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*159159* THERMAL GENERATOR USI NG MAGNETO CALORI FI C
MATERI AL  Techni cal domain: 5 The present invention
concerns a thermal generator based on

magneto-calorific materi al qnd conpris
one fixed support carrying at | east tmnnﬂﬁﬁﬂmmlmm@m
calorific thermal elenents, nagnetic ne e

mobile in relation to the said thernmal el en@ht’s so as

to subject themto a variation in magnetic field in

or¥re .'-ve fake .u‘g DR ESyINGMAGNETE CALORFEHAMATERIAL
recovering the calories and frigories 10 emtted by

the said thermal elenments conprising at | east two heat

t rbsesafiesl ddmsigt circuits, a circuit referred to as

"hot" and a circuit referred to as "cold", each

circuit being coupled to at | east one heat exchanger

angd f| wi L h. itching to ut the :
cofee biso, MbGIT SR efloo il Mt Ao Bsed B, mpepeto-catorfic
15mitandli £1d EReRMOEY leadih@ienBledIQNROAtARTinEaSEda®wo magneto-
magnet o-calorific material nmake use of the nmagneto- _
c akarifici thempad shamanéss nifenetes mepns which aramebils i kelatéon to the said
g | i e in.alloys, which .present the .
DRl EMs RGBTl i P RuSLT B ge1d in order 1o
magaiet ineirf fe@lperaditd @iy, 24hdC BRhNGS & oRerdiITBRY 841UF& and frigories
lower than the initial tenperature follow ng the '
diesapptdyathe esapt thamaahalgmenisccdmpsisthgoat easli iy g eatotransfer fluid

t hC%'tClllrtrSa, nCellt'CIUﬁ r]:efee

| d. This ..magneto-calorific effect o
oIS & DEEM IS RS "Oif i ]iOtpSP%fl Cbrf;u‘? ﬁ%tglirr%({ Eor ‘ilsalc.o‘ﬁg'hf’%Ch cireutt
NEYNingdeIPledt io0dl 184st bhE hER exgRMRBEALRT Httdd R8BNhSardshs switching to
advantage of offering a solution which is very
edult §i coaiesivad mgdbermal disgsnhioto thelstidicacuiHowever, in
order to be economcally 25 viable and provi de good
thermal efficiency, the design of such generators and
of Edrhi&@itechnBRaRs of recovering the cal ories and
frigories emtted by these materials is vitally
i nportant. The publication WO A- 03/ 050456 gi ves a

fixst examle in which the the 30 .gener at or sed
ot PRI sl S atadFear Sl mdda ARSI of #¥ Hhagneto-
onQtdifRGRopetidsldddekihin hatdrals! kidhl dsl gadblihiuin or-certairl hltoys, which

present the particularity of warming up under the effect of a magnetic field and of

cooling to a temperature lower than the initial temperature following the
disappearance of the magnetic field or a diminution of that magnetic field. This
magneto-calorific effect occurs close to the Curie point of the material. This new
generation of thermal generators presents the advantage of offering a solution which
is very ecological because it does not pollute. However, in order to be economically
viable and provide good thermal efficiency, the design of such generators and of their
means of recovering the calories and frigories emitted by these materials is vitally

important.

The publication WO-A-03/050456 gives a first example in which the thermal

generator based on magneto-calorific material comprises an annular one-piece
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*000002* 2 enclosure delimting twelve conpartnents
separated by seals and each receiving gadoliniumin a
porous form Each conpartnent possesses four orifices,
including an input orifice an nd an output orifice
linked to a hot circuit, and“an input orifice and an
output orifice linked to a cold circuit. The two

per manent magnets have a continuous 5 rotationa
novenent in such a manner that they sweep the

di e loswist ddoHpAE tiishescompratmanks saparaierte iy s\gelseansi gashyreceiving
oL TR’ ik Shitar PR RL TR A g ptuting on

C ORP@rdriTRB tagid Ah & uglit @ﬂﬂcé GRS d"lﬁﬁ%lrc@%%ﬂ%elh?ut%ﬁce and an
hot and cold circuits in which a heat transfer fluid

ciqutHt arifise sinkied © a il ehicuindyic Ave pstRaEREINe@ays have a continuous
con

CRSERT aR BRI oo hbop Bl TR Mol Wlirmenss
esﬁlﬁ%hbj@l:t th&ALERRRMEIS 16 & G}‘iﬁ‘#eﬂt%atghét% SN QNOHS and frigories
rotati on nmake this device technically difficult and

cownittgd thy the eddeleniumnin fé)ddilffﬁr@nt cc»rmsarpmrm: apd guidéd towards heat

oper tion .seriou s for .techni

Ffiied SEhy CHE P sPeiiBonoghBR AR bins e BB ftes and to
ar\ﬂhl@l@%éyyar@@ﬁ@éﬁvéw chﬂ%efé@Wy%@ansQﬁr}gié'tlB% 1seé1§] 'W‘H(B§e rotation is
and val vés necessary to produce the hot an

cisyuelirosised mvltilsthad of tthomagoets hilke temneaieregylrahémtmlmkc@' to this
of s

t ff
conanhoty a8 ke 7 deBea Arealf BEC I fily o produce. In

trngfonr ifs Bhdciphi oh sjerfidhat@RusiNiRkgh EQS fff technical
t he nagnéfoﬁéacﬁgifléﬁﬁ%t%rla nglﬁ ac?épﬁgﬁ%ane ?C e

t heyobuilod. Fugthecmbte, &s chmtruttim lla&bmplerxcamldtqosmy}bgcaud;esof the various

di ti f fl [ d, which results
i GRS ainkees Py veRer MAFesHer e Broduss Tt hBLBNT <ald sifeuits. In

F%dﬁm%n&@ hid3te %e\fgyse@icﬁﬁ%aﬂfﬂs&ﬁ%r@ngra'td? reRLER it ddficient, which

thermal elenments are traversed by a channel situated
cIQ@sadcr@bb'heesnagmetsoamalicamrf& cTheaheati &thnsfandluid which circulates

CHPBgR 16 prid & ohe ioeest® £rley iE s hib et i Simy Gy ehe cold
| nglcudes eharn2udeh; SHipss tdht%ctlﬁght oiaﬂgwqglrgve?éeﬁcuf'hi&l results in

in which 25 the heat transfer fluid circul ates and
whiighly phealishigrthgmabinettiee t hermal el enents i s

The publication FR-A-2 861 454 gives a second example in which the thermal
elements are traversed by a channel situated close to the magneto-calorific material
and communicating with the heat transfer fluid circuit through a plate on which they
are mounted. This plate includes channels defining the hot and cold circuits in which
the heat transfer fluid circulates and to which the channel of the thermal elements is
directly connected with no intermediate conduit or union. This type of construction
has the advantage of significantly reducing the cost of manufacture of such a
generator and of offering a large flexibility of configuration. Nevertheless, one finds

the disadvantages linked to the single heat transfer fluid, which circulates in the
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directly connected with no internediate conduit or
union. This type of construction has the advantage of
significantly reducing the cost of manufacture of such
a generator and of offering.,a large flexibility of
configuration. Nevertheless, "one finds the

di sadvantages linked to the single heat transfer
fluid, which circulates in the 3 thernmal elenents for
both the cold circujit and hot circuit. This sol ution

t HBgramb clemantso far deosh it gol8i dicaitandneat rearcuigs Thisi sehwtipn therefore
t 5 The present invention

Dgﬁﬁ%H?”hgﬁwgwn{mgq%ese d&%gdvantages by proposing a

thermal generator which does not pollute, has very

good energy eff|C|ency, is of sinple and econom ca
d2gsgmptignofthenygeiéon:i tt| e energy, at the sane time as

belng capable of further devel opnent, fl exible and

nodul ar, with the ability to be used in |arge-scale

101"He";£f@§ehf ilen@RPbdektd BMGgaAS tHeed Hisd®vahhg8PBR pEdposing a thermal

applications. To this end, the invention concerns a

t lesnerator gener é@@rnqsfpotlh@, hgsp‘eeryrgmd ongzgly pfﬁouem@y, is of simple and

'Q%B&Quﬁtlé%g racteri se ﬂ ach tp

o1 RE R8N ol Berd S BF St N Rebsine capeble of

t Vertﬁ’ér&ierBl@bm@@t' |ﬂ@ﬁib‘11{ arfd medihlhS with thBQAbIlitg @ bees& in large-scale

circuit in which 15 flows the heat transfer fluid of

t heduséial eppleaationswsose! dsunclomsstid applicatomis! ect t he

calories emtted by the said thernal elenent

subjected to the nagnetic field, and a "col d"

cotd @6 @fd, eHer 1%Uéﬂt1dnrbo\ﬁ't’érﬁ§‘aft}llé?m§l %éﬁ%ra’ﬂ@raéf thé %%frﬁéntloned in the

fluid of the cold circuit whose unction is

conﬂr@btctlomectfaracgmsne@sn éhdt teaell thymaheleswint hashpamges for fluid 35

elenent n ect ed t he netl fJeI the said

PR A dpast TP eE R sl e i el hfo i G whicn
2(nerhé akdteahofr ALTdGthe RSt A8t MhDSY uABRENEItH Qo the calories
whet her or not the said thernal elenent is subjected

t @mlﬁed hugh@tsald themnal eéﬁmienémubjscteélt@rﬂneemagnetfcr ﬁgdr mg*aa ‘cold”

R GHEXEE RE T i E B TER At o Gt F Gygpit whose

Crf@ﬁ&ﬂ)nflé QeHINRt HORRoRNERItRH VY tRe §QH itbrlaPElémedt not subjected
stack of 25 solid blocks or solid plates, an assenbly

ofto plm miaghesis fiedd, pbe sud hghtoednsfea fluidsdieingf made to move alternately in

one collector circuit or the other depending on whether or not the said thermal

element is subjected to the magnetic field and emits calories or frigories.

