1 THERVAL GENERATOR W TH MAGNETO CALORI C MATERI AL Techni cal scope:
5The present invention relates to a heat generator conprising
magnet ocal ori c el enents, magnetic devices arranged so as to
alternately subject said nagnetocaloric elenents to a variation in
magnetic field and alternately create alheating cycle and a cooling
cycle in each magnetocaloric elenent, at |east one heat transfer
fluid arranged to collect the calories and/or frigories produced by
said magnetocaloric 10 elenents during the heating and cooling
cycles, at | eaTHERMALOGENERAIOQR WITHMVRAGRETROALORIE RPATERI.
chanber respectively placed at the hot and cold ends of said
generator, and neans of circulation for the heat transfer fluid
between sai d nggngiocaln:ic el ements and said exchange chanmbers, with
t he said generator conprising at |east one thermal nodul e conprising
at l'east one set of N 15magnetocal oric elenments. Prior technique:

Magnetic refrigeration technolo has been known for npre than twenty
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and descri bes a heat gener I Ses enent’s an ose
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



30operation is based on the principle of the Stirling engine. A heat
transfer gas, in 2 particular nitrogen, runs though these fixed
magnet ocal oric elenents, while the whole assenbly is contained within
a tank subjected to a reciprocating translation novenent,

synchroni zed with the variation in magne2ic field. Helium heat
exchangers are connected to the hot and cold ends of the tank to
transfer the calories 5 and frigories collected by the heat transfer
gas to external circuits. The magnetocal oric el enments appear as
porous di scs, ghaicklad nitrogbheruhaticoughehaseafied magrat@aeriaridtearts, tuhile the
del i neat e sever al chanb%r S, or j cgnned to one another to delineate

only two chambe¥iole agserpblyiihgontaingd withip sstapk svhiestrdniar reciprpeptingolasiatien
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is also very limted. Gven the'very [ow operating tenperatures,
appr oxi mat el y -opo@®thearie delingate severat hhambisesaor jpied taowsy anothgr fogielineate only

restricted to lghoratory applications. In conglusign, the calokrific
val ue of such a@ ﬁé@?mg%neﬂr‘:g‘%o%‘ﬁlg 3% ﬂ?eoghols%emg? HRH ﬁ?fj&s?lweé‘llen Pf the' tink
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principle of a_magnetocal oric heat generator, which uses the air to
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This solution ig.dgsi i (o o .
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magnet ocal ori c ,el enent bet n a hot tank and a cold tank, using a
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is very limted and does not allow a sufficient calorific value to be
achieved for an industrial or donestic application, given also that

the heat 30tradspkgatipn (W@ 26054093343 alassribest the piiepiplel.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.



3 Publication WO 2007/ 026062, which belongs to the applicant,

descri bes a magnetocal oric generator that conprises two distinct
collecting circuits, nanely a hot collecting circuit and cold
collecting circuit, hydraulically tight with one another, 5 and both
coupled to a heat exchanger that serves as a neans of evacuating the
calories or frigories. The heat transfer fluid circulates in a closed
| oop within the collecting circuits, which conprise a part outside
the generator and require at |east one punp, nmeans of comutation
synchroni zed with the variation in magnetic field, ducts and
connections. 10 Description of the invention: The present invention

aims to sol ve tHibEcgiionbMm HO7/03666d Liwhialy bﬁiongﬁdt@stthei applwmutﬁlf@@nbes a
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econonmical ly SO it easi

according to gicshectiapelidii amtd o618 coliecHag tirdit, hjftﬂ&iﬁicﬂl;ﬂﬂ;glﬁ&nﬂ&ﬂinb adGther,
donestic applications. It also ains to S|an|fy and rationalize the
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heat generator o e prea arac erlze

in that said nealsctiof cncmtsuwaich&nm@n& asym: buiteidé zf&ogemmﬂ@r hinbreqaikd attleasn
in magnetic field and arranged to alter ter circul ate said heat
transfer fluid GASPEE TSNS Of FEPRREISIHNEORALL i @55@%4%0@ 1y raghaie Gk,
at the sane tingcished Weghibhge hot and col d exchange chanbers through
sai d magnetocal oric elenents, in a 25 reciprocating novenent, so
that a fid8t fraction of the heat transfer fluid circul ates towards

t he hot exchan 3 ch%nb% thﬁ%ﬂ h sai d magnetocal oric el enents
subj ected to a%ﬁégp¥ﬁﬁ-é$%ﬁé743ﬁﬁ that a second fraction of the heat
transfer fluid circulates towards the cold exchange chanber through

sai d magnetocal oric el enents subjected to a cooling cycle, and
i nversely, and ihg BRSOt {sniiemaisofo solve dhistirellers oiphitioducing 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 altemately 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



