificeseatt ten@dnstek Iz6hkst (45 pf &ied t he
transfer zones 14 define the heat transfer fluid circuit(s). Each heat
transfer FaTiAugtherpaliodiondd torenmer mors exSHBIAITqus Pravidedpyith heakgxchangersieott or ced

or free E’doﬂxﬁxulln%ésgrﬁg‘a‘;es} hendg kiRl akd FUr%xaﬁHl%fYoﬁﬁedaoﬂ%’grf@ oPfleB Ot her

equi val ent means. The 20 chem cal conposition of e heat transfer fluid is
adapt eéd t pipeheach éiigé rvathmneldqarawgbordbﬁcneetdwatatm@sf@ flotdo sSEre ex¢erodtcaicwit(meatidnum
heat exc hﬁ]n Qransfle:r Jon&& fEf\le R at %’rve?‘r;[s?er ﬂluisd clilrscﬁl(?(J or

Each heat transfer fluid circuit has means (not shown in these figures) for the forced or free
circulation of the heat transfer fluid, such as a pump or any other equivalent means. The
20  chemical composition of the heat transfer fluid is adapted to the temperature range desired
and is chosen to obtain maximum heat exchange. For example, pure water is used for
positive temperatures and water containing antifreeze, for example a glycolated product, for
negative temperatures. Thus, this device 1 makes it possible to avoid using any fluid that is
corrosive or harmful to man and/or his environment. Each heat transfer fluid circuit is also
25  provided with extraction means (not shown in these figures), such as exchangers or any other

equivalent means to allow the dispersion of the calories and frigories.

The magnetic means 102 of the device 1 comprize magnetic elements 103 each provided
with one or more solid, sintered or laminated permanent magnets which concentrate and
30  direct the magnetic field lines of the permanent magnet. The magnetizable materials can

contain iron (Fe), cobalt (Co), vanadium (V), soft iron, a combination of these materials, or



positive tenperatures and water containing antifreeze, for exanple a

gl ycol at ed product, for negative tenperatures. Thus, this device | makes it
possible to avoid using any fluid that is corrosive or harnful to nman
and/or his environment. Each heat transfer fluid circuit is also 25 provided
w th extraction neans (not shown in thdge figures), such as exchangers or
any other equivalent neans to allow the disper si on of the calories and
frigories. The magnetic neans 102 of the device conprize magnetic el enents
103 each 3w cdridalant mpteRalondesites nip isungisrsiapd tb@tmnér%r:rdypq efnsavielcat pegithnent
magnets v ek &P&S&ﬁﬂﬁa%& o@@%ué%féi{dh%{ ca.tn% JREINREYFhEe gex‘rrlaﬂé? n‘?a{gnét

per manent nagnet gnetiz e materials can contain iron , cobalt
(Co), vartade went{iv)jadvansdges iim oermsaofcwrebisimaticon obfuse, Hewecomsuraptical of cletrid® any
equi val ent mat erl aI gesi des, it is understood that any other type of

equi val ent IOV E¥h as an el ectromagnet or a superconductor can be used.
Never tshel ess, permanent nagnets have certain advantages in terms of size,
sinplicit of use, |ow consunption of electrical energy, and | ow cost. 5
The nagnef(hedn@né%ﬁ?@e%é%wé caicd bx g npRpilg spRRSTY W4s dp gk ?xamie the deyigg &

exanpl e t#p@ sfleMlagetil elaﬁénss'lefs aﬁgrgg%auﬁ s &H@@&%&% %raaa&@@ahdﬁs gygnce
essenti al Inacircle and space terva afgart The maghetic

el enent s im@@ahi epeLnt Ghe @agrmlpeibnwntsm%rmc U- ar s sfaged entb ubgir ampsafet enawghal | ow
free passage ,of ther mal di The etl c_el epent 3. a i xed
10 radi al9? 335% ""%\%W SEARPTPAT Peg‘ |t5crma§P°d§%S Io‘m? T Haghrlic SR %S ar?lfﬁaé 104.
Thi's rd ngadiQHy ios anmeddexitRdly tdrcplay QlippRpOL thiet shapo$ aheﬁgA/eem t’Mﬁ)s piagilokdss and
is coupled to neans (not shown for driving it _in reciprocati whi ch nove

the ring MeGdE; qav%@apwtsrar SHESTHBG RSBIPNE 8n¢ Ferouplefd? mefmse&%e}%%cati ng

driving nBagsvias & ih Qém&es@mah ewﬁcHH{oQE thefrir 204 reapl%emyﬁgome%eglm to 88
aer ogener ator, an el ect rorragnet a ydr ogener ator or any ot her equi val ent

means. 15>t@mﬂép et ipwbeating driving menass exe fet epmple smelprrapeferipyng migehanism,
reci br ocat N LA TLENE anc2D 15 AHEAY 39 g oREL NG.ORLA BRbLe bY
sinpl e and i nexpensive r &c) reover, I's
reci prsoc a@oni;garémwerreaﬁurmnhg/oxr fepiby &sp overpass, tth@melpwtdtihg\ pSoShgipbldnens
has the advantage of being obtainable by simple and inexpensive reciprocating drive means.
Moreover, this reciprocating movement only requires two positions and this simplifies

operation over a limited and easily controllable displacement path.

20 The magnetic elements 103 fit over part of the thermal bodies 11 so that the latter are
straddled and surrounded on each side by the arms of the magnetic elements 103. Since there
are twice as many thermal bodies 11 as magnetic elements 103, as the magnetic elements 103
pivot in reciprocation relative to the thermal bodies 11 the latter are, in succession, face to a
magnetic element 103 or not so.

