1 THERMAL CGENERATOR USI NG MAGNETO- CALORI FI C MATERI AL Techni cal domain: 5
The present invention concerns a thermal generator based on

magneto-cal orific material and conprising at |east one fixed support
carrying at |east two magneto- calorific thermal el enents, magnetic neans
which are nobile in relation to the sai thermal elenents so as to subject
themto a variation in nmagnetic field in order to make their tenperature
vary, and neans of recovering the calories and frigories 10 emtted by the
sai d t her nmal eIenents conprising at | east tmo heat transfer flurd circuits,
a circuit ERMA RATOR USING MAGNETLQ-£:4 - URIAL each
circuit belng coupled to at | east one heat exchanger and fltted w th nmeans
of switching to put the corresponding thernmal elenment into the said
circuit. 15 Epgdhhial dgsdinol ogy: Thernmal generators based on
magneto-calorific material nake use of the magneto- calorific properties of
certain materials, such as gadol i nium or certain alloys, which present t he

particularity_of warmn under the ffet of tic field a f 20
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thermal 30 generator based on nagneto-calorific material conprises an
annul ar one- péimuis, a circuit referred to as “hot” and a circuit referred to as “cold”, each circuit

being coupled to at least one heat exchanger and fitted with means of switching to

put the corresponding thermal element into the said circuit.

15 Earlier technology:

Thermal generators based on magneto-calorific material make use of the magneto-
calorific properties of certain materials, such as gadolinium or certain alloys, which
present the particularity of warming up under the effect of a magnetic field and of
20 cooling to a temperature lower than the initial temperature following the
disappearance of the magnetic field or a diminution of that magnetic field. This
magneto-calorific effect occurs close to the Curie point of the material. This new
generation of thermal generators presents the advantage of offering a solution which
is very ecological because it does not pollute. However, in order to be economically
25 viable and provide good thermal efficiency, the design of such generators and of their
means of recovering the calories and frigories emitted by these materials is vitally

important.

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

30 generator based on magneto-calorific material comprises an annular one-piece



2 enclosure delimting twelve conpartnents separated by seals and each
receiving gadoliniumin a porous form Each conpartnent possesses four
orifices, including an input orifice and an output orifice linked to a hot
circuit, and an input orifice and an ouyj put orifice linked to a cold
circuit. The two pernmanent nagnets have ‘@ continuous 5 rotational novenent
in such a manner that they sweep the different conpartnents and subject

t hem successively to a different magnetic field. The calories and frigories
emtted by the gadoliniumin the different conpartnents are guided towards
heat exchang@iciosyie Aelimising ovslve eorpparfments sergmated by srals and sacdy eqceiving d
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device technically difficult and costly to produce. In addition, its
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generator remalins 1ns cl ent, Ich consi restricts its
appl i cati ons. entited lt8athet galokiniam id theddifferetib compartimaite sire tghided gbwhide hear es of
the magneto-calorific material is in fact the sane for the cold circuit as
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in highly penalising thermal. inertia 0 The publication FR-A-2 861 454
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with the heat transfer fluid circuit Tthrough a plate on which they are
mount ed. Thi ssymchrioaounoitattheasmalkeathisedeyicdett¢hmical]y tdiffichib tand gdsttyotodproduceulnt s i n
whi ch 25 the heat transfer, fluid circul ates nq. t.o which the (%hann |. of the
t hermal el eme dgthrg its principle of operation seriously limits 1ts prospects for technical
evolution. Furthermore, its construction is complex and costly because of the various
conduits, unions and valves necessary to produce the hot and cold circuits. In
15 addition to this the energy efficiency of such a generator remains insufficient, which
considerably restricts its applications. The heat transfer fluid which circulates
through the pores of the magneto-calorific material is in fact the same for the cold
circuit as for the hot circuit; only its direction of flow is reversed, which results in

highly penalising thermal inertia.

20
The publication FR-A-2 861 454 gives a second example in which the thermal
elements are traversed by a channel situated close to the magneto-calorific material
and communicating with the heat transfer fluid circuit through a plate on which they
are mounted. This plate includes channels defining the hot and cold circuits in which
25 the heat transfer fluid circulates and to which the channel of the thermal elements is

directly connected with no intermediate conduit or union. This type of construction
has the advantage of significantly reducing the cost of manufacture of such a
generator and of offering a large flexibility of configuration. Nevertheless, one finds

the disadvantages linked to the single heat transfer fluid, which circulates in the



directly connected wth no internedi ate conduit or union. This type of
construction has the advantage of significantly reducing the cost of

manuf acture of such a generator and of offering a large flexibility of
configuration. Nevertheless, one finds 4he disadvantages |inked to the
single heat transfer fluid, which circulates in the 3 thernmal elenents for
both the cold circuit and hot circuit. This solution therefore provides
insufficient thermal efficiency. Description of the invention: 5 The

present invention seeks t jtjgate these.di sadvant ages. b r oposi ng. a
thermal  gendhsiRal ‘%{F‘Eﬁs g‘b"gé"th © |S8|td| gHrcut ﬁ&gg?fe?lvug‘o%ﬁ“%ﬂg%& gﬂ‘%ﬁ‘ieency,
is of sinple : \ i : consunes little energy, at the sane
time as bei ngﬁgglgg%%gﬁlfg@eﬁfthﬁ @rqucelve opnent, flexible and nodular, wth
the ability to be used in large-scale 10 industrial applications as well as
in domestic applications. To this end, the invention concerns a thermnal

gener at or of ﬁmmmﬁ@éﬂ_‘@ﬁﬂﬁﬂii n the introduction, characterised in that
each thegmal el enent has passages for fluid 35 formng at |east two

