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device 5 soVCRDCHANNEED ATTHE R FRANSPOR EYICH [, ™

m crostructured channel s to a potential source that pronotes fluid
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the fluid flow pat h can be control | ed for the purpose of running a

particul ar fl uithe Haik tranﬂwﬁells espidencd glactivaii dOouthl atheri mand, Ivden the fluid
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exchanger is produced by materi al epositing a s such a
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or ceram ¢ body p%?s%g fluid transport device is an absorbent pad or sponge.

The design of an active fluid transport device depends largely on the

specific application to which it is applied. In many cases, it is desirable to control

20  the fluid flow path. In one 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.

A heat exchanger that has discrete microchannels extending between first

and second manifolds is described in U.S. Patent No. 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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In froth flow, for instance, bubbles of gas are dispersed throughout the
liquid, and intimate contact of the air and liquid could cause, as an example,
accelerated oxidation of the liquid. In dispersed flow, nearly all the liquid is
entrained as fine droplets in the gas. Aerosol droplets generated by this flow

20 pattern could find their way into the local environment, thus creating a hazard
depending on the nature of the liquid. An example might be in s surgical field
where bio-contaminated fluids, aspirated for disposal, become aerosolized and
enter into work 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.
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avai | abl e under the trade name ntro oor suction nat,
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multitude of parallel channels. Holes are provided in the channel surfaces that
interface with the absorbent mat so that fluid recovered by the mat can be drawn
into the channels. The parallel channels are connected to a manifold that attaches
to suction tubing. Thus, after fluid has accumulated on the mat, removal can be

20 facilitated through the multiple channels by applying a vacuum. Because the
recovered liguid can flow through the channels as a liquid/air mixture, the device
has the potential to generate noise. That is, as fluid is pulled through the channels
by the suction system, air can mix with the liquid to generate noise that can
negatively affect the working environment.

25 U.S. Patent No. 5,628,735 to Skow discloses an active fluid transport
device that ‘professes to gently and continuously remove unwanted fluid from an
operating field during surgery. The device utilizes both passive and active fluid
transport mechanisms to remove excess fluids during surgical procedures. It
includes a flexible mat that has a high wicking property, and embedded in the mat

30 is 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
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the mat to prevent it from becom ng saturated. The tube has one or nore
3 WO passsinciudes an absorbent foam pad that is attached to a suctior: source via a
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products that are used to recover fluids are .described in U S _Patents
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bl ood and oth accunulate ITn a surgica
procedur es  ThRgation fluids used in surgical procedures such as arthroscopic surgery on a joint,

e.g., a knee. The receptacie is thin and generally flat and has a gridwork of small

basins that form a collecting surface with drains through which the recovered fluid

flows to channels formed between the receptacle and the floor. The channels direct

the fluid to a common discharge port, which may be connected to a suction device.

20  Because of the channel configuration, this device, like others described above, may

easily create a two-phase liquid/air flow, which could generate significant noise
pollution.

Other flexible tubing devices or catheters are described, for example, in

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

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,
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di rect t himchudes d shmctrero surfave thatchasr g @lyrality, ofvsibstantialjy idéscrate flowt ed
to a suction device. 20 cause Qf the channel configuratian, this
device, like ot ?"@P@E@&E‘Pqegg?fr%%’o@g}e ffpdg,channgis e@gg(?ﬁ‘g)mcar 5t potnt o aseponds o
liquid/air flow,.. L g f : j . tipan.
O her fl exibl e%%ﬁ{lmgﬁ%@\%%‘s} or cug{a ﬁee%}a(?fsﬁ‘faeragﬁg%ggﬂ %Z)g?t f tcl)? Og%%t&rrd}gIlg]Ol I n

n
U. S. Patents 5, 4fia Bydkailie r28ige fo gleabe? IhailsbotD3 () mivrometets (pum), ThedradsgodB, 127
to 25 Wepsic. In the Degen patent, a collection of hollow thernoplastic

fiber strantl adevice also inchidas aconnrstartthat ia e fyikeommupisationayithfthe discrete
separatory devige. The devices descri hed LR obish et al a sic
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Drobi sh et al device es a concentric secondary passage at h
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surface area that is accessibJe to flui assed withip the secondary
passage. In the V\éps'inée prgseaf nvention has a number of characteristics that impart numerous

pCT/ Useo) 11650 EvARaBg o gn e i rerseot dovi et simbodics b mention, 00,
a primary passaggticaliiecharacteristic is the use of a microstructured surface that is formed from
a polymeric material. The polymeric material allows the structured surface to be
accurately replicated in a relatively inexpensive manner during manufacture. The
polymeric layer that bears the microstructured surface can be readily replicated
20  using a molding or casting technique. The structured surface thus can be produced
without costly processing conditions that would otherwise be entailed when using
other techniques such as machining and chemical etching. The use of polymeric
materials for forming the microstructured surface also can allow individual feature
fidelities tc be maintained in the manufacturing process at relatively high
25  tolerances. 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 pm affords

microstructored channels that allow the effect of the potential to be divided
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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 contains

only air. In conventional fluid transport devices, the channels are much larger
ar./or are not discrete and therefore often contain a two-phase flow of botk. 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
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invention thus is ad
by the length of its wettable perimeter. For a circular channel, the hydraulic radius

20 is one-fourth its diameter;
"Flexible" means capable of being bent or flexed without significant flow
channel constriction;
"Fluid" means a volume of gas and/or liquid;
"Microreplication” 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 pm;
"Microstructured channels” or "microstructured flow channels" is used in
this document to refer to channels that have a mimimum aspect ratio of about 10:1

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



of safely and quietly transporting a liquid from one site to another. -
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its hydrauli Caga?édletbﬁmuﬂeﬁ arrangement. " Connector” neans any mechani sm e. g an
apparatus, device, or conmbi nation of parts, that is configured to
al | ow appl i cation &Ga lpistemersaectiveoview of an achiye eﬂwdatransmrt devigk oty in

di scret t £ aw ch dul e" i
2 dovi co Thar spsedines ot e SRR ovine  oirveed yes,d2 Combingl MiloR 6o g

have channel i Rlebs Eﬂ%ﬁlﬁglec&l&ér&%%haﬂﬁls 16 that are in cbindfnfaBioh MAW a
channel s" are channe that are capabl e of i1 ndependently

accommodat i ng vacyudi sourcead4;t o di rect a fluid along a part i cul ar channel
suostantial ly | ndependent adj acent channel s;

"Hydraulic radius" FIG- tzﬁeﬂwg@‘a%? é““creégs‘"ﬁé’ét‘? ostEctured dayars o1 2 highs el 2¢,
di vi ded

illustrating possible channel configurations that may be used in an active transport
15  device in accordance with the present invention;

FIG. 3a and 3b are top schematic views of structured layers illustrating
alternative channel structures that may be used in an active transport device in
accordance with the present invention;

FIG. 4 is a perspective view of a liquid recovery device 40 in accordance

20  with the present invention;

FIG. 4a is partial cross-sectional view of the liquid recovery device 40 of
FIG. 4 taken along line 4a-4a;

FIG. 5 is an end view of a stack 50 of structured layers 12 that are disposed _
upon one another so that bottom major surfaces 51 of the layers 12 close off the

25  structured surface 13 of a lower layer to define multiple discrete channels 16;

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;
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means energy t afentisl 16238l B MbviAp\W Ngidaovet tedsinftured surface 13 FPHRMAE
source" or "source that provides a potential” nmeans any entity that is
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an active flui (i3tt&Se@alﬁﬂﬁ{etin@%i@uﬁﬁsuldgtu}éﬁﬁ&ures%&éég{eﬁl?tpﬁ%ﬂih the invention

having a structured layer 12 conmbined wth a ca
Layer 12 may be comprised of flexible, semi-rigid, or rigid material, which

may be chosen depending on the particular application of the active fluid transport
15  device 10. The layer 12 comprises a polymeric material because such materials
can be accurately formed to create a microstructured surface 13. Substantial
versatility is available because polymeric materials possess many different
properties suitable for various needs. Polymeric materials may be chosen, for
example, based on flexibility, rigidity, permeability, etc. The use of a polymeric
20 layer 12 also allows a structured surface to be consistently manufactured to
produce 2 large number of and high density of channels that when capped form
* discrete fluid flow channels 16. Thus, a highly distributed fluid transport system
can be provided that is amenable to being manufactured at a high level of accuracy
and economy. The structured polymeric surface 33 may be made from the same or

25  different materials of the body layer 15.
As shown in FIG. 2a, channels 16 can be defined within the layer 12 in
accordance with the illustrated embodiment by a series of v-shaped sidewalls 17
and peaks 18. In some cases, the sidewalls 17 and peaks 18 may extend entirely
from one edge of the layer 12 to another without alteration - although, in some
30 applications, it may be desirable to shorten the sidewalls 17 and thus extend the
peaks 18 only along a portion of the structured surface 13. That is, channels 16
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define multiple di € channe I'S a perspective

view of an aspiykAi®ho Wefihe cham@! dalsee19y Fluid kan thus passribrmigh theisielsi 1
utilizing a stack 50 of multiple mcrostructured Iaéers 12;

FIG 7 is a peuidpebyitheechainnels 36 tawarndirefurther ¢dge ofithe layer bhipacenngeter 8. 60 in
d ith th t ] ti ich h . i t | 62

S0 Coveted tihe Kosndies pebembly it nid cohitiedicd 8Bt S th Fm oo

frgg}“?gl ghgts_ 16 thrdlgh GRMREUAIsRRINCR/IA Ashi kS Mo E&hfhuﬁfbag&ij »ﬁﬁﬁ@ﬁ@\r;\fio

99/ 65542 gotential source 14. The connector 20 may be fashioned in a variety of fo_rms but
PCT) S99/ L1020 stratedin FiGh 1, Tashatet b vboit 57 - Reabofi@l Ssmiinld hoh oy ¢
of active fl Uipijenhrrna?r?oqogl}ovﬂsvihgfa Is Weinaf ’int@ﬂﬁll?otherein- and which is in fluid
15 © communication with channels 16. The plenum may -simply comprise a chamber
within the manifold 22 that is sealingly connected to at least a plurality of the
channels 16. The manifold 22 may be flexible, semi-rigid, or rigid, like the layer
12. A second manifold (not shown) also may be provided at the side of layer 12
having inlets 20 so as to supply fluid to the channel 16, depending on the particular
20  application.

