1 THERMAL CGENERATOR W TH MAGNETO CALORI C MATERI AL  Techni cal scope: 5 The
present invention relates to a heat generator conprising nmagnetocal oric

el enents, nagnetic devices arranged so as to alternately subject said
magnetocaloric elenments to a variation Ln magnetic field and alternately
create a heating cycle and a cooling cycle in each nagnetocal oric el enent,
at |l east one heat transfer fluid arranged to collect the calories and/or
frigories produced by said magnetocal oric 10 el enents during the heating and
cooling cycles, at Ieast one hot exchanoe chanber and one col d exchange
chanber respediiERMAL GENKERATOR ~ ALOREC YA BEREAber at or, and
means of circulation for the heat transfer fluid betmeen said

magnet ocal ori c el enents and sai d exchange chanbers, with the said generator
conpri sing at Teeafidal Sdtpet her mal nodul e conprising at | east one set of N 15
magnet ocal oric elenents. Prior technique: Magnetic refrigeration technol ogy
has been known for nore than twenty years and 20 the advantages it provides

interns of e and. sustal n bl e deve] opnent are w dely acknow
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tends to inprove the p formances of- such a generator, adj usting the

vari ous par agknmens, to auaiiatisn ihmapmedgioeleld and @llfermmrcreatdﬁehemrngmycﬂarméa of
the magnetocal oric 25 el enent, the heat exchange surface between the heat
transfer flui OUHE €¥rde lﬁa%Bt vegnealoris| elgmsns  att lgastpena deataianster ofluidhe
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conposition o nmagne orlc escrl Yénerat or
whi ch uskEs suela:nﬁhsrmﬁiing tﬁé"ﬂremﬂ%szﬁld cooling cycles, at least one hot exchange chamber

and one cold exchange chamber respectively placed at the hot and cold ends of said

generator, and means of circulation for the heat transfer fluid between said
magnetocaloric elements and said exchange chambers, with the said generator
comprising at least one thermal module comprising at least one set of N

15 magnetocaloric elements.

Prior technique:

Magnetic refrigeration technology has been known for more than twenty years and
20 the advantages it provides in terms of ecology and sustainable development are
widely acknowledged. Its limits in terms of its useful calorific output and its
efficiency are also well known. Consequently, all the research undertaken in this field
tends to improve the performances of such a generator, by adjusting the various
parameters, such as the magnetization power, the performances of the magnetocaloric
25 element, the heat exchange surface between the heat transfer fluid and the

magnetocaloric elements, the performances of the heat exchangers, etc.

Publication US 4,829,770 looks particularly at the composition of the magnetocaloric
elements and describes a heat generator which uses such elements and whose

30 operation is based on the principle of the Stirling engine. A heat transfer gas, in



30 operation is based on the principle of the Stirling engine. A heat
transfer gas, in 2 particular nitrogen, runs through these fixed

magnet ocal oric el enents, while the whole assenbly is contained within a
tank subjected to a reciprocating translation novenment, synchronized with
the variation in magnetic field. HeliumHheat exchangers are connected to
the hot and cold ends of the tank to transfer the calories 5 and frigories
coll ected by the heat transfer gas to external circuits. The nagnetocaloric
el enents appear as porous discs, stacked in the tank, separated from_one
anot her to del PR3 RiFQata | ruph dvpugls these fixsd taagnetpcaloac Hlonends. vhilgdhs neat e
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t ank corresponds to a e or cte and cau

transfer gas t@owdnientl ayhichized Wty tROIevAiatiest in0naghbc Piddudidliam axel es of
cal ori es and frlgor,l es are thus alternate and not sinultaneous. MNbreover,

t he heat transdxehangarseaasé conngtted tayths hos andvealdt endsyofl the tankfté itiohefen the kalarieshat  of
a liquid. .The heat..excha ur f.ace, be en the heat transfer.ga d the
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restricted to laboratory applications.” In conclusion, the ca Ific val ue of

such a heat gewreanather td delinogte lsowwrdl @hambers,naysined & o archtiree 36 delireptelangat i on.
Publ i cati on WO 2005/ 093343 descri bes the principle of a magnetocal oric heat
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phase, the refrigeration system opera na close

bei ng ci neul atiadordg caredditgttiv. The IRedROAaLyCIY FOVANRARL add fiog@test &€ thus
magnet ocal ori c el enent between a hot tank and a cold tank, using a pistons
and wal ki ng beBigmses erdnnot simultanpeusd ddoreevers thepbeaattransfer gapagitsnf ¢ gas is

achi eved. As irgartkgcﬁy %s%\éifﬁ)(ggnteiﬁaann&la? of & ?ia{ﬁdmf e Hgar‘gtexc fan}geb Su ailc%tb%{'ween the
heat transfer gas and the magnetocaloric elements is also very limited. Given the very

low operating temperatures, approximately -200°C, the use of such a heat generator

15 is restricted to laboratory applications. In conclusion, the calorific value of such a

heat generator is too low for an industrial or domestic application.

Publication WO 2005/093343 describes the principle of a magnetocaloric heat
generator, which uses the air to be heated or cooled of a motor vehicle as heat
20 transfer fluid. This solution is designed so that, in a starting phase, the refrigeration
system operates in a closed loop, with the air being circulated according to a
reciprocating movement through the magnetocaloric element between a hot tank and
a cold tank, using a pistons and walking beam system, until the desired temperature
gradient is achieved. As in the previous example, each movement of the piston
25 corresponds to a cold or hot cycle and causes the air to circulate in only one direction.
The production cycles of calories and frigories are thus alternate and not
simultaneous. Moreover, the heat exchange surface between the air and the
magnetocaloric element is very limited and does not allow a sufficient calorific value
to be achieved for an industrial or domestic application, given also that the heat

30 transfer fluid is a gas and not a liquid.