30l east one set of N pistons positioned opposite said magnetocal oric
el ements and 4 subjected to a reciprocating translation novenent by
a driving nmechanismthat conprises at |east one actuating camdriven
by an actuator. One thus obtains a nunber N of m ni heat generators
operating sinultaneously and in 5 paral4del, allow ng the heat
exchange surface with heat transfer fluid, and thus the calorific

val ue of such a generator, to be nmultiplied by the coefficient N

Mor eover, each magnetic cycle is optimally used since the circul ation
of the heat tramgécsd td Wi BeipfochaoNrslisl864 intRemalt! Ba drfigngs indttlahrRe s
collection of the calories produced by the magnetocal oric el enents
subj ect ed to a®ompGiceakleast aneastiatng eant {iidved by preagtiater. cycl e) 10and of
the frigories produced by the nagnetocal oric el ements subjected to a
reduction in magnetic field (cooling cycle). The hot and cold

exchange chanb®ms thierobtaieoeber Nhﬁﬁﬁﬁﬂﬁatfg@ﬂierétbl@ opEetiEimEIBREQK]y and in
produced by the generator and allow achieving a m xture of the_ heat

transfer f?ui dPaBhesallewing the beat sxehangq ngaé%/&'lth Mgl trangist Hyid, @pdi e the
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other. Preferab t he nmagne orrc I Se ener
fluid passages pac\hhnagmeads Eydleorsr@dm@ﬁy psedeince dha:ﬁmﬂhﬁon offthoies tr@ﬂisf@ fluid
combination of 11} Qoetﬁ %ugrl:tieogg altloS\iJs the simultaneous collection of the calories produced by the
magnetocaloric elements subjected to an increase in magnetic field (heating cycle)
10 and of the frigories produced by the magnetocaloric elements subjected to a reduction

in magnetic field (cooling cycle).

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.



20 In a preferred enbodi nent, the neans of circulation conprise two
sets of N pistons positioned on each side of said magnetocal oric
elements to circulate the heat transfer fluid in both directions.
25The actuating cam nay conprise a camprofile with a roughly

si nusoi dal shape, the anplitude of whichs determ nes the stroke of
said pistons and the sinusoidal phase of which globally corresponds
to a heating cycle and a cooling cycle of said nagnetocal oric
elenents. 5 In the vicinity of said magnetocal oric elenents, the

nmagneti ¢ devi Ces H¥BNciHiGBN JaRiemaineloBAsiic ABRMBINShhEneat dSAGE MR comprise
formed of alternate magneti zed zones and non nmagneti zed zones, said

magneti ¢ ar r angkHastonsahamjetioapingementtfhrmeed efcalteatatsr magnetized zongreand non
nobile in rel atj i etocaloric elements.. ' These
magnet i ¢ devi o ele P iR RAREREA-Ghdehl SRl aly MBS Srorsous o

posi ti oned opp®s iobilsiirelafi@okit GnaghétadilRiTRimdn®. €| 0Se the magnetic
flux genergt ed by said magneti zed zones through said nagnetocal oric
el enents. -10Each couple forned by a nagnetized zone and a non

magneti zed zongy, %%-g%# i g gﬁp t sl.y:
over a di stance tealt'%la 8 a Q§E%§W?%%§8ngs %eZpﬁﬁﬁhggﬁﬁgd%Mggﬁéﬁﬁﬁﬁﬁd
profile. In theppmrseé esid enagasiroai-agahent e clloseah elapitid Rengneatep rhysakl
at least two 15 permapent negnets with opposite polarities, assenbled
on a core w t h"HeyHz @?@%ﬁ@“ﬁ%?%%ﬂqt‘?%ﬁ’é’& ekgle{“é' concentrate the
magnetic flux of said nmagnets towards the nagnetocal oric el enents.

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 nmay advant ageously have a circular structure in
whi ch the 20 magnetocaloric elenents are arranged in a circle around
a central axis and the actuating camas well as the nmagnetic
arrangenent are concentric with this central axis and put into
rotation around said axis. In an alternative enbodi ment, the thernma
nodul e may al so have a linear structure in 25 which the
magnet ocal oric elenents are aligned and the actuating cam toget her

wi th the magnetic arrangenent are driven into reciprocating
transl ati on al @sgmbkiddnglagsesing . inteGneaége nhdngers. dn s ceseuthiengjstons of two

i nternedi ate chambers. .In this case, .the pisfons of two consecutive
t her mal nndu|e§°§?8“389§HP%§&@H§F€f§ﬂ¥mﬁé%uﬁy4%m@e, by stacking

several thermal nodul es, the heating and cooling of the heat
S5transfer fluid are achieved in a staged manner, thus nmaking it

possi bl e to i néleaes byt taskingoesralt themmad mandiukesit thb destingrandhesolbing df dhedheat
hot ends of the _sail nerat.or .as desired. The internedi at.e chanber
may communt cat SRNEEERS HHEie0 0o SR ORI A TAKIR SRR PIE & HORR iy
chanbers bet weedingeyddure @RarRat bW @nECIIBANITRE 8 91 th Gaid BehekAidrak dBhedt €
chanbers may al so not comuni cate with said pistons, as the heat

transfer fluid passes fromone thernmal nodule to another via said

magnet ocal ori ¢ gl auRAl Siad 2TNG NOL, egd;@‘g&%ca(fg R Lai rﬁ%totng ©fCfofin heat

exchange chanber rmay éach be conhéc
transfer fluid mixing chambers between two consecutive thermal modules.