In accordance with the invention, the connector may take on essentially any
adaptation that enables the potential to be transferred from the source to the
multiple channels. Although a manifold with a plenum and a tubing have been
described, other connectors - such as compression couplings, or seals and gaskets

25  that fluidically join a conduit to the flow channels and permit the isolation or
partition of regions of higher and lower potential from the surrounding
environment - are contemplated for use in this invention. The connector could also
include capillary fibers, for example, less than 10 pm in inner diameter, each in
fluid communication with an individual channel to allow individual fluids to flow

30  discretely through separate channels. The connector could also be a molded

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

10
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&
and peaks . L sope - St I and peaks 18 may extend
entirely %%_ IFPBﬁg%ﬁéﬁgggﬁS%Eﬁfﬁggﬁﬁ@é$gT%£%o anot her without alteration
- although, in some B} capilapér ZAKIaBe boddeBY the pdasi [$BF Qome oI bEthet he
sidewal I s 17 and thus extend the peaks 18 only along a portion of the

structured sur fsumetute! suffaes 13 to, enbanossedation f discrete channels 16. This can be done
9

thermally or by using conventional adhesives that are compatible with the cap layer
material 24 and the polymeric structured layer 12. Formation of discrete channels
20 16 may be accomplished through heat bonding. ultrasonic welding, compression,
or mechanical engagement such as an interference fit. Bonds may be provided
entirely along the peaks 18 to the cap layer 20, or the bonds may be spot welds or
bonds that may be placed thereon in an (;rdered or random pattern.
Cap layer 24 preferably is made from a polymeric material such as the
25  polymers described below for the structured polymeric layer. Polymers may be
chosen such that the cap 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

11
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12. A second manifold (not shown) also nay be provided at the side of |ayer
12 havi ng i nl &t she2éass ovhmse the potppia) sbimee dl4t comprises Ravavahml genet@endi ng
on the partic %ccord nce wth the
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i nvention. The’ cohn r-courd al _ caprl lFary _

exanpl e, | esscigable dffinfepentiehtiynadcom@ioddiingreiecpotetitt.n Rliid crossovérl bitwWeen

comuni cation with an individual channel to allow individual fluids to flow
channels 16 may be effectively minimized, and the potential provided from an

20 external source can be more effectively and efficiently distributed over the
structured surface 13 of layer 12.

Connection between a microstructure-bearing surface, or capillary module,
to a fluid conveyance or potential source can be achieved through an affixed
manifold or manifclds as required. Multiple potential sources may also be

25 employed depending on the particular adaptation or application. Pressure
differential is an efficient fluid motivation method or potential that may be used to
drive flow across the microstructure-bearing surface(s). Pressure differential can
be established readily through use of a pumping system and applied either in the
form of positive or negative pressure.

30 Other potential sources 14 may be used in the present invention instead of

or in conjunction with a vacuum generation device (V). Essentially any man-made

12
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structured surface 13 to enhance creation of discrete chann
be done chssesrElhidyto arovo ywithén thg chanmeésifitnmvermtibnasaywisesconbiatred acfluid

conpatible with the cap.layer . .
P motive potegtlal. yﬁxe invention does not, however, contemplate gravity as being a

15 potential source that is applied along the flow channels unless it is so employed by
way of a connector, such as a conduit in fluid communication with a volume of
liquid, for example, a hydrostatic head that drives liquid into the device by gravity.
Fluid may also be caused to flow through channels by the action of a siphon where
atmospheric pressure creates the potential to move fluid in the channels.

20 Although the fluid transport device shown in FIG. 1 has a structured surface
comprising multiple 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, a
cap layer cac 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 sidewalls
31, whereas in the FIG. 2a embodiment, sidewalls 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

13
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W t hout usi ng an adhesive. Such a pol ynmer could be chosen such that
t he cap | &yerchannel’s léngttones securely wel ded to the structured surface by

appl yi ng heat, for exanpl from,an ultrasonic wel din eration.
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second | ocat iignthe hannsls epnlddiverge and/er somvergs alongithe dengtle of ghe ghaymel. | n

causing, fluid fl.ow thr.ou pl ural . fl,ow channel 6 ich.,s based in
part on e rThe eRgRel SaRERlICeatad alsp 6 oARRF e, thap tinglreiph i 88° 1S
shown in Fl G gilectibh 8 RREcASoh &f tﬁe%h&ﬁleig%rmymemﬁheﬂq]e@%m.acew&a@o%w or

(V) 5 that 1s conventionally or otherw se connected to a collector

recept acl e 26chafiined configuretién &wt oan pryedst atdeest 2aultiplef disirelie cchnnel portiast ed t o
the manifold 18 b of f? . .convent.i onal -.fl_exfébée.dtube 28.. Thus, fluid
can be dr aun PREHGILIRE TptepaintIp @i sgeand point withip the Juid trangporf devics aes 19,

th h ch I h jf - Lk i nt
he ool | ecti annieginel| PUGEhaTRRle faf b€ ConliBURYRS remajp SRSl ekl Y be

e receptac vant
openabl e {50 ewhély ldrgth fdesimsdt s or may be ot herw se connected to
conventional dral nPal es. %%Sén%ngb schematically illustrate channel configurations in plan

view that may define a structured surface in an active fluid transport device of the
invention. As shown, plural discrete non-parallel converging channels 36 provide
for intermediate collection of fluid. These converging channels 36 connect to a

20  single discrete channel 37. This minimizes the provision of outlet ports to one. As
shown in FIG. 3b, a central ckannel 38 connects to a plurality of channel branches
39 that may be designed to cover a particular area for similar reasons. Again,
generzlly any pattern is contemplated in accordance with the present invention as
lonz 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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In the case where the potential source 14 conprises a vacuum generator
(V), the vacwooopseygi ded to the channels 16 via manifold 22 garaR®erioezo

sufficient to - adequat el Y, seal the cap | ayer %:24 to the peaks 18. That
i's, the vacuuniirhdi@lell siffdde ofd firsthjer SFACE 8P NRE. e BRAINBRLN RER 8 10
formdi screte channels 16. Preferably, each of the channels 16 that

are defined bywithdhepresent inventionart sonfiguged © beldisceate bf 4llow any e dhiarned ap
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provi ded from gﬁé‘%ﬁlﬁss exter ng gggﬁé%e&?gglﬁgmnugé%‘kélﬁggeeﬁﬁg%%}%a@ﬁ@tm

ef ficiently5di sk {olivges. 0WFithdiehaving air Shirsiaéd ie dhe Wghide Qoikd ghelaBdelis 12.
Connection between a m crostructure-bearing surface, or capillary nodule,

to a fluid contigpifisartloredpendeand; lgss sivsss ean beaplaped ow hiquids dhat lare trgsparted

af fi xed ni fold qr nifolds as .required. Miultiple potential sources
may al so be 25%0%‘#"6?‘3?33@%&6‘?%“%%% particul ar adaptation or
application. Pressgyg individuaf fidve BRtded of Sthd"mirbdthi fd LA iwation
met hod or potenti al thal%1 1r‘rnzaty be used to © d?’%e tﬂcgi\?véda(:slrl%yg%s% e

m cr ost r uct ur eidveatiomare substana(lg discféte sThatas, dhfid eae nidvalthroagh the chanisgds
established readily through use of _a punping systemand applied either in

t he 1&r ninsepsndent; jof e fiyid Bgadiacat pelanbelse. 3he channels indepandently
potential sour 14 dsed in. res I nvention . instead of

or in conjunct ?%c?};m\ﬁq%&éthgg% Jurrlééal%le‘%egﬁ iogﬁg%og{;%régﬁtr%q.a @Q@P&ﬂﬁéﬂf fRrough,
gg/né g‘;g S a particular channel independent of adjacent channels. Preférably, fluid that\Witers

PCT/ US99/ 110200ne flow chanmel aloes hots 41 shy) gignificanic degrengientpr fanuddjhckhtockiatiet pugh
the channels 1 ticularl .oJi.quid flow,, is contepplated for using
this inventi on%ﬂ*ﬁﬁg{‘ %m%’aﬁé sé’mfr@gju?gn between adigesne e ar**}eg%%“enm@ ed
structure gnd/ gy EREBMVCIAHailREH tRe @ScritBnddl NGF MOTHR - i iy 1 nsic
to the channel ed estructyﬁr ealand/ore capci ary mﬁe.éﬁ%a[%anlngl,s %‘ﬁgﬁdér td
effectively transport the fluid and maintain advantages that such channels provide.

. Not all of the channels, however, may need to be discrete for all embodiments.
Some channels may be discrete while others are not. Additionaliy, channel
"discreteness” may be a temporary phenomenon driven, for example, by fluctuating

20  pressures.

In U.S. Patent Application Serial No. 09/09/099,565, an active fluid
transport device is disclosed which uses uncapped microstructured flow channels
that become capped when the device is placed on a surface having a mating profile
(e.g., flat structured channeled surface placed on a flat surfacc). The patent

25 application was filed on the same day as this application and is entitled Fluid
Guide Device Having An Open Structured Surface For Attachment To A4 Fluid
Transport Source.

The structured surface is a microstructured surface that defines discrete

flow channels that have a minimum aspect ratio (length/hydraulic radius) of 10:1,
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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spi nni ng, hydisos gieater thaacebout300 wmy By mapy rerr@rrﬁmfm,ar%an brelsss Shawgl 00

causes or te%ﬁ&a%eéfsg%grh*a?3°Crr§3vté*%“%ﬁrs§'aa§?* FpeuBlau e 556
Addi tionally, apilicafichd! (afidl the Bydiaulic radidsodoutd bé3ubmitkén Hi §ies), Ime Bydrhllgs fluid
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¢

nmove withis ti'admsrtapmdl)swolﬂldtme eﬂlandmmriqr mestemboditpentsi As fmtm: tully

notive potential i nventio s nog wever conterrpl ate gravity-as
Dot ng o ab " fietcahed BrloWy ahinel Setined ihin Bere PSSR BV EIee

unless it is G such as a condwt I n
fluid conmmuni g'gl I?glri:&vﬂ\n@%ogﬂ\x/rg%hn%nﬂ@@e uid i g gfe% or exanple, a -
hydrostati c head t IThé sghidtined shufage chniaddoobd jmavnﬂemvnm dyergriawi pryfile. Thus, Fl ui d

may al so be caused to flow through channel s by the action of a siphon where
at nospheri c pa@g@uﬂ@ldctrme@ denicep st gopigmplated ixherer thei &imqﬁmp%e)qlmmra s.

