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HEAT EXCHANGER Technical Field: 5 The present

i nvention concerns a heat exchanger conprising at

| east one group of at least tlo calorie- aﬂ[ﬂ@ﬁlﬂmuwumum
frigorie-emtting thermal el ements, each eq

at least one inlet orifice and at | east one outdsabo«
orifice joined through at |east one conduit traversing
iﬂEA t | nt, capable of receiving a therma
Tt ing the calories and/or frigories,
sai d heat exchanger conprising neans for

i nterconnecting the conduits and at 10 | east one
dieelnical Figldier nal to the heat exchanger to utilize the
calories and/or frigories recovered by said thermal
fluid. Prior Art: 15 In the conventional manner,

tTha @tdsemtriavention cosveerisarigat Sxchanger cobpiisiag AHkast bROBIUS of at least
connect. ed tg%a%réne another and to one or nore external
|

W FHare-ran gortecimistinginermal elsments, caghgoainnsd avithahlgast one inlet
%ﬁﬁ?:f and Q@leﬁ&%ﬁctflﬂ'éfsoﬁﬁ@e f&zfefdecﬁﬁﬁgﬁ af RAVAR &nlifit traversing the
facilitate Installation and nal nt énance operatl ons.

Thermakadement; capablecafimecajuing tasthermad fluahfprtrecuseting the calories and/or

b i B Fk e oM Bt Ot iRahediecfiipthe onduits and at
eoashanoekcudi Eftbaul to 1 a8 eﬁdﬁﬂ'ﬁéreco'tﬁili_zUtHékﬁlel;i@éj andJor frigories
Publ i cati on WO-A- 03/ 050456 whi ch describes a magnet o-
eeroyered brisaid tharotabfigisk conpri si ng twel ve gadol i ni um

based thermal elenents alternately subjected to a

magnetic field generated by a rotating pernanent

Peignakt: Each thermal 25 elenment is provided with a

m ni mum of four orifices, two inlet orifices and two

outlet orifices, connected in pairs by conduits and

P RE dokintiBRal b fidd tradiBBhal I?JAP ex gers C&Jn@ﬁsgsthewal elements
turni ng seals. Each turning seal conpFlses Seven

comreetetlito npe grdthert andetb yng of miong extluimal thermialiflvdd circuits using pipes,

dependi n pon t osi tion of the pernmanent anet, . )
f:%x?rteﬁté)rsb %B# .seag§1 djfﬁ%gcrr@ectog)&r% pﬁeg?ra. fempyable nggﬁnqtﬁ installation
?ﬁg%ﬁt&%@& BberaBFHY. | RIS chftctib tdbhiRus 8:es BPBhg time to perform,

requires a large number of parts, and makes achieving a tight seal on this type of heat

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
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

element, either 48 connectors to which seven connections are added for each of the four
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30 el enent, either 48 connectors to which seven
connections are added for each of the four I LIl
e/ e rever e reeer e/ orrr/ *@0002* 2
turning seals, or 28 additiona connectors, for a
total of 76 connections. This |arge nunber of
connectors proportionately increases the nunber of
nmechani cal parts as well as increasing the risk of

ko g5 s BAERSF sl EERAT SPUR e
ioff  ceandvLuTs qﬁbj)()rtl?imélgcinbfeafes thei rmumtser dr{hmeeﬁmicﬁl pafis as well as
not a, ve tisfactor sol ution. Anot her connect,i on

tl%?ﬁﬂn@&é riskiof hermal i Ieplsp Mpieqken grigmposes considerable technical

e e e L
inbea verysetidfadtoxyrsobtimnnel s for cooling fluid in

radiators for electronic circuits. In this type of 10
application, the radiator conprises for each

N iRk @Bhrtectibh Sthhiqdd id Mkt Ptli’dlﬁhﬁoﬁsqfls /AR 388%nd US-A-

the dissipated cal or| es, connected to a collector’
PL O 68 owiblichdpravide for hbeaplpeem Hvarrgplacedl—bmnged plattdsemtegratmg the
s.and t.he.

ég%glll] gﬁ%%i%l b‘gl&ge]i’ céoothgs é’fgillci }ncra gq gfcgre ?ﬁtré)ﬂcb(flgcmts 8! this type of

Eplﬁ@ﬁb@fﬁlevﬁdﬁfbrf@mpifsem &weh dldttlontteciacuiBhy endividusl, plate for
I's solution does not elin nate the need for

@ bymakiagithy dissinatedysaleriash eppnegied dei aeelleciq plate coupled with a heat
£

t ke g%lr“ I}?ﬁcgﬁegﬁeﬁ ('tgiﬁ{ (?091\63& jo Xﬂé%a&%gﬁgé Xl%t%ﬁ pPanoa}nﬁﬁlié 13t exchanger

\nedulires t}seclﬂlj rigitl owBexiblertgmitdctops Whichenayios siayaiot lmlublé avalve. Thus,

cal or pl anati on of the vention; 20 The esent
his ealtion ‘géﬁé}%t inigat \the D6 @lh@@@eaﬁl%@%ﬁtva@e@eﬁyasswated

F 5?. Cl eir%gf %@’Vlgg Erf %ﬁf’hé’gggﬁ :Hli b(E:Hgs '01r01]11t is ﬁxe rather than

tehelvingl mthll‘embmcgvc belbg siogiy gt dissipation 0€ calndedier and

to one or nore external circuits while sinultaneously

mnimzing the risk of |eakage, the nunber of parts,

Bxplahasod ottt Im@ntiomi Nt enance operati ons. The

invention proposes a thermal exchanger allow ng the

use of a 25 large nunber of thernmal el enents and/or
re?'ié'asLm 3{19&9§noaftteﬁ1g?srtgg)§?%})ﬁmsg disga{méx@éés lB? proposing a thermal

cte
emcﬁamgerrwhjch rsimply] bffichentlgyrabiablyp ind hienwdérateactdt bidews 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 ofa
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

preamble, characterized in that the connection means comprises at least one interface plate
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connection configuration being easily nodified. For
this purpose, the invention concerns a heat exchanger
of the type indicated in the 30 preanble,
characterized in that the connkction means conprises
at |l east one interface plate 3 placed flat against
the thermal el enents, conprising at | east one channe
equi pped with connecting orifices facing the inlet

%Tbge&’ ot géal F%g@ nal eeleI n%tsl ? Llng &t g?&togle%ﬁ?%nel equipped with

tcbﬁllidcﬁhg f)hﬂtdi fading the Gnlbiaing oh&et\wmew the themidlelements and defining
el ements and the interface g_ﬁate in. a series,
ghieest epe inderfage cirsuitdarablom thermalaflyd;tatciicnlatebetwsempaid thermal

e n I C
R O L AR M 1 i C PR B onctiph hid nterfuce
iphtealtabeing equippdd with &t leatseOImdupp]uymfme andiattleast oneadischarge orifice
preferre di ment, of, the inyention, the therma

&9 EORIIGEY 5#4%3%0&09“%&% EXIEHPLEICUng frj gories and

the interface plate conprises at |east two channels,

each equipped with at 10 | east one supply orifice,

dm @ peof bdimeintfaf the, invention ghe detmalglanérits dmmtein @mit calories

TR TR T e —
M%&%ﬂﬁﬂ&%ﬁ‘iﬁce tone etabkti GGTRRIATd oRNBYiing fifidds, hlﬁﬁﬁiposed soas

roups_of t her mal el ements, each provided with at
|t@ d@% edn@ digtinst nderéace (cirewits conaecieshiol tementenna) circuits.
connection elenents 15 designed to connect the
interface plates to each other and to the. interface
Oﬂldva?ltiagjeodsl’y sl Idagt emhaﬁgqmodlipngesgm cb%apsw'vmg@upebf th8rmal elements,
aral |l e r conngct Accor ing to a

{Fash BroViied "flﬂ;leatjﬁﬁﬁh%‘&ft inisatage Bl EmBlemsatagy conngetion elements

n‘%‘b&f Bt B{eai'h‘t:e?facé PR 't@gf&e&haaaﬁh 1 FheARfes %c@ 8itdhits in said
conprising at |east one channe one supply orifice,
enwespROdid groups ge a cernids paallel od nnmﬂmnecng)no rifices
joined to a unit of thermal elenents. These interface
plates may conprise traversing orifices facing each

A deerdisieio QV:ﬁihtl@nC@lmﬂnechBﬁ %fef‘@‘ﬁf% &)'n{ﬁiéb fat lehf&wo interface plates
channel g be at |east partia ormed of a network
?

