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.present invention relates to heat exchangjmmumlmﬂ]mmm:lmme a m crochhnfesd
-structured surface defining small discret r active fluid flow
as a heat tWh¥662825 nedium Heat flow is a formwef energy t &IPSRt
occurs between parts of a systemat different tenperatures. Heat flows
between a first nedia at one tenperature and a second nedi a at

tenperature by way of one or nore of three heat flow nmechani snsmﬂmm“mlm’mm""mmm
convection. conduction, J3NEROTFHANNEED HERT EXCRDNEHR OCCUrs by con\gg(g&lpn
through the 10 flow of a gas or a liquid, such as a part being coole 6y
circulation of a coolant around the part. Conduction, on the other hand. is

the transfer of heat between non-noving pans of system such as through the
interior of solidTedpesent|ingintios relarsl (gaeeSexchigzeratitat dhclidah hicesthbareled

t hrough a solid. liquid. or_gas by conduction depends upon certain
properties ofstuparedosurgpce defgaing smakl disarstepeliangels ey apaive luid flewtasck hean drapefeng
its thernml cap ity. thermal 15 conductivity. and the anount of
tenperature variati on between different portions of the solid, liquid. or

gas. In general. rgtalfovaisa Jood of endpe ahsePthab@dturs Waive@n GaFK .of RAHRTem at
fi berglass. and asbestos are poor conductors of heat. Gases are al so

general | y pootifferspdigansrasurgsieHed fonwsi hetwiena Brshmediacit oge terpperakeegiides segpnd

heat exchangers..i ncl I n el ectric stove d 20 j rsian. . .
heaters. In b’B‘?CHé aagp#?%‘é iltl%n e@ﬁ% l?—:f_ g’@ roﬁg%ﬂel O 885%8&?%982%%% ﬁ]_g\l%smf%ﬁinggisr y
used that is sabékivhedohduction edriCiabiatio.UTH&RD trandfBe oéRpd By adGLedtiontth®dugh the
el ectric coil generates heat, which can then be transferred to a nedia to

be thermelld y BoweEeaads phi bagH. vich ke pen heingtcooled by cirenlation pbHa ceglanyrarenyidribe

the media into ¢l oxi m r.direct .contact with the conductive coil
In this manne?a,rEl ?éﬁ?@é‘gg‘a@ E)hé 0(?n’rxjaﬁlrnf'1 & “ﬁ%g’ea?arggeﬁiogﬁe?te%‘g?eé‘t RRREMgying pars of
be chill ed. a%dteerQ;dClﬁ:aﬁ tiFSugtOBk Gftefier o CHMIWHAsORquile GRdSRséf THerate of heat

favorabl e conductive and convective properties associated with many types
of fluid medi@ansfr thimagh rasedidoliawsi on gap tyf canduttinn ddépeads upen edstain pippedies of

punp, for exappl e a;:fl.yi J,“g tiQn, t.o.anothet)), many hea

exchangers uti is‘gleld'all ul\E/{'l %g %SIC)%F@]?‘S aﬁ@n% eecmtqeérfchﬂt‘%é%é?el{ngyﬁ?paf: it%.n%hgrrr]nal
obj ect or1pt hesnduttivicl. tandlrke aheunBdfl ¢mptiaaat @driakdh PerGRBmdiffdrat odiiorsustintha
heat exchanger is one in which a heat transfer fluid is contained Z 1 NOV

2002 PCT/ US99salith diguisl s s Ut espqetTmerils sresppd copnaionsgegat, adhilgaeri.opaper.
PCT/ US9911102 i fAL N r ficned. b S e
The. transfer Speipieap il detenfbiand ol BlhdhoRRE ok . Wabes 36 21sB ety poor
wal | of the tuhmeivotorodireto thandilnenmate. surface of the body by convecti on.

and through the confinenent surfagce by conduction. Heat transfer to a nedia
desired to be ther fr@MMOHEFURRIEH Ot Beptiarebpngesuinciude Qumers op gvdeqip flovgand
when t he gonfi 3 C@, | od. | (o) i Vi RO: i h
as anot heF@I i :l:lrﬁ?‘gg c;gn gé%{arg ? %gt&hﬁﬁ tﬁ gﬂlgggtﬁeél%r%ﬁwwaﬁ}’gg%tg% %oglgltsﬁgﬁhgétvt st
exchanger, or tianiosghieaahtuat electric sunéntasThehesistahee mothe ichezitntoib gerfesaes heat.

I din di t tact with t di ot h bj ect desired to b )
Phormal |y af f SNGH Car GHER fo SRURFgHD fo o P s by SFeeiado PP siiber
surface shoul @o{g&cﬁen%} EotReRoPhy &g:@ﬁg&b%eJ§Mk&ao£@yr%;§§hE%#£re%9M& L

properties, such as a nmetal. Speci pplications In eat exchangers
have been advairt @pdoctiteycoddmih dhiechanmer) ligladd doty bE rmsiaalrdtat ahighstempelaatre yr cand

t he nedi cal indu y.. Fo xanpl e, heat exchangers are used in connection
with mcr gél e@Fr‘Sﬁ{eé' %‘?dr{SB&F%“ 'P"’oc%i’?‘g‘gf%&f’%smméoncent rations of heat
produced by integr i it RS 1 I LONIG,: id :
ot her conponents o?gﬁg%{ei 65%%%‘??3? l% ﬁor%g%tgﬁ %ﬁqt 5%{‘}}'#%@%0%@2&@%0@%% l%f(‘:welgl

air or cool ed rhamycgged bfifllid media land u&enﬂartspoﬂtatdﬁlgawftmﬁdi @rep eHendbiliy 10fputp) dart
sink | ocated adjacent to the circuit device to be cooled. An exanple of a
heat exchangerex@a§. @i Rui framonerdesatian te japothen)smany heatnenchanger utilizgsa aving

ei ther warm or i ) ' ranspart . by a conduit. qr other [

in a heat exchﬂélglag;gér pfbgﬁéetgﬂ é%cttmﬁ%%{ g’o&ti?%rﬂ@eotrbﬁ?gw B@ef: ﬂ&*dat& §r‘g§‘gball§gag%é3&§h
the mechanpsm A Bamnauges of duelaMebtdxohdriper RUREYh Whikh R GanstBiie if botitdlned
transport pertains to a nonspontaneous fluid flow regime where the i fluid

flowresults, for the nost part. froman external force applied to the
device. such fluid
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transport is considered active. In active transport, fluid flowis

_-mai ntai ned through a device by nmeans of a potential inposed over ZP‘NUV'ZH?]W
"field. This potential results froma 25 pressure differenti ah]cgr /11022
concentrat iWR%YP%8 ent, such as can be created using a vacuukCIBUreE %t a
punp. Regardl ess of the mechanism in active fluid transport it is a
potential that notivates fluid flow through a device. A catheter that is
attached to a vacuum source to draw liquid through the device is a

vel | -known examhl £:d0fl0@8 Bl @ Ebatintd! BRISRAEE ViR, IBeardsh® O &k is
hand, where the fluid transport pertains to a spontaneous flow regi ne where
the fluid noaceomplishet efnem ftho freat tpansfee ftuyd it hier evall dfothe tebe pageorconfisamang.
the fluid a 2 SUBSTI TUTE SHEET ( RULE 26) 9916&x282 PCT/ J~9~~~~2~~~2
transport i sSUEBR%P gFe?P%aa FRY’ C‘A‘?P'é‘?gr{ﬁﬁoé‘\é\g‘th% ﬁ%%’%fﬁ_é’(’)‘b_é”r G by F?’Q‘l‘%ﬁb‘b”rt
is a sponge gbROFHJAG WRLCHediaNdédifedC RS Be OthefinaRP AR tell { canS tHelCo &P thi ik
geonetry and surface energy of the sponge that dllows water to be taken up
and tr anspor tongtedtionoag vheh ehes porfgemehnsyréesiiy @ldcediirs poritact wioh axhevingimedia,
potential is required tq tivate fluid fl ow thrortégfg a devi cg. A 5 passive
fluid transpBich a3&ppeer d Pyeasdag 15 o Redhcrmally abicetad Mysthe Seatrexehangep it
pad. The pre i ian,j i 4.7 kye
Frui d tr anspOriUe AR o alel of MR ccrngiEEhe SEREEIORRGID dhicl! BhBE bk

depends | ar ggheymedia bh@tiep@bjeti desivep|to dattherndlly affdcedd. | To keffedtivebe priniote eat
Specifically, fluid transport devices are desi gned based upon the vol ung,
rate and di niersifesntheofonfimemert syrkage Showgphe eensiyated T & maseripd haxing; Gayemapley

evident jn active.flui . or.t exchangers, which are often required
to ( be Ld;edc%dr?\ﬂgti\tespgé&&a{%?g%% aé‘r?v‘?fgtgfr'lnent i nvol ving conpl ex geonetri es.

Moreover, the manpgdcifiy afplicdtionbeid | which i Bedt NbxHdHERE halleO bedre ddvdhdgeously
transport device affects its design. For exanple. where fluid flowis )
bet ween a fi pBploypd ingbiedsride mipToptsCHONIS indystay rad theymediggbindustyy-h&gr example,

exchanger s, gag e%m[}{gik%shg)gegs‘éhsﬁr ESrre PRS0 i BB BETIAE RS Nildifiee she

mani f ol ds. n-par ry-rn an active ransport exc ger,

it is often desenwhionsiodheaprsduced be iftkgrattdfdiRuitRBIp3. midtodle@ronpiokagdifand
fluid flow path can be controlled for the purpose of running a particul ar

f1uid neh? by otr sppRenents ordibride thereafi dnisych anspeligatian. gaolad Breadair prenaled

heat to th A A et eation. |
sense, _cont r oneey el oih B ysiq ok e 10REb e BB REETUE BonleR ARRBLT she
accordi ng t ochpdcddviee tblbewodlRdc Rar &atplé 6f 4 hicat eXEtingbrSused Imdihgn tHeomedteal fiekd

facilitated sinply through a single conduit, between |ayers. or by way of
pl ural channé$athermgl bﬂmuuqeéacr@gwmrmdwcg@hmﬁw be defined by nultiple

p nnel & .. . b ti pl
crossover or i haarieRdt ok d®cpidiCor bl BAVER (3 heol o ERAEL Ty LA Mt ©

devi ces 00i | ivahsfor may by ehdrheterdzedrimsapon theaniechahism tiest@bed]dasddhin firercohbwt
desired rate of heat_ 25 transfer, which affects the volune and rate of the
fluid flow t I9F BENjPE-t Yersclliid BRRIPRRGReNAING 4Q) a fansneatanepisnidnid dlovnregime Whgsthe

exchanger.  guid flow results, for the most part. from an external force applied to the device. such fluid
transport is considered active. In active transport, fluid flow is maintained through a
device by means of a potential imposed over the flow field. This potential results from a
25 pressure differential or concentration gradient, such as can be created using a vacuum
source or a pump. Regardless of the mechanism, in active fluid transport it is a potential
that motivates fluid flow through a device. A catheter that is attached to a vacuum source
to draw liquid through the device is a well-known example of an active fluid transport
device.
30 On the other hand. where the fluid transport pertains to a spontaneous flow regime

where the fluid movement stems from a property inherent to the transport device. the fluid
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Ri.gi d heat exchangers having discrete mcrochannels are described in each
.of U S Patent Nos. 5,527,588 to Camarda et al.. i.317.805 to Hoqg f@z
al. (the I%&’Q%ﬁgt)’ and 5,349.38 to Tousignant et al. In W&E@NZ

m crochannel ed heat exchanger is 30 produced by material deposition (such
as by electroplating) about a sacrificial core, which is later renoved to
formthe mcrochannels. In Canarda, the filanents are renoved after

SUBSTI TUTE SHEET (RULE 26) WD 991 66282 21 NOV 2002 PCT/ US99/ 11022

deposi ti on ttansportmis cansidgredppassiaigre ity sxanmpie ofispontaseons rikiid grahspertdisi assponge
sealed. In éatée - 805 ,gat elnthto Hoggman et al, a hﬁat exchangsr C n’gri Si ngca
first and setPSHHENIFHIAINTEHTRAES &RPI8S- hisghe Faiery e5PmgrY @pd siriace encrgy

m cr ochannel §e i [ s watef ' t n
et al. desCr@gé@%@?lﬁ%?ﬁ@ﬂpgﬁeﬁdﬁéﬂ%@r} l#’g]&rg E?%gﬁ%%nelgdg[hﬁggs@ge'bg ét;%ggggs
a heat exchamagsport.Tine extegiatl poicotiach apqeteddiohmati vas dhididlow itlsougnde deyice. A

formng a solid bqgdy about an arrangenment of fibhers that are sybsequently
renoved tb | RATHYe ﬁ#@ﬁma%g?‘gcwwﬁﬂnr{?h@e%mmadb%m Bsays anpeseepent pad.