The thermal elements are at least partly made from a magneto-calorific material
taking at least one form chosen from the group comprising a solid block, a stack of
solid blocks or solid plates, an assembly of particles, a porous block, a stack of

porous blocks or of porous plates or a combination of these forms.

The collector circuits are preferably each formed from many passages for fluid,
distributed through the thickness of the thermal elements in order to offer a large heat

exchange area, these passages for fluid being of small size, ranging between 0.01 mm
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porous bl ocks or of porous plates or a conbination of

these forns. The collector circuits are preferably

each formed from many passages for fluid, distributed

t hrough the thickness of the thermal el enments in order

to offer a large heat 30 exéhange area, these

passages for fluid being of small size, ranging

between 0.01 mm4 and 5 mmand preferably equal to

0.15 mm suitable for creating a predom nantly

| i e g Bt Petferahly eaval tq PdAshe skitahlel ferngreaiyie 2 peedominantly
Fr?n”ﬁt ﬂglve(fﬁl% }E?eiat ;I;a ST QH' %Hrhe tfelrrlfllla ?llerrr]lertltrs]eléhe passages for

or cCircul eac erren

p&hﬁdi ligl theotwe ra;baw@[ns@uemtsd of featienher@al eéméntOnRy Ehdle parallel
per pendi cul ar. They are defined by at |east 5 one form

Cc HESBRUPROAT dltﬁ%r@nt OUENIEBINSI ¢8| n@q@émﬂkﬁr aTlilftyn@re defined by at least

s| ot terstlces
P sPRLE RRSEh P BB SBhrisMieal OB AR Ry, 08 Frersces o
chombeltion dfobse RIrmRAE RS ifErals 5‘611@@'08&mefd‘315)mrr%h1mng, chemical,
separ at or bet ween bl ocks or pl at es, space ‘betwee

pamtnp cdremectiapidah etdhengarfeﬁemgedeﬁamtm bct“@ntnddomncor plates, space
q)\vqyenalg the fixed support conprises at | east

one ﬁf&ﬁ@' %%essing at | east two openings delimting

the cavities to receive the thermal elenents and at

| east two series of channels formng a part of the hot

arld thepretkried dorm pdpmbedinfenupidthe inveniiers thefiséd sppertchmprises at

b Al fice and an t rifi
P LB B dsSisstra b e g ouheR R 4 LB e b e i to receive the
flthdrfhaP@RSRABSarRf atl B8t the RS HREhBhETEDSing o Sart Bme hot and
inlet orifices and two outlet orifices per caV|ty The

cvatthkdas transfetbBuid ariresds bqpclgng@v@scayltstbm dpunket oofies amhm outlet
er or .over gh faces of the_plate

f t.h
L RS TIeR @5 e lef gV Ry T B OGCsRRgIDe AL pfsages of the

MBRGRTal B meRtsCIY @ko N6k GtiRles LESH GIRDBETSes p%pca-tml%‘/
thernal elenents and the cavities advant ageously have

conplenentary assenbly shapes which may be

%}‘agﬁ%e[‘%ﬂ p%f' gl | eﬂebg’t §8+€F%I eagﬂgagﬂ/eebg{]? téztce or the other or
ordVE* 66un0hc@nsr ol HIBe, 1Rl 8Rd 6ohd bEALd bY IAPBILAded in such

fluid circuits and each side of the thernal | enent
i mednudi argfoznverrangdtseariblesaighannels.

The thermal elements and the cavities advantageously have complementary
assembly shapes which may be approximately parallelepipedic, each side of the
cavity including an inlet orifice and an outlet orifice of one of the hot and cold heat
transfer fluid circuits and each side of the thermal element including an inlet and an

outlet of one of its collector circuits.

In the preferred form of embodiment, a gap of between 0.05 mm and 15 mm, and
preferably equal to 1 mm, is arranged in each side between the cavity and the thermal

element forming a heat transfer fluid distribution chamber extending over the
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25 outlet of one of its collector circuits. In the
preferred formof enbodinent, a gap of between 0.05 nm

and 15 mm and preferably equal to 1 nm is arranged

in each side between the cavidy and the thernma

el ement formng a heat transfier fluid distribution

chanber extending over the 5 thickness of the thernal

el enent, a sealing device being placed in each corner

of the cavity. This thernmal generator advantageously
cohisknese of s %e@hal slmrad ofeatipkdevies bring pkced ingash somer of the
anﬁgﬁged approximately in a circle around the centra

axi s of the support and the nmagnetic neans are

preferably coupled to neans of rotational driving

around this central shaft. These nmagnetic neans nay

coriy itheamg] genepaipr advaniaggensly cOMPESISOHYEYR] Nembereof e thermal

n r - S, e net s being .jai-ned
PTG b QRS BTRIY Bt ENEBSuTIET B R i SRR ppon
eltend MmapietRi&ins e SeRietY capfedlogi®IMk off Fothiéhat 8ritiRg around
magnetic field. In a preferred form of enbodi nent, the

t HBisegntrad|sbéfent s are arranged adjacently to each
other so that the pairs of nagnets pass from one
series of thermal elenents to another w thout

| MEtREE witignetc @fcahdigndyBei@irise 4 hember 4D mbBReEBRRSsnding to the

recovering calories and frigories may conprise neans
ofnungheg iof gharmal ctemeats, shasomaghets heintgemineadr imngAiesr anfd| arramged on

in.one ar bhoth of the heat transfer fluid circuits.

| iR BF e sl Ris Rl PO ik AFF S g 1o the
f lihgheGt FieMi liba PeferfedTBAR bEEmbAditent HIRSBEh A RBmdnREare arranged
hot heat transfer fluid circuit connecting the outl et

ofadgacemflydtoneah ofter ex ¢led tlepepaitseoftrhagnietsipass bmeotteoteribeaf thermal

exchanger and the.col.d heat transfer fluid.circuit
cé%%%%??%ﬁl grgaPngnngpﬁglﬁ@?eﬁggpﬂgyﬁﬂgnger to the
inlet of the cold heat exchanger. 1In the second case,

the two hot and cold heat transfer fluid circuits are

i ndepapdiemf reegvgriaachlories ard &igdrss anpy cuppristhmedngatf forcing the

PR 1ol Bl 30 P8 BB i v
In the first case, the two hot and cold heat transfer fluid circuits are connected in a
closed loop, the hot heat transfer fluid circuit connecting the outlet of a cold heat
exchanger to the inlet of a hot heat exchanger and the cold heat transfer fluid circuit
connecting the outlet of the hot heat exchanger to the inlet of the cold heat exchanger.
In the second case, the two hot and cold heat transfer fluid circuits are independent
and each forms a closed loop. The heat transfer fluids in the two hot and cold circuits

preferably circulate in opposite directions.