GEpgsERpesed backte b@ﬂf,@a@mmmﬂwt)l/w@mﬁ@mmlmm supply orifice, one
HLREL Yo ALK RehoPdtifi SARENH RYnHRIINEDE) elements. These

nterface CIrcuUi my a

litafacepplates aldyyconprive dra@érsﬂig&)rﬁ’rcemo&lgéabh\mﬁercﬂef atng a common

| east one
1nterface ClI‘Clllt

The channel may be at least partially formed of a network of perforations through the

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

connection elements advantageously comprise at least one closing plate superimposed on
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surface of the interface plate, formed by machi ning,
engraving, or casting. In this case, the 30
connection el enents advant ageously conprise at | east
one closing plate superinposedton 4 the interface
plate on the side with the groove to formthe channel.
The closing plate may be | ocated between two interface
plates in order to forma channel wth each one. This

i BlRho Bl o B SRR B8 kY RO BB e '

a series, parallel, or mxed connection. Preferably,
t he connecting neans are nmade of a thermally

i1hg glosingRiatpaiayrhed peatgrhbetwegsy twodintesiags Blafes émpwsgr tr form a channel
: I . . i. r ) .

i bech et apshi A m Y SRS BRI ol LAY O fnto sad
charmekrandtdesifneldetol conneca tHeintlin sesies | paradiel, o eikédkennd&ion.
According to a preferred enbodi nent, the closing plate
conprises a switch novabl e bet ween at | east t wo

[ 4 :
RO e ATl PR Sl AL s comprise
strds tovated aitnledst begmeanp theotiprmali ehemertts baditite intesfacel @lates, said seals

bl , a. : Lidi I d.. trqll
B poRuSRG orabaEt! SRl o St et
The present invention and its advantages will be nore

apparent fromthe follow ng description of several
évsordingetn 8 preferred catbedisnnd the closingaplatec eratipriea s sigidch movable

[ 0 f. exanpl es. wherejn: .
B SE G, DR L D SRS e s
titerfadedrcuntd) dThis stvitols pa etchosendtdie dsk grtbﬂpvcéﬁlﬁﬂsiﬁg aflkeast a slide
enbodi nent of a_heat. exchanger according to the
DHFE R RiCOTR: Ot a pliding anit apy contiplled by adrivinganeans. Fi gure 1
Cin which the hot and cold thermal circuits 25 are
shown schematically; - Figures 1 E and 1 F are

Brief Desaiptionns thel RDragvihgsnes AA and BB of the single

interface plate of the heat exchanger of Figure | D

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
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
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;

- Figures 1I and 17 are exploded perspective views, from above and below, of the
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- Figures 1G and 1H are cross-sections of the heat

exchanger in the preceding draw ngs in which the hot

and cold thermal circuits are shown schenmatically; 30

- Figures 11 and 1 J are expl dded perspective views,

from above and below, of the 5 heat exchanger in the
precedi ng drawi ngs; - Figures 2A, 2B and 2D are

expl oded perspective views from bel ow, from above,

and apgs] ' oo i .0f . a second enbodi nment

of thgé%%gg%ﬁldélgc lgrggiﬁ%g%dé}é r iwrlllggsto the invention; 5 -

Fi gur Fighes ZA 2B/ ael2B iard ¢xploded petspestive Mizved frdmebehomtfrom above,

exchanger of Fjgure 2A, - Figures 3A and, 3B are, views
£ r om BB RS R SRADERIVEY,RS 2 ﬁ@gai @m%gmm&rf the gty gxchanger
enbod'hgg%g&in?ftoﬁ}gqn\tﬁ%nexchanger of the invention; -

? | 3

Figure 3C ITlustrates assenbly by superinposing the
i nt-er Fagee PCas evieandmilaetodigeier i ofithahent enclangen dfffdgure 2A;

connegtion an or the heat. exch er . .of. Fiqure A, .
B 0 FIE gl B A YiE SR B AR A0 e e Vel ofa third
Vi WS efnb@ainie ¥ Lthe MeatRRL R 6Y thE Alvenhanger of

Figures 3A-C, - Figures 4A-D are cross-sectional side

vi ews Figure 34 diustragspsseinbiyrhysupdrimprsingdhinterfacoplates andshe closing
for the h exchanger,. according, t 9 the ,i nvention: - )

Fi gur SR TopR el RMBEC RS R0t Bk AEynalictt 1GRnes 24 B
enbodFigRinésS3 D And1¥Rkre ekplod¥d PerBigiRtiSe 6ie 60 fidhgbdve ahdBelow the heat
i nventiaon; - Fngures 5B, 6B, 7B are views simlar to

Fi gur &xchengerg Figgies3AtC3t hei r hot and col d  t her mal

ci rcui 0D S&eTBdsL Lalidnal sideHd

over hlggl%“%qg)\%rsbo%ganotsh%?{l@%gl |err{él%§%g¢f %Qﬁ%g% nibddfthéins of the
ex chaogarectiommeangifon thethzat dxehanpee acdoading i thk imvention; on

of the,hot and cold therma] circuit hown, 20 )
scheng{gee P4 67 2 freoeeinesdey gy of @wea%aerggnav@n}ems of heat
par ti aklnangerehodedingMsltHdnsvdkiepled conpl ete perspective

vi ews, respectively, of another enbodi nent of the heat

ex chaligresdiB, tBe 7B aveviewosimilantodFigures 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
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

exchanger according to the invention.

Illustrations of the Invention:

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

one or several groups 200a-o of calorie- and/or frigorie-emitting thermal elements 2a-0 on
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- Figures 10 and 11 A-C are perspective views of other
enbodi nents of the heat 25 exchanger according to the
invention. Illustrations of the Invention: Wth
reference to the drawi ngs, and in known manner, the
heat exchanger 1 a-o conprises 30 one or several
groups 200a-o of calorie- and/or frigorie-emtting
thermal elenents 2a-o0 on 6 a support to which they
§ t r achnen
A sip] ARt B R REKRRAR  Blrgls RS Skt A BRbnt means (ot
shdwie); sued),aspfok tkaigple sglting@ldepingcloslting) Getting, driv@sting.
exanpl es shown, thermal elenents 2a-o are the
magnet o-cal orie type. It is obvious 5 that they could

. ely, . .
R RS A B0 5o B i) AU T i obvious
thatrtigryedonidcbé any ethemtype ifahctioniny asordigodoi anywithdrG@dhpted principle.

FRn B eim gl 2Ad ronisiiog eshelaA gie Bateril sk a5 padolinium (Gd),
BheSERfifte, r sy BOBLLLGVAIER Matekibl. hlqﬁhsi WP e ehBR 2a-0 is

magnetic fiel di sappears, 1t cools to a tenperature
selyected tmthei presened of almagaetie fiald, itchea®hep apkwhen the thgnetic field

rinciple of ,heat .exchangers la-o,. given by way of N
ARRRAES, TG0l (6 & CCTRPRIPLR loyer A i inilia] feipgfatie. The operating
pribtiplet bMBedt icARgeRy BABNEReRdbyOWhP dfMekaRiphs QGG s@ therefore, of
absence of a magnetic field and recovering the

elisroptelyssubinsting tharmgbelements 2eweiodhe pregenngiand epsinge @f efmagnetic

S s S5 SO 00 YRR By o s
dkraicgn2alotusingea citvuddiing thatml fluid. tla drde tb [derthi] the magnetic field is

el ements_and/ or. vari able, and each thermal 15 el enent
dsigneddo br mpwalle delgyvete theshewmal plsmesifcniiior yeriale. un ach thermal

eRbfeht 94-bfik ﬁ%§er§é‘d3§3ngt lt%ktt o8k coftduif 26 GRthae iARY Bﬁﬁﬁéﬁsdﬂ?%d outlet

. connecti ng neans - 0O one or nore external circurts

prifites 2hoommected ripuernnettinghmedis 3aie torahe fof mate iestermal eérduits (not

SR B BRI BSeEto bR i Siois andr
G Hek |28 usedl inrﬁgiélcé‘to? eki@mehCTPREAL ¢Ho®, AF cbitfition, or regulate the
at nosphere. 20 The nunber of thermal elenents 2a-o0

preperatee aftheataiosghesep 200a- 0 can be adapted to need
and to the type of operation desired.