di stinct collector circuits, a "hot" collector circuit in which 15 flows the
heat transferThd pheSer®findefionQéeksitd GhitizatdIRse disd@¢dntRs by prép sl £tHerthile
calories emtted by the said thernmal el enent subjected to the magnetic
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el enent 10s suinfdesttigicpphcdtioas amgoktas i danedstc apyslicativiss cal ories or frigories.
The thermal elenents are at |east partly nade froma nmagneto-calorific

material taking at | east one formchosen fromthe group conprising a solid
bl ock, a stac*<0

aIis end, the invention concerns a thermal generator of the type mentioned in the
introduction, characterised in that each thermal element has passages for fluid 35
forming at least two distinct collector circuits, a “hot” collector circuit in which
15 flows the heat transfer fluid of the hot circuit whose function is to collect the calories
emitted by the said thermal element subjected to the magnetic field, and a “cold”
collector circuit in which flows the heat transfer fluid of the cold circuit whose
function is to collect the frigories emitted by the said thermal element not subjected
to the magnetic field, the said heat transfer fluids being made to move alternately in
20 one collector circuit or the other depending on whether or not the said thermal

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

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

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

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

30 exchange area, these passages for fluid being of small size, ranging between 0.01 mm



25 solid blocks or solid plates, an assenbly of particles, a porous block, a
stack of porous bl ocks or of porous plates or a conbination of these forns.
The collector circuits are preferably each formed from many passages for
fluid, distributed through the thickness of the thermal elenents in order
to offer a large heat 30 exchange area, these passages for fluid being of
smal | size, ranging between 0.01 mMmm 4 and 5 nmm and preferably equal to 0.15
nm suitable for creating a predominantly Ilamnar flow of the heat transfer
fluid through the thermal el enents. The passages for fluid in the two
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the hot and cold heat transfer fluid circuits reaching each cavity by an
inlet orificeloardomameshidiet] etching,i foemsng, tsefdratof detveemnmbliocksadi pdptes, tshadehe
corresponding fluid passages of the 15 thermal elenents, i.e. two inlet
orifices and%%emqr%‘fle%ri fices per cavity. The channels may be forned by
grooves distributed over one face or the other or over both faces of the
pl ate, the face(s) being covered by a plate added in such a manner as to

cover ang seain thépsferédicfonalof embddibhént bh gherfventibf BB fike@BGbpotEcondtsks &S
advant ageousl y have conpl enentary assenbly shages ‘which may be
appr oxi mat el ylepsioag pédte pogsessing, atdeashtved epenpigstdedimiting the cavities to receive the

thermal elements and at least two series of channels forming a part of the hot and
cold heat transfer fluid circuits reaching each cavity by an inlet orifice and an outlet
orifice suitable for communicating with the corresponding fluid passages of the

15 thermal elements, 1.e. two inlet orifices and two outlet orifices per cavity.

The channels may be formed by grooves distributed over one face or the other or
over both faces of the plate, the face(s) being covered by a plate added in such a

manner as to cover and seal these channels.

20
The thermal elements and the cavities advantageously have complementary
assembly shapes which may be approximately parallelepipedic, each side of the
cavity including an inlet orifice and an outlet orifice of one of the hot and cold heat
transfer fluid circuits and each side of the thermal element including an inlet and an
25 outlet of one of its collector circuits.

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

element forming a heat transfer fluid distribution chamber extending over the



cavity including an inlet orifice and an outlet orifice of one of the hot
and cold heat transfer fluid circuits and each side of the thermal el enent
including an inlet and an 25 outlet of one of its collector circuits. In
the preferred formof enbodinment, a gap of between 0.05 mmand 15 mm and
preferably equal to 1 mm is arranged in each side between the cavity and
the thermal elenent formng a heat transfer fluid distribution chanber
extending over the 5 thickness of the thernmal elenent, a sealing devi ce
being placed in each corner of the cavity. This t her mal rat or

advant ageous| §1ckBessrof s th SAEhRAFSThob 168 CPHiEE DHEE PACCd &7 EACBROES ohtheanged
apprOX|nater Ly 2 circle around the central axis of the support and the
magneti c meang ar e preferably coupled to nmeans of rotational driving around
this central shaft. These magnetic neans nmay conprise a nunber of magnets
corresponding to the 10 nunber of thermal elenments, these magnets bei ng
joined in paiFhis dhetmal Eanejel@r @dvarsagenusly SOTPriass atheVverh anmier e?élmaﬁtegnaln
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to another without interruption of the magnetic field. 15 The neans of
recoveri ng cathordeasalsshdftf ri gori es nmay conprise neans of forcing the
circulation of the heat transfer fluid in one or both of the heat transfer
fluid circuits. In the first case, the two hot and cold heat transfer fluid

ci rout tconner it gttt tndhns S EotobRePy hfibor8l diiRkes CtSbGHaiy M e o 4
hot heatigexchangitsr cntletnhig eledhéhtd)@bésethadefseeind jdifled in Faitd and @igetiong t he

outlet of the hot heat exchanger to the inlet of the cold heat exchanger.
either side of the thermal elements in order to subject one element in two to the

magnetic field. In a preferred form of embodiment, the thermal elements are arranged
adjacently to each other so that the pairs of magnets pass from one series of thermal
elements to another without interruption of the magnetic field.

15
The means of recovering calories and frigories may comprise means of forcing the
circulation of the heat transfer fluid in one or both of the heat transfer fluid circuits.
In the first case, the two hot and cold heat transfer fluid circuits are connected in a
closed loop, the hot heat transfer fluid circuit connecting the outlet of a cold heat

20 exchanger to the inlet of a hot heat exchanger and the cold heat transfer fluid circuit
connecting the outlet of the hot heat exchanger to the inlet of the cold heat exchanger.
In the second case, the two hot and cold heat transfer fluid circuits are independent
and each forms a closed loop. The heat transfer fluids in the two hot and cold circuits
preferably circulate in opposite directions.