exchanger is als i b . 83 0 .
The heat exchangglr-ﬁ%%%nggg'egﬂ%ﬂar%ge??g?gpe%%%%g%% ugﬁénggdggpééﬁggtq Fa%%%drﬂr'red
channel s t haThadesigroofractivey fleidewarspoe plesicts Ny gendrel degendd largeis omatdr splecific
having a plural ity of eI,olrllga,t ed ri dqes. Material is deposited.on the edges
of the ridge¥PPhEatO Rswhich itis do b aRplsd. (Irscifically. uid trmagrorpdevisss arg desamnedo
envel ope gro u a o)y :na#fi n ] . Rgi
heat exchanggérégéa‘g%qa{hgj?(l%\?m}ﬁ%\aﬁn ﬁgblzlri& gg@ ﬂ%s o] en?aér%%él? '% E@%ﬁbﬂeta g8
pl at el et $0 t hpartieuleriy evidkmdintaeged flaid rispomhgal edchadpin elltic a® d@arrequiredrtoss
section) are defined by mlling channels into the surfaces of the 15 netal
pl at el et s byb#riusechiA_FRegialipe cpyisanmumant | ipveiingoromaplex casemetisse  MR5EQEHNINEgs
and di sadvan 4 t AN : s -
That Ut zoli SRR e RAR i BEORIAPLT, phe FLAGALBG: 2 UEThIER 10000k
smal | di scr eFer pasgigaecherd/finid fpeds bdrwedd ¥ first ARd pERE Mhanifovd: Ak O dn hy caes
a heat exchanger, having plural channels, preferably mcrostructured 30
channel s. f oMABAeRYEXEhENESES opg onyBRNiRis Jigcrerg paths gan é%ﬂ}?f#&dabem’?ﬁnd%% magifelded

surface, (ghe m Cr g5 bhEhil. oA SHEARENHE ARG hbk Wdhhdakr, 0 iSTLREPABFABR! &
that are conpleted by an adjacent layer to Tormdiscrete passages. e
passages ar e cottrdlitheduidflperpath. & one aedsearepfinid Hdw gatH vard bé contestied o et

fromor transfer heat to an ob‘!’h&gt of fluid in proximty wth the heat
exchanger. 28UIBPsE peruppisg@riartiqias fluigpearly ppgbieehorrantist i tgremeiecheat fgm
can be desig -2 W I jc:at e The ex.c n
be flexible g?g"r g’gﬁgséadgﬁgﬁd%%gdbgﬁy?ﬁé‘h@n’g?léfrdu 4 HeSific HpuRifin, %a%@?%?ge'&@’
i ncl udi ng t heohteni@f tieofhdidiflomnpath ben e desirstile e that Adidicwnadcording © specific flowd.
The system of m crochannel s .can be used to effectively control flujd fl ow
through tHe ABYFACENIRHES] ot rﬁ-%g AP YhimaY e rciliatsd ol oo StHBiensAGE,
30 Preferabl Lk O r el el e 3l S¢

versatile pol){))?tr%éral?cl%?f'n’? ?%%ddg’f ﬁ]gﬁﬁlo‘\‘/}vﬁgﬁ%%ng‘-}%?hglrde %ﬁgﬁyﬂ%ﬁ d%ﬂ may be
i cr ochannel eldfised bpaeultiplEhdiscraiecehmanelsiad woatrdl HaBSTdTHdw SKEETo. (fBtlekaple,
WO 99/ 66282

minimize crossover or mixing between the discrete fluid channels. Heat exchange devices

utilizing active fluid transport are aiso designed based upon the desired rate of heat

25  transfer. which affects the volume and rate of the fluid flow through the heat exchanger,
and on the dimensions of the heat exchanger.

Rigid heat exchangers having discrete microchannels are described in each of U.S.

Patent Nos. 5.527.588 to Camarda et al.. 5.317.805 to Hoopman et al. (the "805 patent),

and 5,249.358 to Tousignant et al. In each case. a microchanneled heat exchanger is

30 produced by material deposition (such as by electroplating) about a sacrificial core. which

is later removed to form the microchannels. In Camarda, the filaments are removed after
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21" NOV 2D02 PCT/ US99/ 11022 provides for effective and efficient active
. fluid transport while being suitable in the manufacturing of a he t1 v 200
exchanger f 1y effecting a fluid or object in proxim Z ?

heat exchangyeor ;Q@u%her, the small size of the flow channel s%i’”mgﬂ’ ! gzs
their geonetry, enable relatively high forces to be applied to the heat
exchanger w thout collapse of the flow channels. This allows the fluid
transport heat exchanger to be used in situations where it mght otherw se
col l apse. i.&posifigfio MRmVib@Rl BadsBocayt B aVHIEH X QBriiR@Muid I} R&lEH L [9he BESH
a mcrostructured filmlayer maintains its structural "integrity over tine.
The mi crost rpatenirte Hboprhan et lahn & heet exdfangerscamprissnest frspland edecand ofanifolds

i ndi vidual flow chanpnels in the. heat exchanger, which are pref b

uni nt ex t upt P RARCRPERPIrERY O BiFoTeLo U BAR b ERETHAS) S TBL TkS: PRt m
of linear, bsanghodieh QboftRAOE il GestBR Pl GhRHr s hevahgm&meﬁmﬁ@ertﬁa'dax be
conductive material is applied to cover the crostructured surface so as
to define plusedlas auisst excharglet.y Thie sigidemerdédhamnebakisag eschadgerasimade bf forming a

potential -- which neans any source that_ provides a potential to npve a
fluid from o??ém{{&pgf"?ﬁ pBita A1 AENEEER O TR Tsa i3t 188 SUBSaaHENthe JEmeYidh i deave
for the purp J: td.v: I n o] devi cen
Pref erabl y, | TRESanfay Sl BN (i bbd R RRRH clbifl 1O clRABINERS
SO as to propide: Nopdi8anjaRal tooMesprhixe ef labw Theskageschiangpr providesfd phaality of
novenent through the flow passages froma first tgotenti al to a second
potential . Teiengaed gaclosed;algptiosgratedichanpels thapprer iggmed by wleserodenopising marerisle

heat o E S g 0 A R B P PR bl

Wi thin the pthestdbes any &istdrome thdrcomh et inhéranngthess dfltkd fdges tbreandlppd pdves and
through a plurality of discrete passages that define thin fluid flows in-

the mi crost r Hws freae arsahadiody hawinghmisrachanaels Rigld keas gxehangersvire ipise lnpam
ducted fl yj whieh. . i.f i i f.th
Cranst or f1 ultaflng BT HE B il HMAHESSLASRE SbldPuSllypbl'? RAERbgular

transport. Theamefsdad sHeh if Oftiss kdutio) he defifed by mikingl dhamield ke sufthedsitf the
device and allow for smaller tenperature differentials between the heat
t ransf er 1§ | umetal iiatelpts bygwiceoteq)inge thernal |y ef fected. Moreover, the film

surfaces having t%egﬂr‘?{eﬂﬂr{vﬂé%&ﬂ %QCr%Qﬁ%QQ%eS?h%ﬁlg%@{rgéiagﬁ cﬁs;mrvg\hl}laéﬁ?%faﬁﬁown

heat transfer surface area per unit volume o ansfer

i ncrease t he heptsixeidngensdylpretiding 2lhidat exchaager i ati b tiag Naid egsporo thrbdigh a
present invention can be achieved by an active fluid 30 transport heat

exchanger i n&ighdy sistabyted sysigm b sl discretn arssageshaMarg spesificallyn dthe cRrgssat

ol yrror i ¢ curTsaaon applirer e PenfRe il shafl. 30 wirblskned
PCTI US9920 1028adretsréstmeidtihianiayéreofl polemeri¢ raesial biatitg @dniepisytied sufat@cThe

having a plurality of flow channels that extend froma first point to a
second poi nt “&F&ﬁé’“‘t‘tH@dsi}Ffaﬁ‘E@egf‘e% RePlpeality of mHerochangelshifiah arescqmpleted Ay gn

s ol e ¢! 3or o ereseas
i vidod by {ROPRG By @ P AR paideds, XA RS A TATRBLEE pekfilichc

about 300 ni aransRiresfa flidcotemolayedt fidm e anifed hdatvd agobjevsrailie it pesxitaity
conductive properties is positioned over the at least a plurality of the
f1 ow channel $vigh theheataxehanggr.ed polynmeric surface to define discrete flow

passages 2§r om at | ?}@ﬁ{eré}eﬁby {n@eiutié/n Qdf heltap gxéhlagélvcrclp gogdgllc%dothég %%%E%g%si}én gl fgp a

provi ded “"éxt er nal _ structured polymrericosur (
potential ovawideReriety D€ appiecalibPyy Piashag etcHafgdd i BE EleRIBYEHEREId Ak pdrditigion the

through material from which the layers. including the layer containing the microstructured
channels. are comprised. The system of microchannels can be used to effectively control

fluid flow through the device while minimizing mixing or crossover between channels.

30  Preferably, the microstructure is replicated onto inexpensive but versatile polymeric films

to define flow channels. preferably a microchanneled surface. This microstructure
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10 the fl ow passages froma first potential to a second potential. In this

. manner, heat transfer between the nmoving fluid and the cover |ayer? pNOV 2001
thermal |y W%@&kz"e material. and thus to ' a nedia to be tpexasbdo

af fected, can be achieved. Preferably, also at |east one manifold is

provided in conbination with the plurality of channels for supplying or

receiving fluid flow through the channels of the structured 15 surface of

t he heat exchanger. Figure 1 is a perspective view of an active fluid

transport headvides fxneféactive and ceffidienc acuwet fluidh @anspesntvhide Heing sgitable in the

structured | ayer, conbined with a cover layer of thermal]y conductive .,

mat eri al t o PHBGIHEINA RS rReeEhaRgser #\Fﬁw‘?\aﬁiﬂa&jﬁ%e HRIHORPRIEH 1P RESHGHY Qr e

connected b LSt ' : ' fiL

mani ol d 20 Borad Resshkd FIRRL lesrRteif GUREAG TR, H wellzs éiPheomeny,

mul tiple di saaslkachtsdadish fortgubebe?appbiedito el Rsaf eschaagdri withaut asdlapse oifi th@al

view in perspective of the active fluid transport heat exchanger of Figure

1 taken al orftow ichannelsy &hisligwsethe fluiditpnprost B%@ttem*wgﬁr B b used iy SFRasiRes of

structured | ayers, { [ Lr.af i 0ssi w _chann conf . ' at

may be used \?%ergl éngéhteédé@\%e%dlﬁgs%é&ru g%citééa toﬁ”et%%e&lzg’ gge\tsagg{oahb&p tm

i nvention: FRidditicd. duchs mitradtdctareilef lafershaialaimfitsitracasd integritvesbet Gmer s

that are di sposed _upon one another with thermally conductive cover |ayers

i nterl eaved wit hi Fhe mécresimeters of theafilm brvenasiings of legstra pluraditpfof dndividpaicflow

| ayers close,off the mcrostructured.surface.of..a |ower |ayer, for,.defjni
M tiple di PRPES fF i fiSeL Sxeiabmet; SRR e eyl EpiniGymeth Kb Higy Grocted)
WO 991 66282 Fliekt U LhhRAL cdnl @ié B form dMUndR. BrafcHiMPoVA@ RO fty el dinieturéseda

Layers for illustrati ng alternative non |inear channel structures that may
be used in alaperaaf tesroialy gerduchvematariahiscaepligd to coker the suermstriqiyigd siudgree so as

Figure 6 is a rspect,ive. r esentati-on of a portion q n active.fluid-
Cransport e TR Ry VSHATRNE R R0 PssrReP b o ils B efitrdfcr ERimabidbey
upon one anoidiesourdd thht FroVides haoeentiabio Mdeé AEIUiY fGANIRE bbive tdTBAGKERAL- is also
posi tioned between adjacent and opposing structured surfaces of the stacked
| ayers to dednphiedd sherhepeexchangepdersthg @yrproshef cangiag acphvsfluiddmngpem thiowginther

that permts,activ |_yi, d spor.t . e e f.luids thr t he flow
pacsagesi o it el S SRR s Blickh BRI GbE misrd ot R D o
Figures 7a ap@vide 2psefidllval thenlow ipaysage todprBitiote Bhid thévedsdnit Whioupie thd AW S
showi ng possi bl e channel configurations with a | ayer of thermally

conduct i ve npassages|fram gplisepowatislders sirend ppigatitly efhe use atadilar laypehavigeas
for permtting. he ran r.b flulds:. and Ei.gur .

mul ¢ pl 6 useBepSliepirbE MRS 4 FleREP ol Mings thdones B ARRY § A0 Bt oue e
flexible act by@nﬁiuabﬂysg ihesdeibly6pféhanielbanger positioned beneath a patient
during a nedical procedure to thermally affect the patient. Wth reference
to the atached FiByupbhzingjRicresgipeirchichannels Mwithin dbe \ireseny jiRvensigneths geat
t hr oughout t veral. ElLgur ' . ' e .

transfer heap gtéifgrhg%lgé? @ |°§§c|i Itw‘é‘gﬂ? gtﬂé .ll#h(gncg%%?tsggﬁgg‘%édm? tr gér]fﬁé},feglp l%g?ﬂd
exchanger 10floasi makiey nicrobistesre@ Ochanhely.eivhicR Mfinifidesr il §tagniatign awithin the

structured surface 13 on one of its two nmgjor surfaces, a cover |ayer 20 of

C 8 L > .
thermal |y corerductedeflyidt ard syhichy prompteyp residgpeep g ofi thg heaperasfer Huid;
to the activ i n . . r.u e
| ayer 12 caniBESbitS dekEa B dieRlof b BANAHyid bansBol THUET oA bGAnAE of e,
fl ow chapfel svdall@fficlentyjofthesdevicmdtalioneof smdlite ihmnaeledi ffbrehligls betWeenthel N
Figure 2) are preferably arranged so that 25 inlets are in fluidic
commruni cat i oheati ransten flud end thenmediadto1ts: themmally effectadot Mereavgyathe fiilmpsurfaces
devi ce 10, an out léﬁt manitf okd %9 can, be f| ui.gi c?églhy c&mngct (eBd to ou%l ets of
the channel s "#50e&fie RICRSEHATEE ChAEl PP DrQHds 2 BIgly contarh gt STANGSE SYrfice afe
circulation Qbr @niPabluineWf &attlaHifer ﬂbfrdqagrkbréda@[rﬁ%ys@ﬁ'slx%lmgmxeméieﬂcb.e inlet
mani fold 18 and outlet manifold 19, whereby the fluid passing through the
devi ce 10 can be ulhelaboreeiadvaniagesrof thehmasent myasticer canhhecachieved by an BOved Guid

of the layer | Z and the .cover, | ayer 20 of fhe device I. 7 .
?5’8 transport Eeat exchanger mcl?l\t/img a %yer ot polymeric matena? having first and second

major surfaces. wherein the first major surface is defined by a structured polvmeric surface

D
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SUBSTI TUTE SHEET (RULE 26) 71 NOV 2002 WD 991 66282 PCT/ US99/ 11022 The