The means of switching may comprise at least one valve in each hot and cold heat
transfer fluid circuit, arranged to place in series one or the other of the collector
circuits of the thermal elements depending on whether or not they are subjected to the

magnetic field and produce calories or frigories.
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25 The neans of switching may conprise at |east one
val ve in each hot and cold heat transfer fluid
circuit, arranged to place in series one or the other
of the collector <circuits of. the thermal elenents
dependi ng on whet her or not f%ey are subjected to the
magnetic field and produce calories or frigories. 30 6
Brief description of the drawi ngs: The present
invention and its advantages will best appear in the
{1y @B & LI QIANINESHf a npde of enbodi ment given
as a non-limting exanple and referring to the 5
appended draw ngs, .. ich: - Figure 1 is.a . -
R a8 E g B ighos i o8t aRufana 1§l wing;description
acsyos Ghdil 6OeinbBEdinfRMERNAMs a nbhAiMifing dxdmBle SXPI&ERfhg to the
view of the generator in Figure 1; 10 - Figure 3 is a
peapspededidyawimgsun vhidhhe pl ate of the generator in
Figure 1, wthout the thermal elenments; - Figure 4 is
a perspective view of a thermal elenent to be nounted
in the plraluge SO isintldr Berdp@iide FiBW 8f 4Ak I tBerdthl generator
enl arged view of detail Ain F?gure 4, and 15 -
Fi gures 5AccandngB theemdngrans il lustrating the heat

transfer fluid circuits ,according to the two
oper at i ng' BT %és any qnpipéiﬂi f’ﬁqwoﬂgthﬁgerfeﬁaéoﬁ ‘r’i‘\}éﬁi‘ﬁedh and
the best wayrob it AP Gelvtof RO phké %ngﬁpamr in Figure 1,

Figures 1 and 2, the thermal generator | acc Ing to
t he invenmmmnwihbasedahﬂgneﬁﬂ-calorific mat eri al ,

conprises_a fixed support taking the formof a plate .

2 arfange§'8UE éaﬁ‘ ppelbeqiyg i fha Uikrgal FIAMERelodtamplyed in the
i 11 ustrat gohie G int MBEER andCtiERMA ishrl fhlareed view of detail A in
magnet o-calorific mat&rial. It also conpris€s nmagnetic
nmeans 4 whignne 4,2and nobile with respect to the thernal

: to bject themto a variation e
el enent s i-ilgsu(r)esafA and §1§ aJre glagramsrlrlllustratallng the heat transfer fluid circuits

according to the two operating cycles.

Nlustrations of the invention and the best way of implementing it:

Referring to Figures 1 and 2, the thermal generator 1 according to the invention,
based magneto-calorific material, comprises a fixed support taking the form of a
plate 2 arranged to carry at least two, and, in the example illustrated, eight thermal
elements 3 in magneto-calorific material. It also comprises magnetic means 4 which
are mobile with respect to the thermal elements 3 so as to subject them to a variation
in magnetic field in order to make their temperature vary, and means 5 of recovering
the calories and frigories emitted by the said thermal elements 3. These means of
recovery 5 include in particular two circuits 51 and 52 for heat transfer fluid which
are distinct i.e. hydraulically sealed one from the other, with a “hot” circuit 51 which
recovers the calories and another “cold” circuit which recovers the frigories, each of

the circuits 51 and 52 being coupled to at least one heat exchanger suitable for using
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25 in magnetic field in order to nmake their
tenperature vary, and neans 5 of recovering the
calories and frigories emtted by the said thernal

el ements 3. These neans of recovery 5 include in
particular two circuits 51 aﬁd 52 for heat transfer
fluid which are distinct i.e. hydraulically seal ed
one fromthe other, with a "hot" circuit 51 which
recovers the calories and another "cold” circuit which
r eBE56 SpISTIERaNG friggsies &y apphigaions. vauch may b irdyistrial 91 demeptic, for
5 | e eat._exchanger

e e i AR o R RSy e or
appl i cati ons, mhlch may be industrial or donestic, for

heating, tenp erln? cooling, air conditioning or .

silfrithapxgsuplpousralqdy thentheanainleraents Buage hanead, int ¢revities 20 in the

t I r hous d,.in cavities
tb?{tgézan?n%gg&rlget%g&e a%lgu(% TSR0k oxﬂ‘rr%lteeafrourfcﬁa £ r"pcffxés B. The

arr@agﬂdn@rrﬁ@ﬁﬂét abmpridesei ght pEHﬁaneHﬁﬁ@%{eltsMO’@@t@ﬁ)uf’ed in pairs on either
qﬁrlse ei ght per manent nmagnets distributed in
pa&t

ofdhe rlaterdeso asdpguabjget qnhéhemnat @leme@tcﬁ mstvvtodoslummegnetlc field.

0 erm enent

gt BaPRarEnt e 2ol st b7 iy FrlR B s ipbipcg s of
41hd platt BahDari et inabtaSibA 8y Afdrivk RBaP Rk @h@wﬁ)y%ug[édvt@ Rny type of
inrotation by a drive shaft (not shown) coupled

aﬂytl@@péu@f as| mpdery geaved m@tﬂm steppangrototoT, nge‘ane@r,rmtauy actuator,
1&@ gﬁ §ervono [ tar tactuator
oiefhen g ety pr BY 8 "Bk lenrPatied Fdemimmionsh

transn1SS|on system The advantage of this node of
construction of the thermal elenments 3 in a circle
arTél@rmiVamaas( o§ tiBs amdmsf ccmstru‘st@nocﬁf élesthnrpﬂleé alooentoB in a circle

d 4
ST TS G L g

Otcbﬁtﬁmmﬂéiero@eftloﬁoﬂﬁttlﬁél%ﬁﬂn@nle%ﬁoﬁ’eItSH:' tRBY Qhat! iny foter mode of
exanpl e, the thermal elenments 3 are arranged in a

I |Cﬂ86tm9‘h@n wdylbechidalsle. 14, foequm}dc,athﬁ miiermeHelementd 3i are aganged in
q nma nethg means 4. Thg E Eg gnets may be
s& I7§; O WHEFOG 0 reciprpsrlipe dnodg of 8eY e dhe HAgHFUs AReags 4

20 nore magneti sabl e naterlals whi ch concentrate and

direct their nmagnetic field Ilnes in the direction of

t Héetpsamanrent elagnetntnzayshe miljll sintreed orylmindtedragsoeiaterhyith one or
able ectr

S l}}b% ? aensisap H:gmﬁlgla% Hlﬁ‘ﬁ 68P%ﬁétﬁt i ﬁé’lé‘ﬁétt thed W\G;g? field lines

phggRNifecHsh bﬂtkfe&h&ﬂié@@ﬁeﬁﬁﬁ@ 3. Any A tffe cTréfnet may be suitable,
sinmplicity of use and | ow cost.

such as an electromagnetic or a superconducting magnet. A permanent magnet,
however, presents definite advantages in terms of size, simplicity of use and low cost.
It is preferable to choose permanent magnets 40 capable of generating a magnetic

field of at least 1 Tesla.

The thermal elements 3 are, moreover, arranged adjacently to each other so that the
pairs of magnets 40 pass from one series of thermal elements 3 to another without

interruption of the magnetic field. This arrangement has the advantage of
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It is preferable to choose permanent nmagnets 40

capabl e of generating a magnetic 25 field of at | east

1 Tesla. The thermal elenments 3 are, noreover,

arranged adjacently to each gther so that the pairs

of magnets 40 pass fromone series of thermal elenents

3 to another without interruption of the magnetic

field. This arrangenent has the advantage of 8

conS|derany limting the notive force required to
noPasierablydgnising éhq@aﬂge kores (rERITed Yoamoy¢ thggragnghe nMeanest given

t late 2 is

praRaPAER rbl ey B BEbecE dhPhEBierf I5eB; D01 Bt no

non- nagnetlc naterlal It 5 has openings, which form

cavities 20 wth assenbly shapes, which are

c obhsi RdwE Atiapiefeipl b mads frde tiermalle niselating e megnetic material. It

cHBLOT)ThEL AR bl EOGEP, 0 SHCSH My vt

pl@hplener@rgeritf tienbernaf clepRats3Uaid Mppfaipessi &ugl thickness in
the essential point being that each thermal elenent 3

c aidergbatdpe Fhﬁ‘éltnéldel%‘}le@thé aﬁﬁ&h@t with ftheefagesop! thpelate 2. Other forms

orfggﬂur é:tlg}?g%rﬁ()%s‘ér) a he eés%ﬁ o\}\rg%ge tﬁatpe%fr:lt] Llhegﬂglreilé/ment 3 can

2]beadadvat8c2b§/ ﬂ’fe%zﬁ@leh@ﬁeldm’f@}ﬁe pedmbnétt nidi@et@d. and col d
heat transfer fluid circuits 51 and 52 respectively.
The channel s 21 and 22 of each series lead on the one

Q the vi e et .and out
ortrice e afih S To Sl chifuub 21 nE0 S lok hagrels 21 and
el 2Rttt e3the - ifnerRRAFt SRVE ht 264 E¥A Hel @hnsBér Mhi6 @FrcaidS1 and 52
two outlet orifices, and on the other hand to the

eXewerbyelnf Tha éhqﬂnakSe2 12 ) 22 mfeqach rsdrieruidadtonpthief grigekand to the
arc'%{%‘”l‘%edz 85% 1d %f?eanﬁ OL{EFC?‘:O 1c£:sofa%'rge XFoercgr% mcg% with the

hot n heat "trans clircui

anderﬂaal ERGRAGI M@'p)ér ch@'Md%gnﬁﬁé\xﬁﬁ@é(ﬁh@mﬂsroﬁtld:trbnﬁces and on
particular. In the exaqp resented these channel s