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,



an external circuit fitted with a device that allows a heat exchange
only after reaching a predefined tenperature inside said exchange
chanber in question. Brief description of the drawi ngs: 20 The
present invention and its advantages will be better revealed in the
followi ng description of two enbodi ments given as a non limting
exanple, in reference to the drawi ngs in appendi x, in which: 25figure
1l is a perspective, partially exploded view of a first enbodi nent of
a heat generator according to the invention, figure 2 is a
perspective vi ew of figurgsa¥ to ®hretiadialgenmatod thef geaemtor fomefigire 3,irgapeaivly

Is a plane view of the generat.or fro i I gur, .S an axia
section view of t heacﬁ‘érrqg‘gé? gretpn Blﬁﬁlqsir{}g&r gﬂ?ﬁ \;HTVH %Hr‘ﬁéliélht o 8 are
radi al sections of fhge g?s‘leﬁe"i‘stpg&ivf\chrﬁ_%%fllafllg%gﬁlﬁdeﬁ’viévﬁéﬂaf&%ﬁﬂ%h%odiment_ ofa

according to section planes V-V, lgure 9 1I's a perspective,
partially expl oded hdabgenefatcn aseoimpioaiodintenst of a heat gener at or

ngg{ f“ ;](gfi gn;[ ??ghpt\égl.gé i(glp?deeIﬂI lszé 1en vjigw g?de%eﬂlﬁ@o%{ gu?e b,nangl ew of

- figure 11 is an axial section view of the generator from figure 9.

Ilustrations of the invention:

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 anmular eylindrical 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 Camot 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



figure 11 is an axial section view of the generator fromfigure 9.
[l'lustrations of the invention: 10ln reference to figures 1 to 8 and
nore particularly to figure 4, the heat generator 1 according to the
i nvention conprises a thermal nodule 10 that includes N nunber of
magnet ocal oric el enments 2 arranged adjacgntly in a circle around a
central axis A, formng an annular cylindrical structure. This
enbodi nent is only an exanple, given that the heat generator 1 may
al so have a linear structure. 15 This heat generator 1 conprises

magnetic devi cegat3r@afaldhel efrcddtéLiRat®l the Sdsli egdhbfi@ &Magiber 6 through the
magnetocal oric elenments 2 to a varjiation in magnetic field so as to
vary their tenpeieagtogaloriselegieaisigubigciehis aupating oplel and iavemselyo
alternately create a heating cycle and a cooling cycle in each
magnet ocal oric el enent 2. This generator contains a heat 20 transfer
fluid that is madbe tgamply acpraehie, s thagivercatelic rakahong 20covsiex of psalof
circulatiop 4 in,order to collect the calories and frigories produced

by the maghet oCHinsicdl septiors fiat are qtyrmacgined and/orwewded, et il 2 maggegpaioric

cooling cycles, ah ; i j F&{
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er .
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and that a secithahi@GllbPn Mitkel INNOAby,! dnPtHed qlil-aléd redtérial bRin@Snetizable
towards the cold exchange chanber 6 through the magnetocal oric

el ements 2 subpb@t &8 orboha combinalipncyictasiouamdgictnealose myaterials, ithe form of
exanpl e represgplgd. LO8ITRINE! REA O'lnber®d SMENSus2 THE"FHoRh Bliween these

partially
i5 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



5 cylindrical sections that are cut, machi ned and/or noul ded out of a
magnet ocal oric material, placed in a fixed support 20 fitted with
conpl enentary shaped housings 21. The shape of the magnetocal oric
elenents 2 is not restrictive and nay be changed to any ot her

t hr ee- di nensi onal shape. Magnetocal oric 9material neans a materi al

that is partly or entirely made out of a nagnetocal oric substance,
such as gadolinium (Gd), a 10 gadoliniumalloy containing for
exanple silicon (Si), germanium (CGe), a manganese all oy containing
for exanpl e i r omnfiee}, 5, thregackst mc(lﬂmses Henispdf that dothect ehelimsidenaiinm of

al l oy, a nickel, ( I ny equi val ent material or
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materials, in (STHCTe)
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according to t hdadeetly,iing camtt mowld cegtralogxiscit mﬁbfodasanraadulaminmtmaa In the