25
In this example the thermal bodies 11 are orientated essentially parallel to the pivoting axis
of the ring 104 and the magnetic elements 103 are orientated with their gap essentially

parallel to the said pivoting axis.

30 As described later with reference to Figs. 6A-B, the device 1 comprizes commutation and

synchronization means. Thus, in a first stage the heat transfer fluid heated by a thermal body



operation over a limted and easily controllable displacenent path. 20 The
magnetic elenents 103 fit over part of the thernmal bodies 11 so that the

| atter are straddled and surrounded on each side by the arns of the
magnetic el enents 103. Since there are twice as nmany thermal bodies 11 as
magnetic el ements 103, as the magnetic Bl enents 103 pivot in reciprocation
relative to the thermal bodies 11 the latter are, in succession, face to a
magnetic el ement 103 or not so. 25 In this exanple the thernal bodies 11 are
ori ent at el! ediwiaditapmegpstialitlé rirgdatenia apihobeirany éewaéds pealeneexchangen da aand
the magnefd g, sﬁgg S hdfd 3rALLr HuliE @55’%@@ VYH& hh Q 91 ‘%ﬁstﬁg'tab?eln%é' of a
parallel to the Said pivoting axis escr ter wWwth reference to
Fi gs. 6A—B@gﬁﬁ@fﬁtbomwhmlsdmm&ﬁﬂea«bﬁhwntamywncawﬁicswﬂmhsonafaﬂdommnéans
Thus, in % fh&st sta% %he heat transfer fluid heated by a thermal body 13 |
| subj ect ARG o d circulates in a "hot circuit” towards a

cal orie exchanger. In a second stage the heat transfer fluid cooled by the

t her mal body 11 in_the absence of a nagnetic field or when subjected to a
di f f er ent Thadhramplilyy ggngratien uaig)1gicay be ﬁorgpledcmﬂa oftter BRjts, Whethghsmgar of mobi gori e

exchanger w1t§ \Iﬁ'l'cﬁ il Q:erl R cddndded elH esreﬂteé Qﬂd/Hln '1ﬁ Cpégall%ﬁ AndBr GRUP Lé?{%s)ﬁ/hlrahelm her

units, whether simlar or not, whi ¢ be connected I n series
and/ or i ncgabindtioml and/or in a serres/parallel conbi nation. 10 The device 2
according to a second enbodi ment and illustrated in Figs. 4A-Cis
substantially simlar to the previous one. The difference is that the

thermad bOR¢ &s/ickl2 acerddig Nt et@d eng®ERMNt ahd Hlupedtpeidrigsl A CYs §ubstafitgally
pi voting axis of the ring 204 and the magnetic mpans 203 are orientated

with thei Pimgap tfééltsemerléwr yper Pendifietines lst Bat Hie Garmep! hogliss Agaraxarigntaied | n a
third embodi BNy phipehELaRIEH e PldRg afd-dEithd HEg 06X LEE IR QPR ARSnsIMA

thermal fl ux generatron units 30 arranged srde by side, each provided with
t wel ve t hercopientbigdivath tBdir gapdessentially perpendicular to the said pivoting axis.

15 In a third embodiment illustrated in Figs. SA-C, the device 3 comprizes two thermal flux
generation units 30 arranged side by side, each provided with twelve thermal bodies 31 and
six magnetic elements 303. This device is shown in Figs. 5B and C in two different positions

corresponding to two distinct stages of operation.

20 The thermal bodies 31 are rectilinear and are arranged essentially in line along two
superimposed rows. Their structure is essentially similar to that of the previous ones. They
are separated by intervals J. Each row of thermal bodies 31 is carried by an essentially
rectilinear frame 306, the said rows being positioned on either side of this frame on a
crossmember 305. The frame 306 is made of a thermally insulating and mechanically rigid

25  material. The frames 306 are fixed to one another, for example by screwing, riveting,
clipping, welding or in any other equivalent way. They can be separated from one another
and/or relative to the thermal bodies by a thermal joint (not shown). The lines of thermal
bodies 31 are respectively covered at the top and bottom by connection plates essentially
similar to the previous ones and not shown.
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six magnetic elements 303. This device is shown in Figs. 5B and Cin two
different positions corresponding to two distinct stages of operation. 20
The thernmal bodies 3 1 are rectilinear and are arranged essentially in line
along two superinposed rows. Their structure is essentially simlar to that
of the previous ones. They are separatléd by intervals J. Each row of
thermal bodies 31 is carried by an essentially rectilinear frane 306, the

said rows_being positioned on either side of this frame on cr ossnenber
305. The FhafasnsHe cleaehEde3 re esemishaimilpr fhidig IPERVioHS oaﬁﬂarr?e@ﬁahp&émr;? rigid

