1 HEAT EXCHANGER Technical Field: 5 The present invention concerns a heat
exchanger conprising at |east one group of at least two calorie- and/or
frigorie-emtting thermal el enents, each equipped with at | east one inlet
orifice and at |east one outlet orifice Jjoined through at | east one conduit
traversing the thermal elenent, capable of receiving a thermal fluid for
recovering the calories and/or frigories, said heat exchanger conprising
means for interconnecting the conduits and at 10 | east one circuit external
to the heﬁ&uigiagﬁgﬁhégaﬂgélize the calories and/or frigories recovered by
said ther . t: 15 In the conventional manner, traditional
heat exchangers conprise thermal elenents connected to one another and to
one or nore external thermal fluid circuits using pipes, connectors, and
seal s. The Icehmealffigld: are preferably renmovable to facilitate installation
and mai nt enance operations. This connection technique takes a long tine to
perform requires a |large nunber of parts, and nmakes achieving a tight seal
on thi s5tygge ptesbiahvention extdeanngeieatitichaiel tompNEnExABTK Bné Sroup bBstleat ed in
Publ i cation A- 03/ 050456 whi ch describes a magneto- cal oric heat exchanger
conpr i si ng tvoedlose-gader frigauterdmaisiéng theraahelpmentapaeh equinped withtatlegst oagjpletct ed
to a magneti.c fi er at .a.r i I n . ther mal
25 e|enent0P§C%?ﬁi?%§§§¢f§ﬁ§@€ﬁ¥%ﬁ%hﬁ?%?tﬁ%ﬁ§ﬁ3??¥§g§§ﬁ§?@§ﬁﬁﬁ|%?ﬁgﬁ. i ces
and two outheginal €lembntegpableosiecdiitlg ianth@aial Slublyfoe eeudveting tectajcrlesadd/bp t he
external "hot" and_ "cold" circuits by turning seals. Each turning sea
conpri ses dB&IescHitheat p¥¢hange) comprisiigymeasfoh Hiterpennespgithercendyisg@ddf ng
upon t ff@ pff%'slt bﬁ)éﬂ'ﬁi? uiﬁ]gﬁ?ﬁgf f%ﬁﬁrﬁea{’rmgﬁ er't8 l¥tﬁ'ﬁe t{;'é)galoﬂgéjancﬁﬁll ﬂi orfegt er nal
circuits. us, this heat exchanger conprrses four turning seals per thernma
30 el enment receivéreeby48idahernattlaids to whi ch seven connections are added for
each of the four 2

Prior Art:

15 In the conventional manner, traditional heat exchangers comprise thermal elements
connected to one another and to one or more external thermal fluid circuits using pipes,
connectors, and seals. The connectors are preferably removable to facilitate installation
and maintenance operations. This connection technique takes a long time to perform,
requires a large number of parts, and makes achieving a tight seal on this type of heat

20  exchanger difficult.

One example is illustrated in Publication WO-A-03/050456 which describes a magneto-
caloric heat exchanger comprising twelve gadolinium based thermal elements alternately
subjected to a magnetic field generated by a rotating permanent magnet. Each thermal
25  element is provided with a minimum of four orifices, two inlet orifices and two outlet
orifices, connected in pairs by conduits and joined to the external "hot" and "cold" circuits
by turning seals. Each turning seal comprises seven connections selectively joining the
conduits, depending upon the position of the permanent magnet, to the "hot" and "cold"
external circuits. Thus, this heat exchanger comprises four turning seals per thermal

30 element, either 48 connectors to which seven connections are added for each of the four



turning seals, or 28 additional connectors, for a total of 76 connecti ons.
This | arge nunber of connectors proportionately increases the nunber of
mechani cal parts as well as increasing the risk of thermal fluid |eaks.

Moreover, it inposes considerable technizal Ilimtations on the heat
exchanger that make it economcally inpractical. This is, therefore, 5 not
a very satisfactory solution. Another connection technique is illustrated in

Publ i cati ons US- A-4, 644, 385 and US- A- 5,509,468, which provide for the pipes
to be repl ced by ri |nte n he irculatio. annel s, for
cool 1 ng 11 dine ety B R comhGRiS LAl BT hER s ik FRE o
applicati onf édn@edtami @bgért@ﬁ{ﬂf@ryl fiRfeab@r theamlindrestt mRBhdhidall Mfautk tasawell as

i ndi vi dual plate for sorbing the di ssMgat ed calories, connected to a

col | ect or phereesingihs|resly afitherma ﬁléat leaks cMarrgaer, itHomoves considerablmiselsticadn
between th t n r icrigd
or flexibl glrg%%c{ﬁ)gé?mhe% V\Et e?(ghaﬁlggr t&lgﬁnz!](%%ec?é&gﬁ Hgfmpra ?{'1% ﬁns'_%ﬁggrlefotr%

sol uti o dagsaRety ﬁhsfm:tbgtﬁ)lﬁthﬁl need for connecting parts with their

associ ated 15 di sadvantages. Mreover, in this type of application, the
cooling circuit is fixed rather than evolving, with its objective being
sirrplythe f ri ey | i The
present i nvenﬁﬁé(g%%g#%%og tec(h?l Lq%g\}grﬁlcuggnég{l ﬁggﬁlﬁlgﬁn&fl vltjstA 4é%élg'br§t>§ 5%38&?%2(*@ a
thermal  exG5oon4rst wbhﬂcbrcﬁmdqur,thefpipeelterﬁelryplaée:d babklgyd phnes Alteghaiihgrthee cost
allows the thermal elements to b onnected to one another and .to one or
more ext er ridicuigfipr ghangelgpr gool Qgrﬂej—l 5 HhEdidery fon dipqopihgirauie. Ap &N bpeicdakage,

the nurper a‘[a Li®iohS the 1aftﬁ’cédtﬁ1]%r?s% r ¢ él&&fb%?tc‘élraﬁ{s?ﬁ‘%&{)ﬁiu%gﬁte'o yention

proposes a thermal exc anger all ow ng t e use o arge nu
t hermal el amrbmganhel/cbssmaeacbcabnw, copsectdd tohe cokidctel plaentaupldiatvitivey hée

connected in seri.es, IIeI xed c nfl urat th the number of
ol enont s arfdichanger. d3nHRERE B C%ﬁfﬁlﬂ{ﬁe&w%ﬁ g dif geréglthnﬁ%laﬁ hgaterchprger nj s

purpose, gg%{?:\ﬁ gﬁgc ﬁ’cnrl Q3¢ ALK le%oﬁﬁﬁttorg’kﬂﬁ or%aytrﬂ)? idcYRE o VAflieCahed 1 0

the 30 pr ara terl ze at t nectl on neans conpri ses at
| east one lthllseﬂoﬂlaﬁm @deat motXliminate the need for connectlng parts with their associated
15  disadvantages. Moreover, in this type of application, the cooling circuit is fixed rather than

evolving, with its objective being simply the dissipation of calories.

Explanation of the Invention:

20  The present invention attempts to overcome these disadvantages by proposing a thermal
exchanger which simply, efficiently, reliably, and at moderate cost allows the thermal
elements to be connected to one another and to one or more external circuits while
simultaneously minimizing the risk of leakage, the number of parts, and facilitating
maintenance operations. The invention proposes a thermal exchanger allowing the use of a

25  large number of thermal elements and/or several groups of thermal elements that may be
connected in a series, parallel or mixed configuration, with the number of elements and the

connection configuration being easily modified.

For this purpose, the invention concerns a heat exchanger of the type indicated in the

30 preamble, characterized in that the connection means comprises at least one interface plate



pl aced flat against the thermal el enments, conprising at |east one channel
equi pped with connecting orifices facing the inlet and outlet orifices of
the thermal elenents and defining at |least one interface circuit to allow
thermal fluid to circulate between said 3hermal elenents and the interface
plate in a series, parallel, or mxed connection, said interface 5 plate

al so being equi pped with at | east one supply orifice and at | east one

di scharge orifice to connect the interface circuit with the exterior

ircuit. | ferr. di ment_of the i. i on, the thernal t
o1 for nat el PSR S B BRGSO RHE Ab <P oser DerRT e BP LR s os
at |east tVRneRARpetificesdadiig BRUAIRPEMA ottibtorFices O the@stm ARG nTHRM defihink Ce,

one evacuation orifice, and connecting orifices, and disposed so as fto
define two adileast aoe intenfacef eircatitctor dlow SeompinBeidea airsutajn betveen waild bemeali t s.

o emante. et ML PRS- T a8, RATRr by pERR'cohity ot uflredcder T

conpl engnt lyte 6RH BEiRE eQiipfeERER hledsPosteippRaslifice af@REMst ohd@sdHatRIdridiee
plates to each other and to the interface circuits in said corresponding

groups in dosemriestthe priprfpgecdircgit withdae exisripe@tquln. According to a variati on,
the connection elenents conprise at |least two interface plates superinposed
back to back, each conprising at |east one channel, one supply orifice, one
20 di schar ge aprdféiréembsdimenyutelsd inngntion] the dRsmplailéieehts slteanatellytentif caldrizs mal

el ements. These interface plates may n’gri se traversing orifices facing

> | > co

each ot her aéfiigarisgand theanterface nigte Foraprses ptleant two ahpanelsapkeqrpRedpathat | east
partialilyy fiolpEek FEI : | e
pl at e alhd slgéfsect |S\%Pl§ o&?{g%\ﬁ{gg egé/cugﬁ%%@{%éeeben |o%g&3%gr§ rl{f]}l%gs’ ?%%?ébggde;o%%r cuit
desi red. The defientvel distinct alterdadeeiratitd @anéctghottival dxyerharcireditof one or nore
grooves on at |east one surface of the interface plate, fornmed by
machi ni ng, engraving, or casting. In this case, the 30 connection elenents
advant ageo i i ggg I he
interface p %\%ag&gga{shg?%l ealt gﬁ’%“?ﬂg’og gg%/s;ﬂ tlg‘ls?{cfo thggg agﬁg .e%h]éhtg’

each provided with at least one interface plate, and complementary connection elements

15  designed to connect the interface plates to each other and to the interface circuits in said

corresponding groups in a series, parallel or mixed connection.