ranges of tenper ui red. These. nagnet | enent s are
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fluid passagesof W!ﬁﬂcﬂ%@eg&@édnﬁdccgﬂ lérﬂﬁmﬁ?rsﬁ%egfhoﬁm RAY BUSrranged in a
material, mni- or mcro-channels machi ned a solid block or
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simlar elenents ans cul atjon 4 of .the at tra
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subj ected to asip6iR0QE el HiBBYANR lemddd Rhbifg adyoadediRiteCibing Bf asdethisly.
A, by a drivi n%hmechanl sm7, with each piston 40 arranged in 25

opposi ti off andTh¢ sigort B8 aa&iﬂ?;mkehﬁmvgheb@@wﬁ@frpm aetiegle part. Theseopagis axeo
circulate the t]’ﬂ g d

said el enent i Hl%getrac}]}l# %Q%I g"ﬁ\t th %@ge n"ghtﬂ% mg\i/\grla?% SSlc'hmgce‘i‘ stg?tg%ﬁg&tﬂsn

i s subjected teimilaheati ng cycle or a cooling cycle. Each

magnet ocal oric elenent 2 is thus associated to two pistons 40,
aligned along its axis and opposite each end, driven in opposite
directions. Fof, ke hBdt f

exchange chanbenr 5 6 1?0 éﬁ%g%ﬁe?{eeéid#ﬁnﬁ%@ Blhar?bg%l?n%e%%?l@ae%one and
j acket 4215 onppie§eably pen betgming Satils F0 ctoopim!edxt tHehpistonss40gl driveal byren edtudtdre

t hermal nodul e, 10 and th sing 41 of e pistons 40. In ference
to the circul af® IT?HEWWF‘@ %F ﬂ@gﬁ@ﬁtcaﬁ‘e&u@@go‘i‘)@r‘%aicia?’ugrf’ﬁgtﬁd tgﬁ‘e
pi stons 40 arerdghigngRdos € sililay. shéﬂé @e&lﬁ@c bear@r gurm% e

A, and form an annul ar structure. he 5 case of a |inear heat
generator, t hed?iﬁlmlmsslh@\@tmlﬁ dféh%lplswnedo aith $wesipissitdshageOofowhish globadly

o ;RSLAC?L o rRntMh 5 R g BHD: S LBl PO g e e clements 2.
appropri aee anqthéream g@ﬁckenefomw@ﬁlaﬁeﬁtﬁﬂ Pladd ZRsiny 6 breld 6f QAL HISINR G0, thus
| osses. The jacket 42 is a fixed ﬁtggr installed on the support 20 of

the magnet ocal BshENE:Remegherical apupking beyeend Bigsmpatsnim nefeihceatos batsirgular

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 lfinear 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



10 The support 20 and the jacket 42 may al so made froma single part.
These parts are preferably made out of thermally insulating
materials, such as synthetic materials or simlar In the exanple
represented, the driving mechanism 7 conprises at | east one and 15
preferably two actuating cans 70 coupl eld to the pistons 40, driven by
an actuator (not represented). Each actuating cam 70 may conprise a
camprofile 71 with a roughly sinusoidal or simlar shape (see fig. 2
and 3), the anplitude of which determ nes the stroke of the pistons
40 and the si ngwbiliador@ihases ©fa hiseid ¢ tBdadrh Yrdfld TESHMS na@ndized zone
heating cycle and a cooling cycle of the nmagnetocal oric el ements 2.
20 The cam pr of-fy gnsratigeheheating gyqlesnd the pon plagresiged 798¢ d&' the §rQing 6y4¢-
each piston 40 r.i anj . i

parts nref ol a7 lagiogb W) 7 RELMRRD & 60E swo,
as il 1 ustrat edpertragenaciagadts’ 39 witn@ppéslteapadaritizs,Udssginbidtidorptl toreMd30owith high
continuous. or non continuqus rotation around the central axis A b
an el ectrilc noP@FeEf BHpcadiyy 8 At o ctonstngpte fly mpEngiss Bupt tO&qusné?ﬁr
heat gener at of mablifochBAE LMol C ROy dhf T | ol of UBRGRIEH O
a reciprocating translation novenent. I'h reference nore parti arly
to figure 8, t hessivighetheexadape capsesentedant insefesenomiprtld cicculnr sanngeaefithe

30 fornmed of alternate nmagneti zed zones. .ZA .and nan netjzed zones
ZN in the vici BTGy o H@E?F&gﬁ@%?emtrfods alyﬁeﬁén%ﬁe%éﬁlﬁ%ﬁwn@a@eéf
magneti zed ZA gty Ghto WBEHRbIZ 80BN oARRRSs SothifRdSo M Bhe EndhiSE@NE By an

that 10 globally corresponds to a sinusoid of the camprofile 71,

wi th t he Wagnetlestde nwtmer 2oy epuivateat aoteptarhb thisexample.dhe megretid atriregem
magneti zed zong, ZN the cooling cycle. .l ‘Se xanpl e repr. nted, the
Tagnet i zed zons? SAREAP St T Bt L BT R RE 2T Sn5h
opposi te pol ar tdvefifig a 395 giflae dedddt. Bof&pBndiBel thécdbh Phofild7 IMBOME taktbating
perneability so as_to concentrate the magnetic flux towards the
nmagnet ocal or i cCansetfsomprises oy simiseidy thabeagh extaed ovepihe same gl sactor. The
arrangenent is i . d.ln.refern

to the circul a(r;agIgP IFQOE% ﬁrtglatg]s Elpﬁgﬁé&gﬁ&hgtﬁ&%gs;% %@%@g%% S(%lln%?lrd ggogéﬁgﬁﬁ'