. layer 1?7 may conprise flexible. sem-rigid, or rigid material, whic h1 N8y 1Hé
chosen dependi on the particular application of the active i sfer
heat excha p‘%é Preferably. the layer 12 conprises a pol yﬁé%wgg%altogipl al

because such materials are typically | ess expensive and in that such

polynmeric materials can be accurately formed 5 with a structured surface

13. Structured surface 13 is preferably a mcrostructured surface. A great

deal of ver sgiphdd v %El‘%‘e r t4

of polynmeric rraétdewtmns trt?chgajty Lg?ggsst??ta ep?gn{eggk%r[ﬁg%?nq{@% tfg é‘tlﬂgpgp%"f fidw

surfaces. Pahymeis thatextendi fedns a syt poént tha seond point alcagphegurfzas efithe rlayer The

f 1 exi bi I|ty, rigidit perneability, .etc. Polyneric nmaterial provid

numer ous advil &8 @meésp@mﬁwéuvm FIBYTHER apdcs REP ©f aboul delludieﬁge%&&.th@

reduced thergal ?f&%@g'd%?eadnﬁ%%)@k%?ﬁﬁﬁ@ By lrfsara?iﬁt eé??rtabﬁes raﬂu@dng grgger than

COI'TpI’eSSI on -con e contours O I'n ace on-co

t her no clir orabiiC300ehidtbieead. | % ¢wver meducm«@)al axadmlaammbla théreteal [cBRQELOE
t hermal conductivity. Myreover. by the use of a Folyrrerl c layer 1 ?

conpri si ng, ﬁr@per@s@aémﬂoenoae¢ pv%thwelﬁasta rlurality of b flay chanselsf the suauieded

defining a | ap enunb nsity of flui 6.0n
a maj or surfpaégm ce?uero ﬁ%gmc ta‘ eéﬁ"l?l WdP%%‘?%eBJf%H &l fﬂsg tF}Q’%‘ﬁB@ fkkeyé?\gm
can be proviggagindlf)ah go%m@rielaablpﬁmheedo@me&arrﬁmfemwu% paIvhedc Biugdtel VAl 1oOf
accuracy and econony. The first and second manifolds 18 and 19.

respect i vel ypropide eaonripl eyep thendtmrgﬁedlqm passagesdo ippemoletrhoemsst of ﬂmdethfqughd

fl ow channel I6throuh|n {. I t;1thets ot ZOﬁt)V\@%st ere and .are
each provi def \ﬂ"?"rPaé??g hiremd, rs&ﬂ%u%é L ASECBRAIS  Pha ‘B%‘Heﬁ at Bkt ,
and whi ch i SpdtWedd té thovaBMiL GAd tiRNcovkd Ry S RG I RondlRtivE Altial SrAnFusl®

are preferably fluidly sealed to the |layers 12 and 20 by any known or

devel oped te@mﬂlqu@bemalé_\saﬁﬁﬁﬁt%n&‘ebﬁamedseal ant. The internal chanber
of inlet and outl 18. and 109. al so,thus seali.ngly connected

to at least a pl u? §Feinat§] zﬁs%ﬁée%h%%g‘lagl ‘%é 'i@rowf#éi ‘Rﬁﬁf’&’b‘?%‘?g% haﬁ‘ﬁ ¥a ﬁ%’y
be fl exibl e, oSefhnéls Sbdsupplyind BF thcedvidgefibiaenb@tRfoutR thd @h&ln@ﬁseofqhé sttuchup@st
a plurality of the channels 16 and thus define discrete fluid f

passageslS a swufage ofﬁxyémamch@gpxr ef erably provi ded At |east a pI ur aI ity of
t he channel s 16 surf,ace 21

f.
of the cover Iaygﬁéﬂﬁa lT'ﬁe @%{fﬁ?“ﬁ%y‘é‘?‘?"gﬁ ?@sa @‘égltfzﬁﬁos' g%ﬁtng&k@ﬂg% th

the mani f ol dgccbfanbiwl® e ifveatioR Ihuﬁag S8ndtnisd %\@r thRvinkassA0 e TovkClayer 6Ed
that provide active fluid transport through heat ‘exchanger |0 based upon

t he creati onthstmallypeerductis¢ ragtenialr enp@vider oudtinleadisdretanidow passagepngl which

SUBSTI TUTE SHaEsls%;rgeg g}é‘l‘c%nnegted between a first manifold and a second manifold. the first manifold

20  being connected to a source to provide a potential across the multiple discrete passages:
Figure 2 is an enlarged partial cross-sectional view in perspective of the active
fluid transport heat exchanger of Figure 1 taken along line 2-2 of Figure 1:
Figures 3a through 3c are end views of structured layers for illustrating possible
flow channel configurations that may be used in a heat exchanger in accordance with the
25  present invention:
Figure 4 is an end view of a stack of microstructured layers that are disposed upon
one another with thermally conductive cover layers interleaved within the stack so that
bottom major surfaces of the cover layers close off the microstructured surface of a lower

layer for defining multiple discrete flow passages:
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WD 99/ 66282 21 NOV 2002 PCT/US99/11022 a first potential to a second
.potential. Cover layer 20 is preferably formed froma thernally copduygyimg
mat eri al tow%rﬁfég}ﬁ heat transfer between the fluid flow ng @,llﬁgg

fl ow passages ‘and an el enent 17, for exanple, that is desired to be
thermally affected. It is contenplated that the element 17 to be thermally
af fected can conprise any nunber of objects. fluids. gases. or conbi nations
t her eof , dependi ng upan a particul ar application. Cover |ayer 20 can have a

ther mal conduct i vFigyrdsisatant $bare@paiew@tiubrirddad pérs Tat. illTdiAkiNBlalternative non-
conductivity is a quantifiable property of a specific material that

char act er i ze§n¢ar shamel jsiryctueestthaingpp beHised immdhean eehangereinepeeordasce pathhidigt
transfer rate thrtou‘%h .the material. Specifically, heat transfer rate is
propor ti onal PISTIAYBHS%i cal di nensi ons. including cross 10 secti onal

profile and thi ckpgsse 6 @fa perSRERTd Rbreadilatddieofd fdrB6©BESh Adtivk ERRELAsPH® hbdt
the material. The proportionality constant is defined as the material's

t her mal cdndusthangeryhavingd staskent pricwseuctingd tayensdigposedween peg angthar. with cavere
ti mes degree, That .i en _nmeasuring heat transfer using petric ynits,.

her mal - condltERyPf Bty eARRRHVS oheeF s et et eNaen sbiieriy dgf cpprosing
Cel sius ((W GiHidaed seefasdsabE @k Siakted?9e@0RAdEERE dEeRIIELAr ?as%égéa.avﬁe \3eqe

thermal conductivity, while insulation substances have |ow thernal
conduct i vi t y posibomegivia @, manner thatpammétypttatedtiid rabsportadfitwg separdtadlaidd throagh be

provi ded from other than a cover |ayer .20. such as by surface of the
obj ect that i Wd@éf‘arg&ﬁ‘otﬁoﬁ‘gtetrﬁéfﬁﬁ%fv from arg Hed ‘?H%&mﬁ%‘.fﬂ’('ére cl osi ng
surface 3§ can be pparts Bf ardmb ALib&GHal Y GBw 8f b BLPRE fHlcrbQnREured | efsRbWRIg Y
af f ect edqand to which SI ayer 12 cgn be br oug%t ?Et‘g%cgﬁ% act . Srﬁchac}g g
const ruct i on possible lvhanred casfgurtworsr withtzelapaas! theamsitye cotakictiee maidrial disposed
flowing in the passages defined.bet n Jayer_ 12 and. .t he cl osi surface-21
and the obj ecf! eﬁ“b‘ggtsﬁé?‘ﬁ’éﬂdl Vr@F?Se\é\fgﬁ. fa}&g"safﬂf)\P@‘,"’“‘t“l‘n%g EF%S‘?%PegLH"f‘é?% B
of an object figy. ady close off at least a plurality of the channels 16 to
thus define plural discrete fluid flow passages. The object and the |ayer
| 2 ?5 having a st rfiguraBetiows mudeple USesrdpctve Baidstansiet devices. mcluding thy use of a

assenbl i t hem.t oget her .in a rmanent manner., or.the structured surface
of “the | ver TERtlRgSyS Huid BaRuPr IR ACRanST POBHERSH benend hESHb RIS MEicEhe
cl osing surf gpecedlireltb ehe?RiaBe hffedtthd PRiep@se of the forner, one or nore
mani f ol ds may beeealingly connected to just the layer 12. 30 In accordance

with the present iWubnefepencet toethpoittanbédaFigumst dike neoymmonentsi me labejedrmathslike
that provides a pqtential difference. across.a plurality of the flow

passages fr orﬁug’%ﬂ%%E%‘ﬁ E‘eﬁlﬁﬁ?f? RULE %f‘g‘B?l_{ @EQ%QC‘V@%% Eansfeyr heat
PCT/ US99/ 1102 chdript 1@ ipibikAld. t PhdadiRe ANk RAATE hedl exchBfad? Q0aAically includes

di fference should be sufficient to cause, or assist in causing, fluid flow
t hrough t3fe di byerel2obmetenigbbavied pritticiyiedpiucfagd 1B looverehetritsetvd Mjoa surfacss.ca

Layer 20, el RO BB e FRE il R SR I K BB v
fl ow defined 1o the active fluid transfer heat exchanger 10. Structured surface 13 of layer 12 can be
provided defining a large number and high density of fluid flow channels 16 on a major

surface thereof. The channels 16 (best shown in Figure 2) are preferably arranged so that

25 inlets are in fluidic communication with an inlet manifold 18, while at another edge of the

device 10. an outlet manifold 19 can be fluidically connected to outlets of the channels 16.

Such an active fluid transfer device 10 provides for the circulation of a particular fluid

through the device 10 by way of the inlet manifold 18 and outlet manifold 19, whereby the

fluid passing through the device 10 can be utilized to promote heat transfer through one or

30  both of the layer 12 and the cover layer 20 of the device 10.
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5 through inlet manifold 18, through the body of heat exchanger 10 nade up
.of layers 12 and 20. and through outlet manifold 19 as indicated by 1tk 2007
arrows, a potential source 14 may conprise a vacuum generator that is
convent i onal W@ %8/6é82cted with a collector receptacle 26. The E6MIERP/b}022
receptacle 26 is fluidically connected with the outlet manifold 19 by way
of a conventional flexible tube 24. Thus, by the provision of a vacuum at
the 10 potential source 14, fluid can be dravvn froma fluid source 25)

provided out s de he 88 4Suly WlphLAiot, HSALRHCAPRR mdRsal WRUORA) oot

mani fold 18. into nl'ét's rou assage
t hrough out | @hoseRAkpc@kthelsh tﬂetﬁa@t@tartapbﬁcaztfbnwtdhé lt@vetﬂnﬁdmhttephéa@@xchan er
receptacle 26. The receptacle 26 nay advantageously be connected with t%
source 25 to Ipr dretgrbly. rtbft;ia*vsullmqongmg%t @ntvmqmc\mat;nak;b@euseu suchragatereals are
desirable to reh at or 15 r.ecool 6 her ei n, 1or t.0 reuse.

thay &E‘@S

is. receptacll®PFHYIES BPeRNRARE é?j Sélcgfg YRR iR hcé‘ﬁtbe %Cct’tﬁé%%}%‘i”?eéld

into or ogt Q»‘jlthtahﬁrufc{u‘r'édjs&&@& 3B neghuutdd sﬂrf‘h@@ﬁ)kaﬁbﬁra%ﬁy 59115r6§¥&'i1ﬁ'e§ Q8 face.
fluid to its initial tenperature prior to bein awn t’hrough heat

exchanger 10.A Enéas deaktobredsatility ds caazmlaltterbebtmss ugfp tiee thahp cfxffencdt poapeoes 26
for reuse in heat exchanger  10. Wt.h xible materials used rol rs 12
hnd 20 the REDRECCBREYIR B2t Bree SHbl BB EnE cnro ARt SEREn SoDRRerE
woul d al 1 oW ighaikefn D fhaly SR ERSSEAR! taf aéettte MbaS QbR Ui GEbi RN Irighit: 1Exbili :
Fl exi bl e dew@gs matya e relatively large so as to&g?lof\%l dgﬁg yﬁt}kn y‘ml e
di stributed fRolyrgerfcl owemhemehyle amlraergas ademtagen dve carhpared edtttb;otludtemdevihlse.

AerX|bIefIU|d transfer exc r .can take the form of, a bl anket.
for exampPe, ipGHdipylRYHg r&PUﬂ@ thergalae %&ﬂ%*%tan SoaHagHon %@t@sa%.eﬁ%w
be conf or mabl Pesé‘:BnO b6 imabiE a@,peﬁe %ﬂtbturé‘ga £23n Oi&fice. Non!B¥roliGe. thermo- (
conformabl e al'ong with an object (e.g. provided on a cushi on) to pronote-
heat transf erchtdreatiet blecwighlly wbneosqmmwé i anal Hayingt hievidd exipdloé theahalr eondbictbuityh

a heat exchanger devjce, i nproyes the surface_contact between it and the
object to be Waesorsi Py thy 5% Oba PAFPER® tfwetdrrfompaﬁﬁtge§°rheemtq~éh§trwayer»

Al though the &y dttuma§ ®an @8 rsedwae@ﬁ éla% | fu tet o%ttd?tt dERIPBFL
resi stances to col |l apse romI ds and i ng he mcrost ucture of t
| ayer | 2.15whi fiéw rhannelsni® bsea majoolsyrfeca thefeok. mThps.oauh@ﬂay distributede fitid transport
structure that can be utili w thin an active fluid_transfer

exchanger in YSEBY tRhke PIW@U%SH?‘?EJ’FE‘%FEE?%M&%)““‘““ %6@2 lgxg} of
99/ 66282 PCTI Hs99td 1 QP olbinly. t he present invention to have suffl ci ent

| oad-bearing integrity to stpport. for exanple, a standing person or a
prone person. As sHwMirst ranki goored &mmfbldevﬂ&hlmmel sespéctively, lpﬁefeiebiynaa'd innfluid

accordance with the i]l ust at ed by a series of pe 28. | n sone
cases. it wilfOrHBUHERIONHYI 9?3% @Hgf 5 %‘é‘&k s 'i\mltghelr‘@tt ?‘?ﬁﬁ?‘b‘#é @H’é
of the I'ayer Jawh RG8Nehd @fttéaeygstowttea At ek ta&?tm (ngs(ndttsh%af}‘l) tiﬁat is

desirable to extend the Beaks only along a portion of the structured
surface 13. Theftned $herc1handewmclttﬁ mtfand aomnnlxefcnnmd vbéutcknmmmksdah&”oway 8 and

extend entire from.o t he | ayer . or sych {
channel s 16 mié %Pvfﬁéﬁae&? b Selibq B, O aaer%q Sh ¢ igem g, Gfveloped
That channel pepfib QN STBY 2064 Eo&Je‘%lﬁbﬁaﬂ k2RI HAT intdi er’ 6f b ofiffet
entirely internediately provided wthin the structure sur ace t he

| ayer 12. Themahxfsldn@B snd l‘aae 4tdo thivs mahogbrrcohagmd it derasod plaraitw bﬁmbe channels

t her mal | ffect may. b 28 of ;some or all of the

structur y suﬂg a%ge ritgr){ltfq}g§2§ g9 ?uble semx-?tgtd or rigid, like the laver 12.