According to a variation, the connection elements comprise at least two interface plates
superimposed back to back, each comprising at least one channel, one supply orifice, one
20  discharge orifice, and connecting orifices joined to a unit of thermal elements. These
interface plates may comprise traversing orifices facing each other defining a common

interface circuit.

The channel may be at least partially formed of a network of perforations through the
25 interface plate and selectively blocked by plugs depending upon the interface circuit

desired.

The channel may also be at least partially formed of one or more grooves on at least one
surface of the interface plate, formed by machining, engraving, or casting. In this case, the

30 connection elements advantageously comprise at least one closing plate superimposed on



The closing plate may be | ocated between two interface plates in order to
forma channel wth each one. This closing plate nay conprise traversing
orifices opening into said 5 channels and designed to connect themin a
series, parallel, or m xed connection. Pteferably, the connecting neans are
made of a thermally insulating material and conprise seals |ocated at | east
between the thermal elenents and the interface plates, said seals possibly
consisting of a coating or a sheet of Teflon, a liquid seal, or the like. 10

According tp a_ preferred enbodi nen the clasing plate, conprises a switch
rovant e babeRuite HAEes BEAR RN be gdSeio SRnt heBb BB TV L he mode of
connection between said interface circuits. This switch may be chosen from
the group comprising at least a slide block, a core, or a sliding unit and
control | ed By cdosing plptsgnaelmlocated bevieed teigarfage platesdn ordes tofoam arjwnnethe
present inventi d it n es W | re. -2 he .

Po ot ng kit 36 ThF SEVRThRNERaY el PR RE REFER. abbtfl I geic

attached drhshiegSandide@igne@eh dhne@dGhatyn ®berie@paralldl tdr hgixek adheeson. Wher ei n: -
Figures 1 A-C are respectively views fromabove, fromthe side, and a
transparent overhead view of a first enbodi nent of a heat exchanger

according t LV Lon: - FlLaur i P Lm . j 1 Cin
ani h the HaeeBRly 5 Giblaigenht MUbfck oFs iRk R U BBl dtiRe
Fi gures | E sahild 1ddateal & ledsd dstveceai ttho ferahlogigmentnasd Afs At f4B phdted, keidssenlgl e
interface plate of the heat exchanger of Figure 1 D, - Figures 1 G and 1H
are cross- O8siplyrongstingef me%?&ﬁgl??@b?f Teflonga ligpidsel agthe dkswi ngs i n whi ch
t he hotjpand cold thermal circuits are shown schematically; 30 - Figures Il
and 1J are expl oded perspective views, from above and bel ow, of the 5
According to a preferred embodiment, the closing plate comprises a switch movable

between at least two positions in order to modify the mode of connection between said
interface circuits. This switch may be chosen from the group comprising at least a slide
block , a core, or a sliding unit and controlled by a driving means.

15

Brief Description of the Drawings:

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

- Figures 1A-C are respectively views from above, from the side, and a transparent
overhead view of a first embodiment of a heat exchanger according to the
invention;

- Figure 1D is a view similar to Figure 1C in which the hot and cold thermal circuits

25 are shown schematically;

- Figures 1E and 1F are cross-sections along lines AA and BB of the single interface
plate of the heat exchanger of Figure 1D;

- Figures 1G and 1H are cross-sections of the heat exchanger in the preceding
drawings in which the hot and cold thermal circuits are shown schematically;

30 - Figures 11 and 1J are exploded perspective views, from above and below, of the



heat exchanger in the preceding draw ngs; Figures 2A, 2B and 2D are expl oded
perspective views from bel ow, from above, and a side view, respectively, of
a second enbodi nrent of the heat exchanger according to the invention; 5 -
Figure 2Cis a viewsimlar to Figure 10 of the heat exchanger of Figure 2A;
Figures 3A and 3B are views from above and fromthe side, respectively, of a
third enbodinent of the heat exchanger of the invention; Figure 3C
illustrates assenbly by superinposing the interface plates and the cl osing

plate to formt conpect i for. the heat exchanger of Figures 3A B;
10 - Figures 3Dqlgﬁtaeq@ﬁan%ere%er@gﬁgggﬁngélFaé’\ﬁg%st’i ve views from above and bel ow

the heat exchamjgire©?AF2RUnESDIe Exploddd fpestiveAribvaienChdew; Seataboval si de
views of several enbodi nents of the connection neans for the heat exchanger
accordi ng to thenfpade ivigy. respechiglasoibasemnd emboginmensef, the dwat, exshangsr t hr ee

ot her enbodi nent . : xchangers according to the invention; -
Fi gures 5B, 6B, a?%&glrng%gitﬂéevé%lﬁfr%ﬁf ar to Figures 5A, 6A, 7Awith their hot

and col @ ther mdHligwrk 2CLs b s/issh oinrilas chBigate IEALT the heatfexghumgsr 8fFignd 228 ar e
over head vi ews of anot her enbodinent of a heat_ exchanger, according to the
i nvention, with Fagyes i and 3B apmdenpiromplorind frame thesidee respestivelysplgiRird 20

schematically O%n%ﬁﬁn%%ft}%e.}ﬁhgéycﬁ%\éﬁo%g iARnAbs partially exploded and

unexpl oded conplete perspective Vvie respecti vely, of another enbodi nent
of the heat excliaggeBCalludthesiassearbly onsupedmposingthgintefacd platendnd the AloGingr e

per spective vie of other enbodjnents q he heat., 25 exchanger according
to the inventioafq rt8¢ FHECHen ‘F‘ﬁ%“slf{%éﬁ?‘le%}r??‘cwltgﬁr? lg}lrgggé, gé) t he

drawi ngg, and.i riKnevwD ARABE are dxpRodRE BLrsFAGIANRSS ffonfalbve AR bERRSthe heat
exchanger of Figures 3A-C;

- Figures 4A-D are cross-sectional side views of several embodiments of the
connection means for the heat exchanger according to the invention;

- Figures 5A, 6A, 7A are overhead views of three other embodiments of heat

15 exchangers according to the invention;

- Figures 5B, 6B, 7B are views similar to Figures SA, 6A, 7A with their hot and cold
thermal circuits shown schematically;

- Figures 8A and 8B are overhead views of another embodiment of a heat exchanger,
according to the invention, with a portion of the hot and cold thermal circuits shown

20 schematically on each one,

- Figures 9A and 9B are partially exploded and unexploded complete perspective
views, respectively, of another embodiment of the heat exchanger of the invention;
and

- Figures 10 and 11A-C are perspective views of other embodiments of the heat

25 exchanger according to the invention.

