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, W CROCHANNELED ACTI VE FLUI D TRANSPO?TJ&M@WM invention pertai nsgiyayaq]
device that has a structured pol ymneri t contains discrete

m crost r uctWoeWeEHannel s for transporting*fP8#'d. The devi ce BCHUSSYHAZ0 g
connector that fluidically connects the discrete mcrostructured channels

to a potential NPHFROCHANNELEDACTHIVE FLUIDFTRANSPORT DEVICERE! S.
The invention also pertains to a nmethod of transporting a fluid using such
a device and to a variety of articles that enploy such a device. Fluid
transport may be characterized based on the nechani smthat causes 10 fl ow
wi t hin the devi ce. THiseinvéntisndpctrtaapar devieer thai s 4 stnactmed qpdyrhearie surdade! ui d
flow regime that, for the nost part, is the result of a force external to
the device, t thatcpufains idiserelp sricroptsuctunedichannels fogdiangportingyfluide Therdeviagand,

from a pr ober alpoitanapaechs b4l Mgt EeoPREs RO el A beNEed Sitmalsr o
"passive". A ¢ahgLehtdl %lolarc\eedhht ﬁanlf&emu%wk&rpthraag}a%é ¥Rarfkrdetd. d The

transport device. Typically, catheters are connected t0 a vacuum source
that draws | i guiesitibinaioghrtiihe talewietltnd dfitransponing adfluid ysagssueh af dewviad and
transport device is an _absorbent pad or sponge. The design of an active
fluid transporayasety of aislss dkat empiy $1cB@ deKCespeci fic application to which

it is applied. In it | : | yi.d.flo
:oat IhS I I?\Ioolne senseWﬁé@?ﬁ%#&o%s%}%?% %gz%hgjgge?oﬁ?rmcﬁ ﬁ'gﬁl?a?]é}frgtqhet %H?eﬁosew
of runningoa gRA Wethirathefdewicd. "WaEn INGd Branspky fetaim tof d Wblsportdieass filida

heat exchanger. A heat exchanger that has discrete m crochannel s extending
bet ween first flavdregimethitnfenitheomast past, dether tepelt of a force exranalrip thip dByigd.7, 80S

to Ho t al ., 25 Thi i h lLed. heat h i d d,. b
it or oIy de S T R S COTRR G o aBy e, f b oA el oo o
deposi ting a NEhdhort pdaPiiioa @@1&5&3&@ ifRw R:g Re HANQERS Froth Q@Q@ﬁgnﬁh&@nthem

exchanger is described in U Pat ent No. 070,606 also t man et al .,
whi ch i s nmade tbythé deviceygthe fhiidgtanspart isceorsideredothgsiatioutA aathater angeweht of

fibers that are subsequently renpved to | eave nj crochgnnels 30 within the
formed body. kPR®18 }ﬁe »f Qnsacmquggrw%{%gggz WY%@@QF?‘WF‘G?OZ“I%
anot her sense, i o f d { t |yl ow
according to scﬁgeééfl%acgfal %#v%%&g*gtg gﬁt gﬁ@%ﬁ%g{r@&h tﬂ? Ilag?]ge'f P‘gﬁxﬁg{yﬂb&eﬂ
facilitated sidysyive fluidugahspors dogteisearsorbentyat weeporigayer s, or by way of
mul tiple channels. Other exanples include porous products that can be
attached to a pot entheadesign@icamaneting fuid transpest devies dlspendsi largdlyven theough

t he porous pr Os%légitﬁ

c_apgl?c%ﬁof] %% which it is applied. In many cases. it is desirable to control
20  the fluid flow path. In onc sense, the fluid flow path can be controlled for the
purpose of running a particular fluid near another object or fluid such as in a heat

' exchanger. T
A heat exchanger that has discrete microchannels extending between first
and second manifolds is described in U.S. Patent Mo. 5,317,805 to Hoopman et al.
25  This microchanneled heat exchanger is produced by materially depositing a shell -
such as by electroplating or vapor depositing a metal - about a sacrificial core.
Another microchanneled heat exchanger is described in U.S. Patent No. 5,070,606
also to Hoopman et al., which is made by forming a plastic or ceramic body about

an arrangement of fibers that are subsequently removed to leave microchannels

30  within the formed body.
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eXanple, U S. Patent 5,599,330 to Rainin, U S. Patent 4,533,352 to Van ﬁﬁ&k
..t al., and U S. Patent 3,935,863 to Kliger. A fluid transport fl oﬁlﬁd\lﬁv

may be defi ne i pl e channel s that are enpl oyed to transp eh d
froma coll ecSY(g%lrg/&sglg%zte to anot her |ocation such as a 10 stor agegﬁggg%%/gg?ﬂe.

When usi ng such devi ces ite often.. liguld m xe L.t h gas_ and.a

t wo- phase fl ow resul ﬁgl,angg}?ég?%’sa le&aﬁfwurp 8{3\ ‘%aag’tbenfo %8“6{‘ ﬁ%g]aga@fedﬂgﬂd]oé"as.
Dependi ng on m % E&diRS1R8kciteny®! QatdcerRiicd. Nhbd 1, flufd FIRWMmal R fabilidhiey
and gas can conbine in undesirable flow patterns. Patterns known as froth,
di spersed, and sdimglyf thoougham singleatandes, beswveentayeed, loy byfwac of tiudtigle ghatmels.
bei ng conveyed, or such f|low 15 can affect the transport system and/or .
surroundi ng envi Phsheamples mchids peigls Rreducts, dhafn ean %Subﬁcg‘ﬁd dP yaRoteptial

di spersed t hroughout ..t he,| I quj ik ) , e air and_liquid
coul d cause, 5as %eﬁ'e}ea)?gﬁp eé’,w%a{chgte!cg‘%gtg e@E%)r?o ﬁtﬁ%&i’gﬁh £ ﬁj_é)r‘{"ln’qa'l%g.[ml nq?e’ {0
di spersed flow &faaidie, @51 phfeat 5i599i3d0its ReftinaUNSdpaent4,5%3 95 0R) Yhi Belk lehe
gas. Aerosol droplets generated by this flow 20 _ pattern could find their
way into the | ocall, apd¥l.8 dtatem 3,935,868 tokdiger.ng a hazard dependi ng on the
nature of the liquid. Anp exanple mjght be in a surgical fjeld where

bi 0- cont ami nat ed fl ui &ﬁwgstfﬂnsa%gf Pa‘gi @%Qﬁld,s"%ﬂg@gﬁénﬁ ehanpely thatare
enter into work enyi =0l ' ' lnaslu
Flow & wave of feioyes FEhnsigfh fEbiaarinh FoliBloH Sie Mt IR8 o athi'g
forma frothy 255/ rédeplacRasWhen ading Sudhdevides Gaite atted, the ligaidtniixes Rathas
than the average liquid velocity. In this type of flow slugs can cause
equi prent vi br at argha weiphaseplew irampltgpenmelimesean « tirpwlasiunsx offthe liquphand gam

| hi gh | | f.. hani cal t .the flyid, i diti t
Bl rent's | ot he. OFRTARER TS Gitos 306 Aoveliifyit e ol e thel i wCis
action al so coul gorHQﬁé'iPWdélgfrﬁ@l% FRRYVPattdifs. qeidemsafnowa&%&h?d%r&fd. gﬁmﬁgﬁ

sensitive fluids, such as blood that is being collected for reintroducti
during surgical fApwcenusonstings detizméntatly/ affoar2thevdligds b&itid 2 ohvEyEH GO Quch 1fIR
Two- phase fl ow can al so detrinentally i n})act t he, wor kpl ace by generating
noi se during!l hec3n afifeet thedranspert systea and/er syrpmuadingenyiropmest eat ed when a
turbulent liquid m xt t h L ce.  Noj : t ta.be
mnimzed i n many env?’?gﬁ({n@nt s, %ggpg&#éﬁpga\g\%g?egagﬁo%g%é%%ml:réﬁgitg%trﬁiggaﬁmi tgp

essential, such #guid, iafid ARtiLRE séntdg SOMR aiblahd IRALIE dould cauke 86 ahSckatrple,
Nguyen describes an active fluid transport device that addresses noise
concerns. Speci f ecgldrgted oxddasionoef thepliquitor In dispersed iflovy neaely alk thesbiguid is
during surgi cal

procedure The Vi.ce i ncorporates,a val ve ass | y. t hat
controls flowt hFBﬁﬂﬂe‘ilﬁé%H@vfj@BFe?% n g‘b‘h@@'s'n&?‘é‘s&ﬂ{gpkﬁ‘l f%"é"%%‘?%%? ttéﬁl %Yo
control s noi 58 byh&dUWRId FRdSHES! WAy ih8Whé NEQUFAVIrBEMERY taR: crbRichE hazard
active fluid transport device that i's used in the medical fie[dis a fluid
recovery floor naepdriditg bs tie nmamre ditHeyliguidi |/ablerampltemighi detinadsurgiaaiefield
""Fluid Control" floor suction mat, from Technal Medical Products Inc., This
product uses _ b&h?ffbé)é%'fl%af&mte@c@ﬂ%’ asRirded dor disposals beromre perasolizad jand
froma surgical SIRAS irﬁgr\L&E environment when collection canisters are opened. In slug flow, a
wave of liquid is picked up periodically by rapidly moving gas to form a frothy
25 slug that passes along the system at a velocity greater than the average liquid
velocity. In this type of flow, slugs can cause equipment vibration when impacting
upon system components. The impact can place a high level of mechanical stress
on the fluid, in addition to elements in the system such as fittings and bends.
Violent fluid transport action also could possibly break down the cellular structure
30  of stress sensitive fluids, such as blood that is being collected for reintroduction

during surgical procedures.



15‘a surgical procedure. The device has an absorbent mat that resi dﬁ @9%?
,a multitude of parallel channels. Holes are provided in the channel 0
"surfaces t{afooigaier face with the absorbent mat so that flui pcrasnyeird by

the mat can be drawn into the channels. The parallel channels are connected

to a mani fold that 1400 LING; V. [

accunul ated on t heT%hﬂEgr&gﬁn%\&/g?ég%% dggu%ﬂ%?gsgﬂxﬁégg gd@érhﬁlgﬁ%hylgg%gﬁ%l pl e
channel s by afiteydutthgathe fluid ntan§istauThat e noBe Gy oftenl ctéardi wheraa tdrdbalent

t hrough the channels as a liquid/air mxture, the device has the potenti al
t o generate nliquié mixtyea moyes ﬂyommm deyigey| Netsetnellytioh musebe miniweized by t he
suction system air .can mx wth the |iquid.o generate .noise .that .can
negativel y af P&t ARSI ﬁéngﬁwpowb@ﬁtgoo%cqg%gpm {oByjs eRgsntial, §uch 955 ¢
Skow di sclgpseg, AR @&iih%?o&h.“i d transport device that professes to gently
and conti nuously |Permv unwanted fluid froman operating field during
surgery. The devi c¥.SutHatént @$0.00h966.5846 36 Wzed destribes dnl adtide tfhvad ImspHort
mechani sms to _renove excess fluids during surgical procedures. It includes
a flexibl e madevitsdhataddresses nisaganeemms. SPepEcaNy. aasvgtiempwpiratod is describedat 30

is a flexible,sucti ube that, Ls tac a8 ion sour.ce arid,that
renmoves fl ui dthpfgﬁsgcgg&!ﬁ% S‘%’é“%‘r %‘?8%%“‘?% h?geo%g ‘g%‘ %S{P&raé%s[%y%&' B g>>c éey t ube
has one or mogg Jontrdls Wow WHoBEB4Re Uefick 1o \MedAER2 nBIST! UBROA A0 Hurhipteas, i n it
to allow the recovered fluid to flowfromthe mat into the tube. Becduse

t he devi cH) doemntrotst nagsedhyoregniating phationi flooy dtreughhtherdevse. it i s not capabl e of
distributing the suctjon effeﬁt anongst such channels, and the yse of a

tubing can restricANAET actite Hwid transperk deyics ithat 1s 51 methe spgdical teld, jsp

t t [ i ' ' iy Ui S
Patonts. S, dar Hayee e R apERe i Sorralgh oillF, (idk: AETRBLRARE PLIL T o
al ., a nedi calCoft/6ll’iflodr anRidhahatsfrom TéchablosedicahPioduas UsefTHis payductalseect i ng

bl ood and other fluids that accunulate in a patient during surgical
procedur es. ThethpapsayeaangsadtiveImesas tareredediwdnthat fdhirpma surgicalisite duting hed

to a suctipn: sour.ce via 10 £l exi bl e \backin ate. The backin | at e has
channel s t‘ﬁat adﬁ‘ﬁ‘@ﬁﬁ rerﬂgecflg ‘ovt‘?ee e\“lcﬁikl?st%ﬁfﬁbﬂ“o?‘ﬁff b re ‘?Ssg%f%ﬁa? at us
is highly Susmgﬁ“ ¢ Bf [paralRN ehaneRd PIAIe3Carb G841 In AAANA! Surfiedd HlaE

woul d commonl y etlu ravv?? tﬂr oggh t he appar at 5@ Her gertlr obe“cfgéladeugcrl g{s? a
recept acl e f ofinterfddeewith tig dbsortdnt matss lieat ffluid recwiverzd bypte a&iat regn bearawd he
device is described as bei gﬂpespeci ally suitable for collecting 15
irrigation fl ingshechannels, Jracadlel phanngls are sornpsiedde agnenifadd iy attachgs ger y

joint, e.g. . le i ' L1y f d h
2 ori tvor k. of astrr0E, Tt FETHAG s Pelhfudth PRI o) Bn B0 "
t hrough whpch fhdiBafed Cti¥RipBOthl! Mulipld @henreds ®haippiyifig fa0vstRImMbeBrARE LiRE

receptacle and the floor. The channels direct the fluid to a comon :
di schar ge por trecoxpied Higuid caneflewihwagh dhg ghannelscasi pHquidiirgaixige. Beslavise of

t he channel caqnfi.qurati.Q this device. |like ofhers sSCri be bqve, ,may

easily creat g%&sf Pg?{%&‘ég‘ﬂ %\Sf“&? apef Wit S QWQ&)B% d é‘ﬁ’é’lg tugc &a&hﬁfi cant

noi se pol | uti q. et dfion Is§atem, QirdtdH Rtlx ORith ABe 1RJui® S %@ﬁ&ﬁ& Rie #® Gahbed,

for exanple, in U'S. Patents 5,445 ~ 71 to Degen, 4,623,329 to Drobish et

al ., and 3, 59&eg@ivelyoaffst INepsorking enviroemeegen patent, a col |l ecti on of

hol | ow t hernopl asti ¢ fiber strands ecured tciget her and used in the way
r

of a separdtory deW-8ePatemnd ]‘&%vf”éggﬁégstg kpy disclesesansactive Buidalanspersi c

are directed to_cathet L ar . r._nore
secondary fl ow&aggstggepg{)%f%eggée%ﬁggta&g%ﬁhpﬁ%|unsy ?3\3@@@?%‘%@5’%3?%@?%‘?@? al

devi ce i ncl udespesating Trebd dutifig S@ERAdaTHe RRORAARIEZBAbothGfas@VO aNE R figaned
wi thin one of the defining surfaces for increasing surface area that is

accessi bl e t o trdnspait paschenismist toi remdve eaesndiids dass@gergidah proceditépsi kt
patent, 4

includes a flexible mat that has a high wicking property, and embedded in the mat
30 s a flexible suction tube that is attached to a suction source and that removes fluid

from the mat to prevent it from becoming saturated. The tube has one or more



L WD 99165542 2 6 ~I OV 2002 PCT/ US99/ 11020 pl ural secondary v-shape}j v 2002
grooves are arranged around a primary passage. The v-shaped grooveS'g”g
encl osed by aw@8%/63542 ube that is perneable to an anti bact eri al PET/US99/11020
substance. The present invention provides an active fluid transport device
that includes 5 bolesireit toallpeityecoveredafividita flowhfromithe mat frito she twhi.oBecause
surface. The first nmj.or surface includes. ffa??tructurhed urface that has z%
plurality of sub¥¥€affyiss I‘&Peﬂi'_g’éreé’c‘ o?’l‘BWUB HETe f Q’Ei_lfi%d“tﬁe?‘%‘oﬁ?papife 0
flow channel s exfighith g The sidtloflerREl Shoddt SucHEAeIP Url th8L00 8¢ bEbing can
structured surfacé an ave a mnimum aspect ratio of about 1 an

hydraul i ¢ radi usregi@apglic@tiohbfun tidavice300 ni croneters (gynm). The transport
10 device also includes a connector that is in fluid communication with the
di screte flow channel Otharhactivenfheid ttoansport predugtspdiabare used fo egeosers Buidseare

Channels (o pr onBFETPFAITICOVEAET SEAT0L §pde P Burehenerad fo bisfesnraater.
potental t0 a 5599 BPAION alicalulflsh AAHAN is AURRAED Bihy Ko schul P BB g

characteristics I npart nunerous 15 vantages 1nto an active

transport devi ce bidvdtandoiestifRadd thet dcoiwaolatedn.a panenpduringGukgical prededaiesr iThei C
is the use of a mcrostructured surface that is fornmed froma polyneric
material . The pokpparatue inchudasian|absgrbetdoan pad thay ds aftashed tor 4 seasionsoprce via a

t el li gat ' tively i ' dur.i
mant act ur e, The TRSEReant Bl RePeLaR B1s b BROER et BrEd e rreaveedan
be readi |y repli gRiLthwildUsi 9. "hidiapParffus RNt dHN shREPIBIIUS gehBGting noise
structured surface thus can be produced w thout costly processing

condi tions that wecdule afligeidiais miktercomowd cemmaonbnbaidiany thitolngh thecayiparatuse s
such as machi ning and chem cal etching. The uyse of polyneric materjals for
form ng the microst ruditiEeyosds dgzcabs %E?ceafﬁéla??w“ﬁﬁmﬁwéafwm the fleqr of an

fidelities to be naintaiosd. iThelda: : ' ,ah
25" tol or ances. AT BRATTY, MRS gebynirer oI CEaRIC o Bk Bl

fluid transpgst dayation fluidshaepimslitgiesl prycedatee chieings grrystdpic sufiiklry bavgoiat,
| ow tensile nmodulus. Articles using such polyners may be confornmed into a
variety of confi qug-at knees The recaptpelads thin ppd pengraliyhBatang\has jaggridyrorliof smalle

fl ow channel s that haye m ni num.aspect ratiq 30 of about. . 10:1 and a, o .
ydraul ¢ radi us RSP oRR BeOt e ARGt b St ProRl Mried MoePlier St uie
channel s that al | gyd @&hahndétorfikd bBGveRR iRtbécpraclCardahé iNébH €Phdchannds BirbeV
2002 WD 99/ 65542 PCT/ US99/ 11020 anongst nunerous channels in a highly

di stributed mannehe flRat foex cdrhmon ldssckargd poqpovianh sy’ te doahedtedefof esatction device.

transmtted through, for exanple, a _single |arge channe|, the potential can
be distribut &d ang‘?ﬁj“%? Qfshe chapngboonfigrefionsthis Mcec]H%FrR{lé?fé Eféi%e@ RBOVERHaYne

channel coul d SchgsBeal bkl il R, Vb SORPIEhEH HEHBI
pl aced on the pollution.

Other flexible tubing devices or catheters are described, for exérn;)le, in

U.S. Patents 5,445,771 to Degen, 4,623,329 to Drobish et al., and 3,598,127 1o

25  Wepsic. In the Degen patent, a collection of hollow thermoplastic fiber strands are

secured together and used in the way of a separatory device. The devices described

in Drobish et al and Wepsic are directed to catheters that have a primary flow

passage and one or more secondary flow passages disposed between tubing layers.