To close off at least a plurality of the channels 16 and thus define discrete fluid

flow passages. a cover layer 20 is preferably provided. At least a plurality of the channels
16 may be completed as flow passages by a closing surface 21 of the cover layer 20. The
cover laver 20 is also sealingly connected with the manifolds 18 and 19 so that plural
30  discrete flow passages are formed that provide active fluid transport through heat

exchanger 10 based upon the creation of a potential difference across the channels 16 from
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creation of discrete flow passages wthin heat exchanger 10. This can be

. done by the use 15 of conventional adhesives that are conpatible wi 2 h NDIh&002
material s o{vd@f'“ggzosi ng surface 21 and |ayer 12, or may conpiirifedkigs
heat bondi ng, ultrasonic bonding or other nechanical devices, or the |iKke.
Bonds may be provided entirely along the peaks 28 to the closing surface
21, or may be spot bonds that may be provided in accordance with an ordered
pattern or randomy. 20 In the case where the potential source 1.1
conprises a wafiistipo@atis &t arsecérie puaatialn (Doost Geer R0 it hrefeRdiN Ebrnclibfréinaa
outlet manifold 19 can be sufficient to adequately seal the closing surface
21 to the pediesmaldy conductiyssmaterial tpaprometq hege [ransfgr hetwesnghe duifbflewingethrough

cl osing surf i NS o] i.sgrete flo assa 0
neat exchanolts 167 PRRRKEARG Ul 157 ) RS SO5EHT L b BPRRT IR,
the struct ur eds sontt@priteiIharah@BlefRAP! Blotethérhagdffadiéd & dofprizk @8y Admber of
surface 21 so as to define a maximum nunber of substantially discrete flow

passages. > Th@biectsy Buideaapesopr gompinatings Wessolcdeapniing unod 4 pardélarcppliedtion.

m nimzed, and th nti rovi ded from an external. source can be no
effectively and e?‘fc’?’ g% E‘HF ] 3‘5 8?855?‘{%% etﬁmglr\pé?“r&f'ﬁéwgt lﬁﬁ‘c'ﬂﬁrﬁaders@ﬁ QEeeFai'gr L?
llayer 12. It TherkfltoRdmkizitpes a GEARMRble frogdrtyt dTa héifie hyi&thl itk bR&GcE32&aR
include features within channel's 30 16 that permt fluid crossover between
the flow pasghijiey tatransfen hfah apbimpart d¥leimgings thelwaSBSfir TUERhSMEETh¢ RatdFiabo)
~ ~ Nov 2002 D .291.66282 PCT/US99/t | 022 acconpl,ished, by not attachin
portions of isﬁf‘é‘%ﬁﬁl |’§\e%t tf?é'é‘fggmé%‘st W°B?‘6‘§Pﬂd°élﬂn%)ﬁlﬁ'éﬁalﬂfr%w‘o% "ﬁﬁtlﬁqc}f‘%licﬁ’és'
openi ngs 1phr Qé'él{bnhbgrcﬂﬁ_@iﬁﬁd ARicRhess ebeal BatehifCAld BRSS! iR Uiptrhdte in the
sources |4 are useable in accordance with the present invention instead of
or in conj uncedtemalni The propertionatityenastanti ivdefinad asethe Gemenialls| trermzahyconduntiaity.of
5 causing flui g flow thr(gﬁh the {1l ow ass%ges ds conterrpcl ated. . Jhat is. -
any ext ernal “HevicBPEF*Sodt (&G “hEPEf iPAT Hadistangss Bmey (degees; o 0ag 15, £ Vhgny
to be transpqhdAtrihd hed FantBEuNAS HRARS uhiSs, GRHNBIMR AL iryEs aXBle8SdOh Bhe6f
potential sources include but are not limted to, vacuum punps, pressure
punps and pr exafisrper gneiergrgreenaeiaians i (CW4petEms . Suhstanedsothhty zhe (gbpd sheat cehdustoss

acoustic il ow systens, centrifugal. spinni.ng.. gravitational force and 10
any ot her? kn%@xgoim vEETRAl g cpp chaf,i v@“gﬁ/s‘f‘ topi SHbstages nRave, i%‘f’i @?‘F“@fﬂ a
potential di fdopagdimyt hat causes fluid flow to at least to some degree.

Al t hough the enbodi ment of Figure 1 is shown as having a structured surface
conpri sing mul ti plMopsexks 1128 contgmiptated Hiay clpsingisudacef 2 lomaprbs mwovided drge pther

anot her (as shown in F gure, 3a),. _other configurati.ons are cantenpl at.ed. [For
xarpl €. as SHENA Goner s d, b o b aRBRE T B S F AR b gl
bet ween sl i ghiffe¢teld| aftae ietheneedise dfface 211 kn bB@afriod dh e oBiectoNiies is@finded Rebe
thermal |y conductive cover |ayer 20 can be secured al ong one or nore of the

peaks 28'20 o emaly affestiedand 1@ whinhelager1l@ canjbg brotgst naseontanst Soeh 8 GPRUMIEHOBO
tend bet |..si |k 3 in the. Fiqure .3a, enbodi
o deval s 17 S BE usdl BB heac HIBEEP Boryed A ARG if UpE PR dlined

confi gurati onbdtavedd layet [RamdtheWisking bafirel 3 AQ thé BbjRef donrathbRhAReATTdeM SAs
28", but instead of providing a flat surface between channel sidewalls) a

plurality of #hear! de qlesingsghcarld of avobieet ay wekynciosecoff iatidasal 4 plusalityaf the

peaks 28". Thgse | e aks t,hus defii secondary.channel s

t her ebet ween. &E'é"a?jg{i béo M%Sﬁf‘%:i@“ﬂgﬁfscf#% @“ﬁgﬂ‘f‘ﬁgaisﬁq?é' F@egﬁjeatsmﬁgtgﬁéayfglz
and as iliyst haigfa sthebred durkice 35 MhyiBe EMBEREd 2% it by 4ssotAbING AR th@dther in
channel s 34 distributed therein. The peaks 28" and 33 'need not be evenly

di stributed whpbmansplemannes ariikgrsienarersd gurfacgif thet lager. 1 2Ahan beiggmfergnily e beld or 2
and 3a-3c illustrate elongated, |linearly-contigured channels in |ayer.12,
the channel s e 5'1“3\5?‘8%‘%3331‘{‘5 gl8f‘ﬁ%r°’“ ?fﬁ%'%érﬂﬁ %?JF‘Hnrs]’.‘ tiﬁ—%?as&?i#ﬂﬁ formg, o
channel s coul ghd1a¥ RioYPAhifsldS ha$ BeSRalihdlP Brovilddt zﬂfﬁaﬁl &le fa&%nﬁi\apﬁfslme Jater,

l ength: that is, the 30 channel § coul d diverge and/ or converge "al one t
| engt h of theonhammete. mamfoldsramnbd sealingly connected to just the laver 12.

30 In accordance with the present invention. the potential source may comprise any

means that provides a potential difference across a plurality of the flow passages from a
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sidewal I s could al so be contoured rather than being straight in th
_direction of extension of 12 SUBSTI TUTE SHEET (RULE 26) 2 T Nov Ry
99/ 66282 PCT/ US99/ 11022 the channel. or in the channel height. Cenerally,
any channel WQP¥§638% ati on that can provide at |east multiple BEEDSYE022
channel portions that extend froma first point to a second point within
the fluid transfer device are contenplated. In Figure 5a a channel
configuration is illustrated in plan view that may be applled Sto the

layer 12 to qﬁgt'ﬂ&?enhg tosisrel("'ﬁxtg%o‘? ﬁpr'f'ﬁlﬁg?tlerﬁlal égfgesrgﬁ)mho d reaslutt?cqgmqggolgg

channel s 36 havi'n ets own) t can connected t0o a mani

for receivingr hﬁmt tr amsirgy fluidiifibwe dobgh PHeodisdRte peRBYRT gefiedChAmIGhE 30/
are each fluidly connected with a si n%s common channel 38. 'This
¢

mni mzes theé ymﬂsl !-,6 ami eﬁvebtﬁfyﬁrezo p*dn IS(tmscd sthampnttbﬁ Buigl chagacidristies phany

Figure 5b a 3 onne tq a ral it

channel branrﬂ%g%cu "%n 73 i es gn bg‘ir% gqu}f ‘ngﬁfpﬁlﬂfaél{u‘gr%oawfdtgpned
sinilar reasqeR®ugh u{uetAgamtbld 98nﬂﬁ@\ldhyméifb)éd@%?%@ﬁtnepécﬁarfg‘éptlGrméd%t@;Sjof'ﬂa ers 12
accordance with thg@gr esent invention as long as a plurality of individual

channel s ar e apd @0 aestithogugh Calﬂpbrrlamfﬂdolf‘? ahiadsateddiyuthe drrowst apotangak $cmmoal4

first tt d t b mbodi ments, the patt
channel s Sholliof RORPOLT a0 6H i EEnsip iy Baf e En AT el AP hesipaoalih ,gollecor

passages by Gedeptdele0rd. MhelelIiE @6 Eresdprdti A6 Ermﬂiqgﬂi%@%n@ct@&'W@lcﬁe 8hu@MmakfoRet
to be thernmally affected or by a cover |ayer of ermal |y conductive

mat eri al to défbynhwaylofarceneenfibual fba@sk:ag@s .&n dThus, by cheogreviseat ofta warsiier atttbe a

body to t her nal af f I Vi du w. channel s of

mi cr ost rﬁ@t urP@m‘aL F“o?l“t%m \Fé‘h‘t’? @ jfbs 5aﬁqué<§qdwta%1§m&aéuV?f
so, fluid wi |ﬂu1@$raﬂ§'eﬁ htfR c&%g&pf@LI%uEH‘?nl@hﬂﬁﬂ%ﬁi h@q%et'ﬁgqmets wno? sRéwn), !
fluid in adjacent channels. Thus the channel's can I ndépendent|y accommodalt e
t he potenti althrosightthe glavo pmeeanchrbmgh potleti mamtfold f9 uhrbughomge o2} mtd umghha

parti cul ar channel |nde dent qf n chann ef erably, |d t
enters one flGWEHANITEFP! Ecg%ggnoﬁ‘ épé?fﬁ spdﬂ‘i“ffa %Qe @ %ﬁ‘e With '
adj acent changaglee 23! th yporgde 4 l‘t@fr@ulﬂﬁﬂg 32180 R wiliid 43k qnmfa%\é«%%&raﬁ}#é @fRRAtat or

channel s. By maintaining discreteness of the mcro-channels in order to 25
ef fectivdldy tneeond phe fluid ghareinxprivang eausd.| That is. he;aptat:hsa?rﬁsﬁar bé¢ cormected tora aystem

obj ect can be bette rormt d. ,Such ben f|t re det d bel ow. use
heJre. aspect ‘f‘vg‘? F‘B’iﬁﬁ?g @“F%\f'}t%%?“‘ ﬁw&cogta, ﬁ ifnip gecepacly ?gtaﬁ‘?ﬁ“?fe
radius. and hydrrrid tdits ﬁqumemﬁerame w&t@b&@nga&% @g&JgT%a{ edHaAe Rl 102 This

channel divided by its wettabl e channel crrcunferen he structured
surface is a mstoredsfluid caruthenlbe suriplied tot fhaitl s80rcp 26 ffer mbieyindeht axebargies ¢0.et e

10°7, ‘T Some_enboll MENTe EXPE g At B iz any Sh0e michafige e pr Hbleiiaus
SHEET (RUQE 260 such a heat exchanger 10 would allow it to be beneﬁcxally used in contoured
configurations. Flexible devices may be relatively large so as to provide a highly
distributed fluid flow, whereby a large area can be affected by the device. A flexible fluid
transfer heat exchanger can take the form of a blanket. for example. for cooling or heating
a patient. Such a flexible device can be conformable to an object. wrapped about an
25  object. or may be conformable along with an object (e.g. provided on a cushion) to
promote heat transfer therethrough. More specifically. the flexible nature of such a heat
exchanger device improves the surface contact between it and the object to be thermally
affected. which in turn promotes heat transfer. Although the fluid transfer device can be
flexible. it can also demonstrate resistances to collapse from loads and kinking. The
30 microstructure of the layer 12. which may comprise a polymeric film. provides sufficient

structure that can be utilized within an active fluid transfer heat exchanger in accordance
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2 ~ 1 VOU 2002 WD 991 66282 PCT/ US99/ 11022 and i n other enbodi ments at | east
.about 1000:1. At the top end. the aspect ratio could be indefinitell NﬂVgWUZ
but generall be | ess than about 1.000, 000:1. The hydr j hiis of
a channel ig(ﬁgé)/g‘%;gzat er than about 300 m In many enbodi ment 2]':‘%’!"/?8%921%[)%6

| ess than 100 m and may be |l ess than 10 m Although smaller is generally
better for many applications 5 (and the hydraulic radius could be subm cron
in size), the hydraulic radius typically would not be Iess than 1 mfor
nost enbodi MRthIhe HeseMP et v hdeS aiffibRs: 199&9%:@*1@1&@6{@0@.@{m&@%mﬁhwk,
these paraneters can provide efficient bulk fluidtransport through an
active fl ui dastendisppetsoriewa prone Persowt r uct ured surface can al so be provided
with a very low profile. .Thus, actjve 10 fluid transpart, devices are.
contenpl ated wher éstshgwgt‘ 5%%‘{5? e B?J‘IV e ﬁ‘g%ﬁ‘ ﬁé@gﬁeq H %R Covithothe
than QD00 M QNRIREE ehboaREkre'69M BARSIdH peak£38. tHARME QREs. M iR sfrable 180

do this, the channels nay be defined by peaks that n??ave a height o
appr oxi mab el gxtond thelp2eks B8 emtoetytfeoms oaaddgeett thi dayer 42 pe akothers hhimmghpfor alvinart