20 | t hou qu ans, t _device sho

2 ot ur ol s faber B dickeld b fosd HRROEID! mittothige> AR Bodsthit 635 el TR0, 1
FIG 2a), ot hﬁflcl%ﬂﬁrerUTé‘Hle% the chaniRIsSm&P BE aemkeat eak® ka2 haVPA Beight
shown in FIG 2b, channels 16' have a w der fl'at vall ey between

slightly flat bﬁap;ﬂoxmmk:%y $806 1200 kicroineteFs @d that barecopealsrdistarce of aboutcHp

| ayer can be secured al ong one or nore of the peaks 18 to define discrete
25 channel st012900 PFQACIESc 456 bott om surfaces 30 extend between channel
sidewal | s 31, &sl; Oitireyt nect
toget her along I|i né\)gaf'cfsﬁ'ﬂéufeﬁ shiffc sgﬁ‘ac@@érdﬁﬂ%@l ust rat re§én(ilcon %lgﬁﬂjg?ﬁ%
where w dgs chflonedystedid i whictefhenvethme of thleestywems lh@ﬂﬁ dik8ihutdalit Thands, el of
providing a flat surface bet ween channel dewal | s, a plurality of
smal | er peaks flgsl volame dhat passepthrouehysuch dowy %yérfamsr ig distributed axer a lyrggRieas g |
P e MACRS Bt Bindt AL 265 ARARG EPRROS By GArie) ana SRS £66S Voo

Peaks 33 may Ise to e sane as pe a
13 per lineal cm (2500/1n) (measured across the channels) provide for high ﬂmd

transport rates. Generally, when a common manifold is employed, each individual

20  channel has an aspect ratio that is at least 400 percent greater, and more preferably

is at least 9C0 percent greater than a manifold that is disposed at the channel inlets

and outlets. This significant increase in aspect ratio distributes the potential's
effect to contribute to the noted benefits of the invention.

FIG. 4 shows a liquid acquisition and evacuation inat 40 that incorporates

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

16



WO 99/ 65542 |
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| engt h. Al'though FIGs. 1 and 2a-2c illustrate el ongated
| i near| y- conf i 4B e¥ample ofa s el mategial @@éﬁ?ﬁ@%%}ﬁ- %@eﬂ?ﬁﬁ?i ‘Bglﬁs?‘ﬁ;'@t her

confi gurati ons r € varyi ng .
Cross-secti onzmﬁ‘dtlﬁé a oogtgla%%e“zc%(gnor?g?%ggdge ﬁﬁﬁ&%%\i’%n &ldsll,n{k%ﬁg to
channel s caul dheligaidaRqEsitioA and 8vACAALIH A1) bitie dbRne abodont fivfrbanng - 10
The channel sidewalls could also be contoured rather than being straight in

t he di r ecpreferably impermeahilote be lighid tofbarsabéctedor Thus, ligrid chmba eblldetidght .
General ly, any channel ..canfiquration, th can proyvjde at .| east

mul tiple di scrddeldw |‘é"|qgf38ﬂ’tna(§ﬂg’mg ayert‘*é‘qn%;g&gﬁgép 4 PasyiRg 3’5%‘1‘% to a
second poi nt withi y d | ot .. The
channel s may ‘Q%Eggﬁgc%rggayé%%.o ’I?%rar%?ﬂ% g%rﬂé{ee%ﬁgﬁlad?shaeicgﬂi&m\xg%%ga] engt h
i f desired.  manifold 46 thdtli&prefciablpRealinglyscdndeaed e pytehtidluptical sachhannel

configurations in plan view that nay define a structured surface in an
active fl uild tvagnepeenerafoli ce of the i nvention. As shown, plural

di screte non-paral l.el convergin annel rovi de . for Jnternedi ate
col l ection of flui dfhel%ggl c’%ﬂ@gFggnﬁ pé?%ﬁﬁ@!sglé@g tggm@ge:ﬂ;ﬁ@aédanmési ngl e
di screte channgtatidfs ﬂ{bu%om feMeBAA JfRe REOMI VaQRLSH nPH140St OROKAS thUcONE-

As shown in FIG 3b, a central channel 38 connects to a plurality of

channel br anchtis is to provide theapillagymboduld 25! with dngled edges 49 dhqiaphvergd fromar ea
for simlar reasaons. Agai generally any pattern is contenplated in
accordance w tthPRIHENGF é%aéﬁ‘f’]di m@marﬁﬁn gqeposed edgq %ﬁ'&e :‘i‘@u%ii SIgcaon mat 4.

di screte gan éus@ro%saém&%@' 49 LR a&gﬁg&%@b&g bf B UhRA4E F1G.

surface froma tirst point to a sec ove enbodi nent s,

t he pat t4y sheohs apartivnl of af lkdge49 WhedeGoletsAB fandaribus ahmnplseire tidligyd.
covered with a cap | ayer for further defining discrete flow channels
that al |l ow t hellpotdetsi 48 areoopan within the sunetagapbdhealignld extpmstion custado,

channel essentﬁrg%elr%h'( 5'1%8‘ gu%%?arﬁ{lal?}f tl{ete%tire length of ihe liquid extraction mat 40 and

also at various transverse widths throughout. Other shaped edges can be provided

20  to accomplish similar or different results. It may be desirable, for example, to
concentrate a collection of inlets at particular area of a mat product that is likely to
require greater fluid recovery. Also, plural capillary modules 25' may be
incorporated within a single liquid evacuation mat 40. The plural capillary
modules 25' may be provided from the same side or different sides of the liquid

25 evacuation mat 40 with each comnected to separate manifolds or a common
manifold.

By constructing the liquid acquisition and evacuation mat 40 that has a
capillary module 25' sandwiched between a liquid sorbing layer 44 and a support
layer 42, a majority of the fluid holding capacity of the mat 40 can be provided

30  where the liguid sorbing layer 44 is directly over the support layer 42 without the
capillary module 25" therebetween. That is, with a cap layer 24 (which may be
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14 iR Impendeable) incorporated within the active fluid 'transport device 41, fluid
PCT/ US99/ 11020_ . structured surface of a first nmjor surface of the
| ayer. The chillnkaves tepdency de dlov into the lowgy areap gurropnding, thej dayiset41onB¥r e

conf i gur ed 1 a8y fuBe" A 40mB! b A8%nf GRS miber of the! BiGlRfedt' ' I

fromthe anb onment I ndependent!ly o I Channe

ni crost ruct ur@dnsdlg 6f fife RATH fRfid Mafdpotdeviverls Fhiid 'egh e [UfAGEntly ftaedf | Ui d
in 5 bul k vol unmes. Wthout having air entrained in the liquid, noise

gener ati ol i sfrom substayitgHy theentire surfage of the liguitl evacuatiommoatddbcan be pl aced on
liquids that are tpansporte t hrough the active fluid transport -
devi ce. T e 4 oo b SRR sh dhasy B it bayet A8t r e

surfaces of trﬂﬁ:ﬁocthﬁréne(l:%d]l‘ {éﬁgalﬂ'fa%e st 12! FM?}?HJF ?}@I‘ 92 da-[&af:m{l& el 1 UI D

can nove throug anne I ndependent o I'n adj acen ]
channel s. Téniakrednaids siractared ridysit 12/ could be siced sualddiae it btepds béytondl
relative to one another to direct a fluid al ong _or through

particul ar ceapilary medulscaiand pesterably 2t deast bengathathe whole-susfagp (9t be?mﬁxd t hat

i acent Wnaarostantdl SO ordfitfy, 3oibing BBl 40 B o B emboiiiin iR © "
adj acent chang@dRled krudtaral gﬁg@f {Pabullct 4sahe ikt msaérxm]gt?}weﬁt’smxﬁasefrom

di screteness of the mcro-channels in order to . effectively transport
the flui d andpassingtbenecatinthcamatidl s Thi zxtepdeshstotcturaklagemeamd tie integral withiot al |

O e Channe e 0 L iy Bl S Ss oS e e TS
e L e R T S
No. 09/ 09/509%proficedaspaatelyvandfthen jbined together. The channels in such a support layer
could be dendritically configured as shown in FIGs. 3a and 3b to encourage fluid
movement from the out extremities of the extended layer 12 into the capillary
module 25°.
The use of microstructured channels in accordance with the present
20 invention, enables the fluid to be removed by the active fluid transport device 41
without generating substantial noise. As indicated above, this is primarily because
the microstructured channels facilitate single-phase flow of fluid through each of
the independent channels with minimized air/liquid mixing and turbulence. The
single phase flow may operate as plug flow or as continuous single-phase flow
25  through the channels.
A liquid extraction and evacuation mat such as the one described may find
application in areas where fluid discharges are present and require removal. Such
applications might include removal of fluid from floors and equipment in surgical

areas, surgical drapes, bed pads, and in smaller configurations in personal care

30 devices, such as incontinent diapers and pads. The extraction mat could also be
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channel s WO 98642 becone capped when the device is placed parassditbnce
having a mating profile (e.g., flat structured channel ed surface:
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At the top £ndto inkfeags fiecighpat per asitiwddtheofl medileni Molivlehivath sidkmanifolds

15 WD 99/ 65542

PCT/ US99/ 11020¢ould be ¢pastencied jo wowvide phannelsinlets dhataaye xpdsedody @8 0nterioThe
hydraul i ¢ radi ys aof a .channel s N reater than about. 300 rrlm In
nmany enbodi nenF%‘fn%P‘fy %éﬁ..ﬁg_}gteqr%c&ay?mﬂ\eig‘@g a(%%'“’I[’ W;oreﬁ’fEFrWﬁgoB&ﬁ‘% % t han
10 [err]m A“W‘ns | | SCHERET fdt thier 4 | fons
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radi us typi cal byttive uindaminterioe séaton of Hayer. 1 Thisrwuld ferposenhibnmeisiels nedtage  As
nore fully descri bed bel ow, channels defined wthin these paraneters
can provi di¥ ef bothidaaetly connegled fo & pajertial sowmesy sich asiir wawmandsbesewpenings d
transport devi h tructur sur f. cagn,.al so be proyided
wth a very | ogvl%tp i F?%gectf:ﬁutg , th-g &u&eag i%‘é%gﬁi Jﬁ %‘“ﬁ’ﬁ‘gﬁgﬁo‘ﬂxﬁcﬁé\ﬁ%&%@#e
cont enpl at ed wWitgimgelshe structured polynmeric 10 |ayer has a thickness of

| ess than 5000 micronmeters, and possibly |l ess than 1500 m croneters.
To do this, the chaAndéwcarthat e sitmilarhe domsprupted kKsutt hast a salectieeln giegthéable of

approxi MRt ely & hiivh wedi Soverng the misrostiurnred How chahnals is deseribed in L. O

15  Patent Application Serial No. 09/100,163, filed on the same day as this patent

application and entitled Microstructured Separation Device.

As shown in FIG. 5, a plurality of layers 12. each having a microstructured
surface 13 can be constructed to form a stack 50. This construction clearly
multiplies the ability of the structure to transport fluid because each layer

20  significantly increases flow capacity. The layers may comprise different channel
configurations and/or number of channels, depending on a particular application.
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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sandwi ched bet weenAltheyghthet deviges shopn dp F1G. |3 Hl!ﬁ? e§ it stank af ay strugtyredr o
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16 WOneByd6é 3tiu@ary stacks that converge into a larger stack. For example, the five-
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functions, sulayersd S’Fﬂ‘ih\aﬁﬂ%‘ﬁgﬁb\gﬁ% could be ﬁ?ﬁ?@ﬁ?‘hﬁ?&?ﬁ%@e&%}ﬁﬁ%i ﬁéfe
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Ut abl 6 web. TS fackd (B Bodll RBEPHS) could conyReCHATIR Mtk

.15  stacked configuration as shown in FIG. § which in turn could be attached to a

(e

connector that communicates with a potential source. The stack could include
multiple connectors to allow multiple potential sources of varying potential to be
attached to as subsets in the stack.