Illustrations of the Invention:

With reference to the drawings, and in known manner, the heat exchanger 1a-o comprises

30  one or several groups 200a-o of calorie- and/or frigorie-emitting thermal elements 2a-0 on



30 one or several groups 200a-o of calorie- and/or frigorie-emtting therm
el ements 2a-o0 on 6 a support to which they are attached by a pernmanent or
tenporary attachment neans (not shown), such as, for exanple, gluing,

sol dering, bolting, setting, or casting.6Iln the exanples shown, thernma

el ements 2a-o0 are the magneto-calorie type. It is obvious 5 that they could
be any other type functioning according to any other adapted principle. Each
t her mal elenent 2a-0 contains a nagneto-calorie material such as gadolinium
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no
el enent 2a- o e presBrce nevi Qht's up

and when thﬁompm&, for ekainpld] glaipesdering! balang, Settidgpor @stgs. at ure | ower
than its initial tenperature. The operating 10 principle of heat exchangers
| a-o, given by way of exanple, consists, therefore, of alternately

subj ecting ﬁﬂﬁre%ﬁgls% &ﬂfaf’el&ﬁe@?%eg-%}[a?éﬁ‘m%?a ﬁ@t@-c%ﬁﬁi%’}%ecﬁ 1saobUF>%‘et' ¢

field and recoveri orles an rngori€s success ed by
each thér mahat tidyesomiid b2anp othet Bpedundtionitigadccodirtgherang! othd:ruzlddpteﬂ priacipey, t o do
this, the nmagnetic field is desi.gned to be myvabl e relative to.the therm
el ement s adPbmeyRd) cApinent 22Okl & Haghekl-calsriematesiat [ sush 25 epdoliniug €5 died by

at | east ong gﬁﬁgctog&%{h@ eé vhl@hteﬁlaf%hhf | §8is %;h&pﬁle%%ll Bkmef 2§-bGES 22

connect ed by I ng ‘means to one or nore external circuits (not
shown) t hr subjkctedite thet presdnbe ofial mégmhd fieBl, ctahemesdut endt whew tkxt magmllctfﬁnéd

calories and/or fri rles are used a piece. of e nent heat ,. cool ,
air condi t| pp%l‘rs ik %lf%att?fgperf‘%lé’ﬁ"fﬂ ﬁlﬁ)aé‘ i mt‘ g‘P §Bﬁ%ré‘%e SHFRHBE nunber

of thenlal (FhemRnbs nédt keRRMHATalol BiveRly howt 2A0R10 GAGsRE uRfaBedst 0

need and t type of operation désir In the exanpl es shown, conduit 20
traversing althlmmw subjestipptther@al eleinsnts-2graioettie pre2éncemanidabsénee afta magrietic have

any oUher qUpLSFeshole, AEodAin s Rl o LPLAR ! shany fondut ¢
cal oric mategiiet 23R sthgBYir@@ifigstherdfal Pald. hSrder to do this, the magnetic field is
designed to be movable relative to the thermal elements and/or variable, and each thermal
15 element 2a-0 is traversed by at least one conduit 20 with its inlet orifices 21 and outlet
orifices 22 connected by connecting means 3a-o to one or more external circuits (not
shown) through which the thermal fluid is caused to circulate and the calories and/or
frigories are used in a piece of equipment to heat, cool, air condition, or regulate the
temperature of the atmosphere.
20
The number of thermal elements 2a-o provided in each group 200a-o can be adapted to

need and to the type of operation desired.

In the examples shown, conduit 20 traversing thermal elements 2a-o is U-shaped.
25  Obviously, it could have any other adapted shape. According to a variation that is not
shown, conduit 20 may comprise, for example, an internal chamber to receive magneto-

caloric material which may consist of pellets.

The magnetic field may be generated by permanent magnets, for example, or by magnetic

30  assemblies (not shown) overlapping elements 2a-o and alternated to exert force on every



The magnetic field nmay be generated by permanent magnets, for exanple, or by
magnetic 30 assenblies (not shown) overl apping el enents 2a-o and alternated
to exert force on every 7 other thermal elenent 2a-o. The magnetic field may
al so be generated by adjacent pernmanent7mgnets (not shown) alternately and
sinmul taneously exerting force on all the thermal elenents 2a-o. The

per manent nmagnets are fixed or coupled wth displacenent neans (not shown)
to make them novable relative to thermal el enents 2a-o. These 5 di spl acenent

means may be al ternating, eppi.ng, or continuous and the enerate
otating. FUSUHGI CIARE 2 oneTe BhEngHy Ut Fore I HBOER PABR he
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single series. According to the invention, tThe connection el’ements for the

heat excharng®tingapivoitugygranskationtl, beasy combinahomreof awevepieat enhe papravihded
with one or_nore channel s 34.. These channel s 34 15 conprise .connect.in
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2a-o0 and defining one or nore interface circuits 4a-o so as to all ow

ther mal f| ubtexampld, rendter & cylimtenasnringiaechanisal, eneerogenzzator, ampleetromagaet, ace

pl at e -0 is also equipped with one,or nore upply orifices 31 d
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4a-0 Wi th Qiign&d silObesid¥ tehthatt i the Hebrfial dl@heXMHdifgle deftal external circuit
and a cold external circuit. In the exanples shown in Figures 1-8, thernal

heat exchangers la -j each conprise a single group 200a-j of thernal
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15  comprise connecting orifices 30 joined directly to inlet orifice 21 and outlet orifice 22

allowing communication between conduits 20 in the different thermal elements 2a-o and
defining one or more interface circuits 4a-0 so as to allow thermal fluid to circulate
between thermal elements 2a-o. This interface plate 3a-o is also equipped with one or more
supply orifices 31 and discharge orifices 32 for connecting the interface circuit or circuits

20  4a-o with one or more external circuits, for example, a hot external circuit and a cold

external circuit.

In the examples shown in Figures 1-8, thermal heat exchangers 1a-j each comprise a single
group 200a-j of thermal elements la-j, whereas with reference to Figures 9-11, heat
25  exchangers 1k-o each comprise several groups 200k-o of thermal elements 1k-o. The
purpose of these different examples is to show the multiple combinations that are possible

with the present invention.

With reference to Figures 1A-J and according to a first embodiment, heat exchanger 1a

30 comprises a group 200a of two rows of six alternating thermal elements 2al, 2a2 joined to



with the present invention. Wth reference to Figures I A-J and according to
a first enbodi nent, heat exchanger la 30 conprises a group 200a of two rows
of six alternating thernmal elenents 2al, 2a2 joined to 8 an interface plate
3a formng a rectilinear frame. Thermal &lenents 2al, 2a2 are

si mul t aneously subjected to the presence and absence of a nmagnetic field and
are joined to interface plate 3a so as to define two distinct interface
circuits 4al, 4a2. This heat exchanger |a therefore allows sinultaneous
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circuit 4a2, and vice versa. Interface plate 3a nay be nade of a thermally
i nsul at i ng,integfa¢eaplateaBd yo rais ¢b dlefmt éwoalistggt interf@reasrcufitordaéx da| dhisaheat

conposite or synthetic terial or other equival ent terial, .t | so be
made of a (HEMRERT [ BErde A 08s sipuetisaEdenlobhkglaries pRuipddy BEall i n
and it RBay difnert®I1MRlal first by hEshsn thd Bre @i @lcirdak Us1 af Pt @X HIRrRs USI NG
sone type of adapted covering.” This interface plate 3a conprises Tour

orifices, chitgdphthemml slepsinis 202 iohitheessc@d vartdy mveans efitbedeaonyeinisriadd awwit 32 ar e
connect ed bégco venti onal connection neans (not shown) to two 15 external

circuits (N oW V"Bhe being a hot exterior circuit and one a cold

external circuit. A switching nmeans (not shown) nay be interposed for
toggling between one exterior circuit and the other, and vice versa. The
swi t chi ng retgrfacelatois meadie madeof f theemally isulatings meckhamcadly rigid metetishwiek t ed
altern lbel y tfo t he (i:xt erior .hot citljl(;[ui t tanaﬂ th%n t he xtteri or cH?I d circuit.
It may Ccomir PEEATRIG 8SOmRPEt Y SERPF myHAT ok PhERI VAl pk el T gy Ao
control | ed pelnde of BRAAMI PEThduSiveanterdd] BEh 23 daRit 81168 B Sorcdlfif afx it Glay BF
circuits conprise free or forced thermal fluid circulation nmeans (not

shown) sucHhhematlp insulatadmsit thegxeniop wells, derespmplequsingtoaretty precfiadaptebesiveting.  or
cold external cirguit,is,additionally i pped.w th one or .25 r e heat
exchanger s 15 FifF plalS 3PEGmpidR Rl o EL BRI O SIBCRiRe b RER:
nmeans discharge orifices 32 are connected by conventional connection means (not shown) to two

15  external circuits (not shown), one being a hot exterior circuit and one a cold external

circuit.

A switching means (not shown) may be interposed for toggling between one exterior circuit
and the other, and vice versa. The switching means allows each interface circuit 4al, 4a2
20  to be connected alternately to the exterior hot circuit and then the exterior cold circuit. It
may comprise valves, electrically, pneumatically or hydraulically controlled slide
mechanisms, or any other adapted means. The exterior circuits comprise free or forced
thermal fluid circulation means (not shown) such as for example a pump or other
equivalent means. Each hot or cold external circuit is additionally equipped with one or
25 more heat exchangers for calories or frigories, respectively, or other equivalent means
allowing diffusion and utilization of these calories and frigories. Depending upon the
application, the external circuits may also comprise a means for reversing the direction in

which the thermal fluid circulates.