10 to 2000 microneters. M croaftsri%g{fured surfaces .in accorglance with the

present i nveAPPIEAINo A8V P% v EHENG thenRsals 4 000oRIgRe BoPortine Yytieem
is highly di ' t 415, i 4 [ I ! bR

fl ow syst ens§§rgétgl|lég$ %f%%p ?d t)@é}s' gﬁ?%\lregel%aﬂr{ge{a#%éz@s? ruct ﬁ%gk %?lgﬁ% I&%lla
density fromeatiely frdfl qreredpe mearotlen ed2s /of the layet 1P ok Gucinehanheisid dmayperly be

lineal cm, (2200/m (neasured across the chanpels) provide for high fluid
transport r atdég‘.‘e (fateRfl oyer HAHOR Of HiEnareTign kst 82‘4@3\9?&51‘%‘}/%}’ begiyfrom an
i ndi vi du c ' S nat .o i
areat er . g ahy of WERYER LPOACRy (] itk Shshiedtie ploiRl o RRE Shlkured
mani f ol d t hatsurfscedi3sgfalse=dyat12t he channel inlets and outlets. This

ect

significant increase in.i aspect ratio distributes the potential's, ef

to contribute to ﬁﬁ!@cwwusfgﬁ%ﬂPgaapvqrﬂéyqrR@astqf@rﬁurﬁap%forbﬂowmm fected
volune of Tl kgl bhLANAR B!chicd 28 SR sofHAOBE RV Shucfurb@SEfaR’ PR Enifiice he
particularly neficral for many heat exchanger applications. Specitically,
channel s f or roeehtibn ofidistcrereo8éw passagesdwishinfhaatescchanetr d@. Tais nlberdpae gy ahd usey
of heat transfer to or m.t he vol une Ofi[bLﬁl ujd rou%h the device

fr passi ng. t

10, Thi s Mol (@PRYSatPRa) adBesives thal e compatiolg Wb thqqmateapﬁrogm o3pg sHEipee 21
uni form | ayerggt t i defil . ] ] 8Os

of the structalei e} egggi:b arcdgé‘ya%H Sgto&e\?/g?ala%sglp g %@gﬁllg‘lﬁﬁ%g}s&p ?‘g@v 30 leal
st agnat i on i rdevives,cownbel tiked BdndsvmaydbeShidvided letitely Sldnghie pEAMsE28to6the cidsing
NOV 2002 WD 99/ 662 PCT/ US99/ 11022 1 n anot her aspect, a plurality of
ayers 12, edSHaREA ] HOOE 8% P PEEY o e sy 16 afpoBance 1l o caired
forma stack gerfor r2d¥lyl N Figure 4. This construction clearly nultiples

the ability of the structure to transport fluid. That is, each |ayer adds a
mul tiple 20 In the case where the potential source 14 comprises a vacuum generator, the

vacuum provided to the channels 16 via outlet manifold 19 can be sufficient to adequately
seal the closing surface 21 to the peaks 28. That is. the vacuum itself will tend to hold the
closing surface 21 against peaks 28 to form the discrete flow passages of heat exchanger
10. Preferably. each of the channels 16 that are defined by the structured surface 13 is
25 completely closed off by the closing surface 21 so as to define a maximum number of
substantially discrete flow passages. Thus, crossover of fluid between channels 16 is
effectively minimized, and the potential provided from an external source can be more
effectively and efficiently distributed over the structured surface 13 of layer 12, It is
contemplated. however. that the structured surface 13 can include features within channels

30 16 that permit fluid crossover between the flow passages at certain points. This can be
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of the nunber of channels and flow capacity. It is understood th% M\g 00l
. layers may 5 conprise different channel configurations and/or nu ‘b %
channel s, dependi on a particular application. Furthernoregb.d ed
that this t %J)%F&gt acked construction can be particularly SEF??SP%“%
applications that are restricted in wwdth and therefore require a
relatively narrow fluid transport heat exchanger fromwhich a certain heat
transfer rate, and thus a certain fluid transfer capacity, is desired.
Thus, a nar [ QWnfHfVhddeoyCrdt al&ﬁcmﬁg%oﬂ&m?%‘f'irﬂ&rﬁd@l‘fét@?m_j8| RWissAGiraée BOS or
heat exchange capacity. In the -stack 40 illustrated in Figure 4, cover

| ayers 20 abeg praviding epaneaizswhitouigh thepeaks 38 kt s¢:cted locdtimns.e heat exchange

bet ween adj acent structures. The ver |layers 20 preferably conprise .
mat erial having DT AOHEF SUICELRAGE PARPS RHASGOIRECY 3B e pretep) invention
facilitatin - WSER afulakhinh, f j QuQ S

surface of glr?g:% ??fﬁg%ﬁ?gﬁg aﬁwgd‘)jag%lg?]tgl:%ti% %gl%hgegﬁgéihﬁgﬁgﬁep&
conpri ses | essustraviduid lflayethso2@ thé 8owtgassageniseonemplagder Thatds.any esteoal device

| ayers 20 with a plurality of layers 12. A second major surface (that is,
the opposi t &F wwa%?ﬂwgfﬁwx S5 CRARER VR BISERCt (i 40P are@spfgtfg Srouehy ths Raseedr
all of the | an il 1z L&AC j :
Structureq SoepisembRRClEREmffcs O Gllel BoRhif oulee ARERGL (R REGE Bifed to
channel s 16 vafuuan meppc @iésshey @umbe anld preswtef sysenis)empinetial sydtents. eheagrietow
passages. That is, one |ayer 12 can conprise the cover |ayer for an

adj acent | aywgrogynanggdsives. agpuspic flonesysisamsneenimaiugal spinmng ¢ryfitagpral forges, and
can funghio I sl I h e a6 n e i e
cane mifer 4k Yindl (RS0l Ao ALNCYvd By Gin P AHE R e HEDE Aopd:bhdl
desirabl e t qiff@endeithatcaudes diuid Nlawsé af lewdtidisane abyjrest external to the 25 !

stack 40, internediate non-structured cover |ayers 20 may not be needed -
al t hough one covethoyghtho gmbgdiment pRigweg! A% shewn as havines a siueytedy sustass
in Figure 4) : Ly al L NG Leck. b h . 0.
The | ayers SPErsEp HETPL paks L AIniGPRIERcd Kol Ble LAZ O0Y B e (ee
cover | ayer sha@n indigire Japroiker ¢anfigneativno bitefontdinpiaednUidredxaniple. as\skowvh anal
ways, or ther may_ sinply be stacked UBOI’I one_anot her whereby 30 t

e

h
structurldl ifiewgPPs Shagpels he” haveawvidshtlaldwdgn bamren sightly %ﬁtsee%%akﬁﬁéw Like

passages. Thj il kS - f IS
o Do uti |1 2hg PRk o4 ¥mbBaGRE R therfE R o 1R 20 A Sl RERIIG 0
WO 99/ 66282 diebr &R0 bf fhe32also28 ce define Hisvdetel chiariels 16°. Slaahiseasd) @ottary anfaces
stack 40 agai hst each other or agai nst cover |ayers interposed between the
i ndi vi dual 13/@¥end betweeneispaelsidayadls 34 nwhersas inathe Figure papmbedipsnkeidentllso
a different j ther or all to the sanme source. Thus, heat
exchange cang&eHng?:%gér’%el I sr%[eog@t%g{é%een two or nore fluids circulated within
the stacddd 40. A |myRiped coys anodiet confipargioh $s digsratsd. aWkidethanaklg d@rarcdefined

| ayers, each havin m crostructured surface, is advantageously useahble in
the making o‘?e“é(e%g?aié%hahﬁ‘ews‘ﬂ of grovidipe @ atyefpes et&fee%éa%rmbﬁae‘g Ad

. ’ . t (
fluid source I . Fe of
H gure o enpuBtBhofndifer LERLCEE et} Rl baWcEn the JARVAIRHE FHEARIGRT. Thike
structured ssmdlke@edksothas defite spadarg chimmels IhherbbiwdencPeaef 31 maf loomay

channels 10 116 in layer 112. The direction of the flow channels 116 of
each i ndi vi duifisedgdhe same laygl Be Perksi2Sr adnd pF dliystrated. create argrshwidgchganel 32

subst ant4al | endicul - ' t.i.on. of 5 hew chann
adj acent” ay:érc Rl?!lr% é\lﬁ#hcﬁénﬁ r?g%ﬁg?‘ﬁ S@hg%{ri\etbés}glfl6ﬂc}$%e%§f;?91fg'g of i ega'?& &
exchanger 1levealndipiibaiet avitt tekped: kootvemBelted @@tk bghenal direction, while
channels 116 of layer 112b pronote fluid flowin a transverse direction

t hrough heat exchatthevghHbiguress. Asanthdarde iltussaselongateda jinearkycronbiguredchannels s

| 12 can act. over .l aver clqsing.the. channels 116 defined.by th

i or st r ut ulear Sur B h BT Ry B e i D e IARPE, TPl the
shown in Fi gbk@nbis coQMEHKavk IMeFifig t2Rs2adidnal Witied ﬂ@ﬁ%@h@@ﬁd&ﬁ@ﬂehﬁtﬂ: AP &5 it
first major surfaces in which structured surfaces 113 are fornmed of

adj acent 30 ay ehanngls xmubhdivegebandiéraconiverget diend sheelesgthl 6fa theackiangelc hiig ehannel 6
aligned in a 20 [ ongi inal directiop are jnverted fromthe configuratio
associ at ed vv?‘fiﬁwgl?s‘a‘g%’uigs ¢ ﬁ‘?@‘ﬁ?'@dﬁa‘gﬁr ‘g‘ﬁ‘ébe‘% rs'l!i?:‘ﬁm@dm%é’ﬁ%‘@@ °ﬁ%e5%'°“°
these | ongitudinal |ayers 112a face the structured surface 113 of the
transverse layer 112b inmmedi ately beneath Layer 112a. In this manner, cover
|l ayer 120 is directly interposed between f[low channel s 116 of opposing

layers | 12 to close off C@UBSHWESMTP(ME@%)MZ’ and thus

define | ongitudi nal and



25 transverse discrete flow passages. A first potential can be applied
across the longitudinal layers 112a to pronote fluid flow froma fid3V 2002
fluid source_through the fl ow passages of |ongitudinal |ayers .

second poten‘P’Pé’P’%zg?w be applied across the transverse |ayers f%%é?sipgﬁlozz
pronote flow fluid froma second fluid source. In this manner, cover |ayer
1 ?0 is interposed between a pair of 30 opposing fluid flows. Heat transfer
fromthe first fluid flLow can thereby be effected across cover layer 120 to
rapi dl'y heat @ chbidel, 6% SRCOREARE! h@ight.SOWeﬁ@rall . :u?bQH&mem:&{ dehdnl thaf dard 6
SUBSTI TUTE SHEET (RULE 26) 21 NOV 2002 W 99166282 PCT/US99/ 11022 surfaces
113 of | ayer sprotide pr leasstnaulvplpdiscmehs ¢hanoél pomiidrsrthattelitend frooi alfifsk powmt tdha saeghd

the fl ow passages of. heat .exchanger .110, thus aiding in the rapid heat

transfer bet m@gwwmnﬁﬁp@lgﬁﬁr@ng@%}ce ?/c?ﬂ}ﬁ‘BBlr%‘egf sources can be used for
sel ectively gener af figydel sl feifanR¥ WhhiPiAHSRY; "HH%P(E i &nl'\ﬁ Wi vSoeMpiik
a | ayer or between anguofD thce Iayecrs.l Fi tdures l6 ur%thelpll Iﬁstl?d;'?%{s %e/\g 9e§'

| ayer 120 5at t@chethyen!? heddoeahel stmjuared surfhcecE . oAs siev. purhlagoaverkidactahnels
heat exchanger 110. 'This top, cover, layer |I' 'O can be beneficially used to

p _ ! L
thermal |y af f¢&hayngdalets e AnbthasiG3a,be comnsclsy et Mapifpld frratectivmgsheat

of “the Vayer TSt Tl e pOeSIRE Cotuerbihd BE 26 4 SRR MMV ToGleRiANE

cover |ayer | fAgleatonmnon icHanke3® Thishemimizeatiss govisivarofidudecsdrar (noayieiven) 130
that are interposed direc,tle/_ bet ween t he opposi Qg fluid flows of heat
exchanger 1 100§ oASEHEARN & Bipws 3 Gvreamal channshaP man be gpnnselgd toraplrality 1of

sensitive dj her C f QL R
Ttosue, T et bnfh BEndiee 5Tk bETL e W35 ohicEEP AR oy Mgkl Gessons
fluid-to-flui dghiRagederaillsirer patier Beconidhipisted émbcodxdidnas géth thd PreséntRhgentionts
shows the flow channels 116 of alternating 15 layers 112 ali gned .

subst anti al | y!9s&rasehalusalivy ot ipdixidupl eharpels are oroNidedogyar dcperHian of dhe siryctred

the alternati Qﬂféc@ﬁgrf%n?gsfﬂn%iﬁ@%?go X“séé&n& B'Sirﬁ.ep. Hhé algolvg !e b%h%tsﬁ?%?agtﬁrned

arranged i n any nunber o ners as required by a specitic app

For exanpl e, Ehgmel shawnl inuBigtet &2 and Sy ere pislerablyadontiidied @s diove phisdges by am
a first source and a second |ayer 212b that can receive fluid froama second
source thht i slogingrserfase uchas proyiderd yta sustace of amgbiscigp be thermally jaffgeted opby 25

and 212b havec&tmggégg%gﬁfenhwg%a%pae fdmété?i?lre:i Qéﬁ%“&ifs@r‘éé ﬁéwgg%gﬁgels and 1o

respective | ayers. ayer t her ma conductive mat
i nt er posed betpranste hiba transfen®l asbadyGo bt themnally affddted.and 212b to defi ne
di screte fl ow pass ronpt e. heat. transfer. between a first fluid

s.and.to
fl ow across | ayer g‘%g&'d&ﬂldﬂ%w§ HBSH 91 W dnicrasiucturedsSurtpeas f the syentiom ARy be
216 of | ; j i | | |
of layersg afg dl?s%&tb%arf%oahhar\sm 5 gakﬁwo% %%Pag{e S‘{Es&lé”}”é!‘% P\dtgﬁ%ndent

respect to each other: e enbodi ment of Figure
channel s 206 of fluxyén dpEda caohe?d 2T has ehalchgmets apposdependeabh actonenodate the