The Drobish et al device includes a concentric secondary passage that has grooves

30 formed within one of the defining surfaces for increasing surface area that is

accessible to fluid passed within the secondary passage. In the Wepsic patent,



fluid as it noves through each individual channel. Reducing stress g%n%w
 inmportant when the fluid is delicate or has a norphol ogy that should™n Qg
altered. TRig 6?6’534%39 an inportant consideration if the transpefigsh/fibi d
is, for exanpﬁe, bl ood, colloidal fluids, and other non-honogeneous |iquid

m xtures or su nsions.. 10.Additional » arfh Lghl i St tenti al
effect also eﬁﬁ.ﬁﬁ?ssecf%dég ngP %éjegcll érgo egs 4pl)rf\éace E%)cggf(i{‘ggsa %H%Q%E%?Bg% ?g'ﬁt act
W th the changahabdll @bsvedlardsticldts by R bulX &bl tRat ib bernitRbied @RAtaniBacl&ridl Ve
fluid transport device is configured in the formof a catheter connected to

a vacuum sour sabstdrice. use of the microstructured discrete fl ow channels can
allow the potential_fromthe vacuumto be sa high distrjibuted that 15
mnimal stress is piRSEEICHHARYEIUOB HERYigesanactixe ﬂﬁ‘g&%wp%s&ﬁsg@a thag ingludes
potential at t:nl : i U n I | S can
B low a fl0i dta?%egg?p@ﬁl&??g ’ﬁ’%?ﬁ‘gﬁgé‘%ag@u%“&%ﬁ@mﬂ?ﬁ'ﬁ‘ﬂﬁé%g‘ﬁ’gﬁg to

near by tissuesnclddie drsgi@ciednsieface thad tdsgaliphiraity of stlbwtantialigndisoteteafiowve
fluid transport device also is advantageous in that it allows each
i ndi vi dual cha&hangielsidisposedithereon; [The flowighannels gxignd fiom & fiestpobitémea second

environment. And the discrete channel system all.ows channels to.fi r
el vor d i RAU aTEIne SRR BE A RpAL Aol Fp Gabebf 10The
conpl etely fil afabli radif {ek ehan sbolE3ENRRELAGANANAR! TRORLAPER
only air. In éhﬁée’ﬁt“i onlalr&%lﬁyu?%g}t@ragnsport odevi ces,rbt hte cﬂgﬂﬁelg gé‘?p?rﬁch

| ar ger andfor daviee ratso idcindess eommedtor hiratas dn dluid temmmidadion veith we-dikaste f1 ow
of both liquid 25 and air. The invention's pronption of single-phase flow

for liquids alflay cbawelsei the gonnegios adlopsean petentdal. fiom Aesourgueerpals the

t hrough t he deyj M Nieni.z LsSQ; | i i ' hys is
advant ageous %#ugﬁéetadnﬁlyﬁggn%%ﬁeé o?é)égxﬁéep;tl °a‘§£é f%&’ gﬁ}@elsﬂ é?@%@?& é\%‘a_a
l'iquid from onfovdnient iRodiithe Blow chafifels from 468t pbtehti@mitd alskedGloeenngl.s 1n a
structured surface allows the 30 device to resist relatively high inpact

and conpr essi on f orBhespregsanitivantiomidsesnunaber of shanasteristicsitbattimpettinapeeowf t he

fl ow channel s. This advantage enables the acti 6 ?..6 NOV 2002
00/ 65542 3%1@@9*'}*1@&*‘625‘%% ivE R Farspogielivics ey BROQHESHIE A wnfigay s
where such fm;&é?ﬁcdﬂ:%&ra@érigﬁgfsqg& usd f a ﬁﬁﬁg@hﬁ‘ctuﬂéﬂ‘iﬁﬁa&%}!b’is%hﬁ froid" ©N

the fl oor wher'e persons wa uring ort copli c surglcal procedures
where fluid i sapslgfhetio nkaéinll thepolgherid matdrial alldwatiedstartured StkdhdeVto be

uni npaired but often requires a flexible fluid extraction nmeans 5 that is
subj ect to comgsceratglyFepbicatad dh a aplgtively drp¥paRsi Yheanngs duiingt manufpasurep Theh of f
conventi onal tugi ng.. In d rd bing the (%iestent invent i onl? ”}aﬁ'fm I]owitegg
terns are def i PRIYMEHc Javer dhat beays e, microutriiciured, Syriace qap be, xeadily rgpliga
channel ' s 4¢engiding 2 molding BFlERAkhp techAfdue!S Thd QrudtareaaatfRée thiE @RS b&Pdduced
mechani sm e.g. an apparatus, déevice, or conbination of parts, that is

configured to withow captly preessing ainditionstteatwailld pthemvise hotetriied IWhepursing
al ong discrete mcrostructured flow channels; " il.lary nodule” is a.
evi ce. t hat - poREX ERENNG,SHEk &5 ARG R EHATRIoR SHBGa THE 5° ah 20lNadie
channel inlets P : S .y T g
Fb(ﬂn &’fh tufddSabatEalso 24k & vidudY
channel s t hat g‘r%{ewlgggg e (l) |h3%1%léor§§§cr1%l Rc/i accomgr%(léla}t:{yl1 nlg&gr?gé)‘t lg}l@l ig?m{eo
direct a fluidfidélitig ® [bar iainthiaed dhatiee maubtaitg procesd rudepdaident high
adj acent channels; "Hydraulic radius" is the wettable cross-sectional area
of a channdi dtolgrarges. Additionally, the polymeric material enables flexible active fluid
transport devices to be produced by selecting polymers that have a low tensile
modulus. Articles using such polymers may be conformed into a variety of
configurations for various utilities.
The provision of discrete flow channels that have a minimum aspect ratio

30 of about 10:1 and a hydraulic radius of no greater than about 300 um affords

microstructured channels that allow the effect of the potential to be divided



by the length of its wettable perinmeter. For a ci rcul ar channel , ? NOV. 2002

hydraulic radius 20 is.one-fourth its dianmeter; "Flexible" m neans éapabzl

of bei ng bentwereofgkepsed wi t hout significant fI ow channel const rp@t/usmnozo
"Fluid" means a volune of gas and/or liquid; "Mcroreplication" or

"m croreplicategmo ?\Eﬁﬂﬁuﬁdﬂ&tﬂlﬁﬂﬂﬂ& 98 HghiQ d2Sribited @Rinhett RagEr Hah{RO€ the
through a process ere the structured surface features retain an

i ndi vi dual f eat potenfialfetbtal yffd@rﬁamgmmmm: tor mmmq@acsmgic large phamiubthe
that varies no nore .than  abput. 50 "M cr truct | s"

"ni crost r uct ur edenER ‘@Hat’r‘?rfg?tgbmleg aH‘a"é‘é gy ge B%Eﬁ‘éﬁt agp ¢hangels tSB‘:h that
channel s that h t f : I |ic
radi us no great 2‘}6 ‘ﬂeaﬁﬂa out %g%%még éﬁ%& tgéﬁ@jﬁ é%% t\g%gggﬂg%%ﬁgﬁﬂté

PCT/ US99/ 11080 'chednelreAi tﬁglmllytcﬁﬁthbthted porntialeffirt eausas lekd airessIo beplRed bY the
conmbi ni ng nononers to produce a natural or synthetic organic nolecul es)

t hat contains orihnd)rasmtrmowwemugig eagh tindiv aahlaynedr Rtedegmgastte}s aan areged
moving & f1ul o; TEepgEathaihe SouF S defigne SE R BoriogyBon shoufEhciBe aered: -
means any ent'tynﬁt@gn bR, 4 Rl oRdiBRLYS 9 ﬂﬁe{rﬁlﬁ’g&‘?{d A8, BE ExhRRE.

can nove a fluid; sur ace nmeans a n anar sd ace

has defined featyls&s coNoidalreidsagd Gthee dohbaivgenevt thl'dCHmdtuxle§ oRsuspensions.
perspective, view of an active fluid transport device 10 in 10 accordance

with the inuénti on haAdditonally, adighly distibiyted pmnudmffentedswenables l@aqastteawr
24 to provide I pl e discrete channels 16 t tb‘g n om"run cat ﬁn

a vacuum sour ce 0f4Plagqdcon Hlems tf\gtu%q{nezén ﬁp'éta%tnﬁ" Gvsch'i‘ﬁn t‘?ll‘}t?t A %‘ﬁ eI‘Say s
12) 12b, 12c, 1.‘:!51&3 RRE f ed
[ n) an active t raén Iieahi1IHg "g%\éﬁg%&?w%acco%nﬁﬁgt %&t}l{?%h S%ese &?xv@ﬁ?ﬂﬁgn;

FIG 3a and 3b adaﬂ]&&moﬁﬁéwmﬁolmvacumoﬂfcesﬂkmé of tha rhidpetraiciurdd/dibdrate iflogy
alternative channel structures that nmay be used in an active transport
devi ce in accor dhanecigramakion the patental; frara the yacuum to bese éugiﬂpérssrpi@md that

o o o LRGS0 A0 LSBT AU BBy
device 40 of Fl Ghafindlafits. 2l THeadtiveefldid- ¢aisport device thus can allow a fluid to be
removed from a body cavity while minimizing damage to nearby tissues.
The microchanneled configuration of the inventive active fluid transport
device also is advantageous in that it allows each individual channel to readily fill
20  with fluid from the ambient environment. And the discrete channel system allows
channels to fill or remain void independent of one another. One channel can, for -
example, be completely filled with a liquid while its neighboring channel contams
only air. In conventional fluid transport devices, the channels are much larger
ar.YYor are not discrete and therefore often contain a two-phase flow of both liquid
25 and air. The invention's promotion of single-phase flow for liquids also
beneficially reduces the stress on the liquid passing through the device and can
minimize noise pollution. The invention thus is advantageous in that it is capable
of safely and quietly transporting a liquid from one site to another.
Also, the use of small flow channels in a structured surface allows the
30 device to resist relatively high impact and compression forces, bending angles, and

vacuums without collapse of the flow channels. This advantage enables the active



FIG 5 is an end view of a stack 50 of structured |layers 12 that argp gy 200
di sposed upon one another so that bottom major surfaces 51 of the Ia@ers 12
close off the 25 structured surface 13 of a |ower layer to define multiple
di screte cWShi¥6F¥216; FIG 6 is a perspective view of an asfiGTaOP R0

accordance with the present invention utilizing a stack 50 of nultiple

ni cr ost r uct urfld trapspost devicertpche ysed dn gitpations avtiers, such; foyges mighbgpresenit i ve
fluid transpoirt devif:e 6 ihn accgr d@ngre vvlﬂt“p the reesent invelnti og whi ch
has a ni crostiPLEFIPRY Padrs heaky oBIects, o any g fIROT, WhSKS" persons Walk, or dugng, o

mul tiple di sffoScohaniflical (f8tedur@MvhetehAhidkE UQwQ@%%e\Dtlﬂgts\%@gEalasiflé rst
mani fold 66 and a second manifold 68; 8 2 6 NO~ 2002 991 65542

PCT/ US99/ 110Z6flateGand vishhlhystmiatpagred butseftenfregineesasiiexibit diuibéxtgledvmmeand-| G 6
on a patient; and FIG 9 shows multjple uses qQf active fluid _tra,nsgort

devi ces 4@, Shatiasubied tp gomnresyien 8t high anglsrhendingithe woyld ptherwise pinch off
conponent s arc%nl %Reln%fjtu‘ﬁr} h I'i ke nuneral s throughout 5 the several

i |l ustrationsS VA H %h active fluid transport device 10 is illustrated
whi ch basi cal |y i ngJ gedesbiig R Besét iflerthy IR fofloWRigeiehl atd@dfifd8Sstet
structured surface 13 on one of its two major surfaces. The device 10 al so
i ncl udes a sdiortbdelow:f or providing a potential to assist in noving a fluid

over the structuregd surface 13 of the active 10 fluid transport device 10.
Layer 12 al so i ncl UMRECHalgdly theatio O?BCﬁr“?ﬂFi ngth toriis hydraicaadibs:sur f ace 13

proj ects.,sBody | ay (v, 0 p uct yr 13 L0 retain
t he indi vllggual st rﬁ(?:?%lrég F)f e@?ﬁr}rsegﬁ?oggchg?grﬁh %'g'y:a?' ia%%%g%érg,el‘écoeﬁa% be
conpri sed of §dngindlien ofSgdits; tHadiglcordigurddgiotallom epplithtioMbf & hotsayiabBomh®sen
dependi ng on the particul ar application of the active fluid transport 15
devi ce 10. Theoterijad sourpe alonp disstese migrostuspied ot daneglsihecause such

materi al s can be aggur.at el W . Great I.Clostruct ured surface 13.
Substanti al versat i¢?]¥1.@ar?'srx %f{/ua(@i’fl£ Inlggl &eegbceégﬁ Z)S%S%ré%rge Mfré’rsfn_écluéresdg’g‘_éss
many di f f er enghaphIR R4t heve Sanh@dhRis Aid chasncPdatiftgeds. Polynmeric materials
may be chosen, for exanple, based on flexibility, rigidity, perneability,

etc. The Use of a pDisgreta flow2chdnaglst ate? chargolsathhvws: capableuct indeperslantiyace t o

be consistently manufactured to produce a.|large nunber of and high density
of channel s t A&CMA ‘@&ﬁﬂ’@&"l“@*ﬁﬁ&%"&? %P&BPPT‘&H/L’&I‘E et suosntigily;s, 3

hi ghly distri feh iy |System can be provided that is anenable
to being mnupg%?%}(gh %%d cﬁl?l;(%gfntéeve’l of accuracy and econony. The
structured pol yrer i'Hyédtaufie eadids3 isrehe Wettabbederofs-suatibhe asaanaf 20¢adfeldiivided ent
materials of the body l[ayer 15. As shown in FIG 2a, channels 16 can be
defined wi t hi Ry theclengshen! its ovatiablecpesimesere & oniacirenige channgls theahysarudistyaditsre nt
by a seri of v-sha idewalls 17 and peaks 18. In sone cases, the

AP T

sidewal | s an lalrrn?sﬁ}eréxt end entirely fromone edge of the |ayer 12

to another w thout "Blekihl@t m@hs caphble ¥fMPRingl Bent @FFlexed without significant flow

channel constriction; .
"Fluid" means a volume of gas and/or liquid;
"Mic}oreplication" or "microreplicated" means the wroduction of a
25  microstructured surface through a process where the structured surface features
retain an individual feature fidelity during manufacture, from product-to-product,
that varies no more than about 50 um;
"Microstructured channels" or "microstructured flow channels" is used in

this document to refer to channels that have a minimum aspect ratio of about 10:1

30  and a hydraulic radius no greater than about 300 pum;



30" applications) it may be desirable to shorten the sidewalls 17 anfl ‘N'@gﬁﬂﬂl
extend the peaks 18 only along a portion of the structured surface 1%. hat
i's, channel s w0 99/655426NCV2002 WD 991 65542 PCT/ US99/ 11020 t hat parmaussefiicaed
bet ween peaks 18 may extend entirely fromone edge to another edge of the

layer 12, or such chapoBinserit nisetiadninieddhe slahhweal tihateist €dichedvdy Eorbihingon
of the layer 12. Channels that extend only over a portion may begin at an

edge of the | ayemonbersto ptoduceraypabegliar syntheua drganiempisgile(s) ithatwontains arge 5

structured surface 13 of the I.ae/er %gl The cr nnels a gﬁgefi ned in a .

or edet er m ned, - (¥ SIEF 5P WFIGEUATE A HFRERIATY. AETangEL By DE ARSI BElePUeior
I i ial. Ol - .16 i d

polynmeric materia %0%%{]{%&5‘5%%{&}% £ %le%@%&i}g@g’ﬂ i's opene

at one edge of the |ayer annel 1nlets urd can thus

pass throughsthe inl etPotchtiasouted! by "soncecthanpieiided @ peremial’ andabis ahgentgye
of the layer 12 to a connector 20. 10 The connector 20 preferably is in
flui d comuni catthatris vanahleefshpplyingenergyalon épisg Yeork has gghmene kdhuid; (andt

shown) and also is inJluid co nication with the potential, source 14.. The
connector 20 may be fasélPPFB’ﬁ'iéﬁS‘fqﬁgéﬁ EARSE Ponplanag s at}é%sqe?‘f‘féf“ra&lr%mi n
FIG 1, it im'”ad;?é bd S thobaenMani fold 22 is provided with a _ plenum
(not shown) that sdﬁgﬁlﬁgd int%r r?zra‘F/Fy therein and which is in fluid 15
conmmuni cation with cheld@el ds kSperfpextivh evienn ofagn sictiyd Wiuid nfanseet devibarmoein
within the manifold 22 that s sealingly connected to at |ease a plurality
of the channél s aceordange wahithwweznongryvm F steyctwpe layes AR-qompined withra edpd,
li ke the | ayer 12. econd .mani.f.ol d.(not shown) so may be provi.ded. at
the side of I aydRya 2 arngar b 2itetst sEPERl R e Y e mBniAiot Rifhie
16, dependi ng onydchemPatideaqt ar 20 _ application. In accordance with the

invention, the connector may take on essentially any adaptation that
enabl es the potential Fi@ Ra throsighf 2y aed end orewhefsgmcomed dayeneyl 2mill2bi (12e,

channel s. Al though a panifo ith a pl.enum and a tubin ave been

descri bed, ot herg%‘t‘iﬁ&f;’tmsé‘we ‘\ﬁ{?éﬂelé'é‘%&wﬁ?‘%%%ﬁ?‘éhm% I‘ﬁgﬁgg‘ aTLHRCUYE ATa8SRARY
gaskets ?5 that el j Qi t htinb e flow channel s and permit
the isolati oln~ oréép\}z;éeﬁ?]tcd ?%‘h”%é&r@é‘?oh%?%ghﬂﬁ“gﬂ‘é@and | oner potential from

t he surroundi ng envir BiGERd and @bearecop exxchérasited vieowrs ofsstnicturkdilayernilRitratng

The connector could also include capillary fjbers, for exanple, |ess than
10 umin i nner deleraatiie, chanpel structyres that sRAILIRE csed & ani acHveFansRary leies in

channel to allow_individu luids to fl.ow 30 discretely through separate
channel s. The coﬁ%cé)ﬁciaé’Fe ‘évi‘ Itge Bﬁeg%ntﬁr’eveé{lnl)t{)’\ll ded chanber(s), a

m crostructured flui dpegnglyd b ¢ fki:@él[v%' Vivw St aNpdid tr&chvely devideSAPfftecbfiance 6
10V 2002 WO 99/65542 PCT/ US99/ 11020 relative to the di'screte fl ow

channel s, or206 or wathahppeeserd isyestiomy or nechani smthat allows the discrete
m crostructured flow channels tq be seated in.a c ntr',fuge or that IIovvts) a
esd0 ¢

flow stream such as aff@t4? & patay 9r@esf$atla@a‘e4i\ea%ﬁ§|thq awf Jeeavery, devas

cl ose off or enc e y.ality of the channels 16 at the peaks 5
18, a cap | ayer ﬁéh%@gég}%ﬁgtlgﬁgéewé’ agai nst the structured surface. _Cap

| ayer 24 thus closes #G| 8asin endoliewadfiat syackf5S0tdTatrabrirsteagert 02 ¢iat atecdisposed
di screte flow channels 16 in a capillary nmodule 25. The capillary nodul e
typical ly woul d higoe ofe anpihrhss thay bottomgnajor synfacesdl exf sht deyprs Yoelese off the

D cally 2 b M OBl el B0 IR ASEN A SR AP B5E el 8
FIG. 6 is a perspective view of an aspirator 54 in accordance with the
present invention utilizing a stack 50 of multiple microstructured layers 12;
FIG. 7 is a perspective view of another active fluid transport device 60 in
accordance with the present invention which has a microstructured layer 62
30  covered with a cap layer 64 to define multiple discrete channels (not shown) that

are connected between a first manifold 66 and a second manifold 68;



10 active fluid transport channels based upon the creation of a potggtmqlmm
di fference across the channels 16 froma first potential to a secon

pot enti al . wienpydsggper 24 typically has a thickness of about GdEdus®iriczm
nore typically 0.02 to 0.5 mm If the channels of the invention are
hermetically seal e, BgNuéthRes'd @eidTltiee Wmafshowﬁhammlesorpygwer@%ﬁr ally
w t hstand hi gh pressure without rupture, as a result of the 15 hoop
strength of the snEG. 9 showsi multiplecisas o€ hetiveTiteid drpspoaydavid 48ap4bandoéhded
to the peaks 18 of sane or all of the structured surface 13 to enhance
creation of diINSEPEBUBRLYMEI s 16. This can be done thermally or by using
conventional adhesj.v, . QHR@ Ll j t : i j 24
and the pol yneri csrgttﬁggé}?gﬁq[kgy%r 1 Ehtgoar?%l!%b%%g »21?1 g?@é@%ﬁal%ﬁ@?@o@ 20 16
may be accpnpihesbeehalilvisttagibndieat bondi ng. ul trasoni ¢ wel di ng, conpression.
or nmechani cal engagenent such as an interference Fit. Bonds nay be provided
entirely al ong thelnpdéksl as actdve Huidctagnspery devize 1006 lltlmﬁératﬁdndhiCi;stgasib@ll)spot
wel ds or bonds at | aced .t hereon.in,an ordered or. rapdom pattern.
Cap T ayer 24 BristeaEr P ofpfiERert Mo Rt o Siiehied strat b 88 oBRat o5
pol ymer s descﬁé Wn&fdr%rfa@éﬁ,“?ﬁe ALtiE 1Y A6 RRINIE R HulRYES for%?wigms may
be chosen such that the cap | ayer can be secured to the structure gurface
13 wi t hout uspdtentiah tadbesti memotingha Aujpbbyerghe couttdrédesucfaos 48 &uhb dctiad t he

cap | ayer_ becones securely welded to _the structured surface by applying
heat) forl&xahddyangrort device A0y Liayes bhalsowatludes bosyr layerold fram whish the

potential sou rq eng| |l e of establishing
B potential drf el sEHR LSRR AN IaePTY SRS, SBRAR syl hiE T
6 ~1 OV 2002 W3 @9retabbrhe iRGUIdUaPShichted femeesiopetef inUbgbrmeyvenent from a
first location to a second location. The potential is sufficient to cause,
or assist in causibgyerfl2unay be comphisesiefiflgxible cdentiirigid, onaigiceinatetd). witickeh i s
based in pan on the, fluid characteristi.cs of any.particul ar gpplication. As.
ohown i n PG, Thy a0 derending Spihe Bariacnbgrrtoabs obing scd Hhiyemerert o

