1 HEAT GENERATOR COVWPRI SI NG A MAGNETO- CALORI C MATERI AL AND THERM E
GENERATI NG METHOD The present invention concerns a heat generator with
magneto-cal oric material 5 conprising at |east one thermal el enment and at

| east one magnetic elenent in order to,generate a nagnetic field, said
thermal el enment being |ocated opposite the nmagnetic elenent so it can be
subjected to at least a portion of the magnetic field, and said heat
generator al so conprising a magnetic nodul ati on nmeans to vary the nagnetic
field received by the thermal elenent and a neans for recovering at |east a
10 porti ohlEAT t r@ENE&Aﬂ'@R gEOMBRISING tAe MAGNETO I AKORICs UMAKERIAL o
this variagb| e : Q_&Mﬁtlon al so concerns a nethod of
gener at i n§\NY SLansy . IN thermal elenment is subjected to at
| east one portl on of a magnetl c field generated by 15 at |east one nagnetic
el ement, the magnetic nodul ati on means nodul ates the nmagnetic field received
by ther rrarl'helfmeeant irvedtian ¢arwetng spbeat ganerfatmmwithhmagheto c@en’erraatediaby t he
t her el enment. su ecte rBthlls|var|z€\ ﬁP%%&F“C . are covered. 20
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certain alldys that havé the ability to heat up Wnen subjected to a
magnet i c m@r@tlamemeol sl dvean lbe subjeatad ta atnpastaa podiarefthersagnetia field)
t enper at ur t he mag field .di sa ens C
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atons that generate the heating of the nmagneto-caloric material. Wen they

are oi@si gertiameof thadhemies fdesietated byftherbenmea)redement sebjaciesdtortbis varigble | t he
process i r%vﬁé?%f and the magneto-caloric material cools down to a

t enperatu 5 c11an its initial tenperature. 2 A teamof U S
researchers has devel oped a working prototype of a nagneto-caloric

The invention also concerns a method of generating thermies whereby at least one
thermal element is subjected to at least one portion of a magnetic field generated by
15 at least one magnetic element, the magnetic modulation means modulates the
magnetic field received by thermal element, and at least a portion of the thermies
generated by the thermal element subjected to this variable magnetic field are

recovered.

20 Existing magneto-caloric material heat generators utilize the magneto-caloric
properties of certain materials such as gadolinium or certain alloys that have the
ability to heat up when subjected to a magnetic field and cool down to a lower
temperature than their initial temperature when the magnetic field disappears or
weakens. Actually, as they pass before the magnetic field, the magnetic moments of

25 the magneto-caloric material become aligned, causing a rearrangement of the atoms
that generate the heating of the magneto-caloric material. When they are outside the
magnetic field or if the magnetic field becomes weaker, the process is reversed and
the magneto-caloric material cools down to a temperature lower than its initial

temperature.



mat eri al heat generator conprising a disc fornmed of thermal sectors
containing a magneto-caloric material in the formof a gadoliniumalloy.
This disc is guided in continuous rotation on its axis so as to cause its
thermal sectors to pass inside and 5 outside a magnetic field created by a
fi xed permanent magnet overl apping a portion of the disc. Opposite the

per manent nagnet, the disc passes through a thermal transfer bl ock
conprising two heat-transmitting fluid circuits, one of which is designed
to transport calories and the other to transport frigories generated by the
thermal Adeamrcf LhSt mrseataieys babjdevepetia working prototype ofid nedgreetoealdria he

magnetic field. The 10 thernal t.ransfe bl ock conprises orifices opening
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magnet s atre dxistemieei of womhgreeals it aenyoduffmltttbafbrmt@emhsweapbehmw frfeer ent
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switch the inlets and outlets correspondlng to the hot circuit or the cold circuit. As a

result, this device is complex, unreliable, limited in output and unsatisfactory.

Publication WO-A-03/050456 describes a heat generator essentially similar to the
20 preceding one and using two permanent magnets. This heat generator comprises an
annular monobloc housing defining twelve thermal compartments separated by seals
and each receiving gadolinium in porous form. Each thermal compartment is
provided with a minimum of four orifices, one inlet orifice and one outlet orifice
connected to a hot circuit, and one inlet orifice and one outlet orifice connected to a
25 cold circuit. The two permanent magnets are driven in continuous rotation so that
they sweep the different thermal compartments while successively subjectingthem to
a magnetic field. The calories and/or frigories emitted by the thermal compartments
are guided towards the heat exchangers by the hot and cold heat-transmitting circuits
to which they are successively connected using several rotating seals which are

30 connected in rotation by one or more belts to the continuous rotation axle of the two



3 magnets. This heat generator sinulates the operation of a liquid ring. In
order to operate, this heat generator requires continuous, synchronized,
precise rotation by the different rotating seals and permanent nagnets. The
switching and 5 sealing requirenents a?sociated with this rotation nake
this heat generator technically difficult and expensive to manufacture.
Additionally, the principle of continuous operation severely limts this
heat generators perspectives of technical evolution. 10 The present

i nvention proposes overconi ng these disadvantages by offering a heat

gener at ormagneisi sThig heat generaten simutataa the tcperatinatofiadiasid riogent , rel i abl e,
sinple in design, economcal, consunes little electrical energy, has a high
out put, does not require displacenent of the magneto-caloric elenents to be
synchr oni geskdefl @8 8pBfite, thRfIHéAtegeHBlaftR R8§uIFY catirkiota! §yrcHivhizel! pcfgeom
cold to hot CIFCUIFS as described 15 above relative to the U S, research

pr ot ot yperotatigmby theadifieyentaatating saals AR Permanent magpetsdi Epg awitehing aidder to
vary the ti ¢ f.i e for..produci g - ca j fect,
and i & ooty [Eantdhentrassadakd Firbifs: fodfol irRBaI Mottt i
appl i cat i Rrpnicafly tifisalifue ekpérsivé e rhanegfativs. cagdribnallya theaprimsipler oft or
conprising magneto-caloric material of the type indicated in the preanble,
char act er fritNUoNstaRaration: seygebt limite this herb generatersceefspectivest of t@égﬁ*lcé'ne
magneti c gRﬂthﬁion el ement, magnetically conductive, joined to a

di spl acengént neans which alternately displaces it relative to- the nmagnetic
el ement and the thernmal el ement between an active position in which it 25 is
close to the magnetic el enent and the thermal el enent, positioned to channel

at | 'Hhst Thaeresant invengenireresgsatareoming thesg dﬁ@dweefagﬁé&mgﬂqrm 3 heetal
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el enent mag/ be da rTagnet i C caner ence el enent nmade of )
require displacement of the magneto-caloric elements to be synchronized, does not
require any means for alternately switching from cold to hot circuits as described
15 above relative to the U.S. research prototype, significantly reduces the inert mass to
be displaced in order to vary the magnetic field necessary for producing the magneto-
caloric effect, and is equally useful in large scale industrial applications and domestic

applications.

20 Toachieve this, the invention concerns a heat generator comprising magneto-caloric
material of the type indicated in the preamble, characterized in that the magnet
modulation means comprise at least one magnetic modulation element, magnetically
conductive, joined to a displacement means which alternately displaces it relative to
the magnetic element and the thermal element between an active position in which it

25 s close to the magnetic element and the thermal element, positioned to channel at
least the portion of the magnetic field to be received by the thermal element, and an
inactive position in which it is farther away from the magnetic element and/or the

thermal element and positioned to have no effect on this portion of the magnetic field.



material w th higher magnetic conductivity than the conductivity existing in
the anbient mlieu separating the nagnetic elenent and the thermal el enent,
said magnetic convergence el ement being disposed so that in the active
position, it 5 pronotes passage of the gagnetic field toward the thernma
el ement, resulting in an increase in the strength of the magnetic field
crossing it. The magnetic nodul ati on el enent may al so be a nagnetic
di vergence el enent made of material wi th higher nagnetic conductivity than
the material in the thermal elenent, 10 said magnetic divergence el enent
havi ng at Themagnstie maskihatianglamest BrayHaREEaNGE FENYSEEAES elaresrtinadaef i n
the activ t I ie field
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15 The magnetic modulation element is advantageously made of at least one of the
materials from the group consisting of soft iron, ferrites, iron alloys, chromium,

vanadium, composites, nano-composites, permalloys.

According to a preferred embodiment, the thermal generator comprises at least one
20 magnetic convergence element, also called a magnetic lens, and at least one
magnetic divergence element, also called a thermal diverter or shunt, disposed to
alternately promote passage of the magnetic field toward the thermal element and

deflect the magnetic field away from the thermal element.

25 Inthe active position the magnetic modulation element is advantageously interposed

between the magnetic element and the thermal element.

The magnetic element preferably comprises at least one positive magnetic terminal
and at least one negative magnetic terminal, with the thermal element being located

30 between the magnetic terminals, and the magnetic modulation element, at least when



5 when in the active position, on either side of the thermal el enent between
the thermal elenent and the nagnetic termnals; and/or - the nmagnetic

di vergence el enent may be U-shaped or C-shaped so that, at |least when in
the active position, it overlaps the thermal el enent between the thermnal

el ement and the nmagnetic termnals. 10 According to anot her advantageous

di sposition, the nmagnetic divergence elenent nj conprises at |east one
contact which, when in the active position, may be tangential to thermal
elements Ti and to the magnetic termnals, while the air-gap separating

t her mal einethvergctive posdionradgempoised thetweenlat lo4Bt thelmagnetiaterfnieals. Thi s pi ece
may 15 range fromO nmmto 50 nmin size and is preferably smaller than 1
nm The magnetic el enent may be U-shaped or G shaped, without shape

| imtati opdvaftagkbaslyi t overlaps said magnetic nodul ation el ement. 20 The
di spl acenent rreans may be designed to drive the magnetic nodul ati on el enent
in at | easthegnagnstia ¢enviepdéenne ﬂgmr&m%{mmmsmmn@nveomnmmﬂew pleseton,
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actuation neans selected fromthe group consisting of a notor, | i nder,
a spring nieheagssatic dwera@mﬁgelﬁmqttcﬁmay gﬁ Usbaped an§nehaped ﬁ@éhaigéh ast or ,
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magnet i caklemermndahengagmétry tedmirgsid.ected from 5 6 the group conprised of
synthetic materials, brass, alumnum or ceram c. The thernal generator

pr ef e?%bly conprises at |least one unit of magnetic elenents and one unit of
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| east one © magneti c el one’unit
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to
to thermal elements Ti and to the magnetic terminals, while the air-gap separating
thermal element Ti from magnetic terminals 40, 41 remains free. This piece may

15 range from O mm to 50 mm in size and is preferably smaller than 1 mm.