T At L0 TP S B bl
50 cont enpl ApgeieR! BELyRLent MRS TPHDG. BLEY QB! it URE Ao hRRF dBEnot?
each ot her as toany significant degree. enter an adjacent channel. although there may be some diffusion
between adjacent channels. By maintaining discreteness of the micro-channels in order to
25  effectively transport heat exchanger fluid. heat transfer to or from an object can be better

promoted. Such benefits are detailed below.
As used here. aspect ratio means the ratio of a channel’s length to its hydraulig
radius. and hydraulic radius is the wettable cross-sectional area of a channel divided by its
wettable channel circumference. The structured surface is a microstructured surface that

30 preferably defines discrete flow channels that have a minimum aspect ratio

(length/hydraulic radius) of 10:1. in some embodiments exceeding approximately 100:1.
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Figures 7a and 7b. or perpendicular as in Figure 6, or arranged in any

ot her angul ar 17 S~JBSTI TUTE SHEET (RULE 26) 21 NOV 2002 WO 991 6@28%0Y 2002
PC r/US99/ 11022 rel ation to each other as required by a specific

appl i cati on.WPA¥P&PHual |ayers of a heat exchanger having a pPGTAISPY31%%
stacked | ayers can contain nore or |less mcrostructured channels as
conpared to other layers in the stack. and the flow channels may be |inear
or non-linear in one or nore |layers of a stacked structure. 5 1t is further
cont enpl at ed ' J ayers. | cor j e
descri bed heraé??i)]i @ﬁﬁ%ﬁgﬁﬁﬁgﬁgﬁ?%ﬁpgﬁgIkgéoah aA(r?lgtE%lo eeii(llt8 ) ?nggﬁr:e%?é%ﬂgt%élwgé

"That is, a shésthitlyHigbusieawally Wonldby Rsshthen abbi@ur@omotely e teidrangaddius
adj acent to a simlar or different stack. 'Then. they can be collected
t oget her by & aghiapebis noogregigsthpaabawypId doaln many embpdisnents. ftican ge d9ss Hhanel 00

exarp'e of antadtd DayRedFS YHEHCRE AHERRRinleh sEe TR SRR By PR iEigns
present i Bvenhhdiheihydiduligidiad @lild Pe SubiiE®ndn siz8), thehy@aliikahdilb gfpicadlly would
usage, a patient is shown positioned on an active fluid transport heat

exchanger 70 fotibatiessathand imh ferh@mostosmbagiiments. e hioge illyhHeschibed belows channels
descri bed abo for.thermally affecting the patien e.g. wth_ heatin r
cooling). 15 @&FEW?%%%@e QJ%W%‘%%? 8t p%é%eefﬁﬁ‘ﬁgﬁ‘ﬁléhﬂﬁﬂém&)%gggu%tbﬂgac ve
benefits. Becgyderahdiri®alcet ransfer fluid can be maintained in very snall
channel s, there would be minimal fluid stagnation in the channels. Fluids

in lam nar flow i nfkehstruetdred ewrfdcbican alsodlequovided Mot prafiloe pabfdlee Thus, adtived

t th ' ter th t est locity. Fluid at the.
pountery Th"<hi] FRORSR el e YoEER St st inbRgE o ks o

size of a ?0 t‘l‘nﬂ%ﬂé@of1E§‘seth5.xﬁ1$00ml-ni@rﬁﬁfété?§.ia&‘xﬁte)(reﬁ’fpro]_&ﬁiﬂ%/flhé&i flan 2560 hliromFRLAL{
IS -

of tinme a fluid spends noving down the channel, t | ow profile can

create a signilé deahis. thegpamalsumay b dafined by pealosthat ieye ahtweighe lof approsiomately st to
channel s t hat ve. a m.ni num aspect ratio and dr.aul i adius |n

accor dance wit trﬂlér?rﬂ?/‘gﬁtai“g]ﬁhz\}ﬁﬂe %P?BI‘@WE ﬁﬁp‘%/‘&rl%t‘gﬁég(; WIPTEKT U di ent
across the channel Migeaws@ued stffeces TR!dcctr@adice! WRARShE 'préiefit ANERor pidiRdd Bow
tenperature gradient is 25 advantageous as the fluid will experience a

uni f or m hat systethsas whiclp theswedurnépothg lsystém i highhedistritetsidd dingeist thedluid volume
heat transfer fluid throughou he system of symll channels al so,can be
essentially uma} 8PS %ﬂ’f’%ﬁ s?‘l&‘l é?wrfﬁg‘f’f“al‘_a %%f‘g‘?f"&ﬂvf:‘é?qﬁ’&ﬁiaﬁﬁ'd.l\&‘ﬁ\'%m’?t&em
residence ti MendnfielRRASHY Eoftl atdRe @9‘?@1’ Fiﬁeaﬂbﬁ'_lgﬁsﬁﬁ)saﬂang b deOhShsadd ipBr fikél cm
heat load a fluid 30 experiences. 18 SUBSTI TUTE SHEET ( RULE 26) 21 NOV

2002 WO 99/ 662580/0Tmesswed 202ss thhshannd!se pravide for highflrid transpogyrratéis e iengradly,
t he expression uni form..esi.dence t to overa

ef ficiency an&hg‘; 8%051%9%@#:(03? & %’f’plﬁé%é‘ %??}g%ﬁ@?vé&?aq%%’g\# g%sra“sml:‘fterlf“éio that is
t g”ﬁgr at up® dif fe@6tefU0 péreediQirvREN ah#l @ndi PrefefadNS 1€ fehitl ShAPGcdriGrredtermaiah a
manifold that is disposed at the channel inlets and outiets. This significant increase in |

aspect ratio distributes the potential's effect to contribute to the noted benefits of t.he‘

invention.

Distributing the volume of fluid through such a heat exchanger over a large area is

25  particularly beneficial for many heat exchanger applications. Specifically, channels

formed from microstructured surfaces provide for a large quantity of heat transfer to or

from the volume of fluid passing through the device 10. This volumetric flow of fluid is

maintained in a plurality of thin uniform layers through the discrete passages defined by

the microchannels of the structured surface and the cover layer. which minimizes flow

30  stagnation in the conducted flow.

14
SUBSTITUTE SHEET (RULE 26)



heat ed .or cool ed. The snaller tenperature differentials reduce the chance
.for local hot or 5 cold zones that would be undesirable when the h@atNQV 2007
exchanger is used in thernmally sensitive applications such as i r
tissue cont Q66 hi gh contact surface area, per unit vol un%éﬁjg??zlawn
transfer fluid. wthin the heat transfer nodule increases the systens

vol unetric efficiency. The heat transfer device may al so be particularly
useful in confined areas. For 10 exanple, a heat exchanger in accordance
with the present it odeh BRrdiBPAr IyeRr O Idith 680} Mmidodn iRt bace
m crochip wwthin the small” spaces of" a data storage or processing unit. The
mat eri al ecohhrian $e odnsarunied to formux stacked M aashowgn n Figubes.e Thisronsunetibol cleark e
them appropriate for limted or single use applications, ch as  in di cal
devi ces, mm@ltml%sﬁb%ablh%of?t@aawvéaretta (ABRROBLGuE o ahSn SRRV SRR ltinls A
heat transfe Vi f I n\ent i fiyi.al, i t ol

flexible, al ?t(.)\%i?e ng&xﬁ?és% ?Jitsgﬁﬁdr?gp\éaﬁdoggwapgp ?Esgt ilgr%gunﬁiﬁrg{oggvtlhgé “%anyglg may
cont our eds ar estfipridel ditferdneiannet configiesions hadfdrentinbbbdri dfycliahhelss déderdidg varc as
to be used in situatiogns that require intimte contact to irregul ar .
surfaces. Theatigyananplisatiqn,j Furthesmarsotiis peted thicthisiae of sagkedecomssgtioneant o
be so flexib devl ‘ r . a
20 ai aret er 5 PR SuFR RERoRRAR: SRLHRERHABRR bidy TGl Rt
si gni ficant| yel@est haredw Mid kréndpoavheah axuhahger frorh Rehich alUektdinehleap dlay€ter tate,

| ayer. The inventive devices al so could he fashioned from pol yneric

materi al s t hand Hius @vpertpia fhaidtraasfensangeity.tip dgsredo nChyst @ naBeW devige cambe nade
about a ndgel. th i r.oxi I i ameter. The maki ng of
structurng séfg 3 leng?eag%dd&‘iaﬁC%Fg?gﬁl%?&rﬁggarx{(ggtc%%ﬁ? ed surfaces, on a 25
pol yneric | ayer sugkheastack pOIlEREE ifi IFignrane coies qhysedo iafe hi&ieabPad ehin\aR.
5. 069, 403 and 5. 133,516, both to Marentic et al. Structured |ayers may al-so
be conti nuoustagk fi0ctoopnhianee: heat £xghangg hekwessr adjagept supres: eple gevse rlpyssel 20n

U S Patent 5, 8 » bk f I er y ry

i or ost r uct uPEaeEppy hiuirte JARSAR yine Blyed theralal Fonf RO Sk e 08 (2 for
5. 158. 557 t o fiklitiy Geatadxcharipe IocweH0fltid flowil dkoughathe sticthrébSurbh8 dftone
Barber. 19 SUBSTI TUTE SHEET ( RULE 26) 21 NOV 2002 WD 99/ 66282

PCT/ US99/12103ayesi ? aed an adjaqsst e i% | ayers produced in accordance with such
t echni ques can be -qj esH | : kS LGr i

struct ﬂr ed | ayers I:Hse%%grr(]e |%@Zﬁtﬁg’gégli}gsé%‘%\éh@ﬁ%&%gﬂ:@nﬁﬁ&kgﬁg&g&c}&féé‘g
Wi t hout substcamér Rlyer¢a20 afithon gluthypobdiyets 12- pAOskEohd andjomisitiapet (theg i iBgthe
relatively conplicated processing techniques. "Mcroreplicatign”

q or 5
“mi crorepl i cAPBBSEHpRANE THEREH bal simhreduracs b efanyongoégr allaf dhelayers ddgh
a process ""“ecraﬁ bk E\ﬁlifetdrt'd %%Et‘f‘)dco?{éécf: af ?dj‘%@é?& ure SRR 458 bl\éhé’b’ﬁ*'a: least a
feature fidel1ty during manufacture, from product-to-product. that varies
no nore tdoan piality GheohanhbB 16 e #ijdcenaibest Quiddosoedefine ehe phlpd] \distkete flow

produced such that the structured ;surface features retain an individual
feature fidelR2sSpeefur TR} 1$aftR MYELL € C2R COMPRIGHIGCIOVED layen rcan adipgeah layer 12.

vari es no nor M i L s..f.0 :
enbodi nents | e%@%or%gtgécfég&vﬁn?hgt quﬁ%gﬁfgﬁén\%ﬁﬁgnc%‘aﬁm@q ggrrn‘éelgﬁ?% 8}111" gl
variety of palhgnils®of avgaljdcgnelageri 12ah uith sagnet haningp pd aadn-sirudtined woesrtiayeadd.
curabl e polyners. As used here, . therngplastic, as differentiated from

t her moset . r &Pdhg i Whess it edestipble fo dapilitatsshesh rapsier withiiarphiss ssiemal to the
heat and -sQl i did 1; "ﬁ&ﬁ | R ol Lgifi r h
many cycliesg. s%étkhg'r%g%e p%ﬁ?%rs?ggn t ‘g&}gfﬁ ¢ Fﬁgéng’?a)?ﬁ&e@eebéegﬁ{‘fﬁgm}éﬁ S
solidifies whevehpgee2d ang tequbeided ds therog spFhdeN@E viduaddeif Figire W) ifehtheahaliyer
chains are interconnected or crosslinked. can be fornmed at roomter’rPerature
t hrough use offfestagitheapbigeivt thabiop; conerzlaner 2Q-r Zbe davieonof stackpd (masak laysest 12
in formng a structured | a ' rticl of, 4 he_ i nvention include, but are
not i m t e t 3By HiE o8t SlrusBeed b BRG) 2h day §¥ R g O h6inek in By
copol yners, pkoidr oy lcbfamsofdl WA briiey MMPRImpRKE ARdKEl fbbabhe aratérhyheassy
(PTFE). O her polyneric materials include ace?at es, cellul ose ethers,

pol yvi nyl 3Gl cthlectrsictupd litsgrynhefr thd estack ran yedequiately .defioe wésstate flowppdsyages.dshhis
pol y(vi nyi chl,aride),, polyurethanes, polyureas, 25 polycarbgnates. and .
pol ystyr ene. %‘T'L'G(c’ts ﬁ%c?‘gféta Ove it B8 cagg\g/ﬂeg? Gﬁaﬁﬂf’ﬁlﬁ é’ t?ee‘étﬁﬂeaﬁf Hiej norential
such as acryl ates or epoxies and cured through free radi cal pathways
pronoted chemically. by exposure to heat. ¥, or electron beamradiation.
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As indicated above. there are applications where flexible active fluid

. transport heat exchangers are desired. Flexibility nmay be i mpar t ed) 1 §0% 2001
structured polyneric |ayer using 30 polynmers described in U S. Patents

5. 450. 235 tWOSHHE82et al. and 5,691 (846 to Benson, Jr. et alPCTHREYhHB? e
polynmeric | ayer need not be made froma flexible poI ynmeric material. A 20
SUBSTI TUTE SKEET (RULE 26) 21 N OV 2002 WD 991 66282 PCT/ US99111022 mai n
portion of the layer, for exanple, could conprise a flexible polymer.

whereas the structured. rt on or.. RO, e cou d se_a.npre
G d- pol yreP Ut ARt Rbi? Bechee UG gb MEEER0 pERRN AR BRGE BFaidfEiGiee,
in this fashiapds merabﬁdtuéevéehqm MdeviiAdies Thadhahave 1mo¢raﬁ§bﬁyra5/w Eldmay
surfaces. Polyneric materials including polynmer blends can be nodif

t hr ough el tbedcanetitedytoo differest Huidzsanecealtomvsotageer 31 wuUbh same smntecﬂam bea@)r

t bi al ts.. Surfa ficatj f t
be. acconpl | SHERAE-0GR SSBET SHELPLPERb ALY Baa i AT HiR AT S fBna
noi eti es using i ORI @i &Ed rBRitAltieR- coh@rm%saaé@étkt SC BBy faQérs, eachbhavmg a

graft- poI ymeri zati on” of nonomers onto polypropyl ene, “for exanple, by
ioni zi ng 10 madostuctmedhsustadé.ge hdwmagenuwsumbmmshﬂn@kmm beatl eSchaTS:rd26.