30 is cyllsndri thalgraphival sdptegehtitioni @Gke hrlagnegiendervivésnd alko aopiista field alosing

continuous or non continuous rotation around the central axis, A by an
Qewce é)l p031tl1'lone oppos?te the magnetic arrangement 30, and in this exar)rllple

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



10 electric notor or any equivalent actuator. In this exanple, the
magneti c arrangenent 30 conprises four pairs of nmagnetized ZA and non
magneti zed ZN zones, each covering a 900 angul ar sector.
Correspondingly, the camprofile 71 of the actuating cans 70
conprises four sinusoids that each exterd over the sane angul ar
sector. The camprofile 71 that is illustrated on the figures only
shows two sinusoids to sinplify 15 the graphical representation. The
magneti c devices 3 also conprise a field closing device 31 positioned
opposi te the nilnepdratioardfaheasa pbnardtor ARensids inhdontreliagecsibulidesle dnde
generator 1, to close the magnetic flux generated by the nmagnetized
zones ZA t hr ou§Rchipaovsayenertt diei magapigustengenzent phandaf thepswiatng gms 70
| i near heat gepe h V. r
subjected to aﬂ%g%%%%%g%t§E§E$$§%gﬁggﬁéﬁq§%#%ﬁgﬁﬁm%F?# Pﬁ@gtgiggn?d
t he novi ng parteddé theetveah thenrstatoandl calde 6C exvhenger I:I(amhetshﬂirdilgh the
central axjs A and .be driven by the sane inside and cent

act uat or by MAERFIQSHIGHG Slemants geriwo oppostis directigns 3 thesamg gipe PFé’fi%i‘B@F‘
with a small erygdiRaele elehxte%esare %ﬁlﬂ@&&? kPl ﬁ'lg%feﬁﬁeﬁeﬁ? of BbS The. altﬁma e

configuration, by drivingt noving parts f e outside, wt
act uati ng cansmp@eraand| of Hke hazgrtﬁmsfcr é]rurdamgdﬂmsan&m}pnmltmm&d 1@ mpakesd &

t he magnet ocal or el enent s is al so SSI bI ngul hi ft
the mogonent  orosle TGS Hgemiprare s PR rbOe At cobf § Prbinee
nmagneti c arr angfeds phlled B 108 88 of %e%ﬁ%ﬂérat%P@hE@%xEHbﬁé%anﬁ&g 5, 6 are
hydraulic inertias. 11 The operation of the heat generator

consi sts it codesigned isagtheh ghes catuli¢samsb disgosins rsyductd dnoths gmveﬁoerwandie

he al Lor nat o WBUCHERE SYEPACCIS: GAGHE A ors B Tererant o Ry

modul e 10 bet wesdudtioa orwaﬁeaa@sicr@ﬁga (@ot&éﬁb@ﬂ@@) oh e RiedrSativ eRYEImE R
5 magnetocal oric elenments 2, in two posite directions at the sane

ti me dependi ngnQiﬁeWFéﬂﬁérthé hptoPXéh@ugeﬁ amnbgr andsipjceldtexehange ehasbapasp eadhc
field or not. er cfﬁ:r%lgé)ﬁ%ﬂ% Oc%ngiktéha?hag I%g fm% tmﬁlréa‘@arflc%rﬂlgt a'ﬂbgﬁ a heat

i nside a sane t u 0SSl Ie to I Nncrease
t enper at ukle gr adhant ohbtafieereatiiey i pied&fined mbmi-amrs irgide kaid geclahgendherBer
pl aced at the ends of the Sal d generator. These excha e chanbers 5,

6 are 10 desi PnFSEW- (i davirs qam) Rsr ¢ beat saRsitive otomBalled: Sor xalte- pirch Re
generator can B&idrA0wE fle ng%ﬂerﬁtgr ﬁ);(ﬁe?fgﬂ? eo(f'é Hll'} %H&Q%tﬂeﬁg:xchan%e is only

air-conditioning, tenperi conduction or

heat exchanger pdsnible anepthe gemtraior) has renclaad aqiracbﬁnai staady etabbodi ment not
represented, the hot exchange chanmber and the cold exchange chanber
are each connected to an external circuit that may be fitted with a

device that al TRVSeaptrARA: fudbuX§ 208" NqAd. 19k heRRGRROMA will have a
predefined tenperature inside sai exchange chanber in question. This

devi ce can be ehehmcal cgmpesitidnvihaors adepted ¢ lleoﬂesmniprauﬁl vlétenﬁwatmraso as to
device allows the generator .t ince the
exchange is onfS" 5%&2?12} rgurBrl}gag g‘%@n ?ng{ubdr‘%% u§€ea%ﬁ%|&f§ 28} Wil aﬁ&d
steady state. Ifitis a liquid, one will for example use pure water for positive temperatures and
water with antifreeze, for example a giycol-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



