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least one circuit for thermal exchange fluid of which at least a portion is placed in the
immediate vicinity of the magnetocaloric element so as to recover at least part of the
calories and/or frigories that it emits, the said circuit being coupled to means of
circulation of the thermal exchange fluid and to at least one heat exchanger set up to
transfer at least part of the calories and/or frigories recovered by the said thermal

exchange fluid. The invention also concerns a method for the generation of thermal

units using the said device.
Prior art :

It is known that thermal generators with magnetocaloric material comprise fixed
magnetic means and mobile magnetocaloric elements coupled to means of
displacement, or inversely. Thus, the magnetocaloric elements are alternatively
subjected to the presence and absence of a magnetic field and alternatively generate
calories and frigories. These thermal units are recovered by thermal exchange fluids
that travel through the magnetocaloric elements and connected to "hot" and "cold"
circuits that comprise heat exchangers to heat and/or cool and/or regulate and/or air-

condition for example an ambient environment, a chamber, a room, the inside of a

container.



2 In the case where the nmagnetocaloric elenents are nobile in relation to
the magnetic neans, it is very difficult to guarantee a good tightness
bet ween the sections that run through the magnetocal oric elenents and the
"hot" and "cold" circuits and | eaks are, frequent. 5 The magneti c neans

generally conprise a magnetic assenbly, 2 per manent magnet, an

el ectromagnet, a superconductive magnet, a superconductive el ectromagnet, a
superconduct or. Pernmanent magnets do not allow to obtain satisfactory
results in terns of magnetic power. In relation to this criterion, the best
results are &bthei casel wherenihe imagnetocaloriaglestestsaarel mahple i oelatinat fovihe magnetic

el ectromagnets. Unfortun |y, electromagnets require ve si.gni fi cant
amounts of efMEeRy i‘tc‘él"e@’ng‘h&‘f?/t Wﬁ”@ﬁ“ﬁeﬁég&fﬂéﬁﬁﬁi’ﬂ“{ﬁ?ég%§eé:.tlg%}h€bU’élr,
they heat upyghakine ARheRYAMIR!dlferdDEh AR Ry " CRIMLiI &AL GRd 1es are
construction o ermal~ generators. Mreover, the technology o

super conduct ifréguedk ect romagnets is very costly. 15 In addition, the use of
el ectromagnets allows to vary their nagnetic field by feeding themwth a

variabl @ electrical current. This solution has the advantage of renoving

any rel ative pnovenent between tHe magnet ocal or.i c el Spent s and %he netic
moans.  The PUBITASIEHREERERerG GBS & BReTtp 25551001 4 PETF S8 BA§eb68 004

describe 20 exaFPhesnedf aV%ﬁf[)e}QJ)rﬁiuQWer ShignROVET spdPRinductflet RRUGBmMEGN® af them
are limted to superconductive el ectromagnets that are not conpatible with

the present bsupeecindoctor. Perenestemagaats abl motcallomene obtane satisfyppdry weds not
allow to obtain satisfactory results. in terns of epe consunpt i on gnd
cost. 25 Hené%mtsffg TBIGISHIF YWD Teﬁﬁrﬁ’é’néf’eﬁ‘ﬁoﬁr‘t?&?q’ §F%E‘g%rr§§“h5[9é§ @L"faﬂleaon of
the invgntiogyy electromagnets and superconductive electromagnets.  Unfortunately,
electromagnets require very significant amounts of electrical energy, which makes
them costly to use. Moreover, they heat up quickly and evacuating their calories
complicates the construction of thermal generators. Moreover, the technology of
superconductive electromagnets is very costly.
15
In addition, the use of electromagnets allows to vary their magnetic field by feeding
them with a variable electrical current. This solution has the advantage of removing
any relative movement between the magnetocaloric elements and the magnetic means.
The publications FR-A-2 574 913, EP-A-0 104 713 and US-B-6,595,004 describe
20 examples of variable current power supply, although some of them are limited to
superconductive electromagnets that are not compatible with the present invention.
Likewise, variable current power supply does not allow to obtain satisfactory results

in terms of energy consumption and cost.
25 Hence the existing solutions are not satisfactory.

Description of the invention :




3 The present invention ains to overcone these di sadvantages by offering a
device for the generation of thermal units using magnetocaloric materi al
with | ow energy consunption, which is evolutive, of a sinple design,
reliable operation, and which allows tg generate thermal units in a cost
effective way while at the sane tine 5 renoving the risks of thermal fluid

| eakage and |imting the nunber of nmechanical parts. Wth this aim the
invention concerns a device for the generation of thermal units of the kind

descri bed |n reanbl e, characterized in that {he mag ne ic elenent is _an 10
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up to deter eV he geeenater dtenmel ohits e asenstl effaetiveaivag Svialec hta thge sénhautiche t he
said fluid tenperat defipi.ng at_.l.east one | se aneter. The means of
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circuit Serl?% in parallel or as a serial/parallel conbination. 20

Pref erably, rreans of recovery conprise at |east one heat exchanger for
calories set wup to transfer the calories and at | east one heat exchanger

for frigories set up to transfer the frigories, the said heat exchangers
bei ng coupl eWithothitedifs th invewinnEACFdA ad@ﬁtcﬁtfplfﬁﬁgﬁye@“%@f tarmaghpritssdt up

to successiv c n ect, each hea chan to.t he net ocal ori ¢ .el enent
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and 1/150th of a second and with a va ue preférably |lower than 2 seconds. 4

unit set up to generate electric pulses so as to create an impulsive magnetic field, in

which electric pulses of intensity I, duration t and frequency T are triggered as a
function of at least one predetermined pulse parameter, the said device comprising at
least one thermal sensor set up to determine the temperature of the said thermal

15 exchange fluid, the said fluid temperature defining at least one pulse parameter.

The means of recovery preferably comprise at least two heat exchangers connected to

the circuit serially, in parallel or as a serial/parallel combination.

20 Preferably, the means of recovery comprise at least one heat exchanger for calories set
up to transfer the calories and at least one heat exchanger for frigories set up to
transfer the frigories, the said heat exchangers being coupled to means of
commutation controlled by a control unit set up to successively connect each heat
exchanger to the magnetocaloric element as a function of at least one predetermined

25 commutation parameter.

The control unit can be set up so that the frequency T ranges between 60 seconds and

1/150™ of a second and with a value preferably lower than 2 seconds.



The control unit can also be set up so that the T/t ratio ranges between 10
and 100,000, and with a value preferably higher than 1,000. Finally, the
control unit can be set up so that the intensity | generates a magnetic
field 5 in the magnetic element, whichyanges between 0.05 Tesla and 10
Teslas, and with a value preferably higher than 2 Teslas. According to a
preferred enbodi nent, the control unit conprises adjusting neans for at

| east one of the electric pulse paraneters selected within the group that
includes the_ 10 duration t, the frequency T, t intensity |I. Acgqording to
a preferred Ehpsantghtnitra alwnps St aﬁisf’ %lﬁh'ﬂ?q S‘Ztsraglprﬁaﬁge%geatwgeggﬁ M “to
determne th I i V, [ tation and/or the
precedi ng e?%%?é@@hglﬁ{sheﬂaslg% @%?eﬁ%%lﬂl%ﬁgrrtt\})gﬁ?lg@ ining at | east one

comut ati on and/ or pulse 15 paraneter. For this purpose, the control unit
may conprise neans of adjustment for the predeterm ned commutation and/ or
pul se par aneFisnlly, 2be Torsrotwaiisanie seicer & thahthganteagedugsangratespmagnstia fieldeast
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two magnet ocgiQk E&f&h@%@h& inhercrnpeected serially, in parallel or as a
serial/parallel conbination, the said nmagnetocaloric 25 elenents having

potentially different nmagnetocal oric characteristics. Advantageously, the
devi ce conprises at |east twy el ectrorra%nets, each one, assocjated tQ a
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According to a preferred embodiment, the control unit comprises timing means set up
to determine the time interval elapsed since the commutation and/or the preceding
electric pulse, said time interval defining at least one commutation and/or pulse

15 parameter.

For this purpose, the control unit may comprise means of adjustment for the

predetermined commutation and/or pulse parameter.

20 The means of recovery advantageously comprise at least one "mixed" exchanger set

up to transfer the calories and frigories in the ambient environment for example.

The device preferably comprises at least two magnetocaloric elements interconnected
serially, in parallel or as a serial/parallel combination, the said magnetocaloric

25 elements having potentially different magnetocaloric characteristics.

Advantageously, the device comprises at least two electromagnets, each one
associated to a magnetocaloric element and at least two power supplies set up to

separately feed the electromagnets electrically.



to one another. The invention also concerns a nethod for the generation of
thermal units during which the device described previously is used. 10
During this nmethod, it is possible to use at |east two nagnetocal oric

el enents, each one associated to an el ectromagnet, and at |east two power
supplies, and, in successive phases, to use a first magnetocal oric el enent
on its own then a first and a second nmagnetocal oric el enents simnultaneously
and finally the second nagnetocaloric 15 elenent on its own so as to conbi ne
t he magnetocal oric properties of the first and second magnetocal oric

el ements. Brief description of the drawings 20 The present invention and its

advant ages wil | re cle pl ai ned in. the descri ption of
sever al enbogfeﬁirﬁ'?léf GO§ & &%@‘&ée?tﬁ%“%bﬁéaa%%ﬁﬁ hggnfefgﬁ%lﬁe HESRSIE
[imting exaH@h in which: - figure | is a schematic view of the device
according to e I'nvention, 25 - figures 2A and 2B are curves illustrating
the operation of the device represented on figure 1 according to the
heati ng and cooling nodes respectively, 6 figure 3 is a schematic view of a
first varianThemagheticidemen anddbe diaggetoenlomeelempntene pogierably dived imralasion curve
illustrating one OEﬁratlng node of the device represented on 5 figure 3,
figure 5 1is Sc view of a second variant of the device according to
the invention, 10 - figures 6A and 6B are curves illustrating the operation
of the device represented

The invention also concerns a method for the generation of thermal units during

which the device described previously is used.
10
During this method, it is possible to use at least two magnetocaloric elements, each
one associated to an electromagnet, and at least two power supplies, and, in
successive phases, to use a first magnetocaloric element on its own then a first and a
second magnetocaloric elements simultaneously and finally the second magnetocaloric
15 element on its own so as to combine the magnetocaloric properties of the first and

second magnetocaloric elements.