25
The means of switching may comprise at least one valve in each hot and cold heat
transfer fluid circuit, arranged to place in series one or the other of the collector
circuits of the thermal elements depending on whether or not they are subjected to the
magnetic field and produce calories or frigories.

30



In the second case, the two hot and cold heat transfer fluid circuits are

i ndependent and each forns a closed | oop. The heat transfer fluids in the
two hot and cold circuits preferably circulate in opposite directions. 25
The neans of switching may conprise at lgast one valve in each hot and cold
heat transfer fluid circuit, arranged to place in series one or the other
of the collector <circuits of the thermal el enents dependi ng on whet her or
not they are subjected to the nmagnetic field and produce cal ories or
frigories. 30_6 _PBrief description of the drawi ngs: The present invention
and its advant@gdesentionoddhe drawines: i n the fol | owi ng description of a node
of enbodi nent given as a non-limting exanple and referring to the 5

appended drawings, in.which: - Figure 1 is.g sinplif.ied rspective view of
Che ¢ her mal - gbRaEres i aatol ikl Ryafiages iy SResin e Be NS dstipitnrl odea
view of the generARSRY of Rribb@iMicdt kivehOas a FodUiRitiRg Skathpkeaid S6feiritfy W &W Of
the plate of the generator in Figure 1, wthout the thermal elements; -

Fi gure 45is aappendquedrawingsynevhict: a thernal el enent to be nounted in the

pl ate shown in Figure 3 and Figure 4A is an enlarged view of detail Ain
Figure 4, and 15 - Figures 5A and 5B are diagrans illustrating the heat
transfer fluid circuig accor di ng - aperati Y

Il'lustrations of the F?%‘\;eenfﬁgngasﬁl}gp%ﬁ%& ngrss wmgg glfeallt ﬁgﬁgﬁeﬁ%ﬁa& gc?n:eraﬁ%{
Referring to Figures atcordigig2o tHelifivdnfienjtal generator | according to the

i nvention,

- Figure 2 is an exploded view of the generator in Figure 1;
10 - Figure 3 is a perspective view of the plate of the generator in Figure 1,
without the thermal elements;
- Figure 4 is a perspective view of a thermal element to be mounted in the
plate shown in Figure 3 and Figure 4A is an enlarged view of detail A in
Figure 4, and
15 - Figures 5A and 5B are diagrams illustrating the heat transfer fluid circuits

according to the two operating cycles.

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

20 Referring to Figures 1 and 2, the thermal generator 1 according to the invention,
based magneto-calorific material, comprises a fixed support taking the form of a
plate 2 arranged to carry at least two, and, in the example illustrated, eight thermal
elements 3 in magneto-calorific material. It also comprises magnetic means 4 which
are mobile with respect to the thermal elements 3 so as to subject them to a variation

25 in magnetic field in order to make their temperature vary, and means 5 of recovering
the calories and frigories emitted by the said thermal elements 3. These means of
recovery 5 include in particular two circuits 51 and 52 for heat transfer fluid which
are distinct i.e. hydraulically sealed one from the other, with a “hot” circuit 51 which
recovers the calories and another “cold” circuit which recovers the frigories, each of

30 the circuits 51 and 52 being coupled to at least one heat exchanger suitable for using



based magneto-calorific material, conprises a fixed support taking the form
of a plate 2 arranged to carry at |least two, and, in the exanple
illustrated, eight thermal elenents 3 in nmagneto-calorific material. It

al so conprises magnetic nmeans 4 which e nobile with respect to the
thermal elements 3 so as to subject themto a variation 25 in magnetic field
in order to make their tenperature vary, and neans 5 of recovering the
calories and frigories emtted by the said thernmal elenents 3. These neans
of recovery 5 include in particular two circuits 51 and 52 for heat
transfer fl ui @ema&ne%@né ﬁag@ﬁsrfelf appligatiqns whigh ineay) heyindesirigl pr slomestio Aon he

other, With Ancdifih icShERHE Lodthal i a GSARYBF SuliiPp el o5 and anot her

col d" circui ers orle eac Sthe circuits 51 and
52 being coupled to at Ieast one heat exchanger suitable for using 7 these
calories and frigories for applications, which nmay be industrial or
domestic, forln theaxample tlkusisated.nthe theyoial algmenisr3 erenbioused i wgvites 20 m ther

purposes. In the xa le.illustyated, t her ma eIe nts ed in
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magnets 40 are carried by tw supports. 41 | ocated on ei ther side of the
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of the thermal elements 3 in acircle around an axis B allows the use of a

si npl e node oétcdritherdarectheomypmytsutabie meshaniday trangnigsion systasus rotation in
the sane direction. It is clear that any other node of construction may be
suitable. If, for exanple, the thermal elements 3 are arranged in a line,

one w1 choogge gayfEdde’ CAld RYAERFoREnifibY I0fGhd RRrABOBRMeAtsTP NS drcle
around an axis B allows the use of a simple mode of driving the magnetic means 4 by

15 continuous rotation in the same direction. It is clear that any other mode of
construction may be suitable. If, for example, the thermal elements 3 are arranged in

a line, one will choose a reciprocating mode of driving the magnetic means 4.

The permanent magnets may be solid, sintered or laminated, associated with one or
20 more magnetisable materials, which concentrate and direct their magnetic field lines
in the direction of the thermal elements 3. Any other type of magnet may be suitable,
such as an electromagnetic or a superconducting magnet. A permanent magnet,
however, presents definite advantages in terms of size, simplicity of use and low cost.
It is preferable to choose permanent magnets 40 capable of generating a magnetic

25 field of at least 1 Tesla.

