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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 naterial,
conprizing at |east one thermal flux generation unit
provided with at |east two thernmal bodi es each
contai ning at | east one magnet o-cal oric el enent,

magnet i ¢ DIRACE FOR GENERADINGIA THERMAI! FDUX WITHRAI C

field, displacenent neans cougled tg Hhi Eﬁgnetic 10
means in order t A

magnet o-cal oric el ements so as to subject the latter
to a magnetic field variation or annul ment in such
Tecmieat figd: t 0 change their tenperature, and nmeans for
recovering the positive and/or negative calories
emtted by the nagneto-caloric elenments. 15 Prior

THE preséRInentibe Bﬁiceﬁﬁfafcf}cegféé db1 geRerdeng E&&rmslullﬂl_bd with falmgggeto-caloric
conprize a, conpressor for c ressing a cpolin i
mawl‘@i,d@ﬁ“m@l%ﬁ%]@aﬁtt@ettb?ﬁﬁ“@? g@m@n% O ¥PY Py e‘?r@é{ﬁ'sat least two
tHeAn£IC GOMBE @38 (cBhAimAPlat Néhs ok AndfhetodcaErite elehiin€ ORlagnetic means
I't adiabatically. These conventional devices have a i
amangodrto cimiti at kedstaaneamegnetic [figlde [displacementsneans (soHplad te Hlee magnetic
CFCs. (chl or of | 0 ) A e .
S0 I i VS HRAE PRRE o 1Y FraPhc-eHBRE oftnehd®ho as to subject the
la@et abl & ragmatic rfiddk svadibtiad P sgnelmeant dol dushi man@mdas to change their
destructiﬁg of the ozone | ayer., Consequently, tpose :
(eGRSERI P eERY X8 o oSPRYL e RASYIVE BT PERAINE SaloRiGs emitted by the
PRt SRYIkeRGRhA! Standards of many countries.

Fart hernore, such 25 conventional equi pment, which

operates under pressure, has to be installed and

mai ntai ned by trained and certified personnel who

must fol |l ow constrai ning procedures whose

Priopdrenent at i on demands | engt hy and repeat ed

intervention tinmes. Finally, such equipnment is noisy,
produces numerous vibrations, is bulky and conpl ex,

CentrgiongueRpertibA deditestls@aity donirize @RhPyess§iOfor compressing a cooling

conventional devices are nqt satjsfactory. 30 ) i )
fluid in order to raise its temperature and expansion means t0 decompress this cooling fluid

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
requirermnents, nor the environmental standards of many countries. Furthermore, such
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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*159159* Il H ni 111111111 11 *000002* IM| 2 Research
efforts have identified magneto-caloric nmaterial s that
can be used in tenpering and/or cooling
installations. The magneto-caloric effect is the
property that certain materials possess, of becom ng
war ner under the action of a nmagnetic field and then
cooling to a tenperature lower than their initia

REQRARAT SdHsChARCidentiTRARAGHRE-Calbriice hﬁtéﬂi&t‘s tﬂllaﬁazﬂpeahﬁéd O tempering
5 when the magnetic field is varied. Af

altdé@'rﬂﬁ)@llfa@ymaélﬁ%@ﬁ SPhetTRagng9ecadsricl effegiels t%B@PE@hH’@E?‘frﬁ‘ﬁ‘ materials
%&QGH ?3 dp%%?iﬁgq’v rfner uh(ﬁerl{f"f@q%tldnnoiL 9%&%‘:@5 IRl AR tHeR cooling to a
own to

ear research to get
tehrqmratlmvelsthah dlssdr indtial adyspdratiee areedhe m@gnaticplzald ihasidisappeared or
bhe pat ent 1A—4 7ﬁ 288 i s known, which descri bes
%ﬂﬂ’etl“‘o elfisvariefly yef i cation of helium conprizing
a nagnetlzable substance that is noved within a
magnetic field generated by a superconducting coil and
Aaﬁxrsbseethy, @e&@aqnnqhﬁ gshef ?/ SEperqomdyqiing| agghie assembhes, is used

%BBI%FJ‘I WAl hNGe SRId of %B@%&O{é%%ﬂ 1 &odl%wn 1 @emperatures close to

rans ory novenent 15 o he nagnetlzab e substance
ﬂnbbmunes cold, which is transmtted to the helium by
conducting el enents. The use of superconducting
equi pnent necessitates installations for cooling with

I ipaiicdlaPithé GRGMt WEHACKH 674288 44 K(Mowﬁosdhhcﬁh déﬁ&ﬁb&ﬂ‘lleqlhpment for the
requi re delicate nmai ntenance er.ati ons. % ce
halr 1CB D106 Xh A c%ﬂmsmryz Bempgieh 24ty %UPﬂ?rtcsdt at 15 moved within a

e CRIb %ﬁerateﬁclfl)p &Jcé(nduu‘l?% cSiPlaHll 120Restrf o ontaining helium in

tisfactory. 20 ect of publicati on FR-A-2
th@ﬂﬁalmmdscta/emgmt Wdhrt saig) smrqoodu@@guceé ddwpranglategy movement

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.

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
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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a magnetizable material, a systemfor generating a

vari abl e magnetic field and neans for transferring

heat and cold that conprize a space filled with a

saturated liquid coolant. In a first position the

magneti zabl e material generates cold and the neans for

cold transfer extract 25 it fromthe nagnetizabl e

mat eri al by condensation of a coolant. In a second
SARSst dattedt H& in"MENSilcdahies N¥Llelab tHe AT AbHAchiFFta A8 heat flow

the neans for heat transfer extract the heat fromthe ,
presigeéan prapise usne @ magnelycaloric ateriphgOBPapwslg pegssothe magnetic field

n . t . i .

th?esl%eéj}%glce ﬁr%%c%ﬁo% tg% %a%eié—@%lgﬂﬁ g{aieﬁi‘?f g%c%meﬁ%ﬁ g%cf fh%ves rise to
a redrfang@hatt io fits ayomisewbich Bausee theamagnet dalaricematgrialou®at up. Outside

this saoluytjon is not., economni cal satisfactory. 30 3
s TR Jald e arosits 5 Y HREOU RS PR SRR Bt popls down to a

tdrilRrAGE O VRTRIH itOfnith] ReNpraale, TA AWt nfatePdlB4se®Bn REANRHEN has been
usi ng a nmagneto-caloric material. On passing across

devedoped g bisi roatetial) whichneetiecgive 81 ambiprtgpmperature, fhas the disadvantage of

_ ) . t eci al . L ane . . .
SFRGIEAT 68 BB T SEA AT R AODAULA RS i ar
edsid@ne bbaakrocureentipbeing atudted. heat up. Qutside 5 the

magnetic field the process is reversed and the

magnet o-cal oric material cools down to a tenperature

Al R¥BTortahadichh Sesbatthdrathast RWBIBp&H aHd8mpfenidnidita ptdtyieathat enables the
based on gadolinium has been devel oped. This

thegteticalarsultaer egsearsh en gadaliniun i beayadidated. Thippeaietyps eomprises a disc
e AN o A Moo T MR ks oo
atviohd htsaaxés s@alsdtars $estapdipassnthacugh cunragngticyfildi argpted by a permanent

studied. 10 A team of I can researchers . h .

TR opfscP TR R e P BROIa® Pl PSR TR ke QBpasie (g permanent
mta@lﬁi@,(rj fHel (ﬁléﬂ pﬁSSSSJ irit6 aOfeat @agdsChlock cgapdtihgiauiteat eraheer fluid circuit
validated. This prototype conpprises a disc. forngd by .. :
designedrie tRaRo! therrglosiey 2adpy ﬁr@mmoey.ce%r‘»éﬂm gagoligum subjeoted in
aRth e b T Halentd! BB atisBARLdf e mak: Bieid ST et BndrlMock can be

its sectors pass through a magnetic field created b

deségnednie pvo W8ysralgreefirst dthodimentetheheat transien bleck iagaidds be “blind” and
IS uh5, SR FREPS B b AFTRIER g i e
distombi tlds figst aadeehd heat amandfer effitiendy isiverydiow andebe dendce tsoot viable in
el{lqrxigyns .'g%xlt ihlt]] :gfﬁqgcg{ﬁlgﬁrr;élgcfdgﬁgq ﬁ ¢ hc]::artltlgaggtlere BloBk %gé'l %ﬁec{ atl% 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