Brief description of the drawings :

20 The present invention and its advantages will be more clearly explained in the
following description of several embodiments in reference to the annexed drawings

given as non limiting examples, in which:

- figure 1 is a schematic view of the device according to the invention,
25
- figures 2A and 2B are curves illustrating the operation of the device represented

on figure 1 according to the heating and cooling modes respectively,



on figure 5 according to the heating and cooling nodes respectively, and -
figure 7 is a diagramof the control unit of the device according to the
invention. 15 Illustrations of the invention : For reasons of
sinmplification, the terns "device" and “nethod" will be used to replace the
ternms "device for generating thernmal unfts usi ng nmagnet ocal oric material"
and "nethod for generating thermal units using magnetocal oric material". 20
Additionally, the term "heat exchanger" represents any neans allow ng the
transfer and/or diffusion of calories and/or frigories. In reference to
figure 1, the dégures lisnacohpnatgesiew abhgnigst vaedng redrihe 2igvico st erdingotoathe25
power supply 3a, a magnetocaloric elenent 4a, a circuit for thermal exchange
fluid 5 in whi@HBW& or nore thermal exchange fluids are made to circul ate
by circulation neans 6, and two heat exchangers 7, 8. 7 The nagnetocaloric
el ement 4a contains a magnetocal oric material such as for exanple
gadol i ni um (&d) figlre gaida curivel itludtrhiine conppérstiinggmede iof aie (&iige, repegsemad om
(Ge), iron (Fe) na%nesiun1(Ng), phosphorus (P), arsenic (As) or any other
equi val ént nateﬁ@ﬁ?.,This magnet ocal oric material takes for exanple the form
of a 5 block, pellets, powder, agglonerate, fragnents. The nmagnetocal oric
characteristics of the magnetocaloric elenent 4a are as follows: - when it
i s subj ect ed. t ofigilie prsasshemant viewrBgaakicnd valads of R dREREIESAIMY toCthe
el ement 4a heats up under the magnetocal oric heating effect, and,” 10 - when
t he magnetic fimvehtdinsappears or decreases, the nmagnetocal oric el enent 4a
continues to heat up under the effect of nmagnetocaloric inertia, and, -
after dissipation of this magnetocaloric inertia, the nagnetocal oric el enent
ﬁggngggg 5 10. 8 HEMREERIHUTH BMHurtiiudhdafing e dtharl FRIREULYiEe HAAREnEA®

on figure 5 according to the heating and cooling modes respectively, and

- figure 7 is a diagram of the control unit of the device according to the invention.

15 Ilustrations of the invention :

For reasons of simplification, the terms "device" and "method" will be used to replace
the terms "device for generating thermal units using magnetocaloric material" and

"method for generating thermal units using magnetocaloric material".

20
Additionally, the term "heat exchanger" represents any means allowing the transfer
and/or diffusion of calories and/or frigories.
In reference to figure 1, the device la comprises a magnetic element 2a coupled to a
25 power supply 3a, a magnetocaloric element 4a, a circuit for thermal exchange fluid 5

in which one or more thermal exchange fluids are made to circulate by circulation

means 6, and two heat exchangers 7, 8.



cooling effect. 15 The principle of operation of the device thus consists in
subj ecting the magnetocaloric elenent 4a to a variation of magnetic field
to generate calories and frigories used to heat, cool, air-condition,

regul ate, a chanber, an anbient environgent, etc. In order to do this, an

el ectromagnet 2a is used as magnetic elenment, and is placed in 20 close
proximty to the magnetocaloric elenment 4a so that it is subjected to the
magnetic field. The electromagnet 2a is fed electrically using a power
supply 3a that generates an inpulsive electrical current so as to obtain a
nmodi fi cati onTé migmetrmgloeiti elementeHa. conbansragnegoatabenic nedtemed nsuchaast fars

subj ected to an inpul sive etic field enerates, cal.ories.and fri.gories.
One will preP@mpy ﬁaﬁﬁtn‘%?&g‘{}claug?‘IPQPV“‘sé &% CORRTISEE iR, O HFETaTEmhose

magnetic cor S :pmd f 1. e et rga{i raal , iron
cobalt all oy@'?é)f a{@ gg@t hﬂa}a teglllarsn,r ?@r irbt?lgg{%?jr}o Pjé:ma Sl f}i(é% %rfkig{)soﬁﬁeri ron,
ni ckel for exaiRalient Materfdle IwisCmhgidtesl@ivdmbterigbtdkes for exdngslo ks €sinbyf hhe

t hermal exchange fluid that circulates in the portion of the circuit 5 of
t her mal Sexchelagle pellets.opavident agglameratgelragmenssli ate vicinity of the

magnet ocal ori c el enent 4a. For exanple this portion runs through the
magnet ocal oric elenent 4a. Crcuit 5is made traditionally using for 5

exanpl e an aggephbyetOaldtiPGarRierRRYs Githe mad b QAL EmER A Sire 4 foRbhvE: S
conprises circulation neans 6 for the thermal exchange fluid such as a punp

for exanpl e or whyn itotsheubjexted valtbapresessesof b nmagniesic eheddypthe, midnetqualosic
supply 3a is controlled bé a control unit 210.(§ee, fie%ﬁ 7) that 10 generates
successi ve el ectlpment g heats upunger thempagaetogalpric geatingieligct andyt a frequency T,

these ciBar acter| ﬁér& fl‘ﬁ I%Q%i}e%@ fﬁﬂi B'iﬁspg)garsq}eo%@regéeﬁ?we! xﬁae@"é{o%glﬁri%%le%eﬁt 4
generated as a ftunction one or veral predetermn pul'se paraneters,
for exanple as eortian6d foteadilip tifider tigNgRcablmsgmetodaldeictingtiaind,

- after dissipation of this magnetocaloric inertia, the magnetocaloric element 4a
cools to a temperature lower than its initial temperature under the magnetocaloric
cooling effect.

15 The principle of operation of the device thus consists in subjecting the magnetocaloric

element 4a to a variation of magnetic field to generate calories and frigories used to

heat, cool, air-condition, regulate, a chamber, an ambient environment, etc.

In order to do this, an electromagnet 2a is used as magnetic element, and is placed in
20 close proximity to the magnetocaloric element 4a so that it is subjected to the
magnetic field. The electromagnet 2a is fed electrically using a power supply 3a that
generates an impulsive electrical current so as to obtain a modification of the magnetic
field. The magnetocaloric element 4a thus subjected to an impulsive magnetic field
generates calories and frigories. One will preferably but not exclusively select an
25 electromagnet 2a whose magnetic core is made of a high remanence magnetic
material, such as iron cobalt alloys, rare earth metals, ferrites, iron and silicon alloys,

iron, nickel for example.



15 exchange fluid and/or the tine interval el apsed since the precedi ng pul se
9a. For this purpose, the device |la conprises a thermal sensor 10 and/or
timng means (not represented). The thernmal sensor 10 allows to determ ne
the tenperature of the thermal exchange_ 20 fluid, for exanple at the exit
of the magnetocaloric elenent 4a. This determ nation is «carried out as an
absol ute value, for exanple by a neasurenent in degrees, by detection of a
tenperature threshold or, as a relative value, by conparison, for exanple
in degrees with another tenperature. The tenperature determned is conpared
with a predefTkesei nddricsempér tiigories sw¢ neodvered Wiethet Hermelpachange eflwétthat2s

point is reached, the electric lse 9a Ls nerated, The_ timnmn ans all ow
to deternmi neCHREAtes ik the, partipgy O’SF %‘é‘a‘“s!ls rfggt?‘FWéﬁpqxéEaéan%i“d 'E:I]P“eag?‘fﬁbﬂﬁul se
9a for exanp t.o.: i i . exJn i t i When
the t1mo oot "macuite; ScifAFBELE: hapthb G PHEHENPIL e Lol B8 p b s
timng 9 negnsughnrfhd tabhEtoedaipletentdneclar @ifonitCh ric uhdde, trpdicomelyi gsirg ferui ts,

a conbination of electronic and pneumatic circuits or any other known
nmeans. Pn t hexampleaplassemthy of difes ©r|any tBefpRPseRyiaie eugany. i (@ECuily & IFQAGEBFES7 t o
transfer the calqgries 5 d.a frigories hanger 8. to transfer . .the
frigories. TREGoDIReass Sish B et sxclianse fuld R age pRmBAPLFYAEIPIS & e

t hermal exchgigeeddiviichtGhdagiglit 5 via neans of commutation 11 controlled by
a control unit, ich can be the sanme one as that which controls the power

supply 3a, and which allows to successively connect each heat exchanger 7, 8

to the magnetocal oric el ement 4a. 1Q This c tation is. perforped . as a
function of Bh&irxag@lfethy PW@&@P@V%?%B"“@@%YétCPBHOI;}aWa%Pe{Sé? g B dhat

I . ¢ P : _ . .. : .
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these characteristics can be adjusted.