30 Interface plate 3a is designed to lie flat against thermal elements 2a and to ensure



allowing diffusion and utilization of these calories and frigories.
Dependi ng upon the application, the external circuits may al so conprise a
means for reversing the direction in which the thermal fluid circulates. 30
Interface plate 3a is designed to lie flat against thermal elenents 2a and
to ensure 9 connection by neans of sinple contact w thout any additional
mechani cal connector. For this purpose, it conprises connecting orifices 30
joined in pairs by grooves fornmed on the surface of interface plate 3a

opposite thermal. el ements 2al, 2a2, these connecting orifices 30 facing
inl et orifi¢OBRECHPN by Means mekeicpp@&fs@?%wyeaé@ﬁlqnﬁ ﬁﬁ}an&a@fﬁmct@a Orpa0. 5

Interface Qb@§ﬁrp%§e,ii§c RE4 IRRS&hWiReE3ERIMA iH#)QiE@bysgroQVesthﬁn&f %es to
f orm channe 4" Intertace plate 3a, closing plate 5d, and thermal el enents
2al, 2a2 arserfassenitkeacevplath 38 eppasite (hreamalsthonents 2aic BaZ shesé oonrextamgdreficea sheet

of Tefl on, iquid seal, or.a ecjfic.coating. These sealing. elegents,
when pr ovi é@afasgevee&ﬁ et P s phdies O§geenes pﬂe?aﬁmtﬁ%wié r%engfa_i’, i)
conprisg Othtfeklt%@qls%lg@gafisrk%g%% 8448 ofth cld%ﬁ{gfﬁzite Biw91efg%v@9toptglflﬁ%ﬁédn9934.

orifices 30. rooves are arranged so as to connect inlet orifice 21
of the firsintarfaee phike 3, eloeing pidelja, aihibemial elamienta@nt, 20D are assepibled vaith sealse 31

and a discharge orifice 22 of the |ast therpgal elenent . 2al, 2a2 of .each

ini t 1o o nacRaRgl suhas; s SxamPly g e il TERE: A BRIy b e e RaC AT
orifices _21[}@5195&%% 8lenfhis! WRES prfide@beRARH intBifhcel $15te Ba QRN BerRANAEMEN he
outlet orifice 22 of 15 one thermal elenent 2al, 2a2 to the inlet orifice 21

on the next2al Ra2nedmpisemeificefot thedmssage Phihermpdl fhiid fasimgsopnedtingodifizes30.n t he
same unit are thus respectively connected in series. In order to avoid any
crossover between interface circuits 4a, the grooves follow a sem -

crenel | at edr}kag?&i\@gi afera%iaﬁg&pgoyas td BEhn@EQRNEST IR 1R tAOfiTEGe BYal RREKUNDDAY,
stanping, or —casting. 20 Interface plate 3a, such as the one shown, my

easi |y be 2aapfeathtnoitéo 4 suppbrorifinetdé anda dischregaerifics 22rod thedast thermalaleteent t o
I ncrease t %l,t ﬁ]a%r o elzacﬁ %%%Ctiotay di(s)cl:chapgeeaotrifilec)écﬁ.a nggcrluéi%g the already connected inlet
orifices 21 and outlet orifices 22, on each unit the grooves connect the outlet orifice 22 of
15  one thermal element 2al, 2a2 to the inlet orifice 21 on the next thermal element 2al, 2a2.
Thermal elements 2al and 2a2 in the same unit are thus respectively connected in series. In
order to avoid any crossover between interface circuits 4a, the grooves follow a semi-
crenellated tangled trajectory. The grooves may be formed by machining, stamping, or
casting.
20
Interface plate 3a, such as the one shown, may easily be adapted to a larger number of

thermal elements 2a in order to increase the thermal capacity of heat exchanger 1a.

The operation of heat exchanger 1a can be broken down into two stages, between which the
25  switching means are toggled and the magnetic field is modified. Thus, as each stage
changes, the first unit of thermal elements 2al previously subjected to the magnetic field is
subjected to the absence of magnetic field, and conversely for the second unit of thermal
elements 2a2. Moreover, the first interface circuit 4al previously connected to the exterior
hot circuit is connected to the exterior cold circuit, and conversely for the second interface

30 circuit 4a2.



The operation of heat exchanger 1 a can be broken down into two stages,

bet ween which the 25 switching neans are toggled and the nagnetic field is
nodi fied. Thus, as each stage changes, the first unit of thernmal elenents
2al previously subjected to the magnetig¢ofield is subjected to the absence
of magnetic field, and conversely for the second unit of thermal elenents
2a2. Moreover, the first interface circuit 4al previously connected to the
exterior hot circuit is connected to the exterior cold circuit, and
conversely for. the second .interfa 30 ciycuit 4a2..10.ln a first stage of
operat  on. R RERHeSHGRERHONSam BN Cemans o8 Lot e o Sauede b esRig et |
field heat fupy RAHuH SR hédiend EFRR!Mid PreSerRi® SRR intbifadel diRbiti42l S1A paIIA) T cul t
4al. In parallel, "thernmal elenents 2a2 on the second unit, which are no

| onger subjtlecmelkelérenth@adrang thetsecond eit,dyvhicloale mbdwngersebietticd ¢ thetneagpetiat ur e

that is lo than, their jnitial tenperature an 5, cool.]. t he ther nal
fluid presél [d’ Fﬁ(ﬁé@%h&e%chpgraftﬁg@e@fﬁﬁmaﬁ 154@?@ ﬂ}?ntth?lé lféﬁaﬂs@l’ﬁféﬁ‘r‘? tation,
t her mal sf 1 yhdlienhe iRrh it @il 3eReh! iAk&ord idtBTRUIN0RGaDf the supply orifices
31. The thermal” fluid in the first interface circuit 4a 1 is heated to a
tenperature +tl by first thermal elenent 2al on the first unit subjected to

the magnetic . field. It.is th 10, qui ded by channel ,34 toward cond,t her mal
el enent ZainWﬁS(?He%cé)é"&gufafloflg[ﬂ%pqaéﬁﬂl PRt %tertté{;ezﬂatﬁpéﬂg?ug\[%ﬁo&lﬁo &'Ie,supé)l% o)
forth, untilific@mhiThg tHerBal ASH i A6 iR int@FREeREi LAl is Netdd tobi@npdifatead]
thermal fluid exits interface plate 3a through one of the discharge orifices

32, gui ded by tfisstetherniah elesment 2mbbn st finst vwitipubjegitest @ thh enagaptic field. dt & then
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circuit 4azil nighepttad +dDWndtse férth, iatiPRAEHING the-1hdt thfmhi Elsineht TR MNexg | tReTENt
2a2 on the second unit not subjected to the magnetic field. It is then

gui ded by &puethidernad fluidei infedencdlatn 82 iguehioaperthe dischags rificesdopruided to a
thormai 20 2t 8585 REG b} nuBdnr Gab R P e bt AU LA BLAR, | e
3a t hr oughutifg of¢ bemore calorie exchangers, for example.
15
Simultaneously, the thermal fluid in second interface circuit 4a2 is cooled down to a
temperature -tl by first thermal element 2a2 on the second unit not subjected to the
magnetic field. It is then guided by channel 34 toward second thermal element 2a2 which
cools it to a temperature -t2, lower than -t1, and so forth, until reaching the last thermal
20 element 2a2. Next, the cooled thermal fluid exits interface plate 3a through the other
evacuation orifice 32, guided toward the external cold circuit where the frigories are

evacuated, recovered, and utilized, using one or more frigorie exchangers, for example.

The second stage is essentially similar to the first stage, with heating thermal elements 2al
25  becoming cooling and cooling thermal elements 2a2 becoming heating. The operation

continues by alternating between the first and second stages.

Heat exchanger 1a in this first embodiment may be connected to another similar or
dissimilar heat exchanger la in series, in parallel or a mixture of series/parallel. This

30  connection may be done conventionally using pipes or using an interface connecting plate



evacuation orifice 32, guided toward the external cold circuit where the
frigories are evacuated, recovered, and utilized, using one or nore
frigorie exchangers, for exanple. The second stage is essentially simlar to
the first stage, with heating thermal ellenents 2al 25 becom ng cooling and
cooling thermal elenents 2a2 becom ng heating. The operation continues by
alternating between the first and second stages. Heat exchanger | a in this
first enbodi rent nay be connected to another simlar or dissimlar heat
exchanger la . in series,. in rallel qgr ixture of series/parallel. This 30
connect i on (PRl hBRT LI pE AVESCarIae? 2 GEretl rbehapeet dpdg CRRMUNG SEe
connect i ng epbRtuSing In(RiPle HROMAL: FAbledWb NEplattd e RGE iRleh&S pRAesOBa @ag hdreat
exchanger la to communicate, or even using multiple interface plates to
repl ace t hsonwgstingiplatef ace pl ates 3a and the connecting plate. 5 Best Way to
Achi eve the Invention: Wth reference to Figures 2A-D and according to a
preferred enbodi nent of the invention, heat exchanger 1 b, essentially