2 theathep hangto tb@ sxtenignefdhe glaéfr brénletndiauglesomnfices pgranged so as
pI tgtbe c%rq%ezc?edal he ex‘r‘:tama gﬁofkn) tée ¢ oon}é?%&d aQ?rgH%ro{]Wg circuits, 51
S Lantiabiz ere%@&ﬁnelgu 8nclhding hhéat emaﬂmgmmin thetiellat en2 tieS example
associated with nmeans of sealing 6 in the formof two

noapigeansgd these ¢hanges 260indri2amg dibtgiiehaverdhe b dapes of the plate

20 and are formed by grooves, made for example by machining, etching, casting or
any other suitable technique. In this embodiment the plate 2 is associated with means
of sealing 6 in the form of two non-metallic flanges 60 arranged so that each bears
against a face of the plate 2 through a seal 61 in the form of a membrane which
enables the channels 21 and 22 to be closed and sealed. In the example represented,
the flanges 60 and the seals 61 have perforations 62 and 63 arranged to correspond to
the thermal elements 3 and are fixed to the plate 2, e.g. by screws or any other
equivalent means. The flanges 60 and the seals 61 may also be non-perforated. The
channels 21 and 22 may of course be on a single face of the plate 2. This plate 2 can

also be made differently, for example as two cast parts assembled together, the
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agai nst a face of the plate 2 through a seal 61 in the
formof a menbrane which enables the channels 21 and
22 to be closed and sealed. In the exanple
represented, 25 the flanges g0 and the seals 61 have
perforations 62 and 63 arranged to correspond to the
thermal elenents 3 and are fixed to the plate 2, e.qg.
by screws or any other equival ent neans. The flanges

60 d the 61 may al so be non-perforated. The

CruRs paiEaybene ERP TSRS QLB AnURF- 4 B1erigis Wl dhe seals 61
f I ?qgg
8”?%Q§Enkﬁkgi $ FOﬂ#gEggg?ﬁﬁngégﬁ&%ggt assenbled

t oget her, the 9 channels 21 and 22 belng acconnodated
on th§@|n3|de In the sape way, the seals 61

r e Hieathsamalyelsments et agst atsl??%tdkﬂr@%aﬁﬁeéﬁe@féalﬂlf eé‘é‘ﬁ‘*éf’hinﬁée from a
%@fd—ca-[ J%ﬁt%l %L&F“é@t for ex@[n%leat hglﬂﬁ{lmp%&iyan alloy of
eferably entirely, nade fr &2

magdeliumatatthibhing ﬁ‘ﬁt@(ah@ﬂe sﬂmﬁﬁl (SS 610I‘gemwmhe(Ge) an alloy of
gadol i nium (&), an aIIo adol i ni um cont ai ni ng

f JRangRBERS|ODETING & e(xsm)o rorg reRrENFF IRV e e @hqselgorus (P) or
Ofan NHRG20 93188”&3%&' 1@%01& %at%@“ﬁlhg ého?c% %tfljt\e\)em these magneto-
magnesi um or phosphor us or ~ any ot her

equlordicanitetizlg e bhdadcerdivas ©thélequitihefiaf 0 cOR IRV er and the
t hese magneto- calorific materials is nmade according
t JICEFFEAY dGUPPEHIh EAEEh Lo 2evBhli e Wevierengtrdcaleraliq gaterial may

n%&l?esgﬁ"é“fgmfx %FQ c[)l% Hfo%k réasrl?cqcsof sA%fiaq(och tsﬁ)ré%ﬁlahcq {ao{}st !Qneassembly of

sqiartd:l&!sl @Cthe fanﬁtcafqi@mfer %@Hﬂbahlc&ﬁsk% pYrowOblodk Ph 8ta€k of porous
an assenbl particles in the formof powder or of

pé}l‘?qkél(éSOfy BOTRBY @l?éesblob@l%}’ oghes tsytiadle ffomr gua copibowkien of these
orfﬁﬁI‘ ng{PrtIQeussan?J %}Zﬁfe &R m%r%le eﬁ% %m%gto%t%lovrenvgfng%(ﬂ}éf an assembly of

I on OFITB

t hiefferaht @hgmReHcslod fioByatbeals ormwa&dusa%@m@ﬁ@&hh%&f which is
15 different magneto-calorific materials. They can

altByM3dy sRUdICHIAE SOTHANFIBE ONhPIROTeNagN§ior ad¢ri fjc materials.
conducting conprising one or nore magneto-calorific
materials. These thermal elenents 3 each have the

parteke thedinal ¥leafenGOBTHatISihage @e be@SHIatiWOof €OMpASIEIat least two
circuits 31 and 32 which are distinct i.e.

h)f@“ﬁ‘ﬁPli éla¢w tleaned2fvorh ase Histing ot Hedraulindbe seadddnfom each
ltﬂe?t theg g¢ %Qflotmc[)ﬁgctér (ilchhE%cfngnelgetzcigd tté)gt teéi‘ﬁb{;??i I;ransfer fluid

heat tran: Clircui

" coddedit 2(10511{(961,0ﬁncbhrﬁ&hldrt“cﬁmr&ﬂk@tdr thRclib@osctdn@athe cold heat
transfer fluid circuit 22 and 52, the heat transfer fluid in each of these circuits being
made to move alternately in one or the other of the collector circuits 31 and 32

depending on whether the thermal element 3 is subjected to the magnetic field and

emits calories or frigories.

In the example represented and detailed in Figures 4 and 4A, the thermal elements 3
are formed from a stack of solid plates 30 made from gadolinium. They have a square
shape and each has three ribs, a central rib 33 and two end ribs 34, arranged such that

they delimit between each other, when the plates 30 are superimposed, two narrow
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transfer fluid circuit 22 and 52, the heat transfer
fluid in each of these circuits being nmade to nove
alternately in one or the other of the collector
circuits 31 and 32 depending on whether the therna
element 3 is subjected to the magnetic field and 25
emts calories or frigories. In the exanple
represented and detailed in Figures 4 and 4A, the

t her elenents .3 are f%ﬁqed fro sta%g of soli

pl 3 | g5 OB P GioRsT i B o)< PIRYFS aéaa%frr@ately oriented
S

g el s
behsmeen cebattorotiherits Yhend 3Be Thest aﬁleﬁﬁ)rameults 31 and 32 are thus

| osed, t arrom110 aral | el groove formn
o9 Ty RYig RESSAERD 391 HPGBUSE gy WeaPtcBhedt ¢ (he thermal

oréléﬂérﬁéj? 1? Hrd%?[do@@éjr' LR o He%%*c@lgﬁ%et &ed. qrh'gédé ﬁﬁ?tlers1 é? having a

series o passages” 35 formn
cahickodssiin Cher qirderttsf dit nauticn&ze, t%’lﬂmé p@s‘slagﬁaire of terardértaf a tenth
31 and. 32 are thus forned fron1nangﬂfIU|d passages 35

d| frmpimete apd %%@b{ehf%krﬁ% o¥0-¢ahlgd {pppinarflow of heatdsapsfer fluid
thfbugﬁ qﬁé il ‘Préxglf l@ﬁleﬁts\’}e{&’ t ¢ E{ﬁe%@f&ﬁ?éﬁ Qfg]cﬁﬁg’f‘of this heat
I the order

These®pl at es aving a ckness’ I'n

orexcharlge i wigh aeminirhel idautldj @ﬁﬁ@agﬁﬁsf&f fAu@f Thee: tedesl edéments 3
atenth of anllinmetre and suitable for creating a
sohearersdttg fcHys Minpwlomigedeat pxhangsrs BERGraing aRd gyphanging

e;k?l&ﬂ:@ ra%'frlgerﬁ%ﬁgﬁlﬁ e l]ie%t %Esfgr%ﬁ}l@se hﬁpg&gftﬁxtoprgllg e depending

I clency O eat
quanthiet attearfatibaain hfa@ﬁﬁfs@lﬁorf/ﬂdihdknetﬂhﬁ&ﬁ Theemilid passages 35 may
elements 3 10 thus constitute active mni- or
mi Bfookeraintedin parnglel drggEaes at i ng and exchangi ng
calories and frigories with the heat transfer fluids
t hat pass through them depending on the alternations
| rEathgoBtdtsradiicait/3demegneedds as hemoppoRis sided off tile }ﬂmagﬁSments 3
35 naﬁbmalso be oriented in parallel directions.