These electric pulses 9a are generated as a function of one or several predetermined
pulse parameters, for example as a function of the temperature of the thermal
15 exchange fluid and/or the time interval elapsed since the preceding pulse 9a. For this
purpose, the device la comprises a thermal sensor 10 and/or timing means (not

represented).

The thermal sensor 10 allows to determine the temperature of the thermal exchange
20 fluid, for example at the exit of the magnetocaloric element 4a. This determination is
carried out as an absolute value, for example by a measurement in degrees, by
detection of a temperature threshold or, as a relative value, by comparison, for
example in degrees with another temperature. The temperature determined is
compared with a predetermined temperature set point. When the temperature set

25 point is reached, the electric pulse 9a is generated.

The timing means allow to determine the time interval elapsed since the preceding
electric pulse 9a for example and to compare it with a predetermined time set point.

When the time set point is reached, the electric pulse 9a is generated. The timing



tenperature of the thermal exchange fluid. For this purpose, the contro
unit 15 conprises timng neans and/or a thermal sensor 10. The tim ng neans
and/ or the thermal sensor 10 can be the same ones as the previous ones.
When the tinme set point and/or the tenperature set point is reached, the
means of comutation 11 nmake the nagneﬁ%caloric el ement 4a comunicate with
one heat 20 exchanger 7 then with the other 8. These neans of commutation 11
conprise for exanple a valve, a slide with electric, pneumatic or hydraulic
drive, a switch or any other appropriate nmeans. It is quite obvious that
the control wahs 28h GaTof RANPIS Celetionicatirduiter prdunteio sicsitsd G c@mbiamiinosf
several timng neans and/or use a different pulse and/or comrutation
par anet er. Thisconc aod poeimatREinceity eyt @herdmopngieads.7 is given as a non
limting exanple. It conprises a power stage fed with the mains at 220 or
380 V through a transfornmer 10 followed by a rectifier, a chopper power
supply and prougetipipie p@EA e B hprises & Yalbdes ex@Mﬁ{%EPW'@ ti@fdferR@ $flories
reversals. It also conprises a conputing unit controlled by at |east three
data: tioe teapdndtigoeesoéxchineet Betonminséer cha frigoriel. UThksedastuexetiaipers Rel are
tenperature sensor 10, a tenperature set point Tc and . the operating node
either as 5 Kkearecied impawllelgp thethepnilioxghange Suidmpcyit Sompmernslisammuaingr at es
t hree data: e duration t of the electri ul ses_and ei 1. frequen T as
wel | st hei fERPERLE §PF confl uhithpBicBh bf (iR ORGS ek fich BERMIRME. " P
duration t apdwkf QEpBNSY, ahdfveigeh alldwI® mgéssi_v@l?té@hﬁ&t efchPheatleR@ahiG DYl se
generator for exanple of the type with transistors, triacs, thyristors,
| anp, i nduct itothe magnettmrlpelc etemrenefa. bl ocki ng and preferentially an electric
10 power pul se generator with transistors. The electric pul ses 9a generated
are trahnsmtted to the power stage via a shaping nodul e, before feeding the
i(alm(-_agt romagnetrpia L ALRHARNAR PMRtited B¢ & Kiftcfion STCoNE o OlbTe TP RferkfiRl COMME
commutation parameters, for example as a function of the time interval elapsed since

the electric pulse 9a and/or since the preceding commutation and/or according to the
temperature of the thermal exchange fluid. For this purpose, the control unit

15 comprises timing means and/or a thermal sensor 10.

The timing means and/or the thermal sensor 10 can be the same ones as the previous
ones. When the time set point and/or the temperature set point is reached, the means
of commutation 11 make the magnetocaloric element 4a communicate with one heat
20 exchanger 7 then with the other 8. These means of commutation 11 comprise for
example a valve, a slide with electric, pneumatic or hydraulic drive, a switch or any

other appropriate means.

It is quite obvious that the control unit 20 can comprise several thermal sensors 10
25 and/or several timing means and/or use a different pulse and/or commutation

parameter.

The control unit 20 represented on figure 7 is given as a non limiting example. It

comprises a power stage fed with the mains at 220 or 380 V through a transformer



this control unit 20 are not detailed since they formpart of the standard
know edge of an electronics engineer. 15 The nethod that uses this device |

a is described in reference to the pulse curve "Curve |I" and tenperature
curve "Curve 0" of the thermal exchange, fluid illustrated by figures 2A and
2B, respectively according to "cooling" and "heating" nodes. 20 In the
"cooling" node illustrated by the curves on figure 2A, the process breaks up

into several successive cycles that each includes several successive stages.
Cycle | (startup): Preparation: The conmutation nmeans 11 are positjoned so
that the magfhetayeasd B¢ eectiipi gehoPR PO CE SHITAY: pRAPROGECHnES REAIR Skeyt-sketiinger

7. 25 Startup: The el ectrromagnet,2a is.S l.ied w n electr] ul se, 9a of
intensity I, O\Xﬁr;l-% S aé@npehraﬁ?é e|rsr5”ills‘t ﬁtealg eccglg)(r)lrsr%sg%\e@?&gg 3 H%‘Sr?&f‘ir@“‘?% tfl?f gt t hat
ranges bet wegnsOlee dhes!the aBfhpdRturesdfathe @BfnaM dxdhahgeafie meahrKak) Yhdri gher
than 2 Teslas, of 11 duration t that ranges between 10-9 second and 60

seconds and wémperatuvebansor po.ef tangisiratuteosee poinhdic ad- the Dpemtidg nBidrgathér as cycl e

1: During the electric pulse 9a, the electronagnet 2a generates magnet i c
field © The%ﬁﬁﬁ‘ﬂe'ﬁn@éél o ¥ C@P'é‘?ﬂeﬁ’c"dﬂalrgﬁb‘foé‘%ﬂ St REICTHEY HUES datef ey

; e "t _ . )
under goes t ggra[lﬁﬁg?e&fqﬁé‘ls@%ﬂrng A %hﬂ(@ el £ Sgﬁgﬂ}g%ﬁ?‘ a‘éﬁh%l;rggerfslﬁ E'SWE%] cct ed

exchange fl ui runs t e magnet enen

to this heat imegnsitnd fe&lsttheipoheadtgigt Whileatht dofaeioat anefroduency Taoed 4 tidgdhee 1
tenperature) hi qher than the initial tenperature 001. 10 The thermal
exchange fl uicaupled t¢ amglseiricarlsecpae@iortfie ey pethedyRanwith drangistors, triacs,

thyristors, lamp, induction, discharge, current blocking and preferentially an electric
10 power pulse generator with transistors. The electric pulses 9a generated are
transmitted to the power stage via a shaping module, before feeding the
electromagnet 2a through an output i_nterface. The various modules that come into
this control unit 20 are not detailed since they form part of the standard knowledge of
an electronics engineer.
15
The method that uses this device la is described in reference to the pulse curve
"Curve I" and temperature curve "Curve 8" of the thermal exchange fluid illustrated

by figures 2A and 2B, respectively according to "cooling" and "heating" modes.

20 In the "cooling" mode illustrated by the curves on figure 2A, the process breaks up
into several successive cycles that each includes several successive stages.
Cycle 1 (startup):
Preparation: The commutation means 11 are positioned so that the magnetocaloric
element 4a is connected to the calories exchanger 7.
25 Startup:
The electromagnet 2a is supplied with an electric pulse 9a of intensity I, which
generates in the electromagnet 2a a magnetic field that ranges between 0.05

Tesla and 10 Teslas, and with a value preferably higher than 2 Teslas, of



which transfers the calories into the anbient environnent. Stage 2 - cycle
1. After the electric pulse 9a, the electromagnet 2a is no | onger fed

el ectrically and no |onger generates any magnetic field. 15 The

magnet ocal ori c el enent 4a continues to qeat up, as it is subjected to the
inertia of the magnetocal oric heating dilf ect. The ther nal exchange fluid
that runs through the magnetocal oric el enent 4a thus continues to be heated
to a tenperature 021 (stage 2 cycle 1 tenperature) higher than the
tenperature 011 and which corresponds to the maxi num tenperature of 20 the
t her mal exchangedfitatibal tthat rapgeshbetwege |16 Isecditte anch 60 reatorels cindngich £ valut i s
transported towards the calories gexchanger 7, which transfers the calories
towards the anbi BrfferaplyilowseriBsn 10°stesgad3 - cycle 1: The inertia of the
magnet ocal ori c Ea% tli_n C?Ji‘,ect stops. 25 The nmagnetocal oric el enent 4a,

subj ected to t§ bsence” of a magnetic field, wundergoes the magnetocal oric

cooling effect a!ﬂ&riﬁ?@lﬁ&elé&ﬂ@pull'él9a,tth;€é1€al-orﬂagh|a§mﬂ§erfekaﬂ:ﬁa AgheticURE. t hr ough
t he magnetocaloric element 4a is subjected to its cooli ng land is thus
¢

cool ed down to aThempmgnetonaleriodleniest 4gesuljecteq ¢ ¢hip magnpier Beld uadelgoowethet han
the tenperature 021. 1