sim | ar 5t o Bebewny €5 adhiege thednvénsiodi fferentiated by its circul ar
configuration, which alTows activation of the magnetic elenents in a
continuous circular 10 novenent instead of the rectilinear, alternating
novenment | he ¢ -the 44 r L gu FOnN. |t i . up 200b
o tuel ve LD RS LR PR g0 SR A Fleafta shivgfRiR LPAE LR
supported hyataRchanger fbaeseptidlyssimhartto e preceding ohg, igaiifarémiatedesy ivd diddulaf our
openi ngs, two_of which are supply orifices 31 and two of which are discharge
orifices 3onfigusatinae whith dlovsiactkatin offlar BASHeHE Il NBAtHINALBETUYS GiisHIaF f ace
plate iﬁ .arn%v%ﬁa%ﬁﬂm ?elahyof Sﬂe@ﬁﬂﬂ% ,t (?teﬁggng rn?&ﬁéq'leﬁg i HBRAS of [ BhdapCe

pl ate i s Artached to & ¢ osi ng pﬁéﬁe conprising traversing orifices
40 facing supfduration. fit @esprdts apodugRoohaf gelverthdrmabsled2ntonbl i2bl e flrdernpl at e
3b. Thermal elenents 2bl, 2b2 and interface plate 3b define two interface
circuits 491cragsr sem@lsowp%ntqd@w yr nfoqfage plasg 3@5@@%%@ B0 Provadednwithy) | y

simlar to i 1vOXF I i whtdn an i ment
can al so b(g&&(:}?ﬁ’%@égsgg‘g&t) gg‘%ﬂg%ﬁg@ yg?lrﬁ@?g;%e%lfl t Pgsi mp:: Zdrréﬁgat XC agéger I b
i n series, 32nQoanadtinglorificesa3 Gard dahpads 34 pelvided in interface plate 3b are essentially

15  similar to the preceding elements. Interface plate 3b is attached to a closing plate 5b

comprising traversing orifices 40 facing supply orifices 31 and discharge orifices 32 on
interface plate 3b. Thermal elements 2bl, 2b2 and interface plate 3b define two interface
circuits 4b1, 4b2. The operation of this heat exchanger 1b is essentially similar to the
preceding one. Heat exchanger 1b of this second embodiment can also be connected to
20  another similar or dissimilar heat exchanger 1b in series, in parallel or a series/parallel

mixture.

According to a third embodiment shown by Figures 3A-E, heat exchanger 1¢ comprises a
group 200c consisting of two superimposed and combined heat exchangers essentially
25  similar to those of Figures 1A-J . This heat exchanger 1c therefore comprises four rows of
six thermal elements 2c1, 2¢2, two rows being supported by a first interface plate 3c1 and
two other rows being supported by a second interface plate 3c2 superimposed on first plate
3cl. Each interface plate 3cl, 3c2 is similar to interface plate 3a. It comprises four
orifices, two supply orifices 31 and two discharge orifices 32, connecting orifices 30 and

30  channels 34 identically organized. Interface plates 3c1, 3¢c2 are separated by a closing plate



m xture. According to a third enbodi nent shown by Figures 3A-E, heat
exchanger 1 c conprises a group 200c consisting of two superinposed and
conbi ned heat exchangers essentially 25 simlar to those of Figures |A-J.
Thi s heat exchanger |Ic therefore conprisi@s four rows of six therm

el ements 2cl, 2c2, two rows being supported by a first interface plate 3cl
and two other rows being supported by a second interface plate 3c2
superinposed on first plate 3cl. Each interface plate 3cl, 3c2 is simlar

and o df SCHEPTERGA A BB EgReEs S BEPEAPIOY PrICES st Batase trlfderdtaa

i denti cal | yih@hgaRitBlde platdsSch 23c 1oLt tBéir thterBfed cRb @t APAhaWAYinParalet! 0si ng
plate 12 5c conpri sing traver3|ng orifices 50 facing supply orifices 31 and

di schar ge Onfefrfaceplades 3l amhécz wod ickasingf plete :in ateeassgubled o p@n@mﬁeut

3c2 and o oSiRgrp AfankEn PRbuS BN F b Bbingnidlhle SERUR, gl =

attachment ge@ns mr@beﬁﬁon Bptnnsefeatra&bnanggﬂ wlglgsseﬁwu@ermm,to that @Widiges 19et t i ng,
5 casting. The operation of this heat exchanger 1 c is essentially simlar

to that of Jilgiarfaee platas 3gl, 3¢hmay bewadgdiffereatlpong comeptingiipanalglgments 2cl,
di f f tly t
! ere”an &cg%qclfﬁ%%%hk H}C’sebQ?r he% &F@%@ﬁé?ﬁtﬁerglg?%gm%ﬁ%bE%@Hf{QHRr s in

seri es, connec

supports i nsuppérd inglaradiel ﬁiﬁ&:@émmcl)ehﬁlf Olv.thd éxaniide @osaribeéd; sagsle btifiesh, 3 1sandpl y
orifices 31 .and discharge orifices 32 on the two interface plates 3cl, 3c2

are super i rfishetgeanidicepihernthedva mierfacs alatgs i, 39y a6t SUPPEBOSY and gounestedy
cl osi ng pl g }lepa?*al@}]ﬂ o?ﬁi'ae&@@%%%&ﬂlg & sﬁﬁgpﬁ%&t% 'thencdafnﬁ&'étéé tq &%C&Eé?hélg to a
first variation ERIS ot Shown® it pOSSI jorn 1nterface pl ates

3cl, 3c2 igircafts.i es, for exanple, by providing that cI05|ng pl ate 5c
conprises: 15 - a supply orifice connected to the supply orifice on a first
interface plate 3c 1; - a channel connecting the discharge orifice on said

first interg ?d19%ﬁ>tz?ﬁ1§€lzar¥a@ioﬁw}§éfﬂ9hé(t SBoWhIiER Sg%é@gg&gg} i%fktrf%&é ?ﬁ‘c’es BEPt e

3c2; - a dIS arge orifice connected to the di ice of second
i nterface plcaties&oR, for example, by providing that closing plate 5S¢ comprises:

15 - a supply orifice connected to the supply orifice on a first interface plate 3cl;
- a channel connecting the discharge orifice on said first interface plate 3cl to a
supply orifice on second interface plate 3¢2;
- a discharge orifice connected to the discharge orifice of second interface plate 3c2,
with the channel possibly being formed by a groove or by a perforation.
20
According to a second variant shown in Figure 4A, heat exchanger 1d, only the connecting
elements of which are shown, comprises interface plates 3d1, 3d2 separated by a closing

plate 5d preventing any passage of thermal fluid between the two.

25 According to a third variant shown in Figure 4B, heat exchanger le, only the connecting
elements of which are shown, comprises interface plates 3el, 3e2 separated by a closing
plate Se equipped with traversing orifices 50 allowing thermal fluid to pass through them to

define a common interface circuit.

30  According to a fourth variant not shown, the heat exchanger may comprise superimposed



wi th the channel possibly being forned by a groove or by a perforation. 20
According to a second variant shown in Figure 4A, heat exchanger 1 d, only
the connecting elenents of which are shown, conprises interface plates 3dl
3d2 separated by a closing plate 5d pregenti ng any passage of thermal fluid
between the two. 25 According to a third variant shown in Figure 4B, heat
exchanger 1 e, only the connecting elenents of which are shown, conprises
interface plates 3el, 3e2 separated by a closing plate 5e equipped with
traversing orifices 50.allowing thermal fluid to pass . through themto

define. a SofBHCT Rtss PABEUGHY E Hing PG Aochip 6% e Do R o o Hre PFH A P a1
shown, the i i i S
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pl at es maythe other icsdefimne commar mtarfaaw ergiing ori fices 20 al | owi ng t her mal
fluid to pass fromone to the other to define a common interface circuit. 5
According to a fifth variation not shown, the thermal exchanger conprises
interface pA&ioding AV fifigyRARARLEsHEWNOY theRilN] dxtRMRESEIMprves fntGtace Platdd t he
interface circuits remaining independent. Figures 4C and 4D show a sixth
vari ant whéraying chaoselagvithout engftrayerspre ewlices vaitli thehingerfare ovsvibiremainingeen an
open positLoaléﬁﬁ. Figure 4C) and a cl osed position (cf. Fig. 4D). In the
open positiBACRERTEh 6 all ows passage of thermal fluid into one portion of
closing plate 5f fromone interface plate 3f1 to the other interface plate

3f2, and defines a portion of the interface circuit. In the closed position
(cf. Fig. 4dbpurseiCcandet)ishoremntsxthheripeisslegeinsiosinghplateail gamprises aswitgh 6a

portion of clo late 5f. In. thi a ... SW tch I: i §.cuU 5 core
Rrth oo B EHERk it drep nofiol s, FIAEM Duand el 6 Pabitiaf 65 EE 4 dpe

al i gned Wi tihe opdrptRitonRWiteh bhilewSpRSagedf eedBalTi@irad 6ndportibh ofdlHind ple@ t o
comuni cate. In the closed position circular gqrooves 60 are offset to

prevent corthfifine e iwteriace ploredithdo ths odenerteréass platadia: andrdnfinshanprtionef theh 6
may be a sl i'ng:?fapé 9195119 r Ina'th%ldl(%ea%osition (cf. Fig. 4D) switch 6 prevents the passage of

thermal fluid through a portion of closing plate 5f. In this example, switch 6 is a circular
15 core with circular grooves 60. In the open position, circular grooves 60 are aligned with
traversing orifices 50 on closing plate 5f allowing them to communicate. In the closed

position circular grooves 60 are offset to prevent communication.