The pol yners_ ma ontain additives that inpart various properties into
the pol yrmeriford I?@é’ g‘Bg |°é§*s?‘ma:6rsemn%‘|"§ S°BT°§S§‘?°@| %Se‘tssreﬁrﬁl ‘15@ ‘&d'lf)‘GHret‘{:
decrease el a I redmg

t he inventi Oﬁﬂ%@ﬂ&ggﬁ%ﬁfiﬂﬂ QEF%YIEE éo?‘iﬁng %E%SCI( bf a‘fwﬁg%e par %HTEPEI i near

t opogr aphi es hasng hetrmatared sirfacet IS evbeard mgjoe lsﬁlﬁm:etmer&ﬁrwmuh peﬁm:sﬂmfz cildnnkRi s
i nvention "film is-caonsidered to be a thin (less than 5

general | W il éi& y lavesidée Th¢ dpesiianesfithe Havehanpels *r}feoféeahcswwd%h leaéer 131]2 H¥ng
I nexpensive {} hgﬁe%irf{&nh'agﬁ'lﬁ s‘ﬂ‘sidn%gﬂ bsGh Qa4 tp‘é n!?% a'r?cg tgé hl'ﬂac%Hﬁfo?frES '

is great. Flexi ns can be used in co |na e range o
cover | ayer ﬁabveihhmied;s @i eh adﬁmeinelameld 2unis Iﬂ‘ppm’ahﬁd' dlann.lsddﬁjolﬁ hayter DI2avdfthieata

supporting bod ere desired. T e t exchanger devices f rred ?0.fro
such ni crost FHCRNEEd 19 Fen FEUROE direy in aﬁ%rrewéﬁv! diseqtion. BHlE chenelfahlp of
appl i cations %; 1%3;90 %fﬁﬁdﬂ%%%'aa&aﬁﬁv 11 xoh%rgu%rﬁ eX&iah QQ% wher e
appl i cations rrant. cause the active transp rt eat e changers of

the invebfi on prefsrabblg. theredcodé nmijer nsface of luyed; Cilzagunedcs as hivevetelyaredosing

commonly enploy a I titu of channe|s per devic shown in so he
enbodi nent s 9 ERApels Gaﬂd*;%% d by @eﬁf\;%traew%sw&spdlvsofi a Adigesny Wéaﬂl%

exchangers cafle ﬁ%&n BOSARSR HOF GuleBNcdfb: Uy el 00 BNAANGL SriBfosclP bhGen FAT®

appl i cations, ive nsport heat” exchanger ave nore than
1,000 or 1I0. (bﬁﬁosxrkgaﬁmlmajpesurﬂmis dae. wﬂ‘bb stmctaradhamfaeé§ lnhaatre éﬁomadoofnmd;a@dt

to an indivi qual ential _source all potential's eff to be
hi ghly di striﬂi?fseg%afﬁ@ |{"|l\r nti ‘é?:tf dP’?'ﬁl gl-targ g h lchﬂ% E “bf

the invenpi onodENdfAEY Qire&ionCardBitY e 'fx%anrQe E&ﬂ%ﬁiudn@ﬁ%&aﬁﬁrwﬁﬂl&%ﬁ 40 of
centineter cross section area. Active fluid BSTI TUTE SHEET (RULE 26)
21 NOV 2002 \Mip@eH6628R stPaiited SBHAd: 1 IB2&X these longitudinal layers 112a face the structured
surface 113 of the transverse layer 112b immediately beneath layer 112a. In this manner.
cover layer 120 is directly interposed between flow channels 116 of opposing layers 112 to
close off channels 116 of each adjacent layer 112, and thus define longitudinal and
25  transverse discrete flow passages.
A first potential can be applied across the longitudinal layers 112a to promote fluid
flow from a first fluid source through the flow passages of longitudinal layers 112a. A
second potential can be applied across the transverse layers 112b to promote flow fluid
from a second fluid source. In this manner. cover layer 120 is interposed between a pair of

30  opposing fluid flows. Heat transfer from the first fluid flow can thereby be effected across

cover layer 120 to rapidly heat or chill the second fluid source. As above. microstructured
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transport heat exchangers of the invention may have at |east 50 ngn@ﬁ)
~inlets per square centinenter. Typical devices can have about 1.0 aW%
inlets per Lcentimeter. As noted above in the Backgro
exanpl es o? Eea{ 9exchangers having m croscal e fl ow pat hmys%eyreéﬁﬁz)l\l}\%el n
the art. Sacrificial cores or fibers are renoved 5 froma body of deposited
material to formthe mcroscal e pathways. The application range of such
devices formed fromthese fibers are limted, however. Fiber fragility and
t he gener al sudfacés C1d dsf;Aayrfrs hEhphomge dphadlag ob iiniserat thin fldidwiohsahronige nenfies
hanpers their use. gh unjt cost. fowing, and | ack of geonetric (profile)
f1exibilityP3sspgesedl h?% exshanggr i1d 8t ity B‘Fi“%gné%éh? irpRid sheas uapgtey berwEse BF t
nmeans. The i r I ers
of hoi 1 ow £y BRLg kel TaRY b bueCSln bEUSa BT ENTH Bl B BETHIREY
for r E al | wittitn ényl duiBeedf tharBanefs vaichin\udafdr bt Betwean aposftihbeatrsexchange
applications. The cover |ayer material. described above with respect to the
i || ustrated embodigvwesndurthsr iHyseratesaf eaver bﬂrveah’%@tjt@b@d toothgseeansr major gurface
affected pr e.th ses at | e at
Y {h%Q. ‘S?a erC g’}o%e excggn er | O%Jﬁ §P 88\{&2 laye ef | a@ B rog }aﬁg

| east one HICFOS tur surface SO as SCFE

passages thusadol tétndaity falffétich daredmedia by @myxeﬂulaabsy%cdwxﬁyIhea&r@sfehexroﬁﬁﬁxley
conductive material for pronoti nE@heat transfer to a desired object or

medi a. The ﬁlrﬁteﬂmtérmsﬂwa&@mﬂs he tewuah tha;petrondatnemraﬁmrta@e géfthhdayend 12xe
cI05|ng sur aCI a al, cont act

T oatr vor FREEdiBF bt Retetifl been 3P lavBE ! L3 ine’BP SRl st T2 B8 propide Jgss,
sel ect edy f ohedthearafek tthzﬁxut'hélrco{?@aﬁvé?%qh@@m aa@mzer?ageu%ecw@ememue b@m@fng

ﬁam lar or dissimlar conposition to the mcrostructure-beari ng rface

terials uﬁ@fdjﬂoas of heat emhencdréyﬁrfon beoklielallhprovidieg mbxwdrurm 10é eqtéraosfpp@r

and al um num f0| net.al SI z ed p
any ot har v mefia B R Rl IRNEE 8 B e Pplie Jhab® Mg g an ©
materi al i s pargR@sh lﬁ‘&ﬂéwh er 010 fieah 288 riR@ Auied-figa heatd@agtéealevmpl i cation.
In particular. a material at has i ng)r oved thermal conductivity

!

properties as coﬁﬂbﬂébeqt(ﬁxﬂﬁéggo‘l 1)Qrﬁ§ igpret thehqvepyibe ﬂ@&)’n‘tl”@-rlmlﬁd 16 ﬁé altemanng
m crost r ct Era(?'e er{.i Zﬁ ne&l Cl'.)S agﬁ% )&% rg?ndflémgr !8%? OJ’I?TI. megﬁlflabs ructure Ci)ﬁ%%etls of

desi rabl &7 e ransport

exchanger haé rane@xaﬁﬁywetst Yss6diatdd Sciiietiee képavard FRSAIRWsARMI BEdrrbegeﬂ inayty
havi ng m crochannels 1n a mcrostructured surface and a cover |ayer. a

heati ng and newer rf BheuneEe agarequinads by u%tSEGFIQG) mhmjxoa c&pr |examplendiignre 7a
formed fr Om er'a f.rsoaS ? Ci h&ha ea“ 0 1ve {Julpﬁr ntit’aﬁ, band aéetcogd llaSXﬁ%} 'ﬁ’en

metal foil. "THE M ct 6 ure-p ar|n I'ng

22 SUBSTI TUIEatdeEEIce(xHJﬂlﬁdZﬁim a s%n%%oﬁﬁié&ﬂat% dNEMc 2068 tl?@ﬂ:#dS&&ké\lﬂa& of
pol ymer onto a inicrostructured nickel toal to forma continuous fil mW|th
channel $0on Badaxsasy 2422 andd 2b havaeihanpds & 16 ofomaed iop 2 Westcmalor iusase PEAlR h

coppor sur f ACPRR T el GEStr R 20 AR maR SoRAREVE BcRi R IRRRAFoapel |

fol | oned by the chirelisrll6astdayerckida dpdBICH Yo defik discrbe fiovapdssalies kad td pomoteThe
tooI used to formthe film produced a mcrostructured surface with abutted

'V channel shegf tangenbaivern a dessitividtlonsacrpss laver Hradpd s segond Huid Bow ao9spm

Thi s resul tq d ar,

hydraul i c rag?’élf;ZloP @Bgﬁ {}s 2Y‘@$ﬂla%83ﬁn%‘r%§?égb§9 &ned?lgﬁd’stafn%ﬁv gan‘?%th
densi ty 230! yrebuet eeach betidr! éd Meléiﬁ&ﬁxﬂhéﬁk%fﬁﬁﬁﬁm Séﬁmzoalot@wmﬁmuels £16 of
noni oni ¢ surfactant, Triton X-102 from 10 Rohm & Haas Conpany, was nelt

bl ended i nt davers A3aeng 3l Jhvare alignedheprasite eatte othar. f 5tgelrceﬁieﬁlggws()raycrﬁ@1£a Rpd

212b having peaks 228 of layers 212a that are aligned between peaks 228 of opposing
layer 212b.

Many other configurations of a stack of layers having a microstructured surface are

30 also contemplated. For example. the channels may be aligned parallel to each other as in

Figures 7a and 7b. or perpendicular as in Figure 6. or arranged in any other angular
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The surface dinmension of the |amnate was 80 nm x 60 mm The netaz H&W 0
~used was a sheet of alumnumw th a thickness of 0.016 nm from R Q d@
Co. The foil and filmwere heat wel ded al ong the two sides par?éls tg t he
linear micr¥QP10®%re of the film 15 In this manner, substahtTdts %1")2

di screte flow passages were fornmed. A pair of manifolds were then fitted
over the ends of the capillary nodule. The manifolds were fornmed by placing
a cut in the side wall.L of a section of tubing, VI grade 3.18 nm i nner

di aneter, | : i : L Ng h:ge: Co. 1.0k r

York.  he s ion bMEEKRRRICLY Sl Mel T MENORAD 1B TR or o Vi
each tube. Tdxehah@ed Baghi aoflutaliey of sticked dayeppeax combial niotehe Mbsdinfcrodinichaed
capillary nodul e, Each tube was then fitted over an end of the capillary
nodul e and H&anael as gamarated 19 gherdayerifeths siask etnd e flomechanpels may; be lgear or
capi |l lary nmodul S I i t adhesive. To evaluate the
heat transfégMégﬁg%?vﬁ%ggn?ﬂ%?Vggﬁgﬁg%%Fﬁﬁaégpgé was drawn through the
nodul e agd cool edt hyfuzihet cehrrapiateq tpd @0stadked icoRettuctOMbAyei ihhictdtdad @i With
surface. The 25 tenperature of the inlet water to the heat exchange nodul e
was 34C wi t Hhessedeserthedslisarinintry ibalude plagl stagks pearged @ext \paenerangther.drikanis. a

through the ynit_at the rate @f 15 mn while a slight .agitation of the
ice bath was® isﬁltcgia ed > Thé @(%Frﬁng og:F/‘%? &rmay & arfaﬁ‘ggcgﬁﬂ’a?ﬂé%?eas?l e
was 500 m . dieeRal ahdk. €Tidh. tHe§ caw béltdlicenradogh e by aSdaPter. oTHfaydfeQBdiiviHuallg

tenperature of the transported fluid denonstrates the effectiveness of 3

t he test nodaiaghadgotfiuaghtrirsterdnbing coroheelikectatprovige BLMBSThSIEE aQldEEad (ishhdE. 26)
21 Nov Z‘I%OZ CLAIMS:. 1.:A he ta excgha e forf ug‘e vvitF acti.ve flgid .
transport, conpri P_neg.‘“m(pél oL 2P F&te quﬂ‘f_{et"alﬁ S SFIEY TGS I'h R EPT G Wl’fgvfhﬁg{
first and segeqd: MaicAkiof U iiRgaged iR 4 hen fihd Sled®i BEISHY hage. b Nalisgles a
m croreplicated structured surface having a plurality of flow channels that
ext end from shoMnrpasitpaiedontan agtive Buiddramepaert hedtavghanger 3dfthatomaybe irthef formt

| ayer and th ave. a mnium aspect rati o, of about 1Q:1 and a hydraulic
radi us of no&tg? @5%“@}‘* Pﬁlﬁgetgg Cﬁ‘taSBlﬁ(ﬁle?ﬁr%F%ﬁB?‘éer gq,r ‘Fffﬁ“agyf"ﬁf&g'tmgcWe‘?a"ieﬁglgerg‘

t hat overli ea,itay,ei;g@sar RoRfd)t i on of the structured polyneric surface and

includes a closing surface to cover at least a portion of the plurality of
fl ow chakel s to HaXergistaradevicap of these adnsyruchiienss paseess [somepensigesBecanst (he)