2. The therpal exchange fluid is transported towards
the cal ories excR@&ggPcaforic IE%eggﬁﬁggg?aés 8?1'e cal ories towards the ambient
Simce the pr ecoa nd e BEL Pt AulTRARF RBhal I mi R boa e REBEH Tl Bet ot s
that the differeitjetitodBrhdatify hehiBahad hiaesl t03ltemperature 011 (stage 1 cycle 1

temperature) higher than the initial temperature 601.
10 The thermal exchange fluid is transported towards the calories exchanger 7,
which transfers the calories into the ambient environment.
Stage 2 — cycle 1:
After the electric pulse 9a, the electromagnet 2a is no longer fed electrically and
no longer generates any magnetic field.
15 The magnetocaloric element 4a continues to heat up, as it is subjected to the
inertia of the magnetocaloric heating effect.
The thermal exchange fluid that runs through the magnetocaloric element 4a thus
continues to be heated to a temperature 621 (stage 2 cycle 1 temperature) higher
than the temperature 611 and which corresponds to the maximum temperature of
20 the thermal exchange fluid during this cycle 1.
The thermal exchange fluid is transported towards the calories exchanger 7,
which transfers the calories towards the ambient environment.
Stage 3 — cycle 1:
The inertia of the magnetocaloric heating effect stops.
25 The magnetocaloric element 4a, subjected to the absence of a magnetic field,
undergoes the magnetocaloric cooling effect and cools down.
The thermal exchange fluid that runs through the magnetocaloric element 4a is

subjected to its cooling and 1s thus cooled down to a temperature 631 (stage 3

cycle 1 temperature) lower than the temperature 621.



and 021 or 011 or 001 of the thermal exchange fluid, is equal or |ower than
the comutation set point C 1, the neans of commutation 11 switch over and
connect the nagnetocaloric elenent 4a to the frigories 10 exchanger 8.
Stage 4 - cycle 1. The magnetocal oric elsenment 4a continues to cool down. The
thermal exchange fluid that runs through the magnetocal oric el enent 4a
continues to be cooled down to a tenperature 041 (stage 4 cycle |
tenperature) 15 |ower than the tenperature 001 that corresponds to the
initial tenperature of the thermal exchange fluid during this cycle 1. The
t her mal exchangd&he |themnal sexchangs pldid dl trapspgrers taveards ithe crloties exelmngr 7.8,

whi ch transfers thhzlttfri orti es #?O\Na{ dsar(ihtg arrﬁgileept Vernvi r9 ment. Wien: 20 -
the tining mean AT HUE CRIORY [Wrdy R LTRel} FRd PR ™ ecedi ng el ectric
pul se 9a, or -vyhg thermal sensor 10 detects that the difference between
the tenperatures 041 and 031 or 001 or 011 or 021 of the thermal exchange
fluid, is equal -othehtigier ntehan deteet put ske siete modrmal dapset henceothe rprkcedimigt
generates a new 25 electric pulse 9a, which feeds the el ectromagnet 2a, and
this el éctric pul §&ctgig PulsgYapar appreciably sinmilar to the initial electric

puloe, 92 o 9 11 et ERSAa PR ot Doy GSHERIEP Yol RLbAPRRE D,

exanpl e, . ~connect . gnetocalo el'ement 4a
to the cal ories exgeP06F 071 816G GOAE thertbl éx%hﬁl\g}e%m, 13 that this

comut ation may be slightly shifted in tinme, perfornmed in a stage 5, so as
t o connect the nmagetloadbeer thaeltkneorimd@ation s¢tipeimg &7 1o theemeamscifi@anmentatioan| y

11 switch over and connect the magnetocaloric element 4a to the frigories
10 exchanger 8.
Stage 4 —cycle 1:
The magnetocaloric element 4a continues to cool down.
The thermal exchange fluid that runs through the magnetocaloric element 4a
continues to be cooled down to a temperature 641 (stage 4 cycle 1 temperature)
15 lower than the temperature 801 that corresponds to the initial temperature of the
thermal exchange fluid during this cycle 1.
The thermal exchange fluid is transported towards the frigories exchanger 8,
which transfers the frigories towards the ambient environment.
When:
20 - the timing means detect that the time elapsed since the preceding electric pulse
Oa, or
- the thermal sensor 10 detects that the difference between the temperatures 641
and 631 or 601 or 611 or 621 of the thermal exchange fluid,
is equal or higher than the pulse set point I1, the control unit generates a new
25 electric pulse 9a, which feeds the electromagnet 2a, and this electric pulse 9a
may be appreciably similar to the initial electric pulse 9a or different depending
on the requirements.
Simultaneously in this example, the means of commutation 11 connect the

magnetocaloric element 4a to the calories exchanger 7 once again. It is evident



when the thermal exchange fluid, under the influence of the new electric

pul se 9a and the magnetic field, reaches a certain tenperature. 5 The pul se
set points In are set so that the ratio T/t of the frequency T between two
el ectric pulses 9a over the duration t Qf the electric pulse 9a in question,
ranges between 10 and 100, 000, and wi ti a val ue preferably higher than
1,000. One then noves on to cycle 2. 10 The foll ow ng operating cycles are
appreciably simlar to the first cycle and proceed as follows for the
thermal exchange fluid: Stage 1 - cycle n: During the electric pul se 9a,
heating of the thethimkcomxtiangendy be dliglrblya;hif’@ﬁ ineimmerpaltfunmecﬂnra (tageafgesol
cycle in progress tenperature), higher than th nperature 04n-1 (stage 4
previous cycle BekpEPBRSH dhe H@gnft@ﬁ@?mﬁ giement da t?éﬁﬁ F‘lé?flﬁif Exehenger ?é’flb{ge I
previ ous cycle t r [ e v ig£s
xchanger 7. ot 4GRS G ex IG5 G Ghocrithe LGICeRT by RS RPURE AL,
inertia of the Hmnﬁt@@b@é ﬁ@ldh@aéﬂel@@ ceftﬁnﬁ%mperb@@él ng of the t her mal
exchange fluid to a tenperature 02n (stage 2 cycle in progress tenperature)
hi gher Hhan the tenperature Oln (stage | cycle in progress tenperature)

t hat th th fluid
oo oot b o R puls® st Soan MR s TR B e St 8w e Rugy £ He0s m&:
cycle tenper a%&&le>q&1§a§t%eoére&1@0mqﬁtl6rpttmhmcmmmr it Zg{e%uﬁﬁe

t hermal exchange f ring the previous cycle ransfer
via the cal betiwesn €8 ahdng@000,.anStvethea Balue prefdrablyhigher than 1,000.

OI‘IeS

One then moves on to cycle 2.
10
The following operating cycles are appreciably similar to the first cycle and proceed as
follows for the thermal exchange fluid:
Stage 1 — cycle n:
During the electric pulse 9a, heating of the thermal exchange fluid to a

15 temperature 61n (stage 1 cycle in progress temperature), higher than the
temperature 64n-1 (stage 4 previous cycle temperature) but lower than the
temperature ©1n-1 (stage 1 previous cycle temperature). Transfer of the calories
via the calories exchanger 7.

Stage 2 — cycle n:

20 After the electric pulse 9a, under the inertia of the magnetocaloric heating effect,
heating of the thermal exchange fluid to a temperature 62n (stage 2 cycle in
progress temperature) higher than the temperature 01n (stage 1 cycle in progress
temperature) that corresponds to the maximum temperature of the thermal
exchange fluid during this cycle, but lower than the temperature 62n-1 (stage 2

25 previous cycle temperature) that corresponds to the maximum temperature of the
thermal exchange fluid during the previous cycle. Transfer of the calories via the
calories exchanger 7.

Stage 3 — cycle n:



14 At the end of the inertia of the nmagnetocaloric heating effect,
magnet ocal oric cooling effect. Cooling of the thernmal exchange fluid to a
tenperature 03n (stage 3 cycle in progress tenperature) |ower than the
tenperature 02n and | ower than the tenperature 02n-1 (stage 2 previous
cycle tenperature). Transfer of the 5 calories via the calories exchanger
7. Detection of the conmutation set point Ch and commutation to connect the
magnet ocal oric elenent 4a to the frigories exchanger 8. Stage 4 - cycle n:

Magnet ocal ori c cooling effect, cool] of the thermal. exgchange fluid to a
10 tenperature @4rihe ﬁlgg‘ég e dperfia qgﬁ%gﬁwg%al?&ﬁﬂ’gﬁ%’?wg cty BIRBPEIPHG he

t enperature 00n ! . Lol bialiqt e
thermal  exchangeoTie tseh CRInE M ekl eRehand Ao HERBLALME B0 (bl
frigories exchanggele iff-prét&cienpra@iref lvep WhHeths @émp@hitte P amdlIdvrRedhdng Of
the el ectromagnet "2a via a new 15 electric pulse 9a. Sinultaneously or not,
comut ati on to conregierithe GRorlefstaprl Drprevielie gl tdmperaturé)h el ramdfar ofe she
exchanger 7. In "cooling" nmode, the nmaxi mum tenperatures "upper T" that
correspond to O2HOHRTVa M GalgfiesgichaBEYel-at ures " T ni ni nunt that correspond

to 04n, of the r nal hange fl.uid, are increasin | ow.  Conseguyently,
t he average ten@%&éf‘ﬁ?e" "Efleavg?rﬂl&gho%fsat RNt { e?’?fﬁlcoxé&f%ﬁ%letof FRRIgY gwal SO
i ncreasingly | owach&BER0RC S8Rk toaRAfiIdoYiedBethanuer &f f ectiveness of the
device | a and of tghe met hod that increase progressively with the operating
cycles until tSegeidnt oxobe cool i ng tenperature "T Low' of the 25

magnet ocal ori c &I[ement 4a is reached, at whic oi pt the ther nahuigxt%h%nge

fluid s tenper Magngtosalepreeoalipg prtfschegooling of the thermal exchange

10 temperature 64n (stage 4 cycle in progress temperature) lower than the

temperature 60n and which corresponds to the initial temperature of the thermal

exchange fluid of this cycle n. Transfer of the frigories via the frigories exchanger

8.