(V) Sthatgis ti | i ¢ : I t ~

r ecept acl LS 26.d Eﬁﬁ%f@olwﬁf %’r ?zegg%P g‘fﬁyeé %ﬁllq{sm? Icltl?tg?{i:lg? ?'&gogﬁggcrﬁégl?l% t he
mani f ol d 18 byamady stumtdpnfonntd adadredtt exinbicmstrutiaredBsurfee33. f Subglagan be
drawn from outside the capjllary nodule 25 into the inlets 19, through
channel s 16, wEs#ilgh isadveidatde Jhecauser palyrmarich anaterialy pspess omany differentt i on

receptacle 26. The.receptacle 26 may 10 advant ageousl.y, be opengble to enpty
its contents GFORFELFS bsgﬁg?lﬁe#owvggog%%lﬁ%%t ego YL n{%%#lan‘&?y E’Faﬁﬁ}?a&}b for
systems. In ”&Qarﬁ?l&,ebdé@@roﬂ A1618biAg) eggliai@l, pRAHEMith e ONIHel H8 1% YAGHEHL
generator ' (V), the vacuum provi ded to the channels 16 via manifold 22 can

be suffickeéent layer ddeeglsat allows @aftruchred aqurfacy do 24 cousistéralyp emngfattiredrhat i s,

the vacuumitself will 15 hold the cap, | ayer 24 agai nst peaks 18 to form -
di screte chanm&? c‘ié.]aﬁee‘?‘ﬂ?%l‘ifj,’la"é‘al&‘-ﬂhdg}!‘f‘%of:ﬁ éllss‘h‘i%w $mfapped e ned

by the struct yg i S f I I o]
dgfi ne a maxi %ﬁ%ﬁi%@?ﬁg\?%%? g' ?ﬁlgg’n;epgn%agggbg’&deﬁ%g tf ng%"ﬁpg?ﬁz% |y

acconmodat i ng dah e proividudi thht is Binehable tobaiay efanbficneehatchisiph ¢dvel dfadtaache
effectively mnimzed, and the potential provided froman 20 external
source can be andeeonomye cthedryenued pelymericsutipge 1 may bpmadd frome thetsame or

ot oetr odsor diftgEnriiaelials Bt fe vogy RRASTLI 01 D€L MEEN A L ui g
conveyance or pot emdqd glowiPiy fm.cga Bansabi1ev@d tehddieh vaihiﬁftﬁé ’féé@r anjfol d

or manifelds as required. Miltiple potential sources nmay also be 25

enpl oyed deperudcordanwe witle tipaillustrated renshddirherttibyna eerieapyf] v-slapedRideRals 30r e
differential is an efficient fluid potiyvation_nethod or potential that may
be used to driand repksd8aclmsame asend the sidemadls U andaisakn §8 sayfesdendsgntirely

Cystem and g spRentfe FsF B & BPuist 3ol b ek - aRalh du 3R "9,
Ot her pot et | ajppRedifoneSit HayTBY dbSrabfee@ iHoreRRhPSASHMs I NUEM AR exdlit §3d Of

peaks 18 only along a portion of the structured surface 13. That is, channels 16




or ‘in conjunction with a vacuum generation device (V). Essentially any Nev 2002
 man- nade 12 ~ 6 N 01~ 2002 WO 99/65542 PCT/US99/t 1020 manner of causing

or encour agi ngy$bejsdsf | ow through the channels 16, particul arl ypetrmidoshiozo
flow, is contenplated for using this invention. The potential source is

separate fromth i i r
words is not int ?}aﬁgﬂ@ﬂ‘ﬁ? h%“é’h‘ﬁ‘ﬁ,ﬁ%a?gaggﬁ’%gf‘ﬁ?% eg%e/\/yofﬁgg%ﬁ F%eyﬂom&%.
That is, the S isyndf e ldees12)ar such hameBl 16 amayt didy peajeined @6 eifent vver a
channel ed structure to cause fluid novenent, for exanple, by capillary
action. Exanpl espottioptafahe pyeeh?i Shanualy hetextard qnly Qg apogtioromay bagined ano,

, 1. f t
hydrodynam o dri S48 OLBRaBTE AP0l ShSK ot PRER. prd dad) Plesfenty A the
hydrostatic hgadgh, Giddanyaed bf?fgleqmrqn._ RE @harfiRYedrOReAndlinfd peferdiniked,

systemutilizing the creation o potential difference that causes or
encour ages fl ui d pfdferablycordérell @erahgentens oner admntiaeousAidate of pdlyyierianmyateniahl i ed
field force that acts directly on the fluid such as_a.centrifugal force or

magnetic field that cd\sgwwn inBG.d,saceoliheichannglel16 pmpprned appne gdge of the

i nvention may be,consider a fluid ot Nt ali. IQ?'nv t |, on. doe
not, however, cor%‘fygﬁéllzaﬂoeg%ir“gv?}fa?n%sggeté% Xg gﬂ F@ ‘E’)%) %ahr‘fts iFars g}gﬂﬁ@éh{ehg‘?eqf’ 39
appl i ed al ong theyfdeawychaRR@inRIud RWard b firthe? @dSEBT Meadydd128% @nnéctor 20.
connector, such as a conduit in fluid comuni catiron with a vol une of

li quid, for éRanflhe,coantntor 26 petferablyciadn fluit comimneratiomwith ¢ach @ftthe clilamielse
by gravity. Fluid may al so he caused to flow through, channels by the_action

of a si phon wher d6atiiipiaginhortlets fingt shpwnk pad also 1%,a7 Fhid fomypunigatiay with) they
in the channels. h |yl i ] I as
a structured sur fpégegﬁét)%%}%g?% Ictﬂlufc%lc{é)rr \?ﬂ ?ﬁé{)g%%%}égﬁ‘gd i‘ggwgéstgscﬁg%"%l%&
FIG 2a), other cenfligtiuted indFIS.d( & ifclnda@ngmanifsld 220rMeanifeld| 22. is peoradedwith @A _
FIG 2b, channels 16' have a wider flat valley between slightly flattened
peaks 18'. Like tmenum gnopsheyypbdhateist definedainterngiby theseinpand; axhieteds dinoflyid
one or nore qf. the peaks 118' tgchefi ne gli ?@rﬁete 25 channells 16' .. In bhiﬁ
case, bottomisur {SEHEUHEALAR WHA qhapagls 10.. 1R plFnumm may smply; sompgise. @ champer

the FIG 2a enmbodBRtithe ShARRAA 122 thit RORARREIYIQBREAES 1312 ksl hwﬁa&glﬁtr%c
illustrates a configuration where wi de channéls 32 are defined between
peaks 18 but i nsthaankloflépritei manifpld 22|nady baiflexible, bahiapgid, ohepidelike the layer
sidewalls, a plurality of smaller peaks 33 are | ocated bhetween the

sidewal | s of the Bo pexgrand manify t shpayn) @lsoppay 9 provigersatdpe sk of davsidar y

poake 18" and. acuE fiers 2685 8 £ Bl (e PEte HShantel 36, debehdfs SR nreilin
create a firsto wigpliehwsinel 32 including snaller channels 34 distributed

therein. The peaks 18" and 33 need not be evenly distributed with- respect
to thensel ves or each btanserdamegewithhd inverdioanthelcongertorapaytake e @sseotiadbnamyol

o 112" St 1 SR Tl R B A, b e
el ongat ed, |inear [ ynaRofchaierd ﬁi&ﬁﬂ?@e%mé{i‘fél@mnﬁk&nﬁﬁym{lﬁa REANE {86k blen

ot her configurations.” For exanp channel s coul'd have varying
cross-sectional wigktibedylotingy dohreatdranrsath beoghpressiomh aduplings,t dreseals and gaskets
coul d diverge_and/ or converge .along the I&ggﬁh of thﬁ channel, 10 The

channel si dewd? | sthebdiwidigalpiaia aeepdyil od ¢ cha Bad memakt (the dsplation ehe
di ti f t i - fothe.ch . i i ghf. L |
any channel conf | BUPAPRoRt  HEICPEaRT pbishetyand, 1qberc BaRAY, A e  SEpGa

channel portions tidton®wdneOdrel doRtndplated $r 13O iMihid PventfRC OTlE daRhéttorWolild dlso
the fluid transport device are contenpl ated. The channels may be confi gured

to remai n di scret echldencppilteey fibers; fohenamplarigishthad 18g9n nednndFldismeta eactd irBb
schematically illystrate channel configyrations in plan vjew.th may
define a structur galémm@eewmmw &“i‘gg“'f‘{‘lﬂf)&‘alnf‘ rfé’p?glf"f"’ EBW‘%@?&;P“’@H% flow

| nvention. As3ghowie Rl @louthS&piafe WRANRRT alrhé! corRPMET Sbid SRPBIE $nolfed

provi de
chamber(s), a microstructured fluid conduit integrally or nonintegrally disposed

10



for intermediate collection of fluid. These convergi ng channel s 36

to a 20 single discrete channel 37. This mnimzes the provision 01Z out | et
ports to ongoebgssapown in FIG 3b, a central channel 38 connggtgishenigzo
plurality of channel branches 39 that nay be designed to cover a particular

area for sim 'r@lra{if;@foﬁtg@giscﬁ@@hew ehaﬁnelg,ed}%@mﬁag@a;% Bt o nae%h@g.gﬁﬂml at ed

i n accordance W resent 1 nvention as |l on a-pluralit

di screte channglbsvsahe dptrew thictoamrtured [flow tloemnels tohe sdatddcinua eentAbugeus:t ace
(froma first point to a second point. Like the above enbodinments, the
‘patterned charthatiatlowseiew sireamaaich 332 igido bp dirpeted pleghanng)lipletsorarutlgtswi t h a

cap layer for further defipin i screte flow channel s that, allow the
potential to be acc %?g(fr%“&‘?@e at ¥5a%t4 Blﬁfajvyeﬁiﬁn@a“@§'§g]rd AL ihe peaks

i ndependent; ofqd ' i : . t

cont enpl at tgd a@éé%agﬁdag ?2@%@gﬁﬁgg@gsﬂﬁ@ﬁg\ﬁx&g@g@eﬁ%&&@ i o@r?qgg%ﬁﬂ
channel s are dafid closts\at idastra plusilityueft the eHanrr)seto dogatd Bkcrbee flow chamhelslio #1002

WO 99165542 PCT/ US99111020 structured surface of a first major surface of
the |ayer. Thea edpiliamemedule 28 chhecrandlaryymoduleHypisaldy wetld kavera thinknggseof 1

configured to be discrete to allow an n hannel r.ecei fluid f.rom
the anbi ent  eri KorREEThRpEnnefk APV L BRE CRaR e aqy tikewit™
m crostructur e&aﬁﬁ@&c@ﬁn&aw tHENRRRES]dSTIC S R Phurdl BBLR1P BREMefs! RiVpRividd Ui d
in 5 bul k vol unes. thout having air entrained in the liquid, noise

gener ati ont0 s atigaiffuid snabspprt dumoeld basetl bpars tist cregtsorc afi abpotpdtind eliffenence

liquids that are transported throu the actjve fluid transport device, The
 ndi vi dual f1 cAresidRng @“SFdlt"nEOWi %ﬂb%tﬂo&‘é‘ﬁlal Eﬁaéﬁmﬂgd&e%'@ 1 ﬁépid'ﬁwrﬁ"i on

noependent of "PIETE IR Sibcey ARurod) B TRl TR ARANTRAZE GIRICH 1O

accommodat e t hheuhhemels of thecinaértion dre hefifetivaily esled aheli threcflexible! svs@maboONg _
or through a particul ar channel independent of adjacent channels. )
Preferably. fle¢haanelpgeuldgengrallywithstpedhighpressuregwiskous septures agpyessitpdithe cant

degree) enter an adjacent..channel .. alt h there may be some diffusion
bet ween adfsgce ?Opc%}zfﬂﬁt lotsf}hq ﬁme}rfgmld%%ﬁgﬁqqu "to effectively maintain the

di screteness of theTH ch915£R2AP45hsy bR BInded b hehifst i I e
fluid and nmaintain gg%/an‘t?a%]eés tha?y suchnchartmel sfppr ovi%gkxﬁl@{éa‘gfﬁpgg ﬂ{“ﬂe

channel s, howesteuctuméisurface d 3tto etleindé sreatereof discraiel chemimbel 1 Grehis casbadone
channel s may be di s&ete while others are not. Additi onatl)l iy, channel
"di scr et eness" MeEEPalheOLP} uSREFORVGARELHMENNRS tiat Y8 compalibleYithing capjayer
fluctuating 20 S LiGgati ' N

09/ 09/ 099, 565. miafriaf 24 i Pie[}?%& 'ﬁ?ré‘!;glp‘joar%’e Gkt 32, sfgﬁ?”‘sﬁg‘f‘{og‘t%‘l“\%ﬁﬁcc‘ﬁ‘aﬂ%%%

uncapped M@r ogé mt be ectofriplishedhroighshdah Bbndifg Ol asoaR) Gl dMIE tokljresdRmi ce
is placed on a surface having a mating profile (e.g.) flat structured :
channel ed sur f atanesharieal epgagenfenhsucluay ae dnterferepeg &bt Sendappay batnrovideds
filed on the sane day as.this a ication and.is entitled Fluid CGuide

bevi ce Favi ng. ARTieRoHo% Hs ol touf el BB 0, BE nies e bR speieids or

Transport Sour ¢8ndsthst Miy BEHHERAhSEbA fF4h brdefedBr FARRIHSItEd surface that
defines discrete flow chHannels that have a m ni num aspect ratio

(1 engt h/ hydraul i ¢ r &hipulayeroZ4 peeférabi30isi madeo freme abymdymeni¢ snateortzd estichgs the
approxi mately 100: 1, and in_other enpodi nents at | east about 1000:1. At the
top end, tReé aPpbemers described belgwyforithe sirnetpted) Rolpmgmc aper.1 Polymgssgnawsbea2 2

6 f~ 0V 2002 %ﬁ%&“%%% {ha%%ocap layer can be secured to the structured surface 13 without
using an adhesive. Such a polymer could be chosen such that the cap layer
becomes securely welded to the structured surface by applying heat, for example,
as from an ultrasonic welding operation.

30 The potential source may comprise essentially any means capable of

establishing a potential difference along a plurality of the flow channels 16 to
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general |y woul d be I ess than about 1,000.000:1. The hydraulic radiug gafgvalill
channel is no greater than about 300 umIn many enbodi nents, it can “be | ess
“than 100 Vi m waad/essd2 be | ess than 10 um Al t hough smaller is geP@r/EE$911020
better for many applications (and the hydraulic radius could be subm cron
in size), the hyedeaurhgeil@dmovensnt fpircafirst logatiod to atsedoad|losationh arhe powantiabr
nost enbodi nents. As, nore fully descrjbed bel Qw, ﬁhannel s, defined within

t hese par amet er 45 SBHICISIbLIN GAUSET 9T ASPIELIN GAYSIALS ﬁHldd oV dhropsh plumt Sawhamels

active fluid tr [ & s0.bhe i ded
with a very | ow al%l’ %&1 ]Clth Q%‘é%%em pé'tigttl v%’e% &ﬂgmg#lé%@c%t f&@\? p%g arreaprncau
cont enpl at ed wheg£sHoMh BUFTGE I Ui GoRPI MBS rée 14 ma@¥Rmphias adabiiif lgeﬁéﬁtoiafr\n

| ess than 5000 microneters. and possibly I ess than | SO0 m croneters

this, the channehat wesonbentihmialined diherpasek sorrisated Hava calldetirgtecepificle 26. The
approxi mately 5 to 1200 mcro d that hav eak d ance of about
10 to 2000 m crd%?g\ﬁfélPé fe%P@FGsn% i fydiplly sonaeeied i1 the m@éé Vit Way i a
present inventiop y I t

yatem i s i ghl yoar e iraE g Ele 62 ThERa beUrabiaCrntil SiBabne Wiy g1,
such flow syst erﬂaomedussﬁnfd thét iaRtO¥® theodghr @Rna¢le a6, Mreugds iauirbldr 22, elidnge!
density from about 10 per lineal cm (2S/in) and up to 1,000 per l'i neal ¢tm
(2500/in) (measucbd 28r esd nhe tbhamikﬂcl;))nprtmvptdelef 66 hl'ﬂlrc frecemadle alfspmi)t

rates. Generally, when a commn rTE]§I fold is enp each i ndi vi dual
channel has & aadyaeiegeons|yobs Apsnaple tgiemreydts "4’6‘6? ?’c’é‘ﬁY rtherayise ‘é’r‘i’ﬂeﬁﬁﬁ e

preferably is attoc %m% ‘B_?n%gg;y eater than a manifold that is disposed
at the channel inl e s and ou |s significant increase in aspect

ratio distributes thelmgieesdse alhese el potentis) soarder 14db@pfiSest 1 &ad\Qin® Generator
benefits of the invention. SIG 4 shows a |iquid acquisition and evacuation
mat 40 that incof\peihe easunm provided ity thef ¢hﬁmiel§rlén‘éﬁom&mfb&/n@as|bmsu&'rmem©to

devi ce 10 descri bed ab T qt s and evac

mat 40 can inclu Hatgé'pﬁa| Q} C‘ﬁ?&a-‘(ﬁ’ez‘{z]g“ h[efpaﬁafj? 35 (%F% ?‘%‘"}rﬁﬁf&a 185
of FIG 1 bufsishhig tBe EE;B“&@'EP 28%@51&1&“;56%‘1(% as t@'"f@nhsdxﬁ*?&@"@hﬁﬁ}?éi’s LAl \Préitrably,
support layer 42 and a l'iquid sorbing layer 44. The |iquid absorbing layer

44 is disposed abm:ha)f’tthecbfﬂmelslhﬁrt}xanmm&in% byvthe strodteredesurfate 13 iS€losed aff e,
to act as a collector or res rvoir fo(;&tfjme quid,. and it erogld}s I|q id that

contacts the |ayBY thqcan lavsr t‘r?Pcﬁﬁg‘ﬁ T BB N 1pcLsterc awe&am
conprise essenti i/

raterial that i sCHRbIGindpchdbidy %%%Mﬁ%ai”ﬁé?ﬁ%@?feﬁﬁ R, rpsetef e
webs, particul ar hryantnbl@sm eyt Bé effagmﬂs) tihigwiBed)i andofhe itentRN pravigéd fobe iin
mcrowebs An exanple of a suitable web material is disclosed in US.
Patent No. 42@13exgmal Sopreg| 63n behmosg ptsctivelyyand efficientlyoslisiripyted i aver the

structural suppo r the liquid acquisition and evacuati on
mat 40, but it déﬁ’?‘ﬁ}é@“;ﬁ“ﬂe‘%gﬁﬂéﬁi& that is preferably inperneable to
the liquid to be coll @ﬁ]ﬁécuo-ﬁmé?weén'ﬂﬁix&o%ﬁbtﬁ}% Hé@hh§§ﬁx%1:eaaﬂc$lﬁlll§¥‘fﬁ6dlﬂlé1.
the liquid sorbing layer 44 and be prevented from passi ng through

support |ayer 42 to BhfluidhaporvegancenmdpotenGal’ soum'rl uﬂe&eaaohmécmmughlmhaﬁ'&ed

mani fold 46 that is gﬁferabl seal ingly npected to a, otentlal source,
such as a 10 vacm’{é &F aNBRLICiH, @S cregpire ry URIE ePientia ss%‘lr‘éfﬁeﬁ"abl%}so be

fﬂ:p??qbf de)é \?g iﬁakrml%,e% ﬁgelegltdl Varo'no 't'l?e tp%?tzﬁu'l:%h Iﬁgéﬂ%tﬂi‘ﬁg %?“L I!}%tl{)xﬁ ng%?esgt];re

capill ary nodul e ¢2feretfidlfis axmefm%neﬁqﬁsméavazw mEMOY &F geteﬁfx@lrm ﬂa@y Bé uskaab
mani fold 46 toward an opposed edge of the liquid extraction mat 40. | S The

use of angl ed edgeivefoweatrssthe mmostmase@emngma‘faca@baPmssemcdlffcmhml c48.