The magnetic element may be U-shaped or C-shaped, without shape limitation, so

that it overlaps said magnetic modulation element.

20 Thedisplacement means may be designed to drive the magnetic modulation element
in at least one of the following displacement modes: continuous rotation, stepping
rotation, alternate pivoting, continuous translation, stepping translation, alternate

translation, or a combination of these displacements.

25 Thedisplacement means is preferably associated with an actuation means selected
from the group consisting of a motor, a cylinder, a spring mechanism, an
aerogenerator, an electromagnet, a hydrogenerator, or a manual mechanism.

The magnetic modulation element is advantageously held by a support coupled with

30 the displacement means and made of magnetically insulating material selected from



si mul t aneousl y di spl ace the magnetic nodul ati on neans so that, in relation
to a given thermal elenent and nagnetic el enent, each of them alternates

bet ween an active and an inactive position. 10 According to a first

enbodi nent, the support conprises at |egst one generally circular platform
rotationally novable on its axis, with the thermal elenments disposed in a
ring and the magnetic elenents formng at | east one pair of rins defining
the positive and negative magnetic termnals. 15 In this configuration the
platformis preferably equi pped with a groove defining the interval that
separ at esthetgsodp eeaRjEaeof S¥nthetis f@ﬁleﬂﬁ%, RERf%e BlUMIBBRY &F GERRBIC. | ement's from
each other and/or the U shaped or C shaped opening on the nagnetic

di vergence el enents. This groove may be axial and generally parallel to the
axi s of 2phd trerplahigbaeratooprefé@a@bpl camprigenat lahstoreupit of neagreticteterhdstsaxi s

of the platform _According to a second enbodi nent the support conprises at

| east oneanybage snjtyf thergial glenaentspaach ta ke subierieddritpe magnstie field fram ae

t her el j . [ ; S
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The magnetic el enment i's prefera ro roup consisting of a
magnet i ¢ ardaanhdciye, pasitieT. manent magnet, an el ectromagnet, a
superconductive nagnet, a superconductive el ectromagnet, or a

super%nduct or. 5 According to a particular enbodi nent, the magnetic el enent
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platform, rotationally movable on its axis, with the thermal elements disposedinaring
and the magnetic elements forming at least one pair of rims defining the positive and
negative magnetic terminals.
15

In this configuration the platform is preferably equipped with a groove defining the
interval that separates the convergence pellets on the magnetic convergence
elements from each other and/or the U-shaped or C-shaped opening on the magnetic
divergence elements. This groove may be axial and generally parallel to the axis of

20 the platform, or radial and generally perpendicular to the axis of the platform.

According to a second embodiment the support comprises at least one generally

rectilinear bar, translationally movable, with the thermal elements disposed along at

least one line supported by a cross piece and the magnetic elements forming at least
25 one pair of rows defining the positive and negative magnetic terminals.

In this configuration the thermal elements may be disposed in two generally parallel
lines supported by the connected cross pieces and defining a frame.

30 Advantageously, the magnetic elements may be formed of a single piece.



Advant ageousl y, the recovery neans conprises at |east one of the elenents
fromthe 10 group consisting of a transport circuit containing
heat-transmtting fluid, a nmeans for circulating said heat-transmtting
fluid, or a heat exchanger. The inventien also concerns a thern e-generating
met hod of the type indicated in the preanble, characterized in that in
order to vary the magnetic field received by the 15 thernmal el enent, at

| east one magnetical | y-conductive magnetic nodul ati on el enent is used, which
i s displaced between at |east an active position in which it is |ocated

near the magnetic elenent and the thermal el ement so as to channel at | east

the porti t 1 ] j | : t

el enent Zﬁg ng%gneltﬁﬁaei?rﬁ grg{l%@g% Féotﬂy %%lg\[/‘(}#fcfhém?ﬁ T é&ﬁ‘gjc%cﬁeéag '))efl]lg (;a}(aad‘llhI gg@%@e from
t he magnehssergiblagena pandanentifaghet, bhesleattorshgmatna ssipetdoaiductivdmagnet, ef f ect
on this portion of the magnetic field. Preferably at |east one nagnetic

el enent i SUREyeANdtiverglfetremageels or arfeiPesANdUEtor. t er ni nal and one negati ve
termnal with the thermal el enment being | ocated between them in the active
position the magnetic nodul ation elenent is interposed between at 25 |east

t he magnefccordigtorsppartiofilar embuaiiment, theainagretic elEheemaedthnd thenvahdlementnd
its features will be nore apparent fromthe follow ng description of
several efffblixetand oginter Megnetic BPAHE oNeleMERYiSERaYARIes and wit h
reference to the attached drawi ngs, wherein: 30 7 8 " Figure 1 is a
perspective of a partially assenbled thermal generator according to a first
enbodi nenAdeéntageously ctheirecovery RiganseonmpkisssS atleastensof the eleseatssfeom the | y

sim | to the precedi view in . which the thermal geperator is sho in
di £ ofbnt Squitedisistrad drpgepast st gaiainiig RSST ansn Rad o msRne o
ther mal ggp&nIatiRy said r@&lffa?ns?fﬁttiﬁg%id:!cﬂtﬁ ﬁéat%&cﬁaﬂgéﬁ are cross-sections
t aken al ong plane AA of Figure 3A; Figures 4A and 4B are views from bel ow
and in perspective, respectively, of the magnetic nodul ation el ement of
Figure 3AThgri]r9veﬁtigHra so4c%r%cserr?s g Er?ésrsrﬁie-generating method of the type indicated in the
preamble, characterized in that in order to vary the magnetic field received by the
15 thermal element, at least one magnetically-conductive magnetic modulation element
is used, which is displaced between at least an active position in which it is located
near the magnetic element and the thermal element so as to channel at least the
portion of the magnetic field that will be received by the thermal element, and an
~ inactive position in which itis located at a distance from the magnetic element and/or

20 the thermal element so that it has no effect on this portion of the magnetic field.

Preferably at least one magnetic element is used, defining at least one positive

terminal and one negative terminal with the thermal element being located between

them; in the active position the magnetic modulation element is interposed between at
25 least the magnetic terminals of the magnetic element.

The present invention and its features will be more apparent from the following
description of several embodiments given by way of non-limiting examples and with
reference to the attached drawings, wherein:

30



section taken along plane BB in Figure 4A. 10 ™ Figure 5Ais a view simlar
to Figure 3A of the heat generator of the invention according to a second
enbodi ment, and Figures 5B and 5C are cross-sections taken along plane CC
of Figure 5A.; Figures 6A and 6B are agview from bel ow and a perspective
view, respectively, of the magnetic nodul ati on el enment of Figure 5A, and
Figure 6C is a cross- 15 section taken along plane DD of Figure 6A. Figures
7A-7D are a perspective view, an overhead view, and a cross- section,
respectively, of the thernal generator_of the invention accordin

to.
variation, "whrigerer ifa eerspertiveciapaiially aseenplediBenma)aancratepd OJalrgn
el enent of Fi gt'draefirszgrnq%%ir/ﬁeﬁ SHHE iﬁ@érﬂfbﬁSB are a cross-section and a
, 0 a

perspective, respectively not her variation of the nmagnetic nodul ation
el ement; FinguFigares2ARC 2 peespittioes Eissantiallyctimilpetcs thec precedingewew in
respectively, of a third enbodi nent of the heat ?enerato acggd_i ng to the
i nvention: » FVBighde drermal agperatar is shawn indifferant stagesClRSFEEPIGE in t he
drawi ngs t akeng; InORRTA P! : i q t or of
i gur & on; and 90, 36 %D oBfieae VRVl e RTRREdoHBIaor B Fidlieat e
enbodi nent of kighezs 3B gede3Gaoe caasseseatitings takarhalong\pbamne AA ofAggure I&kown i n

the art, a nagpeto- c%}\ori C terial theat enerﬁt.or conpr.i ses theﬁr[agl ?éo
el enents Ti "sublBEtt%e @5 ARYTS TRV FEHN AP IVl PE e Ve ettent s
G. 8 9 Thergml mgbﬁéﬁ@%dﬂlaﬁ&ﬂbﬁrﬁerﬁ Mi@ﬁff&?&@'éﬁ!’d‘ Figlipé &40 & a?dr*é@s—as,
for exanple, gadolinium (CGd) adol i niumal | oy which may contain, for

exanpl e, sili csestiongaken atmgﬂaﬁa R @efjigure 8A. (Fe), nmagnesium (Mg),
at o 11 “or "al Figye BB Ao Srdiar oo of BFnE% SRbe BRALS B istiioh « ne
formof a bl ockecardip@lth BlsecBn@@mBidimant aRdIFiRea BB 4Hd HC afesross-Bectishs ot her
adapted formand it may have as its base a single material or a

taken along plane CC of Figure 5A;

* Figures 6A and 6B are a view from below and a perspective view, respectively,
of the magnetic modulation element of Figure 5A, and Figure 6C is a cross-

15 section taken along plane DD of Figure 6A.

* Figures 7A-7D are a perspective view, an overhead view, and a cross- section,
respectively, of the thermal generator of the invention according to a variation,
while Figure 7D is a perspective of the magnetic modulation element of Figure
7C;

20 * Figure 8A and 8B are a cross-section and a perspective, respectively, of
another variation of the magnetic modulation element;

* Figures 9A and 9B are an overhead and a perspective views, respectively, of a
third embodiment of the heat generator according to the invention;

» Figures SC and 9D are cross-sections of the device of in the drawings taken

25 along planes EE and FF, respectively, of the generator of Figure 9A; and
* Figure 10 is a sectional representation of a fourth embodiment of a heat

generator according to the invention.