20The heat transfer fluid used is preferably a |liquid. The heat
transfer fluid will have a chemi cal conposition that is adapted to
the desired range of tenperature so as to achieve an opti mum heat
exchange. This fluid may thus be a liquid, a gas or diphasic. If it
is aliquid, one will for exanple use pre water for positive
tenperatures and water with antifreeze, for exanple a glycol-based
product or a brine, for negative 25tenperatures. Best enbodi nent of
the invention: 12 thermal stages, and nay be identical or not. The

ther mal nodul ethedfh] sthigs, 421 mipbaidentasb et Elhel therRl MBdWIEI WY 11, 12, 13 are
internedi ate chanbers 8. In this staged configuration, the Ei st ons of
two adj acent t PBSFIHIRd HpopriTsasinggntenmermteraanthersst dr dhis staged; qonfigirationethe
in the figures i i | I h t sych .

gencrator - as BT Sav Rt Senhloiliefly 10 1S B 8P Ryt sl in e

reduced. Consefigeet yntidnbe absiey ahich @lleRsEhe [ddsdfesuah 3 el eds antl as its
posi tioned inside the i nternmedi_ate chanbers 8. These i nternediate

chambers 8 may ALY %&Plpéigl_e@ W%?@Pﬁ@e@@swﬁﬁﬂy,fﬁhﬁgﬁﬂéﬁ@g 6y Qe
Wien they are genaeedeshd %ﬁﬁﬁﬁed RERE an%ﬂecﬁﬁ@@ﬁ?ﬁer@ S.aﬂeggvirﬁé}ﬁle&gt‘gt

transfer fluid to be m xe etween two successive ermal st ages,
the fluid goesclambasdhmay he comiectadchslibustrated 10 ttarfiguay orviight.t When they are

openi ngs 43 nmade in e jacket 42 of the _pistopns,40. This therpal .
m xi ng hel ps i ﬁoéjpgcé‘%d{%%eﬁél %%@Pétcg‘?"ﬁgﬁﬁ §cﬁ118‘r‘fttﬂ? peahugpderdud i g%mmd
anot her and, CBAWEAURDhobessiRANRAPRIRE UE thedTATERS FroREindRIRRmbNRo MR 100
and cold 6 exchange chanbers placed at the ends of said generator.
151 n anotWer atmothenaia the opertugsi 43emedeniotthe gaskessi@mfettic pistves 40. This thermal

intermediate c e .ay be tight. In this case, the heat transfer
1t goes. 1 rolPUe PTG TS it SRR B TR TP g G 0. enoter and
magnet ocal or i Ccopb@BiflyS the tempefdife SIrABQA Hebideh GHE Aot SNuRScIIE W afiged
may of course he extended to thermal 20nodules 10 to 13 with a |inear

structure. The*himbersplased atike ends ofoti gegeratop to 13 i s

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 5, 6 can be assembled using any suitable sealing means and

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



non limting and is determ ned according to the application in
guestion. Possibilities for industrial application: 25AI] the parts
that formthe heat generator 1, 100 according to the invention can be
mass produced using reproduci ble industrial processes. Al these
parts, except the magnetocal oric elenent3s 2 and the magnetic devices
3, can be nmade fromthermally insulating materials, noulded, injected
or simlar. The thermal nodules 10 to 13 and the exchange chanbers 5,
6 can be assenbl ed using any suitabl e sealing means and 30any
appropri ate fagtreritorg, ié&nsing bahpdcs ardnsaviabld Herm@E mddass U0do @8, wikieh can

heat 13 generator 100 ng co ct and stackabl e t S
10 to 13, which® éﬁ‘ﬂc}aﬁ@ é??i‘ﬁ? di Pey E ek gadisfy; 2 FYBQ% rHee & cf-‘PE]é‘iaP%‘?Sy%at%
wi de range of ﬁﬂﬁ’ithzﬂ%ﬂ Q%esti@,%d@t éf?e‘éff‘?é])'f hah Iﬂﬁ%d‘%ﬁé@sr%ﬁu(fre ents, and wi
cost-effectively, with limted space reduil renent s Uh & aP

of perf or mancelevélaif nea“onmmme kitek ys cmehthalurédllédint 1enm§ofocfalcmico.laluklfar this
val ue forfghls 5t§ enerator The present invention is not
limted to t heY8% ﬁ%wggo f enbodi nent descri bed but extends to any
obvi ous nodification and variation for a person skilled in the art

wi t hout departing fromthe scope of protection, as defined by the
annexed cl ai nsThe pgsapt divastion is not limited to the examples of embodiment described but

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

without departing from the scope of protection, as defined by the annexed claims.