25 corresponds to a cold or hot cycle and causes the air to circulate in
only one direction. The production cycles of calories and frigories are
thus alternate and not sinultaneous. Moreover, the heat exchange surface
between the air and the nmagnetocaloric elenment is very limted and does not
allow a sufficient calorific value to bé achieved for an industrial or
donestic application, given also that the heat 30 transfer fluid is a gas
and not a liquid. 3 Publication WO 2007/026062, which bel ongs to the
applicant, describes a nmagnetocal oric generator that conprises two distinct
collecting circuits, nanely a hot collecting circuit and a cold collecting

circuit, hydraylicall i ] e another, 5 and both.coupled to a heat
exchanger t ha?ly lébé‘rcsté@y a\&og%y&é%]%&?ew atqe{?&gf h@ ctjlﬁ%laé’l’l“‘eaé“’ofiew’#’&%rﬁ es.
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one punp, nean®lleftingocirouitadnidoncayt rolening odduiti hdrdutiealiyati gletwidn ond ammlgmet i ¢
field, dgcts and. connections. 10 Description of the invention: The present
i nvent i on”ai msAdobB) GpEPiedite Hhe exphareer thalownes m§ ARy @8 eVpiating %t i on

based on a he al&%@%raﬂ'iggri& tﬂe%pﬁafs?grl Rl iR i Ial Elg&td lodp SHRES .rﬁllecal ly
15 viabl e, and nodul ar 'S0 It 'can easity be configure accordlnﬁ 10 given
speci fi cati onscoligctipil ¢irdits,| Wﬂidﬁtcbin?yhs@ﬁ pae! dutage dﬁr%ﬁéﬂafbr QARG Iré el HMast | t
also ains to sinplify and rationalize the way the heat transfer fluid
circul ates by @lequadinegns hecansmupfion sgmcbronizedrvatthipd vanitian inysageetc fild, To
this end, the énﬁsenti on rgl ates to a heat generator of the kind nmentioned in
the preanble, YHAPSEORISCHRRS i n that said means of circulation are
synchronijged with the

Description of the invention:

The present invention aims to solve this problem by introducing an industrial
solution based on a heat generator with magnetocaloric material that is economically
15 viable, and modular so it can easily be configured according to given specifications
as part of industrial as well as domestic applications. It also aims to simplify and
rationalize the way the heat transfer fluid circulates by discarding the use of one or

more hydraulic systems.

20 To this end, the invention relates to a heat generator of the kind mentioned in the
preamble, characterized in that said means of circulation are synchronized with the
variation in magnetic field and arranged to alternately circulate said heat transfer
fluid inside said thermal module in two opposite directions at the same time, between
the hot and cold exchange chambers through said magnetocaloric elements, in a

25 reciprocating movement, so that a first fraction of the heat transfer fluid circulates
towards the hot exchange chamber through said magnetocaloric elements subjected
to a heating cycle, and that a second fraction of the heat transfer fluid circulates
towards the cold exchange chamber through said magnetocaloric elements subjected
to a cooling cycle, and inversely, and in that the means of circulation comprise at

30 least one set of N pistons positioned opposite said magnetocaloric elements and



variation in magnetic field and arranged to alternately circul ate said heat
transfer fluid inside said thernal nobdule in two opposite directions at the
sanme tinme, between the hot and col d exchange chanbers through said
magnet ocal oric elenents, in a 25 reciprocati ng novenent, so that a first
fraction of the heat transfer fluid circtlates towards the hot exchange
chanber through said magnetocal oric el enents subjected to a heating cycle,
and that a second fraction of the heat transfer fluid circulates towards

t he col d exchange chanber through said magnetocal oric elenments subjected to
a cool i ng cyclssbjeand tonw eeciplogatimnttanshationamotdreentelana driving moachatisrorthat
conprise at 30 | east one set of N pistaons positioned opposite said

magnet ocal or i CORPERETL deagheneactugiing ean dHVeHbRal &84 ocat i ng transl ati on
novenent by a driving mechanismthat conprises at |east one actuating cam
driven by an actuator. One thus obtains a nunmber N of mni heat generators
oper ati ng si mOreaheootsthiyis amimber N5)fﬂﬁhialhdaﬁgeneﬁitdrgb?)ﬂ@tiﬁglﬁmhﬁaieoesiy hadhige
surface with heat transfer fluid, and thus the calorific value of such a
generat or? t o H3eallely allopiing: thepheat guchenes pudacenvithy heamtiransies fluid, candhthragiset i ¢
cycle is opti |y used since the cjrcul.ation of .fhe heat. tr fer fluid in
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by the magnetagahRgh&iced I@i@’o?tiﬁfdhy Q6B dndchaRirb e RASEhE Mesensfet Auid el d
(heating cycle) 10 and of the frigories produced by the nagnetocal oric

el ement s subj eetbeth ditecioneallots the simultameepsebollectionaifdhg cadaidspgoduged by theThe
hot and col d exchan chanbers formrecovery chanpbers for t her mal. _energy
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hand, and froma cooling er on t'he other.
Preferably, thenmggeaetfidadl@oliageydeents conprise energing fluid passages,
whi ch are
The hot and cold exchange chambers form recovery chambers for the thermal energy
produced by the generator and allow achieving a mixture of the heat transfer fluid
15 resulting from a heating cycle for the hot chamber on the one hand, and from a

cooling cycle for the cold chamber on the other.

Preferably, the magnetocaloric elements comprise emerging fluid passages, which are

formed of pores, channels, grooves or a combination of these elements.

20
In a preferred embodiment, the means of circulation comprise two sets of N pistons
positioned on each side of said magnetocaloric elements to circulate the heat transfer
fluid in both directions.