1glet and eyties pyhichsqommpnigate ppigaaticd It wih élﬁFpWéfittaéd outlet
S'cﬂﬁf’ce?? rt}l%ﬁt t&%?ﬁmf%?ﬁgrﬁ%?mg u1tb2/1 ﬁndfthgl ﬁl c#é:ﬁft%?gl?ranged to

conmmuni cat e aut oma i cal

angdnesidndt withr éach caBerf @r ed’tﬁa&avﬁtiyamsfwefenfthblltﬁer@‘fal tdk@ments 3 are
hot circuit 21 and the cold circuit 22 arranged to
cdﬁ?‘e‘lf;’ff‘fbﬁﬁ the plateedcho dhiseind; # cameh bebvgeny0-99 myRetnd; ke mm and

Wéﬁ?ﬁf%ﬁgﬁgg 2{1‘,[%6} grra g@%@geeh Mhd g&iegb%cﬁa%dld&)of the plate 2

and the thermal element 3 in order to delimit the heat transfer fluid distribution
chambers extending over the thickness of the thermal element 3. Sealing of the
collector circuits 31 and 32 is provided firstly between the distribution chambers by
seals (not represented) arranged for example at the four corners of the cavities 20 and

secondly on the front and rear faces of the plate 2 by flanges 60 and seals 61.

The collector circuits 31 and 32 can of course be made differently depending on the
form of the magneto-calorific material. In the example illustrated, the plates 30 and
their ribs 33 and 34 can be obtained by machining, rolling, stamping, spark erosion or

similar methods. In another form of embodiment, the plates 30 can be flat and
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20 preferably equal to 1 nmis arranged between the
correspondi ng sides of the plate 2 and the thernal
element 3 in order to delimt the heat transfer fluid
di stribution chanbers extending over the thickness of
the thermal elenent 3. Sealing of the «collector
circuits 31 and 32 is provided firstly between the

di stribution chanbers by seals (not represented)

arran ed exanpl e at f our . corner

ca*\‘?P%r Sgﬁet%r?& Spﬁ%“%é&%rﬁfl 9‘%?5{ brigeen 6%‘%“‘ ‘HdorPS%FO delimit the
S$hg I I X

cdl ec?{fﬁ‘f R I Pl e e e R o B, grooves

didff&ffereti yhapepeshats,ngptasticeher af amhindtionhe these forms, these forms
net o- cal rific material.. In the exanple. . .

”aﬁgem& PRIFBIC ttyhglaﬁggt”@s Cgen%sﬁﬂ ORIty e 1581 cg’ eighineg orming or
aBadif 9@&@%@%%&)/%”@5&% ags%és's@qn hA 0% oBP&WKen 0.01
SIO or 30'simlar E anot for m of

errbmdamie.ﬁmm tahé ppéfaltabliy amamno be nfrh,amlsamﬂalll.llze contributing to the

separat or sheets or spacers can be placed between them

i rFreptigeof g go &é\k‘r%afm@aﬁélo“b%@seage@ pege i 4. The fluid

passages 35 can thus be forned by perforations,

grooves of different shapes, slots, interstices or a

Cc ddfemiainow ofFifires 8Afand 5B, at loss ené bearexcta@gaguid circuit 51 or 52
obt ai ned by nachlnlqg chem cal, ionic or nechanjca

etiBHpdes, medss o feyeme (Be sibaliting Hdwealeasshmgediwd, é§0h Fhisg gxample
fl
3522 SR R R 30 2R e s

Slkiaefreé)llﬁd inbtutdl ndud einipre to ¢lieefﬁﬂpéfhtmfe diffe@eneal inetle heat transfer
Ianlnar fl ow of heat exchange fluid. Referring nowto

ifes 5A and 5B, at |east one heat exchange fl uid
CIrCUIt 51 or 52 10 includes neans of forcing the
circulation of heat exchange fluid, such as for

eXerepkleemiaalpuspp&sdiora of hik¢ rMesi phmierofluanys Qiilteble for the desired
ﬂUlvaIent nmeans. . This circulation can also be fre
artBMAgRIr e rangg @ad ds ﬁlmsyn {QobtHw MaxHRY Aealrexchpneeelt éfhee%lble for

' rbxtaf?@léqﬁ)ahset Fn‘?lrés\fv er f(?xj ﬁsﬂlvelt% Bﬁ%tlﬁgse H}xcﬁ: z3vat?r tgl eh#cgran anti-

conposition of the anst er 'S sul

t hecedesidless a tgbrphartelt prbéucrt&talﬁeaﬂdddeﬂ fohasgiti vk eeropdratures. This
maxi mal heat exchaqg is possible for exanple to

usBerpiyl gengarier ! thys ’MStqr\?éo B dhebser ecany fHidat ieh isgcorrosive
mhh?ﬁnﬁglgﬂ%ﬁam£ﬁé%%§%<%9ﬁgm%§ta gl ycol ated product has
adde

been negative enperatures Thi s

Each heat transfer fluid circuit 51 or 52 has means of removing the calories and
frigories collected for heating and cooling respectively, such as for example a hot
heat exchanger 55 and a cold heat exchanger 56 or any other equivalent means.
Similarly, each circuit 51 or 52 has means of switching to place the corresponding
thermal elements 3 in the corresponding circuit 51 or 52, such as for example a two-
way solenoid valve 57 and 58 or similar. The control of these solenoid valves 57 and
58 is of course synchronised with the rotation of the magnets 40 as explained below.
These means of switching can also be incorporated in the plate 2, by machining

and/or casting and assembly of components, the switching being obtained by
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thermal generator | thus allows one to avoid the use

of any fluid, which is corrosive 20 or harnful for

manki nd or its environment. Each heat transfer fluid
circuit 51 or 52 has neans renmoving the cal ories

and frigories collected for2heating and cool i ng
respectively, such as for exanple a hot heat

exchanger 55 and a col d heat exchanger 56 or any ot her

e ui val.ent neans, 25 Sim |l each circuit 51 or 52

agFEHin 8P QNP & RISIOG: £ 42 ‘& eiic dh3t RO Ved PPIRSHB AHP Rarts defining the

th@mgg] elements 3 in the corresponding circuit 51 or

52, such as for exanple a two- way sol enoid val ve 57

and 58 or simlar. The control of these solenoid

val ves 57. an is of course synchronised with t
2’%%@“&9 %ﬁ@%@ét@n%toaé agsfling fe ey gion lsrﬁe%cebed with

[
”Erg?:?engfe t%‘ﬁg&ac hﬁ Iaﬁ(gg O i d?ﬁ?a@%@%&%ﬁ?ﬁlﬁ%tﬂgg té%b?\?lo functional

ofcyckanpﬁnmntmenmdiegamatmhi n@t}befonghehiuapogeﬂ olﬁysﬂaahﬁcatxon four
netic attraction of a piston, a ball, etc. that
ndgeel%éﬂ%eﬁs Bwd e spaaéqu Aneetsnd). \pathyesxamplg the means of

OREL AP RRfte NG dIb @L&’B'ﬁ I0REAHT i’mta&&%gtdél”%a‘ ﬁ’lethlgglg\nd cold

I nventi'on I's desc e erence

angrchis Whiaah 5di a¢ namatn g aldsyd lddpusier l&ﬁtﬂlebh&aﬁsm fluid circuit 51
functional cycles of the thernmal generator 1 with,

f gionpersing ke Sbf dhangald heat @f‘?féﬂ*ﬂge‘f Huto the fieletrB¢ of the hot heat
ele%@ﬁe{hg%g %535]% 'i1¥¥° @ﬂ &rc'cuﬂf 5?%%&1 1n t’helglutfek1 sz: of rtl%e hot heat

means o recover

5?exbh:ﬁ£ged5$ fo theenlBOES 6f the Wbid kfelt @@ﬂaﬁé&ESBCﬂ)n@% ;gsz:l provide two
circuits 51 and 52 are linked in a closed | oop: the

hoempdetelytipdgpsndgnt Ciregics %h arcdjﬁi% eagh imwae&qscd@oqmén this case

Ouetal:lfii:irﬁjlt ﬁ{ ta{'l{:g%g‘l% gic rPge d ?g es tRe Flldgctlorncoﬁlf%ow of the

S5heapnaastti Agid he tlaeuthetcirSaitnb 1 tdma $otis beﬁtrab@xﬁd@aﬂgﬁrFor the
55 to the inlet Ef of the cold heat exchanger 56. One
c NRASED op rsevPlfication. thedg| adesa)d icirgrite Aeltientfied as 4 and 52,

]kn%(l gt%at ? %gx? ofgﬁ{cfg%ggﬁjﬁldcéo?f glgcdlt%%) 1nt«!:1@§lt tl?)l tﬁe &]%Irmal generator