According to other embodiments not shown, switch 6 may be a slide block or a sliding
20 element with its translational or rotational movement regulated by a control means
associated with the elements driving the permanent magnets. It is also possible for switch 6
to move between a larger number of positions. Switch 6, depending on its position, its
design, and that of the traversing orifices, effects the connection of the interface circuits on
interface plates 3fl, 3f2 in series, in parallel, or a series/parallel mixture.
25
According to a fourth embodiment illustrated by Figures 5A and 5B, heat exchanger 1g
comprises a group 200g of two rows of four interface elements 2g1, 2g2 supported by an
interface plate 3g forming a rectilinear frame. This interface plate 3g comprises two
channels 34 designed so as to connect in parallel:

30 - all the inlet orifices 21 of thermal elements 2g1 in a first unit with a first supply



20 elenment with its translational or rotational novenent regul ated by a
control neans associated with the elenents driving the pernmanent magnets. It
is also possible for switch 6 to nove between a | arger nunber of positions.
Switch 6, depending on its position, itsl4 design, and that of the traversing
orifices, effects the connection of the interface circuits on interface
plates 3fl, 3f2 in series, in parallel, or a series/parallel mxture. 25
According to a fourth enbodinent illustrated by Figures 5A and 5B, heat
exchanger | ?ﬁnprises a group 200g of two rows of four interface el enents
29 |, 292 §ﬂ§%§ téd by an interface plate 3g formng a rectilinear frane.

This interface plat ehedgutlROBHIt&EE? biMherfifladagtms 341 deshaAad usl with b girgonnect
in parallel; 30 - all the inlet orifices 21 of thernmal elenents 2gl in a

first unit dipehareg arificeB2gngpsingilarly, orifice 31; - all the outlet orifices 22
of thermal el ene i L: [ i ik | J4ice 32
and simlarly, rhgﬁPg%#é[ aﬁ%%@fetéﬁf&«?&g&? I%e}{l 2%‘91}1 \Blle%gél eﬁﬁgﬁsﬁi@%@%}c@ﬁ%@r&%l

el enent $ 2g@spettisetg.onith sutohd Rupplporifcgsed taind disghargé bfifisec32d supply orifices
31 and discharge orifices 32. This configuration thereby al]ows the

def i ni ti on bHs copfigusatear ey iallews the defimitiopohlypo ntegfackicircudt Agbrndyigdh t he
interface i 1 . As
in the pr eg‘é’ I n%tdgt;(éﬁ%‘llhg@dthé%ﬁﬁl‘%oélisﬁiggggég%ﬁ%%? gﬁglgﬁ%gﬁgaﬁr‘:??ﬁﬁ%gg 6%2 on
interface ppadlizl.3@sdn ehecpreaiingekdntples sepphabrificesclli drgl didéhafdecorifjves 82ioan of
this heat exchanger | g can be broken down into two stages: - a first stage
in which t H8krare platerienre copecisd to gelermal QFCUifsi t | which are subject to the
magnetig field are heated and simltaneously heat the thermal fluid present
in first interface circuit 4g 1 and wherein, simultaneously, therna

el enment s 2gPheaspetdienséciapnteatrekthangér Mhiantbedrekenalowsiibjoetstoestages: t he magneti c

field are cool ed_ aagrcét sstilgemlllntwahqgf? Hl%hf\{alce?e%llent[shfgl on the first unit, which are subject to
the magnetic field are heated and simultaneously heat the thermal fluid present in first
interface circuit 4g1 and wherein, simultaneously, thermal elements 2g2 on the second unit,
15  which are not subjected to the magnetic field are cooled and simultaneously cool the
thermal fluid present in second interface circuit 4g2; and
- a second step in which the situation is reversed, with thermal elements 2g1 of the
first unit, which are no longer subjected to the magnetic field cooling down, and thermal
elements 2g2 of the second unit, which are subjected to the magnetic field heating up.
20  The passage from one stage to the other takes place through the switching elements and by
displacing the magnetic field.

In this parallel configuration the thermal fluids simultaneously enter interface plate 3g
through two supply orifices 31. The thermal fluid in first interface circuit 4gl is
25  simultaneously reheated to a temperature +t by the unit of thermal elements 2g1 in the first
unit subjected to the magnetic field. It is then guided toward the exterior of interface plate
3g by a first discharge orifice 32 toward the external hot circuit where the calories are
evacuated, recovered, and utilized, for example, by means of one or more calorie
exchangers. At the same time, the thermal fluid in second circuit 4g2 is simultaneously

30 cooled to a temperature -t by the unit of thermal elements 2g2 on the second unit not



thermal fluid present in second interface circuit 4g2; and - a second step
in which the situation is reversed, with thermal elenents 2gl of the first
unit, which are no |longer subjected to the magnetic field cooling down, and
thermal elenents 2g2 of the second unitl5 which are subjected to the
magnetic field heating up. 20 The passage fromone stage to the other takes
pl ace through the switching elenents and by displacing the magnetic field.
In this paraIIeI configuration the thernal fluids sinmultaneously enter

f | h
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magnetic field. It is then guided toward the exterior of interface plate 3g
by a first wgméy%ﬁmpleegywanbmm of eore Kigarieaxchangeesi r cui t where the
calories are evacuated, recovered, and utilized, for exanple, by neans of
one or nore calorie exchangers. At the sanme tine, the thermal fluid in

second &i r cWiith réfgentStosHigtes oA@AIEBYndBecoithe 4 fiXtleerh Bodigikeat, Hét exdhabyert he
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enbodi nent, heat exchanger |h, essentlaIIK siml|ar to the precedln one, is
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With reference to Figures 7A and 7B and according to a sixth embodiment, heat exchanger
11, essentially similar to the one in Figures 5A and 5B, is differentiated by the fact that each
of its thermal elements 2i is traversed by two conduits and thus comprises four orifices, two
of which are inlet orifices 21 and two of which are outlet orifices 22. Channels 34 on
20 interface plate 3i simultaneously connect all the thermal elements 2i to a first interface
circuit 4il and these same thermal elements 2i to a second interface circuit 4i2, said
interface circuits 4il and 4i2 being independent. The operation of this heat exchanger 1i
can be broken down into two stages represented schematically and superimposed in Figure
7B:
25 - a first stage in which all the thermal elements 2i are subjected to the magnetic
field, heating up and heating the thermal fluid present in the first interface circuit 4i1; and
- a second step in which all the thermal elements 2i are no longer subjected to the
magnetic field, cooling down and cooling the thermal fluid present in the second interface

circuit 4i2.

30 The passage from one stage to the other is obtained by alternately supplying the fixed



2h2 in each unit being connected in parallel to define two interface
circuits 4hl, 4h2. 15 Wth reference to Figures 7A and 7B and according to a
si xt h enbodi nent, heat exchanger 1 i, essentially simlar to the one in
Figures 5A and 5B, is differentiated by lbhe fact that each of its thernal

el enments 2i is traversed by two conduits and thus conprises four orifices,
two of which are inlet orifices 21 and two of which are outlet orifices 22.
Channels 34 on 20 interface plate 3i sinultaneously connect all the thermal

el enents 2i irst. i.nterfa circ a ane_ t her nal
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and 4i 2 beighvindepansddmer sfﬁhﬁr@pﬁﬁﬁﬁﬂlﬁkﬂh@fnal é}dcﬁarbg]@ﬂh Bx£mne@ing Intbrfacean be
broken down into two stages represented schenatically and superlnposed in

Fi gure 7B: plas, or aayfothes adaptedymeans. whi ch all the thermal elenents 2i are
subjected to the magnetic field, heating up and heating the thermal fluid
present in the first interface circuit 4i 1; and - a second step in which
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2i. This hea exchanger simlar

or dissim liato ttzdmesrtﬁ@k mmlmgerrately by Fli:gura; gAnané @Bi, Bgehtidlbr ilaﬁlar topthattep or
any other adapted neans. 5 Figure 8A shows a heat exchanger ] essentially
simlar to stagss pfheaberchangsnéa nrm‘ﬂrﬁ&lA JeITéWéﬁ{lggLEPtiofb}ﬁépez}aéb%cabiﬁGPfl‘@HtSby
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Speci al _bedaETRHEPTEC BeBa AR (TS Schurval B! A 51 cifden el s 34
define foury}iiahiReRcnk&U; naybvious R coftibined with another similar or dissimilar
thermal exchanger 1j, by a connecting interface plate, or any other adapted means.
15
With reference to Figures 9-11, heat exchangers 1k-o comprise several groups 200k-o of
thermal elements 2k-o and complementary connection means 300k-o allowing them to
communicate. In these examples, the complementary connection means are joined to
interface plates 3k-o and comprise one or more complementary channels 340 connecting

20  channels 34 (not shown in these drawings) in each group 200k-o.