25 materi @hpedlhendy ﬁ@%s%ﬁe@h{aa slatggge& QrRRnRACEN &ftherf Qe SXAMPLE&eMAIlY

screw ng, r| veting, clipping, welding or in any other equival ent way. They
can be sel;@atnlateeﬁbafw ot eard rapvuitérbbetwaendthetwp erassinembaery 3Phef theeqomgspobdidges by

a thermal g + 8t B, (ﬂg} %et T‘ngen g@tﬁg ttgg OB of Qggr 8§e 2, s%agdllnggﬁliti ally

respectivery covered op %0 connection p ates es
simlar tef tthhehemnek/b@disS dhesThartdrandns sﬂaqmntéﬂ)tolﬂaome] rRipredatiag e¢ctilimedrs 303

are essenti al | imlar_to the |ous ones and .are also U or shaped.
They are P8R %/rb%g}am %06@3@5%5 tegip ESSUREREHPE RV e MepRsy (neS e e C‘f%hat

essenti al ;Ll)fpos"eecﬁé ibhis" AN hRRI & BOA RAC 19151@‘&11%@1‘1 et weRR Jile it Weisbesspeber s
305 of the correspondin frame 306. Thus, the magnetic elenents 303 form

two rows withigguile flaagasa ﬁpm\frl@ddhihﬁrmﬁoﬁ of the thermal bodies 3 1. The
bars 304 are nmounted to nove in reciprocating rectilinear notion on the
frame 306 and are coupled to reciprocating drive nmeans (not shown). For that
pur pose the wh)tartlse &(amohavmb@dlmrehtej theentlamgliildt penctitiogamits 30 cambe cdupddditde i n
10 As

recipr ocat gui de fl anges 30 vided in the franmes 306.

with the ‘b‘ %fv‘t“Bﬁﬁs gﬁ“ﬁ@dﬁlﬁ’élﬁ{ H “Pﬁgu ﬁ’égntg Y FAyRe GRRISFISH 1B FeTes ‘f%“/"édncan be
coupl ed t@ralRd REA/OHM bSseri¥S4re c%h’iEHaﬁBn omDiftefentidtbd Rerftrtiret éwg?es Gam bbe
connected in series and/or in parallel and/or in a series/parallel

conbi nat i salizediif thés Wt i at ed tenperature stages can be realized in this way.
15 I n other variant enbodinments, not illustrated, the reciprocal novenent
produced by the

15 In other variant embodiments, not illustrated, the reciprocal movement produced by the

reciprocating displacement means which move the magnetic means can be a pivoting
combined with a translation, such as a helicoidal motion, a circular translation, a sinusoidal

translation or a translation along any other suitable path.

20 The operation of the above devices 1-3 is described with reference to Figs. 6A-B, which
illustrate schematically three stages of the operating cycle. Referring to these figures, the
device 4 comprizes two thermal bodies 41a, 41b, a magnetic element 403 and two heat
transfer fluid circuits 410a, 410b one of which is a “hot circuit” 410a coupled to a calorie
exchanger 413a while the other is a “cold circuit” 410b coupled to a frigorie exchanger 413b.

25  The heat transfer fluid is circulated by pumps 411a, 411b, for example a dual pump with
multiple chambers or several stages. The commutation means 412 enable each thermal body
41a, 41b to be connected to one or other of the heat transfer fluid circuits 410a, 410b and
comprize for example vanes or slide valves controlled by electric, pneumatic, hydraulic or
any other suitable means.
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reci procating displacenment neans which nove the magnetic nmeans can be a
pivoting conbined with a translation, such as a helicoidal notion, a
circular translation, a sinusoidal translation or a translation along any
ot her suitable path. 20 The operation of the above devices 1-3 is described
with reference to Figs. 6A-B, which illBustrate schematically three stages
of the operating cycle. Referring to these figures, the device 4 conprizes

two thernmal bodies 41a, 41b, a magnetic el enent 403 and two heat transfer
fluid cirleuhe sxampbndesariby. direorsratig ot fhejdgvige 41ar be dperosedintthess HAged to a

calorie t%%;g@%%fwé&%@meecohﬁﬁtam%ea!ﬁ4% I;EOchﬁJa rolithe m%%@atg% Hpked to

a frigorie e anger 25 T heat trans Is clrc by punps
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stages. The co tati on nea ena body 4la, 41b to be
conpect ecPt b BB PRERGRopi ey G Borans S MIRREaeaR CYi o 410, 410b and

conprige for exanple vanes or slide valves control I ed by electric,
pneumnat i c hydraulic or any other sujtable neans. 30 15 In the exarrpl e
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i |1 ustr atwegnetih&icldecttthe magsdtorelérhent ¢03 swamsoph andtransiyrs ats chloted W@tthe hedpy

t her nosi phon tion o Y0 her .suj ans. fol Jist
st age V\/neﬁa"tsﬁéﬂglcdcqags%%ghml}éh%g Clécul thb 15 FEYOTRES Hael}sﬁaﬂ&bba'gﬁe Ais
conne@d edeifeitt AR éfl@'fex@adtéd.llb}ttheéﬂlﬁﬂe mchhﬂger ¢mrut ati on nmeans 412. It is

subjected to the magnetic field of the nmagnetic el ement 403, warns up, and
transfers its calories to the heat transfer fluid passing through the "hot

circui t" fJQas FUAE eSO o8 3Bnd 5ARS AN @cﬁﬂn@tﬁu&rh%e K0412 240 switifedish that10a

and extracted by the calori e exchanger 413a. ass fromthe first to the
second stgéhermplebaslnsrlaat ibosre mpﬁélvttlyzcoan@teslv\tptt el eireuiat4 10b land tchide mal
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15 4lais no longer subjected to its magnetic field, while the thermal body 41b is.

During the second stage of the cycle (see Fig. 6B) the thermal body 41a which is no longer
subjected to the magnetic field of the magnetic element 403 cools down to a temperature
lower than its initial temperature and transmits its frigories to the heat transfer fluid passing
20  through the “cold circuit" 410b. The frigories are transported by the “cold circuit” 410b and
extracted by the frigorie exchanger 413b, which can be located in a cold compartment 414.
Besides, the thermal body 41b is subjected to the magnetic field of the magnetic element 403,
warms up, and transmits its calories to the heat transfer fluid passing through the “hot circuit”
410a. The calories are transported by the “hot circuit” 410a and extracted by the calorie

25  exchanger 413a.