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
a monoblock annular container which delimits twelve magnetocaloric compartments

separated by joints, each compartment containing gadolinium in porous form. Each
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alternation to the presence and absence of the

magnetic field. The heat transfer block can be

designed in two ways. In a first enbodi ment the heat

transfer block is said to be "blind" and 20 the

circuit passes through it w thout direct contact

between the heat transfer fluid and the disk. In this

first case the heat transfer efficiency is very |ow
coMiphriniat deyvh eininsuni Of four pifieed, Anclethey @y inleroriice land an outlet orifice

second enbodi nment the, heat tra fer PIoc% has i nl g
cogRertelitq ehotdiicrit @ad an iHetifispand ampeet REDFGEIeRgd i 3 gold circuit.
TRy &/ Ieﬁﬂ\én'éﬁtemlagﬁéts Bfeasrb‘t;fuﬁf) ohthfdul QotIBSE nfbiveReht so as to sweep in
contact wth In this second case even if
SUCOYSETON]a0iogs Qled"n@d msa@iehotcai@c\pem}vamnﬁmts end subjest gheayaigeessively to a

dliffé{? aka ﬁtbcu el dnges 2 8?1%Sk c%]r hﬁegqu%huﬁdaﬁ]}ﬂh%r gadolinium in the

vé#foluk Fcbﬁx@@r&m@rﬁts afetralaporel toﬂiﬁdﬁexcﬂ‘thgirssw hbti ad dobd het transfer fluid
satlsfactor% Publ i cati on WO A- 03/ 050456 al so

cigraie e pechathgy grreticeessively QBRSO AR daintssvhgse fotgtion is coupled

by bl Ao RIS O 'tl‘feaiﬂﬁ Whi éﬂa&rﬁfek e (Wi HbnERSA cb¥Ehuous rotation. Thus
per manent magnets evi ce conprizes 30 a nonobl ock

tharﬂuw af r@@mtralst"mﬂmﬁlp@m@thrwghsth@ Vixled enagmgiveqadnrigl eampartments is

suggeh 1vcf Fcﬁorl]l%g%{:e OI%IP ﬁ{ ufr)rclﬁl rllalaycgrkg us b&a&%t&%r}‘gf%g aLsis device, which

th@t%ﬂ’@ﬂ@r difhiteshts @emtidnnofin diquiduihgohedessditates ¢anthuelisngnd precisely
an inlet orifice and an outl et orlflcg thconnecte
n

to a .
syRerogized uotatigh dota e WRRRUSFIHTY i dnd nthg RITRFNGY  Rggts, and is
cSRENRANE hebithidh G OIFH&GIIF GHil teostly 8 pr6BuRET MR Pifnciple of continuous

nagnets are set "into continuous rotation novenent So
opesatian @wereky tiestricts utsmtlehfoaéﬁcbg@altqvéhmosae&’lmeover the design of the

ap§u9an1?s re%l%figg #h% &S%rr&ag? n%}:g of Li'{?dg?‘e\éol anS'lP %népartments without

ccessive oasd magnet |
maalng rit ers)namd{aﬁy uhmagkeranGSeqhnccdlhyc eoebablé. hEmgliyi,dlh'e m'stunf rotary joints

the various co rtments ransp rted
HGEP ST R SRR BT REAT T} PG R A0S Godubss the 1ife of te
d&vl“{eCUI ts to which they are successively connected by

rotary joints whose rotation is coupled by one or
nDre belts to the axle which drives the two magnets in

?tﬁ (S PRSA PBAT 440N des ﬁlﬁ:@ a thilfefil QM SdradtRPdpphrafdSi@Mprocess which

passi ng through t fi xed nagneto-caloric
usrca‘np:agrtenmmtlgrw subGinsel ocibs Somedla mogmrteraldrie diskithativotates relative to

col d CIrCUI b | Te vV
o SR R AL hRy B S R BB Ty B i gton i i
rdtzitﬁh@,, itnedietailt dteRsure olft Inn lll@ﬂsthea\mﬂil tpkecplaaebegween the ducts carrying the
nchron ation e various rotary_joints and
heah Be PG AR s awepel By dnd oo d itghes qtiSeir Akéd

technl cally difficult and costly to produce. Its

princi ple of continuous ' ) .
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

disks. In this case the operation is similar to the preceding one and has the same drawbacks.
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operation severely restricts its potential for
techni cal evol ution. Mreover, the design of the 15
apparatus precludes the use of a |arger nunber of
magnet o-cal ori c conpartnents without making it
econom cal Iy unvi abl e and technically unreliable.
Finally, the use of rotary joints nmkes it inpossible
to guarantee that there will be no | eaks, and reduces
the life of the device. 20 Publication FR-A-2 601 440
descri bes a magnetic refrigeration apparatus and

ve -a magnet o-cal ori c substance in the
formof a magneto-caloric disk that rotates rel ative
to a fixed magnetic ring which generates the magnetic
The ptedent Siveoton fsentendeteto @vembue ithe abozk disgdvantages hynproviding a device
[ dlfflcu to e t hat take pl ace .
b AR HEO SR 5y horpeiiner SR e aeliputh gl B fenca whit
baing ablteteHicerpdpdte RObrganthintel @f Ghérfidl bediey)hdvelutizeeflexible, modular,
fixed. 25 Publication XP 002047554, which bears the
rqlittweé/ inpgReaply or WheRsdpgriajien fag mmenarvéappiraws can be carried out by
PUSAI REf 0 el BATTS ARG &iing, ]S TRAC Elepical energy, whose
vbllunmkrsezmmnmﬂanwmsngffmxmgnet}mglnaMmplu <recrm1teerdnw adimited amount of

P iBy TRFEh HBSTER (e SrIPISC 40 of Mo ih laraggscale indusrial
ifstdlatieigat on @@hesticeppicatbsks. I n t hl S Case t he

operation is simlar to the preceding one and has the
sane drawbacks. 5 Explanation of the invention: The

Irpflﬁsc‘ s th'er]?‘f@eﬁ‘ﬁlbﬁ’ Qoh&rﬁsnet 84RO Re RME SRS \ﬁﬁ]@‘é &nagneto-caloric
di sadvant ages % providing a device 5 for heat flow

npramh of th@rty}vmmd ajed indire protblei ehgracerized in thet the dlf)placement means
move m 1éc1pr?§at1g9|a¥d %? lgaﬁ*%gd %‘ ]aé E‘h&) g#ra% %Q d‘[? Lgﬁigtlc means relative to the

er o
nﬁ‘gﬁ)étdtch]‘vbﬂc efdn&)ﬂtsbllnea redipeedating movenenti chesen frorexbe gedupeahat includes

ose installation .and mai ntenance o ratlon can
S 5% PV ORRE B Lo SR O B SRBUP T, SEP g f P coidel moton,
retfliféur GRMSMITBS, Gifduddri MEfion, | sikusbidale hRgibh] 68ImdBRESY along any other
whose volune is optinized, whose eff|C|ency i's high,

syipbleriraiect@iyr es only a linmited amount of 10

magneto-caloric material, and which is suitable for

use both in large-scale industrial installations and

In a pdefeneet emb@cbmbntc&eirmcratim trieans comprizeeatileasbomé heat transfer fluid

c:h%tahg{lega%sg‘? ﬂl%u%uﬁcgo{he salc{ heat Yirkfe? q’l‘]u% i the cn'cui&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
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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material of the type indicated in the preanble,
characterized in that the displacenent neans 15 nove
in reciprocation and are arranged so as to displace
the magnetic nmeans relative to the nagneto-caloric
el enments in a reciprocati ng nwenent chosen fromthe
group that includes at |east a pivoting notion,

pi voting conbined with translation such as a

Thekdcapéraiadn 1i04rs eferabBCddniplﬁe ar lehstaws haititemsfer ﬂmdl,dnamts of which
noti on, sinusoi dal

t alon .
s liteicciots SRy To0ereafprish SRt deRsbB0d Aapd AEbuIt for the
frﬁ @9%9 &fsabd1PLY w?ﬂﬂﬁtaﬁ&{'?i ehiCarfhgbEashs ®Nnh&Rleadl RiEERZone to one
ud clrcult, nean or C|rculat|ng the sai d heat
ot otheiséfahe fdidiheht tnansfereflwd ceaiits(s) and neans for
extracting the calories and/or frigories recuperated
by the heat transfer fluid(s), said circuit

AEREgeOLS1Y, Qe | RARE haed s&ﬁc&ﬁ@‘flﬂhoﬁomneaikhlghatabedynchromze the
the inmediate vicinity of _one of the

repiRPRAiaE CdisRIpGemcat EHant yl@nﬂ*ea?qr%m@@a% RSN (Eh fRAger that, in.
a(t,J E&bith! ¢ J/:%argﬁgtiboﬁélétﬁ%vh%h éa%ﬁ?ﬁagh&o dafric diéifent is subjected, the

orres an frigories emtted by the correspondi ng
cmgapencbng:aarcsr&;rczoed: isrrennecteite oneeuprberanfitemhant iaasterfhpid circuits.
conprize nmeans for reversing the circulation direction
of the heat transfer fluid in the heat transfer fluid

A‘Ellvﬁxﬁlhlgdous@O the Thegnectadaicatelerenemniprizeefatr bdty one magneto-caloric
nprize at st two_heat tranfer fé.olll'dc

nwtﬁr@h chasen frogs el BaGTOgEs B11peh epdongy (G b & gadlinium alloy

i)ﬁ’flhgsat sk %atleﬁﬁséhd@&? flot @he GRoup @lak GHélhdesl 8 1daltesilicon (Si),
|gor|eS aS wel as conmmut ati on neans arranged SO _as

gemnanomm €G¢), &a8 IﬁFq)r magifesiuny Ge), phospherus §F) andrpasenist (Ashghe magneto-
c%auc ana%e% a(letbhagslﬁ'negnefofut'hg fgﬁlgscc'ﬂotséh fr'énﬁﬂl\éa%ogg%k'%dudes a block, a

nchroni zati on means desi
pagtitiehponder cort heaggimnexptemfamqag dhs plscaoénegmetwednsc wiatdrials having

ﬁg%ﬁ%g%%?%@%twﬁge%sgwgﬁs it pPSeSqu €l E)%a] ery yide range of powers
negnfetwad ori ¢ el ement is subjected, the

corresponding transfer zone is connected to one or
other of the heat transfer fluid circuits. 10

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.