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

interruption of the magnetic field. This arrangement has the advantage of



The permanent nmagnets may be solid, sintered or |am nated, associated with
one or 20 nore nmagnetisable materials, which concentrate and direct their
magnetic field lines in the direction of the thernmal elenents 3. Any other
type of magnet maybe suitable, such as @n electromagnetic or a
superconducti ng magnet. A permanent nmagnet, however, presents definite
advantages in terns of size, sinplicity of use and low cost. It is
preferable to choose permanent nagnets 40 capabl e of generating a nagnetic

25 field of at |eas .Tesla, The thermal elenents are, noreover, .arranged
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magnetic fie I'S arrange t has tHe advantage of 8 considerably
limting the notive force required to nove the magnetic neans 4 given that
it does not have to oppose the nmagnetic force. The plate 2 is preferably
made from a tHexrpiateldyis proferablyanadedrem a-tharmally r snspiatiag nan-magpeticmptgsial. It
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the plate 2. Oher forims of construction are possSible, the essential point
bei ng t hat eaadet thet thalthermehelamests Saare flush awthithafazds bf thietpdaterdgOhter dorfisel d of
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by fluidoinlet and outlet orifices arranged to conmunicate with the 15
thermal elenents 3 i.e. per cavity 20 two inlet orifices and two_ outl et
orifices, andReferringqeomstisicubpslydotfagurpd, Wiaplate grhagftwe seriqs| aficharmelp2]j gdet  and
outlet orifi 5y foarrrnrir?gn %dlnﬁgr paasrt of the hot and cold heat transfer fluid circuits 51 and 52
respectively. The channels 21 and 22 of each series lead on the one hand to the
cavities 20 by fluid inlet and outlet orifices arranged to communicate with the
15 thermal elements 3 i.e. per cavity 20 two inlet orifices and two outlet orifices, and on
the other hand to the exterior of the plate 2 by inlet and outlet orifices arranged so as
to be connected to the external part of the hot and cold heat transfer fluid circuits, 51
and 52 respectively, including heat exchangers in particular. In the example
represented these channels 21 and 22 are distributed over the two faces of the plate
20 20 and are formed by grooves, made for example by machining, etching, casting or
any other suitable technique. In this embodiment the plate 2 is associated with means
of sealing 6 in the form of two non-metallic flanges 60 arranged so that each bears
against a face of the plate 2 through a seal 61 in the form of a membrane which
enables the channels 21 and 22 to be closed and sealed. In the example represented,
25 the flanges 60 and the seals 61 have perforations 62 and 63 arranged to correspond to
the thermal elements 3 and are fixed to the plate 2, e.g. by screws or any other
equivalent means. The flanges 60 and the seals 61 may also be non-perforated. The

channels 21 and 22 may of course be on a single face of the plate 2. This plate 2 can

also be made differently, for example as two cast parts assembled together, the



to be connected to the external part of the hot and cold heat transfer fluid
circuits, 51 and 52 respectively, including heat exchangers in particular.
In the exanple represented these channels 21 and 22 are distributed over
the two faces of the plate 20 20 and are?forned by grooves, made for exanple
by machining, etching, casting or any other suitable technique. In this
enbodi nent the plate 2 is associated with neans of sealing 6 in the form of
two non-netallic flanges 60 arranged so that each bears against a face of
the plate 2 through a seal 61 in the formof a nenbrane which enables the
channel s 21 affynpéls 24 agd 22|bgingpcapymedaipd an theingide Iathesanee wapthessis, 25
the flanges 6 I o) arranged to
correspond togla?plg c{pﬂagcreﬁng? aﬁ?}%%gggﬁﬁgfée{d anfeteérfsgﬁlegﬁ?%agrhgﬁpl ate 2, e.g. by
screws or any other equival ent neans. The flanges 60 and the seals 61 may
al so be non-perforated. The channels 21 and 22 may of course be on a single
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blocks or of porous plates, or any other suitable form, or a combination of these

forms. In the same way the thermal elements 3 may be comprised of an assembly of
15 different magneto-calorific materials. They can also be made in a manner which is

thermally conducting comprising one or more magneto-calorific materials.

These thermal elements 3 each have the particularity of comprising at least two
collector circuits 31 and 32 which are distinct i.e. hydraulically sealed from each
20 other, these being a “hot” collector circuit 31 connected to the hot heat transfer fluid
circuit 21 and 51, and another “cold” collector circuit connected to the cold heat
transfer fluid circuit 22 and 52, the heat transfer fluid in each of these circuits being
made to move alternately in one or the other of the collector circuits 31 and 32
depending on whether the thermal element 3 is subjected to the magnetic field and

25 emits calories or frigories.

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

30 they delimit between each other, when the plates 30 are superimposed, two narrow



forms. In the same way the thermal elenents 3 may be conprised of an
assenbly of 15 different nmagneto-calorific materials. They can al so be made
in a manner which is thermally conducting conprising one or nore
magneto-cal orific materials. These therpml elenents 3 each have the
particularity of conprising at least two collector circuits 31 and 32 which
are distinct i.e. hydraulically sealed fromeach 20 other, these being a
"hot" collector circuit 31 connected to the hot heat transfer fluid circuit
21 and 51, and another "cold" collector circuit connected to the cold heat
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so-called lamnar flow of heat transfer fluid rough the thermal
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also be oriented in parallel directions.