Stacked microstructured channels may also be used as filtration media as

20  described in U.S. Patent Application Serial No. 09/106,506, filed on the same day
as this patent application and entitled Structured Surface Filtration Media.

In FIG. 6, a stacked construction, such as shown in FIG. S, is used in an
aspirator 54. The aspirator 54 employs a stack 50 that comprises a plurality of
layers 12, each haviig a microstructured polymeric surface 13 over one major

25  surface thereof. The second major surface 51 of layers 12 acts as a cap layer,
closing the channels 16 of the adjacent sub layer 12 to create a stack or capillary
module 50 having a multiplicity of channel inlets 19 at the aspirator tip or end.
The second major surface 51 may be polymeric, or it may be covered with other
materials, e.g. metal foils, etc., as desired.

30 The capillary module 50 can be joined to a connector §5 that includes a

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

20



I nsl ey. . The support |ayer 42 not only provides structural support and
integrity towd»yeségae |iquid acquisition and evacuation mat 4@TaEed/1ioko
defines a bottom surface that is preferably inperneable to the Iiquid
to be col | ect eq. potéitfal sbindeli dichaR »9adiRld. eClttRCadapter 583jathshedledsqihiehérdss he
liquid sorbing layer 44 and Be prevented from passi ng 't hrough t he
support |ayer 4é&tomflecaplary inadylef@daltke fEind icrass-sektional wbingciht rths sealings a
mani fold 46 that is.prefer yseal i ngLy connected to potential source,
Such 8 a 50 SomeCibY et ope adapter ¥ niay' e copsensiopaily, Seyiniby Sonsegisd °F
preferably sha ! ' 'h?:ﬂﬁxe%h ghout
the I ength of ?ﬁgl%qﬁﬁ(%g)a{é}ugﬁ%%\%ﬁ Egﬁésggg& \/\(/:aﬂf/ertbcgmg]g@%é thi g‘ﬂ |Hs to
provi de t hescagtack @ ymoduitube oy’ orwhihnetnbd Gdtietlgnclostd byhatconduiv er abidg. om

a point near manifold 46 toward _an opposed edge of the liquid extraction

mat 40. 15  THdtematively, thedrhing 86 gud medulefi0gapds conrectaddegetberchy asrsetionr ea
of each inlet 4 Fl G . 4a sh a .port.ion .of e 49 ere inlets
48 for various o?ﬁlg%tﬁ%r@ka hing p rgg}(v’}/ﬁ éhd8 o dubing gpsangg&ﬁr‘go‘ﬁﬂﬁﬁsm hin
the structure b RUhe I gk | I ’
substantially t ghitﬁ?%f?e I eﬁg%ag g\fh E%grs[%aﬁgthgiﬁea%%%?’?r‘{ag?tg}gengn@wa

al so at vari oushdrt distmes frenvihe taliaptert58smgimotot proGidb arelatiegly dtiffdgpisatonendy e

provided 20 to acconplish simlar or different results. It may be
desi rabl e, 19 or opfhedgyas 12gmay extend Siyther to smake ghe gsnirstari mere flpxibles Teo
particular are | 1.0 t RN - kequir reater
fluid recover y.%mq’f,&? % gﬁ% ﬁ?eagﬂgacﬁgﬁ? fﬂ%ayﬁn%%ﬁg% %‘gd’ %yugéwgual Faygrs ﬁ

i ncor por at ed WipkdFérablg Sk Nt Goontielliofl oBiva@ital dediredBtb b otha BVedrdk wiRE! | ary
nodul es 25' may be provided fromthe same side or different sides of the

liquid 25  evaudaseiodithelayerdparticularly aicthe endirte allew tholayersd2dveslidant movels or
a connon ni f ol d. . B onst.ructin he. | i qui .
acqui sition anaqutxllvﬁc[?a?’i’%ﬁn%?r Hioﬂ}ehlgpg%ggnaj diresfion gﬁ*‘? ICW%#Dg%I el Big;
sandw chedibet | Gt ' : : 42,
S or ity AR Beleh Sy BOAGH B i B Berk aTRAAD s normal GARE 70

wher e the |i quifidwschabndlgl6.aPtien dded in adiaspiedtory thevaoduldieypiiafip evduld by soud 2

wi t hout the capil |, aEy nodul e i25' .therebetween. That is, with a_cap
| ayer 24 (which ey $ain length. A stiff aspirator may be more applicable for insertion intq 7

tight spaces, while flexibility may be desired so that the aspirator tip can be

positioned at a more distal location while conforming to a path to that location.
20 A sheath could also be applied over the capillary module 50 as described.
Dependent on the application, a porous »r closed sheath could be placed around the
stack. A porous sheath could be used for applications where the sheath acts as a
sieve or filter, and a closed sheath construction might be particularly suited to
applications in endoscopic surgical procedures where liquid fluid delivery or
25  extraction is needed.

An active fluid transport device could also be employed as a smoke or gas
evacuator. The flexible aspirator, for example, could be used in applications where
smoke plumes from laser surgery might be encountered. It could also be used to
recover methane gases and permeating fluids or gases from landfills, acting as a

30  geosynthetic membrane. .
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PCT/ US99/ 11W009/65542 fl ui d i npermeabl e) incorporated w thin »pEEHUSIONI120

fluid transport device 41, fluid will have a tendency to flow into the
| ower areas surr ouBtferablywhe dayer<I2 dre noByudhered toreriehahother,thbligh thegtmdyhe
inlets 48 and through any nunber of_the jndependent channel s of the
active fluid eonnsstedes sy ifcneeded. Wherg the layises 12 pre patbordeddtagether, the from

The mat 40 o) S PhUSeR S07BE0BE o vaiues BbeaRNRNR oh e Bl beotivd,

m crochannel egpgii fo ddeqiistblydefing Gdepeiident Ao clibane@unp TatacképdthicetwitR O

coul d be elimnated, and structured |ayer 12 could be sized such that
it extendsS bepssent inventioapihe misrostnistired %d3mfef}8rhb)¢ly 19& dbﬁmtﬂoueneat h
t he whol e surface eneat h 10 sta rt.| on). ui d sorbing
| ayer 44. |n ShADRe éﬂ ﬁﬂd&?%fﬁsmslﬁehase g g s & lﬁraavaq gps 1

woul d act as_henGNPRAEduckAXFRich Mlarti ug’)”%éﬂeﬂfdlﬂﬁhé lcal fieldP2SSi NG

beneat h t he mat he exten ayer cou ae Integral wth

| ayer 12. What is pmether dvaitage gifathe aspitatoat Suhm}ﬁclpmﬁprisas/af stigk ohe
structured | ayer 12 are one-and-the-sane, i.e manuf actured at the

sane time andlmldllaé layiersolR thatiars aipattaghed o apeianibsy, }Sdhﬂéhe sagle SAamay tkhe
gﬂg\me! f] GEHC %a%qg%ggﬁ En.g{h%}’g I;v1ded ﬁ?&%ghﬁ-&@e?g“ i Cai)gaﬁ conﬁb pied as

extrem ties Of phAQf el RAUE® thay BE dﬁ&té@i&oﬂd’]ﬁn@@ﬂéﬂ 1bédtibn where BRALX §s ?(5 :

The use of m crostructured channel s in accordance with the present 20
i nvention, enhbbrasactddewmlgauothcr nmtwrenﬁheatab& 50 hedizertédte anbothietater avkepor t

dovice 41 il VIBbgBoR PulluBS L0 Bl AR & Y ol habore
singl e- phase gﬁ@g\rr@fa&duggdcmm%h B 51 to_ remoVelfuid! UEHCRARL: 6P3aGF! S

with minimze |1 qu m X1 ng and tur ence st ngl'e phase fl ow
may operal® adivisions dahde madeasherebyt a plupalitv off iglividphladiscréte dlow2Chanhéls arigh t he

channel s. A liguid xt Ctl evacuation mat such as the
one descri bedP?Pd}defll Wighin each %é‘ﬁ‘ﬁﬁ rFO&Ede e?“(?dT"I“iﬁddSQﬂl@Eﬂ&P‘bes

~are present aﬁﬂg{ gol b 1E§lgp\6?in3h%+cglbdlv1smn qapéta&@so qgsdlf@c&ht to' nglo%e

renoval of fl ui oors and equi pnent 1 n sur

surgical dr apﬁespechﬂzd cpadist tosaltbw appropridte fluitbfibwg Lﬂmmltmus rm@eﬁsxo aﬂd/oﬂ are

30 devi ces, such as incontjinent diapers and_pads. The extraction nat
coul d al so beaspiration could be achieved by such a device. That is, the separate conduits could

20  be adopted to transport an irrigation fluid and an aspirated fluid. This feature may
be particularly beneficial for medical uses, including dental uses, for aspirating
more than one spot at a time.

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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PCT/ US99/ 1100 99565542 Used in industrial applications to rempegaiobsrosdnd

ot her liquids that |eak or otherwi se fall from machinery.

Many confi gur atiespiraor tduppsRiitsbiar Forai@ipe, GOt Birustonbwnas FIQ. debimer
desired performance.. Miultiple layers of linear mcrostructures could be
employed 5 e usmb)eadenﬁm@w%émw sadiva and aqueous rinsing Muoilsithat dvbgresers Wi t h

end- mani fol ds . could be cagnstructed to praqvide.channel inlets that are
exposed on an pmfbgrpagpntsmomhbggil@aqsglrgpr &’%BP At dlg op y’ét""‘t‘lgtrﬁﬁrm‘tﬁﬁn at

t he periphery st @4 . ﬂ%ag ix fi nnel
inlets could bgaté%%&dog}#)gms ru%?ﬁ%cggtqrgge?ég@éﬂy is ﬂte;?ig%ft ﬂto?ér%f‘e g’ﬁtsgé}ﬂa
interior seSti earved confiiratiohnd muy Hednsiensfacieald soth platerial, oF snal/Rehtady $ichO
both directly connected to a potentjal source, such as a vacuum and those
openi ngs at materigk do canahlecthe daspisaton o hsutemporardy shent firto npch f o lcurved d
directly connect . hannel s. . A devi.ce that is. sim/larly
const ruct ed buf’oxﬁtdé%u%mé’elglb@i Q/% ce wpyid hs highly benef%é%d?ii’art fenmtistcelider i ng
the M cr oSt  UCiHebalihd WoRAMIGLS with HRSBatidEdoliNvitk SershOwithGtt Bi¥ing 1o’
Application Seri al No.}pogl 100,‘163, ril edﬁon t he salrre gras;%Sglsth?‘ﬁi g%%% é“r)\t

appl i cati on andvemome kechodidecthatds assodiated svithepavaitionst doasal swpirators. As
shown in FIG 5, a plurality of |layers 12. each having a m crostructured
surface 1318an be cOthardeatuiss of Bemmay alsetbgarovided myfrent o6 therinlets 10 eear | y
mul tiplies the | 14t . t1a fluld because each
|l ayer 20  si ghil |8§nl¥lf§;?é\dé.rggﬂascégg#%o\?ve%%?}éf?g&g)ﬁh@u?g %yﬁﬁ?faﬁs Fise
di fferent changgl aspirator tip ®pfadBerrald RS SIEdteh gﬁwmrspgﬁg&m%eﬁaﬁkdgﬂgnd' ng
on a particular application. Furthernore, this type of stacke
construction céatise mpay tbec padichlarly uisefi)| forf dental or other medical applications.