25 The actuating cam may comprise a cam profile with a roughly sinusoidal shape, the

amplitude of which determines the stroke of said pistons and the sinusoidal phase of
which globally corresponds to a heating cycle and a cooling cycle of said

magnetocaloric elements.



formed of pores, channels, grooves or a conbination of these elenents. 20 In
a preferred enbodi nent, the neans of circulation conprise two sets of N

pi stons positioned on each side of said magnetocal oric elenments to
circulate the heat transfer fluid in both directions. 25 The actuating cam
may conprise a camprofile with a roughl§ si nusoi dal shape, the anplitude
of which determ nes the stroke of said pistons and the sinusoidal phase of
whi ch globally corresponds to a heating cycle and a cooling cycle of said
magnet ocal oric elenents. 5 1In the vicinity of said magnetocal oric el enents,
t he magnetic devheesinimyfcaidpnagetocalorit etesents) chempagretic cdevicesamge n@nprifeor ned
of alternate nagneti zed zones and non _magnetized zones, said nmagnetic
arrangement béit AgESt S MAgnsiic pragement, forped of altgrmats mﬁén%ﬁi penes A djof j on
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arrangenent t bechalske it hatiagoehidenddnetocgeneeirRtreeisby sai d nagnetized zones
t hrough sai d magnetocal oric elenments. 10 Each couple forned by a nagnetized
zone and & non magneti zed zone of said magnetic arrangenent advantageously
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core with high nmagnetic perneability so as to conCentrate the magnetic flux
of sai d nagnetmagnetzeddentstbroughgaid npattocalorieblementss .

10 Each couple formed by a magnetized zone and a non magnetized zone of said
magnetic arrangement advantageously extends over a distance that globally

corresponds to a sinusoid of said cam profile.

In the preferred embodiment, each magnetized zone comprises at least two
15 permanent magnets with opposite polarities, assembled on a core with high magnetic
permeability so as to concentrate the magnetic flux of said magnets towards the

magnetocaloric elements.

The thermal module may advantageously have a circular structure in which the
20 magnetocaloric elements are arranged in a circle around a central axis and the
actuating cam as well as the magnetic arrangement are concentric with this central

axis and put into rotation around said axis.

In an alternative embodiment, the thermal module may also have a linear structure in
25 which the magnetocaloric elements are aligned and the actuating cam together with
the magnetic arrangement are driven into reciprocating translation along said

elements.

The heat generator may advantageously comprise X number of thermal modules

30 stacked to form a generator with X thermal stages and said thermal modules may be



The thermal nodul e may advant ageously have a circular structure in which the
20 magnetocal oric elenents are arranged in a circle around a central axis
and the actuating camas well as the nagnetic arrangenent are concentric
with this central axis and put into rotgation around said axis. In an
alternative enbodi ment, the thermal nodul'e may al so- have a linear structure
in 25 which the magnetocal oric elenents are aligned and the actuating cam
together with the nagnetic arrangenent are driven into reciprocating

transl ati on al on ajd elenents. The hea ner at or. ma dvant ageousl

conprise X nurﬂﬁ%e?n@?d fherrR USRS doieagedialg ‘éh@g’g’ﬁ’@d i ghis &P%lﬁ’ 2}1@@}? t rt"wyt h X

thermal stages gad,ga tﬂfﬁﬁ‘ﬁﬁmhlemlﬂd%%ntgg%ugg sﬁare@.ssenbl ed in pairs using
I's case, the pistons o

i nternedi ate chanbers. In't two consecutive thernal

nodul es are advant ageously shared. Hence, by stacking several therna

nodul es, the heating and cooling of the heat 5 transfer fluid are achieved
X

in a staged nd#wee, DY siaskinalseyraali thepnalsmpides, ghe heatingsand: peolingeofpibe dicalr e

gradi ent pet h ol d and hot ends,of the,said, generat as_desir.ed.

The' nt ertredi rsieh BrEerS adhisved dhaecd Rantts wos b ChGrBle finfERk i
transfer flui defperhiuge SAFERESSWREIWEEEdLNE hEOIRIS 6P The 48id BRI IRt adBEHEes. 10
The i nternedi ate chanbers nay al so not conmunicate with said pistons, as the

heat transfer fluid passes fromone thermal nodule to another via said

magnet ocal ori el enents. 15 The hot exchange chanber, and the c¢col d exchange
chanber nay o BRI visc CBAYGS THRY SRPBRRRIG Moy id (PR tfjﬂmaei@ém ce

that allows a t{bﬁ?ﬁer ﬁﬁﬁ%%%gc@llﬁ%%eﬁfbteﬁ%ehq@B RbARcuifeRh&HE] hdthel enperature

i nsi de sai d exchange cha gues
10

The intermediate chambers may also not communicate with said pistons, as the heat

transfer fluid passes from one thermal module to another via said magnetocaloric

elements.
15 The hot exchange chamber and the cold exchange chamber may each be connected to
an external circuit fitted with a device that allows a heat exchange only after reaching

a predefined temperature inside said exchange chamber in question.

Brief description of the drawings:

20
The present invention and its advantages will be better revealed in the following
description of two embodiments given as a non limiting example, in reference to the

drawings in appendix, in which:

25 - figure 1 is a perspective, partially exploded view of a first embodiment of a
heat generator according to the invention,
- figure 2 is a perspective view of a part of the generator from figure 1,
- figure 3 is a plane view of the generator from figure 1,

- figure 4 is an axial section view of the generator from figure 3,



Brief description of the drawings: 20 The present invention and its
advantages will be better revealed in the following description of two
enbodi ments given as a non limting exanple, in reference to the draw ngs
in appendix, in which: 25 - figure 1 is a perspective, partially exploded
view of a first enbodinment of a heat generator according to the invention,
- figure 2 is a perspective view of a part of the generator fromfigure 1,