15 Each collector circuit 31 and 32 leads to two opposite sides of the thermal elements 3
by a fluid inlet and outlet which communicate automatically with the inlet and outlet
orifices for heat transfer fluid of the hot circuit 21 and the cold circuit 22 arranged to
correspond with each other in each cavity 20 when the thermal elements 3 are
mounted in the plate 2. To this end a gap of between 0.05 mm and 15 mm and

20 preferably equal to 1 mm is arranged between the corresponding sides of the plate 2
and the thermal element 3 in order to delimit the heat transfer fluid distribution
chambers extending over the thickness of the thermal element 3. Sealing of the
collector circuits 31 and 32 is provided firstly between the distribution chambers by
seals (not represented) arranged for example at the four corners of the cavities 20 and

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

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

30 similar methods. In another form of embodiment, the plates 30 can be flat and



calories and frigories with the heat transfer fluids that pass through them
depending on the alternations in magnetisati on/ demagneti sation. These fluid
passages 35 may also be oriented in parallel directions. 15 Each coll ector

circuit 31 and 32 leads to two opposite;sides of the thermal elements 3 by

a fluid inlet and outl et which communicate automatically with the inlet and

outlet orifices for heat transfer fluid of the hot circuit 21 and the cold

circuit 22 arranged to correspond with each other in each cavity 20 when

the thermal elenents. 3 are nounted in the plate 2, To.this end an of
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fluid.

15 The chemical composition of the heat transfer fluid is suitable for the desired
temperature range and is chosen to obtain maximal heat exchange. It is possible for
example to use pure water for positive temperatures and water to which an anti-
freeze such as a glycolated product has been added for negative temperatures. This
thermal generator 1 thus allows one to avoid the use of any fluid, which is corrosive

20 or harmful for mankind or its environment.

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

30 and/or casting and assembly of components, the switching being obtained by



Referring now to Figures 5A and 5B, at |east one heat exchange fluid circuit
51 or 52 10 includes neans of forcing the circul ation of heat exchange
fluid, such as for exanple a punp 53, a thernosi phon or any ot her

equi val ent neans. This circulation can so be free and natural, due sinply
to the tenperature differences in the heat transfer fluid. 15 The chem cal
conposition of the heat transfer fluid is suitable for the desired
tenperature range and i s chosen to obtain maxi mal heat exchange. It is

possi ble for exanple tq use pure water for positive tenperatures and water
to which an oJRegnetic afigacton ok p Pisions adpll e - dhatdneyres beechAWo paks dalining theor
negative te ?%ures. This thermal generator 1 thus allows one to avoid

t he use of any uid, which is corrosive 20 or harnful for mankind or its
environment. Each heat transfer fluid circuit 51 or 52 has neans of renoving
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Fi gures 5A and 5B which diagrammatically illustrate the two functional

cycl es of theexchangenl55gemerthe eoldl cinguih 52f eannedimgpthepouttat If ofithplhiof iheatt i on,
Four exchanger 55 to the inlet Ef of the cold heat exchanger 56. One can also provide two
completely independent circuits 51 and 52, each forming a closed loop. In this case
each circuit 51 and 52 has its own pump 53. In all cases the direction of flow of the
15 heat transfer fluid in the two circuits 51 and 52 is preferably reversed. For the
purposes of simplification, the hot and cold circuits are identified as 51 and 52,
knowing that a part of these hot and cold circuits is internal to the thermal generator

1 and incorporated in the plate 2 under the identifications 21 and 22.

20 In the first functional cycle illustrated by Figure 5A, the magnets 40 are opposite the
two thermal elements 3(1) and 3(3) which heat up under the effect of the magnetic
field, the other two thermal elements 3(2) and 3(4) cooling down because they are not
subjected to the magnetic field. The solenoid valves 57 and 58 are switched in a first
position which allows the placing in series in the hot circuit 51 of the thermal

25 elements 3(1) and 3(3) which heat up and in series in the cold circuit 52 of the
thermal elements 3(2) and 3(4) which cool down, the circuits in which the heat
transfer fluid is in movement being shown as a solid line. The outlet Sf of the cold
heat exchanger 56 is connected, by the solenoid valve 58, to the inlet Ec(1) of the
thermal elerneﬁt 3(1), its outlet Sc(1) is connected to the inlet Ec(3) of the thermal

30 element 3(3) and its outlet Sc(3) to the inlet Ec of the hot heat exchanger 51. The hot



thermal elenents 3 and two pairs of magnets 40. In this exanple the neans of
recovery include a single punp 53 placed in the hot circuit 51 and the hot
and cold circuits 51 and 52 are linked in a closed |oop: the hot heat
transfer fluid circuit 51 10 connecting;4he outlet Sf of the cold heat
exchanger 56 to the inlet Ec of the hot "heat exchanger 55 and the cold
circuit 52 connecting the outlet Sc of the hot heat exchanger 55 to the
inlet Ef of the cold heat exchanger 56. One can al so provide two conpletely
i ndependent circuits 51 and 52, each forming a closed |oop. In this case
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connect gg, byeltmentso({19nadd(3yal ve 58, to the inlet Ec(1) of the thernmal
el ement 3(1), its outlet Sé? is connected to the inlet Ec(3) of the