The number of thermal elements 2a-0 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.
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

assemblies (not shown) overlapping eleménts 2a-o and alternated to exert force on every
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In the exanpl es shown, conduit 20 traversing thermal

el ements 2a-o is U-shaped. 25 OQoviously, it could
have any ot her adapted shape. According to a variation
that is not shown, conduit 20 may conprise, for
exanpl e, an internal chanber to receive nmagneto-
caloric material which may consist of pellets. The
magnetic field may be generated by pernmanent magnets,

ma j I .
e PR Bty 908 o0 B BID 52 6 ho DY) s
bemementnmeagtets/(nét slatvirg raltbﬂmatehyadmcﬁdlmnmﬁteoﬁdy&xer’fhg force on all the
net i c f | eI d al so be generated by adj ace

MHadAS s AR AEHetE arerfaxed o cgﬁaleg with displacement

| f .
0 S L 0 0, o St .
dtsp]:alcadelwl méand insgyl lz&:dtmnﬁtingnﬁapmng,mmtconﬂmum); ahd tlmykmay generate

SO i e o CORAGH Ff IS eaioR: A thepart of the

?&%dn@ﬂﬂﬁ&@%d tHelByedi®ty rESBIISHWa hélféﬁfitcir&ﬂar @in\'.’lﬁlﬂaﬂ%anslatlonal
ransl ati onal, or any cConbi nati on of Aovement on

pathtor aty ether adpe@dﬁneﬂathmbmt:@oryt Hﬂletdlml@gmnynermy may comprise,
f.ol | ow rcul ar, sinusoidal transl

5P, Aol e RgEE e SHeRE o facrt ARl eotromagnet

A dfbgeindraee fﬁi%yfﬁfmfeqﬁﬁ'ﬁleﬁ@ﬂiﬁiﬂss €The peRafidit Hidgdetsanay also be
nmptor, ~a cylinder, a spring nechanism an

abgnsgaide it tide tomtragt all thesvhgrral elementsinig single setigsat or |

or any other equivalent. neans. The permanent rmgnets

may al so be aligned side by side to attract all the
tAreondirlg to tlenandrgionntha ceﬂlneghcm demests forAbclwadexuhanhger @ comprise

Lot RN —

38mPrify éﬁﬁn@&ﬂalggbﬁf‘ce@% BIned iR et RN Bt oridtbe Z-Er‘eﬁﬁleoutlet orifice 22
channel s 34 conpri se connecting orifices 30 jolne

dllowing|cpmmpuniication b@twefena)enmtseﬁﬁdn thet different theirod eXdments 2a-o and
communi n conduj t 20 int

Ar Pk e P HEPRR g s U T e By toulo tisgmahuigto cireulate

Befweeh tHeBhhladd@n&iits Talb! Thid Antérfse phite 30 &l all RWqhiipPEdWth one or more
fluid to circulate between thermal el ements 2a-o.

yeRRly prifiessiid @@dyslusab@rgs arificess3Z4psepnagering he infpriare siveuiper circuits
PRlCyicf SABIoY 8k el HroBI) Ol SERAIGS B dbdififl GRultUhd a cold

connecting the lnte ace cIrcui cdircuit

extemabciecuit. nore external circuits, for exanple, 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
exchangers 1k-o each comprise several groups 200k-o of thermal elements 1k-o0. 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

comprises a group 200a of two rows of six alternating thermal elements 2al, 2a2 joined to
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In the exanples shown in Figures 1-8, thermal heat
exchangers 1 a-j each conprise a single group 200a-]
of thermal elenents la-j, whereas with reference to
Figures 9-11, heat 25 exchanders |k-o0 each conprise
several groups 200k-o of thermal elenments |k-o0. The
pur pose of these different exanples is to show the
mul tipl e conbinations that are possible wth the

8 t4,0 S A d
g%cgfegfacé $¥a§9 gaf fbrmﬂéla Ire ‘Iﬂ% gfqﬁﬁrg Eat nggﬁ% %lgllnexifg Y 222 are
SEmﬂtali’(BdsusS}&ﬂbj:‘ecgﬂde the%ﬁéb%n&‘ arid\wbsdnow6f Dinagnexic field and are joined to
alternating thermal el enents _2al, 2a2 joined to 8

an
.lmts@weaalétepifaaﬁ% ag40 fdsfine hyo istinet mt,erﬁg@rclfqugﬁém 4a2. This heat
a[{gé | &
g{ ¥ elgl e tﬁﬁé ag?ﬁ’% g%@étag% s Esen e(f;’fgtﬁg Yles erPltted by thermal

ﬁeleﬁieﬂtﬁmﬂ inmdirptoinitey meansionttke firse intqrfat e1r8at 4@1 asl ¢ftthe frigories
def.in distinct terface circuits 4a| 4a2 Thi s
4 edel&%ﬁ%% Slemphs 260 R BregRETPNE M 1 SRR imtertace ircuit

UeToMANYceQferdane cal ories emtted by ther rral 5 el ements

2al” in a first unit by neans on the first interface
circwt 4al and of the frigories emtted by thernal

TEERI OF PRy e Pd3 Of &{MAmyf g R, mep ey e prialsuch
3@1 ok aBildBIEmPosiRt o BRTthEcliYatbrid \k atheréhui ViR aftetAl. | Y may also
gid material_such 10 as, for exanple, a conposite

bp r@ﬂﬁ phethieematit conustivsmagerind suchcp awagtal alloyran Rareeiain and it may be
| { t
éﬁﬁ%ﬁghg ﬁlsullgfefiré?’&lgl ?{erlgg %ng% ?%e }(Xmﬁl% Cg %oﬁ%gpaebo adapted covering,

fﬂhtsrm‘c’drfaye plafﬁ.l}aattﬁﬁiprwes fd’t&fe@iﬂge{ lof IWhHﬂi i, suipply onﬁces 31 and two
exa ng some type, of adapted covering. Thi
idive S%\e aﬁ@r %‘émé‘ﬁﬁﬁ‘&% ganvepypnabeqmneetion m%ﬁm\ﬂmtéhown) to two

LRy EHl:Mtso{irﬂofb 3&@% gvaohotdé)&&w&%uﬂ Bhflid ?ggdt 3Ad external

are connecte entlon connect1 on neans
showih) to two 15 external circuits (not shown), one
being a hot exterior circuit and one a cold externa
circuit. A switching neans (not shown) may be

iANdvAtdRREEHe A8 (ndt SHGN Y HHayId MRAIbsE BT @)é?&‘ﬁg W¥iwédn dn ekterior circuit

and the other, and vice versa. The swtching neans
and theethescand; vigesversee d heismitghing mgans alkpws gagh urttertia,ce circuit 4al, 4a2

?(ﬁﬂ@&ft%@&g@ %ﬁ&ﬁﬂ@fy‘% ¥hae &térw’? h?f(ct,l cru t%.nd ngeg nf%é grllct)r c%'i]cfj circuit. It

eriror - col’d Circui
mdyve&npnﬁeec/hlvlesgabllewlcalmﬁupiedumbhlyy Qii‘ Idtdadlicallg addnyrolled slide

(r:r?eréﬁe{n%rllse, %r Salngf %ﬁwr 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
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.

Interface plate 3a is designed to lie flat against thermal elements 2a and to ensure
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mechani sms, or any ot her adapted neans'. The exterior
circuits conprise free or forced thermal fluid
circul ation neans (not shown) such as for exanple a
punp or other equivalent neas. Each hot or cold
external circuit is additionally equi pped with one or
25 nore heat exchangers for calories or frigories,
respectively, or other equivalent neans allow ng

R Y ST e —

€% puirpade, ficofipibes dBRKedting @rifioeg B0 jdied iNPARDY @boves formed on the

reversing the direction in which the thermal fluid .
sytacg|of irderfacg plate 3appnaside themna elpmnanis 2ad 52475 these eprnpeting orifices

@b%ciﬁg %1'31.5 'brih@@sr f‘f‘lang | outiEf Fréﬁcgegn?i;g{lte%cl? Hﬁbélﬁxﬁla%lfment 2al, 2a2.

connecfi'on by nmeans of sinp
dtelifideqiatt 3aBehperimpdsed onaelobing platosa byt the gropwepogerm tliannel 34.