Features could also be added on the channel outlet side of the module to provide,

15 for example, an irrigation function in conjunction with or in lieu of an aspirator.
Current aspirator technologies generally utilize relatively larger diameter
tubes to acquire and convey the aspirated liquid. It is not uncommon for these
tubes to have an inner diameter of one centimeter or larger. Unless the tubes are
completely flooded during use, which is not typical. the aspirator functions
20  primarily in two-phase flow with air being the continuous phase that motivates the
liquid movement in the flow system. This requires a relatively large air-to-liquid
ratio, one in which the momentum of the flowing air is sufficient to carry the
liquid. The required momentum of the air flow has many negative effects on the
function of typical 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 exposﬁre, and the general
noise leve] 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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applications that are restricted in wwdth and therefore require a :

rel ativel y weny/ess42 fluid transport device from whi ch a RGE/USHIA12P i d
transfer capacity is desired. Thus, 25 a narrow devi ce can be nmade havi ng
i ncreased f| olayem§2hit hyas a microstructured suffasé gmohé ofits majbr smtfanys and thahbasst ack

50 is that a second j or surface 51 of lLayers 12 (the _surface facin

opposite the 8% kﬁ%‘t%gg{!ﬂgﬁr‘?%ra@@n&%}ﬁ tk%,#%|°8§@‘°6:f\¥1%b,a gagpl(ayer 64 P HEMR Rannel g

~of an adj acent,difgimotiate 641 $hé'Bin HOLR cATRREA (idihBsd dkRASIA GesBiibed
ugn’t e

required, alt ey nay ut I'fzed, particularly to cover the exposed

30 i crostr aisdverif defotent @ REFIR 10f Té permippesdiheit tlansfer chatiepeaisaits thapap
| ayers, however, coul d be di sposed over the second major surface 51
as an addiii olayer 6 presferabiychas a thickness of about .02 to .2 mm. The capillary module 19

PCr) Usoor 1102810 could faye, e, dimensions, desgrived Aboxs, in F5fenss . FiSeh oB d be

a pol ymeric "%ﬁh%ﬁ'(n@f shown) &thsieRiably GaR/AE B¢t ihlees BRtishéWhplare in
appl i cation. e layers I n the stack nmay be bonded to one another. in
any nunber of flofliv ecmimnidation yweitta an delet manifdlda b6, whilerat anothet ledge ofiyhsi npl y

be stacked upon one another such . that the stryctural inptegri of 5, the
stack can adedeviee6{ anoutlgiomanidold 68 can | sﬁwfﬁ?x%wmﬁgo Sicilg‘lnfr‘{ pratlets) e
enhanced, ,as descyri bed o) ' i di t | al
courco. 16 Gt Showsy, A Eendd Sube AT $UThGeckd td FE haipor UMY

be a structur @y of the filétirAgfifold §6/odithé utdt nekirfiford 68idepérdingson hawefluid is
Al t hough the device shown in FIG 5 includes a stack of 5 structured 10

surfaces 12, #ttensled tormyovisdhrough ithg destice: hzar examples aaimm(neb shawmfcoyldbk s,
r g;er s, aﬁéaglﬁg’bﬁa etgﬁvﬁt ‘%5 rl%%ﬁgger 3‘\@‘8%@%{‘ ﬁrgtttor;@%\?éggte%# h;gsleéf ger
G vi ded it o B e 1 e P o L S o
possess chfinngiclade ahaifobbubé cddteenagivelynto vaveumarcgeld b8 plasedicine dluid
o ur At o B o iloh with The Duleh Saniecla’ 88 is” 3 bohndiof el Shetals e
manifold.
Active fluid transport device 60 may be particulariy useful where it is.
desirable to circulate a particular fluid through the device 60 to influence a
20  characteristic of the ﬂﬁid by its contact with layers 62 or 64. That is, the ﬂuifi may
be treated by its passing through the channels defined by the layers 62 and 64.
Fluid treatment might include chemical, catalytic, and ionization reactions
promoted by constituents placed on or in the channel surfaces. Separation
treatments such as by sorption of fluid constituents onto properly prepared channel
25  surfaces would be effective due to the high ratio of channel surface area to channel
volume. The same attributes could be used to permit the sensing or detecting of 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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connector that comunicates with a potential source. The stack could

i ncl ude wlofskfxhe connectors to allow nultiple potential pgauid8s1028
varying potential to be attached to as subsets in the stack.

Stacked ni cr oSy pf HEREGRAYERLCY oFktealisiDsyaRntS U Bnrfide! df'ehL inoW dmgids as 20
described in U S. Patent Application Serial No. 09/106,506, filed on the

sane day cadd bhifenctionalized gprespand: araletesh thesmpliytsicati cBiditirisu HExatifg of ace
Filtration Media.,. ln FI 6, stacked construction, such as
shown in FIG $00ling ‘Ré@db‘? Hsegd fo tﬂemaﬁgﬁa? gleoﬁ“‘gﬂf. fﬁ’é’%??ﬁ?‘i‘*‘éqdoﬁr’l‘aﬂﬂ‘:%pl oys

a stack 50 tha : a Bl HEG! it : . ' a
m crostructure po%?ﬁ%tsur 3%% ff3&%(g§asredolrl%eUh%%a?é@SAéﬁhrc?géﬁg %}ﬁéfr gg’f. The
second maj 8 sg9/Heg63n1fikd bayes sdde aduyS afSthiz aent Application and Gndgedg t he
channel s 16 of the adjacent sub |layer 12 to create a stack or capillary

modul e 50 havi Micrackanneled| iAstivy) bluidhddent| Exchiasger 1@tterney halogkgsi mamber t i p
d. ' f b | ic, it b
covered vi th ot HPUSARA). (Bl sithns®6F gtferti pompoRfct o, Sould be.mafis fu° 30

The capi | Tary prl ﬁgéﬂercﬁnin{é%dt 3hd $idat Qn@mfd%fi%?%tfﬁxe% {d 8dust %C{?H%i a

=

tubi ng 56 and an adapter 58. e tubing 56 may be fastened or otherw se
j 0} ned to dilution, or blending. .Otherwise, the fluid may change a chag@teristic of eithéPor
99/ 65542

PCT/ US99/ 11®20both of layezs §borhd.i irh 88 fpt examplen beat gxchapgerm ArTiobservationer 58
j oins the squa t 5 0 the round

- . ' | il dul
cross-secti onafrlgf{}{??lzér apalytical ﬁg lgégﬁ‘ﬁhag %p&ncr(%(r? eﬁ‘égﬁ’%ﬁ‘oo Foffmdde ?Ol'he

adapter 58 maylahers @RSl i@y 8k Lied 18 BhIyAINNIGRMREERTN a thin fithPthdidhige 56
and to the rmdtﬁl eSSO by adﬁgsi vee or ot ?{er bondi ng teclﬁﬁi qltl}eé. The ™ 5

stack or nodul ehanfelsmin any ¢cnag, asovithomnyf afrthéeoted wuibodimkniy the stowtwe tambe

t ubi ng. Al ternat]vely, the fubing 56 and nodul e 50 can be connected
t oget her by a g’éé‘ffrﬁﬂde"%lésﬁ?l'ﬁ%%ﬂg‘ﬂﬂat‘f ‘ng i nto which ends of the

tubing 56 pnd the gyl Bexdhle Hifferials, the mechanically flexible nature of such a device

would allow it to be used in contoured configurations. Flexible devices may be

relatively large so that they can be easily handled without breakage and to provide

a highly distributed fluid flow over a large area that needs to be affected by the

device. A flexible fluid transport device can take the form of a blanket, for

20 example, for cooling or heating a patient. Such a flexible device can be

conformable to an object, or may be conformable along with an object (e.g.

provided on a cushion). Although the fluid transport device can be flexible, it can

also demonstrate resistance to collapse from loads and kinks. The microstructured

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
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i nserted before shrinking. The layers 12, and thus the stack 50, ‘may extend
only a wo shésh2 di stance fromthe adapter 58 so as to pr ®OTHES99/11020
relatively stiff aspirator end, 10 or the layers 12 may extend further to

nmake the aspits atpdtentidl stRER, Suobist mallfeacuum puniy. OXh @spicatbr shownl ia RIGAS
conformabl e aspirator end, the individual |ayers 12 preferably are
not bonded orcoyldnks vieddo ngQabOdlb’ Buids sughas blgod plasma, wr bodily Secretl@er face

T | R e R e

channel s 12 s{é}ﬂés&ﬁuoﬂsngll@pendent sliding notion enables the tip to be bent
around an axis normal to the fl ow channel s 16. Wen used in an
aspirator 5 the nodilGe %glpmamamplﬂsmfdnbmpﬁ)mmlﬁc uses of at:twtiﬁurdnranspbnngt h.