- figure 3 is a pl ane vi ew of the generator fromfigure 1, - figure 4 is an
axi al section VIEM/ gg nera o fron19# ure gure 5 to re
radial sections of lchE?S Qe é{eo‘ia éer?flf’%; ecgen?ré@ﬁéf@m gyrg 3 é??@%“r”d? g to

section planes V-V,.M 4 gfw Mchis gaagsng Whlvihi- VIlféIﬂUVﬁ’Xt i s a perspective,

partially expl oded view a sec enbaodi nerit of ‘@ h géner at or

according to the i figart9 Qmpe&mctivegpmﬁallﬁex;ﬁoc&ﬂv@d%@fgs&ondlemb@drmeﬁt ofet ai | X
fromfigure 9, and_ figure 11 is an axial section view of the gener at or from
figure 9. |11 ust r deat@eserator perording emthe rvention,| n r ef er ence to figures 1 to 8

and nore artlcula fi the h rat 1 according to the
i nventi on conpri sejgé etﬁ)elrsrarglenﬁﬁf&ll%vfﬁl? a%l%ﬁ niifber of
magnet ocal oric el e@nreanls%@ﬁﬁg@ééuaﬁbﬁ%ﬁthy édéra@oxcﬁdrﬁlﬁ%u&@u”d a central

axis A, formng an annular cylindrical struc%ure This eénbodinent is only
an exanple, given that the heat generator 1 nmay al so have a linear

structure. 15 This heat. generator 1 conprises magnetic devices 3 capable of
alternately s mvention:

10 In reference to figures 1 to 8 and more particularly to figure 4, the heat generator 1
according to the invention comprises a thermal module 10 that includes N number of
magnetocaloric elements 2 arranged adjacently in a circle around a central axis A,
forming an annular cylindrical structure. This embodiment is only an example, given
that the heat generator 1 may also have a linear structure.

15
This heat generator 1 comprises magnetic devices 3 capable of alternately subjecting
the magnetocaloric elements 2 to a variation in magnetic field so as to vary their
temperature according to the Carnot cycle, and to alternately create a heating cycle
and a cooling cycle in each magnetocaloric element 2. This generator contains a heat

20 transfer fluid that is made to move inside said thermal module 10 via means of
circulation 4 in order to collect the calories and frigories produced by the
magnetocaloric elements 2 during the successive heating and cooling cycles, and to
respectively store them in a hot exchange chamber 5 and a cold exchange chamber 6
positioned at the hot and cold ends of this generator. Each exchange chamber 5, 6 is

25 designed to exchange with an external circuit via a heat exchanger (not represented)
in order to use the calories and frigories produced by said generator. The means of
circulation 4 are synchronized with the variation in magnetic field to simultaneously
circulate the heat transfer fluid in two opposite directions, so that a first fraction of
heat transfer fluid circulates towards the hot exchange chamber 5 through the

30 magnetocaloric elements 2 subjected to a heating cycle, and that a second fraction of



the magnetocaloric elenents 2 to a variation in nmagnetic field so as to vary
their tenperature according to the Cannot cycle, and to alternately create
a heating cycle and a cooling cycle in each nagnetocaloric elenent 2. This
generator contains a heat 20 transfer flyid that is nmade to nove inside said
thermal nodule 10 via neans of circulation 4 in order to collect the
calories and frigories produced by the nagnetocaloric elenents 2 during the
successive heating and cooling cycles, and to respectively store themin a
hot exchange chanber 5 and a col d exchange chanber 6 positioned at the hot

and col d ends hsat tansergpidr siratateEieardx dheasold exrhanger clmibgr 6 thrgughe thegned
t h i L. I i it i t h t ted
b order Yo uablpRleRE R Bent 2 Shickich i a Bol B MRy T gener at or - The

means of circulation 4 are synchronized with the variation in magnetic
field to sinultaneously circulate the heat transfer fluid in two opposite
di rections, sdntthatexanfple s¢préseatetli o afagnéteedlotic ahghats 2| aomdist iof cpdraallys

towards the hot .exchange chgnber 5 through the 30 gnetocal oric el enents 2
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5 cylindrical sections that are cut, machi ned and/or noul ded out of a
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conpl enentary d _housings 21.. The shape of, the magnetocal.oric ement s
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made out of a nmagnetocal oric substance, such as gadolinium (&), a 10

gadol i ni um al |ablpy comtainimgntprf exangplanipbre (5e), i megneisin ,(Mgdy phosphornsGH)), a
manganese al Il% cont ahni ng .ff{)r exanple iro gFe,, magnesi.tim (l\/gg > abl
phosphor us (P)~ ganum alloy, a™nickel (Ni) alloy, any other equivalent material or magnetizable

alloy, or out of a combination of various magnetocaloric materials, in the form of

powder, particles, solid block, sintered or porous. The choice between these

15 magnetocaloric materials is made according to the heating and cooling capacities

desired and the ranges of temperature required. These magnetocaloric elements 2 are

permeable to the heat transfer fluid and therefore comprise emerging fluid passages,

which may be formed by the pores of a porous material, mini- or micro-channels

machined out of a solid block or obtained by assembling superimposed grooved

20 plates, and other similar elements.

The means of circulation 4 of the heat transfer fluid comprise at least one and
preferably two sets of N pistons 40, subjected to a reciprocating movement, parallel
to the central axis A, by a driving mechanism 7, with each piston 40 arranged in
25 opposition and along the axis of a magnetocaloric element 2, so as to circulate the
heat transfer fluid contained in said module through said element in a direction that
depends on whether the said element is subjected to a heating cycle or a cooling
cycle. Each magnetocaloric element 2 is thus associated to two pistons 40, aligned
along its axis and opposite each end, driven in opposite directions. For the heat