B e AR i
3 f@ﬁ%\é@ M%g ra??l*or @J{ﬁﬂ@lg,t $ st ?f Wadd) ﬁqglggf)@aﬁ%tr'a%eciﬁc coating,

acing Inlet orifices 21 out’l et
dhedei sealing@dementsawhent providad betwenm imterfade, platé 35 and thermal elements

o ol 15028 o REREBEd Buft BOB el Satices 0.

3a, closing plate 5a, and thermal el enments 2al, 2a2
are assenbled with seals (not shown) such as, for
dha aysiowes are grargedsp avts ¢agnectanlet qgificg 24 @d the fgst thermal element 2al,

b t] b s e t e
R I T ——
ehBmR0td eadl@hinit ¢ aclisohatgeeoridick f32¢ eBxdhdding ke Aradpgenlted inlet

thermal fluid facing connecting orifices 30. 10 The .
greRfed andoulletorfifed 22 pnpach Bmgéwmqveﬁ Reechihe ppile opifice 22 of

i | .
e ki k61 SRt i R Byl 2.
Theimal hlemeats 2all end242 in2lsd sam2aRitafe thactespectively cormected in series. In

di sch i fi 32.. Excluding the alrea connect ed )
DHRE 15 ey Ay SLS5qve b e Bterdes Preills g thecgroprfolow a semi-

efthbl14tEPta8ERARFectIHNARE hbified Ui héd i
one thermaF eﬁg?}eeﬁ}%al , ggaZ tg)oa E;gflgﬁ?ée(% B%Fi?a%?@jeng%%ampmg’ of
6%tNBe next thermal element 2al, W Thernmal elenents

2al and 2a2 in the sane unit are thus respectively
connected in series. In order to avoid any crossover

hetrfsmerplateBe) sirhersche one SlfovAR mdyhesity 66 vesptédtd #Verger number of
. The grooves may

a-grrr]pé]rqi%ggrgé 52&5&@%&23;&2@2% qiglgrgz{j,%apacity o% heat exchanger 1a.

The operation of heat exchanger 1a can be broken down into two stages, between which the
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 td the exterior

hot circuit is connected to the exterior cold circuit, and conversely for the second interface

circuit 4a2.
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casting. 20 Interface plate 3a, such as the one shown,
may easily be adapted to a | arger nunber of thernal
el enents 2a in order to increase the thermal capacity
of heat exchanger 1 a. The op&dati on of heat exchanger
1 a can be broken down into two stages, between which
the 25 switching neans are toggled and the magnetic
field is nodified. Thus, as each stage changes, the

irst.unit of thermal el enent.,s 1,pr.evi ousl| .
b1y o QemlSdBrnml BoRPls ge o mE Bl Slrcied e magnet
abRieRecuP AndTRGH Eid thefmAIfTid prRcert M itk HftedfadeQirchfi®al. In parallel,
second unit of thermal elements W Mreover, the

therrgel alements dekor thesgpandaumit,syhich argsiojlongsnsubieetad tothe magnetic
HOR, E3A WA realfling t%ﬁgbxtan{:?/-ﬂ%g ABHF thoh Indif SrifiA b hture and

circuit, and®converse he sSecon

3éblingrthelibermalFluid Prestritdn fécoad isérdge crcuiopglr.at i on,
thermal elenents 2al on the first unit subjected to
the magnetic field heat up and heat the thermal fluid

B3Rl iAo AR Ay BREA p ool
bofiggs31s Uibg thetreal fluid inthe fiestimtdrface cirewit 4h]1 isheateddowremperature +t1

eachi a,t erature -that i.s lLower than their .
b B el pERRRL A o e ounT siSetiel B magnrsfigd. s then
BhiESERY chahn8ERPRW atdic@bAPGBrifdl lefethdnt 48P which HelMs $t to a temperature
series configuration, thermal fluid enters interface

pt2abighgrthen rolughd en fordf, untibreaching the last itfermekel@ment e Next, the
heE(Herrlt Huf s igice e 44 apefope ol i thariR g2 evided

fombard thetdxeerhal it clidiit whetejtRséAstidsrd Beactmed St Svebddehild utilized,
It is then 10 ?UJded by channel 34 toward second

HBE AR orapeteeiorieaxchpigers, fasgkample. to a t enperature

+t2, higher than +t1, and so forth, until reaching the

| ast thermal elenent 2al. Next, the heated thernal
Sinuilthnexistys thethermalk fuidl iat sec@al interfucg lvironit 4aP is beoled down to a

i schar ge i fices 32,. quide toward t he external_ hot
@P}P&{ﬁ%?l%whﬂ’é fiio el ?q%@el&?@e% atesend Mag gipk subjected to the
RAEnetciflelE Gis thatSkii@edByEciahndIBE G Al Q éo%d%?@@l' i
fo?ngxan'pl e. 15 s#LPrul taneously, the tﬁer ma uiag&l?lﬁtzazwmc}l
eedoiido R iereperavee d2rlowier thanztl| andcsofoeth, dotiireaching the last thermal
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
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 1a in series, in parallel or a mixture of series/parallel. This

connection may be done conventionally using pipes or using an interface connecting plate
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tenperature -tl by first thermal el enment 2a2 on the
second unit not subjected to the nmnagnetic field. It
is then guided by channel 34 toward second thernmal

el ement 2a2 which cools it tbla tenperature 42, |ower
than -tl, and so forth, until reaching the | ast

thermal 20 el ement W Next, the cooled thermal fluid
exits interface plate 3a through the other evaouation

Wolé];sféc(): Ba%%o gé)?nﬁgrgacgm@a{tgse%aag ea eé(c gﬁg%éghccg ﬁ municate, or

gtdnl Lgifg mulSplRJintifacerplies eo frépl@w it B¢ i@Bfades plafesr3a and the
exanple. A The second stage is essentially simlar to

gonneetingplate; age, with heating thermal elenents 2al 25

becom ng cooling and cooling thermal el enents 2a2

becom ng heating. The operation continues by
BesteWanto Achibed tive dmventionf i r st and second stages. Heat
exchanger 1 a in this first enbodi nent may be

connect ed to another simlar or dissimlar heat

e g 2 Dang Lo gl el PSR S ho mvention,
heﬂtvmhangmdlbl gssergtiably spniterdo the pusiedingane,iin ﬂéfeha'xtiated by its circular

U553 0B i S AR L BEE B ASEES v

_ﬁﬁiv@ﬁeﬁuinhteﬁdl ®fithé QE(ftﬂﬁt@atE'aﬁEﬁlﬁtlﬁQ ERhREE i ik t:eyse of the linear
interface plates 3a and t connecting pl ate.

yenfigusationh ltopamprises 3 group 20Qrof tyelve thesmal elerments 8b1 2b2 in the form

e
50 0 b A B I R B R Blovide it
Soutopingsptwadief wiiek adisagpl9 oeificés3 1dinl @6 efvhivhas: diychafge orifices
circular , configuration, which al]ows activation

P ReCrarastng enresminand qhﬁnre@l%ﬁrpﬁ@sé.sn Bitsréage gtat%b are essentially
r | ]

EHETED the flebith Qb 1iEHhed BER/3H & 4BEAM W cloging plate Sb

cmnpmsmguamrgjng unp'ﬁzélﬂb() &‘cutngpply drifeesdl aad elrmharge dhifiges 32 on

R F RIS B LB B GOL TG0 NG A GUAE R Chi o intrface

f:ﬁ’étﬁtsﬂlbq nuwas Thé \WperationVor afis Ré eszemgyr o5 isf ésc@ftiafl} sififllar to the
two of which are discharge orifices . Connecti ng

preceding eng oHaﬁchehmﬁeﬂb OEttuqﬁe@oncu@mbochment eatf alsebe connected to
I cedj