A stiff aspirator nay be nore i cabl e .for .insertjon
spaces, V\/mpl eVIce i“b)?/lF‘fqr W‘aga?feglieﬁ@a igyenfign; Ip é‘%ﬁﬂn ‘f"‘gtﬁﬂd’ﬁ ];5‘1‘@ n be
post t1oned alacfuiiffof aQ.dSé\iaE ¥ %hiaClio ¥ah 118 JRRAIRET Wikt Spiftal ﬁwhkahttpary

| ocat i on. could app e cap

nmodul e 50 as ¢teactd Bbsbrb and remlaee&ndepmearﬂmme vhmkemwal Wperatiof AhaY HeOr
cl osed sheath coul d be placed around the stack. A porous sheath coul d

be used for aqutlnmlqmstevmmt,tdwemm thecpeeda sThe recovered flaidecomld e t er |

d | d.s t t t t | Ly
Spp! Foat i1Bhs R HEE Gt éﬁ"r%q%aﬁk%;ﬁ‘a?sed&%@i’ﬁﬁ P54 ptishod dhevaeks very
or 25 ext r agid be(\);{/nzf ‘i‘ﬁ s0during a medical procédurg &6 réiRove, YbdetdnRlS, Hﬂfdilrgev' ce

could also be e as a snoke or gas evacuator. The flexib
aspi rator, - f ofluidy avipleahe patientistshowagdsitionedogt a denico 68 thﬂinnrag be in the formke

pl unmes from I aser sur g be encountered. It co al.so be sed to
recover net haofe #ed %!iﬁ‘ié ‘g@?ﬁé‘%ﬁtﬁnﬁ ?P%ﬁeﬂgwﬁg’fﬁég’é?én Ri¢ P%%\B‘f‘fq L. acting

as a 30 geosynt
21 WO 99/ 2@%&% Hm{ &fces, such as device 60 depicted in FIGs. 7 and 9, possess

PCT/ US99/15102§me benefits. Because. the heat transfer fluid is maintained in very small
channels, there is minimal fluid stagnation in the channels. Fluids in laminar flow
in channels exhibit é velocity flow profile where the fluid at the channel’s center
has the greatest velocity. Fluid at the channel boﬁndary in such flow regimes is
essentially stagnate. Depending on the size of a channel, the thermal conductivity

20  of the fluid, and the amount of time a fluid spends moving down the channel, this
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 with the invention will display a smaller temperature gradient across
the channel because of the small heat ‘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.
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Preferably, the layers 12 are not adhered to one another, although they may
connect ed asw@uWoligsish needed. VWere the |ayers 12 are not bongegnisosgiober .

t he integrity of the stack 50, and/or a vacuum applied through tubing
56 can be relied The WRRBGPIRIQANRMEI gH8Tchh and BRERIPEEIN T QVukifGmne! S
16. In accordance with the 5 present Tnvention, the mcrostructured
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etea i cHiE R e e B AR G Sreepru il R0 '
Anot h d t f i 4 ! i . .
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fluid Yis ext“r"é‘g%d hShiek Sonaey Tiafh &Fe: Prie UBL moﬁ‘H{‘%P?@ﬁatr BpsEE Hiida
vacuum SUQRE] bk &gﬂ;{ Veef. , any-
nunber of such 1 hqgedl;’é\%:igl ongq{gan itgc%gs eﬁ%}%gﬁxﬁs%&gh&?%eﬁi@kwi ndi vi dual
di screte flow chanriBhesheat fransport dpvioy kg chlsoi Hehpaticdaly Wsefil 6 conffitleld Rgead 6
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subdi vi si dff i nlks materisheqopomicsqftapigrostiuctirerhparing film based unitywowldrmaaker t o

al | ow appropri f | Ul | Qw.  Si . ous_inrigation,and/ or .. .
aspiration couﬁ%gbagbg)@ ﬁf‘%v@%*‘%‘%@ﬁ%%ﬁgg&gﬁ?p@&?a. qucgzas t"hﬂ’eg’éﬁ]aqeé'l“ﬁs’
condui ts coul dyRe disBsaRABhRRILS addraRTBRtakifioh cbh&atd. on 1 uid and an
aspirated fluid. This feature may be particularly beneficial for
medi cal uses, incl uflihegt tandpeit device. of the mwpatiomt isnbeneficial imuha it kan ene
spot at a tine stacked nodul e con trgct,i on may include

. ... A
plural stacks MiRifqlpwiRg dtsuse in varioys,applications, . The4eviee cam bgicqploursdch as
shown in RIG : ] N o Lt 1 L J7] ' rent
tack. Than. tResR g, RIS aRnas) PORThekRuig) alofs Hdliiieso 8 LGLR"
shown in FI G situationst thetyrequiye eimate cortatyab liretldraginfatest OThe idviehtvd flasdst er
tubing or the like. . . . Al'though the aspirator shown in FIG 6 has
essential |y a Wanseqrt dejiess; mgluding the heat ex¢hapgesemgy & dzgbianed fo bope fexible

nbodi ment s t .aspi.ratar t dj f t. 3 fi tion.
For exanpl o, e e, B EARL A Rhry A8 B b oblofinE R ub sl Bl Bl 5",
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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 cm 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.
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PCT/ US99/ 1 6h/65542 the aspirator to support itself. For ®CXfj$911020t he
aspirator shown in FIG 6 could be used by a dentist to w thdraw
saliva and aqueouSuﬂcﬂﬁémgol&hmhdsla)tdmpmduecqohewntdance withi such ltechmijuesnt ' s
mouth. | f the aspirator was ,h}fgat ts nd it could rest 8 t he .
patient's |i [anTheemicrereplc RRvizion © d@%cf‘?rﬁP)‘F‘i?teidss‘F‘F"éW Y8 i§chi eve
such a 5 GdhyifiaHethisd th w;é‘édr Be A0 BERalpriRied Sfinduf SRk virlieh! 2!

or may conta to e t he aspi FAror

tenmporarily e p:aaﬁbt&wpbocnmt:lahuednthout usifig nfelagiveBt compli&ited ;&o@besinge
woul d be highly beneficial in that the dentist could nore easily

communi cabe wedhniques [kl mirrorsplicaled: surfases prefprehlyuare rodysgdtsych that the

To° O™ 1" itheited shloes ey e it S AL 45 R RPrS e

inlets 19 tof;&sgmd cA0SOBRE) Wit viftEs RABR 98 g0, For example. a sof

fibrous end nay be plac he aspirator tip by adhering a mass of
cotton gauze or s[Rlaidetrardspert fatees foxl any Tdfithe embodmﬁaﬁurmccna@anbewﬂh the
particularly useful for dental or other nedical ap ations.

Feat ures coulnleﬁntén‘t?@tlaﬂd@& B‘?\ forpaed: o "Sﬂ?qye?P B@“’tﬁ PheeRAbHmErs t o
provi de, .15 exa | n n un t| or in
: ég? a ﬁ?ngng ermbplagln {hegﬁ‘%‘j? altn &&5!9@ P&yﬁ}% O?\' %Qed”' l}e

lieu of rren asprrato echnorogres g nerally
utilize rel atthéﬁ{dfﬂslsﬁe OR' differiBAted from therhof8Srefeds BL 8l Polyenerhiclo Bydhst he

aspirated |iquid. i’s not uncommon for these tubes to have an inner
di aneter of camd meltst whert expoacd teahept and M@lscbilcmwh@mbe@eéaed can be madieg| et el y

fl ooded during us ot t i cal he asp| r.ator func ns, 20
primarily in 80fos Oglﬁ‘hd;% heithJIEMOSEORRLYMEE R HiFagther hapd,

~motivates thgueyersibly é&ﬂ?ﬁes%%ﬁfed'aﬂdtcaﬁeﬁl Aeigréd b@f?me}_t% ﬁex‘heﬁi%vhfcﬁ a
relatively large arr-to-Tiqui ratio, one in e noment um of
the flowiisg apolymer hhins carenintércomecteyt dbhecrosslinked, |q=m| dbe lﬁrmedeqummd

monent um of the air flow has nan tive effects,.on,.the function of
typi cal medi dEmpgwBire throngh usgipie efﬂ@%‘:%sewé 0z fenigipg igadiatiqle | yde trauma 25

to tissues cont aCt‘e&{yﬂlrErst RaASRIhALRE 4 sfucrdBdagRr iR AN 6f 6 iRlaRdnce! | s

due to

include but are not limited to polyolefins such as polyethylene and polyethylene

~ copolymers, polypropylene, ethylene/vinyl- acetate polymers, ethylene/ethyl

20  acrylate polymers. Other useful polymeric materials include vinyl polymers (e.g.,
polyvinyl chloride, polyvinyl alcohol, vinyl chloride/vinyl alcohol copolymers,
polyvinylidene chloride, polyvinylidine diflouride. (PVDF)), acrylate polymers
(e.g., polymethyl methacrylate), polycarbonate . polymers, polyesters (e.g.,
polyethylene  terephthalate), polyamides (e.g., Nylon), polyurethanes,

25  polysaccharides (e.g. cellulose acetate), ‘polystyrenes (e.g., polystyrene/methyl
methacrylate copolymer), polysiloxane polymers (e.g., polysiloxane and
organopolysiloxane polymers). Fluid transport members can be cast from curable

resin materials (monomer and prepolymer mixtures) such as acrylates or epoxies

and cured through free radical polymerization pathways promoted chemically, by

30 exposure to heat, UV, gamma or electron beam radiation. Plasticisers, fillers or
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shearing and aeration, high volunetric air flows that can cause atom zation

of ) potﬁ}a&b%ssai ohazardous |iquids, increasing occupati GalusRaser e,
and the gene - noi se | evel of their operation. FIG 7
illustrates yet_anether .enbhods . % AGhitives [Rast ! fikdeul g8 30
60 in accordangm\ﬁ?e(rﬁ%f'ﬂ(gagér}le enE %oﬁ%}é@} o%ﬁlhxﬁg’v'l ce %‘E)tg’?f%;?&gofrlrlﬁérj@s% a

construction siflikedrwitlin teepolpués of 4 inveavioni n FIG 1. That is, it may
i nclude a o L 23 . MD 99/ 65542
PCT/ US99/ 11020 As| indicateg2abaya: these ase (Applieptiops Whare dlexible actve fldde of

i t ] irf t.hat has . ! hur al i h t hat
hre Cover ed w HRRSPORnfevicse preadestpdy (HeMBRY il it Rhditaly GERRRI LN
layer 64 co 'dggl}}&?erifcbiﬁkaﬁg% Péiyﬁﬁi’ssdléa&%é&qﬁ%isb%ients 5.458085 @ Bhithet e ence

to FIG 1. To mt good transfer characteristics, the cap 5 | ayer
64 preferably laad 5691846 ko Bsasonf Jmkbalt Tik2whole m@lymaricTiaperawepd mbtby maddul e

al so coul d have the dinmensions described_above in reference tq FIG 1. The

channel s (not $teawe)flexitle polymsrigymgterial, aﬁg%g’ogb I%Wét(lg’nﬁg{-sl)( ?the ) are

. £ 1 ui di . ; . i . e h

cdge of the - colOtpESEhReRRIt R, WhkiEhs HR YOS Rradiftn Sl AR P!

connected to “&Sm%ﬁ?é“@ﬁx’or&‘i‘éih%@xﬁ& ’I‘h@@%teﬁﬂﬁ%‘i‘@ﬁd in thixepapapira deatrileoue®f May
wa

be connected to the transport device 60 y y of the inlet manifold
66 or the a0t| @blymens fotds éBhibaptenpriodeceoflexible produdds that have miprostmeptered o
nove through the device., For, exapple, a pu npt sho coul.d b

enpl oyed to nos@rfaqes §he ?‘Eﬂgﬁlf‘)ﬁ'é ICQNdrFQE?%b&y E%mP eﬁﬁ%] ’Bﬁﬂlgf oﬁ)ﬁﬁﬂ’f’BI d 68
by fluidi | @iani the punp to the inlet manifold via a connector
that woul d 15 %lgic eﬁ%{gdﬁ%%iqfol d 66. Alternatively, a vacuum could be
placed in fluid Pobemeri¢nmartinls ninviutiingt pudymet biendsrean ftel modified i thromgh
connector that includes that . manifold. Active fluid.
transport devi ceeliblending v plasticizing astive agegtsysuchiasy gufagtapts or antimicrobial