30 transfer fluid to circulate from an exchange chamber 5, 6 to the other exchange



| ant hanum al l oy, a nickel (N) alloy, any other equivalent material or
magneti zable alloy, or out of a conbination of various magnetocal oric
materials, in the formof powder, particles, solid block, sintered or
porous. The choi ce between these 15 magn&t ocaloric materials is nmade
according to the heating and cooling capacities desired and the ranges of
tenperature required. These magnetocal oric elenents 2 are perneable to the
heat transfer fluid and therefore conprise energing fluid passages, which
may be formed by the pores of a porous material, mni- or micro-channels
machi ned out GPABbEJ Pethsligrkrt 4 copprisen epeHyEsAsbalIanagct dhepdsidayeliEY r ooved
20 pl ates, an simyl.ar,€ele ts. The s of . cireu i f .the
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pi stons 40, subpelet sudh@e DFRS bt PeAdradd 1NRVEINERHted, RBE plstodk 40tRe bhengeant r al
axis A, by a driving mechanism7, with each piston 40 arranged in 2
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element 2 is thu$ associated to two tons along 1Ts axis and
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fluid to circulate froman exchange chanber 5, 6 to the other exchange 9
chanber 6, 5, WiRENizebxdraulio pressrse ilasses. oenpkg 443 Entxedcpih dettaliedeon Higi de
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and forman annular structure. In the case of a linear heat generator, the
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gui ded in con%{rgﬁragnt ary shaped housings 41 arranged in a

In the example represented, the driving mechanism 7 comprises at least one and
15 preferably two actuating cams 70 coupled to the pistons 40, driven by an actuator
(not represented). Each actuating cam 70 may comprise a cam profile 71 with a
roughly sinusoidal or similar shape (see fig. 2 and 3), the amplitude of which
determines the stroke of the pistons 40 and the sinusoidal phase of which globally
corresponds to a heating cycle and a cooling cycle of the magnetocaloric elements 2.
20 The cam profile 71 forms a salient rib, placed inside a groove of each piston 40, thus
ensuring a mechanical coupling between these parts. In reference to the circular
structure of the heat generator 1 as illustrated, the actuating cams 70 are annular and
put into continuous or non continuous rotation around the central axis A, by an
electric motor or any equivalent actuator. In the case of a linear heat generator, the

25 actuating cams are rectilinear and subjected to a reciprocating translation movement.

In reference more particularly to figure 8, the magnetic devices 3 comprise a
magnetic arrangement 30 formed of alternate magnetized zones ZA and non
magnetized zones ZN in the vicinity of the magnetocaloric elements 2. Each couple

30 of magnetized ZA and non magnetized ZN zones extends over a distance that



j acket 42. Any other piston shape may al so be appropriate and nay be
determned to mnimze hydraulic pressure | osses. The jacket 42 is a fixed
part, installed on the support 20 of the nagnetocaloric elenents 2 using
any adequate neans of assenbly. 10 The Zblpport 20 and the jacket 42 may al so
made froma single part. These parts ar preferably nmade out of thermally
insulating materials, such as synthetic naterials or simlar. In the
exanpl e represented, the driving mechanism 7 conprises at |east one and 15
preferably two actuating cans 70 coupled to the pistons 40, driven by an
actuat or  ( notglabely esmespents. toragihumid af thengant profilo 7 hawitle thepnagnetizedczome
profile 71 w a roughly, si.nusoi.dal ,qr simlar .shape ( fig, 2 and 3),
the anplitude g‘?/ﬁ‘:rfaglﬁg Qﬁ%{‘%@}lﬂ% Gade %a%et?(lfklé‘a%f’feutzﬁggoﬁe&igﬁ? Y 811%8y£6he
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cooling cycle of the gnetocaloric elements 2. 20 The camprofile 71 forns
a salient ribpephaeridmagisitdd? avitdr ogpositepoksitibs, pissintiileddOn atdows 33 evituhighg a

nmechani cg,l coupling between these parts. In reference to the circul ar
structure of (HAENElEAtPeBPRMIY 00 125940 Fonssntrie ethe magnefia Jhri Agwerdpstheo are

annul ar and &l’r!ltggétggagor?co %Ieingelﬂ%uﬁ. idegf ,C %ﬂ{/ ioﬁl%(? %%n%tﬁltcﬁgli}igot@ U%E%g&g?ﬂr‘]thf?he

central axis electric nmotor o equi valen

case of a |ineassitiedh tBEBLMASIO reprédeficd andGh YebieNet AT cREGar Rflkcturd BEME and
subjected to a reciprocating translation novenent. |In reference nore

particul arly tendratguthe Bagneie arangesdnt 30 é¢ytiedrical costpliddsiaside theeggneretor 1
Zones ZN it RS PRETER FyntBo i B R Ot BUaY o o0 ErHaH 8 SenBD RIS BB 301 of
o1 abal 13 or r SopasaioePBORE LERIAR arORE IRE TRap P She | Cafpgtnal 10
magnet i zed zoR@ codfprgenématpang dfhmapesized ¢ A yad eoandagredzeto ANagRst echd zone
ZN the cooli n%o&e%icnlgeai 90° angular sector. Correspondingly, the cam profile 71 of the actuating
cams 70 comprises four sinusoids that each extend over the same angular sector. The
cam profile 71 that is illustrated on the figures only shows two sinusoids to simplify
15 the graphical representation. The magnetic devices 3 also comprise a field closing
device 31 positioned opposite the magnetic arrangement 30, and in this example
outside the generator 1, to close the magnetic flux generated by the magnetized zones
ZA through the magnetocaloric elements 2. In the case of a linear heat generator, the
magnetic devices 3 are rectilinear and subjected to a reciprocating translation

20 movement.

In this example, the moving parts of the heat generator 1 are concentric with the
central axis A and may be driven by the same inside and central actuator or by any
equivalent means. In the case of a heat generator with a smaller diameter, it is
25 possible to reverse this configuration, by driving the moving parts from the outside,
with the actuating cams 70 and the magnetic arrangement 30 positioned outside the
magnetocaloric elements 2. It is also possible to angularly shift the movement of the
pistons 40 in relation to the movement of the magnetic arrangement 30 in order to

account for the thermal and hydraulic inertias.