As is known in the art, a magneto-caloric material heat generator comprises thermal

30 elements Ti subjected to the magnetic field generated by magnetic elements Gi.



conbi nati on of several nmagneto-caloric materials. Magnetic elements G may
conprise one or nore full, fritted, or |layered permanent 10 nagnets
associated with one or nore magneti zable materials concentrating and
directing the lines of the magnetic field of the permanent nmagnet. The
magneti zable materials may contain iron (Fe), cobalt (Co), vanadium (V)
soft iron, an assenblage of these materials, or any equivalent material.
Any ot her equival ent type of magnet such as a magnhetic assenbl age, an

el ectromagnet, a superconductive magnet, a 15 superconductive el ectronagnet,
or a supefThemizicélemerds Tibzordasl @ meagnetedcaléoc rpatepiahesucbfasiﬁopléxa‘mme, t he
remai nder of the description will use the termgenerator to note é

d
magnet o- c8RER!INtURH G QIQWF'%%P)éMF £ eRTREM: @rt%mﬁl@e
Bef ”1'@9% I
vgr ioz)ﬁsegﬁg'gﬁéi rrgn f tﬂ nnz r?ﬁ&@(:ccg)dphégﬁ%d?? e |hvtaré$1{frlslggﬂs)oi érf}zner al

princi pl esther equpeertti magmmtbl-cakarlcdafratemaje:ﬂi dﬂeyow;emerhlly dhermagmaetbenaimic t he
drawi ngs. This nerator 10-14 c rises net i m)du i on nt s

mhde Q@t%ﬁﬁw b8 it G e B 2 FLIE Bowflena corploBRealp oL pecapy
iron, ferpty ot'h%P“a(ﬁpké’d’ Yorm ‘Hﬁoomrﬂﬁy Neveads Y bEQéTpé)§| 'material or a
nanocorrp03|t permal Toys or any other materiral with si ar properties.
Each rragne@nnbmaﬂdalaitse&arailnmgnﬁto-hqaloriq materiatsoci ated with a di spl acenent

means (not shown) so as to nove alternately between an active and an
i nactive position relative to thermal elenents Ti and magnetic elements G

in order Wgn%gigl&ﬁ%ﬁts%i"ﬁacéy%h?ﬁ?léerbrﬁé'@r FRBE /it ?ntiéc?'di' I%ﬁéjﬁfjﬁrgﬁﬁgﬁherml

el enent s the active position, each fagnetic ement
M, njoi smagouets Besaciateghwithoneebemere Gagaetizable mmtaraialsed:mmaﬁhgtand
prormtepss f the netic %] ttedb netic, el enent. G
{hr ough P inge of R maorti foifjor T bedanant Tsiiatm eI GAgHtZeble
generat i n&a@éhél@%é%ﬁé&wtbih |F&€(F§}%tﬂ$dltqcfd ek}éi"naﬁﬁﬁﬁ' Vf‘ioﬁyrdrhah%%errﬁléﬁeem?nt
Ti. In the inactive position, magnetic rmdu ation el ement ,
di st ancedof these matenats, or ahg equiva@nt anatetal. tAry otiier elqarvaiantTVpQ;of nagnet
| onger has ahn apaoreci apl e .

such as'd magnetic assemblage, an electromagnet, a superconductive magnet, a

15  superconductive electromagnet, or a superconductor can obviously be used.

For purposes of simplicity, the remainder of the description will use the term generator

to denote the magneto-caloric material heat generator according to the invention.

20 Before embarking upon a detailed description of the construction of the various
embodiments of the generator according to the invention, the general principles of

operation will be described below with reference to all the drawings.

This generator 10-14 comprises magnetic modulation elements Mj, mj made of
25 magnetically conductive material such as, for example, soft iron, ferrites, iron alloys,
chromium, vanadium, composites, nanocomposites, permalloys or any other material
with similar properties. Each magnetic modulation element Mj, mj is associated with a
displacement means (not shown) so as to move alternately between an active and an
inactive position relative to thermal elements Ti and magnetic elements Giin order to

30 create a variation in the magnetic field received by thermal elements Ti.



i npact on the magnetic field emtted by nagnetic elenent G, generating a
decrease 10 or a variation in the magnetic field received by thernal
elenent Ti. It is apparent that the active position of magnetic nodul ation
elenent M, nj relative to a pair of netic elenents G and thernal

el enments Ti may correspond to the inactive position of the sane magnetic
nodul ation element M, nm relative to a pair of 15 nagnetic elenents G +1
and thermal elenments Ti+1, the latter elenents being | ocated adjacent to
t he preceding ones, for exanple. The magnetic nodul ati on el enents may be
magnet i ¢ batheeacteapesitibeeachsmagnetimoduolationeternant Mj, mj isclaseiosa magoetst i ¢

ducti vi than. th d i yit ISt bet 20 ti I ts G
and t her relemsteheaa-A el lambnE T o b HEStags o TRE Bayfetic B8R °
posi tion ER@RR BRSRGhEfc ERMYEH TNERUBhAEGH&idYho8lIRHBA @IdrhéntNVIS Arjésward t he
magnetic field t'hrough them then through thermal elenents Ti 1ocated

opposi t e thehmal eement Tivgenenating:an inceeasedndee owagsietiedietd ngceiveddpptheemakd by
a pair_ of !magnglic elenments G and thermal elenents Ti in the active

posi tion, " elenent 25 Ti is subj ected to a stronger magnetic field
than it is subjected to when magnetic convergence elenent M is distanced
fromthe pair of nagnetic elenents G and thernal elenents Ti in the

i nactive podhe imactivehpositigmemiagneticl uhedulatior lelemant Mjaynjaiss distanagdgiiemi ¢

di vergence el epents nj, ~30 de_ of mat erial w.th highe netic.

conduct | vIESNENG men Gl iR hema g T’ 1o dnda’ halBirrésiapt ¢ ha
al | ows it ihSaddPagRs nidtpictilfieR] &MRfEd By mabneti®elentdrit\ G, gdrisratinga ddepsese
magneti c divergence elenments nj pronote the passage of the mnmagnetic field

t hr outh t Aesvaiption tm@ermgg@eﬁlctflelﬁée@ewg@@yéﬁﬂ@mlmmnt &l.enent Ti opposite
it. Thus, when magnetic divergence elenent n is approached by a pair of 5
magnetic elenents G and thernmal elenents Ti in the active position, thermal

el ement  Tiis &sparehi Bt 8@ dctive poditioneifinetic imed Hatin élemepaMj, rj rekaieto fiel d
t han when magnetic divergence field nj 1s distanced fromthe pair of
magnet i ¢ 8l Ratepf snagnelicelementnGi andehanmarielementseTii mayt sareesReaid: foothe

inactive position of the same magnetic modulation element Mj, mj relative to a pair of
15 magnetic elements Gi+1 and thermal elements Ti+1, the latter elements being located

adjacent to the preceding ones, for example.

The magnetic modulation elements may be magnetic convergence elements Mj made
of material with a higher magnetic conductivity than the conductivity existing between

20 magnetic elements Gi and thermal elements Ti, for example, that of the air. In the
active position these magnetic convergence elements Mj promote the passage of the
magnetic field through them, then through thermal elements Ti located opposite
them. Thus, when magnetic convergence element Mj is approached by a pair of
magnetic elements Gi and thermal elements Ti in the active position, thermal element

25 Tiis subjected to a stronger magnetic field than it is subjected to when magnetic
convergence element M;j is distanced from the pair of magnetic elements Gi and
thermal elements Ti in the inactive position.

The magnetic modulation elements may also be magnetic divergence elements m;j

30 made of a material with higher magnetic conductivity than thermal elements Ti, and

10



10 As detailed below, it is of course possible to strengthen the
effectiveness of the two types of nmagnetic nodul ation elenments M, nj by
alternately using, with each pair of nagnetic elenments G and thernal

el enments Ti, one magnetic divergence elgnent nj and one nmagnetic
convergence elenment M. 15 Wth reference to Figures 1 through 6 and
according to a first enbodi nent, generator 10-11 conprises a unit of twelve
thermal elenments Ti arranged in a circle around center A on annul ar
interface plate 20 to forma thermal ring. Each thernmal element Ti conprises
a bl ock oéachatparing- 8 sihapecthahtaliowal it 30 bypass shemaalcelemenbylit wo henactives

(not shown) .openjng through the hot and cold inlet orifjces and th ot and
cold outl B%S'E%' gbﬁg? cgagn VRIGRATS t e@Pdié@i BWé‘aOtFoh}ee?ﬁéégg%ecﬁyp ecei ve
the heat'ﬁfa?ﬂ%ﬁb?ibld"ﬁwromﬁ Witrerh Owis th@%égheaiediél@@ytw@éing RIRETAiEl llémenf Tui d to
be cooled. nterface plate 20 is nade of nechanically rigid thermal

i nsul at i ngppesiterit. al hies) s¥hersmaghetic divengence elememnb oy is appreashed by apaifef het i c

material, or a t he [ terial . o 3l e '
ot e 92’ et ofRln R nhe b sFomBRtset e At b ReSRhethelifalidnet
exanmpl e, ¥ g@ibREtétd@neNinfdgneticiv Bebt leased debRres figld taay whiehahagnetic
equi valent material. It conprises four orifices 21, one of which is a cold

circuit sdpygrgencerfigld g is dissancedbiramdheddain ofgnagnetigelesrents & anshibermabt
circuit s L1 Lce ] - hot circuit discharge orifice. These
orifices g%%%g%éi#hgen'gaéﬁ\ge gégljt'gri]'ned t hrough 30 conventi onal . connecti on and
di stribution nmeans (not shown) to an external hot circuit 11 12 and an
external cold circuit (not shown). Since thernmal elenents Ti are fixed, the

connetf i oAssietailes kelow: s otenursamesaible (@ steanatken theseffpstivenrss af thenaye
m . il e it . al
ey ot bOPE Y R hGAET LS TR Rl SRIHES i PeadtBaibaf Ty !

formed, faragestiopleterttt Giiagiddhesedlielsmghts, Tiosne inlagrietit diveogehde eletnentmph
which the heat-transmtting fluid circulates, each connected to one or nore

heat exch@Rg&ne MagREtiGeRMPrepncAeMINMI. equi val ent cal orie and

15  With reference to Figures 1 through 6 and according to a first embodiment, generator
10-11 comprises a unit of twelve thermal elements Ti arranged in a circle around
center A on annular interface plate 20 to form a thermal ring. Each thermal element
Ti comprises a block of magneto-caloric material 30 and is traversed by two conduits
(not shown) opening through the hot and cold inlet orifices and the hot and cold outlet

20 orifices. These conduits are designed to respectively receive the heat-transmitting
fluid to be heated and the heat-transmitting fluid to be cooled.