To change from the second to the third stage, the commutation means 412 are switched so
that the thermal bodies 41a, 41b are respectively connected to the “hot circuit” 410a and to
the “cold circuit” 410b. Moreover, the magnetic element 403 is moved so that the thermal

30 body 41b is no longer subjected to its magnetic field while the thermal body 41a is subjected
to the field.



"hot circuit" 41 Oa. Mreover, the magnetic el enent 403 is noved so that the
thermal body 15 41a is no |longer subjected to its magnetic field, while the
thermal body 41b is. During the second stage of the cycle (see Fig. 6B) the
thermal body 4l1a which is no longer subjected to the nmagnetic field of the
magneti ¢ el enent 403 cools down to a telbperature lower than its initial
tenperature and transmts its frigories to the heat transfer fluid passing
20 through the "cold circuit"” 410b. The frigories are transported by the
"cold circuit” 410b and extracted by the frigorie exchanger 413b, which can
be | ocat eﬁuiiﬁ% fheGRIrdl sGOIBATHBBle (¢ Fig. @Qﬁih@Qﬁemﬁh@o&f‘fl&%hh&%ﬁné&% toS

subjected to the magnetic field of the magnetic elenent 403, warms up, and
t ransmi t sthiet og adiispitestPp andethsethermal abedye A1l Itai Giepioold wigcwiRt 4ligh byhte" hot

circuit” T | 914 € anspoyite A "hot . ¢l id 1.4 and
extractedaﬁégﬁﬁgnggFggigti2ghgygﬁ%%b%%&fgé}gfg%gﬁgﬁ5%Q%}%%?%ﬁgf%g%gﬁg%to t he
third st agegnetibeel@mnn440ad) itowammsams ahli2trartsenits Wist cdledbsso the abt chenit’helOaal

bodi es 41a, 41h are respectjvely connect to the "hot circuit" 410a. and to
Che. * ool doHPE dpushytor hexlaUgy Hie EmEHIgHeRF ¢ ot aifat BBeRLeREHER o « hat
the therngk AfRriead¥hshbbr 453400 The Memasb&iyeSiedvitieh id fo THERELIKeddLlAmani | e
the thermal body 4l1a is subjected to the field. 16 Durln% thé third stage

of the cy®pgnetisdgldmfghe magnetipglemsat4pd) canduidow e 4 tsmpergbire lomiee thae ¢fs imdtialt he
n h t . . " y . .k " Ol H ", 4 b
ot circy eraﬂ&g %n@%n%ﬁ'lgs hé}ﬁﬁé[ﬁ €s %’ e ﬁcgc))gdyeglahpemogﬁta]g%c% é}g’&'tlggx ltt'h éi(l)lg y

the comutation neans e erma la is
magnet o c frigeties af ttahepdbteddgyrtbe i“colélcepwtit 4 WD Andi dxtractedrby ul frapode tekehasgirt s its

cal ories the. Yhot circuit” 410a passin hrough it. The calories are
tr ansport%ﬁ!bbvﬁichéam betoc tF‘aBlﬁ?OjI&)ﬁ‘i’B}garg’?ﬁﬁ‘t gk‘{r acted by the calorie
exchanger 413a. The thermal body 41b, which is no | onger subjected to the

magnetic field of the magnetic el enent 403, cools down to a tenperature
| ower t hahh§ ¢anmyfptiprymeansehiddhen uvichand restern dhe dayidetdtorthe gifigaemtiop of e " col d

circuit” 4100 RaSS! e H0LAYABolidy cytMCcahOhikfddObL Gohete WiliRNE AL EM Bypt he

"cold ci r%wgt " 0b a%h engga?:t egdcyby %aﬁe %ngor%eépgxgﬁanlger 4i3b, V\%hch can

be | otat ecyciethamaghao-canpantataeiat ofAhe thermal bodies 41a, 41b is successively subjected to
magnetic fields and then removed from the said magnetic fields. The frequency of the cycle

depends on the means used and the thermal results to be obtained.

The switching of the thermal bodies 41a, 41b and of the “cold” 410b and *“hot” 410a circuits
20  can be synchronized with the reciprocating displacement of the magnetic field, for example
by pivoting through a constant angle or linear displacement through a constant interval. The
operating cycle can be controlled by a temperature sensor fitted in the cold compartment 414

or, for example, close to the products to be cooled.

25  In a variant embodiment (not illustrated) the device 4 does not have commutation means and
passage from one stage to the other is effected by reversing the circulation direction of the
heat transfer fluid in a single heat transfer fluid circuit. This variant overcomes all problems

of ensuring no leaks by dispensing with valves.