1. Heat generator (1, 100) conprising magnetocal oric elenments (2),
magneti c devices (3) arranged so as to alternately subject said
magnet ocal oric elenents (2) tOa 5 variation in magnetic field and
alternately create in each nagnetocaloric elenent (2) a heating cycle
and a cooling cycle, at |east one heat tlfansfer fluid arranged to
collect the calories and/or the frigories produced by said

magnet ocal oric elenents (2) during the heating and cooling cycles, at
| east one hot exchange chanber (5) and one col d exchange chanber (6)
respectively pl@eest at the hot and cold ends of said generator 10
(1, 100), and neans of circulation (4) for the heat transfer fluid
bet ween sai d nagnetocal oric elenents (2) and said exchange chanbers
(5, 6), said genefat @heﬁ%m,'lﬁﬂ))%ggﬁsih ﬁﬁ%ﬂé@&ﬁl&i@@k%ﬁtg D bghefid fovicds
conprising at |east one set of ‘N magnefocaioric elenents (2)" arranged
adj acent |y, sai(@) nwarssdofo e tealtanitely ulijecthsdid gnagyeictataiti eedents (D tohe

i ati tic field. bej d.to alt tely .15
trroul are Sai o RSP pEi Rl A Aol R i fel et Sl g
in two opposit e lhafigEécRmdatcoblite ol atdadone Rl \WaeTet M Aedngbbib BNkt

cold (6) exchange chanbers through sal d nmagnetocal oric elenents (2),
so that a firsthe¢aergsend/er the Bégdiesproduesd by erid magietoaglorie gleateats (2) during

t owar ds t he hot 5 sai et j
o ements () " ouhf ERARARG EORTD Soll b 10 31O B SRk RullP IRGHRE o) Ul v cold
of the heat 2Gxthamps tieambel (6)despidtivulygilasd hiome hotsantRoldcntisofsathangeator

chanber ( t hr ou sai d magnet.ocal oric elenents (2) subjected to a,
cool i ng cshl e, (g’ng&?)n\?% Jeaps of eaelatiary (Dt jthe PFﬁéttr@éﬂeﬂ fividy hetwegn said

circulation (@m%@to@zﬁSﬁ’d’gﬁﬁle%@)(% %H%%ﬁﬁ é@h%lﬁg%gmﬁér?'tif &Y, _sg.ildu% erator

bet ween t he hot ) and cold (6) exchange c ers Irn a reciprocating
movenent, and conprisigg ableabteast theme!l setdulsf (1041p) stroprisigdd) legsosng sa rd dN

opposite the 25 said.magnetocaloric elegents (2). and suhj ect.ed a
reci procating t@%@@&?l?rbﬁa%%ﬁégﬁnﬁ%eg a@??e\l}_ﬁﬁda %ﬁ?g‘f#%l%m’i ﬁégelng
conprises at | egsdhr@iRdasii tlel valattd i (nfihhety ﬁé’l@@n@lﬁeiﬁ% Rt gddt® blternately
2. Generator according to claim1, chalacterized In that said

act uati ng léam (choylaBCedhsas wansfen floningidosdid theirad modteH16-d8)ginl tyo opposite

i i dal sh h ljtud f i ch 5 i h K f
o ot de, Shetiolhe ) WP e 5y CELRE IR KRB aluck

corresponds to throhglaidid hagiyitdalodio GleteaRqb), B Y & fiest Bhactsdi o the heat transfer
magnet ocal ori ﬁngl enents (2). 53. Generator according to gﬁ/ of the

previous cl ai mdvi¢ fEFHEeseioParl thehatrxehange ghambsn 6) dhrough sald anaprsipcplgyic
ﬁggﬁ;i z galt ‘(’)\?i zeegel?%é%ésn{\% %%gi%&@c? td %q')eaﬁ)l% L§cie? 68 12 LREhSEAGIR or SR Heat
20 transfer fluid circﬁlates towards the cold exchange chamber (6) through said
magnetocaloric elements (2) subjected to a cooling cycle, and inversely,

characterized in that said means of circulation (4) are arranged to displace said head

transfer fluid between the hot (5) and cold (6) exchange chambers in a reciprocating

movement, and comprise at least one set of N pistons (40) positioned opposite the

25 said magnetocaloric elements (2) and subjected to a reciprocating translation

movement 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)

30 comprises a cam profile (71) with roughly sinusoidal shape, the amplitude of which