Bhdhe R0 G SSIALY et buchag 2t o schih, Y PRl EH G o pavale

pliguge. 5b conprising traversing orifices 40 facing

supply orifices 31 and discharge orifices 32 on

interface plate 3b. Thermal elenents 2bl, 2b2 and

IARESHETrRAE a Rhitd EmBSUifRhT BSWh'WY Figth€d 3 2L heat exchanger 1¢ comprises a

group 200c consisting of two superimposed and combined heat exchangers essentially

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 3¢2 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

channels 34 identically organized. Interface plates 3c1, 3c2 are separated by a closing plate
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circuits 4bl, 02. The operation of this heat exchanger
b is essentially simlar to.the preceding one. Heat
exchanger | b of this second enbodi nent can al so be
connected to 20 another simld2 or dissinilar heat
exchanger |Ib in series, in parallel or a
series/parallel mxture. According to a third

enbodi mrent shown by Figures 3A-E, heat exchanger 1 c

R TBllor e B AR AR CANDE 3 dripoiods 12 o5 BEFTR fifices 32 on
tthe tWiiaterfabe blags3es, 3t2 Ao donnedtithéir ivestace Kﬁ&lﬁf&({ﬁét sho®n) in parallel.
t herefore conprises four rows of six thernal elenents

i@tenfacez@@tesmd anshdchandy g10§msplamee?f #¢ asqmbled using permanent or

s u pgo Fﬁ’e:%wbbﬁl ‘gﬁtség%dnsdﬁg tase’rf}ggc ait % %S%%?l,g Saewt élg, setting,
mastirigr Sthe pbeartation Sfthis hEatceIxc]nemgexr lfcasesscmmﬂlg siuilar t@‘(hﬂt dfFigures 1A-

S ce at e conprises .fo

o Tt itice Platoiicy bl pbs MLt @ FW%@P@@J elements 2c,
OFebluith ﬁgypoﬁpﬁﬁs%ﬁeg B4 0l ESnnsfrif) AbASAEDSY, 36> whichit
i é or gani zed. ates 3cl, R2 are

entica Interface p ,
mpparala@ataylebasalesmmq beloat. elnile examplodgscribédgupply orifices 31 and

tra ersing sSOfaln upply, qrifices 31 and
oS85t 5t 12 i8530 iftTacR Bl vicd e bR e And connected
3 |paradieP by @rifiRed ST krabéiSing dIoMifY piafees ehd iént onhE@ed to the external
shovvn) in parallel. Interface plates 3cl and 3c2 and
clitsbithg pl ate 5c are assenbl ed using perrmanent or

tenporary attachnment neans such as, for exanple,

gl ui ng, soldering, screwing, setting, 5 casting. The
Aeoedingto Dfirst Viiriatibe ahichXs hmgem Tit 8 possilsis sejoin iatdrface plates 3cl,

simlar to that of Figures 1 A- Interface p|ates

392 imgeriggefor s&alﬂﬁlaebww@%@wlowle@rﬁ%@mmges

t her mal, 1.
Sort oo o SRETRHehneotdfie WELARIY drfRAY ikt fkerfacg plate 301
1, 2c2 athanheli donnenmgdhct dlschargmmaﬁcteed)n sead diestdntetfeck plate 3cl to a

bel ow. In the ex crlb supply orifices 31

aﬁl\‘ng’)l d’ir’éc?,’ﬁgfl@%coc?gngﬁe%@%e %teéﬁ ’t he two interface plates

3c 1, -Fa?dlﬁlhsr;% BEigice BRRREEd e BROWS cﬁ'ﬁ‘lcl kaeao@@mérfasé plate 3c2,
by orifices 50 traversing closing plate and t hen

coitintherchanned possibly keiag fermeddiyracgroove orAhyca)qurgtmrg a

first variation which is not shown, it is possible to

join interface plates 3cl, R2 in seri es, for exanpl e,
Acoprding t chbrftatarﬁhmbwg ipFigue: 44 heaeRchB@s: ldl,5n1-y tBe connecting

I nnected to the supply orifice
fqlqu,Jrgqnysp 9{ yé({u'cg OXle CAYTIPFISES 1nterface%rlJates 3d1, 3d2 separated by a closing

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

According to a third variant shown in Figure 4B, heat exchanger 1e, 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,

According to a fourth variant not shown, the heat exchanger may comprise superimposed
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- a channel connecting the discharge orifice on said
first interface plate 3cl to a supply orifice on
second interface plate 3c2; - a discharge orifice
connected to the discharge oril8i ce of second interface
plate R2, wth the channel possibly being fornmed by a
groove or by a perforation. 20 According to a second
vari ant shown in Figure 4A, heat exchanger | d, only

conpect | el enent s ,ch are shown, .c rise

"ﬂﬁfé Ry SFFTBhE Bl IR o3RSy i BFORE e plates
193¢ biordNdre ASESAL ofificds T a'ﬂ[%lmﬁ thbgn ) BLIES PadsFROm one to
According to a third variant own in Figure

moth@etp definta agramon interfaef gircuite connect| ng elenents

of which are shown, conprises interface plates 3el

3e2 separated by a closing plate 5e equipped with

tA[oaUﬁ]ﬁlig' 0@ fifth ariation bt sadbwahéGeiniel eRElanférbothprisegiatesface plates

t hrough themto define a conmpn interface circuit. 30

Aavise cﬁhﬁ@netlsa withogtiaay, tiguersingtorifine, Srithwihe intestape gircuits remaining

may conprise superinposed 13 interface
g@?gls%\%t hout any closing plate. In this case the
channels in these interface plates nay conprise one

Hheen £Ciand AT RN & Siich g afherein dlaIate R aRpHprises  switch 6
'n%\f%fea&ﬁvé‘énra?nlﬂﬂen pésnﬁ&? @i Othg&ew@:) and bicldiey ﬁ&dlﬁ&ﬁ @R Fig. 4D). In

not shown, the thermal exch ang IH;;ISGS I nterface
phexenss position a‘gltdh@mlm‘aspwatgh 0 ﬁleamql ihinr ariepgrtion of closing plate

R toptisalletited Rl fhgffiesnt st <2, ) gy portion of the

: Wﬁt@ff@dencxfduﬂSl IAGthp lcBised pbsiiONdfi BipS 4@) %Wlﬁ:ﬁfﬁ Frevedds the passage of

novabl e between an open F03|t|on %c Figure 4C) and a
éhfzs@@bﬂwééhnquéh a peftionmfglosiyg)plate § Imblsc%éﬁpbo 8Vitglois a circular
a f r f

S0 it Bl MR R RRP OF o oo ffon i BB W et it

3faversimgtdrficas Eeronl crh(bmg pler iflalloevif ﬂwnﬁmd:odﬁfwmwe aln the closed
port.ion, of t he 6terfagfe circuit. In the closed

FL’B%H“PP giicyl ErngOPYf‘é O oGt e Areg e CoUMHINCALNB- passage

of thermal fluid through a portion of closing plate

5f. In this exanple, switch 6 is a circular 15 core

viachrding toudther gnbnﬂmsnts @ot shownh ewdple i mpaysbe & slide block or a sliding

Cﬁern%:elﬁlt Wi rltcs)ot\r/a%sslagonﬁr& %tallt%rﬁgld moverrﬁent 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 311, 3f2 in series, in parallel, or a series/parallel mixture.