thermal 30 elenent 3(3) and |ts outlet Sc(3) to the inlet Ec of the hot heat
cxchanger ST oToE 08! ats s phoch FOHGR hy ueaL b OB TS
others being {figid Viives ¥ dd¥SssSATTwhENed ihid%: s%%ﬂdaﬁosmon illustrated in Figure 5B
corresponding to the second functional cycle in which the magnets 40 are opposite
15 the two other thermal elements 3(2) and 3(4) which heat up under the effect of the
magnetic field, the first two thermal elements 3(1) and 3(3) cooling because they are
no longer subjected to the magnetic field. The solenoid valves 57 and 58 switched to
their second position place in the hot circuit 51 the thermal elements 3(2) and 3(4)
which heat up and in the cold circuit 52 the thermal elements 3(1) and 3(3) which
20 cool, the circuits in which the heat transfer fluid is in movement being shown as a
solid line. The outlet Sf of the cold heat exchanger 56 is connected, by the solenoid
valve 58, to the inlet Ec(2) of the thermal element 3(2), its outlet Sc(2) is connected
to the inlet Ec(4) of the thermal element 3(4) and its outlet Sc(4) to the inlet Ec of the
hot heat exchanger 55. The hot circuit 51 makes the heat transfer fluid move in the
25 hot collector circuits 31 of the thermal elements 3(2) and 3(4), the others being
inactive. In the same way, the outlet Sc of the hot heat exchanger 55 is connected, by
the solenoid valve 57, to the inlet Ef(3) of the thermal element 3(3), its outlet Sf(3) is
connected to the inlet Ef(1) of the thermal element 3(1) and its outlet Sf(1) to the
inlet Ef of the cold heat exchanger 56. The cold circuit 52 makes the heat transfer
30 fluid move in the cold collector circuits 32 of the thermal elements 3(1) and 3(3), the



Sc of the hot heat exchanger 55 is connected, by the solenoid valve 57, to
the inlet Ef(4) of the thermal elenent 3(4), its outlet Sf(4) is connected
tothe inlet Ef(2) of the 5 thermal elenent 3(2) and its outlet Sf(2) to the
inlet Ef of the cold heat exchanger 56.,, The cold circuit 52 nmakes the heat
transfer fluid nove in the cold collector circuits 32 of the thernmal

el enments 3(2) and 3(4), the others being inactive. This cycle is rapid and
| asts between a few thousandths of a second and 20 seconds and preferably |
second, corresponding to the time of passage of the magnets in front of the
thermal 10 ePtBers Megig Aty dlhg 39p1d\%lﬁ OHESPINES @ tlﬂfh ime; of passags af fheont of

the thermal e t
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transfer fl uiThe faci thanthe demntanbfer flgidatsedvis alsquad asdhatch das aeoidd He meed feta St of
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el ements 3(2) and 3(4), the others being inactive. In the same way, the

outl et Sc of hqmd,hsmovnmpressdﬂaagbnatwllygowmveﬂat@uculbwhlclm oesedand dotval ve
57, to the in]et Ef?é% %; the thermal elenent 3(3), its outlet Sf(3) is
connected to WREIFHPSThIEH SOPSBf the thermal el ement 3(1) and its outl et
Sf(1) to the inlet Ef of the cold heat exchanger 56. The cold circuit 52
makes the heat transfer

This description clearly shows that the hot and cold circuits 51 and 52 are active and

15 dynamic in both functional cycles, in the same way as the thermal elements 3 are all
used. Furthermore, the heat transfer fluid, which recovers the calories is limited to
that function, as is the heat transfer fluid which recovers the frigories. Given that
there is no mixing of heat transfer fluid at different temperatures, as in the earlier
technology, the hot and cold circuits 51 and 52 being separate, in particular in the

20 case of the collector circuits 31 and 32 in the thermal elements 3, there is no heat
exchange or mixing between circuits. This new technology also allows a considerable
reduction in thermal losses, an acceleration of the functional cycles, an increase in the
power of the thermal generator 1 and the achievement of very good thermal
efficiencies for a much reduced energy requirement in view of the low motive power

25 necessary to make the magnets 40 rotate.

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

30 beginning and the end of the cycle increases, respectively allowing heating and



30 fluid nove in the cold collector circuits 32 of the thermal elenents 3(1)
and 3(3), the 14 others being inactive. This rapid cycle corresponds to the
time of passage of the magnets 40 in front of the thermal elenents 3(2) and

3(4). Wien they leave themto again c in front of the thermal el enents
3(1) and 3(3), the solenoid valves 57 and 58 are switched to their first
position illustrated in Figure 5A and the first functional 5 cycle starts

again. The fact that the heat transfer fluid used is a liquid and not a gas
avoids the need for a non-return valve. The exanple can be seen .in, Figures
5A and 5B i n SAR1iBS teraperathes leyels & be prachgddnghe Bot qifraithdt andrifie coldcrircaiS2
exchangers 55 a 6 upl [ it res iLvely neet
each ot her. %ﬁ@@ﬁeaa% g’ie%{a%gg?aglrgf%w&%r%gf%g ?ﬂel @183‘%’d;ﬁr}?‘8§‘3n‘8tﬁca§§%‘ﬁ°§s§{eb| e

and nat ur al | ythe@es gefdratot NeofCthe Giwentionpresbnts Sio aBg@kitee fotGieoplehst foi fHeui t
which is open. This description clearly shows that the hot and cold circuits
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way as the ther el e ts 3 are all sed. . Furthernore, .t he heat .transfer
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heat transferybldundaiagh recovers the frigories. Gven that there is no

m xi ng of heat transfer"fluid at different tenperatures, as in the earlier
technol ogy, the hot and cold circuits 51 and 52 being separate, in
particular in the 20 case of .the collector circuits 31 and 32 in the therna
el enents 3, tPrssibleindusdrialapplicalionsiange or ni xi ng between circuits. This new

technol ogy also allows a considerable reduction in thermal |osses, an
accel eration of the functional cycles, an increase in the power of the

t her mal 1generiiothékmah gefidigton e himiseite AipliRhtiote iy aghp edhhidel d@hainedhdreiieRci es
for a much reduced energy requirenent in view of the |ow notive power 25
necessary to hagkssanhie healriemperd goelmraaiecordifiarh @p wip demestig slegtsichlnapparatust

separate hot ﬁ)lr rrgfi'l1jg%rsat02réL ’ang ]ﬁeaerz]grs,SEbraari]rdcé:n%lit&joncl:lggr gﬁjci thgating, whether industrial,
domestic or vehicular, in the food industry for display cases and refrigerated cabinets,
in air conditioned wine cellars and in all types of refrigerated enclosure.
15
The present invention is not restricted to the example of embodiment described, but
extends to any modification or variant which is obvious to a specialist in the field
while remaining within the scope of the protection defined in the attached Claims. In
particular, the shapes illustrated, the number of thermal elements 3 and of magnets
20 40, the way of creating the collector circuits 31 and 32 and of incorporating the hot

circuits 21 and cold circuits 22 in the plate 2 may differ.