30



In the exanpl e represented, the magnetized zone ZA conprises at |east two
per manent nmagnets' 32 with opposite polarities, assenbled on a core 33 with
high 5 magnetic perneability so as to concentrate the magnetic flux towards
the magnetocal oric elenents 2. Evidentiy any other construction or
arrangenment is possible. In the exanple represented and in reference to the
circular structure of the generator, the magnetic arrangenent 30 is
cylindrical, installed inside the generator 1 and put into continuous or
non conti nuous rotation around the central axis A by an 10 electric notor or
any equi val entlhacpertion of ithe hedt geasratoplleconsists imeggmispllinghe aimydtanerus 28d

f f tized ZA and ZN
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generator, t hrmovmgmebf hed Byt CRsnsfer AAd li86dd i i8Ry thRAAalSkbilEet WdmaResait
reC|procat|ng translation 20 novenent. In this exanple, the nnvgwg parts of

t he heat genepassdie fo mceeasanﬂlcémnpcrr@tum giadiehiebetweert ﬁhalhoa& iagd poldréce

driven by the insid I t uat or ui val nmeans.
' the case of FmRss Pageh il RNt e oL AP dhepaeher fﬁ%@beé%gp%ggi bl o
Lo reverge thigsigonl LOUng! g algﬁesdrahéf'fi’l%oﬁ&e FRIChR0 thafHS oddefint B Gt S de,
with the actuatihg cans and the magnet!c aPrangene t 30 posi tione
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shift the nove t .of the |stons 40 in relation to the novenent of the
magnetic arr aﬁ@rgﬂagﬂ@n 90 Viaa q;qﬂ@,xcl@a@ger (not represented). In an alternative embodiment

not represented, the hot exchange chamber and the cold exchange chamber are each
connected to an external circuit that may be fitted with a device that allows a heat
15 exchange only after reaching a predefined temperature inside said exchange chamber
in question. This device can be a heat sensitive or controlled stop valve. Such a
device allows the generator to perform more quickly, since the heat exchange is only

possible once the generator has reached a predefined steady state.

20 The heat transfer fluid used is preferably a liquid. The heat transfer fluid will have a
chemical composition that is adapted to the desired range of temperature so as to
achieve an optimum heat exchange. This fluid may thus be a liquid, a gas or diphasic.
If it is a liquid, one will for example use pure water for positive temperatures and
water with antifreeze, for example a glycol-based product or a brine, for negative

25 temperatures.

Best embodiment of the invention:

Figures 9 to 11 illustrate a heat generator 100 that comprises several thermal modules

30 10, 11, 12, 13, similar to that previously described, which are stacked to form several



account for the thermal and hydraulic inertias. 30 11 The operation of the
heat generator 1 consists in controlling the sinultaneous and synchronous
novenent of the magnetic arrangenent 30 and of the actuating cans 70 to
generate the alternate novenent of the Igfat transfer fluid inside the
thermal nodule 10 between the hot 5 and“cold 6 exchange chanbers through
the 5 magnetocaloric elenents 2, in two opposite directions at the sane tine
depending on whether said elenents are subjected to the magnetic field or
not. The alternate novenent of the heat transfer fluid inside a sane

t her mal nodul dermalgages. artdmmobeid@necatl@rmnt:rTéwagleermabmodnbpea&tur, é2g}3a@rﬁent
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external circuits (heating, air-conditioning, tenpering, etc.), elther by
conduction or ﬁguas andngiahed xohvangich( allwwsr thp costesft sadh a2 denemtorahs wekhas iitse

enbodi e not present ed, e hot exchange chanber and the col d_exchange
chanber ge o 4us7all Sign e b o 15411 20 rechieel. Cansedientiy. g acrgngecamst {b@ewi th a
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tenperature I nsi ange C questi1 on. hi's "device can be a

heat sensitivehambeo8tmat bedoﬁteeuedva?d Ml@stra‘ﬁbu:ih the fileivéscer dbhtoWshehhBeyg@per at or
to performnore quickly, since the heat exchange is only EOSSI bl e once the
12!

generator has C?@&éwédth&sqotrwémﬂwedct@n@gWS sllawdhe heat Traasthe Huidt todvesmivedf | ui d
used is pr efe em cal

ave.a
composi t o ¢ rarern fuafitatiedhemat Fasts Brite Thibedks fobhphs B hBliSS,
achi eve BN ophhdtHéep ﬂ@@he Qﬁ&ﬁﬁgﬁgﬁ m-Ehé $n ftﬂe“ja@kém& $thHs pRgorR 40. qtl'l'lsdtheﬁnagas or
diphasic. If it is aliquid,~one will for” exanple use pure water for
posi tive tenpensngrldpsamtrease the temperature gradient from one stage to another and,
consequently, the temperature gradient between the hot 5 and cold 6 exchange

chambers placed at the ends of said generator.

15 In another alternative embodiment not represented, these intermediate chambers 8
may be tight. In this case, the heat transfer fluid goes from one thermal stage to

another only via the magnetocaloric elements 2.
The staged configuration as represented may of course be extended to thermal
20 modules 10 to 13 with a linear structure. The number of thermal modules 10 to 13 is

non limiting and is determined according to the application in question.

Possibilities for industrial application:

25 All the parts that form the heat generator 1, 100 according to the invention can be
mass produced using reproducible industrial processes. All these parts, except the
magnetocaloric elements 2 and the magnetic devices 3, can be made from thermally
insulating materials, moulded, injected or similar. The thermal modules 10 to 13 and
the exchange chambers 35, 6 can be assembled using any suitable sealing means and