FIG 4a shows a ortl of an edqe vvher inlets 48 for vyarip hannel s
are enl arged. Theiss @@areaélivﬂﬁ $9ha PHEPING S1steqt & Ppelrfé ﬁ%ﬁhl"d‘he

extraction mat 4%[_[9 ?hgsrlﬁnpé I ,Feggm &g%@ntl ally the entire length of she
n’at

| iquid extraction 0 at® various transverse w dths throughout.
Gt her shaped3gdges canOier Fmemla%dur%@s 19 nasChMdedSh the plekéit iVentioh fh%ie%atof
results. It may be desirab for exanple. to concentrate a collection of
inlets at particulran canjeactifm withravaguuse generatina devicel (Ve Egsentiae quy men-made
greater fluid recovery. Also, plural capillary nodules 25 my be
incorporated within a single |iquid evacuation nmat 40. The plural capillary
nodul es 25' may be provided fromthe sanme si d@ or different sides of the
liquid 25 evacuation mat 40 with each connected to separate manifolds or a
conmon




mahi fol d. By constructing the liquid acquisition and evacuati on nmat 7 R0V nedl

has a capillary nodule 25 sandw ched between a |iquid sorbing Iayer 44 and

"a support lvayedieséer a majority of the fluid hol ding capacitypofutddaremt 40
can be provided 30 where the liquid sorbing layer 44 is directly over the
support |ayer mﬁﬁnéfﬂdﬂ&%ﬁin%l?xee%mdgh Auidols @hrddgh tEERRAEINVE 6 NpartiBdhrly

with a cap layer 24 (whic ~ ~ ~ov ?00? WD 99/ 65542 PCTN 9911

1 020 fluid i nhwidm,e)s ccmtcmpbtedtﬁnl weingh ithis tihwerdioni vdhe | potential soenoris

, device 41, fluid vv|1L Eveat dency to Iowmtot Iovver reas
surroundi ng t FfOREITER ¢ i‘:hﬂf‘e é\?\?ﬁ‘&l/?‘i gﬂpallagyng le, OF & ¢t ﬂBWSFﬂ:? 1S

t hrough any n %B%néi? n e

transport dev#‘gg&zri%? ftﬁﬁ can be e?{m@ln%ntgﬁl/&r gﬁ; mgﬁ' gﬁ?i‘%m ‘;1‘{51 stén Fall y
the entire5 sujnvasorddods it rdly soldlyeoratisairopertisnbf the.chiieletpdtnttire s eazeul d
be constructed such that the support layer 42 is a_m crochannel ed

structural suflfidcmonement| fgreexample, sknpﬁ@plilalryag@romz Eamypleemf | ath¢gepotential
elimnated, and str.u it,extends

ovond con 1| Mucestidhdl 58 ardHG ishReCRixicit PIBES risSite woins hhd fresrEe
surface (or gg,z(}g@m stih @s SHIpS], axﬂgglgks g@a;dd%amﬂf dh'v&“'éioﬁﬂfcbgﬂﬂ 5§RYdhs, 44

In such an e ment, the exten uctaral |ayer act” as the
support | ayer cédiifugal eplmmhg, hydrostati¢ headspandiang diherclaidwii be laweit ded@lopttie
extended structural |ayer could be integral with 12. What is neant
by "integi@l " fluid driyg sysiemsuifizing theasréamahef @h@otgmtad.éi/ iffereace thapgauses prar e

d-th i f t th t 1 d
o s nekee S BON, ok ERY b EReRR Moo AL apishice:
coul d be dendigti fiah hots BREGtyH @€ fRd SRAVM a d&n’&ifﬁgal féﬁ:e%??naégeﬁcoﬁﬁﬂ(ﬁ%r age
fluid novement from-the out "extremties of the ended 12 into the

capi | I ary rodeiese?Buid tomsoveswitiuh the cranseis of theriedersivarma) s camsmletedradande

with the present. 20 invent enabl the fluid to be renmoved by, the

active fluid woawgrpefqnua'evhfemzﬁmm%&atnob@ﬁ@ﬁcafr. RENtETB A gTRYIAY afhb?l%a As
di cated,ab t.

Faci 11t at &oi holcalisldubc R iFEpbiIch HEREHE Ay Endngls ek L EmBURERLS

channel's W t h wynefna Z&xhediof/ suchUisch mmdmgmanﬁidtwnlwhmeﬂﬁm WhR aSVdlGhe dfhase
flow may operate as plug flow or as continuous single-phase flow 25 through

t he channel s. liquid, aj@rqxa@pieﬁ aéwrimstaélﬁdwe%t@uaw%hqm@ ingodhe dayieerhy grawty.
descri bed may d_applicatiaon d di scharges are present
and require ré:frlr‘b\géi‘ayogﬁfbﬁe S5FE tqaﬂ Hé\gﬁ{’ ‘é‘eﬁaﬁ&?ﬂ/ agphqn YYF‘H €from
floors and equiRgiherit Bre'éwrgbfea{es%@@&emfamwm%% fidiPiRaRe clR@felRads, and in
smal l er configurations in personal care 30 devices, such as incontinent

di apers a2 pads. Thithaughtheflidriramaport demick shosm ind1G8 1 ha®a strBre@ QFacHD

991 65542 PCTI Lé%?n%]r'xjéxngoml?ltlple v-shaped peaks 18 {as shown in FIG. 2a), other configurations

are contemplated. For example. as shown in FIG. 2b, channels 16' have a wider

flat valley between slightly flattened peaks 18'. Like the FIG. 2a embodiment,b a

cap layer cav be secured along one or more of the peaks 18' to define discrete

25 channels 16°. In this case, bottom surfaces 30 extend between channel sidewalis
31, whereas in the FIG. 2a embodiment, sidewails 17 connect together along lines.

FIG. 2c illustrates a configuration where wide channels 32 are defined

between peaks 18", but instead of providing a flat surface between channel

sidewalls, a plurality of smaller peaks 33 are located between the sidewalls of the

30 peaks 18". These smaller peaks 33 thus define secondary channels 34

therebetween. Peaks 33 may or may not rise to the same level as peaks 18”", and as



used in industrial applications to renpve oils and other |iquids thag Nogah
or otherwise fall from machinery. Many configurations of the capillary
‘nmodul e coul d e dassgned to deliver desired performance. Milti pper/usgpane2oof
| inear m crostructures could be enployed 5 to increase throughput per unit
wi dth of nodul e Méadiedaseatt afirendideadhafudl 32 iacluliithgaenatien sharnelsexl dietripufedi de
channel inlets that are exposed on an interior boundary of a structured

| ayer rather thaerein. t ke peaksph®T yandr33eneasy netr ber gverdwn rdysteibuted ovith: irespe¢ieto
figures. Channel K inlets could be exposed,on St ured | ayer. by cutting
out an interior ‘E"é’@ﬁef"ﬁﬁ opeaphy piher. ess"m@F ﬁﬁa&’ﬁ[?:’g Wﬁﬂ?’fe?%ﬁﬁf’é%g“f’ﬁé‘ﬂﬁare
10 both directl [ iy B i n

t hose openi ngs mgf@@?gg}ﬁ%gg@gg%%ﬁ%eﬁbggﬁf@gﬁ&l a agng?loéﬁmﬁggl%do@ngw
directly conpectcghrieifanengitls. A device that is simlarly constructed but has

a selectively perneabl e separation nmedia covering the mcrostructured fl ow
channel s i s descri bedAlthpughsFl@s Patandt 29x3p| illustratenelgagated. Npearbogordipunesi3,

filed on the sane da t.his patent appljcatign and.entjtle

M G ostruct ar ed BB Rotas0sansy he e I hter SBRGE MionsEgricpgmpe, the
| ayers 12. each :!H%#' i koS e
forma stack 5U. |ésl1£%(glrl1&;?1(r£ﬁ§t§, %@ﬁfg}ﬁégsr egmrr’{??% %%?gs gﬁig@gﬁ?ﬂﬂ {7“@?’ ﬁhéto
structure to traggsierdhafimdls dotiRicaivergeemd/or| cayiedrge Qi@igthiel lefigtht dfythe nhagag es
flow capacity. The |ayers may conprise different channel configurations
and/ or numbdf of Thehehanoelssidenwpldhdould alse be pemtoured| rathen shan being straight in the

Furthernore, this type aof stacked.gonstruction gan be t.icul arl ui tabl e
for applicati onsdslfq‘iég'_‘ é’?@xFe&ani ek ‘:fsrﬁnw(idf’%"h _ ‘E}PF@PEI?B?IEE eg’ﬁp%/réﬁ%r any
relatively narr oWahhdii @ntibARABBR hatd@Xifrévilis aiMendti mblipl€ BistRldcHanHE%hortions
transfer capacity 1s desired. Thus, 25 a narrow devi Ce can be nmade havi ng

i ncreased fl ow chpamiténd frémsa fyrst poinamt a sedomhpaigewithin the fhlidtrknspOrtidevichate a
second maj or surface 51 of ers 1 t he surface facing opposite the . ~
structured surf a?f@“f[‘?})'a‘fgn Jgﬁ%scéa’b‘ffis gﬁyc%cqqf&“&?f{jl%é?@a%f ‘Ré’ﬁelﬁoﬁlﬁ%me"
| ayer 12. | ny 50t hﬂ\olg%rgﬁh iﬁﬁgﬁ&f‘t e cap layers are not required, although

, particu

they may be utilize arly to cover the exposed 30 microstructured

surface 13 of the uppPrG®sia hadSb schepaticdlly ithptratayciannelheotigaratioi© ih pide
di sposed over the second major surface 51 as an additional layer. The 19

2 6 NOV 2002 WO 9ewebampaydefingagrrnqigred syefees ingn aguiys dlvid ganspogidexice of the

addi tional layer.could be a poly h G erla ol i.Se I Ng. on
the particul ar aBB’FfL’J[éOaﬁ'i g?\ N h&])"H%’ ﬂg{/aéﬁalssgﬁke ﬂ{]é i é%lkc_oﬂgér\el)% @%ﬁ%@ggﬁ (5’900‘6%3
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sinply be stacked upon one another such that the structural integrity of 5
the stack ca20 adsigpletdidcyete ehanmel 37.sThistrainirhiaes thh gpnenasion of hitdet pbits td gneeds be

e 2 oo b AROLE, ISRl Sl Sy SRl e
structured surf agg il Thhd el el bGHENE AR AR dial HIONON aBhS,

devi ce shown in FI( a stack structure surtaces 1z
stacks nmay be copkhgrilyesnyt baterhayeomexhgrateaumé&daiceswanIﬂse. prie§nt HXRAN6E as

greater than 10 or even greater that 100 structured |ayers, and may
lon.z as a plurality of discrete channels are provided over a portion of the structured
25  surface from a first point to a second point. Like the above embodiments, the
patterned channels shown in FIGs. 3a and 3b are preferably covered with a cap
layer for further defining discrete flow channels that allow the potential to be
accommodated along a particular channel essentially independent of its
neighboring channels.

30 As to any of the channels contemplated above and in accordance with the

present invention, such channels are defined within a structured layer by the
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include tributary stacks that converge into a larger stack. For ex2f®,200!
_the five- ' layered stack shown in FIG 5 could be divided into quarters,
and each ofyd fpgskpur tributary stacks (which possess channelpdyiabsdaleeoul d
converge into'the |larger 15 stacked configuration as shown in FIG 5 which
in turn coul duh&,alitsapRadof LR FRANIRGIHE RS 15MMIRE ERinaslskh bBcdRREent i al
source. The stack could include nultiple conneCtors to allow nultiple
potenti al sowittethe piesentriyventiop ateccunifighiretido be dacteae tveallavoams osaidismnel ton t he
stack. y Stacked m.crostructured channels may, al Sc%@,ll)e used as filtration
medi a as 20 dessive Haid fromthesampieng gavipgnssnt sdegandsatly 0f the othy|chennelse,
filed on the.sane. da thi. | I ent | d uct.ur ed

, Surface Fil tﬁ’gtmgﬁ?%ggﬁlgdl gﬁéeﬁagg%h%{ g@%&t&%%%@ lreﬂé:]}als%)lrfl]%ws(&sfc u'(e\lasms hown
in FIG 55 i HulsedluntsanWitRePhavih@raiPéntraih@l asphd figard, FdiNPdmeyaion &t ack
50 that conprises a plurality of layers n, -each having a m crostructured
pol yneri ¢ sursignifecabBy geducedand hess stressscaguef plaeed: oreliguids thdtears amospbriedj or
surface 51 of layers 12 agts as a cap.layer, closing the channels 16 of the
adj acent sub thropgh theactiye @P@éfaé‘sﬁo%ag"dﬁe'or capillary modul e 50 having a
multiplicity of Chmn%dibi'a}xﬁt Bos? cRinrelt o SBE F A QbsthicRurfd | &ﬁgme The grcond
maj or surface 51 nmay be polyneric, or 1t may be covered with other

material s, e.jgventiohalre Sebstantiay discrefs Tiea i, efthid 38n hieveahfuighahy chathelse 50
can be joined to a connector 55 that includes a tubing 56 and an adapter
58. The tl0bi rindepgndent b fluidt ameddjaeendt papifise | dhpedhanpe0 indepesdently 2D02
WO 99/ 65542 PCTNS99/,11020 otential source, such as vacuum The adapter
56 Joi ne. 1 he Cgommedae Jeerdeliy Slatuasht pifperddirEa BuidisnEos bt
cross- sect i onaladiuhNchanfiel3hddpPiden €8t AdiSteht cARBIBC tPrQRrabRIIRM Bt edBR
adapter 58 rrar%allljbé convgntcionae}pl Y, sealciﬁngl ycconnect &j an%?ub:mng 5&6 and to
t he nodul e 50oreyfieivhannet does nbthes abpsifnifirane dégreeueser arhedjaceit ahknme,
nodul e 50 rmay or not be further enclosed by a conduit or tubin

Al ternativel Jalthopgh these MIYRs sams HHHuiPR bspveen fdcerigiigergled It SgEvRBATLy o
sect ' on_9fs Nel FALivAy HBhah At Pdi\ég}%tghesgngﬁ e h@&fﬂ?@% 3R BRf e

nodul e 50 are i nser before shrin he | ayer e stack
50) may ext engfefiviyaranbsdrt theifiiid B mialr2din tad CarnslaRtiRdt sBéh ERar@BistRotideVi de a
relatively stiff aspirator end, 10 or the layers 12 nmay extend further to

make the aspiNat all df4herchanntlsehoweer. Moy meed itel de adisdreirfbt ell amebagiments nabl e
aspirator end, the individual layers 12 preferably are not. bonded or

ot herwi se sect?®§ qhgneely may ér‘g%‘if@fe ‘t"ﬁ’ég\ftﬁlﬁr% dé%r“l"étce’\g '"toﬁ'e"*a&@r“,"el
particularly af; d ; i ative
to one anot hef&'f&natg %%E}I rgﬁ%?% %Ai%rs‘gﬁhg@(lﬁ%ﬁméd& ]‘{eﬂéﬁthgﬁ?\@f:ég?g&twlg@ 15

i ndepende&®t spresdungs. Ot i on enables the tip to be bent around an axis nornal

to the flow channels 16. Wen used i.n an ,a’fspi ra é)r t he nodul e typically
woul d be about 1 t& MSchatest | ApRjication erip fN%sé /PBAO8P S8y aBeadtiyiee fluid

[d be about 1t $h3rfer | erfih:
Goi rod so 1 naPPRE dvRR i Bk O U APRE Dpla Eulietlicd Aokl

| ocati on whi | ghaeBedopicdapped whén hiatdavice id pladed cacabiirtute haling aAnatigagldfigoul d
al so be applied over the capill ar%érmdul e 50 as described. Dependent on the

appl i cation, €-porfltstiyergdoshanngled ssurfage plasce orplaafed surfasahd Thee pateack. A
orous s th cqul d be usgd,for applications.where the sheath t,S.AS, a

gi eve or h{? Ité?’?chcé_ﬁﬁn Eile] @@QCPHSW:SQ{‘)’H’CC st 3@? iaBRﬁ?ﬁ“QHta"ge‘Sp%ﬂ"?‘%EUf @f‘f y

sutted to anplGdd DR0Re | HinGiARn COPIE SRUAISurRice SFHMARICIALRH Tl ity T U1 d

delivery or 25 extraction needed. An active tluid transport vice coul d
al so be enpl oYeshsperidonreeke or gas evacuator. The flexible aspirator, for
exanpl e, could be used in applications where snoke plunmes froml aser
surgery might be erdsustrusiaed syrfacgdsl 4 misregrusdurgd syripes that sledinesdiserste

gases and Per Rl Lk Wil Bl o 43Rk Sl RS ddrBumRER IR P o o1
30 in some embodiments exceeding approximately 100:1, and in other embodiments

at least about 1000:1. At the top end, the aspect ratio could be indefinitely high but
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21° 2 6 NOV 2002 WO 99/65542 PCT/ US99/ 11 Q20 Preferably, the Iayergs%ﬁvzm
~not adhered to one another, although they may connected as such if eded.
Where the | ay®®9916554% e not bonded together, the integrity of tRETASHI0HY
and/ or a vacuum applied through tubing 56 can be relied upon to adequately
defi ne i ndependegenefallywaidheddss thad, abont hoE6.L88y e elhei hydradlis radips of archannel

invention, the microstructured su ce 13 of the . ,ayers 12 define flow
channel s 16 t hat'S SPoHETE é‘ia‘ﬂ(flgg‘-’tp%é@lé”\'i ﬁhW’YICMO%}II‘HTTQS’i% C%&F Hess thex ‘100
advant ageous in a i i i i [ [Pel i N
PR oo | o AR ad HZ?”JESV%‘E‘?*;S?%'P%@%%%‘%? %égé{em’gﬁa%fénf%ﬁ?@ys a
stack of indivi dapplichtirsr(andl thet hpdradiiceradinat ¢cadded submévten amisizey,, the hytihalic

the stack 50 may be 10 divided and even further subdivided into a plurality
of aspirator Sr awdivesypigaiyt wowld ngt pe jess BrantlnemdppaestambadimeatsdiAsaaewdully

one particular |gcatio ere fluid i§ to be.extracted. while another
portion of the s %%85&5%8b¥@wdﬂ’%!8‘€§dd%8‘€§n‘83 { rth5§eegar\ﬁﬂ‘5%55 3 BF‘H’I& ngnent
extracted. Partigul 36y rat¥B8i thibligh 82 BéthRl fAlid HAn§Ir &RiD a vacuum _
supplied through conduit or tubing 56 to renove fluid, any nunber of such
15 divi si ons can be n#He stdueuret) surfagd canadlsd he providedi witled s alerydiose peifite. f Thug,
channel s are provided wthin each branch. Tubing 56 could al so be _
subdi vi ded so t hagtivel fiid wanspem Aayigsa et canigmnbatas cvhese the stmeingdopolymeric

tack 50 i i ted, to it ti duit t I, | . i at

Lok 20 B Bk ieRiCef BT AO-SRhehh BARBE R Huf s,
such a device. Thatrohierd. "o A8 RAIAHE cAHEW fndy %@ldeﬂngcpl%ﬁﬁe QRAEHVEQ height
transport an irrigation fluid and an aspirated fluid. is feature may goe

particul arly benef agpraxinfagaly G8dil280 mismemetersahd dhatadeapedk dismace dHabout 10
aspirating nore than one spot at a tinme. A stacked nodul e construction may
i nclude plural st BIFUAGYEW next to one another. That is, a stack such_
as shown in FIG 5 mayy: e | & {,n or . di.fferen )
stack. Then, they canXlllolg%égﬁtg&ge%n{ag%sglﬁﬁ%%o{)dgnéeﬁ@%2%%%6,%%%@%8&5{50“5 rg%dei n

FIG 6, or they few $steniidhwitdeltdevorihaehest dyatem s highlytdianbhed. ThRI Rother
the like. Although the aspirator shown in FIG 6 has essentially a |inear

profile, it may Baidesimaithas passes threugingishiflawmsysters isghistehutad piversa barget drea.
h di ff t . fi tion., F | he .t ubi . h
58 andl or ¢ he. st MU Bandd] dshaboFoR RPofl ¢as el & i aapip af $080C'

reach difficult aEeaBell chq23b0 asuréd Gacesdd HE0chalhe 199 bRwedt for high fluid
PCT/ US99/ 11020 t he asgi r%t g(r tom?ugﬁeort itself. For exa%r)e) i f ('Erhelg o

aspi rator shown itrankpo® raesc Gidndrably, wherda bymanahembanifsld iemplolydd.aaacts adividuand
aqueous rinsing fluids that are present iq t he @ati ent's mouth. If the
aspi rat or wag0hoskarnehhas ansaspaet ratie thab iy 3§ lpast F0Q Rercay greatee and mare preferplly

tubing 56 or ada§§ r%l}c/e?% g@ﬁéﬁ%@é’t’f é’rgingre %\%ixﬁ fdl tﬁa(fr?% &%@?ﬁ%@’“@%n i Vs

configuration an o) materi al, aln such

a material, to enall@utlehe ThIY sighificafitoindfeabe NP Aspect | rtid Adtribimes tisd pBtedtial's
curved configuration. Such a device would be highly beneficial in that the
denti st coul d noreffectsidoptributentarthe neted henedits pthganvestionand vi ce versa