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-
channel provided with a single inlet orifice and a single outlet orifice connected to the circuit,

the through-channel constituting the corresponding transfer zone.
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Advant ageousl y, the magneto-cal oric el enment conprizes
at | east one nmagneto-caloric material chosen fromthe
group that includes at |east gadolinium(Gd) or a
gadoliniumalloy conprizing at |east material chosen
fromthe group that includes at |east silicon (Si),
germanium (Ge), iron (Fe), magnesium (My), phosphorus
(P) and arsenic (As), the nmagneto 15 caloric materi al
being in one of the fornms chosen fromthe group that
includes a block, a pastille, powder, or an
Pefirlolire et wagietipimaess compEzuge 1t RegmasRsticlgpent provided with at
]éﬂﬂﬁ% m@ﬁ&&@gl.dlfferent active tenperature |levels
es P possibfe to obtain a very wi de range of
powers and tenperatures 20 Advantageously, each

%gﬁ%g@{epeee %’Bet"z I,clgxglcgmsgeee Stta %astpar trin?%megza%fl {rﬁ.tena] firranged 0 as to

cGRBAAE iavill tdiredNthe AMS Eifles’ 601t geEm@ient) maghmx sdid ehageletizable material
at |east copper,

er_ alloys, alum nu al
being pesen e, o Rl dFINGYSt SISk Bsh CABPA(GTa ron, vanadium
I I P bly, at |east one of the
(?*OPX%P&Eﬁﬁﬁaiogéﬁ%?ﬁgéghgt | east one through-channel
prOV|ded wi th at Ieast one inl et orlflce and at | east
gne out |. et or| ¢

f .
DS PR eSS ek k2SR, pFEBBE 8 o resive e

gﬁétﬁfcﬂléﬁdlel&ndnf pasiked itg ome. in Baedipooatiig niovement. As a function of the
vant;%eously, at | eas one f the Ih r mal

magReic feld 1 be Besrased c EATEHGI TSy PBLLE G EFFmend oan be
@g“ggg inlet orifice and a single outlet orifice

onnected to the circuit, the through-channe
constituting the corresponding transfer zone. 7

Pr ef er abl n c. mean
W@Wg@e’o&lsl&i é}?ﬁsﬁ}errsglog?(g%s } Als Iﬁleé%a@llqteas %ené&%at%d; i at least one
tHeag Aey mﬁla’[‘hg&lemgnaihb@enefremem‘e graup dmtrpndludesadt lewst space or an
one mag net| terial arranged so to . .
“EBHE@ﬁtWaé?féa a% o‘i‘g1 VERELOAP HdSOr $9IF ‘Zieusﬁ‘éﬁgl magnsic elements carried by a
Ptedr{@g{é%mp@aatdxgrm@mbméﬂbh@naat erial being
chosen romthe group that includes at |east iron

(Fe), cobalt (Co), soft iron, vanadium (V), or a

Ir?? ERd Ao A I it ftﬂe:’s‘ggﬁ orf Rt éﬁégg?gy cﬁcu‘l’arTf&)?mg%% ®daksCone nng mounted to

ement 1s prefe y Us or C- shap arranged
pbiot &rs rdciproextion abotthiés axingaidt ringearmyinigcthe magnetic meenweiedially and the

t}{ef]@alaggasles geﬁn{ge&rc%arng(gtor%garrange ént1aﬁ§ ifa c%f:et S LR another so

that they can be freely straddled by the magnetic means.

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.

In a second 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
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magnetic field to be generated, the shape of the

magneti c el enent can be different and can be

opti m zed. 15 Advantageously, the thernmal bodies are

i ndependent and are separated by at | east one

thermally insulating el enent ghosen fromthe group

that includes at | east a space or an insulating

mat erial. The device can al so conprize severa
tHERAA Yoldfes YeBIFERFLCBY bi REstDBhedrantd RRFIUdHQURE 8dr bR bélfg arranged
reci procating di splacenment nmeans. 20 In a first
essersiadly irehine sohthatghpypesntbeisgraddiedfieglnby thegnagangtigmeans.

form ng at |east one ring nounted to pivot in

reci procation about its axis, said ring carrying the
I edrifiguratian she adigadticymedd dahéve fdstiomed ilbaditaggered arrangement on
defining circular sectors arranged essentially in a .
cigIeF €108 oL B (Vo Rt &Pd U5 IR fen RS g s gf gl bodies each
oPWhidH db8&pbidstih e RanREE fehMAdTone 4B thetowhli S

conflguraFlon t he magnetic nmeans can be orientated so

that the gaps of the Uor C shapes are substantially

ral.l : [ P [ [ f ;

PRF Bl Sherly BSHRCRMGHH Beohdy LARCPRYAL 1R B slef@ comPRzing at eas
corBmpRicitionsdrifices thasdliwt thalhest tpasfat fleld to pagsentpetsdiircuit.ar

to the pivoting axis of the support. 30 In a second

enbodi ment the support is essentially rectilinear,
Aloidngeudy, theasbulaliéh hfthns Whi edser fraxeth® grbup that includes at least a
reci procating rectilinear notion, the bar carrying the
pymprfetifcslatas aorsthermesiphenig cirpidptitl:  bodi es bei ng carri ed

by at | east one frame surroundi ng the bar and bei ng

arranged essentially in line so that they can be
Tht extoitienl nfepmepryfemply trenpriagradidast tmoaershangerst #filgast one exchanger for

e rnmciryieishiy b #iast one
oS8t nPac R hATHETARE! o T E BhvifP QPR fo B Lomnectd

tHen“doWPcifcaws., and the franme can have two series of
thermal bodi es each of which corresponds to the
magneti ¢ neans of one of the rows. Part of the thernal
TROHCERodafin S M AN ERARAA WY chSdehifRin Bt @buy @asincREes fllédsta motor, a
conprizing at |east comrunication orifices that allow
jacker dpeiag mechanddnaranfaerpiganargiop 48 slectiemagnet og hydspgeneragor.
Advant ageously, the circulation neans are chosen from
the group that includes at least a punp, a
Adiartageatsly,, therdevive ravogirigbo séverat i therlahfiug rgeneration units connected in

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

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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The extraction neans preferably conprize at |east two
exchangers, at |east one exchanger for 15 calories

connected to the "hot circuit" and at |east one

exchanger for frigories connected to the "cold

circuit". The reciprocating drd ve neans can be chosen
fromthe group that includes at |east a notor, a

jack, a spring mechani sm an aerogenerator, an

el eCH{ONMRGR&Hs @h S plodt OSIRQREM O Miew2 Bf Ad Vgt GBIRIIGIREDL, of a device
the device conprizes several thermal flux generation

uni t sceoptingtotthelinvgnti®eries, in parallel, or in a
series-parallel conmbination. 25 Bri ef description of

the drawi ngs: The present invention and its advant ages

-Wi | | Fize 2rshows easdtionalsidevistvadd therarnl body fbe slor haat tremsfer fluid of the
bel o veral enbodi ments, given as non-limting

exa F@§e§ﬁ§greferr|ng to the attached draw ngs in

which: 30 9 Fig. 1 shows an expl oded perspective V|ew

of a first enbodi nment of a device accordln to th

—i nveﬁthOﬁ\AFB gre persprstize yieswscafithedevies i Fig dwsbewn respectwely from
t her gg e heat transfer fluid of the 5

deV|ce I'n th%?QxéQ . 3A-B are perspective views of

t he deV|ce in Fig. 1, shown respectively from bel ow

and m ve 10 - respectd vel

ool BB By EEeererEvo e ET aPaBs oS RIS o vsang below, of a
secoRghoraREbdRIRht &fa devilR\icERdiag EPthdiim@ntion t he

invention Figs. 5A-C are, respectively, exploded and

non- expl oded perspective views of a third enbodi nent

_of argdev Cc s
of opl):%? %,ﬁgﬁ%aﬁgﬂfﬂgelP extpnﬁgé_l %Hci?&eﬁ g:l(br]rgdeld g@&tﬁ&e\ﬁews of a third

schewrmbbdinient efst que@nsordmgﬁm@ewntlm amwomta@edef@n%atlon and
according to the invention operates