a manifold ip fluid comnmuni cation with the supstantially discrete. flow, .
passages to ﬁ‘falt g\%f‘sgerp@?@uﬁflpifa BRI éHbYeé?ﬁlsi“&ﬁ ci‘ﬁfﬂ}ﬁ etl't‘%e (e kfeemi“\“Eﬁdclivﬂmd
novement t hr augatibhen RS R@aslsf MRS lafiharFRe R | Hankds Qe 3iORGeRRItPNHOM
such fluid novenent for thermally affecting the first cover |ayer of

mat eri al f or pfidaridiersy thee Huidt atathe fobanrebsvasaier thae theereatest Iveloditan oF lulde at thest

cover |layer. 2. e at .exc er_of claim wherein the first caover
| ayer conpri g%aémglrbsoé'@g% 1P§§%?Ho r%‘l”ffﬁgr‘a’ls%m%‘ﬂl%s%‘?aé?'i QFPW%%P 'f?\erséztc oafnad
second NE) Or cldhElACRS thdr@l toridifctivity OF tise! LR @ndf tht Rghcude @R dimea X efluid sfpends

including a mcroreplicated structured surface having a plurality of flow
channel s, anéovhe dawbihe ehaposl diy flaverefiletss awemoadignifjeant pmneralimegeradient

cl osing surfag Ki t he, pl || substantially discrete flow pas e f
the first | af}‘_é’?_?s ‘.:cq'%g’eﬂeléltcoégf%ﬁ‘aﬁéaetl%&f’tl?aaeﬁerﬁsmf‘_—“??mfﬁp'f%é%‘%ﬁf&qsrﬂ@mat
| east one adéidiisORacchyfde With B! MUaibe WillldRpIB! £ 5indlleraMbidndé bildiedbdcross
second maj or surfaces, the first major surface of each additional |ayer

i ncl udi ng a Hiecthanergd beeause @f thersmailiheatdransfer distaricay i Agmallpd wmakiatyre gfadi¢nsis
channel s,.the,first, secgnd,and ditional |ayers of polyneric materi al

bor o st ke ianespus £ e nGHOWE Praeh R suBliSi e ol A iR GuER dhey
ordered rowscpdnnsubstantially discrete fl ow passages. 24 2 1 NOv 2002 4.
The heat exchanger of claim 3, further conprising a second cover |ayer of
mat eri al , wher ei nResiderctstima of ohret hean trafisferhiduid ebonudhomijtve systerh @f emafl dhhenels
second | ayer meric filmuaterial | secugoigl‘to the fi rs_%ql over

f poly | ,
| ayer, and tﬁgoé:éﬁ@ﬁcfs%\P% ¥ Mgiferm fromsan inle many ¢ ansptiel HENiald, Aoniferm

structured SYddnge Gnd RheREFARChd:AVE" RligRRJKTR] L&mkﬁ&%%ﬁ{ h&h 1644 A5

substantially discrete flow passages. exchanger o al s
wherein 30 | eapdrieacgsorti on of the. structured surface of the first mayor
surface of the second |ayer of polyneric filmmaterial is
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secured to the second cover |ayer to cover the flow channels of thg 1smﬁ
| ayer of polyneric filmmaterial to nake substantially discrete fléw

' passages. @vo@)&szgﬁat exchanger of clainms 1-5, wherein the fd@agwshangal s of
the first layer of polymeric filmmaterial and the fl ow channels of the
second | ayer of polynmeric filmmaterial are substantially |inear and are
arranged in an angular relationship with respect to one another. 7. The
heat exchanger of clainms 1-6, further conprising at |east one additional

| ayer of pol ynerTlhe fedhenominetemakraprogradieng asd pheuegiredsionodt 4 ayiéoren edsidence
polynmeric filmpmaterial, the at |east one additional |ayer of polyperic
film mat er i N AEQIRGLEPUIG osqveral) Bificenry ard fofet ighea MBI hﬁabF@ﬂSg‘iﬂ Allo dr
structured k.40t , r r having a
ol Ural i1y ofth <D Fnpaatr aiter s PRwiAYBE nebl ol LI B84 S0 JBRETRVBED ©

al ong t he shyatedag cobledh@heayatler tehpefatusé dlffersntiafs elioow wbanaet Sorhavaingt ar
m ni mum aspect ratio of about 10;1 and a hydraulic radius of no greater

than about SU® zepes irbtweewd benundgsisatls whepethp| heaplexelanger jsaysedsingthermally

pol yneric fiJ m: kal [ . r_laye e.arr ' t acked
oy, wi ¢ R E PR AlishL S i Sf bt BBt PERE RIS B eR

| ayers of pohiyewsluie dfiHem faisesrifhlid.switiih atic hdae whhdfel moauierindradses tHeosetem’at

| east a portion of the structured surface of one of the adjacent pair of

| ayers of puelpmetricetficiengymat eri al to nake substantially discrete flow

passages. 8. Theheat exchanager. of claim7, further c risi lurglity
of cover layers iTR? 3?%0‘2%’3&5%?9\5%@ zﬁ’hgscfngf/é’ ' m@oﬁfﬁ‘ér'f’ccoflﬁﬁ#ﬁge T i%lé)lr
and covegi ngxapié, @t HRhAARP ZRordarce Wb MWekehf inlvBRtichl daH bk WE&DtoSptblide es
of such layers of polynmeric filmmaterial and to make plural ordered rows
of subst ant Fegling tdiaseqrenuerf NwyPQhas wale the smpH espheestofex ddiasgeagectt IPedsAne
1-8, wherein the~first .cover |ayer-|s.mre thernall onductive th the.
first |ayer u%‘%‘ Sr&cy%tre Pgl %/Ci ?nm%t%fr% a“fmgtﬁ‘fcrtufﬁ'ge?fé%g ﬁg@?c 5?19%’?'?8*0‘124]'&‘%
1-9, wher ei thehhgppropridte \ititddooteingld GdelbpticAiRIng] subh tabiiM melkaCQes) Whera.
11. The heat exchanger, of clains 1-10, wherein the first cover |ayer

conpri ses adiewl israqyired o addreseqonipinationcaneres:ri ng heat between a heat
e eis Lo O A0 neROkRfer TR SR ihoerifn 1€ HREAIR, I hEACHe buble.
proximty to a heat exchanger, conpri sing e steps of: ta providing a
heat exchangiew@rip iseiingafodsaapplicatfonpoMiedevice tad Bt BBkl lardvad itipht beridst
and second mgj or surfaces, wherein the first major surface includes a
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5.514.120 to Johnston et al.. 5.158.557 to Noreen et al.. 5.175.030 to Lu et al., and
30 4.668.558 to Barber.
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tree(tat Pg: I:%‘rus 1nvex(136n(?‘1Q%-l& 1(s)consu}ered %o be a thin (less than 5 mm thick) generally flexible
sheet of polymeric material. The economic value in using inexpensive films with highly
defined microstructure-bearing film surfaces is great. Flexible films can be used in
combination with a wide range of cover layer materials and can be used unsupported or in
conjunction with a supporting body where desired. The heat exchanger devices formed

20 from such microstructured surfaces and cover layers may be flexible for many applications
but also may be associated with a rigid structural body where applications warrant.

Because the active fluid transport heat exchangers of the invention preferably
include microstructured channels. the devices commonly employ a multitude of channels
per device. As shown in some of the embodiments illustrated above. inventive active fluid

25  transport heat exchangers can easily possess more than 10 or 100 channels per device.
Some applications, the active fluid transport heat exchanger may have more than 1,000 or
10.000 channels per device. The more channels that are connected to an individual
potential source allow the potential's effect to be more highly distributed.

The inventive active fluid transport heat exchangers of the invention may have as

30 many as 10.000 channel inlets per square centimeter cross section area. Active fluid
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10>109%&' () -3=109%& ()-1:1"10%& ()-8310%& ()- 71" 10%& ()-ZaBYNC 10yl F" 10%
U&' () -! &$10%amksse (plurgl j_ia)smete flow passages through which fluild may move. A cover layer
provides a thermally conductive material for promoting heat transfer to a desired object or
media. The interior surface of the cover layer material is defined as the closing surface
facing and in at least partial contact with the microstructured polymeric surface. The
cover layer material is preferably selected for the particular heat exchange application, and
20 may be of similar or dissimilar composition to the microstructure-bearing surface.
Materials useful as the cover layer inciude but are not limited to copper and aluminum
foils. a metalisized coated polymer. a metal doped polymer, or any other material that
enhances heat transfer in the sense that the material is a good conductor of heat as required
for a desired application. In particular. 2 material that has improved thermal conductivity
25  properties as compared to the polymer of the layer containing the microstructure surface
and that can be made on a film or a foil is desirable.
To determine the efficacy of an active fluid transport heat exchanger having a
plurality of discrete flow passages defined by a layer having microchannels in 2
microstructured surface and a cover layer. a heating and cooling device was constructed
30  using a capillary module formed from a microstructure-bearing film element. capped with

a layer of metal foil. The microstructure-bearing film was formed by casting a molten
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polymer onto a microstructured nickel tool to form a continuous film with channels on one
surface. The channels were formed in the continuous iength of the cast film. The nickel
casting tool was produced by shaping a smooth copper surface with diamond scoring tools
to produce the desired structure followed by an electroless nickel plating step to form a
5  nickel tool. The tool used to form the film produced a microstructured surface with
abutted 'V' channels with a nominal depth of 459 um and an opening width of 420 pm.
This resulted in a channel. when closed with a cover layer. with a mean hydraulic radius of
62.5 pm. The polymer used to form the film was low density polyethylene. Tenite™
1550P from Eastman Chemical Company. A nonionic surfactant, Triton X-102 from
10 Rohm & Haas Company, was melt blended into the base polymer to increase the surface
energy of the film.

The surface dimension of the laminate was 80 mm x 60 mm. The metal foil used
was a sheet of aluminum with a thickness of 0.016 mm. from Reynolds Co. The foil and
film were heat welded along the two sides parallel to the linear microstructure of the film.

15  In this manner. substantially discrete flow passages were formed.

A pair of manifolds were then fitted over the ends of the capillary module. The
manifolds were formed by placing a cut in the side wall of a section of tubing, VI grade
3.18 mm inner diameter, 1.6 mm wall thickness tubing from Nalge Co. of Rochester, New
York. The slit was cut with a razor in a straight line along the axis of each tube. The

20  length of the slit was approximately the width of the capillary module. Each tube was then
) fitted over an end of the capillary module and hot melt glued in place. One open end of
the tubes, at the capillary module. was sealed closed with hot melt adhesive.

To evaluate the heat transfer capacity of the test module, water was drawn through
the module and cooled by an ice bath placed in direct contact with the foil surface. The

25 temperature of the inlet water to the heat exchange module was 34°C with the
corresponding bath temperature at O°C. Water was drawn through the unit at the rate of
150 ml/min while a slight agitation of the ice bath was maintained. The volume of water
drawn through the test module was 500 ml. Temperature of the conditioned water was
20°C. The drop in temperature of the transported fluid demonstrates the effectiveness of

30 the test module to transfer and remove heat.
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(b) a first cover layer that overlies at least a portion of the structured polymeric
surface and includes a closing surface to cover at least a portion of the plurality of flow
channels to make plural substantially discrete flow passages; and

(©) a manifold in fluid communication with the substantially discrete flow
passages to allow a potential from a potential source to promote fluid movement through
the passages from a first potential to a second potential, such fluid movement for thermally
affecting the first cover layer of material for promoting heat transfer between the moving

fluid and the first cover layer.

2. The heat exchanger of claim 1, wherein the first cover layer comprises a
second layer of polymeric film material having first and second major surfaces, the first
major surface of the second layer including a microreplicated structured surface having a
plurality of flow channels, and the second major surface of the second layer providing the

closing surface making the plural substantially discrete flow passages of the first layer.

3. The heat exchanger of claims 1-2, further comprising at least one additional
layer of polymeric film material having first and second major surfaces, the first major
surface of each additional layer including a microreplicated structured surface having a
plurality of flow channels, the first, second and additional layers of polymeric material
being stacked on top of one another to form a stacked array having a plural ordered rows of

substantially discrete flow passages.
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6. The heat exchanger of claims 1-5, wherein the flow channels of the first
layer of polymeric film material and the flow channels of the second layer of polymeric
film material are substantially linear and are arranged in an angular relationship with

respect to one another.

7. The heat exchanger of claims 1-6, further comprising at least one additional
layer of polymeric film material providing a plurality of layers of polymeric film material,
the at least one additional layer of polymeric film material having a first major surface
defined by a microreplicated structured surface formed within the layer, the structured
surface having a plurality of flow channels that extend from a first point to a second point
along the surface of the layer, the plurality of flow channels having a minimum aspect ratio
of about 10:1 and a hydraulic radius of no greater than about 300 micrometers, and wherein
the plurality of layers of polymeric film material and the first cover layer are arranged in a
stacked array, with the first cover layer interposed between an adjacent pair of layers of
polymeric film material so that the first cover layer covers at least a portion of the
structured surface of one of the adjacent pair of layers of polymeric film material to make

substantially discrete flow passages.

8. The heat exchanger of claim 7, further comprising a plurality of cover layers

interposed between the layers of polymeric film material and covering at least portions
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10. The heat exchanger of claims 1-9, wherein the first cover layer includes

metal within its composition.

I1. The heat exchanger of claims 1-10, wherein the first cover layer comprises a
metal foil.
12. A method of transferring heat between a heat transfer fluid and another

media that is to be thermally effected in proximity to a heat exchanger, comprising the steps
of:

(a) providing a heat exchanger comprising a layer of polymeric film material
having first and second major surfaces, wherein the first major surface includes a
microreplicated structured surface having a plurality of flow channels that extend from a
first point to a second point along the surface of the layer,

(b) connecting a source of heat exchange fluid having a predetermined initial
temperature to the flow passages;

(c) placing the heat exchanger in a position to conduct heat between the other
media and the fluid within the heat exchanger; and

(d) providing a source of potential over the flow passages of the heat
exchanger, and thereby moving the fluid through the flow passages from a first potential to
a second potential, the movement of the fluid causing heat transfer between the moving
fluid and the other media so as to thermally affect the media in proximity to the heat

exchanger.
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