Interface plate 20 is made of mechanically rigid thermal insulating material such as,
for example, a composite material, a synthetic material, or any other equivalent
25 material. Itis sealed by sealing plate 22 made of mechanically rigid thermal insulating
material such as example, a composite material, a synthetic material, or any other
equivalent material. It comprises four orifices 21, one of which is a cold circuit supply
orifice, one a cold circuit discharge orifice, one a hot circuit supply orifice, and one a
hot circuit discharge orifice. These orifices 21 are designed to be joined through

30 conventional connection and distribution means (not shown) to an external hot circuit

11



frigorie recovery nmeans. As described below, in this way this heat exchanger
10-11 10 all ows sinultaneous recovery of the calories and frigories emtted
by thermal elenments Ti in the thermal ring. The heat-transmtting fluid is
circulated through the use of a forced free circulation neans (not
shown) such as a punp or other equivalent nmeans, for exanple. The 15 choice
of heat-transmtting fluids used depends upon the range of tenperature
desired. For exanple, pure water is used for positive tenperatures and water
with antifreeze added for negative tenperatures. For very | ow tenperatures,
a gas sucand as ext¢inaincolgycitmitmet shewnhe Sirest thermak alementg Tilane dixedOth8uppl y

and di scharge orifices 21 on each of the hot and col ircuits .are .

i nter conn%?fﬁlﬂf?'ﬁg) of fhee 5[”%89%'3%% Cdrcb‘ﬂﬁﬁﬂi%"l‘%p ly ﬁBg 0@?&%99 BHF'I??E 2} Bace

pl ate 20, ébﬁh%ll isirfplen aiel cenhe @b s(?rvi/ﬁ'&ﬁ%a ) frr'ilﬂ} A8l belrgprnt s

Ti, respe?:(t:i vel gl%%ﬂ{ij&gﬁé SE hg’ hﬂg))farghénﬁel conrnects} t he stuBm y and dirsgﬁar ge
orifices conndetorisot circuit with the hot inlet and outlet orifices.

Li kewise, the cold channel connects the supply and 25 di scharge orifices on
the cold circuit with the cold inlet and outlet orifices. These channels

nmay connethe bREMAI Nt bAARBIGCilduitsmapbéfdrided) forl ékapis|b €6F. rigi eseni|rigi@cor made
by machi ning or nolding, for exanple. Generator 10-11 conprises twelve

magnet i ¢ B¢ablernondaits thrauah whightpe degi-trens@iitisg Hpiddircatate s aaghcoppsEiedy e

mmonet i o 15 R AF el AR ey (B B G EhF oMer ey Bornd BREF
around ceftigefiefeSOver§ mcariy eAl apstMssdBeloR) RIBIREWayl thi® AeahexdhargBRl 01i1Ng.

Qbvi ously, ~nmagnetic elements G nmay have any other appropriate shape. 5
Wt h 1@f eallows sipultaneeuss recavery wrfhtheccalonies Larthfpgaries emidedpey tbpenaings on

magneti c .G ar jented axially, generally parallel to the axis of
the ci rclgﬂeﬁp‘%@%ﬁhg ?‘%rtgﬁﬁhbw}ﬁd defined by magnetic elenent G so as to

define, relative to the thermal ring, an exterior magnetic rim- for
exanple, a negative rim and an interior nmagnetic rim- for exanple, a
ge oisephafarced or free circulation

positive fhaheattrapsmitiingfyid iseirculatasshrauand
means (not shown) such as a pump or other equivalent means, for example. The

15 choice of heat-transmitting fluids used depends upon the range of temperature
desired. For example, pure water is used for positive temperatures and water with

antifreeze added for negative temperatures. For very low temperatures, a gas such

as helium may be used as the heat-transmitting fluid.

20 Supply and discharge orifices 21 on each of the hot and cold circuits are
interconnected by internal hot and cold channels (not shown) on interface plate 20,
opening opposite inlet and outlet orifices on thermal elements Ti, respectively. Thus,
the hot channel connects the supply and discharge orifices on the hot circuit with the
hot inlet and outlet orifices. Likewise, the cold channel connects the supply and

25 discharge orifices on the cold circuit with the cold inlet and outlet orifices. These
channels may connect thermal elements Ti in parallel or in series. They may be

made by machining or molding, for example.

Generator 10-11 comprises twelve magnetic elements Gi, each U-shaped or C-

30 shaped, defining a positive magnetic terminal 40 and a negative magnetic terminal

12



10 positive or negative termnals in no particular order. Thus, each thernal
element Ti is |ocated between a positive magnetic termnal 40 and a
negative nagnetic termnal 41. The magnetic nodul ation nmeans conprises six
magnetic convergence elenents M and s1§ magneti c di vergence el enents nj
arranged in a circle with center Aiin an 15 alternating pattern and held by
support 52a. Magnetic convergence elements M conprise two convergence

pell ets 50 | ocated opposite each other and separated by a space |arge
enough to receive a thernmal elenment Ti without any contact between these

t her mal eHénditeseThagneticratpmearits Glarmarsargedoat a distanesimaicegcenidmeircle

Va div ch f sh 51 th
ovor aps SIS K6 Ardp Suftara etmer eieBiants i SR BTN Bl meTrTY BoavgHey:
and the npgRAkLE elérﬁéﬁ‘ﬂsr@ﬂ r%aﬁ@ravéjarghﬁheﬁé'ﬁpﬁr@kbﬁﬁté §9dpe. I n this exanple

magneti c convergence el enents magneti c divergence elenents n] are
arranged in an alternate pattern on support 52a. Thus, in a given

o “ovely MREPSblseRol Bl FHoUEAS. Y Ui 0¥ 5@5@@%@6@%&3{‘““

are loca rreﬂcfelr@nem@@i é\*e%rfé?ﬁéd aRERNt gsHeraMepiraliener thehsigred thel criernt
Ti +1, Ti +3. ﬁort conprises a general ly circul ar platform 52a coaxi al

to the rra@ﬁé%ll'\@thrphlﬁ Arnd defenadiey mapnetingleneim (i sgasde dgline delative ta e

U shaped e e form
52 equi ppieHae rvﬁ\;'naiﬁﬁﬁb%rs‘%we?foggﬁgq%or rﬁjn %Dpéiafa&l %ﬁqé%g“gg ?ﬁ %’d,\%'ﬁghstg EF 40)
whi ch r eceiaghetibeim aifweaasbm apssitiverim Fogosreserddly, érlir)corﬂbfnatnon@f pamsef in
which thermal elenents Ti circulate freely without contact. This platform

52a | 40 mm@eSVE REORGRIEAETPINAI BN PATCWaY eidesl Thueheal) thepnalalempnl is
syntheti c, &y étbv%enbé ;?551 |vé)rtn%\%1§t|c ?éer%l‘ﬁWan%ea é?we%#aneltiztérﬁ]n’rémqeo' to

ab drsplacenen neans be rotational e around
|ts axis passing through A The dlsplacenent means may be connected to an

actuation_neans such as a notor, | i nder, a spring nmechani sm an
aer ogener dN§rmagpetia eedvigtiag ,r,r@ansacom rises six magnetic convergence elements M;

and six magnetic divergence elements mj arranged in a circle with center A in an

15 alternating pattern and held by support 52a. Magnetic convergence elements M;
comprise two convergence pellets 50 located opposite each other and separated by a
space large enough to receive a thermal element Ti without any contact between
these thermal elements Ti and magnetic terminals 40, 41 surrounding them.
Magnetic divergence elements mj each define a U-shape or C-shape 51 that overlaps

20 certain thermal elements Ti between these thermal elements Ti and the magnetic
terminals 40, 41 that surround them.

In this example magnetic convergence elements Mj and magnetic divergence
elements mj are arranged in an alternate pattern on support 52a. Thus, in a given
25 position, magnetic convergence elements Mj are in the immediate environment of
every other thermal element Ti, Ti+2 and magnetic divergence elements mj are
located in the immediate environment of every other thermal element Ti+1, Ti+3. The
support comprises a generally circular platform 52a coaxial to the magnetic rims and
the thermal ring. Convergence pellets 50 and U-shaped or C-shaped divergence

30 elements 51 are integrated with platform 52 equipped with housings 53a for this
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10 hydrogenerator, or any other suitable actuator. They drive platform 52a
in displacenent, for exanple, in continuous rotation, stepping rotation,
alternate pivoting, or any conbination of these displacenents. The
operation of generator 10 can be brokenmglomn into two steps that occur
either 15 continuously, in stepping novenent, or alternately, depending
upon the displacenent neans used. By way of exanple, the two steps are
descri bed bel ow sequentially. oviously the passage from one stage to the

next my be pro%ressive. t will be assuned argitrar'l t hat magnet |

el ement's RHIRO§EL(CE Fgurepdn 4C) Whick receive Higheap @.Sb‘Z%“%(ﬁfi QureRd i‘ﬁél
step, and_,si t e | g : di sed
bt neen 3ol THHSPRERE T} Yhich) tnclifialBRRTAE 17 YRRy IR contact THRS

el ement s Giatfoanus24 he rhade of ahagheticalgniesulating | rebtisiay svehass dfobyexangsle,

magnetic elements G to pronote their passage through the 25 el enents and
t hrough t AYMABHC dnalesialss Eyqa,ss;r?b;gnzq:hagiynlﬂﬂ n&8r8Monéter gdhde okedniths M

are 105t Ngipfddatifert deand dteitwriicsd 8s 1 Bl RkatRlr 2y hovable atbiid 18k
receive a rger anount of the magnetic field than they woul d have received
absent t passingdionoeighd.conver gence el enents M. Furthernore, these sane
magneti c convergence elenents M are in an inactive position relative to

adj acent thermal 30 elenents Ti+1 and Ti +3, over which they exert no

i nf | uenceThgldfddI¥&Grhéntiri8am@ R Hecconkbcldd tofdrPadlSatich WelahB sLBR\s¥ Rotor,
subj ected. Thermal elenments Ti, Ti+2, subjected to the 1increased magnetic

field, heat aypndathen tspaingninecharnismcadnr eegogeneratorhcn helectrotagnety t& i ng
fluid,in the hot circuit toward the. calorie exch ers,.5 2 net,i c.

i ver Yinc DYGroBRDATAIOF oy AR 2lien, SUidaR BT her THEY elrivRe RIatETTY 925T/n, 3 and
COr r espongigpthdBReEHL if6r ARG S ifScomtiM8nds réﬂﬁoﬁ?fété@ﬁin@ Agtidr) chlterHates hape
or C-shape the lines of the magnetic fields generated by these magnetic

el enents @ivolingcor appessbinationdf thesedisplacgments. Ti +3. Thus, magnetic

di vergence elenents nj are in the active position relative to thernal

el ements Ti+1 and Ti +3 10 which receive a nearly non-existent quantity of

t he magnetrhe dpeghtibribigémeratt €Y €4 be broken down into two steps that occur either
15 continuously, in stepping movement, or alternately, depending upon the displacement
means used. By way of example, the two steps are described below sequentially.