Detection of the pulse set point In and feeding of the electromagnet 2a via a new
15 electric pulse 9a.

Simultaneously or not, commutation to connect the magnetocaloric element 4a to

the calories exchanger 7.

In "cooling" mode, the maximum temperatures "upper T" that correspond to 62n and
20 minimum temperatures "T minimum" that correspond to 64n, of the thermal exchange
fluid, are increasingly low. Consequently, the average temperature "T average" of the
thermal exchange fluid is also increasingly low, hence a cooling capacity and an
effectiveness of the device la and of the method that increase progressively with the
operating cycles until the minimum cooling temperature "T Low" of the
25 magnetocaloric element 4a is reached, at which point the thermal exchange fluid’s

temperature becomes stabilized.

In "heating" mode illustrated by the curves on figure 2B, the process breaks up into

several successive cycles appreciably similar to the previous ones. This method is



In "heating" node illustrated by the curves on figure 2B, the process breaks
up into several successive cycles appreciably simlar to the previous ones.
This method is 15 different fromthe previous one in that the conmutation
and pul se set point values Cn and In gge different fromthe previous ones
and selected so as to obtain the followng successive stages: Cycle 1
(startup): 5 Preparation: The neans of commutation |1 are positioned so that
the magnetocaloric elenent 4a is connected to the cal ories exchanger 7.
Startup: The el ectromagnet 2a is fed m%th an electric ulse 9a OLﬁ Eten3|ty
|, which gewgﬁeanégoal tt»ﬁgtﬁ%ww fnedndhaty ?W@P@EPP&H%QH ?SeéaDOHWYa nges

bet ween 0. 05 é'ﬁﬁ&gﬂtfﬁétpt S l%éfougaﬁes%&dmfgpge%' b B é@ggyfohs\ghgr t han

2 Tesl as, ura I'on ween secon seconds and
wth a valuegpkggeéah@ys | ower than 10-2 second. Cycle n: Stage 1 - cycle n:
15 During the electric pul se 9a, heating of the thermal exchange fluid to a
t enper at ur e Oyele (dstagep) cycle in progress tenperature) hi gher than the

initial _ tenpegature 00 qr thanth 04n1 4peV|

cycle fenper at FPaRIBHt gHB%mPhQ nBPéﬁB fufle & ‘%% ggtéﬁe{ &%VIOUS
cycle tenperat htagaetoai@rtbséleﬁerﬁf4attb@orﬁettea t&ﬁte\eaerteb@x&ﬁhgﬂﬁs exchanger 7.
20 Stage 2 - cycl : After the electric pulse 9a, heating of the thernal
exchange fl ui dStander the inertia of the magnet ocal oric heating effect, to a

tenperature 02n (stage 2 cycle |n ess t enper at ur e i gher tha he
tenn’ger ature 01nT {l ggomag%eg 2a jig, £ gg electrrljp pu?se 9a )of hmtgenselty I chh

generates a magnetic field in the electromagnet 2a, which ranges between 0.05

10 Tesla and 10 Teslas, and with a value preferably higher than 2 Teslas, of duration
t that ranges between 10” second and 60 seconds and with a value preferably
lower than 107 second.

Cycle n:
Stage 1 — cycle n:

15 During the electric pulse 9a, heating of the thermal exchange fluid to a
temperature O1n (stage 1 cycle in progress temperature), higher than the initial
temperature 60 or than the temperature 64n-1 (stage 4 previous cycle
temperature) but higher than the temperature O1n-1 (stage 1 previous cycle
temperature). Transfer of the calories via the calories exchanger 7.

20 Stage 2 — cycle n:

After the electric pulse 9a, heating of the thermal exchange fluid under the inertia
of the magnetocaloric heating effect, to a temperature 62n (stage 2 cycle in
progress temperature) higher than the temperature 61n (stage 1 cycle in progress
temperature) that corresponds to the maximum temperature of the thermal

25 exchange fluid during this cycle n, but lower than the temperature 62n+1 (stage 2
following cycle temperature) that corresponds to the maximum temperature of
the thermal exchange fluid during the following cycle. Transfer of the calories via
the calories exchanger 7.

Stage 3 — cycle n:



tenperature) that corresponds to the maxi numtenperature of the thermal 25
exchange fluid during this cycle n, but |ower than the tenperature 02n+l
(stage 2 follow ng cycle tenperature) that corresponds to the maxi num
tenperature of the thermal exchange fH%id during the follow ng cycle.
Transfer of the calories via the calories exchanger 7. Stage 3 - cycle n:
16 At the end of the inertia of the magnetocal oric heating effect,
magnet ocal oric cooling effect. Cooling of the thermal exchange fluid to a
tenperature 03n (stage 3 cycle in progress tenperature) |ower than the

t enperat ure 02nAaribe leotwef thtamertia tpé the mppenetoazlerio hpating effesemagiasdalpricng

cycle tenperature), Transfer  of e .5 calories yi.g the cal ories, exchanger
7 bt ect on of cedlosEBRRu R0l Eh obBE HEH chaasE s P YRS CADIEEL ot he
magnet ocal oric gl . QOf- L - e n:
Magnet ocal ori c g&%ﬁ?ﬁ% pﬁf%ré%tt?ggg%_ﬂr%goggﬁtﬂﬁéq? ﬁer ﬁrég&@%gnecﬁfowm&% 0 a
10 tenperature (dneHeAlSredoEnal QtdR PTOWWARS yEBREMBLMNRY). NaRgEr dtha t he
tenperature 00n and which corresponds to the initial tenperature of the

t her mal 5 exchangaofi¢suialthafcatduies exghahgery. Transfer of the frigories via the

frigories exchanger . 8. Detection of the pulse set point |In and feeding of
the el ect r omagnBPEtestoR/iof the rommuialien s¢t poipt bl ad gemmufation: tonewestythsr not |

commutation to &(&%Q%{;%a%&e%ﬂggqﬁhggﬁé ﬁfggﬁese%x%gr%geg?a to the cal ories

exchanger 7. In e maxrmumte ures "upper T" that
correspond to QgBeandcychd mi mum tenperatures 0"T m ni nunt’ that correspond to
04n, of the thernal 0 exchange fluid, are increasingly high. Consequently,
t he average tenpgaetocdotiad cooling effect, cooling of the thermal exchange fluid to a

10 temperature 04n (stage 4 cycle in progress temperature) higher than the
temperature 60n and which corresponds to the initial temperature of the thermal
exchange fluid of this cycle n. Transfer of the frigories via the frigories exchanger
8.

Detection of the pulse set point In and feeding of the electromagnet 2a via a new

15 electric pulse 9a. Simultaneously or not, commutation to connect the

magnetocaloric element 4a to the calories exchanger 7.

In "heating" mode, the maximum temperatures "upper T" that correspond to 62n and
minimum temperatures 6"T minimum" that correspond to 64n, of the thermal
20 exchange fluid, are increasingly high. Consequently, the average temperature "T
average" of the thermal exchange fluid is also increasingly high, hence a heating
capacity and an effectiveness of the device la that increase progressively with the
operating cycles until the maximum heating temperature "T High" of the
magnetocaloric element 4a is reached, at which point the thermal exchange fluid’s

25 temperature becomes stabilized.

Best way to achieve the invention:




average" of the thermal exchange fluid is also increasingly high, hence a
heating capacity and an effectiveness of the device | a that increase
progressively with the operating cycles until the nmaxi mnum heating
tenperature "T Hi gh" of the nmagnetocalgric elenment 4a is reached, at which
point the thermal exchange fluid's 25 ]t7errper ature becones stabilized. Best
way to achieve the invention: 17 The device |Ib on figure 3 is appreciably
simlar to the previous one. The difference lies in the fact that it
conprises two nagnetocal oric el enents 4b, 4c, interconnected via the serial
circuit 5 fofThehievicallbexchgurge fsl apipdeciablyt similhetsethergaabos ahorThe diffeneact s
4b, 4c potentially having appreciably simlar_ or e(ji fferepnt magnetocaloric 5
char act er i st fiesn fhecasrdfaleit GEBIPHFGSIWY BASHIACAHIC dements, 4Q’I 4@ 1pgrconnected

[t er connect g b0 sBRLRLIPS B 1R SERBL TR A She SORLANGRR ddndifs 2! =0

possible to &y magnétocal ori ¢ el enents, ese groups

bei ng i nt er cagneg¢ eghobkih} | Mavih% Rppratibel sehilaS ¢ SEffer@hf Paaghdt6daloric
combi nation. The device Ib and the nethod are thus easily nodrfiable.
Each magnet ochiractenstes. eifbatmagnetoteloris el¢menssdl, By can adoebe nutergnedetezbin 2¢

connected to a_.separate r | y. 3b, 3c, with these power supplies 3b,
3c control | e@elopeas 6?6%2\@%@:?&8%“@}9% jt (Sn*\glfo PeHt esé%?@ﬂ?*‘.gelﬁrg‘i’gs ‘?fﬁus
possible to ?r?a%ﬁlét@&ﬁbbfc JRARKAL Sithethesd %ﬂoﬁp?%iﬁ%?nt&leom%étécdogcri‘?lﬁﬁ Nn parallel

el ect r omagnet , 2C, sinmultaneously of successively, 15 with 'or w tﬁout an
overl ap peri od dsox séried/peratiblecdmbinatpml sie Glvjce9th aiditse amtliddyareathuereasgilyl ows
to conbi ne the magnetocal oric properties of several nagnetocaloric elenents
4b, 4c, whi cHqdifiasle ¢ cul arly advant ageous when they are different. The

operati of such a device |b is described in reference to the graph on 20
figure 4, which illustrates in the formof hatched areas the tenperature

ranges Pl, PZ,ch magnetocaloric element 4b, 4c is stressed by an electromagnet 2b, 2¢ connected
to a separate power supply 3b, 3¢, with these power supplies 3b, 3¢ controlled by one
or more control units (not represented). It is thus possible to separately generate
electric pulses 9b, 9c for each electromagnet 2b, 2c, simultaneously or successively,

15 with or without an overlap period for these electric pulses 9b, 9c¢.