In the example shown in Figures 9A and 9B, heat exchanger 1k comprises two groups
200k, 200k of thermal elements 2k, 2k each equipped with an interface plate 3k 3k°
essentially similar to that of Figures 2A-C. Interface plates 3k, 3k‘ comprise lateral
25  extensions 300k, 300k‘ extending axially, comprising a complementary channel 340 and
defining the complementary connection means. Complementary channel 340 in each
lateral extension 300k, 300k comprises two conduits 341, 342 and two orifices 343 for
connection to an exterior circuit or to another interface plate. Groups 200k, 200k¢ are
superimposed such that conduits 341, 342 are each located in the extension of the other.

30  Conduits 341, 342 are therefore provided to define a complementary connecting circuit



and 434. In effect, this heat exchanger 13 elim nates the need for swtching
nmeans necessary to alternately connect thermal elenents |j to the external
hot and cold circuits. This thernmal heat exchanger | j may obvi ously be
conbined with another simlar or dissimllfar thermal exchanger |j, by a
connecting interface plate, or any other adapted neans. 15 Wth reference to
Figures 9-11, heat exchangers | k-o conprise several groups 200k-o of

thermal el enments 2k-o and conpl enentary connecti on nmeans 300k-o al | owi ng

themto communigcate, .ln these ex |l e h aqnpl enent ar nnection neans
are joined P8 tﬁ? gﬁ?rga}:cg cbrf:%\lfség 3 [T%Oléé%o@(ogr%@? g}gse&{r{%’ %%a}r%[l)lg g O(r:glrfap[fler?gnt ary
channel s 34Qriegpdieitd] icbbindlloghannel s 34 (not shown in these drawi ngs) in

each group 200k-o0. In the exanple shown in Figures 9A and 9B, heat exchanger
| k conprises two groups 200k, 200k' of thermal elenents 2k, 2k' each

equi pped w [ I . ' [ Wy : f
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defining the conpl enentary connection neans. Conpl enentary. channel 340 in
each | at er@nlydhies od Mricagorertsisaied). yRpRTeSldy &Waeﬁrﬂralamﬁgfa@z@?teséé Hnd two
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t herefore proyided to define a conplenentary connegtjn ircuit 17 joining
the interf £08dWisl; $42 and canpastige gﬁécezémé,sfl%‘@@wrowﬁei@%ﬁﬁge, a?qmrﬂ%m%dtw , or

in a mped coﬁﬁéétfggfcﬂ@ﬁi@;diﬁih TR RALE 919 uifsRRt orBY 5007126010\ sdrfRs Fhaur e
10 is constructed™in a nn%r essentl a Ty S|ngla tothe 5 preceélng one.
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(only three of which are,represented),, supported by two irs.of interface
D at bs. 31 Tapriat bR ohEER RV ERan LR TRSoBPISBoEs phETA Bl o de
by side in pairs and stacked. Each pair of interface plates 31, 31 °

conprises a lateral extension 3001, 3001' equipped with
Heat exchangers 1m-o shown in Figures 11A-C are constructed in a manner essentially

15  similar to those in Figures 3A-E.

Heat exchanger 1m in Figure 11A comprises three groups 200m, 200m*, 200m* of thermal
elements 2m, 2m°, 2m* superimposed by interface plates 3m, 3m‘, 3m“. Two of the
interface plates 3m, 3m*, 3m* comprise two lateral extensions 300m, 300m‘ equipped with
20  conduits 341, 342 and with connecting orifices 343 to define a complementary connecting
circuit joining the interface circuits of the different groups in series, in parallel, or in a

series/parallel combination.

Heat exchanger 1n in Figure 1B comprises two groups 200n, 200n° of thermal elements 2n,

25  2n‘supported by a single interface plate 3n allowing groups 200n, 200n° to be aligned side
by side. Said interface plate 3n comprises complementary a channel (not shown) for
connecting the interface circuits of groups 200n, 200n° in series, in parallel, or in a
series/parallel combination. In addition, it comprises connecting orifices 343 to allow
connection to an external circuit or to another interface plate.

30



conduits 341, 342 and connecting orifices (not shown) provided to define a
conpl enentary 10 connecting circuit joining the interface circuits of groups
2001, 2001, 2001" in series, in parallel, or in a mxed series/parallel
conbination. It is obviously possible togprovide triple interface plates or
ot her nunbers in order to have multiple groups of thermal elenents. Heat
exchangers |mo shown in Figures 11A-C are constructed in a manner
essentially 15 simlar to those in Figures 3A-E. Heat exchanger 1 in in

Figure 11 A.c rises thr r s 200m .200m , 200nt" of ther .el ement s
2 2 R GG R0k TogiTe 1 breo Eanes B B Bicoah Xaales G gy
interface plupt@spSiNioPBdmbiald wiBNRE bide bl Wiiel MRt ShRRIr&iBs 208M0300m
equi pped with 20 conduits 341, 342 and Wwith connecting orifices 343 to
define a cofoé s theamgl domn@tet%néo‘,@b‘famdcoqnoi:thign@emhgrdwgh@rmmememmm ts of
the different ngougj in tsgri elﬂa ig %ar,al lel, or in a series/parallel

conbi nat i oncTHEAP™ gﬂé‘ﬁar PO AR B é’u’re | B conprises two groups 200n, 200n°
of thermal elenents 2n, 25 2n' supported by a single interface plate 3n

al l owi ng groups 200n, 200n" to be aligned side by side. Said interface plate
3n conpri sebhesolept camhadiments allesw thesenfiguiationsnd wagratien of taohpabexchangersips the
interface ci i f . Lo i i [ . N a
seri es/ par allnf'ééqwoici:%(r)rtc;qenlggﬁgga afg\g@é%i%&ggﬁ? pﬁdﬁg‘gorsr%??% égh ég%ﬁﬁblé‘?%rn%roﬁolg%}i ces
343 to all ofernedivitesityon to an external circuit or to another interface
plate. 30 18 Heat exchanger 1 o in Figure 11 C conbines the two preceding
exanpl es by allowi ng the superinposition conbined with the side-by-side

al i gnne e p - e b oaf STl 20",
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pl ates 30, @agnetibadsembiied, asfixahdirthardntpplied electrdreagiens i@vi@isiygthegrduld
operation of the heat exchangers of the invention to be nodified at will in
order to pr¥drderaad yotheaHyRleBbRESor hi gher

Possibilities for Industrial Applications:

15
This description clearly shows that heat exchanger 1a-o of the invention responds to the
stated objectives. More specifically, it provides a simple, reliable means of connecting a
significant number of thermal elements 2a-o by replacing pipes and conventional
connections with an interface plate 3a-o integrating channels 34 in the form of grooves

20  and/or perforations, and connectors in the form of connecting orifices 30 and traversing
orifices 40, 50. This interface allows the simultaneous connection of thermal elements 2a-o
in a single group 200 a-o and/or several distinct groups 200a-o and/or several heat
exchangers la-o in a series, parallel, or a mixed connection, configurations that are
currently difficult or impossible to achieve. The significantly smaller number of

25  mechanical parts leads to increased reliability in use, limits leakage, and reduces both the

manufacturing and maintenance costs of heat exchanger 1a-o.

This type of heat exchanger 1a-o can be used in any industrial or domestic application that
requires cooling, heating, air conditioning, or temperature regulation.

30



thermal intensity. 10 In these exanples, the nagnetic fields are generated
by permanent nmagnets, novable nagnetic assenblies, or fixed alternately
supplied el ectronmagnets. Cbviously, they could be generated by any ot her
equi val ent neans. Possibilities for Industrial Applications: 15 This
description clearly shows that heat exchanger |la-o of the invention responds
to the stated objectives. Mre specifically, it provides a sinple, reliable
means of connecting a significant nunber of thermal el enments 2a-o by

repl aci ng pjpes and. conventional. .connections with.an interfa | at e, 3a-0
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40, 50. This interface allows the sinultaneous connection of thernal

el enment s 2athe scdps od pxitegiioa dgfioebR g astachedsthiog. several distinct groups
200a- o and/or several heat exchangers la-o in a series, parallel, or a

m xed connection, configurations that are currently difficult or inpossible
to achieve. The significantly smaller nunmber of 25 mechanical parts leads to
increased reliability in use, limts | eakage, and reduces both the

manuf acturi ng and mai nt enance costs of heat exchanger la-o. This type of

heat exchanger 1 a-o can be used in any industrial or donmestic application
that requires cooling, heating, air conditioning, or tenperature

regul ation. 30 19 The present invention is not limted to the exenplary
enbodi nents described, but extends to any nodification or variation obvious
to a person skilled in the art which remains within the scope of protection
defined by the attached clainms. 20 CLAIMS 1. A heat exchanger (I a-o0)
conprising at |east one group (200a-o0) of at |east two