22, 32 and 52 allows the "AMR' cycle to be used i.e. for each new functional
cycle of the thermal generator 1 the tenperature difference between the
tenperatures at the 30 beginning and the end of the cycle increases,
respectively allow ng heating and 15 cgoling tenperature |levels to be
reached in the hot circuit 51 and the cold circuit 52 which are greater
than in generators of this type known at present. In addition, the thermal
generator 1 of the invention presents no danger either for people or for the
environnent. [f in fact there were a |ack of heat transfer fluid in the hot
circuit 51 arfdlaBns he cold circuit 52, there would be no further heat
exchange and therefore no risk of thermal runaway. Possible industrial
applications: 10 This thermal generator 1 finds its application in any

techni cal donBiThewh&ll @nkfatdr§1) BiREE 68 aiagnéto-caRaific haeia compei@ingQit least one
air-condition, as in donestic electrical apparatus for refrigerators and
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(1) based on mmgoc&gﬂaf td bCloaBtt &id Mdat GREFUNESET (33 @id Feastle ah@emove the
calories or frigories recovered and fitted with means of switching (57 and 58) to put
the corresponding thermal element (3) into the said circuit (51 and 52), characterised
in that each thermal element (3) has passages for fluid (35) forming at least two
distinct collector circuits (31 and 32), a “hot” collector circuit (31) in which flows
15 the heat transfer fluid of the hot circuit (51) whose function is to collect the calories
emitted by the said thermal element (3) subjected to the magnetic field, and a “cold”
collector circuit (32) in which flows the heat transfer fluid of the cold circuit (52)
whose function is to collect the frigories emitted by the said thermal element (3) not
subjected to the magnetic field, the said heat transfer fluids being made to move
20 alternately in one collector circuit or the other (31 and 32) depending on whether or
not the said thermal element (3) is subjected to the magnetic field and emits calories

or frigories.

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

a combination of these forms.



fixed support (2) carrying at |east two magneto-calorific thermal elenents
(3), 5 magnetic neans (4) which are nobile in relation to the said thernal
el enents (3) so as to subject themto a variation in magnetic field in order
to make their tenperature vary, and nmegns (5) of recovering the calories
and frigories emtted by the said thermal elenents (3) conprising at |east
two separate circuits (51 and 52), acircuit (51) referred to as "hot" and
acircuit (52) referred to as "cold", each circuit (51 and 10 52) being

coupled to at | east one heat exchan er (55 and 56) able to renove the
cal ories or f}iGeratey acerdingrted-laimy arqharaé@nwmth@tathg colleciel qitcHith P 1(ad and
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and 52), char eac as passages for

fluid (35) fohivkhessaf tHeaBEimadl WRmedis(B) MIrd&rab bﬁ’éi@rargd lidatbxchahgelarand 32), a
"hot" collector circuit (31) in which flows 15 the heat transfer fluid of

the hot circuit (51) whose function is to collect the calories emtted by
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or the other éBl and 32) dependi ng on whether or, not the said therma

el enent (3) idememp eD: g spid ﬂ%b%%H@@P@IHaP@YMHéF emits calories or

frigories. 2. Generator according to Caiml, characterised in that the
thermal elements (3) are 25 at least partly nade froma magneto-calorific

mat er i aliot aki NAGeneratdraRbordiy tb@lhine BogRMctekis@MinAthst 1Bk Pasagar! fos i (@5)5@1' id
bl ock, a stack of solid blocks or solid plates (30), an assenbly o

parti cles, a therteascadleotok cirquist Gk amt 3%bc>69@chbth@nkgl demeiit Gorhave qyﬁf%rmts or
a conbi nati on of these forms. 17 3. Generator according to Caim 2,
char act eri sed®i"8¢ the collector circuits (31 and

6. Generator according to Claim 3, characterised in that the passages for fluid (35) in
15 the two collector circuits (31 and 32) of each thermal element (3) have approximately

parallel orientations.

7. Generator according to Claim 3, characterised in that the passages for fluid (35)
are defined at least by one form chosen from the group comprising perforations,
20 grooves, slots, interstices, a combination of these forms, these forms being obtained
by machining, chemical, ionic or mechanical etching, forming, separator between

blocks or plates, space between particles.

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

30 thermal elements (3), i.e. two inlet orifices and two outlet orifices per cavity (20).



32) are preferably each fornmed from many passages for fluid (35),
distributed in the thickness of the thermal elenents (3) in order to offer
a |l arge heat exchange area. 5 4. CGenerator according to Claim 3,
characterised in that the passages for fduid (35) are of small size,
rangi ng between 0.01 mmand 5 nmm and preferably equal to 0.15 nmm suitable
for creating a flow of the heat transfer fluid through the thermal elenents
(3), the said flow being predomnantly laminar. 10 5. CGenerator according to
Claim 3, characterised in that the passages for fluid (35) in the two
collector circuits (31 and 32) of each thermal elenent (3) have different

orientations. r [ [ LA -3, 0 i } t he
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Generator according to Claim3, characterised in that the passages for fluid
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etching, form ng, separator between blocks or plates, space between
particles. 8. Cenerator according to Caiml, characterised in that the