Obviously the passage from one stage to the next may be progressive. It will be

assumed arbitrarily that magnetic elements Gi emit their magnetic field permanently.
20 During the first step, and simultaneously:

1) The magnetic convergence elements Mj disposed between each thermal element
Ti, Ti+2 and the corresponding magnetic elements Gi focus the lines of the magnetic
fields generated by these magnetic elements Gi to promote their passage through the
25 elements and through thermal elements Ti, Ti+2. Thus, magnetic convergence
elements Mj are in the active position relative to thermal elements Ti, Ti+2, which
receive a larger amount of the magnetic field than they would have received absent
these magnetic convergence elements Mj. Furthermore, these same magnetic
convergence elements Mj are in an inactive position relative to adjacent thermal

30 elements Ti+1 and Ti+3, over which they exert no influence relative to the magnetic
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clearly less than they woul d have received absent magnetic convergence
elements nj. Furthernore, these sane nmagnetic divergence elenents nj are in
the inactive position relative to adjacent thermal elenents Ti, Ti+2 over
whi ch they exert no influence relatlveq§o the magnetic fields to whi ch t hey
are subjected. Thermal 15 elenments Ti I +2, subjected to the reduced
magnetic field, cool down and transmt thelr frigories to the cold
heat-transmtting fluid in the cold circuit toward the therm e exchangers.
Then, the follow ng effects occur sinultaneously: 20 - a magnetic

conver gerfiads ¢ovavhich Heeyrare @Iubmted; Tihermak 2leghénrts Dedotd $idzieeted t@ithe t he

i nterventjion of na net and netic diver relative

to ther ndf";@aéﬁgrff‘gg@? ‘if'elﬂer%att Ct&%sn&lggﬁelr rlﬁfsgoﬂ? ?f\ol R&aF; st

step to tignsreatiepruibhe ted Aol @Fc@ﬁawammzescalbhégic@é@gér@rm 52a 25 one step
corresponding to the di stance between the centers separating the two

adj acent thermal elenents Ti, Ti+l so as to nove: - nagnetic convergence

oot = H{mBghURea, IR i BhEHR bt i San P RBURRP BRI TR ¢

Ti, Ti+2 ppgd aﬁﬂ)céﬁéés@rmngll netinslehentd GreiVergel andl8efiéct dibag mpéir ¢)-ement s

Ti+1, Ti+3, subjected to an |ncreased magneti c f| eld, heat up and transmt
their cal $18ResOr GhBhape fee faps @if dhernagnetic fields, genaspiast by these mrgnetic

the secortelietts B hidPalthaBIREAr R TrFL VYA EE whopPls FRBREHES, ang
so forth, elearmtomjtdre ihhneradtivelpostivnsrelativeTtotthermal-8lements Thet rgdt Tiv3
al t er nat el é subj ect ed to the increased and decreased ﬁénetl c field, causing

a  vatl atyBishiTRCEiN ATt Ren-BxistentyaEpity ahibe dnasnetis Id @ddR 26y T¥enbor | e
and/ or caligLlieRsss th8n they would have received absent magnetic convergence elements

mj. Furthermore, these same magnetic divergence elements mj are in the inactive
position relative to adjacent thermal elements Ti, Ti+2 over which they exert no
influence relative to the magnetic fields to which they are subjected. Thermal

15 elements Ti, Ti+2, subjected to the reduced magnetic field, cool down and transmit
their frigories to the cold heat-transmitting fluid in the cold circuit toward the thermie
exchangers.

Then, the following effects occur simultaneously:
20 - a magnetic convergence toward thermal elements Ti, Ti+2 which become heated
with the intervention of magnetic elements Mj, and

- a magnetic divergence relative to thermal elements Ti+1, Ti+3, which become cool.

To pass from the first step to the second, the displacement means drives platform 52a
25 one step corresponding to the distance between the centers separating the two

adjacent thermal elements Ti, Ti+1 so as to move:

- magnetic convergence elements Mj between thermal elements Ti+1, Ti+3 and

corresponding magnetic elements Gi, and

- magnetic divergence elements mj between thermal elements Ti, Ti+2 and

30 corresponding magnetic elements Gi.
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Wth reference to Figures 5 and 6, generator 11 is distinguished fromthe
preceding one by the fact that the magnetic nodul ati on neans conpri ses si X
magneti ¢ convergence elenments M, but no nagnetic divergence el enents.
Magneti c convergence elenments M are aﬂganged essentially identically to
the preceding 15 exanple, with platform52b being solid between magnetic
convergence elenents M. The operation of this generator 11 is generally
simlar to preceding generator 10. Every other thermal elenment Ti, Ti+2 is
subj ected through the intervention of a magnetic convergence elenent M to
an increased magnetic field. The other thermal 20 el ements (not shown) are

subj ectedfo a decrea netic fiegld the latter bei ,ffused an
restrict eEF‘BS&“?' e@_eg%:ﬁé-qg?w ’QVPJSFfﬂcg?@WS'?@Sﬁg @@%&iﬂ%ﬂdm&%ugﬁ or
neutral bapghRsthair EAbries GHNEINEMMaBBlenférts aTie Tifp esmsjeeRdor) WegBaREYNet i ¢
elements G and thermal elenents Ti. 25 Wth reference to Figures 7 and 8,

gener at or Bappeti¢ Selsk soat dewn anddeansmybtheirdriga@es.pr ecedi ng ones. They are
di stingui shed primarily by the fact that they conprise eight magnetic
el ements G and eight thermal elenments Ti. In addition, the U shaped and

C-shaped gpepaRgage frofABIB&IdCcoNE ISR & nbiv s [$begine Wittttheadtaalonyof itform
generally perpendicular to the axis passing through defining. t

A
magnet i ¢ PRasAnst sgdpethaergh 3 thgutkheraahetaneentsi Tih Tetht Jé#%.“*r%@@jﬂé?@t%

54c-d in f N I r. i 7 . at. f
gener at or g |t%a?%l{pes§1§> er???ilt(m%s)i' m gg%&&aﬂdné?crg% g?éem%gﬁ;ééécgﬁﬁlg‘, tcég%'ig ators.
I n the exaamdtion in thé mageetid Aeldivhith éavorg tias prodoption ef frigorie®and/ot caforieses

four 5 magnetic convergence elenents M and four nagnetic divergence
el eneh?s nj arranged in alternation and supported by platform52c. In the

exanpl e i gk 1 %d@ew i A W‘?E | our

magneti c %@v%ﬁ%@ﬁgg'?%%%?g , n%fomgﬁg;d #%‘1}‘59@8?‘83@2 e {réec%'? ghé

Magneti c of@ lppnherfgentieatetrmremignetic madiptatoe bheansCesinppess vBix magretahes

defi ni ng convergence pell ets 51 arranged %e,ner_al Ia/ the sane as in the,

pr ecedi ngCeRYgfgPace elements Mj, but no magnetic divergence elements. Magnetic
convergence elements Mj are arranged essentially identically to the preceding

15 example, with platform 52b being solid between magnetic convergence elements M;.

The operation of this generator 11 is generally similar to preceding generator 10.
Every other thermal element Ti, Ti+2 is subjected through the intervention of a
magnetic convergence element Mj to an increased magnetic field. The other thermal
20 elements (not shown) are subjected to a decreased magnetic field, the latter being
diffused and restricted by the U-shape of platform 52b whose magnetically insulating
or neutral branches 55 (cf. Figures 6A, 6B, 6C) are interposed between magnetic

elements Gi and thermal elements Ti.