15 agents. Surface modification of the structured surfaces can be accomplished

through vapor deposition or covalent grafting of functional moieties using iohizing
radiation. Methods and techniques for graft-polymerization of monorners 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. These operations can include, for example, heat transfer, mass transfer,
jon excheznze, 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 reabtor, 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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desirable to circulate a particular fluid through the device 60 t.0 )
I nfl uence awv@@gessgharacteristic of the fluid by its contact pggiisdoay®Rns 62

or 64. That is, the fluid may be treated by its passing through the
channel s def i FeGubpost6f thiwiaventfon, an€lh?is considereld! tibe 4 thaR{1ERThad's Hhth
I nclude chem cal, catalytic, and ionization reactions pronot ed by

const it uent s thicks senesallyollexibleshest of npkyateris materials The Scpnomicivalue in using
treatnments such as .b orption .of flui.d constituents. ont,o properly prepared
channel 25 SnrrRBe GG B Fefy deim R e R R TR R B8 e
surface area giexiblRAMAA can be used u&ﬁbinm&xmm@lderﬂaﬁgé SPmﬁﬁegdnﬁQFeﬁHﬁed to
permt the sensing or detecting of a passing fltid re the contact
| ayers 625or @ cant banisechansupported or dn feanpincopovitng supportingrbalyswheer or
detector system | ui d detectiqn syst m ght nmonitor fluid

conduct i vi ty,‘feﬁl?ﬁt'bﬁpﬁpéﬂw e‘,m@)‘:‘)le% Mrﬁ?@nsucm microsgrustuyed surfages cnd

I nfl uenced by | ' I reul-ates.through the
channel s coulc(?sgem aBr'BPe ﬂ%ﬁﬁ}g’ﬁe}g’ %@ﬁ%&éﬁﬁg@p t %ﬁ%gta&ct{% %§OC§§§$W§I t he
devi ce 60 Wousiicturslebbdy Umdre Odpplications warrant. For example, when using the

24 WD 99/ 65542 3 ' '

PCT/ US99/ 1102Bicrostructuregksuzfage t aspirate fluid 4t mayiderdesirable teeafifixdhe mednlerto The
surface af, the fl h els coul d functignal i.zed to, rrespqnd or
det ect tﬁl se 1)9;54)@'3& ?@ﬂoﬁ‘?ﬁ%n@aﬁ@ﬁ@%g?ﬁ? sg‘uct,ure' Sofack aéo‘E?Fl‘Ef_’eﬂge‘Use_d to
thermal |y tredfanidle thdtUindy AcHi %@%%Eé&ﬁ%frEdcoﬁﬂﬁH&E! Sitface reg}o%ﬁ%i Yiﬁ%&/l uid

heat exchanger iIs disclosed in U'S. Patent Application Seri

09/ 099, 632, finlemndentfluid mavemelt\betveeen hesindegendenthpsthicaatd olmnasld. entitl ed
M crochannel ed Active Flujd Heat changer (attorney docket nunber
53634USASA) . FI ui dBesanssathe qctiys 1 fwide frangper, dsvices plafhso invmtignpinchdde t o

nmer ge toget her.. | . e s,to use, a
ronction. " ickeub RGOS, bk TRlican RRBRAZEm ARy FRRH 85 SEERGC .
char act erlisst i ger afevite! h&s skdwrl Gn sometdf thé elnbydingerts ilbistratd abd¢é) i@fentfver

exanpl e, a heat, exchanger. An observatjon, detection, or analytical
devi ce such aastiye huid Gansppe dsvicepean gashp pessess marst than 40 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 0 an
individual potential source allow the potential's effect to be more highly
20 distributed. For a device such as an aspirator, thé 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
mony as 10,000 channel inlets per square centimeter of cross section area. Active
25  fluid transport devices of the im)ention 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 Iocatibn 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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| ayers 62 or 64, may be used to analyze fluid as it passes in a thin film
through the wooggsggRannel s. In any case, as with any of the peqaskeoni0ze

enbodi ments, the structure can be made fromflexible, sem-rigid, or
rigid materials. 15 Wt flexiblygpaikerials, the mechanically
flexi ble nature of such a device woul'd allow it to be used in

cont our ed conf Exampleilenkiquid Asquisidoniand Eersuation Mat relatively |large so
that they can be easily handlged w.t hqout breakage gand to provide, . a
hi ghly distributed £ vy ‘ﬁﬁﬁ?ﬁ%\i\%‘lﬁgl“'&pﬁ@l% BRPArHBY - WS chpBstreeterh using ek t ed

by the . devi ' i.d [ : f orm of
a bl anket, for&?bl?a?y ééb éfr%*ﬁﬁeg%lﬁ#g ré‘%:d(go Pﬁgﬁgﬁpﬁé’aef ?ﬁ% %%bag@e%@%&@ggﬁe(g
flexible deyi céhannéls Heat were capped fwithatflae 0. aTheoippardtus RkerIBléd M8 device
conformabl e al ong with an object provided on a cushion).

A (e.gQ.
Al t hough the fsheva i BEis gor To gemplste g:arapp@amls,ea( nphwovent absoxbent was plabab

denonstrate resi stance col Ilﬁgse from Iﬁads angﬁﬁi ks. The
m crost ruct ur efpove the cag wodiie, and the;mofiie was 3 18R VPP SBECS uf f i ci ent

structure that can ’grgﬁ)&teagﬂrll%ﬁ/g%&ﬁle sttMe@“%nggx’tiﬁxﬁﬁné'ﬂiégxgﬁ&m&ﬁéd

device to inpart lo Integrity to su exanple, a

st andi ng per so¢han¢lebeating pobnkeicdbydrhe 4 biavleclagsrnsll Scotels Puek™ tgtpe 29905
their geonetry, enable relatively high forces (for exanple, exceeding 10
kPa or 10 cfilan dheaigrostrucivredmans jayen wae formedi bydcasting Ranelianf palwmen t hout

col | apsi ng the_f| ow. C l.s. .30 FIG 8 sho th
aspirator 54 u%rka %dﬂfkéﬂ E)ang P?E g chﬁlagre%ﬁﬁggf%ah%elg on one sgggqee\gfqeopﬁymer

A gcept acle \% ‘555? gz% gtzgn gasQruchited Gkt Bas 16N deRABPHAGEBYIRTe, CRRIE™ ¢osypect ed
PCT/ US99/ 11020from Eastnian Ghepuitad fianzpiang.o Thiseolsuerthans secastmbiuiuaofil@8xpohp. An

o O oo G g SRR S S SIS ROl ok 8 3"
surgical i1y 1 OREAA"R Hadk Eomiphfy) Wi bt bh&d f HRSR0 bUlynRP %o increase 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 produce 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 o produce a microstructured “V"
channel like those illustrated in FIG. 2a. The channels formed had a nominal depth
of 459 pm an a opening width of 420 pm. This resulted in a channel that had a
hydraulic radius of 62.5 pm 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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sterile solutions, etc. 5 FIG 9 shows exanples of nulti.ple
specific usasomdssactive fluid transport devi ces i n accootarsowiwee h t he
present invention. In the nedical field, a liquid acqui sition and
evacuati on mateldéd atindion(in®i 4 cheveoh plutsre, thos kekpasing capllideelopehifigs alongoccur
to absorb and renove the spilled fluid. The renoval operation may be

conti nuous orthe longaxisiof thamodilgendi ng on the need. The recovered fluid

could be 10 bodi ' ' L L I: | i ' r 54,
as descri bed above'ﬂ,.ﬁéiag’bédjaﬂﬁ‘j’galrss?g;&\e g‘%ﬁ‘h@%“&@%é@%&ﬁ%@%@@%@%@ &ge%gcedure
to renove,  f Qrlag¥eoPhenwbesi botbent and’ b uhiisliquidi ingpeihieatl@tfilent The BlGwHN
positioned on a device 60 that may be in the form of a flexible

bl anket f6&r ahicrafibiengbsorhenpwas preparedids desaribedyin b cPatensat,813;94% toclasley ng.
Heat transport ,devices,. such as device 60.depicted. i.n J and_.9, .
possess 15 aag¥asfomprised of a’é‘é‘b‘ﬁﬁ%‘?&‘ﬁé’%&’ﬁ?‘?ﬂ@“& E(#QG&FJ) F‘g"rﬁﬁg‘?ﬁai ned

in very snall %) Wt ErSin g 1t HiAk | 2t | s
channel s. Fl ?%?”(%ﬁiam nasrgmftflg\?vtgmil% C aﬁr?g ?@ﬂ%%“@gf‘lggﬁ??u ow

profile wher atdphe filets @Mtwith)e andamiertofiberc enicrwebs (20hwt%).he Agmeatiesit
velocity. Fluid at the channel boundary in such flow regines i

essenti al | y SusgetantdypeOpananailabls dram degkelof (haglotte, MNerdh ?atqlﬂélaf Was mglt

conducti vty ,20 Qf..t he flauid, a] u f, i uid spends

novi ng dé\?/n thﬁ?dfﬂéhr'fﬁ}épfe 'Eeﬁillﬂsfil alf"ﬂ% ﬁ%evﬁ%gr%o%il&flgﬁt% éihﬁgg %5{%31311 ?? ént?tﬁrc ant
tenperat ure gadintrite 8£N10S%% B8 rélden R fibdrd instantanco@8ly Wétable RaRNRAer. t hat
have a m ninum aspect ratio and a hydraulic radius in accordance with

t he inventi orThe Weight apd apliditys ofilthe resulimgewab was tEhdraost percsqpees meter  t he
channel because of the small heat ransfer distance. A smaller tenperature
25  gradi ent(gins’) and 4 tegpestivelys Thecbylk @bsprgncy afithemebrivas 200hemdiom. heat
load as it asses throu e.channel . o i dence time of
the heat t ran‘_st?ee?PpPP%ﬁay e[rh\ygugpo(g]n'{llﬁlgmé _sm Simy({g yt% P PEs Bﬂéhﬁg{l‘oé al so
can be esgentpal|ChetiitdiPr The ombRnt WeblandBhé 5ipdriGydr wart hétd 1apiet Qbitle |
68. A uniformresidence tinme is beneficial because it m nimzes

non- uni f or mi ta/hotymgl sprafyeadhesive.| Thel adhdsive Hlexp68-XeAPed(.B. Fuller, St. Paul,