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

according to the invention operates

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
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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20 Opti mum manner of inplenmenting the invention:
Referring to Figs. 1, 2 and 3A-B and according to a
first enbodi nent of the invention, the device | for
thermal flux generation with a nagneto-caloric
material, called "the device" jpn the remai nder of
this description, conprizes a thermal flux generation
unit 10 provided with 25 twel ve thermal bodies 11 each

THEfth&inY tRdfek N1qUbdHtai %Cltnﬁgnetcﬁé‘émné @EHEB{ 10ad¥del 8f b Qhadheto-caloric
an independent nechani cal el enent which can be

ikl suchae eadnlmglm 6CAk @dgadvhiviym allnyr ¢ratainipg dfpe sxample silicon (Si),

ar%an%n{xﬂ@%ﬁylrésrpe E)Fse qtﬂ:%g&gnu%?iﬁ'@ oﬁ’l n%h 15%} ﬁ?e 'afﬁ%% (A%S] or any other

equisalleat mm@eeiz&bm niaterrahmhal}m' d'hephoiee betvwaen Im@mbmt-aaltglc materials is
e ui val ent neans.

h
e TS B0 1S BERting, 470 -Eor Lk, BY WS SoBEh! AN BF dtTrPepature ranges

nB&Hea. os.nﬁlaﬂygﬂﬁt dﬂxaﬁﬁiy%f fhagihBd-8410/¢ nfdeértal aﬁecgaﬂq{d fhetal body 11
, a gadoliniumalloy containing for exanp

dgpqndé on tl(esheﬁtmg g&rmhng. ﬁpwc;é)nstalleedhe Fange Oﬁﬁgwégmmmnperatures the
n{sMWed eﬁ%%f B?ﬂ{euﬁltaéﬁj&l YIS EM fhel re 0?rt]|'l@%g%g%5|ﬁ)rlc material itself.

I'e materia
Fbemi\hzmtlm,gn Btfor oanyi¢ possﬁleelblcxbtesn ilSO Waltm«bé cbtﬂmgrpg)wer with 1 kg of

EEFA LR AR PRGBS S riAeon 'SUpHAVES FPESH3"C ind a cycle of 4

séﬂéﬁﬂ'i | da¥d @cleB@nPrRimgatiRbésSivEBiAEdsabf BRiduteNand Bon-exposure to the
thermal body 11 depends on the heating and cooling

nMegnRticshiglst al | ed, the range of operating tenperatures,

the installed power of the nagnetic field and the

nature of the magneto-caloric material itself. For

In tio exannple the magnego-ﬁajorl@xlampmel%msa|thﬂ tormoofob tiggulari@otor and each

WAL t { r
Ry (iRl ar §HE it SRRl BRE Selehyt B pbaneto-calorc
eRfenan?l lae@lgl e mfheﬁt-c@ﬂoan{éselelﬁamtdlxyiﬁ|1ﬁadé0c5'fpd t@ndi@tive material
successi ve ghases of exposure_ and non-exposure to, the
chrsgh &4 its gopd thermplcondpetivity athsh @s emeﬁag&tfe@ Ipye calyminum or its alloys,

stetlegrRidel lﬁoysssthﬁlésg‘ %eﬁa@{ 5 @Eira6ys; o¥ Lu?}'f' oft8F LlivARH material. Thus,
each 15 thermal body 11 conprizes a heat-conducti ng

wapR tighmagretevssleric @@mﬁéZtmmmmmtsammer éhmf@wémf the magnetic
4P VAR Fegfe g 1 UL BT o ity comn 1
whiphduarmiswipt of, cos:iscﬂapdty dmgueesingcthe ihesmall dhsylspxloalcapacnty rof the thermal
b(())c[y lli %o ?}lle! SAfe 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
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
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
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steel or steel alloys, stainless netals or their

al l oys, or any other equivalent material. Thus, when

the magneto-caloric elenment 12 warns up or cools under

the effect of the magnetic 20 field variation, it

transfers part of its caloriesyor frigories to the

heat - conducting el enent 13 which warns up or cools

rapidly, increasing the thermal absorption capacity of
pdseid foeproBide thadyr dill of Sorhd16f hianBeriil Bodies Thehgedertd ynd outlet 17

of the thermal bodies 11 thus favors ﬁ contﬁf
orafices ayf distriuted i PleVEn @nlBFRES Ny Ber d%s?fi‘ I3 spidwglls 15 all being
ﬂéqxggperal, the magneto-caloric naterial can be a

CK, a pastille, powder, an aggl onerate of pieces,
or any other suitable 25 form The magneto-cal oric

T el SRR ST AR B, G BT CoC i e edpigh 16 and oute

l'b}érlﬁééi‘,eon Eakie liﬂﬁfaﬂ@bf bayhahicallpmigld me&nﬁll tOmtirfside facmg the plate
zone 14 t hrough which passes the heat nsf er £
18 @eﬁ@erﬁ)@hb%esol(l arg providedprthsshopldseseld w ncrease t eir area in order to

facLitﬂéE}L guﬁtﬂwlg':d\ﬁ&ncﬁﬁg l§arﬁd){d"ﬁ‘?r$r6’&fe l?eat?’gxchange with the heat transfer

roug ann pens, on the same side in this
ﬂendanﬁheeplatml& and tbssslennalabddyesfllaareveaparate45>yo¢ theygal Jomt 19. This

g gt 19 e byl 4B CirEs qoEfiighoorfils 10 RilchShiow passage
of thehedtQfanstet f101d. SHFR offminiAtibH Gﬁﬂads w0direprotilied twith connectors (not

inlet 16 and outlet 17 orifices are dlstr but e
shaxen) der emecting Segiet pldndgg, ?et vid| grificps of ? arag\g"pq zongg 14 of the

%!idus DAY bddidt1196 OHQBI méreTeJ?@erﬁah QfrBwits RSP with he&t@xchangers (not
I xed, resting on their wall 15 conprizing the inlet
smmmdthgsm figares).1 Thes ¢xterna) mr@mtsaarm ¥ exapgplefarmedof zigid or flexible
pngEsC ?a%ﬂ'tﬁ tv%l(te}{ %rﬂ gdgrrlrtg%ﬁ E{f 1(111 erenﬁeag?rgm%'lﬁlg@ﬁl gag'h@ Qxﬁpﬁl circuit(s) and
tiehaubfderamed 14 defivecthe hewt treader fliécircwat(®a i n order to
facilitate their nounting on the plate 18 and to
i nprove heat exchange with the heat transfer fluid.

Ea_(hmehéé't ah&srdSnaadirthiehiNQedm I (nbafors id thedt Egbeppfoatiadforced or free
by a thermal joint 19. This 10 thermal joint 19 and

cir¢vdatiinaefeths deatolmpnsfer dludd rivethiae atnusHP oF Ay etber sQBvalpntdneans. The
cItnhi O RARo&EEn oPft é Réu I?ﬁ%felt A6k %Baﬁtédjiodthe-lf@rﬁpcrature range desired

e SCERe T aan SFiihg St are provided Wt
angb i elodsem So (abtin nedximnn hqat eschanget |E¢g elxh@plenlpéte water is used for

and outlet 17 orifices of the f f
PSP LS 805 B AR £ b Broduc, o
né€datioel tdx@emms dedugyitiiib dbved 1 enakbahpessblé notvoid lusing anp fluid that is

these fi gur ﬁé&o These external c '

cmﬁm @ hagp &aneg Od hbq,eqevprg;{mlﬁlgtg Uéatcl?n h%arltetrgngsl:er fluid circuit is also

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
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
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15 pipes each filled with an identical or different
heat transfer fluid. The external circuit(s) and the
transfer zones 14 define the heat transfer fluid
circuit(s). 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 punp
or any ot her equival ent nmeans. The 20 chem cal
arfiOlRRA ht BlAteRfal t BRsiB&ANt i und&EBbd tHatiafly btheRBRITEqhivalent magnet
the tenperature range desired and is chosen to obtain
suiph b A ARCHIECINA gt PR EPETOPRRUCET £AD P Usqdy NevREEpss| RerfgRent magnets
r S e n
hav% ceFtQ geizdél'a?{tg%és Hpt% Uf §§%?§;}g{8¥@‘{)ﬁa eé(;‘jf gér%oq v Eoﬁ‘?xg}ptlon of electrical
eﬂ&mﬁnd/lewt@ﬂperatures Thus this device 1 nmakes it
possible to avoid using any fluid that is corrosive
or harnful to man and/or his environnent. Each heat

Thd RASTeBE efehithl 108l driéSbypd HBbESs 6N 1108 IMhidexample the device 1
extraction neans (not shown in these fi ures) such as

hasxebhargaetic oemanty 198 rsrangedyin seapenoe ally ¢ 31 qigslg enrbspaced an
mgérxsae §'a ?'612 T?)fe n{g%% caélgl'hle l@f‘ Qref Ul 8PELH edT\pﬁTl l?i?ca‘i’xr‘@ﬁ'risCfar enough
means devuce nprize magnetic el enent

aph@3oedlolv foscopdsepd of\the thenm:l hmdleerdﬂe ‘Bel magnesic mtemeads H3 are fixed

l.am nat ed er ent gnet s_whi oncen trate d
ragjaply 4n f“h@ gﬁ FECY e uRPPTt Hléstﬁ%fgﬁ%’?e p%ﬂ%ngg{] THS ring 104 is
mBBREELto pilbealHRe RS bkid DetvreeIBWE lbbﬁh&n@:ﬂﬂ is QOﬁ}Slédl o @b (not shown)
(Fe), cobal t (Co), vanadium (V), i.ron

for griwing it inggcipfoca avhigly raeyesthe rmg r1 Oizecm{ycaéaflff%pgﬁposmon to the
ot[{a‘t elrﬂe%m 1%%%%9 ivi néam'eﬁlslﬁ?éjﬁﬁ%%}f?ﬂeta to2Badld Q‘éfmng mechanism,

ul valzent such as an el et romagnet or
ara asmgemamd uart caleouamagmt,useh!ydrmenatdneblegsy phemageisialent means.