25 With reference to Figures 7 and 8, generators 12 are essentially identical to the
preceding ones. They are distinguished primarily by the fact that they comprise eight
magnetic elements Gi and eight thermal elements Ti. In addition, the U-shaped and
C-shaped openings on magnetic elements Gi are oriented radially and generally
perpendicular to the axis passing through A, defining two magnetic rims of generally

30 equal diameter with center A. Thus, slots 54c-d in platform 52c-d are formed radially.
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pl atf orm 52d bei ng solid between these nmagneti c convergence elenents M so
as to be interposed in the nagnetic field. 15 Figures 9A-9D illustrate
anot her enbodi nent of generator 14 according to the invention. This
generator 14 conprises ten thernal elen? ts Ti disposed along two |ines
hel d by interconnected cross-pieces 70 formng a frame 72. This frame 72
conpri ses supply and discharge orifices 71 for the cold and hot circuits
connected as previously described through channels that are not shown. 20
Sai d generator 14 conprises three magnetic nodul ation elements M held by a
support cdimpr opénajion gegenetdtyrsr 2t isl easentidiiyr sislar goothatieaf thet weeceding:
lines of thermal elenents Ti. Said bar 52e is nmade of nechanically rigid
thermal | 980FPEPSg material, for exanple, a conposite material, synthetic
material, or any other 25 equivalent material. Magnetic nodul ati on el enents
M are arranged on either side of bar 52e so as to overlap every other pair
of ther malln ¢heearampleTin Fipuress dA-7TID +he Magaetic modutationexeaps compresasdguet i c

nodul ati on el epents are tic .converge eIe SSIb|e

o - coub s MaastE e Biench Fiprusnie f Seh RS mpore divetends, slnpat

di ver gencer@hgeam Biteiaish ar%egupmm paFeRh&BCcW th the di splacement neans
in order to nove in translation and thereby di spl ace magneti c convergence

elenents M relative to thermal elenents Ti. This translation my be

rmgnet o a1 RSHEANE 1o RlguPed BABPHARD e FetRER Rl Rpichimea R EBRERSE 6P | ,

rows, eaclmagnstidebhiereneedldrestsmgbet nemagiatio diverdéhoeslernegtat | n&ﬁ@netl c
termnals 41 (Cf. Figure 9C and 9D), overl apping thermal el enents ei t her

above10rra@ﬁ@V$eré‘§ﬂv@lQ§@m§ M) efempgs@| Uorore Cselapase Wity hraecla@%r@@flrmg of

5" Howeveronikrabtich befRCSH fahted ghefily e RERFL 8 ) 1k oickellilt Efipde, 2
nmagneti ¢ platforer §Ehbeinglselid bietwdén tHelse magetic converjehdeselamenty Mpk@dsms

limted b){) bar 52e as it
e interposed in the magnetic field.

15  Figures 9A-9D llustrate another embodiment of generator 14 according to the
invention. This generator 14 comprises ten thermal elements Ti disposed along two
lines held by interconnected cross-pieces 70 forming a frame 72. This frame 72
comprises supply and discharge orifices 71 for the cold and hot circuits connected as
previously described through channels that are not shown.

20
Said generator 14 comprises three magnetic modulation elements Mj held by a
support comprising a generally rectilinear bar 52e provided between the lines of
thermal elements Ti. Said bar 52e is made of mechanically rigid thermal insulating
material, for example, a composite material, synthetic material, or any other

25 equivalent material. Magnetic modulation elements Mj are arranged on either side of
bar 52e so as to overlap every other pair of thermal elements Ti, Ti+2 or Ti+1, Ti+3.

In this example, the magnetic modulation elements are magnetic convergence

elements M. It is possible, of course, for an essentially similar generator to use

30 magnetic divergence elements.
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was by platform 52b, 52d, but sinply by air or the anmbient mlieu existing
between nmagnetic elenments G and thermal elenents Ti. The variation in the
magnetic field is 15 therefore obtained by virtue of the different magnetic
conductivity between the air and/or thggambient mlieu and the magnetically
conductive material of nmagnetic convergence elenents M. In the exanples
descri bed, magnetic elenents G and thernmal elenents Ti are fixed. 20
Qoviously, if it is necessary for the general operation of an installation,
one or the other could be novable. According to a variation not shown, the
magnetic el enents may be made of one single piece. In the case of circular

Pnter o RaBS2RSETReRtF 4t it fEpRergisal Mearn ok 14 Mavg i Eegeidiat
nmagnetic fﬂéﬂébyﬂaiisﬁl’écerfﬁéﬁﬁetﬁf@r{v%wélémbﬂtstlh dRebitie@hSEhenid. t he
thermal el ements and are not |ocated between them In this exanple,

gener at or Th® angalier maw feeceordingiousr glappindi redltaraating.njSaid| gensfater ak4 or m

52f with s A tati . I { i.th - - l'id
Jones on PPy S {<BPebRaf katRYE B et s BLdrEioed el o iR ING ey =
| east onejrf Iy EackOdWidefininaisstiveomalgneRe téyinale 4hapd mdgdtivermagnesticement
Ti and nagnetic termnals 40, 41 so that in the active position, 1t can be

i nt er poseterounaledd (Gfabigere 8G andrPR)| ever@pping thiermalielemeaste Jé eithereabrye
i ' i d th | el Ti. |
e ace; vnelE EonVBRRECE Sib BN B Ristfnefs, SO0 L o ¢ hermal el errent s

Ti and magnetic termnals 40, 41. The thermal elenents are separated from

magnetic termnals 40, 41 by an air-gap E.ranging from 0 mmto 50 mm and
pref et@bl Y he@peratipofisaigersiaior] 4 ispgseptialbhgimiar ta generataryld infdgures Gand
i nactive id i : 5 ! el Frsdw iC
10 term ngﬁé leoﬂgi’f@gﬂdﬁ gl\ré,ﬁn% &gpganewr%ﬁ llticb.)npﬁegg{pg}agtl onggé\@ﬁ{}g gener at or
13 i s esseonhvergeyce el@nments M), themeagratic field et bincked or destedibydshrsi2etastine
difference that here neti c divergence. el epent ], rather tha
! was by platform 52b, %gd butI g’imp?y By air or tﬁg arrslbig}wf mil?eu existting Between
magnetic elements Gi and thermal elements Ti. The variation in the magnetic field is
15 therefore obtained by virtue of the different magnetic conductivity between the air
and/or the ambient milieu and the magnetically conductive material of magnetic

convergence elements M,;.

In the examples described, magnetic elements Gi and thermal elements Ti are fixed.
20 Obviously, if it is necessary for the general operation of an installation, one or the
other could be movable.

According to a variation not shown, the magnetic elements may be made of one
single piece. In the case of circular generators, there may be solid exterior and
25 interior rims and/or an interior hub.

According to another embodiment shown in Figure 10, the magnetic modulation
means are tangential to the magnetic elements and the thermal elements and are not
located between them. In this example, generator 13 comprises magnetic divergence

30 elements mjheld by platform 52f with axis A, rotationally movable and alternating with
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magneti c convergence el enents, are used. In the inactive position, nmagnetic
15 divergence elenent nm is distanced fromthermal elenent Ti and from
magnetic termnals 40, 41. For this reason, the magnetic field passes
freely through thermal elenment Ti, whigh becomes heated. In the active
position, magnetic divergence elenent nm is tangential to thermal el enent
Ti and to magnetic termnals 40, 41. Since nagnetic divergence el enent m
has a hi gher nmagnetic conductivity than the 20 air or the anbient mlieu of
air-gap E, the magnetic field is deflected, avoiding thermal elenment Ti,
whi ch coothe sthidhzonghion platfennad2i Barhimagestihdivergensg elRmepumhe@mpHse®albt her

e el polEasl oS EaMaERalt wiR Shases Samp sy RibeSe SkEMa B8R Bland
of an i nsiaighatit MinihalBaet 4¢ QBRhAGA the SctRie ititidr, # calP@ihtePoSEd between

architecture, since it is easy to achieve displacenent of the magnetic
nodul at i omagnetieermingtscA0,géhayitiostt, howevernbgingifieiprosed hetveen snagnalitber of

t her el enent s, neti.c e n n r ti G, [ 2Nt s
From Bihalo MU 40T R age e Sbee onhbie AR ResTics Mt B tIsis 20
Thus, gengfRjedtial & Ierfi\dig@ents T ERldemaEBABSC ftefmiparA40! Ba. f TheaherfakrNd/ or
calories, since only the nmagnetic nodul ation neans needs to be displ aced.

These fr elponerds asseparated fsemiragonsiiateadinats 4& 41, byapair-gepduranging temai r

condi tion i i LRE, p ; hhey. P! trial
ol i cat 1 SuRe' L aBo (FREROR 1S uBePt BRE' TS Villel £ R8Tl fo PR

gener at or ad¢iveldncinattivep esitiomy ane allbwgthe magrastic field td pass betweein magmeatid s and
considerably limts the inert masses that nmust be displaced in order to
achi e¥@ t HsMiRRad0i 411ansl thegmal /lement Thecessary for producing the nagnet o-
caloric effect. 10 In the exanples shown, the anbient mlieu is the air. It
is apparent that generator 10- 14 could be used in any other type of adapted
anbi ent niTheesperafion 6f this gepestoml 8 id essertiallp sirmitar tat genetbtot 4 1comepiouslyng a

specific idggc?rgbr:e%l wi?rmmieegiit’ferrgnlcie?ﬁatshue?g maasgnaetig%isv’ergence elements mj, rather than
magnetic convergence elements, are used. In the inactive position, magnetic

156 divergence element mj is distanced from thermal element Ti and from magnetic
terminals 40, 41. For this reason, the magnetic field passes freely through thermal

element Ti, which becomes heated. In the active position, magnetic divergence

element mj is tangential to thermal element Ti and to magnetic terminals 40, 41.

Since magnetic divergence element mj has a higher magnetic conductivity than the

20 air or the ambient milieu of air-gap E, the magnetic field is deflected, avoiding thermal

element Ti, which cools down.

This generator 10-14 may be or may not connected to other similar generators, said
connection being either a series, parallel, or series/parallel combination, in order to

25 increase the thermal capacity of an installation without complicating either its
operation or architecture, since it is easy to achieve displacement of the magnetic
modulation elements. Each generator 10-14 may comprise a different number of
thermal elements, magnetic elements, and/or magnetic modulation elements from
what has been described, there being no limit to the number.