30 any appropriate fastening means that is known. The manufacture of the heat



water with antifreeze, for exanple a glycol -based product or a brine, for
negative 25 tenperatures. Best enbodi nent of the invention: Figures 9 to 11
illustrate a heat generator 100 that conprises several thermal nodules 30
10, 11, 12, 13, simlar to that previou§§y descri bed, which are stacked to
formseveral 12 thermal stages, and may be identical or not. The thernal
nodul es 10, 11, 12, 13 are assenbled in pairs using internedi ate chanbers
8. In this staged configuration, the pistons of two adjacent thermnal

nmodul es 10 to 13 nmay. be shared, as illustrated in _the _fiqures nti oned
above, whi ch §F‘P%%§¥11ah§00c!b%%g g¢mpast and, stgekableathermal gaodplgs) T05te §3 svhachcagy o) |

size, to be si .55@% n . e tly, C hng. 0 are
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tight. When they are connected, these internedi ate chanbers 8 allow the
heat transfer lgvelpfperfornaned shati is patentp inrivellsiuincesss vicaloriicmlus fargbis, as
the fl ui goeig%g$n1one t hermal nodule to 10 another via the openings 43
made in the | EFFTYPT -t he pistons 40. This thermal i xing hel ps increase
the tenperature gradient fromone stage to another and, consequently, the
tenperature gradi ent between the hot 5 and cold 6 exchange chanbers pl aced
at the ends ofThe grcbegeneerttionr is rbb lintitedrtotthe exahples nAtinbediarnodéstrbdd bt
represented, these internediate chanbers 8 may be ti In_this case, the
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The nunber of thermal nmodules 10 to 13 is non limting and is determ ned
according to the application in question.



Possibilities for industrial application: 25 All the parts that formthe
heat generator 1, 100 according to the invention can be nass produced using
reproduci bl e i ndustrial processes. Al these parts, except the
magnet ocal oric el enents 2 and the magnetiyc devices 3, can be nmade from
thermally insulating materials, noulded, injected or simlar. The thermnal
nodul es 10 to 13 and the exchange chanbers 5, 6 can be assenbl ed using any
sui tabl e sealing nmeans and 30 any appropriate fastening neans that is known.
The manufacture of the heat 13 generator 1, 100 using conpact and stackabl e
t her mal nodul és2 to 13, which can be standardi zed, makes it possible to
satisfy a wide range of applications, both industrial and donestic,
cost-effectively, with limted space requirenents, and with a |evel of

per formance t Hateatsgeoemteerit | MOynompasihg thagnetbealonsd dbments G2), fiagnetal deyiceor

this 5 type of generator. The pres nvention is n ted to. the
exanpl es of er(é)) TARESE edt rip palisr ﬁy whieeh gaid t’@a@?ﬁo‘@ﬁﬁf B ?%)ctﬁt'?on
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generator (1, al@@t)ng:@mw arﬁil m@alﬁgm@&l@callwst encchanentsser(fR)id arragrattb coldevi ces
(3) arranged so as to alternately subject said magnetocaloric el ements (2)
to a 5 vari athotplories r@ﬁéé@éﬁh@cfnfgp@wpr@ﬁ@ceélhyeﬁardaméglgﬁt@rakﬁwlmeré&@i during

regner oca o1 Gy DRk BT BB G0 R RIS PPl 7 27
produced by sakéehaABOBRIRISR(6) f&p&kl@@@ﬂﬂ&eﬁ 4 tHULdt REd cblieedugdfisid RAkaeeol i ng
cycles, at |east one hot exchange chanber (5) and one cold exchange chanber
(6) respHttivélylpdaced mtarnshef kotulameh ¢4l threthdshet tsastir gbnériatween said
magnetocaloric elements (2) and said exchange chambers (5, 6), said generator
comprising at least one thermal module (10-13) comprising at least one set of N
magnetocaloric elements (2) arranged adjacently, with the generator characterized in
that said means of circulation (4) are synchronized with the variation in magnetic

15 field and are arranged to alternately circulate said heat transfer fluid inside said
thermal module (10-13) in two opposite directions at the same time, between the hot
(5) and cold (6) exchange chambers through said magnetocaloric elements (2), in a
reciprocating movement, so that a first fraction of the heat transfer fluid circulates
towards the hot exchange chamber (5) through said magnetocaloric elements (2)

20 subjected to a heating cycle, and that a second fraction of the heat transfer fluid
circulates towards the cold exchange chamber (6) through said magnetocaloric
elements (2) subjected to a cooling cycle, and inversely, and in that said means of
circulation (4) comprise at least one set of N pistons (40) positioned opposite the said
magnetocaloric elements (2) and subjected to a reciprocating translation movement

25 by a driving mechanism (7) that comprises at least one actuating cam (70) driven by

an actuator.

2. Generator according to claim 1, characterized in that said actuating cam (70)
comprises a cam profile (71) with roughly sinusoidal shape, the amplitude of which

30 determines the stroke of said pistons (40) and the sinusoidal phase of which globally



10 (1, 100), and neans of circulation (4) for the heat transfer fluid

bet ween said magnetocaloric elenents (2) and said exchange chanbers (5, 6),
said generator conprising at |east one thermal nodule (10-13) conprising at
| east one set of N nagnetocaloric elemd8ts (2) arranged adjacently, with
the generator characterized in that said neans of circulation (4) are
synchroni zed with the variation in magnetic 15 field and are arranged to
alternately circulate said heat transfer fluid inside said thernal nodule

nd col d (6) SYaPaaad RronEERE SRR Bl d BIRRTECK (e PERRRRBLIE, fbeyy )

a reciprocatig novenent, so that a first fractlon of the heat transfer
fluid circulates towards the hot exchange chanber (5) through said
magnet ocal oric el enents (2) 20 subjected to a heating cycle, and that a
second fractign~of the heat. t

d
xchange chanbel Sty OrASnUR LEMY el ettstur SEY BraReh st tdrta (o

a cool i ngs cyclog ciranghids c8@byise ARfsd ot NaistSRl (o TFRMsorRl on@a&l@bﬁh%f@ﬁdw
conprise at | east one set of N pistons (40) positioned opposite the said

magnet ocal or i cnaghetveaivsce ¢Rmeasd2subj ected to a reciprocating translation
novenment 25 by a driving nmechanism (7) that conprises at | east one actuating
cam (70) driven by an actuator. 2. CGenerator according to claiml,

charact er | zed 4 o salfhint Y3400 CHT 1L Abus SRRE! SRTAEAT ALY Lig (71

wi th roughly sinusol ape ude o etermnes t
stroke of sai @hgginstocalsrié 4Ié)nemotzy b@npﬂlmametrgmg fphd@pessagesyvnith ¢ cdralel yvf 15
corresponds to a heating cycle and a cooling cycle of said nagnetocal oric
el ement s10 (2) poms, chapeelataPoves ebp dpmbinedomelthefe dletaes.evi ous cl ai ns,
characterized in that said neans 5 of circulation (4) conprise tw sets of
N pi stons (40) positioned on each side of said