30



The commut ation nmeans 412 then switch and restore the device 4 to the
configuration of the second stage. The heating/cooling cycle can therefore
be repeated without Iimt. At each 15 cycle the magneto-caloric material of
the thermal bodies 41a, 41b is successively subjected to nagnetic fields
and then renoved fromthe said magneticl’/fields. The frequency of the cycle
depends on the neans used and the thermal results to be obtained. The
switching of the thermal bodies 41la, 4lb and of the "cold" 410b and "hot"
410a ci r chidusirialapplicgompossibiiticsoni zed with the reci procating di spl acement of
the magnetic field, for exanple by pivoting through a constant angle or
| i near displacenent through a constant interval. The operating cycle can be
cont r ol | ethusythg deeinpé nakes ié pswitdoio Heat, tea or tentpive a spdcd, anmgpealimentaty Wadel or,
for exanple, close o the products t0 pbe caoled. 25 In acvariant enbodi nent
(not illuSt tP%f“eSer Yierelirde” R pe H%e@eascaoﬁ%ﬁf"é‘%’? Sh reiny St d"fassage
1; rom ome aip;igﬂir(])hpidh heusitsher iri;c ﬂleeﬁne@gedoﬂayxtr em:my', rr}ge idegice i4r‘§aul l&t} ?s@a Jo
irection of the eat trapsfer fluid,in a single_ heat transfer ui
circuit. TPRYIAChE PRRFralePigReE AP ohiryeaaRinety pr fon dhfrqlinplicaianed RRacks,
di spensing wth valves. 30 17 Industrial application possibilities: Thus,
the device 4 nmakes it possible to heat, cool or tenper a space, an
agr oal i nelntgengral, @eenading ¢ thehimvenimindhe sfcipiogaging idigpragement merds eencaibked the used
as a heat Hpg [ h AT ar i ton.. in dndustry.op in the
donestic %gn %%&tﬁgﬁ%?p¥fﬁ?ﬁghdgg?kgﬁ mggﬁp gtﬁgéi %gpkgg%ﬂ}gﬁéggﬁé&e
t enpera@t utherned bpdyeserailadi ol aps1tdr Xecvgdiaglhj thetsgstan of heattthaasfet flmdtcirzaits ion of

spaces. | eneral , accordi to the.inventign the reciprocatin

dl spl acerBif fiaie 5@@6&1@%@3&{1@“% rfeohtagﬁét VoreRERratng gisphsamenicef thaoz |
order to tit RRAAS 1037 863, BOICABI RéndeBledt THR phRichRe sthittirB en¥RlveROrlYs thd, 21,
31, 41a, 41b. Accordingly, the systemof heat transfer fluid circuits is

fixed andmetielepgnerdbiemy ddariesryheninort ofshobeaitietfenfuideiiopiiot K hitpb is
A1 sp! acergplidiali 0o JRAREL fic TERBPcutd10£ 950y 393, 403 Lhemsel ves. Thi s

particul ar structure us overcones t frany | eakage probl ens that arise
when part of the heat transfer fluid circuits 410a, 410b is

The above description shows clearly that while reducing energy consumption, the device 1-4
according to the invention enables the pollution-free generation of large thermal flux that can
be used for any type of application. This simple device can be installed and maintained by
personnel without specific training. Moreover, it operates very quietly.

20
Besides, the device 1-4 has the advantage of only needing two operating positions, which
simplifies its design, operation and control. It is therefore less expensive to produce and use

than are traditional devices.

25  The reciprocating displacements also make it possible to obtain structures of the device 1-4
which allow the number of thermal bodies 11, 21, 31, 41a, 41b and/or magnetic means 103,
203, 303, 403 and/or thermal flux generation units 10, 30 to be increased easily and
economically. By combining several thermal flux generation units that operate with
reciprocating displacements, the thermal capacities of the device 1-4 can also be reliably
30 increased at moderate cost and without excessive complication of the operation or structure

of the device 1-4.



nmobile relative to the rest of the said circuits 410a, 410b. 15 The above
description shows clearly that while reduci ng energy consunption, the device
1-4 according to the invention enables the pollution-free generation of

| arge thermal flux that can be used for any type of application. This
sinpl e device can be installed and nui ntai ned by personnel without specific
training. Moreover, it operates very quietly. 20 Besides, the device 1-4 has
t he advantage of only needing two operating positions, which sinplifies its
design, operation and control. It is therefore | ess expensive to produce and
use thanTy gresehtcivehiials e VihhiRa to 4R dafiple&hiyd@aaitt Qescabsh bac ex@missoal so
make it possible to obtain structures of the device 1-4 which allow the
nunber of anyHBpdiifatien dind svaniant eyadengtp thaseawith kgowledgopf Mgdfirdd whilpaemaning3,

203, 303, w A} ANIOO! oft REPMRribh UG RANLARLERRCN Blah, 10, 30 Lo be increased
easily and econom cally. By conbining several thermal flux generation units
that operate with reciprocating displacenents, the thernal capacities of
the device 1-4 can also be reliably 30 increased at noderate cost and

Wi t hout excessive conplication of the operation or structure of the device
1-4. 18 The present invention is not limted to the exanpl e enbodi nents
descri bed, but extends to any nodification and variant evident to those

wi th knowl edge of the field while remaining wthin the scope of the
protection defined in the attached clains. 5 19 Cains 1. Device for
generating a thermal flux wth magneto-caloric material (1-4), conprizing

at |least one thermal flux generation unit (10, 30) provided with at |east
two thermal bodies 5 (11, 21, 31, 4la, 41b) each containing at |east one
magnet o-cal oric elenment (12, 22, 32),