This configuration allows to combine the magnetocaloric properties of several
magnetocaloric elements 4b, 4c, which is particularly advantageous when they are
different. The operation of such a device 1b is described in reference to the graph on
20 figure 4, which illustrates in the form of hatched areas the temperature ranges P1, P2,
P3 accessible by using successively:
- a first magnetocaloric element 4b on its own to obtain the temperature range P1
found between 681Max and 61min,
- a first magnetocaloric element 4b and a second magnetocaloric element 4c
25 simultaneously to obtain the temperature range P2 found between 62Max and
62min,
- the second magnetocaloric element 4c on its own to obtain the temperature range

P3 found between 63Max and 63min.



P3 accessi bl e by using successively: - a first magnetocal oric el ement 4b on
its own to obtain the tenperature range P1 found between 01 Max and 01 m n,
- a first magnetocaloric elenment 4b and a second nagnetocal oric el enent 4c
25 sinul taneously to obtain the tenperﬁgﬁre range P2 found between 02Max and
02m n, - the second magnetocaloric ele t 4c on its own to obtain the
tenperature range P3 found between 03Max and 03 mn. 18 Thus, by conbi ni ng
the different magnetocal oric properties of the first and second
magnet ocal oric elenments, it is possible to cover a very significant gl obal

t enper at ure Thasgey Bombinugetheslifferenta magaaaiaboric pmipertibs\afctbe Ifisstoands segomd 5 i s
appreciably simlar tao the device on.figure 1. The lies in the

. : difff fer (ingei'
fact that it RagABPFAUREC GlFMPNESnY 16 pOSMRIe Th SQYCT & YHhR SigaHicos glgbal emREalg el y
transfer therg %95&&&1épglﬁﬁﬁgﬂ&?%ﬂﬁ{es' The process that uses this device
o0 the

lc is describedin rererence pul se and 10 tenperature curves "
curve" and "8 curve" of the thermal exchange fluid on figures 6A and 6B
respectively according to the "cooling" and "heating" nodes. This process
i s appr €ci ablThesdavidealtc ton figure dfis rhpregieblycemilar &n the gaviee Dnj figurst F atkad by

figures 2A a 2B. 15 .T ration in ."cooling" ,mde,illustrated figure
Sl 1Ters matrgrcesmibras TR o4y §aelhests fy e TR dehSHERET SR one
heat exchanggfccL&ivdGhfirihdCal6REI M ARt Rlporiaf!d the heat exchanger 78
remai ns permanently ‘connected to the magnetocal oric elenent 4a to
successively transfer the calories then the frigories. Hence the operation
only conprises the follow ng three stages for each cycle n: 20 Stage 1 -
cycl e n: The process that uses this device Ic is described in reference to the pulse and
10 temperature curves "I curve" and "6 curve" of the thermal exchange fluid on figures
6A and 6B, respectively according to the "cooling" and "heating" modes. This process
is appreciably similar to that of the device 1a on figure 1 illustrated by figures 2A and

2B.

15 The operation in "cooling" mode illustrated on figure 6A differs mainly from that on
figure 2A in that, since there is only one heat exchanger 78, there is no commutation
and the heat exchanger 78 remains permanently connected to the magnetocaloric
element 4a to successively transfer the calories then the frigories. Hence the operation
only comprises the following three stages for each cycle n:

20 Stage 1 — cycle n:

Electric pulse 9a, heating of the thermal exchange fluid to a temperature 61n
(stage 1 cycle in progress temperature), higher than the initial temperature 60n or
than the temperature 63n-1 (stage 3 previous cycle temperature) and higher than
the temperature 61n-1 (stage | previous cycle temperature). Transfer of the
25 calories via the heat exchanger 78.
Stage 2 - cycle n:
After the electric pulse 9a, heating of the thermal exchange fluid under the inertia
of the magnetocaloric heating effect, to a temperature 82n (stage 2 cycle in

progress temperature) higher than the temperature 61n (stage 1 cycle in progress



El ectric pul se 9a, heating of the thermal exchange fluid to a tenperature
Oln (stage 1 cycle in progress tenperature), higher than the initial
tenperature 80n or than the tenperature 03n-1 (stage 3 previous cycle
tenperature) and higher than the terrpqrature 81n-1 (stage | previous cycle
tenperature). Transfer of the 25 calori’es via the heat exchanger 78. Stage
2 - cycle n: After the electric pulse 9a, heating of the thernmal exchange
fluid under the inertia of the nagnetocaloric heating effect, to a
tenperature 82n (stage 2 cycle in progress tenperature) higher than the
tenperature 0 ltdmpefmumyethit cpokspands pootheeswxinim ttempenatireref) theh dhermal

corresponds to the maximum tenperature of the thermal exchan fluid during
this cycle n, aptrhangmBwddvangths cydapernd ngerdgm%%(tgmaafémre%gaf1 gﬁ%gﬁg

cycle tenperatu that corr Qn t.o t g@gﬂ e %ﬁ“’

t her mal exchanggef%’lll%vlv'Bg(%?Fﬁgrﬁﬁ r%tq’?%}ltﬁzgw&gﬁe ycﬂ&%gﬁg er (E)e_?nﬁaéu%_gﬁ ories
via 5 the heat (1Rx6EB@iH ekchéfige ﬁ;iagmriaﬁm@mbe«iﬂgzcywkgmﬂn@@abpme@ameb viag
effect at the end of the inertia of the magnetocaloric heating effect,

magnet odal ori ¢ twdleangxcbirgec/8. Cool i ng of the thermal exchange fluid to a
tenperature 03n (stagéﬁf cycle in progress tenperature) |ower than the 10
t enperat ure 00RtA8RAt S®sponds to the initial tenperature of the thernal

exchange f1uid R/{aighmoéalfmglc%oﬂn% %g@ﬂsite{heoefndtmhgaiggﬁagéef ihgl&gggﬁg?cggéﬁig oul se

transfer of the rrgories via eat exchanger tecti

set point | n andeatingesdiedq migrictzalkieadobiinpgffeit. Zaoling of tieieahsicéxichangpul se
9a. 15 The operation in "heating" node illustrated on figure 6B differs from
that on figure fl2i8 torp temperature SrndsegDS &Y e icpiogtish trRnpergtere) lowerriban thsed.

| ndeed,_  the pul se nis set so that.the electric | se 9a is

gener atl€d bef or ée‘?&ggtggﬁb@ a‘thlﬁltr SOB8PoPLL dpethe inital temperature dt"he “thetmal

exchange fluid of this cycle n. Transfer of the calories followed by transfer of the
frigories via the heat exchanger 78. Detection of the pulse set point In and

feeding of the electromagnet 2a via a new electric pulse 9a.

15 The operation in "heating" mode illustrated on figure 6B differs from that on figure
2B in that the magnetocaloric cooling effect is not used. Indeed, the pulse parameter
In is set so that the electric pulse 9a is generated before the temperature 63n becomes
lower than the temperature 60n. Hence the operation only comprises the following
three stages for each cycle n
20 Stage 1 — cycle n:
Electric pulse 9a, heating of the thermal exchange fluid to a temperature 61n
(stage 1 cycle in progress temperature), higher than the initial temperature 60n or
than the temperature 63n-1 (stage 3 previous cycle temperature) but lower than
the temperature ©1n-1 (stage 1 previous cycle temperature). Transfer of the
25 calories via the heat exchanger 78.
Stage 2 — cycle n:
After the electric pulse 9a, heating of the thermal exchange fluid under the inertia
of the magnetocaloric heating effect, to a temperature 62n (stage 2 cycle in

progress temperature) higher than the temperature 81n (stage 1 cycle in progress



| ower than the tenperature 00n. Hence the operation only conprises the
followng three stages for each cycle n 20 Stage | - cycle n: Electric

pul se 9a, heating of the thermal exchange fluid to a tenperature Ol n (stage
1 cycle in progress temperature), highey, than the initial tenperature 00n or
than the tenperature 03n-1 (stage 3 previous cycle tenperature) but |ower
than the tenperature Hn-1 (stage 1 previous cycle tenperature). Transfer
of the 25 calories via the heat exchanger 78. Stage 2 - cycle n: After the
el ectric pulse 9a, heating of the thermal exchange fluid under the inertia
of the nagnet oc&mpearaurathahFosfespands toothe MmawFamt grweme (et dege thergpk) e in
progress tenperatyre i.gher. than the tenperature A n (stage le in
progress 20 teﬁﬁ%}aﬁé%ﬁé‘g cﬁ'ﬁagt OF¥E8 Po O‘F%"ﬁﬁ'é“}?atﬂﬂifﬁ‘ﬁﬁfc’lsﬁ%%%fsﬁﬁgszof t he
thermal exchan g I i ; er@t ure
02nel (stage 2 EaT NG oy P B o B AR
tenperature of tlidhetnie reretlangx dhidrdyeing Ithe fhlldwingneycteh & rdmsfer ofitlregeatyr ek @ia
Transfer of the calories via_5 the heat exchanger 78. Stage 3 - cycle n:
Magnet odal ori ¢ isohaahexcpngest/8at the end of the inertia of the

magnet ocal ori c heaiig le{rfect, magnet ocal oric cooling effect. Cooling of

t he t hernal exéﬁ de Wd to a tenperature 03n (stage 3 cycle in progress
tenperature) hi gghetdRadrit t@okfy eEBBestathdr édOON tHehbrtROST BePRAG St e
initial tenperature of the thernal exchange fluid of this cycle n. Transfer
of the cal ori es héaingoefladt, bpagnetorsiosic wicling effeétr iGyoling of vhe thenmaheahange

exchanger 78. tection of the pulse set qoi nt In and feeding of th
el ect romagnet 2 uigh tg aateﬁmaéqrg@@pi(ga%To g¥clgm progress temperature) higher than the
10 temperature 60n that corresponds to the initial temperature of the thermal

exchange fluid of this cycle n. Transfer of the calories followed by transfer of the
frigories via the heat exchanger 78. Detection of the pulse set point In and

feeding of the electromagnet 2a via a new electric pulse 9a.