Wi tout_havi ng 0 overgaiTe 4G iohiga Wliislin 39 Shatkidy Y b0 R R LORRY
25  an active fluid transport device similar to device 10 described above in FIG. 1. The

liquid acquisition and evacuation mat 40 can include a capillary module 25' that is

similar to the module 25 of FIG. 1 but is in a pennant configuration and is

sandwiched between a support layer 42 and a liquid sorbing layer 44. The liquid

absorbing layer 44 is disposed above the capillary module 25' when the mat 40 is

30  in use, to act as a collector or reservoir for liquid, and it permits liquid that contacts

the layer to travel through it. The liquid sorbing layer 44 can comprise essentially
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10 Gt her features or itens may also be provided in front of the inl ?%3‘4(93491002
to the channels 16 for added functions. For exanple, a soft fibrous end may
" be placed gn the aspirator tip by adhering a mass of cotton qfu)

sponge- | i k&NROF4?al . This feature may. be particularly usefu ﬁ%rpﬂéigﬁt al

Ut 1 et Si do. Y ETRATROUN & SABap Gl PABT I PSR DADsriphe SUdes POrpaenopecs.
function in ' [ ' E ' f j : j.rator
technol ogi es ANsHAE 88cgEpiafing McteflybliERrRRR, bt MicroAfef Sffrddisr &
and convey t hg, a&Rigi@beal shitald deb hiatérfal iwdistlosANAANST Bateqt 964 8LUNGSS t0 have
an inner dianeter of one centineter or larger. Unless the tubes are

conpl etel y fllndeled THesupngriulager 4 hehonly provides sirussural supporAdr iategrity to
functions _20 prijmarily.i.n tw-phase.flow with ajr being the coptinuous
bhase. ¢had- i lapaacdyistion A0 Bvaroun Mt AR tnal dsrdRs Sotiem s B . es
arelatively I Fsde Qe O Ghel 1B liddieghi th&s; he
flowng air idsrgfé%@fﬁ&{pe%eé%gguaﬁf y1 de)tol ?ﬂﬁ? a:@ teThem}thﬁlgggﬁngﬁﬁl{l%gﬁ%f t he
Aspirators.  Thees negatl ve. offecte pa include. traumm 25 Lo L] cgdee "

cont act ed at tbmummglaasbﬁ.t iThe erpidltiy medwe 25 andludes) » sanrastarssughesta
shearing and aer.ﬁ)iégg, hi.gh VOl ﬁmatr'.c lai r floe\é\li t hat can cause atom zation
of potential B dhatds preterebly seplingl¥ soppestastios BOtEBH) SOUTEs0 SifledS Aind

t he general I I f their operation. FIG 7 illustrates yet another
enbodi menl'? OM§§%§¥§E‘°¥J| uid transport device 30 60 in accordance with the
present inventi on.Theesapidar thadale 25 nppieferatdy cbarstinoekpose islets 48aat vacotidhe
device 10 shown in FIG 1. That is, it may . nclude a 23 , WD 99| 65542 2 6
NOV 2002 PCT/loggons typpehay dhe tengthat thealidwd evasusiion meatutledOsarvarc ¢h one
are covered i & BRSARLE DA InGue 28 hif ol BhidsotballiORBL S -
| ayer 64 coul gpiav fedrthakifdd 46 dowridsarDespoded edgdetithaliiguid extractibmena®. t o
FIG 1. To perimt good heat transfer characteristics, the cap 5 | ayer 64

pr ef er abl 16 ha%hauschifarealed edgés 4henlargepthercgossseptignal peacd gach wist 49odilGe al so

could have th i mensi ons_descri bed above erence to FIG 1. Th
channel s (not sasﬂtﬁm)a mo'bf)g?'b?%!& ¥ ‘Frgr‘n@l_ég ‘@g{of Hﬂ?oqsyﬂ%g?%els( WStC"LaF%‘?%h) are
in fluidic cofpunheat §9nidganaithid Me IBRDR! 6f GRe 1ifaid @xBhciiohlag4gedge
of the device 60, an outlet nmanifold 68 ¢ an be fluidically connected to

t he channel opieferhlsly lalddg(substastiadiynthe chfiee jeogtbrfita¢ liguidrexeranmgn at 4dandct ed
to the transport device 60 by way, of the inlet manjifold 66 or the outlet

mani f ol d 68 dalseAHVaIPUSATaRENETSe Widihs threyghant cdtheh shangd edassoirgrbe Mevidedi ce.

For exanple, Nt np fEui m,t he
i nl et manl&(?ol %B%ﬁ?ﬁél@ﬁ%@ dﬁ%ﬁ%@o‘?ﬂm& %3“?’?3%31 ca §/ fogiér%flﬁ Q:t' ﬁ% punp
to the inlet gBfeh@ite awWolledtichostriflkiat gahidulavamabfla mai podustaharniikellydo 66.

Alternatively, a vacuumcould be placed in fluid comunication with the
outl et nani f olrefjude greaten Ruidnresevrryt hatlspnpludesapilary modulesl 33" mawi be
fluid transport device 60 .may be tti.cul arly. useful where it i.s desirable
to circulate é“cﬁg?of?tﬁil‘ﬁgh‘f’l %is&lﬁlﬁﬁb‘l}{j e[vaguaéxggi '5‘8Hé8'tg[r}]enf’f“\5@nﬁaé’%zar§o
characteristi hes Thadi Bk Povided frOMLAE samte tstel GY@FRrde sles 8F the higitid | S,
the fluid nay?%dgfu%érseat edﬁwby Ptg passi ng thtrlougch et he chgnnél ssdefiene lby t he
| ayers 6228nd efdcuafibniimatt 4@ avite rdachi @inhedted | to depataenemifoldsadalay torimoand
ioni zation reaction pronoted by constituents placed on or in the channel
surfaces. Sepanapifoldh treatments such as by sorption of fluid constituents
onto properly prepayed channpel .25.surfaces.woul d, be effective,dye to the
high rati o of chan CAnpuSting éhequP‘S ARG %q Ghsha “?gﬁ‘é’ Q{a{ i’?soat es
coul d be used &g18R] HoluleRS SERRIBEECBerdBESE tiqlR QbR AART 4A%i! 4'hhpier ©
t he cont act Iactf/lglr]lgﬁ{i‘gibo‘rﬂte 4 act a{s theefl ur?d iqnt erfralcg gycsf?rponent %‘%pa
sensor or det dgyeprd2s uahsiorityfof thei flid dodding @apays teftheinght4oneem beoprovidedd
conductivity, pH tenperature, or conposition. Alternately, a fluid

i nf | uencedOby Witere ths liqnid serbingnlgyerrdd tsodirasty oxer the suppertlayee 42 ithougthet he

channel s coul d_be nont Lol.ork A BBLveEl. TrdPLoSHIOR cBY TGS B, Vi o@
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'16 P~QU 2002 WO 99165542 PCT/ LI S99/11020 as and el ement in a senspg Noy 7001
detection system The surface of the flow channels could be functionalized
" to respond orwodebgssd2t hese physical conditions. Heating or coolHGTUS8H1@0be
used to thermally treat the fluid. A mcrostructured channel ed active fluid
heat exchanger ifigidlirspdrarable) ihcdrorateatvettiin Agphdtet flid tBaspat déce 81, fluid
091 099,632, filed on the sane day as this patent application and entitled

M crochannel ed Millibage @l tandeneide Tove e ther lowen aregs susjoursting th By

53634USA8A) . Fl ui.d ,streans .qf diff.erent,co sition also cou be .made to
mer ge t oget her 8t Fﬁ‘%‘f‘&c”‘?“‘an‘ﬂ ‘#’Féﬁ[e?soh% a&%ﬁf?&gha@yan%g?{so‘lt ﬂ-‘ecxén'gg%engem
reaction, diluti b9 joseddvite 41,Uildeay vehanee d
characteristic (c):ﬁé}ler}et %}?{}%Fﬁ'ilo gloﬂlﬁg?yﬂl ayeré 62 or 64, such asl,1 g;;move
exanpl e, a heat fexnt hsssgmtialbAtheodisiee vaficonf tiddigaid evenation mavdlyt i cal devi ce

such as a m croscope or spectroneter. renote to |layers 62 or 64, may be
used to anal yze fl ui d’hesmat 40 adsoceould) bg copstructed schithafuds support bayendRds al n

any case. as with any of .the noted enbodi,nments,_ 4he structure.cgn be de
from flexible, g@chgme&e’c{]aqquréfaurﬁ%[eg}lieal'aggr_ 11}5 &"PPP'? ﬁ@ﬁﬁr B'Iz_eﬁﬁ(bfg?l%es,
the mechani cal | @iirliﬁa&w,' gn@%tﬁreﬂf Ha?é’rcf& RofaVHE 800 %hich Fhdt AW ekienli® bRForss €d
in contoured configurations. Flexible devices nay be relatively large so
that they can beapidiary shodarol3 dndipréferablybaidedsabeneatidthe ovimle surde s oh beizhth

distributed fluid flow over a |arge area that needs to be affected by the
devi ce. A fll18xi I submstantial peaies) it liqudisebiag fayernidd. t He segt an smbedineik e,
for 20 exanple, for cooli heatin atient. Such fl exi bl e,device
can be confor natﬂxée“%gﬁ{?_‘“ggfagky r g# wﬁgwa%ga%%’ﬁfﬁ?‘?ﬁgﬁﬁerg%%e‘(/ﬁ_"ﬁﬂ'ﬁﬁs g'Binect
(e.g. provided ofs@nfbehéfRine Mlat BOUAMeldEenlbd sFudin@D BYeF Eotl@ \beGRteg AN viafh |
flexible, it can al so denonstrate resistance to collapse from |l oads, and

ki nks. The mi cr oayeruk uMcht mameant yf "integraiajsi thatathg sopphrt yébamt thei thmstured
sufficient structure _that can be utilized 25 vvitlhi n any active fluid

transport devi celd¥g {Apae: ongarf-tiessamsy lient BgRutagtured §ﬁ|6tb“0r5?{nef%ﬁ“ee%ﬁf”e,

a standing rson. J £ c I i
geonetry, eggbl PP S %’t% is\%/: ;?{eifé‘ﬁ“e'fhgf’é&e@@d( ';og?twgkarrp eaﬁr&%g]e%?ha s%piljggdlyérr
even greater thagouddbkRendritically copfiglred asahdwr s FlGaGa adt 3totot encolitagp Suit
the fl ow channels. 30 FIG 8 shows the aspirator 54 used on a patient_and
connected to a cuwvementoffomethepeuicxarenmities af the extended layere 12 dntoctbecgpillary
receptacle 57 can Bel cz%mnect ed 25 2 6 NOV 20D2 WO 99/ 65542 PCT/ US99/ 11020
to a potenti al sBOFRE “>such as a small vacuum punp. An aspirator shown in
FIG 8 could be used trfer g0e RRFbdvtcturetd dhamiedd iASadebRiafce RLiASTRe [REsent
bodily secretions froma surgical site, or surgical irrigation fluids such
as buffered 2@l i rvesdnjtenabled tist Hnidl to teolemovedhby the active fRlid ragspoinodeyvice 41

exanpl es of mul'tiple specifjc uses of active fluid,transport devices in -
accordance with M@%‘r%"@éfﬁ“"ﬂrﬁ‘/@ﬁﬁ‘%mlsﬁ' Mé“%@‘&ﬂe%a‘;o‘fei 1j!s P&'W'f}fﬁ&%&cau“

acqui sition and qv I . i 'eg};lﬁg_ j 't'h?cﬁig i ,
likely to occur ?’5@%@%%‘@5%5& Fg%lnx{&gsn{agglt@giﬂnﬁa ﬁ}f@@\f %ggfrdem)v Pe%,Ch of
operation may be tigoiide fit CHannBlisewith niiimizedIsipéigdidngixing ahé turbaldncel hEhe
recovered fluid could be 10 bodily fluids or medical irrigation fluids, An
aspirator 54, as sihglcphasedlemanay operaigl asoplyadlaw Pbras FoRGRUYS rsingde-Rhase dlaval
procedure to Eennve, fqr ?xa |l e, bodily fluids, while the patient is shown
posi ti oned of°a d‘é’\?f’%‘ét s'rray be in the formof a flexible blanket for
affecting the patient aih; i J di6eqt rt
devi ces. such as devi C%thg’ddée)gfagﬁégg?%%c{ééﬁn?mgnﬁkgﬁgg?sés%s% S'1 Sedsrg%neﬁ%)
benefits. Becauseapphiatidvadh arsasnetices fluldidischasgesaranpresentdnd requiretermoed!l Such
channels, there is mnjimal flied stagnation in the channels. Fluids in,

| aminar flow i n cippheasions axighbingluge yerneval of fiujdofrom, gars andyeeyipmentdnssurgical at
t he channel's center has.tﬂgigﬂ{ eaéeit Q/el o&i.ty. | ui d & tthe channel
boundary in such FfSwSMESE ¢S BYEBATS & )}"M@ﬁ%f%@ IEYKBRINS; IR PeBIPnph, gare
size of a chagnel r b W ' nt
of time aflold sdr%fﬂcgg’ g‘n@ﬁadﬁgh%ﬁﬁgmﬁ%ﬁ%ﬁ%‘ﬁ??@{ R %%ﬁ%?o@?%@hgﬁme
create a significant tenperature gradient across the channel. In contrast,
channel s that have a m ni num aspect ratio and a hydraulic radius in ;
accordance with the invention will display a smaller tenperature gradient
across the channel because of the small heapl8transfer distance. A snaller

tenperature 25 gradient is advantageous as the fluid will experience a
uni form heat load as it



passes through the channel. Residence tine of the heat transfer fIr'FcNOV 2007
t hroughout the system of small channels al so can be essentially unfform
"frominlet [ d 6Gto outlet manifold 68. A uniformresi ' is
benefi ci al be-?e?é%é it mnimzes non-uniformty in 30 the heggﬁﬂgsg?ﬁg | ui d
experiences. 26, . 2 2002 WO 99165542 PCTNS99111020 The reduction in

t enper at ur e dﬂs%ﬂ:li"ér}f‘g%'\%a\{t ?%Dqgﬁ"b‘?r@sgq SYMeYe QU A, PHieF é?ﬁ‘gsnéléa?t*eﬁl@ % so
contribute t QuRy&isalain p,{,;,;,ﬁgm ,and. for a given rate of heat transfer,

al l ow for snaI}%er sterrperatureldi ferentials between the heat transfer fluid
‘and the el enent tMaey bafigacatons of diecchpilldrg rsodhii¢ eoult eepdesipined @o deliver
differentials 5 reduce the chance for hot or cold zones that woul d be

| |
undesi r abl e \d§sifec preformances MuliRRlaypLs chggﬁaﬁ RIGrABFUSHITes cavde b employed

applicati@ns such as skin,or 1issue cant The hi gh, caont.act ,surf ar ea,
per unit 30I Jﬂéngfasﬁetgfd‘{grhg‘ﬁts#eé_r § ‘tfi(_g?o\?vic '%]thrl\let h'gfoﬁ%lgg ‘?"&%ﬁgg'&a"ﬁ@g‘ﬁe’l e

i ncreases t hgogisbebastRtdd ™S piovidef EhanheiNfilets Tha Aeadxpos@&NSROA ifi&ydiCe May
al so be particularly useful in confined areas. 10 The material econom cs of

a m crost r ucthousddre af iarsgrutiured lapsredthenittanvad dhelpergiteryt beextenqr bpmidaryeasf or
limted or single use pl i cgéi ons, . such ala in nmedi cal devices, where
di sposal is rseawniadhe Sighergr shanggl Raldhe exesed AB.a strucdared daverdWor t

devi ce of t hecuhﬂye | A nfeFioP E&%FJL %if%yel'.nﬂ%]a\tgo%lgveﬁggseb& i ier"ﬁ(eit{)g&.ard: 15

allowing its use4n various applcati’ons can Dbe corntoure

around tijght Kemdisedly corh¥ed to ddtédtRkidiirtd, sictpdd @V&cuhﬂ?aﬁ@tﬂo@@&péx@n_{%e used
in situations that require intimate contact to irregular surfaces. e

i nventive fl uhat arcasermected doviheesourdenwiauan regdt manitfeldt arsk diracthye conmmssedoe
fashioned to Be s? flexible that the devices or capillary nodul es can be
conforned ab %¥randrel that has a diameter of approximately one inch

(2.54 cm) or greape i ts o S&G kA i ghil
channel s or the st%‘ué:et%etegﬁgolf%nlgpﬂy ﬁgeﬂwteﬁgﬁfﬁégeﬁt ?%}éeag'gwggéﬁéa%-seo )

coul d be fashiepmadofn needipcdvering itie midrestneheed flabv ahdnaelstideddribed it AR s por t
device to be non-detrinmentally confornmed about a nandrel that is

appr oxi mekdel yPaterindpplicatiapeiesinl NopO9HERi184, Hiedsen e serae dayrgsatisspatantd i n

particular mcroestructured 2 urfaces a polyneric |ayer such as a
pol ymeric fi I?B@F%“odi P g’é‘ﬁg{‘ﬁ”@?@ggaef,g’%f’ar 'é’?’ %?569, 403 and 5, 133, 516,
both to Marentic epsahowSin FRS.WW, aplhrali§r of 18%¢s 1k SeachBadiaplal MieRdsiudiured

m croreplicated using the principles or steps described in U S. Patent
5,691, 846 to Befasonl3 gan bet camstrucechdy fpanemtstack . dBue rdopstrueition adearlyct ur ed

surfaces include. U S . Patent 5.514,120 to Johnston et.al. 5 158 557 to
Nor een et 30 Hiuﬁ}pllj’be,s | B8, %}’o‘gtyt §f Ltﬁe e‘%tmﬁfu.re. tgnﬂaﬁs,p8§8?]§§g Hefaush gich Taysr E
you z00zZ M 9GbRHRediIPinElddSAdd QaPacRY I UeUlafsts RRAY E8thiiGsel B¥iefeRt PEAGECed in
accordance wt ﬁ such 't echni ques can bé microreplicated. The provision of -
m cror epl i cat eshfiguraionsraad/or aymber 08 cliranelsj dépehdingoaus pattivalas wpplicagioncan be
mass produced w t hout s&bst ant ifal var,iation . : .
Furthermore, this type of stacked construction can be particularly suitable for
applications that are restricted in width and therefore require a relatively narrow
fluid transport device from which a certain fluid transfer capacity is desired. Thus.
25  anarrow device can be made having increased flow capacity.
A significant advantage of the stack 50 is that a second major surface 51 of
layers 12 (the surface facing opposite the structured surface 13) can close off or cap
the channels of an adjacent layer 12. In other words, separate cap layers are not
required, although they may be utilized. particularly to cover the exposed
30  microstructured surface 13 of the uppermost layer. Separate cap layers, however,

could be disposed over the second major surface 51 as an additional layer. The
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from product-to-product and wi thout using relatively conplicated pr Oéeﬁ[w' ny
5 techniques. The mcroreplicated surfaces preferably are produced such
that the struwbwogsssgurface features retain an individual featuwerfssahtmwy
during manufacture, from product-to-product, which varies no nore than 25
pm Fluid transpghréridl ahekén @ sseiyarwhdditiensiniagel oaulisbd B pulg@edanasemalt b
the present invention can be forned froma variety of polyners or'

copol ymers 10 i ntiendisagleperalingoph dwt pagjiculpoapphication. ahhe &Yﬁmlnethp@taymay. beAs
used here, therrmBIa tic, as. differentiate fromthelrrmset refg%cfgto a

pol ymer which s@PhEsstoAIE ahgther IRABHIURBISH FOPECTHIORR WAYS pedesgribed pPYE. Qhen
ol o a1 o g e i P 5 DI,

pol ynmer, on the other” han I rreversi en heate

A cured pol yger the staeR) cannaddauatelyl defineldystrite dloai ehamrets. | NTIEE YIS CHRY 8
crosslinked, can be forned at roomtenperature through use oz chem ca

agents o; ioni zienhancedagh descabed shavgnthen gsvacuymiig widized ag the petentdalrourte.