magneti c neans (103, 203, 303, 403) arranged to emt at |east one nagnetic
field, displacenent neans coupled to the said nagnetic neans (103, 203,
303, 403) to nove them relative to the said nagneto-caloric elenments (12,
22, 32) so as to subject the latter to a nagnetic field variation in such
manner as to vary their tenperature, and neans for the 10 recuperation of
the calories and/or frigories emtted by the said nagneto-caloric el enents
(12, 22, 32), characterized in that the said displacenent neans reciprocate
and are a&l¥¥BYed to nove the said magnetic neans (103, 203, 303, 403)
relative to the said magneto-caloric elenents (12, 22, 32) in a
reci procating notion. 15 2. Device él- 4) according to daim1l,- characterized
in that the sdPevigeclor penseatingraghemmal @ne mithi agnpioswefpricrroatenial é 1-¢y.copipribiag
i ncl udes gt LVQtd ' [y ' . WM r i .
transl ati%&?gsgﬁﬂl{g%‘% ft“%%%ﬁ@%?%?ﬁ??@ Eﬁ%g}dr%:dtl‘%]thc%{alg%iltﬁgé :th%e alﬁ)rrzl)gfeﬁat t he
sai d recupér at,i dn 41204 i asash compihingeatdtast @as magnaoteelatic talamsit €12, f22ui3d),
circuit (410a, 410b), ans, ( I 411b) for circul ating said heat ansfer
fluid in @é%"&f‘%irf‘%%!i‘?t(‘gg’lgg?’ jé%)b?"%?na"ﬂ{@&%sm( gy At JepshPng JpagngliG igld ng
sai d cal odiRscenRe @Eari‘s%b%lédl &5 the 8eRAVRIRE I DMesil @ohemB, 802388 e rhdwéitHemt he
said circuit (410a, 410b CO%I zing at | east two transfer zones (14) each
a C

| ocat ed i ieHENE 40 &y saidijmagasip-calopic shements €l d2might as éardledt e lfentsa( 12,
22, 32) agd Ak ﬁ%ﬂFQaéa?ioBQﬁtsuﬁﬁ' i6Aks td ST RLir %én%é&h% Faﬁ&%%é fortthe | €8St
in part, sard calories and/or frigories emtted by the sai correspongll ng
magnet®- cabwuperatior| dfntbetcalptids akZor 8RpriestemiPedi yeth lsatl) mageto-cilome tlomehtai m 3,

characterj.zed ip that the sai¢g recuperation mnmeans conprize ans _for
Coversi ng1en2: o shftacteatred i Hhat F5 Rt i hmsRERoR SRRarAT pil e PHEEs8 sai o
heat trangf@ével theiseidGhigawiié n{eéﬂsoﬁmﬂmb)sos,?zﬁ):ss}relmxei 6&hé $aid ) mapaeoicdiong t o
Claim3, characterized I1n that the said recuperation neans conprize at

| east twotlenemivil2s2% 42bi 2 qiprpcating MPtidst one being a "hot circuit” (410a)
for the calories and at | east one being a "cold circuit” (410b) for the

frigories, and comutation neans (412) arranged so as to connect each
transfer Zone Pa&vdde {Ind)ak¢cording itorlaim 1, characterized in that the said reciprocating

movement is chosen from the group that includes at least pivoting, pivoting combined with

translation, and translation.

3. Device (1-4) according to Claim 1, characterized in that the said recuperation
20 means comprize at least one heat transfer fluid circuit (410a, 410b), means (411a, 411b) for
circulating said heat transfer fluid in said circuit (410a, 410b) and means (413a, 413b) for
extracting said calories and/or frigories recovered by said heat transfer fluid, the said circuit
(410a, 410b) comprizing at least two transfer zones (14) each located immediately adjacent
to one of said magneto-caloric elements (12, 22, 32) and arranged so that said heat transfer
25 fluid recovers, at least in part, said calories and/or frigories emitted by the said corresponding

magneto-caloric element (12, 22, 32).

4. Device (1-4) according to Claim 3, characterized in that the said recuperation
means comprize means for reversing the circulation direction of said heat transfer fluid in

30 said heat transfer fluid circuit (410a, 410b).



5 one or other of said circuits (41 Ga, 410b). 6. Device (1-4) according to
Claim5, characterized in that it conprizes synchronization neans arranged
to synchroni ze the said reciprocating displacenent neans wth said
commut ati on nmeans (412) in such manner that, depending on the magnetic field
to 10 whi ch each nmagneto-caloric el enmenid (12, 22, 32) is subjected, said
corresponding transfer zone (14) is connected to one or other of said
circuits %410a 410bL. 7. Vi ce éé;4) according to aim1l, . characterized
in that the saPavifaghél docafiprite Claira b ghapacterized inshat e sajd, pecupgratjons ¢
one nagnehRatalodprize ARlaE Bo GRATEM 105, UN0bN &t WaBlUbhelRidh@thdtNGlctidtes 184) | east
gadolinium (Gd), a gadoliniumalloy containing at |east one material chosen

fromthe &rolip eahegiesi angl adéesstsong dsimg( &i ‘roldgeireraini (WHP)GEr, ther GigofiFe)and
magnesi u . P d i ) i e |
mator il BarREeria® ARERIN MarklrboP RSSO bR on S8 In IR IERRRLS
bl ock, sa pasdrdthes of podwiesuiton4 da, alPh).oner ate of pieces. 20 8. Device (1-4)
according to Claim1l, characterized in that each thermal body (11, 21, 31
41a, 41b) is made at least in part froma conductive material selected for
its good pher npbyic&ondactickbdithgang eamerns, f cRAPachRized OuP AL id nohipdes at

| east copper and its alloys, aﬁunlnunl and its alloys, steels and steel

al | oys, staichioaizatioremgprs airanged o ywchivaizedhe saig rocippestingedisplacemeat B§ami ng t o
Claim1l, har.agt er | ] I . , . 1b)
conpri zes %}? sﬁlgacgﬁ nélﬁgeh&tnﬁp%a&g&} C éﬁ %%Pq%%@\%rl @glg)ﬂ?/é etqjémgt% 1'll tg%{ét]ag%eﬁ% flpe?ﬂ tg)t
orifice bh&h anld nagnéteasiorioredenoant (B2, 235 32) tesubjeéedc emd eotresppording ériankfen r cui t