Ccul

calssl ihb&poiatedah itiplade 2f urdet Bk méma%&daeau ahﬁ aasf er
fluid in the two circuits 51 and 52 is preferably

reversed. For the purposes of sinplification, the hot

ar![g i hgst ?Liu{c‘l"lgilcjilscy@lreqlllilsquetdi lIyI lglgur%ssAs,Jthea rq%gé %S 40 are opposite the

two thermal elements 3(1) and 3(3) which heat up under the effect of the magnetic
field, the other two thermal elements 3(2) and 3(4) cooling down because they are not
subjected to the magnetic field. The solenoid valves 57 and 58 are switched in a first
position which allows the placing in series in the hot circuit 51 of the thermal
elements 3(1) and 3(3) which heat up and in series in the cold circuit 52 of the
thermal elements 3(2) and 3(4) which cool down, the circuits in which the heat
transfer fluid is in movement being shown as a solid line. The outlet Sf of the cold
heat exchanger 56 is connected, by the solenoid valve 58, to the inlet Ec(1) of the
thermal element 3(1), its outlet Sc(1) is connected to the inlet Ec(3) of the thermal

element 3(3) and its outlet Sc(3) to the inlet Ec of the hot heat exchanger 51. The hot
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know ng that a part of these hot and cold circuits is

internal to the thermal generator | and incorporated
in the plate 2 under the identifications 21 and 22. 20
In the first functional cycle illustrated by Figure

5A, the magnets 40 are opposi‘te the two thernal
el ements 3(1) and 3(3) which heat up under the effect
of the nmagnetic field, the other two thernmal el enents
3(2) and 3(4) cooling down because t hey are not
s uijcei tid omekestthe hﬁagreelsfec ﬂﬁudelm@ve Théheslterodliector alrats 31 of the

57 d, 5 1 it
e PRt AT Qo iRbgdPRdt Rl Rg yayythe outle
LI e Bl R RLHRAL S5 A dhnditey, By 3he WARANGNe ¥ 10 the inle

and in series in thé cold circuit the thernal
el Bt $hd3t(nzr)medr¢tbn&(n4)5(%t&:dutlcb&f(4)jlemnnepted te |thecuniett §1(2) of the

B S 1B Eend e Shah o it o S P Sigfheer .

exphangetiraft 53 n?a‘k@@ ﬁfét k?eqt trmsfér%lg %cﬁ‘éQthé’ ?J)l}ﬂecoﬁgctor circuits

to the inlet Ec(l) of the thermal el enent
oy ef t@c@&x)nalselmmedtbohrﬂw(ﬁhehe otters Beifd)inaftiveh@his cycle is

th 3 d.,t tlet
| r{g@‘gaagé ?rfbﬂf elﬁqﬁ\é_{eq{bq quy Q‘ng’%eh’é% gge%E@ angﬁg)sp'c&ﬂndignd preferably
ciy é%‘ébl‘id ,R4rBBJ6REink NS hedhe bE %Jg%rofftﬁéjfnq?ﬂ@%’ fn fr@nttd'f?he thermal

hot coll'ector cirGuits 31 of the therma ement s
3(eldmemd3@( 3)d 33he ot hers being inactive. In the sane
way, the outlet Sc of the hot heat exchanger 55 is
connected, by the solenoid valve 57, to the inlet

Efvifdn @fe tl'@@vet %fn”ﬁ)l pfsg E???H{nt %ﬁﬁ%tﬂe}xﬁalo@lgﬁ@{nts %f(ﬁ)dfznd §(4), the
connected to t inlet E her ma

3(s2)enamdvail tes 50 L:Binti &8 aff {WiYched iitha sE(t’dndtpoEftloﬂﬁllﬂidmatdth d? igure 5B
heat excgan ger 56. The cold circuit 52 makes the heat

t FRRETRINAME fodhFstRenA urienabpglect VRiEh she B1agpets (49 argopposite
Ofnd lf'@o iRk 'i'f?énn%l @l@ﬁl@ﬁé ﬁﬁ?ﬁndaﬂ% 3 hdab %g%la@ the effect of the

being 1 nactive. This cycle€ 1s Trapid and sts between
a rhagmetih dekladdt fust ofo ﬁxesead@ﬂﬁﬂnmtﬂﬁ(zmamba@n deolmgjbecause they are
preferably .1 secqnd, corr 0 to, the tipe
saRETtbiered S anastte FFn 16 Pleaaa e and 68 switched to
e'tﬁ&?@&& 3 (pblitiBRP1adedh th tARYs 1 @@ Mferha® 4
rontnolﬁkﬁk q%erﬁat ypgﬂ%nts 3(2 e%ﬁ& ?kh%n@?ﬁﬁ)and3()
somaanlmhdatvtqj yekirbtheantd &icuatr &2 el merlmwil clamenta 369 and B (3) which
ion jllustrated in Fi ure 5 correspondi n

posi
t rf@OL é&%ﬁwcwﬁdet@aﬁ%ﬂh%m apgferpHpidrs t“hénod‘ﬁ@%‘?éi gela@ shown as a
argi@RRESTEEoutlet SF of the cold heat exchanger 56 is connected, by the solenoid

valve 58, to the inlet Ec(2) of the thermal element 3(2), its outlet Sc(2) is connected
to the inlet Ec(4) of the thermal element 3(4) and its outlet Sc(4) to the inlet Ec of the
hot heat exchanger 55. The hot circuit 51 makes the heat transfer fluid move in the
hot collector circuits 31 of the thermal elements 3(2) and 3(4), the others being
inactive. In the same way, the outlet Sc of the hot heat exchanger 55 is connected, by
the solenoid valve 57, to the inlet Ef(3) of the thermal element 3(3), its outlet Sf(3) is
connected to the inlet Ef(1) of the thermal element 3(1) and its outlet Sf(1) to the
inlet Ef of the cold heat exchanger 56. The cold circuit 52 makes the heat transfer

fluid move in the cold collector circuits 32 of the thermal elements 3(1) and 3(3), the
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15 the two other thermal elenments 3(2) and 3(4) which
heat up under the effect of the mnagnetic field, the
first two thermal elenments 3(1) and 3(3) cooling
because they are no |onger subjected to the magnetic
field. The sol enoid val ves 57 and 58 switched to
their second position place in the hot circuit 51 the
thermal elenents 3(2) and 3(4) which heat up and in
the cold circuit 52 the thermal elenents 3(1) and 3(3)
vvlﬂﬂéfﬁs beingosnctivend his rapisl £xcle sompspends He theeimetafapassage of the
S sho I [ine.. The
ol el BRETE] el ST BT o 3P0 W 5 e o

byaghineogl i8 Fnd of Wl tN@nfaBeleinents B@lgl aﬂﬂ%@)Eﬂ\(ezsble(ﬁBldt\fh?ves 57 and
thermal element 3(2), its outlet I'S connect ed

t P8tae sWHthad tedhay figh ppsidon Hiwstrated ern Ergelm 5By thenfirst functional
out“et g %{% to the inlet Ec of the hot heat

X¢hanger The hot circuit 51 nakes the heat
transfer fluid nmove in the 25 hot collector circuits
31 of the thermal elenents 3(2) and 3(4), the others
belihgdactithaidhe heat tmmfcw@lé apgsl wa;hqutdr@dm b egps 8ids the heed for a

ot heat exch er nnect ed
el TGO RS Pra R 35 6 FhEieiisr HaRn BBt Hich, at the
3(113]}%5 E¢ Sn@W i &t thef Kad) arldScol§ MRREELBHNdPs t5§ean|dn§@tthe double hot
Ef (1) of the thermal element 3(1) and its outl et Sf(1)

t Glrehigs 5il rﬁnétSEfre&pﬁcttvh:é/ mbtdeztcea@thetxél?mmg@t tﬁiﬁsfeﬂ'rﬁkald being a
transfer. 30 fluid

e L oo RR i s, kocs 3B Hes i1 Cosed and not

ehgyanhﬁ %ﬁ&%1§89a§(3) the 14 others being inactive.
This rapid cycle corresponds to the tine of passage of

the magnets 40 in front of the thermal elenents 3(2)

o i briisten <uoseneaa chs e cp B Eriiis STgre s weive and

ValyM@aicah ki funeBoidl @ySWd, i fRGak Wdiedd thE 'tHe?ﬁlapél@rhEht@@ are all
illTustrated in Figure 5A and the first functional

cy6t® Brtemeorggtierhearrendfercluid hwhichtrecdvest thtCrcathGSrls limited to

PSR, 1 DT T, S LS e o
FitBate €5 neAnaitth 8Bhédd kP fupt at Mi€rerdnd It&ﬁp%rﬁﬁre@”ﬁ’s Hf the earlier

of the hot and col d heat exchangers 55 and 56,
ddedbnelogpt the (hot iand wotdscibuitarsd H@ fr?ebqaeg_tsewhty melmmcular in the

o250 0 BP0 BREb TR 3 e st s o e
ClekEhtnke oW EiRg betwikR eRELIBNTNRAEW technology also allows a considerable
reduction in thermal losses, an acceleration of the functional cycles, an increase in the
power of the thermal generator 1 and the achievement of very good thermal
efficiencies for a much reduced energy requirement in view of the low motive power

necessary to make the magnets 40 rotate.