| ayer in articl of the invention_.Lnclude but are not |limted
R

pol yol efi ns such "%s>F01S, BYARfI FHaGRd B AL AR SR STk ey bé & structured

pol ypropyl ene, el Lagimt BVdr RGEkAt foRQvER £3. et hyl ene/ethyl 20 acrylate
polymers. Qther useful polyneric materials include vinyl polyners (e.g.,

pol yvi nyl chl oride, paltlyotighytheadesiddeokhown mry IFIGhISo modedes i angtackl afobadtructured

copol yners, polyvinylidene chloride, polyvi ni/l i dine diflouride (PVDF)),
acryl ate pollPnersyrfacqseldy, staghs| marthey Fonfigured: ihat havs othen pumbersnek stacks, for

pol ynmers, polyesters,(e.q. oly I h | yam des,(e. g.,
Nyl on), pol yur et%ﬁﬁ‘@ée,’ gfgatﬁropﬁ?gagéz%r%gsér?'é%%téeﬁ(ﬁ%tgascemlg@etéﬁré) ,and mayg
pol ystyrenes (€.igelud®®ibiithy’ R%s TRIthonvemRE iy [adde tRRO! Féedxample, the five- '
pol ysi | oxane polyners (e.g., polysiloxane anq'q;?anopoly5|loxane pol ynmers) .
Fluid transport laperbéstwckamvoreicBKl. § cord badatided mte quarteas,enidadash pfithediver

and prepol yner mnixtures uch as acryl ates or.epoxies, and cured throygh )
free radical pol YiRERRY, chfﬁ (E’Qlcli‘mﬂ?/?gﬁr W&Hlfﬁﬁéﬁcwﬁ ?ﬁ“vﬁyge?ﬂ“‘é%%‘égg‘?gér to
heat, WV, ¢ / - radiat; IhC| eohi r, 2
o 2ou 20020 oot issEl FEREENARETR TROA DG, I IMACUEELR cobld bElRalledB o
| i ght stabilizer&nnettof @it adhfnurdcaled héthl A lpetermyl beured. | [Theedackd tdild ihélade
pol ymers of the invention. As indicated above, there are applications where
flexi bl e active mulinke connesiosy to aliaw sautiple potpntipl seprees| ofxyasyingtpptendipl ebe
inparted to a structured 5 pol ric l.ayer using polynmers described in U S
Patents 5, 450, 23%#@&36 }%ﬁsﬁ’ug S5 “%ﬁtacg, 691 ,846 to Benson) Jr. et al. The
whol e pol yneric |ayer S%@Eélh Rféroffuchnee cﬁérﬁfélsam%ié ol unQl éé”fﬁftéaﬁpgﬁﬁé‘dié at-
e

The body | ayer (15, FI ), for exanple, cou conprise a flexi
pol yner, whe2®asde¢sesbat mudtSuPatknp dppiicationrSepial Nioo A9/d 861586 clilep onsthe aame day

rigid polynmer. The patents cjited in,this paragraph descpjbe use of 10

pol ymers in thi s2f RénRabent @ppliraanaed Fv@iﬁdbﬁ@wg%@[&leffg%h : aippy Hedta
mcrostructured surfagesg e, Baed ERlrudlohd sEQUIASERRE R FRY! ¥ 8%sBRiPan.
frommaterials other an_pol ymers | esired. Pol'yneric naterials

i ncl udi ng pol yneaspitatsio®s. c The epivnci 54 ethpldyscaiglack S0ethit bdraprdkies G pllurality of

plasticizing active agents such as surfactants or antim crobial 1 S agents.
Surface nodificaldysrs B3, eash havigcaunissosiiyeuErdepolymeris ssusfaed dd| pyeneanet maidugh

vapor deposition _or. coyal ept .grafting of fungtiena | etd.es _uUsing iopizing
radi ati on. I\/é% hoa'érf%lcr‘?dd’f@(? ni%essec?%c?nbarl%{ﬁu_-r%ﬁ g’r?re f}[}g%r?o#fﬁcrts ﬁﬁr"fgﬁ@r Y&t o
Pat ont o 4. 950, 548 LR S R e e o Al eilary

t hat irrpa.rt 20 vmddulssibrlmpimgtd iamltipiicdtytdfeclqanmqlrimelscl%mdtetaapé!dtolra';peor. erd. r
exanpl e, plasticizers can be added %o decrease el asti.c nodul us to inprove
flexibility. Actile seeesmaior surage 3l may BSRNYHRS Y hARY| begeavared wih other
central to many unit .qperati i These tions can include, for exanple,
heat transfer, n&a%er{aﬁgﬁsgr&e?ﬂﬁgﬂs,ggcc.hagﬁggkghd reactive chemstry.

Addi tional I'ygothe presgptcdpli@Nmciuld50\cafl e jdfaedno aPsHnakids 58 HarRkLRAck for
active thin filmreaction in applications such as

tubing 56 and an adapter 58. The tubing 56 may be fastened or otherwise joined to

20



chem cal or radiant reactors. In a chemcal reactor, a chem cal or v 2000
catalytic agent mght simlarly be supported on a mcrostructured sZntNngez

or on an i yeéd@dsing surface. In a radiant reactor, some forggRfisdondseti on
could be transmtted through a surface to cause an effect on the fluid

bei ng transfer : f e j,en f ieny.ent jon thin
fl exi bl e pol ?né‘?tg?tlml%%g tcg’a?‘5 %‘a%segggd?gwgl trﬁf: %ggélgfglgoj\g?r%p I eg@)s{e 'lté Eogs
m crost r uct ursectimal ¢apiliaey avadule SR theWbuRd IsS4étional tublirg 86afthe sealin
PCT/ US99/ 11020 For purposes of this invention, a "filnm is considered to be
- a thin (| ess conngetisn pepieth Bk Thg edanter $8 nray dbei donuertinnally ofeabingly reennested
material. The ecaqnopic vyal ye in, usi i nexpensive, filnmg. with highly _defined
m crost ruct urtg-t%?éﬁg gh&n‘x P #?%’E?Pf"gﬁ e@g% a@?‘gﬁ’f:.orlﬂﬂé?i Qﬂr{‘B"Tgi fefRmglies. hEhe,sed
in conbingti i | | ARthEREREb&dS sed
unsupportgd %%C}Mn&?gﬁ}%\éngtgi%?f%?{rﬁdfya&g%pgﬁi ng %gﬂ{c} Bﬁgf&&%&%@ﬁrggpﬁ{ he
capi | I ary nodalkesativelyyest dubing S6uatd mbdule S0raaatbercatnaucd mpethenbd acepsonmay be
flexi ble for many applications but also may be associated with a rigid
a

structural bofyheahshrinkapibing: inte oviichends of thedubiag H6pand thehmedulsi HQ arene

m crostructured surface to.aspitate flu.d, | be dgsirable t ffix the
modul e to 10 lﬁs%eaibﬁ%ﬁ%wl'}kﬁ%é? tfger @ggrsgg, 3“41&“‘3?%‘? S‘?ﬂég‘zﬂtmﬁ%fﬁ%@" f ace
has i ndependefibrGiasmie!ffor R adipber B AXRIREHAE a0¥REivalyCRITE hSHHAE I face
region to allow independent fluid novenent between the i ndependently

struct urdd chanhellsyersBtZ mayeestérel firthev ¢o makiedh¢ mapisgior §4 cheorie cfieskilelé. tToe

i nvention include m cgostructured. chapnel s), the devices co nly enpl oy a
mul titude of REA%ARe? %blﬁe?“cﬁé:ﬂ‘f?@.na SPIUTALCT] ﬁ“‘g-oﬁlé" ng‘f’{ggéﬂﬁl‘Fdf nent s

il lustrated aé}gféegabi%r&}c’)efﬁ%éﬁg at by Sdritisd {dcAREPRY Eaéi\%é%ﬁ%v%f‘ﬂh@%ﬁio@%e

possess nore nnel' s per device. Sone applications,

active fluid durfans ppihe loley] peticaiyrhhavibe ead cotatianw the 3dErol2 10 slidorchavnel s _
per device. The nore channels that are connected to an individual potential .
source al | ow Eelpsivp de eanei anothereins thet longitudinalpdigeatiog nefy theochanselsi Kut ddhis For a

from abou> 20neePraAEm il eupaticicelibles b B b B8 ot HEBhms FoRne Eibtic g0
kPa. The invepti,\Raffels M2 Wh@%%édﬁﬁ%%bﬁat@ﬁ\(ﬁ&ﬁ}%dgfe tpﬂsseaq;y%md’ WapRy have

as many as 1-0,000 channel inlets per square centineter of” cross sectlon
area. Active R%o f1Dwimlint leagthpoAtstiffeaspirator ghayt be mone @pplicablenfoy ihsevtéoraintd east
approxi mately .50 channel {nl ets. per square centineter. Typical devices can

have about 1,888 $13sssndyiilenflexibility mayybe ggsirad, 5o, that she3pRIratem HResan; be ot s
per unit cros ' : | Al - hi ghly

di stributed a?oiﬁﬁehﬁgga 0?%235 Ec{éﬁ‘é&ggﬁ%g&}flobﬁg’gﬁ ?taaﬁs%ﬂo@tth @\9?@'@?' t hat
negli gi bl &y f orces poasheln dotilbilse Be @Pppled by@ahs chpillaryCnbBule 'F0CHdeR6Hibed0 Wi t h
the channel inlet area. 30 2 6 ~l0 V 2002 WD 99/ 65542 EXAMPLES Exanple 1
-- Liqui d Acqliepéndentrrathe applicatian. aopernas ~Pdgsedsbeath topld be plagedaneundshet ed

liquid collectjaon gpparatys S structed usi a capil,) ary nodul e forned
froma pol yrre?'iagl"l g‘y&?m'fsh_ eaﬁﬁ?ﬂ“ﬁﬁgd's?‘f?i ro@Pﬁf@&?Pé@‘%e b??aﬂ%’éﬁhsa $4 2 wer e
capped with asifebﬁforfmiem ant8 ARA'REMA ERSEIRIAImIgIR tséeg eulghgvmitw t{' G

4. To conplete the apparatus, a nonwoven absorbent™ was ace bove the
capi | | ary nodupplicadont irhendostopie swrgical tpaadeddres owhere aldquidn fhaidr dedivefher
capillary_nodul e was fornmed by |am nating the m crostructured channel
bearing p&dymekirectionyeneeded.a single 1 ayer of Scotch PackTM type 29905 10

film The m crostruygct r.-l?ﬁﬁl'n | ay ias ing a | ten
pol ymer onto a nick Ektt"g%l %g?gsr?gg afchl;%cr ost‘llr%ﬁ@g(gg%gx‘@ﬁogﬁﬁé‘ls% %’ﬁorl%noé_gas
surface. The RQAARK, TREHekiBle ﬁ?ﬁhtbﬂ%ﬁia&ﬁﬁlé!k@dld' W&Ed%ﬁpﬂl%ﬁ’ti&%\%@&/
pol yet hyl ene, TeniteT"' 1 ESOP from Eastnman Chem cal Conpany. This pol yner

has a secant romblik phunefs fIGRAART surRagcmight be aletentercdedt byulART He 7<20.t0 A
noni onic surfactant. Triton X-102 from 15_Rohm & Ha?é CorrpanY, was nelt

bl ended into tA@VEREWthIne gases and nermeaingeflvide of gasescliomandfilisactingas a
structured,l ayer, s were forned in the continuous |ength of the
cast pol yﬂgr. %ﬂg%@ﬁ@ﬂ%&%ng tool was produced by shaping a snooth
copper surface with dianond scoring tools to produce the desired structure,
foll owed by an el ectrol ess nickel plating step to forma nickel tool. The
tool used 20 to.formthe polyneric |ayer was fashioned to produce a

m crostructured "V' channel like those il2ustrated in FIG 2a. The channel s
formed had a nom nal depth of 459 um an a opening width of 420 Vim This
resulted in a channel that had a hydraulic radius of 62.5 pm when capped.

"the di nensions of both the structured polynmer |ayer and the cap |ayer were
40 x 10 centineters (cm. The |inear



25 mcrostructure of the mcrostructure-bearing | ayer was parall el iE’NW?UUZ
|l ong axis of the lamnate. The polyneric | ayer and cap | ayer were

j uxt aposed su%ggt/}ggut he mcrostructured channels faced towar dspdfgsdof\o20
melting Scotch PackTM film The structured |ayer and cap | ayer were then

fused together by he I i
millimeters (rm) wi Gk ‘ﬁye?% éagflagi g%%tgeﬂg‘%%g%é |{é’f°'tégﬂ¥’ﬁfe&‘@‘?m‘§l‘%}§<?’seyé?a% he
| ami nation on t henfetiad de sedgifsneeded. Wheasttheddyean1dfard hot baict | opsthemdied e
was conpl eted by cutting one end of the 31 2 6, 2002 WO 991 65542
PCT/ US99/ 11020 vielegaty piathie stack 8. ppd/er a vapiaum aRplish h tubing 56,990 ierrglied

capill ary openings_al o the | axi ul e. (fhe_appar.at us
assenbl ed by saﬁg\ﬂlgﬂiaﬁgqﬁﬁey é%g'ﬁ? luaée?e.cflea%:@%dmnmglﬁ lg' |e13ya2> "’Sf‘““ffr‘owﬁﬁi*é%
sorbent and & t hirBsdnt GiNeStibAPBleNBAGLSIidthigd shPRcDIBVY theNaGéRf 1D GEfine flow
absorbent was prepared as described in U S. Patent 4,813,948 to I nsley and

was conpri sed ofchanselsil6ehatgiombtepsihglppipsd bmed flewnaTHiRGs bEdih advamageobeirs
(60 %9 with fibers.in the 5 tao 10, pm di ter size conmbined with 15

deni er PET st aplBatnaigss redigedywhich éﬁﬂ?rﬂ?‘gg;j‘f g‘B@ 1Ky ¥y ‘C(“bgnelﬂt %. A
non-ioni c surfactant i f el e th
Carolina, was nelt 10}%?@%%?\/%&%@,[ ehfeesalgélimlté?eg?l \Y}ﬁéh %L%Ed(g&%{)ea.r Sg}%[érr%t S
during extrusionpafvigual 143efs Brigaptren@fataced 10 oné YndiPer, RIEY the RRck I508R%) be

i nstantaneously wettable with water. The weight and solidity of the

resul ti ng weld wadivike0 agd awen fiethes quiadividad o a(piunality) ofaaspir@es bescest iThat is,
The bul k absorbency of the b was. ?,000 cnB/n2. The support |ayer was a
0.02 millinmeter A3 Of Pherﬁt"(%‘\/\if‘% bpﬁzscmﬁ% Ma@sﬁﬂo‘\%@?@w@? fluidrKps to

sorbent web and PROLE. - . . US] I |
pray adnesi ve. e R bhib Bhe- diGn GENE, SARSOTIF Bt LD Aol aftE vhere
M nnesota) was afipidi §dist extrdetedab Partwildrlygt wieré ahe agpiratér 64 /réBes dA& vacuum
capillary nodul e was positioned within the structure such that only a snall
portion of the neuhplied ethraugheepridisitont tatHag a16s & Berneve Awid, hanys nppbert of spely .
The chevron d qf .20- the nmodul e, was aligned wi.th the center,of 1he

absor bent sheet . 85&’% ‘faBFD(f %‘ge ‘va%rﬁg¥ fltﬂl‘%aﬁ%'voérm?'ﬁbj&g&&éﬂat&p%aﬁ%’f‘e{sl‘?ée
capi | lary modul epUifedRithinOdh Randto" TRBinRYs6PL@Ad ko Mibdiiddd 8o Sttafl rui@! |
of a tubing sect Pon, VI' grade 3.18 mminner dianmeter. 1.6 mm wall

t hi ckness t ubi ngfiomradialpgrictiar randRoohesbdivisioNein Yaclk S0Tisedisdctdd v sts corm

wth a razor in a straight |ine along the t%e 5 axjs,s. The slit | ength was
approxi mat el y t heespaghyeFondws to allow | approprgis divd oyt hSimlianequsdrrgation gag/or

fitted over the gngd, %E)Btcgﬁldcb%p%] hieRE .b?}gg% & d@\agﬁ.hi;ltnatrirsgltﬁe %:pg%ge .orﬁdggsaévzﬂq{l%

One open end of e €, at the capi nodul'e,  was se close

hot melt adhegi vee alibpted i@ uasdspatt Aintgdivhi fliid ¥ndbn téjfratidpfiial ThisWsture may
eval uated by saturating the 30 absorbent and attaching the capillary nodul-e
to a vacuum sour e paraculsarty bemsificipl fonanadienl uges. tincluding deptabases. Spraspiratingg
up, was placed in a pan situat Qd on top of a 32 2 6 NOU 2D02 WO 991 65542

A stacked module construction may include plural stacks arranged next to

onz another. That is, a stack such as shown in FIG. 5 may be arranged adjacent to

25  a similar or different stack. Then, they can be collected together by an adapter,

such as shown in FIG. 6, or they may be individually attached to a fluid transfer
tubing or the like.

Although the aspirator shown in FIG. 6 has essentially a linear profile, it

may be desirable in some embodiments to use an aspirator that has a different

30 configuration. For example, the tubing 56 or the adapter 58 and/or the stack 50

may be curved or curvable to allow the aspirator to reach difficult areas or to allow
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t op-1 oadi ng bal ance. After a vacuum of 28 mm nmercury (Hg) was appli 2% &@1 2007
the'unit, the anmount of water in the pad was recorded and the extra

rate of the ljiquid was determ ned. Extraction rate results el ow
in Table 1:"“%;-9%551% 1 Saturation Level (%I nstantaneous Ext ?&?@%}ﬁy@%ﬁge
(m/ m n) 10090 0770,/e400680/&8062%?&5]?0/&08530{08?‘3%2390/41,0?‘3%'20 éﬁ&

denonst r at ed, ¢ REPIEYRTIP SHBROThMEC b f ¥ I EXATR!S: AT LRE GRS ING 1P orfPuid qui d
from the poi ife Qbd dySCAHBPto Wdrh&alif ihd WBRoBARRLAH RISt Ak Gfledcfly 10
managi ng fl ui ds at igh saturation or flooded |evel anhd able to extract

“ fluid at a raheahepadent's oncuthi Ifthepspiratonwas hodlted arnistendai cdhlerdsooaakept

multiple fluid charges and operated in an essenti al llf;;h'Si | ent node. There
was only a repatiehtseliy. gl tubing| Sner adaptor S8cdasitablidsl figkible tchachigte suscheal

fluid b in th i nhati ttle. Jhe |liquid i siti d
B )
conformto the?rr?d#rﬁzﬁ??o @ glhltgu{hﬁ apfraom% 'tetmﬂéf?érjlpl B dn@Ndudry! &r?_ﬁdebem

over a sharp contour’ wit conprom sing the capiflary structure.

m crostruct ur @@figufatiene Suchtdéevicepwblildrbe hiphlyl neficiainincthanihe alehiistdeoudd! e
and was able to withstand the weight of an individual (about 25 kPa)
st andi ng, or, meatadlyogommymisste Wit theapatiens ang) Mvicagvessee withome having &

wi t hout col | apse. 20 aml.e 2 -- di, C. ASpL [.at i pn vice A vacuum

Rssi st ed " aspi IRrooe 1 SRR ety pisoMER S AL B Ll SefiBuArs n H G 6 v
construct gy using ey Fedfurel of RbMiEBayGlsH K HoVidee infrehk SAL ML 19Y8 ke 33

2 6 f~0QU 2002 WO 99/ 65542 PCTNS99/ 11020 resenbling the stack shown in FIG

5. The stack vimaneindé foryaddegddunatipns. objert dxampid. nispf {foustend mayr s plavedt o ed
channel - bear i n% | ayer of Exapple | in S}[.ICh a fashion that, the :

m crost r uct ur BESFPIERET HP by achEHng # MasH ot FRNANEAYH OhsRapee ke matetitle THS acent

| ayer to crea i 14l Aar, e ¢l a u . the 5
m crostructur gegmg%ﬁg rl:’ef:l ﬁ&g%@%gs%ﬂ gé]ﬂ[ ?gﬂt%g(rggl F@FJ ?xgec?%z{é %‘Sﬂ{g&%‘g’fss of = .
t he stack. ThEedlure®rsuldraisy bé hédddnah the dhadnes butlatsidecst the Inystilé o prwedes Was

S mmx 115 mm_ Ten structured polyneric | ayers were used to formthe
capi | | ar ylhodfarexampleaan froigatiqiminghen incgniuicior Wil @r b ligihel an aspiratop

facilitate a vacuum attachnent.. The.nani f ol d S,.for . from heat. acti vated
shrink tubing that a}déf ngF%Pé’@&oro'\%&c’ﬂ?’{%%eneeﬁﬂYg’%\"“lf‘ﬁerr%\ 1{3{8{3 Eﬁ%ﬂa‘%agﬁﬁfﬂ ng
tube |ike usegibed i6seglICadd cdiySthe iaBfirdted 1igGidFPh 30 hol bAcorh@¥aifbAkHe8e f rom
3M Conpany, St. Paul, M nnesota) was then heat activated around both the

att achnment t ulhdeshal haveaak innEo diapstertdf@nacgniimeter onlaggw. ddnlessynndebasagaci ty
of the unit, a 25 m|I1}]] i&ggr élln%% gradHaLed cgl i nder s filled with water
and was evacu&®®pletely  fiooded; d &8 Whish,, i fimtERiEat ¢ dheo RSPIgAt A fRpetioss ¢ he

mani f ol d t I r -t : I I to
Cont act atd oRPBiRy I SlApRRE ol wiflSir efhethe cHuARE: pRIE M HoRARMRE 1O
aspirator tipligarl moveadentannhé flom sysems uThia cequaes tahreladot 1y rtarge edrewdeltquid he

time required to evacuate, the graduated c¥i nder . was seven seconds.
resul ting in aficavaieaigewhichy hetmementymeohiheotiawing) a s suificat 4o sarmyfthe he

smal | channel ﬁiq'mrzi.“fﬁe fefiired tn'm&nr{en I tof tllxé Bitrlfﬁ)v@hzgs rwgr% gggtaﬁi% ré?ffj:cts on the

function of ijfpical medical aspirators. These negative effects may include trauma

25 to tissues contacted at the aspirator tip, damage to aspirated blood cells due to
shearing and aeration, high volumetric air flows that can cause atomization of
potential biohazardous liquids, increasing occupational exposure. and the general
noise level of their operation.