(410a, 410Db),  said through- channel .constitufj sai d correspondi ng
Uranater 2ok agorngeS ¥ ans ot BT peSplSig gl B A9 05 G B 1
characterized in that the said thermal body (11, 21, 31, 41a, 41b)

conpri zes_a single through-channel provided with a si n%l e inlet orifice (16)
7. Device (1-4) according to Claim 1, characterized in that the said magneto-caloric

element (12, 22, 32) comprizes at least one magneto-caloric material chosen from the group
15 that includes at least gadolinium (Gd), a gadolinium alloy containing at least one material
chosen from the group that includes silicon (Si), germanium (Ge), iron (Fe), magnesium
(Mg), phosphorus (P) and arsenic (As), said magneto-caloric material being in one of the

forms chosen from the group that includes a block, a pastille, powder or an agglomerate of

pieces.

20
8. Device (1-4) according to Claim 1, characterized in that each thermal body (11, 21,
31, 41a, 41b) is made at least in part from a conductive material selected for its good thermal
conductivity and chosen from the group that includes at least copper and its alloys, aluminum
and its alloys, steels and steel alloys, stainless metals and alloys thereof.

25

9. Device (1-4) according to Claim 1, characterized in that said thermal body (11, 21,
31, 41a, 41b) comprizes at least one through-channel provided with at least one inlet orifice
(16) and at least one outlet orifice (17) connected to said circuit (410a, 410b), said through-
channel constituting the said corresponding transfer zone (14).

30



and a single outlet orifice (17) connected to said circuit (410a, 410b),

sai d through-channel constituting the said corresponding transfer zone
(14). 5 11. Device (1-4) according to Caiml, characterized in that said
magneti c neans conprize at | east one magnetic element (103, 203, 303, 403)
provided with at |east one permanent n&ignet or an el ectronagnet or a
superconductor. 10 12. Device (1-4) according to Caim1ll, characterized in

that the said nagnetic el enent 103, 203, 303, 404) conprizes at |east one
magnet i zabPe nREBFF B1-*hiqcartgdtor a%hc@w?%tt:@zedalndhm ths spidithernyef Bedy (Hines of

sai d per mapefyt 4[‘2139f”€)t oon@geé:g‘@i%gl@ thioQE-LHAANE RMRdddRiih b@&%lé%f%t oﬂ1ﬁ&r(1é)':e)

cobalt (Co)’,” vanadi um ( iron, or a conbination of 'those materials.
15 13. Devide s{nglequtlgt onfick (I§) conrebtad o said crbeit Gd0erd oY seid thivagh-cheanglai d
magneti c he shape of a Uor C arranged to

| h
recei ve sg?lﬁnﬁéﬁﬁg{e haﬁogf?ponglélﬁérﬁgﬁzl)z(ofgfl4%"2, 32) between its arms and in

alternation. 14. Device (1-4) according to Claim1ll, characterized in that
the said thernal bodies 20 (11, 21, 31, 4la, 4lb) are |nd pendent and are
separ at ed lby aPeyigadt 4&&@%@&@ Cvlmnlsu‘r%r?ﬁe"z Hhdhat 3 Jeagnetico mephe

group thagohh¢lcusieRa@tonk &asinee SRARRAL P1032P03 NS4, &loB NIrdVaieardah -at Jeast HRVI ce
(1-4) according to Gaim1, characterized in that it conprizes a plurality

of magneptnasemeagnet C(fEOSICCQQ)B«?gr@()@,a spgrondyctored by at | east one support
(104, 304) coupled to 25 said reciprocating displacenent neans. 16. Device
(1, 2) according to Caim15, characterized in that said support is
essentibal Iy, cDecid¢ ar-4 pavdociaipstoidlaite 1, @hataeeesized ive that nig: t(aﬂcﬂlzﬂl)lgrrmuﬂeﬁﬂntt o]

pivot in regi octi about its axis, said.rj g arr netlc

means (1oé10%z§é3 Paands P §Pmpgizgs ph! eﬁﬁ&net%%ns%ah r@gg%ﬂ ff&rfte 21)
define ci hgdliRdct SRCAQE Findy 6@3%&rﬂnﬂn&@%§&@%nﬁ%ﬁ6§&ﬂ f?érh Yhd % %} ﬁiaf Elbft‘nd&so be
able to be straddled freely by said nmagnetic neans 0|(5103 0

Devi ce ( 1)roncitorapaly (€, Gnaflimm(@), sofidrae et ¢oneingtionto ghose h@tﬁglalsd rragnetl C
means (103) are orientated so that the gaps of the said U or C shapes are
essentially parallel to said

15 13, Device (1-4) according to Claim 11, characterized in that the said magnetic element

(103, 203, 303, 403) has the shape of a U or C arranged to receive said magneto-caloric

element (12, 22, 32) between its arms and in alternation.

14. Device (1-4) according to Claim 11, characterized in that the said thermal bodies
20 (11, 21, 31, 41a, 41b) are independent and are separated by at least one thermally insulating

element chosen from the group that includes at least a space or an insulating material.