30
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sai d generator 10-14 being located in a different external anbient mli eu,
for exanple, another gas or sone other fluid. In these cases, the two
anbient mlieus could be 15 isolated fromeach other by a case, for
exanple. Fromthe description, it is clgﬁr that generator 10-14 of to the
invention responds to the objectives set forth by proposing a generator
10-14 that is efficient, offers sinplicity of design, operation, and

mai nt enance, and therefore is | ess expensive to 20 manufacture and use than
conventional generators. In addition, it considerably limts the inert
masses t hdhusugeneratoli 4Pt erovidesralsimple msansvior tpreduaingatrigenes ramndignet i ¢

s Cnot 1| FRERRY SeR P BReT ATy R R it hr e o BR RiESE] TR, "
any nodi f kgdrielhrfthlofdd Mby BB LRBMItOHEat, @od|, REiate, SKajk terdition bifgildihg, avhi | e

still remaining within the Scope of Ero_tectlpn defined by the attached
cl ai ns. 20aEhineCionlavelate; heyeate ysefol it indugtrial applicationsragwetl @scdproestic

magnetbo. Bvente Pl Rt Phris oielor 10SREAu iy oY sefftingPRms
el ement (i thehiBérgallcireait€8n@BBRSIHERDHAIIHitSB@IABH tnsdserrnat @ besdisplacedn be
subjected to at | east one portion of said magnetic field, said heat

gener at or i amsier i achigye thefpagretinfield yaatienshraassarydar pregdHang e magnetot or
varying tgglo%%tcic field received by said thermal elenment (Ti) and a neans
for recovering at l'east a portion of the therm es generated by said thernal
element 10 (Ti) subject to this variable magnetic field, characterized in

that said nagnetic nodul ation nmeans conprises at_ | east one magnetic

nodul 39 ol Bless@mplesphov) theampientmitiggriethecair | isanpaient that gensigloedOni th a
di spl ace t -alter I i q i |d: etic
el onent - ( G coEBE e84 i ahf oerive ofialRb@et Jfbishy bt X aRoTRSHIRRIC 7

\(/vhi )ch ig iuﬁed @@mel ramrlslm'-m n:aﬁ’rpersing elspeeifﬁb ir(té‘idr)al anbidsst m?iedﬁdmﬁrisab geb{elmegt
Ti) and channels at |east t ortion of said magnetic fi el that w e
recei ved BidQaneraive Rel4 keia t?én”)% d%ﬁﬂergﬁxie,ﬁra%tqro@eﬁbgylﬁiofﬁr PYAMRECh

another gas or some other fluid. In these cases, the two ambient milieus could be

15 isolated from each other by a case, for example.

From the description, it is clear that generator 10-14 of to the invention responds to
the objectives set forth by proposing a generator 10-14 that is efficient, offers
simplicity of design, operation, and maintenance, and therefore is less expensive to
20 manufacture and use than conventional generators. In addition, it considerably limits
the inert masses that must be displaced in order to achieve the variation in magnetic

field necessary to produce the magneto-caloric effect.
The present invention is not limited to the exemplary embodiments described, but

25 extends to any modification and variation obvious to a person skilled in the art while

still remaining within the scope of protection defined by the attached claims.
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it is distanced fromsaid magnetic elenent (G ) and/or said thermal el enent
(Ti) and has no effect on this portion of the magnetic field. 20 2. A heat
generator (10, 11, 12, 14) according to claim1, characterized in that said
magneti ¢ nodul ation elenent is a magneté'f convergence elenent (M) nade of a
material w th higher magnetic conductivity than the conductivity that exists
in the anmbient mlieu separating said magnetic elenment (G ) and said
thermal element (Ti) and in that said nagnetic convergence el enent (M),
when in the active 25 position, pronotes the passage of said nmagnetic field
toward saClAIMSrnmal elenment (Ti), resulting in an increase in the magnetic
field crossing it. 3. A heat generator (10, 12, 13) according to claim1l,
characterized in that said magnetic nodul ation elenment is a magnetic

di vergence el REBNGerdFhior TRdR14f with mdyrBié-Raidtic Mhfdhiahtemprisioaaéas one
conductivity than"said thermal element (Ti), in that 21 22 "said magnetic
di ver gence dhemmailt elementhds), aat leasts pnenmaghatie aelerment §qi)byigagenasaling eher nal

Ceast e poPRRGH Coeidareidgima: QoMo aTs PriAiRaRd bifaste. slfmgSidlie
t her eby \A/e%f@rnieﬁg([@iljlg? Wﬁt&é subjeeled tb@‘leé‘ét%éﬁ‘brﬁén oPsdid Mabsetic fagger at or

(10-14) according to claim1, characterized in that said magnetic
nodul ati on &laichbeat gaverater (1G-34 halsa sompsising magaetc mpdutationaeearsmdMjom;) he

T ovsr S chpbyaiind bR Thdk iR B By Sa 0t mareftneh PTil 3 ety
A heat generfat @col(dfing dQkastFPoibRGf th thlefmids genensted byszid tier@al siéfleht t hat
it conprises at |east one nagnetic convergence el enent and at | east

one Hgnet i(&i)EuRiggdadbiseyal magneticdield,| ekaragiesizgd pn W@@ $aig rpagretife of
e oS! i PR o h B ghol b AL RehL o, )
that is magnetically conductive, coupled with a displacement means for alternately
displacing it relative to said magnetic element (Gi) and to said thermal element (Ti)
between an active position in which it is close to said magnetic element (Gi) and
15 said thermal element (Ti) and channels at least the portion of said magnetic field
that will be received by said thermal element (Ti), and an inactive position in which
it is distanced from said magnetic element (Gi) and/or said thermal element (Ti)

and has no effect on this portion of the magnetic field.

20 2. Aheatgenerator (10, 11, 12, 14) according to claim 1, characterized in that said
magnetic modulation element is a magnetic convergence element (Mj) made of a
material with higher magnetic conductivity than the conductivity that exists in the
ambient milieu separating said magnetic element (Gi) and said thermal element
(Ti) and in that said magnetic convergence element (Mj), when in the active

25 position, promotes the passage of said magnetic field toward said thermal element

(Ti), resulting in an increase in the magnetic field crossing it.
3. A heat generator (10, 12, 13) according to claim 1, characterized in that said

magnetic modulation element is a magnetic divergence element (mj) made of a

30 material with higher magnetic conductivity than said thermal element (Ti), in that
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6. A heat generator (10, 11, 12, 14) according to claim1l1, characterized in
that, at least in the active position, said magnetic nodul ati on el enent
(M, n) is interposed between said magnetic elenent (G ) and said thernmal
element (Ti). 20 7. A heat generator (4#4-14) according to claiml1,
characterized in that said nmagnetic elenment (G ) conprises at |east one
positive magnetic termnal (40) and at | east one negative magnetic term nal
(41), in that said thermal elenment (Ti) is located between said magnetic
termnals (40, 41) and in that, at least in the active 25 position, said

nmagnet i ¢ nodedidmagneticedivengenng element @nj) has@bersd apershape het ceadypassi d

tict i.nal 41). 8. . 12 . di
fo el ai ms. 2, A gigina! ST B SR RE L Bf e ey brston, T dendagat @ ™
el ement (M )leashdrié PORICHGF A8 \RAGRARSINE floph 8aid3te(rna) elentaredTi)Mivsebyr t he
active position, on either side of said thermal element (Ti) 22 23 between

sai d t her mal wedksning thermagastic figldthah gFassee itt er ni nal s (40, 41), 9. A heat
generator (10, 12, 14) according to clains 3, 6 and 7, characterized in that
sai d gnetic divergence elenent (nj) has a U shape or C shape (51), wthout

5 shape | i4ni Adbpgenstatirgned 4) acenrdingto.cldin 1, @haradterizdinabai said peghbiion,
said thermal elenent (Ti) between said thermal elenent (Ti) and said
magnet i ¢ t er MPAEladiopsgement (Mj101) 1§ Rexaniggrarsly onade9f at i Pbthe ai ns
3 and 7, ch ' e Dy t [ 0 IC it \4 I n ] )

- conpri ses af% ?géa'{glé és%gedé%%tfgﬁl tf\%ogso%{;g@%ﬁgﬂgl S%t@d&? e’l\%ﬁ@ﬁgi. n hée"d ctive
posi tion, tactyentiuml vamadiamg cohgosites ahaneodrapddites, pedmabloysai d magneti c
termnals (40, 41), with air-gap E which separates said thermal el enent
(Ti) filPom sai d magnetic termnals (40, 41) remaining fee. 15 11. A heat

generator g 18) ' [ ; >terd ' | aikksgap (E)

ranges fr 05(m/§ hﬁ%??%hgba%rntgbhﬁzﬁs&ggbe "2:- g@:&%g%éﬁﬁgﬁ%f%%eq%cg |ﬁélg§[1t9if‘

gener at or ( 1€orig)ises abltehst pricomagaktie ddneerggéncehelemeiné(Miednd rattlbast sre d
magnetic divergence element (mj) for alternately promoting passage of the
magnetic field toward said thermal element (Ti) and deflecting said magnetic field

15 from said thermal element (Ti).

6. A heat generator (10, 11, 12, 14) according to claim 1, characterized in that, at
least in the active position, said magnetic modulation element (Mj, mj) is
interposed between said magnetic element (Gi) and said thermal element (Ti).

20

7. Aheat generator (10-14) according to claim 1, characterized in that said magnetic
element (Gi) comprises at least one positive magnetic terminal (40) and at least
one negative magnetic terminal (41), in that said thermal element (Ti) is located
between said magnetic terminals (40, 41) and in that, at least in the active

25 position, said magnetic modulation element (Mj, mj) is interposed between at least
said magnetic terminals (40, 41).

8. Aheat generator (10, 11, 12, 14) according to claims 2, 6 and 7, characterizedin

that said magnetic convergence element (Mj) comprises two convergence pellets

30 (50) placed, when in the active position, on either side of said thermal element (Ti)
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magnetic element (G) is U shaped or Cshaped with no [imtation in shape
and 20 designed to overlap said magnetic nodul ation elenent (M, m). 13. A
heat generator (10-14) according to claiml, characterized in that said

di spl acement neans is designed to drivesaid nmagnetic nodul ation el ement
(M, m) in at |east one of the displacenent nodes selected fromthe group
conprising 25 continuous rotation, stepping rotation, alternate pivoting,
continuous translation, stepping translation, alternate translation, or a
conbi nati on of these displacenent nodes. 14. A heat generator (10-14)
accor di ng t betveemsaid thefraakelement €H) aRdisaid magnetic tyMinalsi(48efbht neans i s
coupled with an actuation neans selected fromthe group 23 24 consisting
of a notor, a cylinder, a spring mechanism an aerogenerator, an

el ect r oma@neX hedt dan@r oL (16, Lo 4) accordimgnd 2lairme ghazinglM, characteriwsat indeater at or
(10 -14) according to claim1, characterized in that said 5 magnetic

modul ati on SPEMBRENENF divergence elemenb{ma hasmbreharser O-shars (0. withaut saj d
di spl acenen : i i i i @k d
rom the gr ShapBamiaapn BEgaR-d FRERFarh ot |dest RPteRoRE SRR, SiciRpRfary
or ceram c.eldied§ Tiybdteaengaitthermal ¢lbthent4]i) andsad mgghetic texmimalg (40,
characterized.in that it conprises at |east one unit of magnetic el enents
(G); one ufi): of thermal elements (Ti), each of which is designed to be
subjected to the magnetic field from at |east one of said magnetic el enents
(G); and one unit of magnetic nodul ation elenments (M, m) held by a
support (5QaAfheat gepleeatond t3) acdoddidgdplcdaissed anded ehatsctanded e tpakdaido

si mul } aneousl y displ.ace said magneti.c nodul ati e| enent s j,). SO0 that
cach Hhe of AR dFGeras e i caBpes ahBaghornerieb N g
relative to u@caéa,%ér?ﬁ{tﬁalacﬁb@Bsﬁiio&,ﬁbhgaf%?Q hiY SR Rsl BRrhént8 | BINBRd to G ) -
17. A heat generator (10 -13) according To clains 7 and 15, characterized in

that said 2ido@gneticdermpinate@t4l)ewdh amgap &nwhidh 9emr|ai:£tﬂ saidghetrhalr m

(52a-d, 5af )elér% %tt (T?f]f?'lclnrlnysaid magnetic terminals (40, 41) remaining fee.