FIG. 7 illustrates yet another embodiment of an active fluid transport device

30 60 in accordance with the present invention. Device 60 may comprise a

construction similar to the device 10 shown in FIG. 1. That is, it may include a
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with the acquired liquid. This is an inportant distinction relativ B@ 2001
known aspirator technol ogies. The exanple unit carried approxi mat elez/ 83)

i ndi vi dual chawod9sssdeach channel hayi ng an aspect ratio of 1840PQTU11038
a hydraulic radius of 62.5 pm The 25 snall channels of capillary nodul es
were easily floodsrel thathapa natrestnidiured sarfatet drecref off ies wlajdr smfacependithat has a
two- phase flow regine to carry fluid. Wth a |ow pressure drop | ied over
the aspirated nodulleast Bepluraity ebghennsls @ﬁbptsyé@veagd yithaArfapalager g‘ﬁrtgif@@m a

drain. Operating w e | arnies rath ubes, the un
woul o mini m ze HAPHROLRRRNE 8o dhelsaBibeF gl SR Ve IBicRRES dibéSiong BatRd,
34 7. 61~V Z%QVMeQ@en& to@“PGa?t M6Epelrmit %ddr}%aﬁﬁﬂﬁstfeldﬁi&é‘c?erfsﬂéé the cap
conprises: (a) a layer of polyneric materlal aving a first major surface

t hat includes5a dayarddupreftrably hacea thiblaieshaf aboyl .02 abl?.ynmf esaapdiazy fiozinle
channel s di sposed thereon the fl ow channels extend froma first_point to a
second poi nt al orfdsa peu Id thaye tthe ckimsnsionsc dessrilieth abave inrirgferense 49 . LatThe

of about 10:1 and,a hydrayl i,c dIUS e r than Qut . 300 cro ters
and (b) a connect% &an?e?( t(n(fl{ Shio“[n eggﬁ%nf%géﬁegn& tl}%g 'l?'lﬁg &\oégs}‘

channel s, which qﬂnaﬁccsdaﬁma.hlmm @,ta%ﬁmleta}nanﬂ‘félans@ WRUE @€ aRSther @é#e bp tﬂehe
structured surface, to be applied to the flow channels to promte f

nmovenent through devecefd0pan ottdet mednsfold Gﬁmm be ﬂatdxdaﬂga:onmt&d)toahe ehmmdl outlets

| ocation. 2. The-active fluid transport device of claim]l

conpri sing a Yot Bt ghovddyride pes@paﬁlrﬁ&wqedn%be sepnfetedriadhs Lran%vea qemﬁe 60 by

promotes fluid %g)g%f‘ etlme? P]Ie?ﬁ épﬁ ;(;r.]{g ?x{a O{e[aoﬁ% ﬂolgénd?n to

a second | ocation e ac Vi ce

wherein the | ayeringhde®tynpwe ‘ihrﬁ@élﬁ'ﬂie&ievlc& moeresamplel & Pudtp (ndt sm)%hld\/&
fluid transport device of claim1, wherein the connector includes a

mani fol d that haseraployethtamese ifiwedi fiiom &ervaleltynamﬁxl@ﬁﬁ totthe outleti mahifolt iSnty
di sposed fl uidica nnel, s rc

bet
CheP o ant 1 o ot ¢ oyl B B buBp 8 e RS B B Rohndtinr BHL Ao

via the mani fQ d. jrclude. hankbR 6! | Vﬁlt@lln‘dhdel&rail%‘éﬁﬁmd‘%é{ﬁl‘ae bef pakad mn' fluid
wherein the connector includes one or nore of the follow ng: a manif

conpr essi on coupl torgmusieation evithgdekedtlet haanifdldi 6l & byconoecter ahatondudés that
t he fl ow channel s, capl |lary fibers, a mcrostructured fluid conduit, a
system for seati ng‘at‘H@l di screte mcrostructured flow channels in a

centrifuge, and a syst rg}(/ % Iu%mrg)gl ﬁe\tél:%ﬁﬂsltn gqégz&)gmla%“lvr&t%hﬁdw re it is

channel inlets or chann ets Ive ui d

transport device @gsiabl &f cﬁh@hﬁsa Ipabticuidie Aigidn thrbegH |thev debRangl So i iRALdike 2
cap layer that is {mxt aposed agai nst the structured surface. 7. The active

fluid transpo2® dehdregensticoif sheil@d byHisrcontact withdayers 6@9!‘ 64.s Thatds.ithe flyid may
secured to the structure surface.to,defin e discr ann

The notive f1ui o DF dirdlsa D e PR ey fhehephes Gefinhby it dnerars dogide
i ncl udes one or Mgy Ofredifiend GhipAM iRfiude MURFHED YBRAYIR, Ohind SoRtsHRon Fefctions 2
magnet ohydrodynam ¢ drive, an a oustl c flow system a centri fouge cei
hydrostati c head. pfomdibé BCicoi®ithdnts gldcednspart indehd charofel asuyfacds. cI&pmnon

1-8, wherein the structured surface includes v-shaped channel s, and/or
‘wherein the flow daMatsSushas by sPIRHQR of fluid epnstitugnis)onto peapedy PEweiRdchannel

ol ural ity of Chanteiecs RuanGe SreciNFiemt . hahidh fedi &t chlu! SRR Bt GRS
The active fluid toRRSPOThe SaYd MbrikthestONIPbe G4l t8FetmR thevb&ishigorideeeclih®¥r a
passing fluid where the contact layers 62 or 64 act as the fluid interface component

in a sensor or detector system. A fluid detection system might monitor fluid

conductivity, pH, temperature, or composition. Alternately, a fluid influenced by

30 the surrounding environment as it circulates through the channels could be

monitored as part of a detection system where the device 60 would itself function
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channel s i nclude plural discrete converging channels that connect tﬁfiﬂﬂ}l 002
| arger discrete channel. 11. The active fluid transport device of any o
“clainms 1-10Q, wherein the flow channels have a m ni nrum aspec i

exceedi ng MY¥558nd wherein the hydraulic radius is no gr ei’Fﬁ%’éH’zﬂoo

mcronmeters. 12. The active fluid transport dewice of any of clainms 1-11,
wher el n the R 8 ERERREINGE FRS O JRIFAURD MY SERect NG Sirtase i tag odxchanielgop; 1

honent ratt o bl bliflincoRRRAAGE rEphE Gr B AR piy Al Sonktindehs. WEKR b 1¢
fluid transpesslingestuld be akediny thefmallyiest the fRid whe msicrostraebsddciamntled r adi us

is less than 10 m cronmeters. 15. The. active fluid transport device of any
of clains 1-2givenfluidehent taxehanggriis @isclaseq drl.e. Hateat | Appliraton Semiak R¥fess

| h 5, ' , d_wh ' fl hannel. defined b
ot Uhan < ORISR B LSRN AR
have a peak \%igr;o@g%ﬁlce d 3Btk 1Muld EeLOOLMoHahSFel @ftSme} 6 dolk& aRinpder ! uid

transport de aim1, wherein the mcrostncture channel density is
from about 163631USAS%R| Fhadtstreeme rofugifferent codPosidon ldlsteadbuldent mumdeao. 17.
The active fluid transport device of claim4, wherein the fl ow channels

have an aspe&ergatagstheni 1nteragh andsHeat ORSORMOYICE 46 & MEARS: 1Q RRUSAeTe@stien, 18.
The active fluj r i f . i kn..Lhe device
el ades i (Hiflor o7 B, AFHE6RsE EMidihalf bRIGEE o crbfaci L B kg o0V O

fluid tragspeoth 6feMyers 62fordg4aisiohlss, fohetagiple, (digeat @) etian@br. PAhYIWREMELGRL er i al
has a second maj or surface that caps the structured surface on the first

maj or sur f aceeteon, TWreanabyticeledévics sudhy anas puicrosdeps ok spéctoineten t@nate 169,
wherein the stack jnc ZPdes at least 10 sér.gctured Ia\ﬁerlg. 61. The aﬁltgi ve
f1 uid tranjspiﬁe“‘d VP JRaYhRusse 1@ prglyze Huig@s 'FRASEER 2O iy thrgugh they  and
second mani { Qhdmefl SRR Lad, o USthl drid¥braHE ABEL Tmbollridits. A0C PR lcn pg2  The
active fluid transport device of any of clains 1-21, ereln t%e Pow

channel s ar e matie[fteen fleible)bémiengid, or dgidmaameérdals.stic of a fluid that flows

t heret hrough or wherein the flow channels are adapted to provide a
separati 88 treat neWithdiexible materials. the sneshanically Hoxdblematyagh shels a device
constituents renwved fir its flow siream 2 6 .2002 .23. The active
fluid trans po‘?’?quggf’%ve“ génb r?g?e({)%" %?“3%’%’?31?9 E‘iéz“’a l%nrs‘ei ng\‘/hbie gf‘BWSCW%E’éI s are

configured sugltivélftiargk 4b that tHe§ah Hefeasily haidesdt wiROM WrbdkiaB and ™R B@videget her
to interact. 24. The active fluid transport device of any of clains 1-22,

wherei n the fd bighlyhdistmibutedafhwd dofw oeer dyarghereastiatundeds d¢d besaffeawd nthea cap
| ayer that are. joined together mthe formof a capillary dul e that can
be” conf or ned @Htﬁﬁt 2 gﬁh‘g%e uid HANPQE devige, éafkeo&’ea%’ﬂbﬁ{oﬁa? nkety 1o
centinet eps W I 9ol t pi&dok NO gL, | e S The
active f?lrg)i dvtdfxtragﬁg%’)oﬁr gﬁigg}?‘gﬂ? ).‘%t&{}n%f b%‘ﬁgi m;slg"gfl,c WéﬁgﬁlM%ec?ﬁ%eer of -
pol yneri c nmatenif@mablectwidr sotjednody mayée dohfdrmablepaloagswah pml yhject (gt i s
nore flexible than the polyner that defines the structured surface. 26. The

active fluid PPdepore cshivel Altheugh the fujduiranspant slsvicgcan bf Mexible. iesasr of
pol ymer i ¢ Mt S bl 0Gahal 8o tdrPlodt? and RS Snlchddilcdlgnopor
nature of the capillary module 65 provides sufficient structure that can be utilized
25  within any active fluid transport device to impart load-bearing integrity to support,
for example, a standing person. The small size of the flow channels, as well as
their geometry, enable relatively high forces (for example, exceeding 10 kPa or
even greater than 50 kPa) to be applied to the surface without collapsing the flow
channels.

30 FIG. 8 shows the aspirator 54 used on a patient and connected to a

collection receptacle 57. In this case. the collection receptacle 57 can be connected

25



100 discrete flow channels. 28. The active fluid transport device of cany )6
~clainms 1-27, having nore than 1,000 discrete flow channels. 29. The active
fluid transpokio gbssspe of any of clains 1-28, having 50 to 10, Opérasssmeto
inlets per square-centineter. 30. The active fluid transport device of any
of claims 1-29, (yAgbinfal 0Qrce0 M4 sthalFVAtlam Slirp! AnaspRAEGY shéwh RFIGah
fluidically connect to individual discrete flow channels. 38 2 6 |~0Ov
2002 31. The actcould ¥d whed to remepoboditheflvide soth ambloof, plhsthasorlb@iily setretienn

t he channel s are discrete along thejr whole |l ength. 32. The active fluid
transport devi cdTes asWeicH sifq rn%‘"&‘-cﬂll',m%\é’lneﬁ‘%ig% ﬁ\écmﬁﬁd}i"étg‘?rf’@ salipg splutiens,

|l ess than 10 m apd wherein the layer of polyneric material has a
t hi ckness | ess %Eegﬂggﬁgﬁ%lsm&g'ronet ers. 33. The active fluid transport
device of ang of cl aiFmg. I9-showsvhiansles shaulipye spaifipatesndl activeahad itRinspoas a
second maj or surface that includes a structured surface that has discrete
fl ow channel s didepissedn abeordanse With thehpresentiipeentioni dint thgrmpdical field adiquid

S5 The acti ve ACGVEIORHAHOFF THER BBt dF Ry PeoPoRF oAb SPTIAgh P it o
capil l'ary nodul J : bl r . ; I.\e
fl 5: dt rgnspolrjt e%ggtls(t:(gag%yrg@gz%n%{vgilﬁé%Bﬂgng,]m\k/l\,}wg?g?r{é?ﬁggcg%%} Kg{r:;ﬂaﬁo%eul e

has a thickness @htidudi ¢ fiierhittent edependig oflthe aedd.vThé redodetadafdsinolld be
device of any of clains 24-34, wherein the capillary nodule is flexible.
38. The actile fhadily flvidhepmedicakirrigatiarf flaidy. dfn aspiniates S4, 35 desdnibediahovends

fl h | tai tit ts that bl hem |, | yti
L oni zat on- react N BEcisPES Qutng Anedie Rtsd bR gRmievE et camils, Bodiby,
The active flui dﬂ&iamamégge gﬁYén?% Q{ovﬁl{\yosﬁfonﬁdi 8h A&ielic3 %0 t%t%ﬁ Be il oy

channel s are adapted to tect physical characteristics of a urd fl ow ng
t her et hr ough. 3%f a 2exabldIBIAnROODT 4ffecting the pattbnasthi, &irtexamplen Heatingaraboling. mat
that conprises the acjive fluid trans of any .0 ' -39, and.

t i I f_cl
further includes a |i G6MdraReRAYE B¢ HEES g@éﬂsgﬁﬁeg 39 dapwsggcﬂﬁsg?'/gc{?lvww%r
griher inciudes all t 1 e i e s
e P e 1o i e HORE, L BRCARE 48 hdhe ihdhstel 'fhuid) B i RARNA N Oer CRRY

l'iquid acqui sitiganaed, B¥RGYaiihiamal Thtid efaghdtidinh 485 chidaelel Flide id lagiiha flow
absorbing layer conprises a nonwoven web of neltblown mcrofibers. 42. The
li quid acqui siti onchannelsyexhibitaomlanity Bpwarefilgwigere thesfiuid fay therehannad ismentst ng

Tho mat i ih ush® PRETCHRGERC 4y OB EFEL P HRRR Eb e NGy Tegit s

01, SCE, LB AR B Dt SRIELE g 580
thereon. ' 420 Thetheiftpid candabeamiounvof tmd acfiad speridsrmoning dbwelthe ohahelthig 3,
wherein the flow profile can create a significant temperature gradient across the channel. In .

contrast, channels that have a minimum aspect ratio and a hydraulic radius in,

accordance v;/ith the invention will display a smaller temperature gradient ;1cross

the channel because of the small hea' ‘ransfer distance. A smaller temperature

25  gradient is advantageous as the fluid will experience a uniform heat load as it

passes through the channel.

Residence time of the heat transfer fluid throughout the system of small

channels also can be essentially uniform from inlet manifold 66 to outlet manifold

68. A uniform residence time is beneficial because it minimizes non-uniformity in

30 the heat load a fluid experiences.

26



support layer is an integral extension of the |layer of polyneric ’T?taﬁm\lalhﬂl
that is present in the active fluid transport device. 45. The liqu

acqui si ti qgogg,gssgyacuati on mat of any of clains 40-44, that pppgisysifaze
capillary nodule that has a pennant configuration. 46. An aspirator that
conprises the act4wye dt j 02 0 i -30.. 47, The
aspirator of clai Wﬁ%é,‘dhg%grnp&xﬁ glaﬁg&g{usr??c‘i&@t %nocfgﬁ’r?e?{(%rﬁ%%@gja ﬁ@forﬁhe

aspi rat or of regidend® tinfe alddeERitibitdgo Dvark éfficienexiahll efornd given aeudf Heat 0 10
centineters in length, and wherein the nmultiple structured |ayers are not

secured to ewmaisfayt dllow far snradles tempieratuiendiéferentials bpoveen2the he@vraefe? fuid The

aspirator of c]aima47 or 48, wherein the cqnnect includes a, conduit that
i s attachabl @4 @'ead%@&u'lﬂ g‘? W@atﬁ%r?ﬁe‘iﬂogﬁd' bg{}]’ﬁgm?ﬁ{ﬁr dF’E‘Ranﬁ}“%l?dt‘ng’ﬁ%‘é{alﬁo t he

fl ow chamnel s ;i i | sal M, 4 ein

t he st ac%ni slseg{d%dtlth\gn%ggﬁd& ::‘!rél’tr é&gl %‘F‘B‘? a@{l’gf)@%sqg?tgﬂvg l&?%ﬂ.esﬁgé&hﬁﬁ?% or of
any of cl ai ngeaf@x&8fngavhiereed iA thdrbhalllyi deyisidie @pplitations auch ps 8ki@cori tsshi¢ ui d
communi cation with the plurality of branches such that fluid is transported
t hr ough somecasttact.helheohighi eontach guifacedaree, per vaikaolune @fihest trapsferTAaid,
aspirator of clai 0, .wherein.a first conduit i.s adapted to.transport an

i rrigation fw&}n&tmgﬁ%dtgag%&w&d@lgh%ﬁs% g“’af‘éfgtﬁ?‘eﬂV&B“{%Fré%%%&gf’c%n aspi rat ed
fluid. 53. The asph¢ féRiradlpcHevie Hhpalth Kbl Heradarbalhé segh that
it can rest on a person's lip such that the aspiratior can withdraw saliva

and ot het0 f | Thelsaperiab eodndnmics bf apeicsestrustunsbedringSAlm Aakehtnie weohikhgrke t hat

conprises the active fluid transport device of any of clains 1-39. 55. The
heat exchangemo3pREeRlats for limyifed, orisingle usqanplicayousa sifdy asiia medisal gpwcesand
wherein the djscr l. i . t hat has a thickness
of about 0.0 ?% c@%p;ﬁé%l?g@?lng@ﬁ%ﬁ%ﬁ%%ﬁgﬁl%éfﬁgﬁobg%ﬂ%he heat exchanger of

claimb54 or 55. 5A héatnidrspert afevice adtsther invegtich fid beseMMIDihi han@ Edrebet eps.
of: a) providing an active fluid transport device conprising a |ayer of i
pol yneri c nmaflexiblg, aHawinggits us¢ in varieysoapiicationse Thatdevivel catidse eordowredt ur ed

surface that has . a. rality of disgreke flow channel s, di sposed ther.eon,
The 11 owl s haAang ight Braes pY syt e BorRVY 5RA58dBe rbiset iR DEINSHD 1t ne
structured supfAffs 4 rBqife Auiatl B Yo im€e@ar biaceO0IRSREGHive i@ Of
about 10: | agigl &g&ﬁg‘/dr aJ?‘?g radli Ss no gr egtlergtﬁ%n aabout 308l m&rcur omstlgr s; b)
connect i ng t lvanspott dewices,Lincludingnbpbeat edehanger. tmayebepfasianhédado teaor fiexildxt er nal
to the structured surface through a connector that is in fluid

communi cat i othahithedevirss @r sapiblary modleseambrosanfonmed about a mandesl that hgs 2| ui d
t hrough t he fdl

rouah e, LB USSR, L 80 LESEHA T SRt SRR,

20  constricting the flow channels or the structured polymeric layer. The inventive
devices also could be fashioned from polymeric materials that allow the fluid
transport device to be non-detrimentally conformed about a mandrel that is
approximately 1 cr;x in diameter. ’

The making of structured surfaces, and in particular microstructured

25  surfaces, on a polymeric layer such as a polymeric film are disclosed in U.S. Patent
Nos. 5,069,403 and 5,133,516, both to Marentic et al. Structured layers may also

be continuously microreplicated using the principles or steps described in U.S.
Patent 5,691,846 to Benson, Jr. et al. Other patents that describe microstructured
surfaces include U.S. Patent 5,514,120 to Johnston et al., 5,158,557 to Noreen et

30 al., 5,175,030 to Lu et al.. and 4,668,558 to Barber.