Furthermore, this technique of separate hot circuits 21, 31 and 51 and cold circuits
22, 32 and 52 allows the “AMR” cycle to be used i.e. for each new functional cycle
of the thermal generator 1 the temperature difference between the temperatures at the

beginning and the end of the cycle increases, respectively allowing heating and
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the circuit, which is open. This description clearly
shows that the hot and cold circuits 51 and 52 are
active and 15 dynamic in both functional cycles, in
the sane way as the thermal1 lements 3 are all used.
Furthernore, the heat transfer fluid, which recovers
the calories is limted to that function, as is the
heat transfer fluid which recovers the frigories.

Gven that there is no mxing of heat transfer fluid
atcogling Emysratirenpetintoubersached 1nshe et cignitiddrand the cold circuit 52

t I o reuits 51 and 52 Qheing...
B A SR e S T
CQhératil @enezhtbe Uidfehd invantor3grekéhtd RE dah@sr thefo? HRBHIE or for the
3, there is no heat exchange or m xi ng between
cignriiprmentTHilg fage therewpis® | thegbtragsfeyfkiidin the hot circuit 51 and
cqpsi.der abl reduct i in t | |osses, an :

S BE PUTERRLS, sar BEHEVH I ok AT se 823GReq AR tagsgorp o risk of
t hBernROWRawa@l. the thermal generator | and the

achi evenent of very good thermal efficiencies for a

much reduced energy requirenent in view of the | ow

nq%j% [Royer . Zslqgggssary to make the magnets 40

r . » i s techni que of separate hot
circuits 21, 31 and 51 and cold circuits 22, 32 and

52 allows the "AVR' cycle to be used i.e. for each new

f Ukus ithemakl ggnerasor bffindaatst épptinationgenaryateohnifalt drenain where it is
tengerat r dgfference bet ween 't he teqfﬁratureé at. Hhe

30" BB A a iR e CHPT G THE e o 1t ARPEsticegectrical apparatus

r %P%ﬁi?é’r@io}‘s ahd %%Ms,hf%ﬁtair%naﬂgmﬂr{g arﬁpﬁéd.tfrﬁ%, whether industrial,
tenperature levels to be reached inthe hot Circuit 51

ardnidsec eoyahiailarcun the fod indhistly far disgjreadses andvafrigenmated cabinets,
generators of. this e kno at esent. In addition,
RE S Eha Raredis el Sad Bratlides AreRERtedelBhies no

danger either for people or for the environnment. If
in fact there were a |ack of heat transfer fluid in
t higehoesent myentiorbis re desEriat¢rbtoctbE gxanpleuiftengdimérg rdescribed, but

0 0%, 10, LAl DR SETaNaE PO AP L90 % n e e

apphilcCinafiigs wiinltk Scdfe TR pr@RRESAHSnel ihitRdSitdched Claims. In
application in any technical domain where it is
nevessdary theghhgeat iflustengkthe tgoberort themmat ehaidnitod andof magnets

[ I rjcal r. . .
40?%1@3\%5 gf gregt%g th%a}:ollea tgram?ctulflt% 31 and 32 and of incorporating the hot

circuits 21 and cold circuits 22 in the plate 2 may differ.
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for refrigerators and freezers, for air conditioning

and heating, whether industrial, donestic or
vehicular, in the food industry for display cases and
refrigerated cabinets, in qu condi ti oned w ne

cellars and in all types of Pefrlgerated encl osure. 15
The present invention is not restricted to the exanple
of enbodi nent described, but extends to any

nodi fication or variant which is obvious to a

sidaimf ist inthe field while remaining within the
scope of the protection defined in the attached
Claims. In particular, the shapes illustrated, the

nunir@emedl geRe sl | )&assest tagncdddalofifiBgRe1as c@pAbing tah@ast one
m%y of creating the collector circuits 31 and §2 and
)qe

ACHIPOt at2) rgriyHe hbtleask:|tweum@emwémﬁ@dh@mal elements (3),

| d ff
TRER nend O ol Ry el e Rligh B e icents ) 5o

ek &6 blﬁijecﬁ Qg kS b Reri@tonl i@asdgneie fielli i @edes WP RRkE thedd temperature
carrylng at | east two magneto-calorific thermal

_eIVéﬁiérﬂn hejns (55 qfargﬁ@terl@g rfbar¢910(14§ anfhi foigomese emmpitsd| by the said

I t 3
o Quief e Riplsra) Btk phRAT vpmsRaa it 67 ARGt cireui
t Qs ﬂﬁﬂéﬁenteﬁﬂb fas tROP hA Wi Rt (§T)efeRRE tIBARGIE 5)eaél’f circuit (51 and
recovering the calories and frigories emtted by the

saﬁﬂdj beingesavnledeioetielnes O(IIB)he@bnanhasng[Séltanﬂe%@tabﬂw remove the

{ It
; GRBrFLar PR gt eradtt 408 palh BH0S3) SribBRbds epd 49 10 pu
Ql@é Ebrresp@sdin tHeﬁthtelérﬁéntlena@théglldkb‘?ﬂcﬁﬂ (99!&%& e8h, tRaracterised

at | east one heat exchanger (55 and 56) le to renove

t hie thas adaoh itkermat cfemagb(3)ebasr Easms dolr ﬂndl f.’45t)tfednwgtzh least two
means of tch i n 58). t the . : .
copvas el SEhEME wfciint ) cPlficen fEviegpy in which fows
Cith& Hédt tl(aﬁgfelaﬂﬁild@)the a6 RGHES 1 SRBose! findtlatis Q@Eg'llect the calories
thermal el enent (3) has passages for fluid (35)

f @rrmtﬁ:rgbjathel sekthermmd eledmfstt (Dowubjsole ¢ thermagmetiaiftedd, (aBd_ a “cold”

TopRE o Panar Sm e [R%e Gie L bt i ey S (52
wWhasse frueibh 9td S1febt ©:0 |ﬁ‘1%‘&§estehﬁtt&ﬂﬂ)}ofﬂees§1d @ik 418Grdht (3) not

the said thermal el enent subj ected to the nagnetic
f isabidctedrid the maghetic figlkdl |t1€ECBED¢1 hehtr arisfer(Bais ibainghinede to move

f la?t\évrsna%e?yein oeﬁaet cotlfegt%?]zzler‘éuiI the ool]:ert(g~I 1e ar?c? g% gépreg(lilmg 0 vglzether or
not the said thermal element (3) is subjected to the magnetic field and emits calories

or frigories.

2. Generator according to Claim 1, characterised in that the thermal elements (3) are
at least partly made from a magneto-calorific material taking at least one form chosen
from a group comprising a solid block, a stack of solid blocks or solid plates (30), an
assembly of particles, a porous block, a stack of porous blocks or of porous plates or

a combination of these forms.
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whose function is to collect the frigories emtted by

the said thermal elenent (3) not subjected to the

magnetic field, the said heat transfer fluids being

made to nove 20 alternately .i,n one collector circuit

or the other (31 and 32) deﬁgndlng on whet her or not

the said thermal elenent (3) is subjected to the

magnetic field and enmts calories or frigories. 2.
Generator according to Caim1l1, characterised in that

t Re CGeneriipalaceardingrie £1qim) 2, gharactpgsegtin|thaidhe prilectoy ciradits (31 and

neLo.G lorif mat eri al taking.at a
f oPmRHDEER®Y pE R Bt T oA FertS a5 Bl Gea in he
stiRiekne8€ o 5QkitkerBlaPElkSiets (HThloticPkAb B A 13Fe heBexchange area.
assenbly of particles, a porous block, a stack of
por ous bl ocks or of porous plates or a conblnation of
t ner,at ccor,
ot rar Gl e e Rt . eoiee TR Tt My S fadsaion fid 69
32}c af anfll a&@rﬁhgm%%meﬁwmﬁﬁﬁ AEHTS mﬁﬂ»anefﬁ%&%ﬁy £l to 0.15
fluid (35), distributed in the thickness of th
th@rﬂnault'céallferferr]tcseatlsg 3 flowr diethet beasf tiamsfen ﬂhadgt@rchght the thermal
? E a CGener at or. ac O{dlng to Caim3,
g D <BG59iT j TR e %IE%%‘ WAL | i d (35)  are
of smal |l size, ranging between 0.01 mmand 5 mm and

preferably equal to 0.15 mm suitable for creating a
f ISoWenératonecdveding to Sitwiet, chinaéteriscdrio vigph thdpassdges e fluid (35) in

CLETRIE Sofigher HISHRT ot 05 R EST LI ) have citeren
chakrGiissd sed in that the passages for fluid (35) in

the two collector circuits (31 and 32) of each therma
el ement (3) have different orientations. 6. Gbnerator

according to Claim .C cterised in that th

o CRBRy Greor g LY T harseerg dp ki B stk for Muid (35) in
C ithEtWd Solledibr 8éhi t%?()il Qhd SAT hPhERhal @l e@x’f@?l'i‘(?))(t%l/e BEMBximately
approximately parallel orientations. 7. Cenerator

apewldi ergentasiofbai m 3, characterised in that t he

passages for fluid (35) are defined at |east by one
form chosen fromthe group conprising perforations,

20 @eAMERY ac8di@ing, tol Mafh St bESSoterdse8 QRN ARE BRssREest LSRG (35)
forns, these forms bei ng obtai ned

are defined at least by one form chosen from the group comprising perforations,
grooves, slots, interstices, a combination of these forms, these forms being obtained
by machining, chemical, ionic or mechanical etching, forming, separator between

blocks or plates, space between particles.