5. Generator according to claim 1, characterized in that said magnetic devices (3)
comprise at least one magnetic arrangement (30) formed of alternate magnetized
zones (ZA) and non magnetized zones (ZN) in the vicinity of said magnetocaloric
15 elements (2), said magnetic arrangement (30) being coupled with an actuator so as to

be mobile in relation to said magnetocaloric elements (2).

6. Generator according to claim 5, characterized in that said magnetic devices (3)
comprise a field closing device (31) positioned opposite said magnetic arrangement
20 (30) to close the magnetic flux generated by the said magnetized zones (ZA) through

said magnetocaloric elements (2).

7. Generator according to claims 2 and 5, characterized in that each couple formed by
a magnetized zone (ZA) and a non magnetized zone (ZN) extends over a distance

25 that globally corresponds to a sinusoid of said cam profile (71).

8. Generator according to claim 5, characterized in that each magnetized zone (ZA)
comprises at least two permanent magnets (32) with opposite polarities, assembled
on a core (33) with high magnetic permeability so as to concentrate the magnetic flux

30 of said magnets towards the magnetocaloric elements (2).



magnet ocal oric elenents (2). 4. CGenerator according to any of the previous
clains, characterized in that said magnetocaloric elenments (2) conprise
energing fluid passages, which are forned of 10 pores, channels, grooves or
a conbination of these elenents. 5. Genggator according to claim1,
characterized in that said nmagnetic devices (3) conprise at |east one
magneti c arrangenent (30) fornmed of alternate magnetized zones (ZA) and non
magneti zed zones (ZN) in the vicinity of said nagnetocaloric 15 el enents
(2), said magnetic arrangenment (30) being coupled with an actuator so as to
be nobile in relation to said nmagnetocal oric elenments (2). 6. Generator

according to gl@émdrfor SRBfAEE &) EldRe 5] thatfeadrizs@iidthapgne theemdrioaes ((B)3)
conprise a field closing device (31) positioned opposite said magnetic
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profile (71).aBunderiénsic@A)according to claimb5, characterized in that each

magneti zed zone (ZA) conprises at |east two pernmanent magnets (32) with
opposite polarities, assenbled on a core (33) with high magnetic

pernmeability ?g & netraq?lpgcr}%%fﬁtl%%);gl?ltslg ?Z?i%g%zéﬁz%duée ot sHA tﬂgrn%aqingcg%{rlzegg%estas

towards the nmagnetocaloric e nerator accor o claim

5, characteri agghrishubtugd s aitcH BR MgndRAWR {1dfedid)are RBEN Shd GHLIRE the
structure in which the nagnetocaloric elenents (2) are arranged in a circle

around aOcent acthatiegi m( &)d tadndgnetiharanghmenicira dtiveryindanac{irogating drankletion
magnetic 5 arrangengn} (3%? are concentric with this central axis (A) and
put into rot afiop§said clenents.

11. Generator according to any of the previous claims, characterized in that it
comprises X number of thermal modules (10-13) stacked to form a generator with X
15 thermal stages and in that said thermal modules (10-13) may be assembled in pairs

using the intermediate chambers (8).

12. Generator according to claim 11, characterized in that said intermediate chambers
(8) communicate with said pistons (40) and form heat transfer fluid mixing chambers

20 between two consecutive thermal modules (10-13).

13. Generator according to claim 11, characterized in that said intermediate chambers
(8) do not communicate with the said pistons (40), as the heat transfer fluid passes
from one thermal module (10-13) to another via said magnetocaloric elements (2).

25
14. Generator according to claim 11, characterized in that the pistons (40) of two

consecutive thermal modules (10-13) are shared.

15. Generator according to any of the previous claims, characterized in that the hot

30 exchange chamber and the cold exchange chamber are each connected to an external



around said axis (A). ]0. Cenerator according to claimb5, characterized in
that said thermal nodule has a |inear structure in which the nagnetocal oric
el enents are aligned and in that the 10 actuating cam and the magnetic
arrangenment are driven into reciprocating translation along said el enents.
11. Generator according to any of the previous clains, characterized in that
it conprises X nunber of thermal nodules (10-13) stacked to forma
generator with X 15 thernal stages and in that said thermal nodul es (10-13)

may be assenbl g uft nﬁt?(% th lds.qagcet %t'eﬂ{o@vrsng at %x?l%%gpe&ﬁ a@e r%gc

Gener at or accor to claim characteri zed sal g it ermedicate
chanmbers (8) Iﬁ&mﬁ‘hi@di catRraiitelingaé chiPesthange ((h‘élﬁ))beﬁﬁﬁhlfe@tﬁdﬁ heat transfer
fluid m xing chanbers 20 between two consecutive thernmal nodul es (10-13).
13. Cenerator according to claim 11, characterized in that said internediate
chanbers (8) do not conmmunicate with the said pistons (40), as the heat
transfer fluid passes fromone thermal nodule (10-13) to another via said
magnet ocal oric elenents (2). 25 14. Cenerator according to claim 11,
characterized in that the pistons (40) of two consecutive thermal nodul es
(10-13) are shared. 15. Generator according to any of the previous clains,
characterized in that the hot 30 exchange chanber and the cold exchange
chanber are each connected to an external 17 <circuit fitted wwth a device
that allows a heat exchange only after reaching a predefined tenperature
i nsi de sai d exchange chanber in question.