C%’?’ﬁ%ﬂ: ih{}:%\é nﬁogléto%:s%%%gl\éﬁ%brarpee?ncgﬁ&oihe r??g{%fcag’ﬂaqz&vmmg movement
ha&nB¢ gvantige of Bing @BtainableTBiesinmppnaldi inexpleasienteiptOitiag drive means.

carried by a nobile support 104. Ip this exanple the, . .
MQEF B (1S FAHTSEHNERNERIE! SRR EAPECS G40 RASHIGS rinthis simplifies

opeRAdRRGEr £BRRBA b éakily BorRroRhbIE h@Fﬁes}né‘aﬁ pa@d an
Interval | apart. The magnetic elenments 103 are U or

C-shaped with their arnms far enough apart to allow

TlIee{ %%ﬁ%gS%%e&Q 1 eﬁtI g?%r@alrt BPlee ﬁiel]n]ral pddfes TRORE h the latter are

are o radi al on an essentially
staiddled had smtxmnded on nadhhedesﬁyabeamfs Qf thé mggrefid elemeings ¥U3ngpince there

104. is 0 t about axi et ween t
arB g\gliCF P%ngn% rrpg] bc%l&ﬁvlg §s {rgg%gnger?fﬂ%§ f'%* A% He magnV\Pc 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.

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.

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



20

25

30

for driving it in reciprocation, which nove the ring
104 reciprocally fromone position to the other. The
reci procating driving neans are for exanple a notor, a
jack, a spring mechanism an aerogenerator, an

el ectromagnet, a hydrogenerates or any other

equi val ent neans. 15 Conpared with conti nuous or step
by step novenents, the reciprocating pivoting novenent

11thasjccha t@g\{@%@lﬂﬁﬁéﬁ chellngs b alohairdust” RywSdsR c8oAs @xchanger Ina
i nexpenS| ve reciprocating drive nmeans. Moreover, this

sepansi pipgk: Hhe h@at rieAnelee Atuid spgled dyyuihe dbermpd bedyi ki tshﬁleaﬂzaence of a
| 1,0 (A2 »
mgc% ﬁr h [H’% sub éggéélan%n X ﬁ‘igg{eﬁ{ m%gxlnéﬂ? ﬁeﬁ&é aﬁlgglage@qh a¥“cold circuit
toe/hlelmrfhgorifo&chaﬁgeover part of the thermal bodies 11 so
that the latter are straddled and surrounded on each
side by the arns of the magnetic el enents 103. Since
THi Hefmaloffk $eiefa@oR aniTB0)ah BE OB led Rith @%het inRS WIRERLkinsilar or not,
el enents 10 as the magnetic elenments 103 pivot in
witle svlelo dhichm rber eqnaesto® 1noserine ang/er i parallel ed/pr inhe series/parallel
co&@%ﬁa% are, in successi on, face to a magnetic el enent
Mot so. 25 In this exanpl e the thermal bodies
Il are orientated essentially parallel to the pivoting

e Lot A A 5T B TR S D0 iy

sitl1fr RALHE Pevidtis RPe.aXTHe. dlfﬁi@reﬂﬁe sk el lt}kBi‘ﬂmehﬂilebodMst b1 are orientated
reference to Fi 6A-B, the device | caonprizes

espaphiplly RetperdigiHer of t the i vting axisorf the aing 20419nd thg magpetic means 203
art hﬁé&aé& a&g tﬁ%ég#ﬁ%gen& 'éﬁ‘gg{rgépdf (dutirdo hﬁasammba&n% axis.

er mal to a magnetic fi
C|rcul ates in a "hot C|rcuit" towards a calorie

In® ! g]rl]r%ngregoclll B3] lustra 1@@ iAté] %P{:%Q‘t)lgséﬁ% p?%zeg k\% ghermal flux

her rra
geﬁ&@ﬁ@tﬁ Iuﬁltsf e hﬁ‘anyed\mierbyssjcﬂlj eadlepi'otfﬂedi V\dlhftf\neimhermal bodies 31 and
.magnetjc field |e,l[culates ina/’

si¥ BiERTls chemeniy)d: ol Tusdevagege shovan inies S Reamids I pigiditferent positions

cogl%E}ﬁfn@HgQG W bistind sfa@bs &?op@ﬁ%hed with other units,
whet her 'simlar or not, wth which it can be

connected in series and/or in paral l el and/or in a

TIREHBRAPBbAES &1 2RO PR A Ofhd 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
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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10 The device 2 according to a second enbodi nent and
illustrated in Figs. 4A-Cis substantially simlar to
the previous one. The difference is that the thermnal
bodies 21 are orientated essentially perpendicularly
to the pivoting axis of the ring 204 and the magnetic
means 203 are orientated with their gap essentially
perpendi cular to the said pivoting axis. 15 In a third

TRIRQEH B Rien dnts B3I 3¢ eshentinllyi sitfilariéKs previeudendsemd dre also U- or C-
conprizes two thermal flux %eneratlon uni

shapedandbey 8iedROSHIPNS] die @ BagBRTe rWP&f‘é’&e‘W"Ph‘“{'\%P\% of two essentially
legh?rfegpl)arg agh %ﬁch’sﬁro@ﬂlgd béﬂx%ef?@lﬂan@d GoShRARRESIBOSF thd Rbfesponding
evice 1 s and Cin two different
fraras B06. oTﬁhus termagnptn dllemgntb‘ 603 irmtivest ioms tof éisacgé?es @th straddlmg part
es 31 r e recti]

o B0 1 LA R3) he T uhb RRaing rctne

mOHOEbh FROBARE 508\nd atb ebipled foustiproeatirgy cB’S&&ﬁédn@Kﬂm}t shown). For that
simlar to that of the previous ones. They

pusppser the rH04 hevs dtatheir endegutding, fingsrs SRZ rwmfh Bldﬁ?ﬁ iy reciprocation
ectilinear frame
nglg,g%tcﬁe g@%d%ﬁ)r% ?ﬁgﬂéggﬁq{e?{?&d on either side of
this frame on a crossnenber 305. The frane 306 is

NS B R A S WL A RARRLE B 1 B come

other uﬁl%amﬂeﬂlebﬁm&wrwﬂw, with \Wi'twl'ngmey dahlbapctd’mgﬁcte&hrd isexges and/or in
or in any other eqU|vaIent way can be separ at ed
parpldsh aAET ARGt Brales pali%Hﬂo?mP@Paétqnv eDt%er‘ffH@tﬁdh@mﬁfa"ure stages can be

l.egﬁgédqﬁﬂgngyther mal joint (not shown). The |ines of
ermal  bodies 31 are respectively covered at the top

and bottom by connection plates essentially simlar

In othtep S f'np grg O%%%n%ﬁ? eﬁc[lldigpfﬁatéd“ QM? c@oéa‘i MBFeniEg gﬁ&dtﬁed by the

enen re ess y sim o the previ
re@maangl dsptacamsnt bheany whicls hmp'edtheTmegneap empansi tarohecd plvotmg

e VA0t AR T B o S ifaion, o s

txﬁ’r%ﬁa\ﬂ%ﬁ%rﬁhﬁnﬂMbn%l&ﬁngmf&ﬂ%Sul&Q&;fafththe cor r espondi ng
frame 306. Thus, the nmagnetic elenments 303 formtwo

rows of Us or Cs each straddling part 5 of the thernal

TRO gi:)éa‘rﬁtlgrfl of THEEaHFE ﬁegxgés QL TRUBLSY Rh WPfé?enlc@ to Fi ), Flgs. 64 6A-B, which

réectrprocating rectilinear notion on the franme
11hustaate csul}ndnaacﬂlcal@ ﬂ‘EGﬂ giagesafi thg ogeriatieg prdan s Refating m@\mﬁpe ﬁgures the

daﬁ?ed hg)tn}pu% ?w n\?\}mggél% %9&?‘ ‘h%\/% &b ehg'erlerﬁé}gs403 and two heat

sl'ide i'h rectprocat
transfer fluid circuits 410a, 410b one of which is a “hot 01rcu1t 410a coup]ed to a calorie

exchanger 413a while the other is a “cold circuit” 410b coupled to a frigorie exchanger 413b.
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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wi thin guide flanges 308 provided in the franmes 306.
10 As with the previous enbodi nents, these thernal
flux generation units 30 can be coupled to other
units, whether simlar or not, with which they can be
connected in series and/or injsparallel and/or in a
series/parallel conbination. Differentiated
tenperature stages can be realized in this way. 15 In