4. Generator according to any of the previous clains, characterized
in that said 10magnetocal oric elenments (2) conprise energing fluid
passages, which are fornmed of pores, channels, grooves or a

conbi nati on of these elenents. 5. Cenerator according to claim1,
characterized in that said nagnetic devites (3) conprise at |east one
magneti c arrangenent (30) forned of alternate nmagnetized 15 zones
(ZA) and non nmagneti zed zones (ZN) in the vicinity of said

magnet ocal oric el enents (2), said magnetic arrangenent (30) being
coupl ed with anmcmoniuetthe steakeas siid pens (i) lasd the sihabdidal phast of sAich globally
magnet ocal oric el errenc{ S ;51) ) 6. Cenerator according to claimb5,
characteri zed iATESRRIs o pdicptingrycieand @gopling ¢yse ofzpid dpagpetosalons qleraqntp
cl osi ng devi ce @_31) positi oned opposite said magnetic arrangenent
(30) to close thHe nagnetic flux generated by the said magneti zed

zones (ZA) through said magnetocal oric elements (2). 7. Generator
according to clajns 2 and 5, characterized i _thag each outgl e fornmed
by 25a maghet i ZedSEHHY 3E9RFING frjany od ¢ repersCiamy © %?FéerFZ‘il)n 3lisaiff dpgans

over a di st ancerfthdlatighebalb 'Efﬁx]o%% QREEpikBnd(46) pURBhE & eagRiifle 68
profile (71). 16 on a g@re 53 Wi tﬁ h?usglﬁl rr%sg%ejt C 1per rreaef)alé?lhlty SO
as to concent r magngtpmlomegleatents (2). ux of sai d nagnets towards the
magnet ocal ori c el enents (2).
4. Generator according to any of the previous claims, characterized in that said
10 magnetocaloric elements (2) comprise emerging fluid passages, which are formed of

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

5. Generator according to claim 1, characterized in that said magnetic devices (3)
comprise at least one magnetic arrangement (30) formed of alternate magnetized
15 zones (ZA) and non magnetized zones (ZN) in the vicinity of said magnetocaloric
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)
20 comprise a field closing device (31) positioned opposite said magnetic arrangement
(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
25 a magnetized zone (ZA) and a non magnetized zone (ZN) extends over a distance

that giobally 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



9. CGenerator according to claimb5, characterized in that said thermnal
nodul e (10-13) 5 has a circular structure in which the

magnet ocal oric elenents (2) are arranged in a circle around a central
axis (A and in that the actuating cam (70) and the magnetic
arrangenment (30) are concentric with this central axis (A and put
into rotation around said axis (A). 1010. Generator according to
claimb5, characterized in that said thermal nodule has a |inear
structure in which the nagnetocaloric elenents are aligned and in
that the actuating camand the magnetic arrangenent are driven into
reci procating PRarer&ll)ovithdlighmagsiicpermeshility so as ®roncedzate thataagnetic flux
according to an od‘ t he grevi Otﬁ% cl ai ns .chgract ?L)i zed in that it
conprises X nu 2IC BreFR ?‘ﬁadfls H’Ggléeéoc("lff)‘% 5negt§ ked to forma

generator with X thermal stages and in that said thermal nodul es
(10-13) nmay be assenbled in pairs using the internedi ate chanbers
(8). 2012.' GenérGensrataaconrdingtp ¢tlainch,ahandtirized hathat seéd themahl modoledi0-13)
sai d i nteryredi ate chanbers (8). cqn icate with said pistons (40) .and
form heat 7 ran8ft Cfq aﬁmtﬁﬁeda “Whihe risepcp SR 8 et in &
t her mal nodul esg; = rs o j ' :
characterized ?lrrl(ﬂ%%g%ﬁsgic?ula}]%’g? %@g%}lgtlgtt%é%b%?%%% ggzgﬁ%%ﬂe%@em
conmmuni cat e W tmangheers (B36) plestonnantid O)ith thi tdnealheds (A) andper inftd wotation
passes fromone therpal npdule (10-13) to another via said
magnet ocal ori c & &ig@y. 14. Generator according to claim 11,
characterized in that the pistons (40) of two consecutive thermal
nodul es (10-13) are shared.

10 10. Generator according to claim 5, characterized in that said thermal module has a

linear structure in which the magnetocaloric elements are aligned and in that the
actuating cam and the magnetic arrangement are driven into reciprocating translation

along said elements.

15 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
thermal stages and in that said thermal modules (10-13) may be assembled in pairs

using the intermediate chambers (8).

20 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

between two consecutive thermal modules (10-13).

13. Generator according to claim 11, characterized in that said intermediate chambers
25 (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).

14, Generator according to claim 11, characterized in that the pistons (40) of two
consecutive thermal modules (10-13) are shared.
30



17 15. CGenerator according to any of the previous clains,
characterized in that the hot exchange chanber and the col d exchange

chanber are each connected to an external circuit fitted with a
device that allows a heat exchange only after reaching a predefined
tenperature inside said exchange chanber7in question

15. Generator according to any of the previous claims, characterized in that the hot
exchange chamber and the cold exchange chamber are each connected to an external
circuit fitted with a device that allows a heat exchange only after reaching a

predeﬁnéd temperature inside said exchange chamber in question.