8. Generator according to Claim 1, characterised in that the fixed support comprises
at least one plate (2) possessing at least two openings delimiting cavities (20) to
receive the said thermal elements (3) and at least two series of channels (21 and 22)
forming a part of the hot and cold heat transfer fluid circuits (51 and 52) reaching
each cavity (20) by an inlet orifice and an outlet orifice for each circuit (51 and 52)
suitable for communicating with the corresponding fluid passages (35) of the said

thermal elements (3), i.e. two inlet orifices and two outlet orifices per cavity (20).
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by machi ni ng, chem cal, ionic or mechanical etching,
form ng, separator between blocks or plates, space
bet ween particles. 8. Generator according to Claim1l,
characterised in that the fixed support conprises 25
at | east one plate (2) possessing at |east two
openings delimting cavities (20) to receive the said
thermal elenents (3) and at |east two series of
channels (21 and 22) formng a part of the hot and
cold heat transfer fluid circuits (51 and 52) reaching
e [

@C eﬁ@r\é oté%céeogg hg (kt}ly %rlntg1 g%ra@[&légegg;? t}@fg ﬂm?%bqo%a#lﬁéls (21 and 22)

cmmmﬂmatbyr‘gowdsmlitheute@ ol es@enst thg fhdesiod tm%@gme (2) and in
of the said 30 thermal elenments (3),
i ﬁh@ttheoﬁhpm%!@n%rﬁ@r flasoBprisestat dgast ¢ nﬁ@(“&@dd@to the said face

(3Bt GRS LI B2 gyt ) 22

are formed by grooves di stri buted over one of the
faces of the said plate (2) and in that the thernmnal

geflefgneptof pycrdingrip Sdaimad, chagacterisad in thatdee $260 yhemmakelements
3R L AT OB B Rl B

10. Generator according to G aim4, characterised in

that the said thermal elenents (3) and said cavities

( 20) @w&at@romogh@mtar 91@95&*01:1}&@&%@@ in] thay the complementary
Gbner r accord

assem sha DES AL §1/pp(¥8x1§%a%&/ >par 8158%)6 1{:20t ﬁlﬁ qqnﬂfieepg?he cavity

é(P@lﬂ 1|r181|u6éﬁ Qﬁml&,oriﬂéetoh@h 0886tbrHi e fhe lolf€hLaNd byt and cold heat
(20) includes an inlet orifice or an outlet orifice of

ortengfer flhi rguils Kok anth2l)cold aekesitde of theribémral flament (3) including

g:areﬁrrén{ n(d%%]'c?uﬁfgpof,szr?e o%nts §9 gﬁrt]orsmr%gl i3 aéluﬂagter g?l one

of its collector CIrCUItS (31 and 32). 15 12.

Generator according to Claim1l1l, characterised in that

a @a@emrat@éﬂm&ng t@‘glarlﬁhllaﬁltﬁrél%eﬁﬁﬁﬂ ipHat peerl ef bmwen 0.05 mm
I 491 each side etme

Al Pty Tl it RP' DrBRch, Spapet i G gt between tre

f Qaticnq2@ hedthd titehPelehlddt 43), dhit sAPWhfRg Ghashefransfer fluid
ext endi ng over the thickness of the thermal el enent

3i)lst’ahlqur\chambet peiending es¢r thg thieknese of thegheend elemesach and in
C%aﬂ seglmg cna%lc%a}é/ pfaXeém e)ach corner of the cavity (20).

13. Generator according to Claim 1, characterised in that it has an even number of
thermal elements (3) arranged approximately in a circle around a central axis (B) of
the said support (2) and the said magnetic means (4) are coupled to means of

rotational driving around this central axis (B).

14. Generator according to Claim 13, characterised in that the magnetic means (4)
comprise a number of magnets (40) corresponding to the number of thermal elements

(3), these magnets (40) being joined in pairs and arranged on either side of the said
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13. Generator according to aim1l, characterised in
that it has an even nunber of thernmal elenents (3)
arranged approxinmately in a circle around a centra
axis (B) of the said suppor g (2) and the said
magneti c neans (4) are coupled to means of 25
rotational driving around this central axis (B). 14.
Generator according to Caim 13, characterised in that

thelggg tic means @; conpri se a nunber of naggets

485 FRFEh A hy cHa e whifskrnefthermsl pame dib i gwo to the
( magnets (40) being joined in pairs and
a?%gﬁﬁggﬁgw'either side of the said 19 thernal

el enents (3) in order to subject one thermal el enent
(3).in tw to the magnetic field. 15. CGenerator
acColHnAGLar Gioerding teAlakm A aghagactesised i thah ghe theanal elements (3)

tez;ag% Qig%q%r gga@%rﬁ aft%)eﬁlcé ogrlref %oag 9{111933‘3”?%# ﬁm&%ﬁétg g4d§ pfass from one

oneriesef the@sadtlehlarsa) toe«ineﬂ‘i%ﬂﬁv&héiﬁ)mfeﬂ'upﬂm biethe Walghed field.
interruption of the magnetic field. 16. Cenerator
according to daim1l, characterised in that the heat

])%nﬁe‘f‘igra drl'ﬁcgg'rdir&ttot@lgmbqt c%gctgr%@g ]E% tfia&léﬂlt %e% qran%fcr fluids in

e directions nera

aom@hdu and coil @ioaitmsli, arelf 52 alotvamo?p@kmerantebmnst he means
of recovering the calories and frigories include
means (53) of forcing t he said heat transfer qurd to

fl one f the gt -tran

ci VectPe e 6835 Rl SISl P Sl fgcovering he
Cl @idied And AhighR&! Riciugedndans t(bfa)t oft fRciR@tth@BMld ARkt tBedtr fluid to
transfer fluid circuits (5 1 and 52) are connected in

a ftavoredt l¢asbene aftthe het traasder Ayidgewis (51 laod 82)ki rcui t
(51) connecting the outlet (Sf) of a cold heat
exchanger (56) to the inlet (Ec) of a hot heat

exieh angefatdrSfdcortitl th€14ial 07 haatactdribs fi@rthdt! e thot and cold heat
circuit (52) connecting the outlet (Sc) of the hot

helgansiex SRuhgesuite 5%1) aftd05 laEe ¢amneqted mr g clgsedt lhep.dbe Hot Ixet transfer

h r or im, .
ef%l%g?gl@ | Seél? m% His ou?ﬁp%’rigpa ccgigich C%xcgﬂi%eé%é to the inlet
ClEey iofsa ABM hbdti @@hbdser (GFPahE @hEBRANS heM3traffer QLRI BGcuit (52)
the circulation of the heat
connecting the outlet (Sc) of the hot heat exchanger (55) to the inlet (Ef) of the cold

heat exchanger (56).

19. Generator according to Claim 1, characterised in that the means of recovering
calories and frigories comprise means (53) of forcing the circulation of the heat
transfer fluid in one or both of the heat transfer fluid circuits (51 and 52), these

circuits being independent and each forming a closed loop.

20. Generator according to Claim 1, characterised in that the means of switching
comprise at least one valve (57 and 58) in each hot and cold heat transfer fluid circuit

(51 and 52), arranged to place in series one or the other of the collector circuits (31



transfer fluid in one or both of the heat transfer
fluid circuits (51 and 52), these 25 circuits being

i ndependent and each formng a closed | oop. 20.
Generator according to Caim.,1l, characterised in that
the neans of sw tching congbise at | east one val ve
(57 and 58) in each hot and cold heat transfer fluid
circuit (51 and 52), arranged to place in series one
or the other of the collector circuits (31 20 and 32)
ofand k@) ehibe tharma] dpmeirts (P3eperstemen wheber einet Hy agg subjected to
NGhe bIEYe R (R FHRI EOLES Lick BEaiRgREt i ¢ field and
produce 8s BT .

cal ori gories