15 Generally, in these examples, the magnetic element 2a-c and the magnetocaloric
element 4a-c are fixed in relation to one another. It is nevertheless possible to
envisage them as mobile. It is also possible to use a higher number of magnetocaloric

elements 4a-c and/or electromagnets 2a-c and/or heat exchangers 7, 8, 78.

20 According to other variants of embodiment not represented, it is possible to use
several heat exchangers 7, 8, 78 or groups of heat exchangers connected to the circuit
of thermal exchange fluid in serially, in parallel or as a serial/parallel combination. The

device la-c and the process are thus easily modifiable.

25 Possibilities for industrial applications :

This device la-c and this method can be used in any industrial or domestic cooling,

heating, air-conditioning, regulation application.



15 Cenerally, in these exanples, the nmagnetic elenent 2a-c and the
magnet ocal oric elenent 4a-c are fixed in relation to one another. It is
nevert hel ess possible to envisage themas nobile. It is also possible to
use a hi gher nunber of magnetocaloric2 el ements 4a-c and/ or el ectromagnets
2a-c and/or heat exchangers 7, 8, 78. b0 According to other variants of
enbodi nent not represented, it is possible to use several heat exchangers
7, 8, 78 or groups of heat exchangers connected to the circuit of thermal
exchange fluid in serially, in parallel or as a serial/parallel comnbination
The devi ceTlis adescram@nt tleanfyr di@nbghtartéetﬂacts thasghe ydewisdi Ia—atﬂné the5process

Possibilities for ustri al iS,device s met hod
can be useoaclcﬂrdéq%/tq &"Bd@f‘?‘i“ﬁ? aﬁ$W&8 éﬁ) zh%wgﬁﬂdﬁﬁ ObJeGHYES; ﬂxbpamcglar er
air-conditi i t s:de t

hi ghl i ghts ﬂ(} factogf&lﬁg?ltet ﬁ@ e ﬁe%? %r%g}egﬁénl%eﬁgﬂtprtgcgﬁ &ag@grﬁjnﬁgrst o the

i nvention a;hhgmddalomtelaﬁwi hz&i/bméleadﬁnhgnbgs&mothmmagmnparetnemsl rasbilehiry
allow to overconme any tightness probleminherent to devices that conprise
nagnetécaldﬁh@oéﬁ@ﬁ@ﬁﬂ@ﬁ d/or el ectromagnets or other magnetic el enents
nobile in 5 relation to one another. Mreover, they follow a very sinple
desi gn and do not require any neans of actuation 1in order to nove the
magnet ocal qwbeeo%ferméytf%né@ acve%mglh@le aéa%neah@%rn@%@% %n;ﬁfeﬁns of AR¥tion
consequently use low anounts of energy and require a limted nunber of parts
10 and nechamrder toemewremesmhgmm«zcadcedudetdemaﬁa{ceamivmethueeﬂmtmmgmm 2afed

limted breakdown risks. The present .invention is not limted t t he
ebod; ment | R B B BUSTEaRT B En R Rt P i BT L & e and

vari apg obvjau e k d h i jthin
t he scgpe o%lﬁp?%erfg%lﬁag nélglg??é %&Jbg rteHgCégt &a@ﬁgg\ﬁg{; ai ﬂ'sl.}égéﬁmne it
breakdown risks.

The present invention is not limited to the embodiment examples described but can be
extended to any modification and variant obvious to a person skilled in the art while

15 remaining within the scope of protection defined by the attached claims.



Claims 1. Device (la-c) for the generation of thermal units using
magnet ocal oric material, which conprises at |east one magnetic el enent
(2a-c) intended to generate a magnetic 5 field, at |east one nagnetocaloric
el enent (4a-c) intended to be alternati§ely subj ected to the said magnetic
field in order to generate calories an& frigories, at least one circuit (5)
for thermal exchange fluid, of which at |east a portion is placed in the

i mredi ate vicinity of the said nagnetocaloric elenent (4a-c) so as to
recover at least part of the said calories and/or frigories that it emts,
the said cir€ldims (5) being 10 coupled to means of circulation (6) and to at
| east one heat exchanger (7, 8, 78) set wup to transfer at |east part of the
said calories and/or frigories recovered by the said thernal exchange
fluid, charagt geiizeq14-8) thrathet RemabA oTRBRIal Gnied BERE mdghedBaloAt SodtérpIBINET
(2a-c) coupled to at | east one power supply (3a-c) controlled by at |east
one control which coRpyisesedt legst boe pegeatatedenadng (2a-¢)cinpulekb® gedaratd a sugasict o
create an 15 i mpul sive magnetic field, with these electrjc pul ses (9a-c) of
intensity I, fildr alpash ope BRanetpsalefifesegent (6%1C?151t?f}die§é%ﬁ%aft%{§g YePUHRIEA of at
| east one pr ey J r L d. devi i &l t

| east one thgo(rj?in Edsﬁeglg ng{el'llg@dsg?gﬁdgiaﬁg geBEel{[iger %ﬁ%@estﬁ}gfr oqggg tul;%%iz-g?o t he
sai d t her mal ciexghed)ofer fthermdl esétiadlgé Ifluid) dfewinel at Ugast adwiriion ipRAted Ragle one
pul se parameter. 20 2. Device (la, 1b) according to claim1l, characterized
in that the bamedipteaisnipf of thesaidanggnetneploris element (dase) o teageovex ehisagier s

(7, 8) connected to the said cirguit. (5 rially, .in ral.l el as a
seri al / par al P I %o israd'ft F%ﬂr.“_eszgmg?r %ééﬂr%?& tﬁiﬁal,t Einﬂs/s’ 5@%8_&1 [ ncéjrcf”(g (SF QFW\gZ,
char actjri zegogled RRMmeddieofS@icHIalBANS) &id tof RAKELYe ROIRICRMgRE (7 %@sk? gie heat
exchanger for calories (7) set up to transfer the calories and at 1east one
heat exchangep tb oranffer goleast paft8)f thetsaidatonies aadisf Engariee redovegpdrbyethe saidt h t he
sai d heat exchangers (7, 83 .é:oupl ed to neans of computation (11) |
_ thermal exchange fluid, characterized in that the said magnetic €lement is an
electromagnet (2a-c) coupled to at least one power supply (3a-c) controlled by at
least one control unit (20) set up to generate electric pulses (9a-c) so as to create an
15 impulsive magnetic field, with these electric pulses (9a-c) of intensity I, duration t and
frequency T being triggered as a function of at least one predetermined pulse
parameter, the said device comprising at least one thermal sensor (10) set up to
determine the temperature of the said thermal exchange fluid, said fluid temperature

defining at least one pulse parameter.

20
2. Device (la, 1b) according to claim 1, characterized in that the said means of
recovery comprise at least two heat exchangers (7, 8) connected to the said circuit (5)
serially, in parallel or as a serial/parallel combination.

25 3. Device (la, 1b) according to claim 2, characterized in that the said means of

recovery comprise at least one heat exchanger for calories (7) set up to transfer the
calories and at least one heat exchanger for frigories (8) set up to transfer the
frigories, with the said heat exchangers (7, 8) coupled to means of commutation (11)

controlled by a control unit set up to successively connect each heat exchanger (7, 8)



controlled by a control unit set up to successively connect each heat
exchanger (7, 8) 23 to the said magnetocal oric elenent (4a-c) as a function
of at |east one predeterm ned comutation paraneter. 4. Device (la-c)
according to claiml1, characterized in t,hat the said control unit is set 5
up so that the aforesaid frequency T ranges between 60 seconds and 11150' of
a second, and with a value preferably |Iower than 2 seconds. 5. Device
(la-c) according to claim 1, characterized in that the said control unit is
set up so that the T/t ratio ranges between 10 and 100,000, and with a

val ue pr ef er tbthg saidompgretegalaricagiemensdda-ch as pdyncgion of at lepstenegrredsigmigedc| ai m
1, characterized in that the said control unit is set up so that the said
intensity | GeMEMIANQD P3PS e said nagnetic el enent, a nagnetic field that
ranges between 0.05 Tesla and 10 Teslas, and with a val ue preferably higher
than 15 2 Teslas. 7. Device (la-c) according to claim1, characterized in
that the sai d. Devite Ola-chndctordir@nor ¢laies], mbarestefiged inhtbatatdie sait mentrolodnitais séteast
one of the pulse paranmeters sel ected wthin the group that includges._the
duratiof t, BREOfthagthenaiprepaids fequeneedsrangey betyge 0megprds daldp0adEdr di ng

Lo any of the.hl i oLy SIALAGY R4S Aslppl the said - control unit

conprises ti ans ‘set up erm ne e tine interval elapsed since
the preceding cormutation and/or electric pulse (9a-c), with this tine
interval defining at | east one commutation and/or pul se paraneter. 25 9.
Devi ce (| a-cp. Bedoe (liang acoomimg tof claimel ,chaiagtsrizedin that thhaaid cortrolamat is sett hat

the said control, unit conprises ans f t just nent, of the i
pr edet er ni nelP S84 %tﬁto?rfr’?larfa?%?ﬁ besg ﬁ%?%d;gqoggéo’ and with a value pre%glragly
10 higher than 1,000.