calorie- or frigorie-emtting thermal elenents (2a-0), each provided with at
| east one inlet 5 orifice (21) and at |east one outlet orifice (22)
connected by at |east one conduit (20) traversing said thermal el enent
(2a-0) capable of receiving thermal flui2d designed to recover said calories
and/or said frigories, said heat exchanger (la-0) conprising connection
neans (3a-0) designed to connect said conduits (20) to one another and to at
| east one circuit external to said heat exchanger (la-o0) designed to utilize
t he caloriegg&ﬁignd/or frigories recovered by said thermal fluid,

characteri that said connection neans conprises at |east one
interface plate (3a-0) placed flat against said thernmal elenents (2a-0),

conprising pt | eate,ORRhEIRPIE]-of Mppri RAPEskt W *gr&gg%@@voﬁ‘afefieﬁit%% (30)

facing the inlet orifices (21) and outlet orifices ( in"said therm
el enent s ( 2Zalaie- anftigdeitiemitipgdbermabelsinents €4-o), eachgrevidéd withat ledsi-ood inddtl owi ng

idth | . fluid t [ te b j\d 15 th I t 285 d
a1 d i nper rordtee D) aRau I b ol SERe DS oned i PER! 165 e Raatit o)) "

connect i on, yr/Risthd SHighhamal Rledteft (B30)0dapable %fﬁ@é@ﬁhgitﬂ&r@ﬂ flueRatsiga tsuppl y
orifice (31) and at |east one discharge orifice (32) which connect said

i nterface oeeavgr tsajd4galoyies @nd/ar dsawk fagariss, saiidrloaak texchanger (ba-hpaomprisingnger

(la-o0) according to claimlcharacterized in.that .saj her mal ., el enent s
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| east one supply orifice (3%35 one di schfzha)g(ge orifice (32,), and connecting
Yis

orificdd (3md/adtigamiesgrecousr Aigk themad ffuad echagsiciegiged dn (thpd-sald cospedioned to

two external circuit.s. . A heat . dj | aj.m

Icharacteri?glnggPﬁ%?a?%aggﬁﬁyﬁgggegp%n$§g§§b%%§k§%%%%§g?gggﬁg%%k§$gkherwm

el enents ( 2Ra0), coaphisgQyiedadneichdnnal (3Upapippedevith ddhasdtagerifices @0Y Bking) and

conpl ement ary . connecti on neans épsof()k-(%??t)f or connecting said_ interface
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connecti on.
15  thermal elements (2a-0) and said interface plate (3a-0) through a series, parallel, or mixed

connection, said interface plate (3a-0) also comprising at least one supply orifice (31) and
at least one discharge orifice (32) which connect said interface circuit (4a-0) to said exterior

circuit.

20 2. A heat exchanger (1a-0) according to claim 1characterized in that said thermal
elements (2a-0) alternately emit calories and frigories, and in that said interface plate (3a-0)
comprises at least two channels (34) each equipped with at least one supply orifice (31),
one discharge orifice (32,), and connecting orifices (30) defining two distinct interface
circuits (4a-0) connected to two external circuits.

25
3. A heat exchanger (1k-0) according to claim 1characterized in that it comprises at
least two groups (200k-0) of thermal elements (2k-0) each provided with at least one
interface plate (3k-0) and complementary connection means (300k-o) for connecting said
interface plates (3k-0) to one another and the interface circuits of said corresponding groups

30 (200k-0) in a series, parallel, or mixed connection.



4. A heat exchanger (1 c-f) according to claim| characterized in that said
connection neans conprises at least two interface plates (3cl, 3c2-3f1,

3f 2) superinposed back to back, each conprising at | east one channel (34),
one supply orifice (31,) one discharge 2orifice (32), and connecting
orifices (30) connected to a unit of thermal elenents (2c-2f). 5 5. A heat
exchanger (1 e, If) according to claim4 characterized in that said
interface plates (3e 1, 3e2, 3fl, 3f2) conprise traversing orifices (50)

f h other to def t

exchanger (1 ) aBESFHTGEY e AT P aaeried db Rt BRRe (34)
is at |easrﬁed%§rcbin§hhéé Jt@édaﬁav@fmé}fda@tpmés 3ef RijfPrﬁ'Q? %b%rwo@éwbackhs val |
of said interface plate (3h) selectively bl ocked dependi ng upon

t he functi dnackfeatheomntising at;basnmwcmhtam(e&m@ ome Hrophoemipes. (315 one discharge
exchanger acc rdln aim1l harac e nth {
channel Zﬁr%icg (g)] ‘I"Ej) Csotnnf) P’ﬁlo ces ?3@5 ﬁ%rﬂjef)&? %u?)l& %ﬁgn%}r%%{]/e 28?§f ed on

at Ieast5 one surface of said |nterface plate (3a-g, 3j-0). 8. A heat
exchanger (la-g, |j-0) according to claim7 characterized in that said 20
grooves ar &-f or nelictipxphsareiilpgll) essgrding tegslaior4 ehasadterizedgn that spddinterfechanger
(la-g, Ij- Q g on
nmeans corrprgla%t @tli’ldjeasgho%gj)%f)mgl e Hgfe?ﬁ%g ]léﬁgeg ('5@ t%g%g eﬁ@ﬂ &heft%gﬁ gﬁé éai d

i nterface poaingod Beerfice dirguion t he grooved S|de to forn1sa|d channel (34). 25
10. A heat exchanger (lc-f) according to clains 5 and 9 characterized in
that said closi ng pl at e (4c f) is located between two interface plates

(3cd, 31%2 ' l?iéa]t %gchfaﬁ )talac?rﬂﬂ%% QIQﬁ‘ri 8&1aﬁac?£?z@5' &l th %ﬁ)d ch?rﬁ'neﬂ(]%) # heat

exchanger (lc Ial aracteri ze d 22

cl osing pl att e:agt@@ma;'ﬂg fox‘.ﬁie)d af@miBMcﬁlesfparﬁm&rosls tigowgh the ol of &1 inwpface plgei nt o
sai d channels (34
(3h) s(eleczlvely blocked by plugs depending upon the function of the interface circuit (4h)

to be formed.

15 7 A heat exchanger (la-g, 1j-0) according to claim 1 characterized in that said
channel (34) is at least partially formed by one or more grooves located on at least one

surface of said interface plate (3a-g, 3j-0).

8. A heat exchanger (la-g, 1j-0) according to claim 7 characterized in that said

20  grooves are formed by machining, engraving, or casting.

9. A heat exchanger (la-g, 1j-0) according to claim 7 characterized in that said
connection means comprise at least one closing plate (5a-g, 5j) superimposed on said
interface plate (3a-g, 3j) on the grooved side to form said channel (34).

25
10. A heat exchanger (1c-f) according to claims 5 and 9 characterized in that said
closing plate (4c-f) is located between two interface plates (3¢c1, 3¢2-3f1, 312) to form with

each one said channel (34).

30 11. A heat exchanger (lc, le, 1f) according to claim 10 characterized in that said



in order to connect themin a series, parallel, or m xed connection. 12. A
heat exchanger (10 according to claim 1l characterized in that said closing
plate 5 (5f) conprises a switch (6) novabl e between at |east two positions
so as to nodify the node of connection 2etween said interface circuits. 13.
A heat exchanger (11) according to claim 12 characterized in that said
switch (6) is chosen fromthe group conprising at |east a slide block, a
core, or a indi ng unit and it is 10 controlled by a driving rrechanism 14.

A heat exch cording to clai racteri ed i,n that

Connect | on CSHaeEsSH ShoRECahE Ry ranghilcss SuBicBRn Gk 8 S ol L5 o
thermal el eRRRAE té Gl th@t‘ﬁQn%%bﬁ'es' piranélagemiedicbndeddioR) - 15 15. A heat
exchanger (la-0) according to claim 14 characterized in that said sealing

means are selected fromthe group conprising a coating, a Teflon sheet, or a
[iquid seal

t r di h t d
i that - sai B corf Bt eSinars TRdRorbbeds Al EF sty bl B S R e
i nsul atisng @Bt &mplses a switch (6) movable between at least two positions so as to modify the

mode of connection between said interface circuits.

13. A heat exchanger (1f) according to claim 12 characterized in that said switch (6) is
chosen from the group comprising at least a slide block, a core, or a sliding unit and it is

10  controlled by a driving mechanism.

14. A heat exchanger (1a-0) according to claim 1 characterized in that said connection
means comprises sealing elements located at least between said thermal elements (2a-0)
and said interface plate (3a-0).

15
15. A heat exchanger (1a-0) according to claim 14 characterized in that said sealing

means are selected from the group comprising a coating, a Teflon sheet, or a liquid seal.

16. A heat exchanger (1a-0) according to claim 1 characterized in that said connection

20  means is at least partially made of a thermally insulating material.