11Pthe @kaniplle] ddsdribeaae bpBaticn oM@ devitdis tib&decotpRsed into three stages,
reci procal novenment produced by the recipraocating

toishepeambeest Whichribe GRmeMiaten &epes o sfiuatefean éhecalﬁgnetw field is
ﬁ@FﬁdP'IIY erétﬂ& va?lgﬁrtbén'ﬂ%éhﬁ‘i@ﬂt hn& 1flﬁs‘ﬁi'1r&§éd?meq{bat S4fsRer 3Riidis circulated

I coid notion, a circular translation
by b nuisdatdglby tlnemnsuph@mo actom ca by eaynether suitablaimswags.any
ot her suitable path. 20 The operation of the above
devices 1-3 is described with reference to Figs. 6A-B,

Dfthg fthe filst U@ ¢ athen 36416500 beghd fseé FiL SASIOPRS mé tﬁéiﬁlal body 41a is
operating cycle, Referring to these figures
cQgried t%%@o icHewt't bPat Pretheeontation means "4% Itas subjected to the

4 5L g 1, g B e v

trérisfex fhrbdrpdaseiﬂlgtthroaglc thedthbecircax Halry eFhedceBaieafard wartsherted by the “hot
ot her r.cu 410 oupl.ed to a frigorie

o BB Re R By Hitlalonic S PRanRBHBLET (0% |
circulated by punps 411a, 411b, for exanple a dua

np with nultiple chambers or several stages.
TR GRAemite, ﬁh%é?rﬁ‘%f?"%%%ee the fOMm HatiqramedB A1 2 aara S\érltched so that

th%]thgﬂa?b&ﬁesc@fhn@% Qe fe8pd2fe £%o%@§ﬂ t@fthet R8I ERuit” 410b and to the

transfer fluid circuits 41 and conprize for
}e»tarrpllué’ 4/1é)aesl\/lglt60’$¢n the magnets elcmnntr‘tﬁ3| iedngmedesbghatrthe thermal body

4 agrgu ? |t sut%:e%{ %L{o 1t% i Ign%t%gf}{el? tvb}g{e tﬁé‘J eg’ml% EQE&S 30

S BXANpl € d8SC ’he” op er Ion o
devi ce 4 can be deconposed into three stages, to

DFE et PP B RN EeF A JE) 41 G hegY A1 which is no longer

subeetdacio Hhamhanktie lﬁbﬂdbmtm%@@ﬁc elehiént 4@3 CISNIE td'&@vnht@&t temperature
transfer fluid is circulate a circul ataor,

lopige thapdispRiial temperatens asd tﬁysrarﬁgﬂtsafrw@rw%m threat fﬁ‘ﬁtﬁf% fluid passing
i t t t1)
th?:cl) lgHrthé]gcotlJ]@lrédlg 31106 erfﬁ%ﬁﬂ%g@r%ﬁ%ﬁd@%@%&& &ftcuit” 410b and

I n part
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

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



20

25

30

connected to the "hot circuit" 410a by the comrutation
means 412. It is subjected to the magnetic field of
the magnetic el ement 403, warnms up, and transfers its
calories to the heat transfer fluid passing through
the "hot circuit"” 410a. The cajories are transported
by the "hot 10 circuit” 410a and extracted by the

cal ori e exchanger 413a. To pass fromthe first to the
second stage, the comutation neans 412 are swtched
so that the thermal bodies 4la, 41b are respectively

Degng e Birdiseage e theeycle (s Eig BA) AOBeRmR] hogy ia is thgtconnected to
i ECuyi 10 I, i p2S

e S oo e b (BB TS0k, S 4100 by i

camu!uptacbmdndaos i3 Adgrbenmel oody d]la \nhsubgeccdtﬂemt ﬂnerrmg‘netlc field of the

N T RIS T A

p&stidg @Bfoagh it0 TRecIBHakt erahdpotted Y thdthorrgoeit' ¢10a and extracted by
el ement 403 cools down to a tenperature |ower

thiet aplqrifi exchpnges i éd-at theethgmep! thodn Shib+ whichsising b)&gﬂe@bﬂe&ted to the
I [

mta?x‘?etlla% d 6fitggﬁfa%eet{cfe?'c%ngeg? I@gz nglé %tgygﬁé gggﬁ%érﬁgv ltSﬁExdthan its initial

tetrpetatiure iand uran$mad Ot faigdriesetot thadteld dm;cutt’f‘lélﬁb rpgss'rrigethrough it. The

ﬁf%)c hgg ﬁt'rgaﬁf's%%‘?éﬁl wg%glcggnc&?ﬁtg?ﬁ% Fx & Gﬁy ?_glei fgigorie exchanger
4B3wm¢<ﬁﬁﬁnb6]doh&dﬁﬂ@ﬁelﬁlc@mfpaﬁxhdntoﬁmt he magnetic

el ement 403, warns up, and transmts its cal ories to

the heat transfer fluid passing through the "hot
Tﬁé E&Hinbitatioft h8ns 1CHER Rtk SnPreSiold me %9\%& ado e éohﬁguranon of the

hot circuit” 410a and extracted b he calorie
segrih aﬁg@r The deatinpicoshing gicle camih @elteomeatted wvhféouthlﬂmu At each
C { X

C)EcLeat%{: fma gtf) C%fégl!é engattéf al opﬁl%qgerélé??(gc{é%e@}% {v/ ﬁ{]lg gg%%ssx&e'i@%lbjected to
magnetiadieldsaindaherctenioved om thndaitl amagnbtic fields. dThe frequenty of the cycle
410b. reover, the eti el eme t 403 i.s noved so
d"tﬂ‘?a‘?s ?r}'\]/tglep}?épwedgad g%gge re”r“éltsrf8 F8h'§g}edsubj ected to

its magnetic field while the thernal body 4la is

subjected to the field. 16 Durlr?%th‘gz hird stage of o
Therawisghingeof| the thermal bagligs 41peA kbrad pd they s@ld AlQbjagd ¢ h@fs 410a circuits

' fi84, f

oGO8 SFEEOp ) pifiine Pimrbld i op g SREUTInE RRGhAR! AU, for example
by:pimtjnglthrmrghmemtanti@gleTmehrtehedlmdbcdnwy thedughj asconstant interval. The
op 1%{”‘%%{5/81%6%9 b%?g%@%%&l aCterfnlﬁg)J ?Jl'é; %]esngn&%ét??dﬁgqgea%lg compartment 414
otf, fortei@mplepélosd to ahy ]brodleﬂcl@a be cooled.

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.
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passing through it. The calories are transported by
the "hot circuit" 410a and extracted by the calorie
exchanger 413a. The thermal body 41b, which is no

| onger subjected to the magnetic field of the
magnetic el ement 403, cools dpwn to a tenperature
lower than its initial tenperature and transmts its
frigories to the "cold circuit” 410b passing through

Inhtlstrl Q ﬂ'&t]ﬁ)fll gﬁlﬁlﬁﬁesare transported by the IICO' d
“E%TEUT?R_ZIUBI nd extracted by the frigorie exchanger
413b, which can be | ocated in a cold conpartnent 414.