fi xed suppor t10 @apetas@accadimyt tol Glah 40 okarpdtedised (id thqaabs esidithgmal elearats t wo
openings delimting cavities (20) to receive the said thermal elenments (3)
and at | east @Ghandeaid eavitigs (@Pbhayecemplementagy sssymblyshapssg a part of the hot
and cold heat transfer fluid circuits (51 and 52) reaching each cavity (20)
by an inlet orifice and an outlet orifice for each circuit (51 and 52)

sui t abl @of or rlONGHEra# a8 rtinghtot MRaif0N 0. SRAREtEMGdS nuitcht PRS S@m@seremiryof t he
said 30 thermal elenents (3), i.e. two inlet orifices and two outl et

orifices per asssmbly shames. arg 3ppoxincsely maraielepinedicdiim ghat ¢ach sideog the cavity
characteri Sed(ib{' i&cpu%%s Eurll (i:"nlgtaoin 1c%hoarnar1]1eolu € gr}ﬁcaéncgjf 02112e)of the said hot and cold heat
transfer fluid circuits (51 and 52) and each side of the thermal element (3) including
an inlet and an outlet of one of its collector circuits (31 and 32).
15
12. Generator according to Claim 11, characterised in that a gap of between 0.05 mm
and 15 mm, and preferably equal to 1 mm, is arranged in each side between the
cavity (20) and the thermal element (3), this gap forming a heat transfer fluid
distribution chamber extending over the thickness of the thermal element (3) and in

20 that a sealing device is placed in each corner of the cavity (20).

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

25 rotational driving around this central axis (B).

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

(3), these magnets (40) being joined in pairs and arranged on either side of the said



are formed by grooves distributed over one of the faces of the said plate
(2) and in that the thermal generator (1) conprises at |east one fl ange
(60) added to the said face 5 of the plate (2) in such a manner as to cover
and seal the said channels (21 and 22).,, 10. Generator according to O aim 4,
characterised in that the said thernal éﬂenents (3) and said cavities (20)
have conpl enentary assenbly shapes. 10 11. Cenerator according to Caim 10,
characterised in that the conplenentary assenbly shapes are approxi mately
paralleleplpedlc in that each side of the cavity (20) includes an inlet
orifice or arfhermal elerpents i3k iofordsneloofubjast osaithermsl clamaens dBY indwo tot thensf er
fluid circuits éﬂSé an 52) and each side of the thermal elenent (3)

i ncl udi ng af"#41%8f "5d an outlet of one of its collector circuits (31 and
32). 15 12. GCenerator according to Claim1ll, characterised in that a gap of
between 0.05 mm and 15 mm and preferably equal to 1 mm is arranged in
each si de betMedéienttator acamidiqg t©2©1)11rmrid ¢chagactersedran that érethernid)elemdrits (Pap
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arranged approximately in a circle around a central axis (B) of the sald
support (2) and the said nagnetic neans (4) are coupled to neans of
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magnet s 1 40) belng joined in pairs and arranged on either side of the said
19 thermal elenments (3) in order to subject one thermal elenent (3) in two
to the nagnetd &ehemtiad.according to Claim 1, characterised in that the means of recovering the

calories and frigories include means (53) of forcing the said heat transfer fluid to

flow in at least one of the heat transfer fluid circuits (51 and 52).

15 18. Generator according to Claim 17, characterised in that the hot and cold heat
transfer fluid circuits (51 and 52) are connected in a closed loop, the hot heat transfer
fluid circuit (51) connecting the outlet (Sf) of a cold heat exchanger (56) to the inlet
(Ec) of a hot heat exchanger (55) and the cold heat transfer fluid circuit (52)
connecting the outlet (Sc) of the hot heat exchanger (55) to the inlet (Ef) of the cold

20 heat exchanger (56).

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

25 circuits being independent and each forming a closed loop.

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

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



15. Generator according to Caim 14, characterised in that the thernal
elenments (3) 5 are arranged adjacently to each other so that the pairs of
magnets (40) pass fromone series of thermal elenents (3) to another

Wi thout interruption of the magnetic figld. 16. Cenerator according to
Caim1l1, characterised in that the heat"transfer fluids in the hot and cold
circuits (51 and 52) flow in opposite directions. 10 17. Cenerator according
to Claimil, characterised in that the nmeans of recovering the calories and
frigories include neans } of forcing the said heat transfer fluid to

flowin at Ie%l§t32bﬁ§théfthf%rﬁ’é ﬂé@?ntsl(%)rﬁfppémdmgawhéihpw Rrof theypare pbjesped to15 18,
Gener at or acg rdlgg (§¥é% &1&)u ol r%p%er|§§p in that the hot and cold heat
transfer flui' s A IS 8 %55 g Egﬁ% ¢ted in a cl osed | oop, the hot
heat transfer fluid circuit (51) connectlng the outlet (Sf) of a cold heat
exchanger (56) to the inlet (Ec) of a hot heat exchanger (55) and the cold
heat transfer fluid circuit (52) connecting the outlet (Sc) of the hot heat
exchanger (55) to the inlet (Ef) of the cold 20 heat exchanger (56). 19.
Generator according to daim1l, characterised in that the neans of
recovering calories and frigories conprise neans (53) of forcing the
circulation of the heat transfer fluid in one or both of the heat transfer
fluid circuits (51 and 52), these 25 circuits being i ndependent and each
formng a closed | oop. 20. Generator according to Claim1l, characterised in
that the nmeans of switching conprise at |east one valve (57 and 58) in each
hot and cold heat transfer fluid circuit (51 and 52), arranged to place in
series one or the other of the collector circuits (31 20 and 32) of the
thermal elenments (3) dependi ng on whether or not they are subjected to the
magnetic field and produce calories or frigories.