15. Device (1-4) according to Claim 1, characterized in that it comprizes a plurality of
magnetic elements (103, 203, 303, 403) carried by at least one support (104, 304) coupled to

25  said reciprocating displacement means.

16. Device (1, 2) according to Claim 15, characterized in that said support is essentially
circular and constitutes at least one ring (104) mounted to pivot in reciprocation about its
axis, said ring carrying the magnetic means (103, 203) radially, and in that the said thermal
30 bodies (11, 21) define circular sectors arranged in sequence essentially in a circle to be able

to be straddled freely by said magnetic means (103, 203).



ring (104), and in that the said thermal bodies (11) are orientated
essentially parallel to the 5 pivoting axis of said ring (104). 18. Device
(2) according to Claim16, characterized in that the said nagnetic neans
(203) are orientated so that the gaps of the said U or C shapes are
essentially perpendicular to the pivot#ng axis of said ring (204), and in
that the said thermal bodies (21) are orientated 10 essentially
perpendicularly to the pivoting axis of said ring (204). 19, Device (3)
according to Caim15, characterized in that the said support is
essential by reptiibd Pﬂad’cc@xﬂgx oI8f CARS 18! cﬂa@@&%rlgaﬁupﬁ{at (tﬁ(géald tnb%%et@%@a%s' n
reci procating rectili'near ftranslation, said carrying said
magneti c h@éhsre(ometﬁtedandhat thet geas of He S@@illdl ot Eeﬁtha’ms aI@C&;@dladis p@@ll)?l tarseid
carried by ( 0 ed aro the.. 04) and
are ar ranélé ]()I4Zer'11td i 'alqﬁa{ hat dnﬂges B (ltl?garecoélr?nﬁgqsetssen Bar? ?ééég] by
said n‘agnﬁltvbﬁngm@sn@fsa{dfiﬂfg)(m@o. Devi ce (3) according to Claim19,
characterized in that the said magnetic neans 20 (303) are positioned in a
staggered arrangement on either side of said bar (304) formng two rows, and
in that the sapgitd pyect3af) BRI 163 chatActeRiddE ﬂfatttﬂ@l’sé@ mdpAGiEedrdl)
each of which corresponds to the magnetic means (303) of one of the said
rows. 21.(208vereerientay sedworhdigaps elohchad t ar, C shenesare essertéadlyipsrmehdiculat to| east
part of t t I es (. 41a, . 41D) i rri by at
| east oneﬁ‘%p?‘?"“%%fé‘s QZ%% 14 @ﬁgi’) a%drlfl;ﬂé?stzt?ﬁi%rsrgr‘%ér%}fcaa} B%dlo% 2#?3@3’ %%)d
al | owipasssgeiatif pS@Bldilchﬂﬁly ﬁ)rtbmlsmeuingfdxw of shid rigi(204)ci rcuit (410a, 410b) 22.
Device (1-4) according to Claim3, characterized in that the said
circulation neans 30 are chosen fromthe group that includes at |east a
punp (411lgg 41pb)ice 3‘3?'%6&'&11@%% Claid 13, he@iaFReeRRQN in 2hal 3he BN 6&podk- #)
according to Claim characferized in'that the said extracti on neans
conpri ze essentiallx rectilipeas wechdefinss ot least ongbas (304 thas s evinereqiprogating regtiliaear
exchanger " 4 ne is
a frigori ggrfeg)i](agl )é ns&écf@e{}igéﬁdcakgm% %delﬂé)@eﬁé Fn%&“s (30&), ;lga)in i’ﬁ‘:ﬂ ¢l Séll(? #Rtmd

15 bodies (31) are carried by at least one frame (306) positioned around the said bar (304) and

are arranged essentially in line so that they can be straddled freely by said magnetic means

(303).

20.  Device (3) according to Claim 19, characterized in that the said magnetic means
20  (303) are positioned in a staggered arrangement on either side of said bar (304) forming two
rows, and in that the said frame (306) comprizes two series of thermal bodies (31) each of

which corresponds to the magnetic means (303) of one of the said rows.

21. Device (1-4) according to Claim 1, characterized in that at least part of the said
25  thermal bodies (11, 21, 31, 41la, 41b) is carried by at least one plate (18, 28), which
comprizes communication orifices (100) to allow passage of said heat transfer fluid to said

circuit (410a, 410b).

22. Device (1-4) according to Claim 3, characterized in that the said circulation means
30 are chosen from the group that includes at least a pump (411a, 411b), a circulator or a

thermosiphon.



5to the "cold circuit" (410b). 24. Device (1-4) according to Caim1,
characterized in that the said reciprocating drive neans are chosen from
the group that includes at |least a notor, a jack, a spring nechanism an
aerogenerator, an el ectronmagnet or a hydrogenerator. 10 25. Device (1-4)
according to Jaim1, characterized in %hat it conprizes a plurality of
thermal flux generation units connected in series, in parallel or in a
series-parallel conbination, 15

23, Device (1-4) according to Claim 4, characterized in that the said extraction means

comprize at least two exchangers, of which at least one is a calorie exchanger (413a)

connected to the “hot circuit” (410a) and at least one is a frigorie exchanger (413b) connected

5  to the “cold circuit” (410b).

24.  Device (1-4) according to Claim 1, characterized in that the said reciprocating drive
means are chosen from the group that includes at least a motor, a jack, a spring mechanism,

an aerogenerator, an electromagnet or a hydrogenerator.

25. Device (1-4) according to Claim 1, characterized in that it comprizes a plurality of
thermal flux generation units connected in series, in parallel or in a series-parallel

combination.