Tl-é-,lg‘e/ hg glevw% 3 r{l ﬁg;%?s?blé }enidt e&)ofw tIE:ElBeraep ab€%h %gx%aflﬁﬁ%ntary tunnel

|gura i on 0 second st
or the ifedd damagtefﬁgwélauog anylche absarbetused e$ arheatt;sxmpepe&tr@dy other similar
wi t hout

L) i R A U1 ARTFLR B K o s
re MQ&Qﬁéie}frﬁJeVat&H Bif prek&datioh orig %Edb@nefté & fdpthartinfatigdion of spaces.

enoved om the said magnetic Tields. The frequency
of the cycle depends on the neans used and the

o DS A0 5N o F M U O comies
the heigheticlMaarsi lroe_um? 302,0t03dn o?kr $ymokie theiviedesipragatidnerelative to the
EEANORY ) Bvit iy aih crrgareip et iad BRRLKE et Balter Blig cirouis s

ﬁ?éds Qh@‘i%ﬁ“ﬂgnétw G varifonsis adbaihed By\/rahpro'Eht&xg dlsplacement of the
operating Céﬁ e can be controlled by a tenperatur

megetie rmq‘amtl 208, 303 405 Memseivpsr e Auigylar Stpjcturg gus overcomes the
mgréf z%ge Whglgﬁlsttﬁatt e Whg tht%f R RSt ﬁgﬁfﬁdﬂula%lxjcﬁ‘lt@wa 410b is

ment (not ustrated t he device 4 does
nmbmehmuﬂecmﬂnmtabfdmsadam@uamﬁﬂbpﬁgbage from one stage
to the other is effected by reversing the circul ation
direction of the heat transfer fluid in a single heat
The @itk Iesdriptiofl sebwe dliefirly thiai Whﬂaredaahg enapy ocorssmatibn, the device 1-4

probl ens of ensurln no | di spensi
o p st e b hechbe SRS iy bl o it can
bel B4R fol BRy AR¥ictapplisHRbRS Tiks AMPR dviveldan fbeaﬁstalﬁﬁcﬂndeﬁamtamed by
tenper a 'space, anh agroalinentary tunnel or the

pérsgingewishout spesfifi¢ g@nmgoMorawradbwea#t%veébq%@ﬂ as a
heat punp or for any other simlar 5 application, in
i ndustry or in the donmestic context. Finally, t he
Belgdéss theddedte be hisettle tadvant@ujfatréy nbalingtype pperatieg pésitions, which

er vat f he
mmpi?lﬁﬁf %4(% Ql?qcl)grh %%Fr%rgé%glg%g&k%ro?e t3s Herefore léss expensive to produce and use

than are traditional devices.

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
increased at moderate cost and without excessive complication of the operation or structure

of the device 1-4.



In general, according to the invention the

reci procating displacenent neans are coupled to the
magneti ¢ neans 103, 203, 303, 403 in order to nove
themin reciprocation relative to the to thermal body
11, 21, 31, 4la, 41b. Accordipgly, the system of heat
transfer fluid circuits is fixed and the nagnetic
field variation is obtained by reciprocating

di spl acenent of the magnetic neans 103, 203, 303, 403
t hensel ves. This particular structure thus overcones

Thenpresepg iy endeik ssg@t piginddrehe peamnle eabodimsatsfnseriksd, ppleextends to
ar{}gﬁgdﬁ[fﬁ%f 4rid Jélféhtde&éié'n? lﬂ%hﬁséf W kn%wgﬁg'esbf tHD @eidewhlle remaining
ative to the rest e said circuits 410a, 41
willsin Theescapovkthd padedtion |deﬁn®hom¢ atlackad ojaimiat whi | e
reduci ng energy consunption, 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 sinple device can be installed
and mai ntai ned by personnel w thout specific
trai ning. Moreover, it operates very quietly. 20
Besi des, the device 1-4 has the advantage of only
needi ng two operating positions, which sinplifies its
desi gn, operation and control. It is therefore |ess
expensive to produce and use than are traditiona
devi ces. 25 The reciprocating displacenents al so nake
it possible to obtain structures of the device 1-4
whi ch all ow the nunber of thermal bodies 11, 21, 31,
4l1la, 41b and/or magnetic neans 103, 203, 303, 403
and/ or thermal flux generation units 10, 30 to be
i ncreased 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
I ncreased at noderate cost and w t hout excessive
conplication of the operation or structure of the
device 1-4. 18 The present invention is not limted to
t he exanpl e enbodi nents descri bed, but extends to any
nodi fication and variant evident to those with
know edge of the field while remaining wthin the
scope of the protection defined in the attached
cl ai ns.
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5 19 Cains 1. Device for generating a thermal fl ux
W th nmagneto-caloric material (1-4), conprizing at
| east one thermal flux generation unit (10, 30)
provided with at |east two thermal bodies 5 (11, 21,
31, 41a, 41b) each containi ng;@at | east one
magnet o-cal oric elenent (12, 22, 32), nmagnetic neans
(103, 203, 303, 403) arranged to emt at |east one
cimgeetic field, displacenent neans coupled to the
—sald magnetic neans (103, 203, 303, 403) to nove them
relative to the said magneto-caloric elenents (12, 22,
32) 0 .as latt ’ .
var 1 BREE e R Rl i 485 g RORF iskers LR, compriing
atagwdt opaterhar flixgentfition anite(l &t 30) prefidécwith ak deasesvo thermal bodies

d/ f b <
31 Ehohh 190 150) s Sopipieg i e Baeib (g ERBE(13, 22, )

m&neAt aResRNI1 TENS, 13981 ISP %hﬁn%éﬂd t@re‘ﬁnﬁra'i al@%donet ®hagnetic field,
nmove the said magnetic means 403

displaceniouemeanstdeepiedite thm@wpbmgwpémqaes S (L% A3 498) to move them
e]?a%Ve %g)thé rs]e%lﬁl rﬁﬁeggl!el%rc%?cﬁc ngm 20215.:23 tSﬁ %Vfocs%bé%lt g})e latter to a

according arac erlie t he
magetip rf(eﬂ‘,catvaﬂgmnnimvamh Nhanrer ahas evaryf thein tehtpeg:tm‘el,p aridhateans for the

i ncl udes at | east otin g ot i conbi.ned th
repRETRIOR:Gioe alvret PRNGr SRS cehly GBF paid gyagheto-caloric clements
(18C20Rd), REafRtdriARl Th thatGhesAg B%ﬁla@&ﬁeﬂt %Jah@iectﬂ?@ca&aérﬂ are arranged

recuperation 20 nmeans coO east one

totreyfsthersaid) mpgnelip meagns (k%ng% fpfoﬂ»93) TekREING 1q m%ud magneto-caloric
eleﬂém 1f2024313821ﬁ%4‘%8‘6’)?&§ﬁ§é fohigat transfer fluid in said

Cl rcu neans (413a, 413b) for
extracting said calories and/or frlgorles recovered by
sai d_ heat nsfe uid, .the said cir
2. 4108‘9“&%% aﬁcé’@{i&%a‘g‘?“?@o Prgesgriged | '61n ‘éa(‘(%‘ﬁ)saledaéeﬁlpm"a““g
mbRHRin€ Gk éﬂm&ﬂfrainedhy goslipahieninclules ANeasobivddihg pivoting combined with
magnet o-cal ori¢c elenments (12, 22, 32) and arranged so
tranglation,aing t1aBYRtiAY ansfer 25 fluid recovers, at least in
part, said calories and/or frigories em tted by the
said corresponding magnet o-cal oric el enment (12, 22,
3.32) .DeyiceDélf @cqording tacEBimi hochasacterized H that the said recuperation

mgal?grcg%a?l% Etelgagt Ank IH"él&t t*al}lngfels ﬁhgi difchit ng@at, '4?(513), 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
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

said heat transfer fluid circuit (410a, 410b).
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means conprize nmeans for reversing the circul ation
direction of said heat transfer fluid in 30 said heat
transfer fluid circuit (410a, 410b). 20 5. Device
(1-4) according to Caim3, characterized in that the
sai d recuperation neans conpsjze at | east two
circuits (410a, 410b), at |east one being a "hot
circuit" (410a) for the calories and at |east one
s.bei NGedce ¢RUY agbdrBibtio ChIADI, {HAraétbAzdéd Iiahaeshe adid recuperatlon
commut ation neans (412) arranged so as to connect each,
megngreofrize ehieagtie qireuls (4E0aat i08h at deastopmbeing aghpkfircuit” (410a)
f I r « e
fogct(}:%r éﬁjorFes ﬁllﬂc%g lér%é%%ﬁ% hb;ég]%b%erclglzdegf??ﬁnlpt Igégléb'b?%for the frigories, and
c&mﬁmtlmemeaxﬁy(ﬁ(m) ardnged s@as fve@Nsech eachnyadfer aone (14) in alternation to

synchroni.ze the.s rocating di spl acenent neans
Ol qript ioasad%ﬁ‘ll}‘i}{“é?‘lﬂ}? mﬁs (412) in such nmanner that,

depending on the magnetic field to 10 which each
magneto-cal oric el ement (12, 22, 32) is subjected,
6.sai dDevies eClpbndicagrdingariaf &laimy ohe Ql!ﬂi)“‘?rézeéjoﬂﬂeéf‘% it gcomprizes

y?l l?rgﬁlzat%m Gleatdl x?eﬁ‘fg%i G Ts n?ﬁéh}&h%fégﬁglﬂﬁ%gﬁ}oca? n%g?s‘{)laggment means

Accor dr ng In t
withisaid ragmattaionahems 41 2‘:) lie werht mérik2y tHap deﬁ@')dmg)mp thezmagnetic field to

.l east one nagnhet caI rial en. fromt
WEPB LFﬁall gmalgﬂ%}{)-claﬂ) g%'gerﬁt Ii# e?aigabg ésd%‘fbr’?]ct s? éldﬁjorrrg apon%mg transfer
z&RAMd)i D boHRedted @Y orfedtiothedion ghid@tirduata $410aN41 OBt er i al
chosen fromthe group that includes silicon (Si),

germanium (Ge), iron (Fe), magnesium (M), phosphorus

ég) nBQ\Iq%éa @f‘h?togcﬁ‘ﬁg to SHifl TRHAPIRerFACh! ﬁlame%dldilma eto-caloric

forms chosen fromthe group t
ellemelhtL(dé,s2h 3B) owkiprizes padaast dne, mgmmerdedal ayic laaielaglgqh@ﬁ@r ﬁ@@ the group
43 accor
ol

o8} REEAT Ao R G50 bR 2pAGr gL el o e

cifbkén frdbiD}he groupdRatainclu@assilicon (8, tgefmatium @ﬁﬁ')dlrohl(Fe), magnesium
mat eri al selecteg f or good thermal, .conduc

(Mgl rhpsrberst(Pd n ﬁésealfco@ﬁ),t R magnatorgaleric mat bemgy in one of the

fRRBRAGseATbnh i |.1]I9Yl¥a’t 14H¥s RUWdcka @ Pabtilfe, pblva¥iSer an agglomerate of
steel s and stee | oys, stainless netal s and al | oys

pieersr eof . 25 9. Device (1-4) according to Claimil,
characterized in that said thermal body (11, 21,

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.