According to a fourth embodiment illustrated by Figures SA 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:

- all the inlet orifices 21 of thermal elements 2g1 in a first unit with a first supply
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traversing orifices 50 on closing plate 5f allow ng
themto communicate. In the closed position circular
grooves 60 are offset to prevent communi cati on.
According to other enbodi ment d4not shown, switch 6 may
be a slide block or a sliding 20 elenment with its
transl ational or rotational novenent regul ated by a
control means associated with the el enents driving
bd}ﬁ-cggrlnanent magnets. It is also possible for switch
6 “bve between a | ar ger nunber of positions.
Swi t ch il thdepletiorifices2d bEthennaltalanents 2gl imldlsd fjrst uaidvith a first

that of t| etravrS| g orifices, effects the
éQW&?éRﬁF e B2 aRe Sii{als ace circuits on interface
pl at es 3o n]gt d@utfe?ﬁhﬁées 21 An@ 8% 8h tiekmal¥erfents 2%% of second unit 2,

seri es/ para m xture. 25 According to a fourt
emipediivedy twith second suppdy &myﬁtb‘qs Guraed dsahargel oﬁﬁpesrﬁéat

ngﬁ)l%egélf%%%eth EE@H{S)@? erfgnéigorgggggf {néeta'\PD cgﬁults 4g1 and 4g2,

'\ﬁﬁlﬁﬁfeﬁé}?op{vﬁicﬁ tﬁ@ 1ﬁt@ﬁfiﬂe®exﬁeﬂt§2§l bad282 afel ﬁi&%ctﬁély%onnected in
interface plate 3g conprises two  channels 34 designed

swredbl t As dn ﬂt@eluﬁcadmgawampl@sl, surgply atificeshd and discharge orifices 32 on
g%gfther " nts 2al in a first unit
a‘ée?ia %ﬁﬁ%‘ﬂ? 08%‘93?3@ @My all the outlet
orlflces 22 of thermal elenments 2gl in the first unit
with a first discharge orifice 32 and sinmlarly, -

alhe aneeation|of this hept sxehangerohg qap@é?f@@nmwnzztwq sagesal

el enment &R

second az%‘ég%‘ﬁ} i g[ggleéﬁéla n%neélltsgzé} ar ge : 'glrﬁi{ ?]h %:f e‘%’m g dre subject to
Tthe sagoetid feldare haatbch and blymmlahmuslyt lreat thef theindl dlwid present in first

t.wo nterface circuits 4gl ~and 492 in each of .
FERSR it AEL And BBersiy A Enoy s e Sleseats 35 of the second unit,

IRRiBR Gid ¥&Y éhbj?é%&rdlet%t fad rheikneﬁ’@'ﬁ@id' &k coﬁﬁed' dhd! iultaneously cool the
precedi ng exanpl es, supply orifices 31 and di scharge

dherriad yid3resent i secend mtertage aueale@?aaed connected to

external cir |t.s 1 he.o eration of t.hi heat
exchangercndt v SR RiRER T el il et Slements 261 of the
f fitsSini§ iikh drd nvhlbrider bitgedi@d to&h@ﬁﬁ@ﬁalczfﬂald c&8liright®wn, and thermal

first unit, which are, subjec
elements 2g2 of the second unit, which are subJ ected to the magnetic field heating up.

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
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

cooled to a temperature -t by the unit of thermal elements 2g2 on the second unit not
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the magnetic field are heated and sinul taneously heat

the thermal fluid present in first interface circuit

49 1 and wherein, simultaneously, thermal elenents 2g2
on the second unit, 15 which d4fe not subjected to the

magnetic field are cool ed and sinultaneously cool the

thermal fluid present in second interface circuit 4g2;
and - a second step in which the situation is

SAEEEEH h iabat RE T, 13s S B ed St e Brrtece plate 3¢

foly @ksbrdasiatitgiot Dtifice 3ndovhelr the kexteflab 08idtcircdid Avtete thedfrigories are
second unit, which are subjected to the magnetic field

Iseaguaied, 195 exaopleny paansQjone pbmowlﬁlg@rlagéclta@g@n% ot her

t akes place through the switching el enments and by

di spl acing the magnetic field. In this parallel

ORI tederendel to Figudes 6 A aid 6 ahd adcosligd tonalfifdrechmlinteminlieat exchanger

TReSepTRai P o e Aroep 168 Oyl B GtILeg bt Shgnels 34 formed ofa
%@tﬁdrﬁrpk ?ﬂg@ﬁg@%%ﬁﬁ@ﬁ@ﬁ%& @ﬁfet%ﬁg qr#n?sl ti"a[v%rsTﬁ% B¢fdritfons, which

unit o enment’s 2qg | uni
sugyj tecfbeded by ¢dstingmayanbining,for eh:d othet adaptedhiechniguiedard equipped with

TR b S behisTessliefive AECked fom Hofetinfs cihths ab, 4n2.

WRbAIASR tﬁ@l:&[ﬁg%?atﬂih@:ho@ﬁaﬂié@é @&berﬁﬁgﬁemra%nsaﬂ@y be located on a
utilized, for exanple, g means of one or nore calorie
o

@mglfalng@lrvgthlmntcrﬁ@em 30 jorven diffecent trvielsathetebyipgeventing crossover.

cir [.t aneous . .
Fafufopitt o fevantnel oo PRI sl ISy BEIHEL b obppion o s
thb@t éxehaper UinistesaitiallP sintilabjetbie peeckding dae Wﬁ@mﬂiehﬁal elements 2h1,
field. It is then gU|ded toward the exterior
i2he dp pachamif being eppnegied ncpasallel o, dedingitve rantsrffqu fe@uz;@ 4h1, 4h2,

toward the external cold circuit where the frigories
are evacuated, for exanple, by neans or one or nore
fWith cafereneadto Fraguges A arid T8 adnd acedmdingtoe stxth éinbodiment Aeat exchanger

01 R AL 0 R e L e b
AP fts tHefm 8l il kR rY bl two OIS had Bts Enprmds R;fur éhﬁces two

network of perforations traversing interface plate

Tivéhich argdnist ngﬁp%srzlomai tvemef whishaine owtle omléicﬁs)%e@hbwels 34 on

RRILEAeA o Py Bt P ine BRI SR s firt imertce

Sakcait WiV and tesk agfe ttherhial Blenthe Piawea sédoadiih®rfdtd circuit 4i2, said
4h2. 10 According to the configuration chosen, these
fptgLfareqireyith At BRIAi7 brise indgpendent cHhecapepiioy of this heat ‘exchanger 1i

can be broken down into two stages represented schematically and superimposed in Figure
7B:

- 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 4il; 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.

The passage from one stage to the other is obtained by alternately supplying the fixed
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single level within interface plate 3h or on different
| evel s, thereby preventing crossover. This solution
of fers the advantage of not requiring any closing

pl ate. The operation of this lheat exchanger | his
essentially simlar to the preceding one, with thernal
el ements 2hl, 2h2 in each unit being connected in
paraIIeI to define two interface circuits 41il, 4h2.

£ ecg{\(ng&gxﬁeﬁf gr encﬁ'ﬁgﬁ?l lﬁggr{fts nd %a% e%nl?an%&g el gg.nngbviously be

e6mdiHed Mithyandthet tiddilat 6r dli!;ﬁtlﬂﬁ@hdﬂ&)@hﬁi@ér Bfvyabnb®ting interface
is differentiated by the fact that each of its

tade.rpane pheppdaptes meanst r aver sed by two conduits and
thus conprises four orifices, two of which are inlet
orifices 21 and two of which are outlet orifices 22.

(Hilgnél 8lAsshddvsarhedDexohargdr d¢ essehtddlly stmilas tothe preeeding yne. Thermal
nnect aI Imyi he thermal el enents

PEuSEPRRTted RygmisrEse lﬁaéﬁéJ e rt'wprseqi &iefire conduits
%'onﬁé?:té?l 1ﬁ§&%§d T gto?%%ﬁgﬁ ofﬂﬁé:t'i'lgﬁ'na‘f’ heat eﬁéﬂ et gtcﬁﬁ b&6foken down

circurts 1 an el ng | ndependent . peration
afitotthiosstdgesit shemmlaage’tely by Fignags &% ahd 8Be nssdn’nmily simglar to the two

e R Rl B e L s A S PR onduis
T aRmal Qemaits2A1 2]§raﬁd§h'd§in€1%t3ﬂ@eﬁ@e fohfsmf@fmebir@uus 4i1, 42, 4j3,
field, heatlptg up and heating the thermal fluid

pnd 4 ln pffeatHhistientexchanger H aliminatesdle need forswitaling means necessary

ec [ al,l e tS 2]
G SRR okt efiy oS ) AR o RO g opf offois. This
dhsthabhéht eReHanpe 1 Reaytodeiously el csitbinpdesi@inandtiertshtilar or dissimilar
second interface circuit 4i2. 30 The passage from one
Sherge! pxshenger di.fhra Gonnegting; inisrfags plate; i a9qihsy adapted means.
supplying the fixed 16 el ectromagnets facing thernmal
el ements 2i. This heat exchanger | i can obviously be
QWithirefertnwé tolFigmes Brl, heéatekelrangers dk-esiomprae séveealrpadups 200k-o of

excha r by con ecting inter.face e, r.
Sy Rlemedtn. Al S eSmelensnity goieghon swet A0hedallowing them to
RQBENANEEHe.| In BRIE kA #l'eé’ thé Bbhplenteftary oM RE6H!! 'ni&n@ﬁl% joined to
Thermal el enents 2] and 2J2 supported by interface

pntarfaceplates ektorandeomprise one oomersregiplementassichannsds 349 connecting
WEET 1005 QSRR i h UG Bou 866 5 cnanger

can

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
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.