6. Device (la-c) according to claim 1, characterized in that the said control unit is set
up so that the said intensity I generates, in the said magnetic element, a magnetic field
that ranges between 0.05 Tesla and 10 Teslas, and with a value preferably higher than

15 2 Teslas.

7. Device (la-c) according to claim 1, characterized in that the said control unit
comprises means for the adjustment of at least one of the pulse parameters selected

within the group that includes the duration t, the frequency T, the intensity I.

20
8. Device (la-c) according to any of the claims 1 or 3, characterized in that the said
control unit comprises timing means set up to determine the time interval elapsed
since the preceding commutation and/or electric pulse (9a-c), with this time interval
defining at least one commutation and/or pulse parameter.

25

9. Device (1la-c) according to any of the claims 1 or 3, characterized in that the said
control unit comprises means for the adjustment of the said predetermined

commutation and/or pulse parameter.



24 10. Device (la-c) according to claiml, characterized in that the said
means of recovery conprise at |east a "m xed" exchanger (78) set up to
transfer the calories and the frigories. 5 11. Device (I b) according to
claim1l, characterized in that it conppjses at |east two magnetocaloric

el ements (4b, 4a) interconnected in serially, in parallel or as a
serial/parallel conbination. 12. Device (I b) according to claim 11,
characterized in that the said magnetocaloric 10 elenments (4b, 4a) have
different ma netocalorlc characteristics. e (|l b) accarding to claim
11, charact efd- ZRevies (138} 2pgordiggpiq slaim ok, é@ﬁ%%ﬂFﬁglnéP@%ﬂFbﬁﬁ & rBsa8s (%,

26): each onecARapELARAk Aedd {HNGHOSThaAE (RSP of M3l it cas

electronagneﬁ@fﬁé§k£2b, 2c) electrically. 14. DeV|ce (la-c) according to
claim1, characterized in that the core of the said nmagnetic el enent (2a-c)
is made of a high remanence nagnetic nmaterial. 20 15. Device (la-c)

according to claim haracteri zed i hat t.he sai.d nmagnetic | enent
(2a-c) and the ]%%Y“EF ﬂ&gﬁ%‘i% BB JPi “é‘lgrfé‘ﬂliacieﬂée% thatity %@&S?Wtreléarséf‘i"%n to

one anot her é‘r@t Jgﬁ}rﬂoglgfx{%ﬁtst elfnc b&gle%tggrlﬁagerféﬂ%agq gﬁhﬂ'lg or.as a

nagnetocalorl T8 al cduri R east one netocal oric

mat eri al el esnsﬁa[/pa(nﬂl&l edmbﬁaﬁcubj ect ed to at | east one el ectromagnet (2a-c)
fed with electric pulses so as to create an inpul sive nmagnetic field to
generate cal ories and frigories mhere at | east part of the said calories

and/or of t ai.d L gori r at.ed t.he net.qcal or el.enment
(da-0) are  Podioifedbh 8afRe AR Toxhiah Bt R Sef FaePrickuled
circul ape i ”el%eﬂt@@%t 49)"1@:1V%5hﬂ‘&éﬁt(iﬁ'dgtne(oaloﬁé c}M}h&E‘rlﬁfcs' east a portion is
placed in the inmediate vicinity of the said

13. Device (1b) according to claim 11, characterized in that it comprises at least two

electromagnets (2b, 2¢), each one associated to a magnetocaloric element (4b, 4a) and

at least two power supplies (3b, 3c) set up to separately feed the said electromagnets

15 (2b, 2c) electrically.

14. Device (la-c) according to claim 1, characterized in that the core of the said

magnetic element (2a-c) is made of a high remanence magnetic material.

20 15. Device (la-c) according to claim 1, characterized in that the said magnetic
element (2a-c) and the said magnetocaloric element (4a-c) are fixed in relation to one

another.

16. Method for the generating thermal units using magnetocaloric material during
25 which at least one magnetocaloric material element (4a-c) is subjected to at least one
electromagnet (2a-c) fed with electric pulses so as to create an impulsive magnetic
field to generate calories and frigories, where at least part of the said calories and/or
of the said frigories generated by the said magnetocaloric element (4a-c) are

recovered using a thermal exchange fluid, which is made to circulate in at least one



magnet ocal oric el enent (4a-c) and at |east part of the said calories and/or
frigories are transferred using at |east one heat exchanger (7, 8, 78), the
said electric pulses (9a-c) of intensity I, durationt and at a frequency T
being triggered as a function of at least 5 one predeterm ned pul se
paranmeter, the tenperature of the aforesaid thermal exchange fluid is
determ ned and this fluid tenperature is used as pul se paraneter. 17. Method
according to claim 16, characterized in that at |east tw heat exchangers

d, which to th f d it,.(7,.8 Iy, |
paral Tel or K SRR Rl fsarts P oRERAL b0 THARE RS LRI (o
claim 17, ﬂﬁgﬁétSfa{l&r‘r“éjelb&eﬁtr@%t-c?tan& 8A8Ast PAR o?ﬂlﬂalc?@alor’r’e’é%ﬂ%@%‘ig%&@ ateS used

to transfer t ories and east one frigories exchanger used
to transfer trassfémredjosingst leadtiond haateexahdngenéit, iy @By thosuicd eleetlictpuldel €9a-c)

magnet ocal oric, 15 el enent (4a-c) as_a function of at |east one predeterm ned
comut at i on phidgRstted. durationks @f nbeglearnd bemedrigeered @s adhagtivatadaf Kesf i n

Eﬂgt grat)u:oea\?\h gnhp?re ettzrtx‘rbgeds u(iisep Isa?rtet&artﬁgetteﬁtrpéﬁatfre &‘ URs egbregsgfieﬁ{[e?rq W thin

quency ranges ween

seconds and dtchaRddlal 1@de‘-‘t@<ﬁﬁﬁ&i a'#acthwmttu Rmpetatide N @l lad hhée frahrwer than 2
seconds, the T/t ratio so that it ranges between 10 and 100,000, and with a

val ue preferably the hi gher than 1, 000, the sald intensity | so that it

generatesa c field in.the JC el e which r es

bet ween 0. 05! Oéirﬂ‘fc‘iréhnthé’s‘ilﬂgl lir‘ﬁb \?atlh?:lt atgeae‘% LYabest g Frst han 2
Teslas. 25 2Qt'e Jel mﬁtcﬁﬁ&ocfoqlrt@&e& ﬁ@%f&%saﬁ&&r&h@?@) deiafly, 1ﬂ-?araHQer%‘§ge“ zed
in that the tine interval apsed since the preceding commutation and/ or

el ectril® pul s&ial/paraligl combimddber m ned, and in that this tinme interval is used
as conmmutation and/or pulse paraneter. 26 21. Method according to claim
16, characterized in that at | east two nagnetocaloric elenents (4b, 4c) are

used, which havg dhid el IR A9 RarlBHAG B '1REt' &5 183 one calories

exchanger (7) is used to transfer the calories and at least one frigories exchanger (8) is
used to transfer the frigories, which are alternatively connected to the magnetocaloric

15 element (4a-c) as a function of at least one predetermined commutation parameter.

19. Method according to claim 16, characterized in that at least one of the said pulse
parameters is adjusted, selected within the group, which includes the frequency T so
that it ranges between 60 seconds and 1/150™ of a second and with a value preferably
20 lower than 2 seconds, the T/t ratio so that it ranges between 10 and 100,000, and with
a value preferably the higher than 1,000, the said intensity I so that it generates a
magnetic field in the said magnetic element, which ranges between 0.05 Tesla and 10

Teslas, and with a value preferably higher than 2 Teslas.

25 20. Method according to any of the claims 16 or 18, characterized in that the time
interval elapsed since the preceding commutation and/or electric pulse (9a-c) is
determined, and in that this time interval is used as commutation and/or pulse

parameter.



whi ch are interconnected serially, in parallel or as a serial/parallel
conbination. 5 22. Method according to claim 21, characterized in that at

| east two el ectromagnets (2b, 2c) are used, each one associated to a
magnet ocal oric el enent (4b, 4c), and ape | east two power supplies (3b, 3c),
and in that in successive phases, a first nmagnetocaloric elenent (4b) is
used on its own, then a first magnetocaloric elenent (4b) and a second
magnet ocal oric el enent (4c) are used simultaneously and finally, 10 the

second magn ﬁ\g?tgéél%{;gre I ”[E) 4814 % P&'r%gt ri9%Y ot Xﬂeg? 3 r%l?gn%?o@pong the

nagnetocalo e firs Secon nagne ocal o enent s
(4b, 4c). elements (4b, 4c) are used, which have different magnetocaloric characteristics and

which are interconnected serially, in parallel or as a serial/parallel combination.

5 22. Method according to claim 21, characterized in that at least two electromagnets
(2b, 2c) are used, each one associated to a magnetocaloric element (4b, 4c), and at
least two power supplies (3b, 3c), and in that in successive phases, a first
magnetocaloric element (4b) is used on its own, then a first magnetocaloric element
(4b) and a second magnetocaloric element (4c) are used simultaneously and finally,

10 the second magnetocaloric element (4c) is used on its own so as to combine the

magnetocaloric properties of the first and second magnetocaloric elements (4b, 4c).