58." The nethod of claimb57, wherein the fluid includes a bodily fluj éjN ﬁzﬁﬂl
The nmet hod of claim58, wherein the bodily fluid includes saliva. 60 Q

met hod of cl aiwp &kssygherein the bodily fluid includes bl ood, plgsirasesrioo
bodily secretions. 61. The nethod of claimb57, wherein the fluid includes
smoke. 62. The met hogplengb@ipdly?dericMagesi prodiked fih UicCortfitde UHRS st tedHhidue$3-
The nmet hod of claim62, wheréin two or nore different |iquids are passed
separat el y t hrouwgh hehanidevéplicate84. Thbeprowisiondobinictonéphic@sd stiuetueed layrees is
liquid is an irrigation fluid, and the ~ other ljqujd.is a podily fl uid.
65 "The et hod GEneRgianbesabseihe Anares e be Fiev Praduiith o dybtanial varinus
an aspirator an he fl.ujd C I, S : 0 .

m crostructur equinéaneold%ei%ld‘& vpac)‘gedtt %{fﬂ r@%ﬂﬁl%?ﬁlssg’? rgl%ﬁ\é?%rzcog?ﬂ%eé nglrzolcg?smEgA
mat erial that hagcimidiesst TRRhfErosdplicaee sufatesi prefaralas afe prddueéd/sash fiak B e;
the structured surface conprising flow channels that have a m ni num aspect
rati o of about Isdruttuaedisurfdey deatuwtes cetrindinuigdividugt &ature fidblity duingtm&0@acture,

m cronmeters; the flow channel s, al sQ.possessi ng constjtuents that enabl e
cheni cal , cat al 9™ Proghst-1QsRroSNEs, b‘&“‘ﬁb‘é?é’teﬁ(’iﬂé‘?qrﬁﬂé?é’é&rmas the fluid

contacts the channel sei, 07 va@boASAUGA'S b3 uROTRELARRILIR LLSHERE Wik the

channel ed devi ce of cﬁ;al m

. A3Y. AFY. AYY. AYRyre&ht Vinfention can be formed from a variety of polymers or copolymers
3.A.3.A F. A Al .AF, . AS(3. A(l 2. ASUY. A{| . Ayl y. AA?. AY. ALYR. Af F RS AS A & A Ane
. Ay. Ah. ASL. AQl % iAbluding Ahemaiplasic A thgramaset) 7 curegblggpolymers.  As used here,
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dd’ epeeezf ffgghHhNn\ hjcjjjk}xsnid_Z]]c]]ca]ca]ca]ca]ca] ca] ca] ca] ca] ggigah

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! kJ k{EI 11 ?H?
- MMM NNN00QY \hjcjjjk}xsnid_Z]]c]]ca]ca]ca]ca]ca]ca]caglsasalisahcal ca
] ca] ca] ca] ca‘?% Ja% ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caO"T} N2&L109&

+§L%)cy;( '&1(()())/ &: ie%(tleﬁ‘é%{ “%8 éj“(jf“hg /é(\)ndeﬂ:gﬁ"tls@g@ i%ré JsurfaGhnts fand the like may be

"109%& () - f L0%&ligdd Qikhitiithé pol9ifR¥Eof(the if\eaESHL0%& () - ' y10%& ()-", 10%& ()-
"10%& ()-L10% ()-L&10% ()-55@ aB3/ "109%& ()--10%& ()-
, 1098 () - s* Z10% &Y )nd;Qal habpye, lmew/@rel@muc(a)wns oylwcsdlmlﬂefz&n(vy fluidoPP

10PP 10PP! 1" F=109%P ILY: 109%& ( 109& ( YllO%&' ' cdEaS4 MLO Y
1092& () - ,16%&’0(5 %?%Eﬁ%/z"&e ‘11 SL’i‘b E) @‘Z%WQZ %"f )a SHuctugpe, g4
MLO 109%&Z '() ) X

1092& ()-Fld 8}3@1’65? ‘%g)ﬁcé&%ﬁé&gz&%?w%@g%t? Sz () -
Y109%Z&' () - 2%1&6%91% tﬂ)(Bﬁ&o(x)Jr et al. The whole polymeric layer need not be made

y) 109&&' ()-' 109%&Z& () - &3" 109%2&' () - L$109%&Z&' ()- . "109%Z& ()- h#%& (dYNC ML 10Z
10Z 10Z; t 10%:f®en B eopgigmenic Jmateriglozkhq ¥>0dldﬁ!}t§%§ J(§1G. 1), for example,

n O 1
10%& ()-() Q:%u Ec\c()'yn%r{\s/% a]f?exnlae p{)?ymer. whereas the structured portion or portion could

comprise a more rigid polymer. The patents cited in this naragraph describe use of

10  polymers in this fashion to produce flexible products that have microstructured
surfaces. The body layer also could conceivably be made from materials other than
polymers if desired.

Polymeric materials including polymer blends can be modified through
melt blending of plasticizing active agents such as surfactants or antimicrobial

15 agents. Surface modification of the structured surfaces can be accomplished
through vapor deposition or covalent grafting of functional moieties using ionizing
radiation. Methods and techniques for graft-polymerization of monomers onto
polypropylene, for example, by ionizing radiation are disclosed in US Patents
4,950.549 and 5,078,925. The polymers may also contain additives that impart

20  various properties into the polymeric structured layer. For example, plasticizers
can be added to decrease elastic modulus to improve flexibility.

Active transport of fluids, both gasses and liquids, is central to many unit
operations. Thesé operations can include, for example, heat transfer, mass transfe:.
ion excha:ize, and reactive chemistry. Additionally, the present invention provides, -

25 an apparatus and method for active thin film reaction in applications such as
chemical or radiant reactors. In a chemical reactor, a chemical or catalytic agent
might similarly be supported on a microstructured surface or on an interfacing
surface. In a radiant reactor, some form of radiation could be transmitted through a
surface to cause an effect on the fluid being transferred.

30 Preferred embodiments of the invention may use thin flexible polymer

films that have parallel linear topographies as the microstructure-bearing element.
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independent fluid movement between the independently structured channels.
" Because the active fluid transport devices of the invention include
microstructured channels, the devices commonly employ a multitude of channels
15 per device. As shown in some of the embodiments illustrated above, inventive
active tluid transport devices can easily possess more than 10 or 100 channels per
device. Some applications, the active fluid transport device may have more {than
1,00C or 10,000 channels per device. The more channels that are connected :o an
individual potential source allow the potential's effect to be more highly
20  distributed. For a device such as an aspirator, the potential that is commonly
employed ranges from about 20 to about 40 kPa. and more commonly from about

40 to about 60 kPa.

The inventive active fluid transport devices of the invention may have as
mecny as 10.000 channel inlets per square centimeter of cross section area. Active
25  fluid transport devices of the invention may have at least approximately 50 channel
inlets per square centimeter. Typical devices can have about 1,000 channel inlets
per cm’. By having so many channel inlets per unit cross sectioned area, the effect
of the potential is so highly distributed at that location of the active fluid transport
device, that negligible forces may be imparted onto objects that come in contact

30  with the channel inlet area.
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above the capillary module, and the module was attached to a vacuum source.

The capillary module was formed by laminating the microstructured

channel bearing polymeric layer to a sinzle layer of Scotch Pack™ type 29905

10  film. The microstructure-bearing layer was formed by casting a molten polymer

onto a nickel tool that had microstructured channels on one surface. The polymer

used to form the structured layer was low density polyethylene, Tenite™ 1550P

from Eastman Chemical Company. This polymer has a secant modulus of 193x10°

Pascals as determined by ASTM D 790. A nonionic surfactant. Triton X-102 from

15 Rohm & Haas Company, was melt blended into the base polymer to increasc the

surface energy of the structured layer. The channels were formed in the continuous

length of the cast polymer. The nickel casting tool was produced bv shaping a

smooth copper surface with diamond scoring tools to prcduce the desired structure,

followed by an electroless nickel plating step to form a nickel tool. The tool used

20  to_form the polymeric layer was fashioned 10 produce a microstructured "V"

channel like those illustrated in FIG. 2a. The channels formed had a nominal depth

of 459 um an a o_pen'mg width of 420 um. This resulted in a channel that had a

hydraulic radius of 62.5 um when capped. The dimensions of both the structured

polymer layer and the cap layer were 40 x 10 centimeters (cm). The linear

25  microstructure of the microstructure-bearing layer was parallel to the long axis of

the laminate. The polymeric layer and cap layer were juxtaposed such that the

microstructured channels faced towards the low melting Scotch Pack™ film.
The structured layer and cap layer were then fused together by heat
welding. The heat welds were approximately 5 millimeters (mm) wide and were

30 disposed parallel to the long axis of the lamination on the outside edges only.

Construction of the capillary module was completed by cutting one end of the
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O-\] (60 wt%) wjft?l ers in tl1ie Stol b pm %i?ametér) size combined with 15 denier PET
staple fibers (20 wt%), and microfiber microwebs (20 wt%). A non-ionic
surfactant type OP9, available from Henkel of Charlotte, North Carolina, was melt

10  blended with the resin in all the microfiber elements during extrusion at a fiber
add-on rate of 10 wt% to render the fibers instantaneously wettable with water.

The weight and solidity of the resulting web was 180 grams per square meter

(g/m*) and 6% respectively. The bulk absorbency of the web was 2,000 cm3/m2. -
The support layer was a 0.02 millimeter (mm) film (75 wt% PP/25 wt% EVA,
15  Dow Chemical). The sorbent web and the support layers were held together using

a hot melt spray adhesive. The adhesive (HL-1358-X ZP, H.B. Fuller. St. Paul,

Minnesota) was applied to the absorbent at a rate of 10 g/m2. The capillary
module was positioned within the structure such that only a small portion of the
module extended beyond the absorbent and the support layer. The chevron end of
20- the module was aligned with the center of the absorbent sheet.
A manifold was then fitted over the extended end of the capillary module.
The manifold was formed by placing a cut in the side wall of a tubing section, VI
grade 3.18 mm inner diameter, 1.6 mm wall thickness tubing from Nalge Co. of
Roches-ter; New York. The slit was cut with a razor in a <iraight line along the tube
25 axis. The slit length was approximately the same as the capillary module width.
The tube was then fitted over the end of the capillary module and hot melt glued in
place. One open end of the tube, at the capillary module, was sealed closed with
hot melt adhesive.
Fluid evacuation capability of the apparatus was evaluated by saturating the
30 absorbent and attaching the capillary module to a vacuum source via the tubing.

The test unit, with sorbent side facing up, was placed in a pan situated on top of a
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As demonstrated, the apparatus was effective in acquiring and removing
liquid from the point of discharge. The test umit was particularly suited in
10  managing fluids at high saturation or flooded level and able to extract fluid at a rate
close to a liter per minute. The unit was able to accept multiple fluid charges and
operated in an essentially silent mode. There was only a relatively small volume of
air entrained with the extracted fluid as was observed in the aspiration bottle. The
liquid acquisition and evacuation mat was durable and flexible and had the ability
15  to drape and conform to the surface contours onto which it was placed and could be
bent over a sharp contour without compromis.ng the capillary structure. The
microstructured surface of the capillary module was mechanically durable and was
able to withstand the weight of an individual (about 25 kPa) standing, or. seated on
a stool with casters rolling over, the module without collapse.
20
Example 2 -- Medical Aspiration Device

A vacuum assisted aspiration apparatus similar to the aspiration shown in

FI1G. 6 was constructed using a stack of polymeric microstructured channel layers
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The manifold was formed from heat activated shrink tubing that was placed over
10  the end of the stack and an abutting tube like used in Example 1. The shrink tubing
FP-301-1/4" (available from 3M Company, St. Paul, Minnesota) was then heat
activated around both the attachment tube and stack.
~ To test the acquisition and conveyance capacity of the unit, a 25 milliliter
(ml) graduated cylinder was filled with water and was evacuated. After attaching a
15 vacuum source of 28 mm Hg to the manifold of the capillary module, the tip of the
aspirator was allowed to contact and extend below the liquid surface approximately
5 mm. The aspirator tip was moved down from the surface as the column receded.
The time required to evacuate the graduated cyiinder was seven seconds. resulting
in an average extraction rate of 214 ml/min.
20 Because of the small channels in the aspiration unit, little air was entrained
" with the acquired liquid. This is an important distinction relative to known -
aspirator technologies.
The example unit carried approximately 200 individual channels,”each
channel having an aspect ratio of 1840 to 1 and a hydraulic radius of 62.5 um. The
25  small channels of capillary modules were easily flooded with aspirated fluid and
therefore did not operate in a two-phase flow regime to carry fluid.
With a low pressure drop applied over the aspirated module the unit could
be employed as a cannula or surgical drain. Operating with flooded capillaries
rather than open tubes, the unit would minimize the possibility of back flow of air

30 into the body cavity.

34



109@& ()-10%: ()-1 , 10%& ()-%L0% ()-1tdEbCI{! 10%& ()- 10% ()-Y, 75 Noy 2001
"100& ()- | 109%& ()-S "10%& ()- 10%&' ()-baBbC {!3. 10%& ()-y, 10%&' ()° 9
109& ()-!yy9B" 109R&& ()- #109%& ()- Y'109%& ()- WIE:/ 10 10f;

109& ()- 6! 109& () -, 5109& ()-, 3109& ()-1109& ()- /109& ()- 9®OXY:/

1010967& () - YI09%T& () - 10967& () - @L09%T& ()-1109T& () - & mLO%& ()- 10, rdE: /
1010947& (EL QMg ()= "10%& () -, 109G& ().’ S1109& () - 10%& ()- fE+aB:/
10&L$10907& %’3 ' 1090T& () - &F1090& ()-!109%F& ()- 109%& () -

, 109028 () - +t VAE: / 108&90109%4& ()- .109%& ()-L, 109%0& () -

R A
(a) a layer of polymeric material having a first major surface that includes a
structured surface that has a plurality of discrete flow channels disposed thereon, the flow
channels extend from a first point to a second point along the structured surface and have a
minimum aspect ratio of about 10:1 and a hydraulic radius no greater than about 300
micrometers; and
(b) a connector that is in fluid communication with the discrete flow channels,
which connector allows a potential, from a source external to the structured surface, to be

applied to the flow chaunnels to promote fluid movement through the flow channels from a

first location to a second location.

2. The active fluid transport device of claim 1 , further comprising a potential -
source external to the structured surface that promotes fluid movement through the flow

channels from a first location to a second location.

3. The active fluid transport device of claim 1 or 2, wherein the layer of

polymeric material is microreplicated.

4, The active fluid transport device of claim 1, wherein the connector includes
a manifold that has a plenum defined internally therein, the manifold being disposed
fluidically between the flow channels and the potential source, the potential from the

potential source being applied to the flow channels via the manifold. Coe

5. The ac';ive fluid transport device of claim 1, wherein the connector includes
one or more of the following: a manifold, a compression coupling, seal, or gasket that
fluidically joins a conduit to the flow channels, capillary fibers, a microstructured fluid
conduit, a system for seating the discrete microstructured flow channels in a centrifuge, and

a system for allowing a flow stream to be directed at channel inlets or channel outlets.
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7. The active fluid transport device of claim 6, wherein the cap layer 1s

sealingly secured to the structure surface to define the discrete flow channels.

8. The active fluid transport device of claim 2, wherein the potential source
includes one or more of the following: a vacuum generator, a pump, a fan, a magneto-

hydrodynamic drive, an acoustic flow system, a centrifuge, and a hydrostatic head.

9. The active fluid transport device of any of claims 1-8, wherein the
structured surface includes v-shaped channels, and/or wherein the flow channels are
configured to have a flat valley between slightly flattened peaks, and/or wherein the
structured surface includes a plurality of channels that have smaller channels disposed -

therebetween.

10. The active fluid transport device of any of claims 1-9, wherein the flow
channels include plural discrete converging channels that connect to a larger discrete

channel.

11. The active fluid transport device of any of claims 1-10, wherein the flow
channels have a minimum aspect ratio exceeding 100:1, and wherein the hydraulic radius is
no greater than 100 micrometers.

12. The active fluid transport device of any of claims 1-11, wherein the flow

channels have a minimum aspect ratio of at least 1,000:1.

13. The active fluid transport device of any of claims 1-12, wherein the aspect
ratio is less than 1,000,000:1.
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channels are defined by peaks that have a height of approximately 5 to 1,200 micrometers

and that have a peak distance of about 10 to 2,000 micrometers.

16. The active fluid transport device of claim 1, wherein the microstructure

channel density is from about 10 per lineal centimeter up to 1,000 per lineal centimeter.

17. The active fluid transport device of claim 4, wherein the flow channels have

an aspect ratio that is at least 400% greater than the manifold.

18. The active fluid transport device of any of claims 1-17, wherein the device

includes multiple structured layers in the form of a stack.

19. The active fluid transport device of claim 18, wherein the layer of polymeric
material has a second major surface that caps the structured surface on the first major

surface.

20. The active fluid transport device of claim 18 or 19, wherein the stack
includes at least 10 structured layers.
21. The active fluid transport device of any of claims 1-20, further comprising

first and second manifolds disposed at the flow channels’ inlets and outlets.

22, The active fluid transport device of any of claims 1-21, wherein the flow
channels are adapted to influence a characteristic of a fluid that flows therethrough or
wherein the flow channels are adapted to provide a separation treatment such that a fluid

passing therethrough has constituents removed from 1ts flow stream.
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channels are defined by the structured surface and a cap layer that are joined together 1n the
form of a capillary module that can be conformed about a mandrel that has a diameter of

approximately 2.5 centimeters without significantly constricting the flow channels.

25. The active fluid transport device of any of claims 1-24, wherein the layer of
polymeric material includes a body layer that comprises a polymer that is more flexible than

the polymer that defines the structured surface.

26. The active fluid transport device of any of claims 1-25, wherein the layer of -

polymeric material is in the form of a film.

27. The active fluid transport device of any of claims 1-26, having more than

100 discrete flow channels.

28. The active fluid transport device of any of claims 1-27, having more than
1,000 discrete flow channels.
29, The active fluid transport device of any of claims 1-28, having 50 to 10,000

channel inlets per square-centimeter. -
30. The active fluid transport device of any of claims 1-29, wherein the

connector includes discrete conduits that each fluidically connect to individual discrete flow

channels.
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has a thlckness less than 5,000 micrometers.

33. The active fluid transport device of any of claims 1-32, wherein the layer of
polymeric material has a second major surface that includes a structured surface that has

discrete flow channels disposed thereon.

34. The active fluid transport device of claim 33, wherein the second major

surface comprises a polymeric material.

35. The active fluid transport device of any of claims 24-34, wherein the

capillary module has a thickness of 1 to 10 millimeters.

36. The active fluid transport device of any of claims 24-34, wherein the

capillary module has a thickness of 2 to 6 millimeters.

37. The active fluid transport device of any of claims 24-34, wherein the

capillar}; module is flexible.
38. The active fluid transport device of any of claims 1-37, wherein the flow ..
channels contain constituents that enable chemical, catalytic, and ionization reactions to

occur as the fluid moves through the channels.

39. The active fluid transport device of any of claims 1-38, wherein the flow

channels are adapted to detect physical characteristics of a fluid flowing therethrough.
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42, The liquid acquisition and evacuation mat of claim 40 or 41, further
comprising a support layer that is disposed beneath the liquid absorbing layer when the mat

is in use, the support layer being liquid impermeable.

43, The liquid acquisition and evacuation mat of claim 42, wherein the support

layer includes a microstructured layer that has flow channels disposed thereon. . -

44, The liquid acquisition and evacuation mat of claim 42 or 43, wherein the
support layer is an integral extension of the layer of polymeric material that is present in the

active fluid transport device.

45, The liquid acquisition and evacuation mat of any of claims 40-44, that

includes a capillary module that has a pennant configuration.

46. An aspirator that comprises the active fluid transport device of any of claims
1-39. - .

47. The aspirator of claim 46, comprising a stack of polymeric layers.

48. The aspirator of claim 47, wherein the stack is flexible and is about 1 to 10

centimeters in length, and wherein the multiple structured layers are not secured to each

other at the stack’s inlet end.
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51. The aspirator of any of claims 46-50, wherein a plurality of conduits are
placed in fluid communication with the plurality of branches such that fluid is transported

through some of the conduits independent of other conduits.

52, The aspirator of claim 50, wherein a first conduit is adapted to transport an

irrigation fluid, and a second conduit is adapted to transport an aspirated fluid.

53. The aspirator of any of claims 46-52, being adaptable such that it can rest on
a person’s lip such that the aspirator can withdraw saliva and other fluids present in the

person’s mouth.

54, A heat exchanger that comprises the active fluid transport device of any of
claims 1-39.
55. The heat exchanger of claim 54, wherein the heat exchanger is flexible, and

wherein the discrete flow channels include a cap layer that has a thickness of about 0.02 to

0.2mm. - -
56. A blanket that comprises the heat exchanger of claim 54 or 55.

57. A method of transporting a fluid comprising the steps of:

a) providing an active fluid transport device comprising a layer of
polymeric material having a first major surface that includes a
structured surface that has a plurality of discrete flow channels
disposed thereon, the flow channels extend from a first point to a

second point along the structured surface and have a minimum
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a layer of polymeric material that has a first major surface that includes a structured

surface;

the structured surface comprising flow channels that have a minimum aspect ratio
of about 10:1 and a hydraulic radius no greater than about 300 micrometers;
the flow channels also possessing constituents that enable chemical, catalytic, and

ionization reactions to occur as the fluid contacts the channels.

67. An aspirator that comprises the microstructured channeled device of claim

66.
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