Conduits 341, 342 are therefore provided to define a complementary connecting circuit
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into two stages, shown separately by Figures 8A and
813, essentially simlar to the two stages of heat
exchanger | a in Figures 1 A-J. This configuration is
speci al because conduits 10 267of thermal el enents 2
1, 2j 2 and channels 3 4 define four interface
circuits 4 1, 4 2, 4 3, and 4J4. In effect, this
heat exchanger |j elimnates the need for swtching

o . . . r C of r. . .
T8 ESRIREL Kyl LA AR PRS0 Bl ornamines
Teries/patdilet carhbinetddn.exchanger |j may obvi ously be

conbined with another simlar or dissimlar thermal
exchanger 1j, by a connecting interface plate, or any
gieljaﬁéxcﬁ%‘f RE eAHIRANA Fighve W {sRoh&hRIA1E 8§ nlaBné QWL similar to the

it exchangers | k-o conprise several groups
Doekding ohe. It bampmdes ddurigeanips 2007 2001 A0 G ofthemmahtlamgnts 27,21¢,27%

DT OB e PP Rl 9% s SE PO es 1. 51
allewirgl the Grdus 200L 200RCEOOP R WSartdiged 8idd Min?ﬁi@ fd stacked.

or nore conplenentary channel s 340 connecti ng 0 ) )
Hachnpair of igterfaprplaten 3w /i pomprasse a taterah extpnyion A0 equipped with
r 13 . ) .
S0 33050l RS G0 RS RO U B Aoty
L00kecting cirbdt joading tenBrifacekircuzts 'of eaelpse3POl, 2004, D00/Min series, in
an interface plate 3k 3k’ essentially simlar to that, .
drrately o ing migedseriestparaflglcombination. Biis otgtioushpgssibledo provide triple
) | . , . .
LA s B ORI ety SYERCEREAN Bhontel lemens.
t he conpl enentary connecti on neans. Conpl enentary
annel 340 in each |at.eral tensi on 300k, .300k’ .
HiabPreaten et Ao bt 415G GiNsTued in e osney essentially
fsBhilarGO HRE il Pigufe’ 3aNEExt erior circuit or to another
interface plate. G oups 200k, 200k’ are superinposed

such that conduits 341, 342 are each located in the

tension of t.he.oth 30 Conduits 34 34 re «
TR bR il Bistie' H A estipdsel Hiks Sotindanomy 300 200m* ofthermal
QRANDES 2iAY 261° | D tsuﬂ&im{d%b@ ibdnfeffacd Platssf k.38, r3m#.t Two of the
i.n each %roup 200k, 200k' in series, in parallel or | )
iinterfageiplates 3m3m o 305 £PEPTiss twodatsrah axteryions 398m, 300m* equipped with
r .
SAEARRT I DM IR 1 GUBIS kb omnecting
conpit jaeingfthel intepfare psrc2RO4f B0 QliffereR0gBops inheerie®w|in parallel, or in a

QoL Sh1ef Sorabination.

Heat exchanger 1n in Figure 1B comprises two groups 200n, 200n° of thermal elements 2n,
2n‘ supported by a single interface plate 3n allowing gfoups 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.
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(only three of which are represented), supported by
two pairs of interface plates 31, 31' allow ng the
groups 2001, 2001', 200t' to be arranged side by side
in pairs and stacked. Each pdBr of interface plates
31, 31' conprises a |lateral extension 3001, 3001

equi pped with conduits 341, 342 and connecting
orifices (not shown) provided to define a

SO BRI R RERRC LS Vb A1y atlovin e

$6pérRBpositibn ddaithdédewith Bie dide-By-8id¥ Qﬁﬁmﬁém&ﬁ/ﬂﬁ@é g’tdt@ls 2000, 2000°,
conbi nation. |t is obviously possible rovi

200g ef thermalrelemments Lot 205, & meséh@n ithrogely & complementary
rmal elements. Heat
'el% 1tHth k&ﬁﬁlt&ff&‘éﬁﬁaté’sf 348 gures 11 A C are
constructed in a manner essentl ally 15 simlar to
t hose in Fi gures 3A-E. Heat exchanger in_in Figure
G%‘I

|ThAseclaﬁ~ﬁmb§> mqniy dlowihg apaiigion ap mﬁratlmﬁhe hgpt exchangers of the

I SRS A0 EP oo UL SRABER il s o i

phahmknﬁnmnﬁni 3nmf' conprise two |ateral extensions
300m 300m equipped with 20 conduits 341, 342 and
Wi th connecting orifices 343 to define a conpl enentary
qRRAGE texAfiples] tHeUhhgreft Held 4rb@ehdthiRd 1|§%rﬁﬂaﬁ@rﬁ'rh§gn@fs movable
the different groups in series, in para , in a
guadneti¢ psemblies, oxBxesi altgrriately supplied elzettemagmets1 Qbviqusly, they could
onpLi ses .t ups 200n, 200n" of thernal
eqe%%?f?édgﬁ anyféheéﬁqmg\é\%por "by a si ngl e interface
plate 3n all ow ng groups 200n 200n" to be aligned
S|de . by S|de Said interface plate 3n conprises
DRSS 15trig) Applications: shown) for connecting
the |nterface circuits of groups 200n, 200n' in
series, in parallel, or in a serles/parallel
Cﬁnbde“satlpm clbarl)asiﬂlivtsi that, heat exchanget 326 afcbhmimfeliltirgl responds to the
orl es 343 1gllg%al I oi/I)L ﬁonnectj on to r nal .
SHted pigessiver.oMerp meerically.dr pavidepp sl sgt e Mg of connecting a
EulntRr | dF fhe &Hileeleﬂaeﬁ;csc?il@' W?eﬁl%ﬁné Wipes and conventional
precedlng exanples by allow ng t superinposition
conhations thhramnerbwjplatgaaso d@emu@gwmd@f% inrtheform of grooves

%618}]0? Sr%‘o r 200@ ggrtmeﬁ r% H’e e f(%,'r?'grfr%onggclz gn%(?nrté %3?8 and traversing
Cdriflees 40,359 m‘mstlﬂﬁrfhwaﬁlbﬁv@@% sﬂhﬁl&@&o&@onﬁ&tmn of thermal elements 2a-0

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

manufacturing and maintenance costs of heat exchanger la-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.



5 These | ast enbodi nents allow the configuration and
operation of the heat exchangers of the invention to
be nodified at will in order to produce stronger
thermal power or higher ther@l intensity. 10 In
these exanples, the magnetic fields are generated by
per manent magnets, novable nmagnetic assenblies, or
fixed alternately supplied el ectronmagnet s. vaiously,

TR RS brlPp ATRE LR B 1 s 3 P Y s Bforibed; put extends

6 by M68iEichidd G Vafihed dhviGReYS pérba skilésll in eaecdrenbiel relnains within
a-o of the invention responds to the stated

dhe ecopp vEBIOteglipn defived by haftgched clagmyyi des a si npl e,
reliable nmeans of connecting a significant nunber of
thermal el enents 2a-o by repl aci ng pi pes and
conventional connections with an interface plate 3a-o0
integrating channels 34 in the formof grooves 20
and/ or perforations, and connectors in the form of
connecting orifices 30 and traversing orifices 40,
50. This interface allows the sinultaneous connection
of thermal elenents 2a-o in a single group 200 a-o
and/ or several distinct groups 200a-o and/ or severa
heat exchangers la-o in a series, parallel, or a

m xed connection, configurations that are currently
difficult or inpossible to achieve. The significantly
smal | er nunber of 25 nechanical parts leads to
increased reliability in use, limts | eakage, and
reduces both the nmanufacturing and mai nt enance costs
of heat exchanger 1 a-o. This type of heat exchanger 1
a-o0 can be used in any industrial or donestic
application that requires cooling, heating, air

condi tioning, or tenperature regulation. 30 19 The
present invention is not limted to the exenplary
enbodi nents descri bed, but extends to any
nodi fi cation or variation obvious to a person skilled
in the art which remains within the scope of
protection defined by the attached cl ai ns.
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20 CLAIMS 1. A heat exchanger (la-o0) conprising at

| east one group (200a-o0) of at least two calorie- or
frigorie-emtting thermal elenments (2a-0), each

provided with at |east one ink8t 5 orifice (21) and

at | east one outlet orifice (22) connected by at | east

one conduit (20) traversing said thernmal el enent

(2a-0) capable of receiving thermal fluid designed to

rec said calories and/or said frigories, said heat
éﬁéﬂéﬁ%er (1a-0) conprising connection neans (3a-0)

desi gned to connect said conduits (20) to one anot her

and t qy fbat dxBRsgeP(1R-6) d'o%ﬁrfsu%xzft%ﬁ@bné grovpi (00w} of at least two
exchanger (la-o) designed to utilize the calories 10

aalcbncf orffriggue-cmitting &mmledemgfnts éaado)t ¢ash pegvided wvigh at least one inlet