15 11. Aheat generator (13) according to claim 10, characterized in that said air-gap (E)
ranges from O mm to 50 mm and is preferably less than 1 mm.

12. A heat generator (10-14) according to claims 8 or 9, characterized in that said
magnetic element (Gi) is U-shaped or C-shaped with no limitation in shape and
20 designed to overlap said magnetic modulation element (Mj, mj).

13. A heat generator (10-14) according to claim 1, characterized in that said
displacement means is designed to drive said magnetic modulation element (M;,
mj) in at least one of the displacement modes selected from the group comprising

25 continuous rotation, stepping rotation, alternate pivoting, continuous translation,
stepping translation, alternate translation, or a combination of these displacement
modes.

14. A heat generator (10-14) according to claim 11, characterized in that said

30 displacement means is coupled with an actuation means selected from the group
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novabl e about its axis, in that said thermal elenents (Ti) are arranged in a
ring, and in that said nagnetic elenents (G) format |east one pair of
rins defining said positive magnetic termnals (40) and negative nagnetic
termnals (41). 25 18. A heat generator,f10 -12) according to claim 17,
characterized in that said pl atform(5?2a d) is equipped with a groove
(54a-d) defining the interval separating said convergence pellets (51) on
sai d magnetic convergence elenents (M) from one another and/or fromthe
opening in said U shaped or G shaped portion (51) of said nmagnetic

di vergence dloasisting qfng )motgu asyipder @ springanechanisra: 8n Farogeneratal &t di ng
to claim18, aracter,i z n that, sai d groov 5 54b) is disposed so as
to be axi al %%% rIadngt; Qq’]yflir?%?r};ﬁr?t&r ?raﬁ}?@ éﬁl“ﬁe ﬁ%hgy 'd platform (52a,
52b). 5 20. A heat generator (12) according to claim16, characterized in
that said groove (54c, 54d) is disposed so as to be radial and essentially
per pendi cibal heat genesater (1 -44) acgpraingtonqlaoy 1, shayactenzed, Indhat gaitkr at or

Conpr 1 Ses. artradictRTBooMbmpRt 0Bl M7 i GokitEr e sphbR52RIToaded AL,
(52e), in thaiid ai@btbdehearmweaiseammd(eTof)m@greettbaﬂpmnhtmgmgtatal be@etedone

| ine supported by a cross piece (70), and 1n_that said magnetic el enents

(G) form atfromdhetgrere Gemststing ofosyditirtic materialai Brasss Pronze, mignislung, or
term nal s (At%r %d negative magnetic termnals (41). 15 22. A heat
generator (1 according to claim 21, characterized in that said thernal
eI enents (Ti) are disposed along two generally parallel Iines supported by
connect ed cross pieces (70) defining a frame (72). 20 23. A heat

gener 10 or 18cBohaatgeneraten( 1‘64 AeaPEing 1P Z&ain n14t I‘Fdlaré‘étieﬂzﬁﬂg'ﬁemaé it
elements ar gl of |08 Ukt & Rfinetic elements (Gi): one unit of thermal

elements (Ti), each of which is designed to be subjected to the magnetic field from
at least one of said magnetic elements (Gi); and one unit of magnetic modulation
elements (Mj, mj) held by a support (52a-f) coupled with said displacement means
15 and designed to simultaneously displace said magnetic modulation elements (M,
mj) so that each one of them is alternately in an active and an inactive position

relative to a given thermal element (Ti) and a given magnetic element (Gi).

17. A heat generator (10 -13) according to claims 7 and 15, characterized in that said

20 support comprises at least one generally circular platform (52a-d, 52f) rotationally
movable about its axis, in that said thermal elements (Ti) are arranged in a ring,

and in that said magnetic elements (Gi) form at least one pair of rims defining said

positive magnetic terminals (40) and negative magnetic terminals (41).

25 18. A heat generator (10 -12) according to claim 17, characterized in that said
platform (52a-d) is equipped with a groove (54a-d) defining the interval separating
said convergence pellets (51) on said magnetic convergence elements (M;j) from
one another and/or from the opening in said U-shaped or C-shaped portion (51) of
said magnetic divergence elements (mj).

30
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24. A heat generator (10-14) according to claim1l1, characterized in that
said magnetic elenent is selected fromthe group conprising a nmagnetic
assenbly, a permanent 25 magnet, an el ectromagnet, a superconductive
magnet, a superconductive electromagn a superconductor. 25. A heat
generator (10-14) according to claim1,“Characterized in that said nagnetic
element (G) and said thermal elenent (Ti) are fixed and only the magnetic
30 nodul ation element (M, nj) is novable. 25 26 26. A heat generator
(10-14) according to claim1, characterized in that said recovery means
conpr i ses 1at Alhead geoeratarf (10h#1 hcoording te clain il 8dcharaetarizeddn tha saeigiee ng  a

oo SEoh ¢ SRR PSPl SR hBhubb st SR
generating thgfeinees2d) 9apg. course of which a magnetic field is created wth

at | east one magnetic elenent (G), at least one thermal element (Ti) nmade
of magneto-caloric material is subjected to at |east one portion of said 10

sard Smghl: foedt JRRPEEL K AR T8 do AT A ChardbterizBoi ol id W °,
portion of t@ac $APNsHRPogEHedIsad beyradril End Bessmtiallgpipanditdia) tothejed ed to
said variable magnetic field is recovered, characterized in that in order

to vary sai dPfig@ithplatiormi(paed2@cei ved by said thermal element (Ti), at |east

one magneti cal | y-conductive 15 magnetic nodul ation elenent (M, nj) is used,

which is displaced between at | east one active position wherein it is close
to sai d nmegnatheatejerseator (1) acouitdigitd clainey Traindel & rataradtérizeduirdtret aie] s at

| east said portion of the magnetic field that  wll be received by said

ther nd el enBPOrtIGOMPrsRP aleaskbens gengrady regiingae teansiationaly me B84 from

sai d magnet i i L L4 thRar gal i t it
does not cha@%gk’%ﬁﬁiﬂ %t %é;'rdz ’fh%ﬁ%f eﬁi@érﬂ%g(@t?% ?@éﬁ%@d‘%ﬁ@p\é% s(t)g)%gc@ﬁér di ng
to clai m 27, sufperiedttes 4 zesbsi pietd (20)aand wreitiat saie magnetid elenmsntsréBi) forGh at i S
used, defining at |east, one &o(%_si. tive term nal (40? and. ope negat ive .
least one pair of rows defining said positive magnetic terminals (40) and negative
magnetic terminals (41).
15
22. A heat generator (14) according to claim 21, characterized in that said thermal
elements (Ti) are disposed along two generally parallel lines supported by two

connected cross pieces (70) defining a frame (72).

20 23. A heat generator according to claim 16, characterized in that said magnetic

elements are formed of one single piece.

24. A heat generator (10-14) according to claim 1, characterized in that said magnetic

element is selected from the group comprising a magnetic assembly, a permanent

25 magnet, an electromagnet, a superconductive magnet, a superconductive
electromagnet, a superconductor.

25. A heat generator (10-14) according to claim 1, characterized in that said magnetic

element (Gi) and said thermal element (Ti) are fixed and only the magnetic
30 modulation element (Mj, mj) is movable.

25



t er m nal

that in the 25 active position,

(41) between which said thermal element (Ti) is |located, and in
said magnetic nodul ation elenent (M, m)

i nt erposed between at |east said magnetic termnals (40, 41) on said
magnetic elenment (G). 26 26

5

10

15

20
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26. A heat generator (10-14) according to claim 1, characterized in that said recovery

means comprises at least one of the elements selected from the group comprising
a transport circuit containing a heat-transmitting fluid, a circulation means for said

heat-transmitting fluid, a heat exchanger.

27. A method of generating thermies in the course of which a magnetic field is

created with at least one magnetic element (Gi), at least one thermal element (Ti)
made of magneto-caloric material is subjected to at least one pdrt‘ion of said
magnetic field, a magnetic modulation means (Mj, mj) is used to modulate said
magnetic field received by said thermal element (Ti) and at least a portion of the
thermies generated by said thermal element (Ti) subjected to said variable
magnetic field is recovered, characterized in that in order to vary said magnetic
field received by said thermal element (Ti), at least one magnetically-conductive
magnetic modulation element (Mj, mj) is used, which is displaced between at least
one active position wherein it is close to said magnetic element (Gi) and said
thermal element (Ti) and channels at least said portion of the magnetic field that
will be received by said thermal element (Ti), and an inactive position wherein it is
distanced from said magnetic element (Gi) and/or said thermal element (Ti) so

that it does not channel this portion of the magnetic field.

28. A method according to claim 27, characterized in that at least one magnetic

element (Gi) is used, defining at least one positive terminal (40) and one negative
terminal (41) between which said thermal element (Ti) is located, and in that in the
active position, said magnetic modulation element (Mj, mj) is interposed between

at least said magnetic terminals (40, 41) on said magnetic element (Gi).

26

is