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).
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31, 4la, 41b) conprizes at |east one through-channe
provided with at |east one inlet orifice (16) and at
| east one outlet orifice (17) connected to said
circuit (410a, 410b), said through- channe
constituting the said correspgndi ng transfer zone
(14). 30 21 10. Device (1-4) according to Claiml,
characterized in that the said thermal body (11, 21,

131, Bldce G1D) acc MR ©QSlafn 3 OFfr@cteRizlBNthab @y @lid thermal body (11,
provided with a S|ngle inlet orifice (16 and a

2Bi3gh ke, dUn)l compoizes 4 giagle trpughoplkrsBelguOYided ¥ith aciinglginlet orifice (16)
o) [ NG
oA s PR i 1 PR S Ty PO 180084 o
cc(nlhﬂt)m@ﬂfé%ﬁﬂld@getpmnﬁngltméfﬂr whha(Bdt eri zed in that said
magneti c neans conprize at |east one nagnetic el enent
(103, 203, 303, 403) provided with at |east one

1Per "BegRe ( f@g"b‘é&or@fn%aﬁ €la‘¥rﬁtf0ﬂ?di'ﬁ@l*erlﬁéd dn that said magnetlc means
super conduct or Devi ce (1-4) according to

carprizehatriaest ene zueenietic elraent k035208, ARG dor@Ylé?Pemﬂ 'at least one
péehne POEaen Y i oAU IPE £ 85 Abnd RS O

_ nateria to concentrate and
direct the field lines of said permanent magnet, and

1%?:8)3 eg\l,lfgﬁi] )La?ﬁ%?%; @él?l%’% rf?llaléz}c?ec{l@ghﬁ Fhétftﬁ% ﬁal ;t)r?agh(tetlc element
(1t0|30§@3 rg@t;enogl Somptized 3t 1R Vdrieemighedzabie Gatediangrrined to concentrate
characterized in that the said

o7 Grashihe L0 Heopgr Al DaReT ABS SHEAReT BOBr hg Br9ughat includes
1r%ri @fe'} %gﬁggcﬂb{;ﬁg&fﬁ? \ﬁ)aéd#t AN AR E Qoxﬁﬁin%érpof 8b &' BAtrials.

etvveen t's arnms and in alternation. 14.
Devi ce (1-4) according to C ai mll characterlzed in

at _t he 1. d ther mal

léllb) Dgyige ]n@eapcfgﬂrglé?ﬁ to ﬁa‘“éfg c%' (r‘é"b%cr at eg %é “‘g'g“’F eagtmagn glic element
(todenoml 308, 4osphat iheGkhagd efrery o@@ﬁﬁmg‘eﬂamrbdiﬁeveg saddi pnagneto-caloric

that includes at |east a sg or an insulating
elemert (13) 22, 32) bahesncits s 2y H‘cﬂj@%t‘ﬂ@ to Claiml,

characterized in that it conprizes a plurality of

magnetic el ements (103, 203, 303, 403) carried by at
14.easDevine (bAppesordifg o Claimg} 1 c,cbarﬂ“é%rl’éeé inpthat ghegsaid thermal bodies

(1 Mesh pgloq‘% 'zﬂ% {e. RhALS tanﬁ@?e‘k% d Xi1&Rt brle thgr)mally insulating
et !

accordrn afacter? hat said
el&ﬁﬁp@d‘hbsersfrtﬁﬁ ﬂm’g'row 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

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
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).
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circular and constitutes at |east one ring (104)
mounted to pivot in reciprocation about its axis,
said ring carrying the nagnetic neans (103, 203)
radially, and in that the said thermal 30 bodies (11,
21) define circular sectors asyanged in sequence
essentially in a circle to be able to be straddled
freely by said nmagnetic neans (103, 203). 22 17.
Device (1) according to Claim 16, characterized in
that the said magnetic neans (103) are orientated so
1'% hat Detiee Gapascofdinghie €hird 16, char@ctehiapddn ghat the said magnetic means

(lﬁﬁggrggrigk{aﬁggﬁg Ellt lﬁ@%g%’g o??‘if;jsagﬁgnog rC[( %h%?%% %rar‘]e(sjsein{llaliyhggrallel to said
rii®S 6160}, i anldl iy that elseld thermial8odibs Q1Y afd driendtédSeséntiaflly arallel to the
ring (104).. 18. Device (2) according to Caim 16,
Pixpiare el spiding{1PMat t he sai d nagnetic neans (203)
are orientated so that the gaps of the said Uor C
shapes are essentialgé perpendicular to the pivoting
Itaxi sDefice &) daceprding( ROUlRIm dfid charactenized fie thati te tshig magnetic means
. e . . .
(HEPAE by 3p e eTAbPO e i 155 BBl ik csseniply perpendicular to
th¢ Pivbring bis diedidciengd @045 camdridithgt the stidathernidb bodies (21) are orientated
characterized . in that the sai.d support i essentially
espa Y priBEHdicHer b RYORS PRis tsabﬁr@go@f;’f)(- 304) that
noves in reciprocating rectilinear translation, said
bar (304) carrying said magnetic nmeans éSOS), and in .
1% hatDeviee $3) dcendingmio Chimodf.eshqraeterized inathatethepspiditsupport is
esp 3y BRGbGR TR el aERB bh OB 0 R Ipdaf infBefpyONRfing rectinear
trank layiot,amideary 8 09 dulythgf saglahygrietic swanks (303)) enddnrthanthe said thermal
303 20. Devi.ce (.3) accprdi o ¢.aim 19 .
bt ULk 8P o Y g e PRty 60 Gneiionel Aking the gaid bar (304) and
aré 383ngedl Rsdh@ially irONREl sé thaltiey 29 B 8ttaddléDRYEN DYt safd magnetic means
either side of said bar (304) formng two rows, and In
(3Phat the said frame (306) conprizes two series of
thermal bodies (31) each of which corresponds to the
magneti ¢ neans (303) of one of the said rows. 21.
2(DeviRevi¢el (3))acaerdimgdionGlaino 16) eharadterizedhimthasr the saidi magnetic means
at_at .l.east. pa t ' . 4 [ .
(o BosiGR i35 daelled iip B Gy of Bieh ISR AN R04) Yorming two
ropiSand &) thavhhe fvid Gapiei(2@€5 conprives wal setivs of iHeimasoodikB8@} 1) each of
W}Eygp ?%%y?%ég%ge%%eag Irn%a#se(%}B)torf%gg ]:) trhefslliﬁlrgwg.o said

21, Device (1-4) according to Claim 1, characterized in that at least part of the said
thermal bodies (11, 21, 31, 41a, 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
are chosen from the group that includes at least a pump (411a, 411b), a circulator or a

thermosiphon.



22. Device (1-4) according to Claim3, characterized
in that the said circulation neans 30 are chosen from
the group that includes at |least a punp (411 a, 41

I b), a circulator or a thernosi phon. 23 23. Device
(1-4) according to Claim4, characterized in that the
said extraction neans conprize at |east two
exchangers, of which at |east one is a calorie
exchanger (413a) connected to the "hot circuit”

(410a) and at |least one is a frigorje_exchanger (413b

23 onrablieRi(1-) 155oWE 1ocaletm d EARoRIerized ghyhatias sed s gadtion means
(ér;%r%)s ﬁcﬁggtdﬂ\&"bge{c@lax%ef'é,%flwhﬁhagtaﬁﬁﬁr%rﬁ:e@ b Nealdpgt e%clﬂgnger (413a)

reciprocating dfive means are chosen fromt
capneaigd tonthe “hatcirogd€'s(440a)laed st least wne Gra frigojiaekchangey 4 1 by connected

chanism ., rogenerator, an el ectromagnet or a
tOEE%rCGE%Hé%& 2?10%50 25. Device (1-4) according to Claim
1, characterized in that it conprizes a plurality of

thermal flux generation units connected in series, in
29ar aPere dr4) gecerding tp £daignh.Ahpeacterizedin that thf said geciprocating 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.