SHRCRTA0" BAEY Iehet i SO0 bRl Sy Mk $Bhduit 20

GebrIfg adl chethgl Sfemest @ﬁ&i)tdipam@@f QceivifgMidrtah @uil designed to
| east one channel &4) equi pped wi_th connecting
§

aedover said( gayrigsagndfgr seidefrigoriss, &ldfhe@bﬁelmgeraﬁbﬁ 0) comprising

Corifi g
S5 B ST B s o
dédspvhdgiradt extbinal tabaid heatcexthanger Cla-at @s@bd\&@ lutlhae the calories

15 t her mal elemsn (2ao an d.interface
@ad(op i S‘PﬂleéJQFPVePT by aid %ﬁfn&? ﬂiﬂd pregiesigen n Hhaf s&id connection
GRS &Sthﬁxgses 5§14kt bl ﬁEJrﬁ%@pE{e&(BE-of }?lﬁcéa)ﬂa@il Fhst. sa1d thermal elements

conpri si l'east one supply orifice and at
|(@as), compnsl'ung ehlzagiene chdmck@ﬁ)fﬁ;)npphd &\hthcconmsd:mg otfides (30) facing

DT AT M TRNEE SO, TR SR H YR

qbAf 8as aitbFRL diftutth@h-oy alld §a'i@|thenﬁhleﬂﬁlﬂtt§ dirata® between said
alternately emt calories an frlgorles and in that

shérehal cipmenfa €2a-p) mdéa(ctaateo&ce peitia-optireughiassges, parsllel, or mixed
Cc?%;?%‘ ,(s%ﬁl' 1)nte?%§eé p g%j’%&%&&l?ﬁ%%é %@%st 8¢ %ﬁﬂﬂp&r}/ﬁce (31)and

gé ori
e laseht dcharpé bifice (GBD\)vhﬁB tontiedgsaidintetfass dlll'GOﬂ (4a-0) to said exterior
interface circuits (4a-0) connected to two external
ifcHili ts. 25 3. A heat exchanger (1 k-0) according to
claim1 characterized in that it conprises at | east
two groups (200k-o0) of thermal elenents (2k-0) each
& ovi d‘kedheaﬁ axdchanger ¢beso) anverdinghteeclhin d clpdragterize@kindhatasaif] thermal

Seiqr}genef‘s a%er%g e yee%tw.llt Caloricsana fr(ig’ocl)'l%lé,_ a%)d n]; Dt satt mterftace Igate (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-o0) connected to two external circuits.

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-o0) for connecting said
interface plates (3k-0) to one another and the interface circuits of said corresponding groups

(200k-0) in a series, parallel, or mixed connection.
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interface plates (3k-0) to one another and the
interface circuits of said correspondi ng groups 30
(200k-0) in a series, parallel, or m xed connection.
21 4. A heat exchanger (I c-f)] according to claiml
characterized in that said connection neans conprises
at least two interface plates (3cl, 3c2-3fl, M

superi nposed back to back each conprising at | east

h I i . 31, ) . .
& schar Bet exgtinker (1094248800 8 staimdBphactshed B et ougypomnection
GRS CoRAPriseR o 18491 fwPintdrPiRE PhitesqBETTENRD( Zﬁijo-ﬁﬁpennﬁ)o@ed back to
A heat exchanger (I e, 1 f) according to clalm4

ik, zecle comprising at least ongichannel 634)aene qupb/t erifiqe3@il,) one discharge
g%iic% gﬂgaalﬁft%%ﬂgcq HZ%F§ {?%Y gcgrﬁllegtgd ?J 41 1? gf ?’%131231 elements (2c-2f).

circuit. 10 6. A heat exchanger (1 h) accordi ng to

claim| _ characterized in that said ch nnel

IPeast 4phpat |e§?ha9g$rc(r1ﬁse]é) greordipgiofdam of aﬁ%cﬁ?rb?reg Bﬁgsa% interface
y‘{tgsg(tgg 1{%9 %fl’] {;22 go@@hgﬁi fa%\ée?%ﬁ 'gg i} ngﬁ@pfg%ﬁ?)ﬁgch other to define a

fcunnﬁornntemfacdshlecumterface circuit (4h) to be forned.

15 7. A heat exchanger (la-g, |j-0) according to claim

1 characterized in that said channel (34) is at |east

Rarti ad hyat E%ﬂiﬁger*m)%eorafngr{@a&ng [ QHRYRSerl 28 ﬁhﬁgt s8f cBiinnel (34) is
| east one surface of said interface plate

3it Lleadt pagiallp formmd of » obtwregle of gerforagions throyghethe watl pggud mterface plate

38 8RR b kg v R B8R g

Q&%B&ﬂﬁﬁﬂ (la-g, |J-O) according to claim7
characterized in that said connection nmeans conprise

at |l east one closing plate (5a-g, 5j) superinposed on

id _( ]~ LY. g i . .
b forniiel §RE AN S gl 1o sectidiod o ML AKREIH, HPin that said
(chenrfe]l (BHd® adleag ﬂaﬁuﬂlly&’oﬁ"ﬁecﬁbyaﬁﬁh Sr mbsy grobees loeated on at least one
that saj d,, cl osi ng te (4c-f) is |located between two
iswriace ofsaidjnterizee P@Eq agedQF |, 3f2) to formwith
each one said channel (34).

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

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).
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 (3c1, 3¢2-3f1, 3f2) to form with

each one said channel (34).

11. A heat exchanger (lc, le, 1f) according to claim 10 characterized in that said
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claim 10 characterized in that said 22 <closing plate
(5c, 5e, 5f) conprises traversing orifices (50)
opening into said channels (322 in order to connect
themin a series, parallel, or mxed connection. 12. A
heat exchanger (1 f) according to claim11
characterized in that said closing plate 5 (5f)
%%;5?{4 o%g (%égéim Stff&néﬁ? dse{[@mgsllﬁg @r%dé@@ gi?)) %%Aﬁg fhtt% %}a‘i\@cha.nnels 34)
tiﬁbwteetb Saindctithéralif acerias| pa:rmmeﬂ,sor miXed domreatiorexchanger -
(1 f) according to claim 12 characterized in that said
svvitch (6) is chosen fromthe group conprising at

ast . i di . i < .
1275 P R aRE (F aCoc g o Qlinf) FeHalcialle id losing plate
e(ﬁf) hang)elscs( d switd) (@anovatlengetveercatdeast twe pasitionsesd zetd modify the

salg Z?nnect 0, m&ans .conprises sealing
{eQPReFHQR Rgtvigen SpiddRteHaSS SIS o d t her nal

eI enents (2a-o) and said interface plate (3a-0). 15

15. A heat exchanger (la-o0) according to claim 14
dﬁar ach bedt zrchangen(hBrceutling seelrinn {2 chasanierizeden that said switch (6) is

O%fnl ijca'ﬁ glaeo%tgg QORE 'gﬁgl'ngghlggs& %3&8% gﬁ’ﬁg’r ec{ré: oor} g?sl?ﬁmg unit and it is
&@ﬁﬁbmcngy i @r1€1hglniecha1ﬁbkﬁr acterized int hat said

connection 20 neans is at |east partially made of a
thermally insulating material .

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. 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

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