26 : _ b
Minnesota) was applied to the absorbent at a rate of 10 w/m2. The capillary

" module was positioned within the structure such that 6n1y 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
Rochester, New York. The slit was cut with a razor in a straight 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 atta;:hing 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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WD 99/ 65542

PCT/ US99/ 11086 99/65542
expression of a uniform

The reduction in tenperature gr agipRiRbosfrogh t he
resi'dence tinme also contribute to overall

ef ficiency andto;:ﬂ@édiﬁg Balisde. I Aftér LVackd! of 28 mm hieddisy EHg) whi appifedrtoshadl | er
tenperature difierentials between the heat transfer flurd and the

el ement to be vwnihtthe amountoef water iththepad| wasr recendpd and thecextiaction eattiofiitbe 5
reduce the chapce,for .l ocal. or .col d- zones t hat ld.b esirabl e
when t he aﬂ%ggzvagggtﬁgp@g ‘%§W§%rqtﬁ@%%wagwm&égggfal i cations

such as skin or tissue contact. The high contact surface area, per
unit volunme of heat transfer fluid, within the heat transfer nodul e
i ncreases the systenis volunetric efficFrabley. The heat
transport device nmay al so h i [ ned areas. 10

- binstantgnéausm phased unit woul d
Extgiction Fatappl i cati ons, such as

where disposal ils regyinngf to fddress
cont am nation concerns. At

0% ~Te /i ce of the
invention is beneficial in i

-~ L allowing its use
in various applications. THe devi’d& can bé cont o#f0ed 15 | around ti ght

The material econom cs of 4§ Saturatiom Levelr
make them appropriatg for I¢8)ted o
in nedi cal devices,

bends or curves. The flexilhility 6824 ows the devif88s to b¢ used in
situations that require ingfirmate Tact yo rrregig ar suffaces. The
inventive fluid t r angpet+t ‘§7‘V E-ESmit-HEtreH HFS +he—heat exchanger, may
be fashioned to be so flexifhle ° thatlthe dpu ces grjcapillary nodul es

can be conforned about a mandrel Bfat has|a 78di anet ¢r of approxi mately
one inch (2.54 cm or greatler w tspeat sigmpificantpy 20 constricting the
fl ow channel s or the structured pymeTT T 2 T bnti ve

devi ces al so could be fashi } that allow the
fluid transport devide_to Be%on-detfrinent 8%l v contorned about a
mandrel that is approximately 1 cmin dianeter. The

maki ng of stuctured surfaces, and in particular mcrostructured 25
surfaces, on a polyneric |layer such as a polyneric filmare disclosed in
U.S. Patent Nog dempopgiatedo theapppamtus was efectbistin acquitigeand wiwving .

vt ured vy T oS g, QR0 IPISL ! ACLINAERCRSIBD e

et al. Ghey pahRpis ad atdLSCdhbetidh Godbd flvel 81 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 compromising 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

F1G. 6 was constructed using a stack of polymeric microstructured channel layers
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surfaces include U S. Patent 5,514,120 to Johnston et al., 5,158,557 to
Noreen et 3099s/68542 5,175,030 to Lu et al.,. and 4, 668, 558 tRCTAISMWAL1020

27 WD 99/ 65542 a
PCT/ US99/ 1102ésembling the stack sidtwnuint Ele 5. pGhy stack ovds apadesbyp laydring ¢bgether

accordance w th such techni ques n be mcrareplicated. The_ provision
of i crorepl iSEWRsed ‘gﬁ( mpﬂ@gnp%y@@eﬁgeanng laysz ok & ¢ hsicha faghion

surfaces can | =1 % | At .
o oduct -t o i SRR ErBR A e She Bt layBt BELAe sooE b SdHbr the adl
t echni ques. Tier NoCeratPhi cailatysiiodalees Theelideab khiammieedps@aitaRdof URE t hat

t he structured surface features retain an individual feature fidelity
duri ng mahuf aeictestuctured polyneniqlaperivas erientadpagalie] totiedang axis of theostaak: e t han

25 . . Fluyid {. 1. f f th di ts i
2ccor dance il dimgnsion of the andRUARkcoirBY S TmeBt 193 s § PR ety of |
pol ymers or eQpoi d Hlyrh&d LiieRd wehe hSRIP kA Fhing -the Q%gitﬁlagjffmod%l@ GAIr abl e

pol ymers. As used here, - thérnoplastic, as differe ed from _
t her noset, r ahanifold eas affikednter oneherahof tifet stack to facilaatd ameddusmnbteschmepnsed t o
heat and re-solidifies when cooled and can be nelted and solidified

t hr ough palny 13‘??5?@5@1‘1\"%% demmeseiromdiephactivated shriak Jublag thatrwas placed over
uni o 15 8por G S5 RetaR R g ARELEH 1 PARDR Chhe FEnSE o

at room Hrespiel At YaeailableOf6h SWECEMpERE SIC Paul Mitinesdts) Was itdnBeat

I rradiation. ) Pol ymers useful in formng a structured layer in
articles of tatvited/anoundboth the attaghmentctubeiandsstackaot |imited to pol yol efins

h | yet hyl | v.et.hyl | y. . | )
cthyl onel vi ny|  acoltbiedt 6 PSHISLON aB spevRPRES oo of thehit N fler s
Qher usef ul () ¥aBEASd ERIAES RhSHIEAEWHE SvatdrAnl wakle¥ABEaRd( A Rer 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 tfp was moved down from the surface as the column receded.
The time required to evacuate thé gradué.ted 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 disﬁnction 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 pm. 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. Operéting with ﬂodded capillaries
rather than open tubes, the unit would minimize the possibility of back flow of air

30 into the body cavity.
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pol yvi nyl chloride, polyvinyl alcohol, vinyl chloride/vinyl alcohol
copol yners, ng%ﬁqiyvi nyl i dene chl oride, polyvinytidi ne dif lpegrisdfiio20
ate po W |

E)EIV)[/)EQ boﬁg{g @Amﬁlrg,r,m;gl__ye_@t eggiﬂu!%mmmn /i et hacryl at e)
0

[ | et hyl ene
terephthal ate), polyamdes (e.g.,

_ | on) " pol Yuret hanes, 25
pol ysaccharides (e.g. cellul ose acetate), polystyrenes (e.g.,
pol yst yr ene/ net hyl nmet hacryl ate copol yner), polysiloxane pol yners

(e.g., polysiloxanel-and Anacﬁved}%ﬁwepswpmﬁmcmpmk s). Fluid transport
menbers can.be cast Srom bt e?%lfegﬂl%rperic %?a%éﬁh@aWQ 3l first r}}gﬂi%%rrf%gd}hﬁtr ough

pr epol yner m'xturessél such ‘&S acr €S Of  epoxl es

free radical pokMaeyi #aidnded Ratdeess has # pRiay eharter flow chahndl dispesapsur e
to heat, UV, ganma or el ectron beamradiation. Plasticisers, fillers or

28 WO there6s5the flow channels extend from a first point to a second point along the

PCT/ US99/ 11020 extenders, antiaqxidant, ultrayiolet l.igh tabilizers,
Sur factant s, - afEciel PItace fad b & My FpsetTatp oo 10 LA 4 BYEaC { pe

| nvent i on. md%uﬁgpéreaeé?ﬂga%dibﬁﬁ{%rﬂ@fb‘fﬁeterkfﬁfde are applications where -

flexible active [ransport devices are desired. Flexibility may

be inparted to a stgyct ug eshnebtor thdliy e fiuid teniMunitaiidio widl horlisrele fomw bed
in US. Patents 5,450,235 to Smth et al. and 5,691,846 to Benson, Jr.

et al. ThelOavhothanpels,ywhichccanagetor alews ropotsatipladeom a sofmcengxdernaleld e
| i terial. The_.body .l . (15, FlG 1), le.. | d
ot se a1 HnBfEed e behoplisd g ek ibinelsdd sERBPR R mayeroh

coul d Conmf'ugﬁtﬁeﬁm%hml' FrR0h iR locatiB iPRIRBhF 1kektigr 1n this
par agr aph descrl(t) use of 10 Spolymslrs (i’cr? this fashion to produce flexible
products that have m crostructured surfaces. The body | ayer also could

concei vably be made_from mat er if?Lg ot her than X
2. An active fluid transport device that comprises:

15 (a) a layer of polymeric material having a first major surface that
includes a structured surface that has a pluratity 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 cspect ratio of about 10:1 and a hydraulic
radius no greater than about 300 micrometers; and

20 (b)  a source external to the layer of polymeric material, which source
“provides a potential over the flow channels to promote fluid movement through the

flow channels from a first location to a second location.

3. An active fluid transpo:: device that comprises:

25 (a) a capillary module that includes a layer of polymeric material that
has a first major surface that includes a structured surface that is capped with a cap
layer to define discrete flow channels, the discrete flow channels allow a fluid to be
transported therethrough from a first point to a second point, the flow channels also
have a minimum aspect ratio of 10:1 and a hydraulic radius no greater than about

30 300 micrometers; and
-
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polyners if desired. _ ”III“HWMHUMIM erials including polyner
bl ends canwaeoomgssdal i ed t hrough = ¢ i ng of pl asti ecarUsy/aImRe ve
agents such as surfactants or antinicrobial 15 agents. Surface -
nmodi fication of tife) st auannedor that isiirefluidacormunicaiorp ithhihe discrete tiigwough

vapor deposition or covalent grafting of functional noieties using ionizing
radi ati on. Mehansgls, aWkich conpeciRresllowy aypatentiplo|fiomra sauicenexsenab i #Be s ont o

pol ypr opyl ene,__for .e LR ZI ' r | SC i n U

201 1P 9P €N lcaSHBRRL So pRYphRRLE 88 AACLARER 3o R RA Hole?
addi tives thghroligiPtetflowléhanndls floft/s fifk Riatién f5a setbad IdeatidR! yeric
structured | ayer. For exanple, plasticizers can be added to decrease

el astic nddulus to inprove flexibility. Active transport of

fluids, both gasses and_liquids,,l.s central ,to na erations.
eug “g

ni t o]
These operations €an i ghive; fuid, tanspert deviee ¢ aﬁgf’B?,lnﬁrss:;’t er,
i on exchange . M2 &5‘% ddidmal¥ddhe seRdrded ' tion
provi des 25 co%ﬁﬂgpggﬁgﬁgmgn rfc;t){]%ig for active tﬁ?ﬁ%l@%ﬁ?gg%ﬁsgﬁﬁ?n
appl i cat i ons nfdvetheasthrough the flowichannety fromai fixst locativntto asecdnd 1acatfoan cal
reactor, a chem cal or catalytic agent m ght simlarly be supported
on a mcrostructured surface or on an interfacing surface. In a

radi ant act or, me f.orm of kadiation goul d ir mtted Lhrough_.a
surface cause an eff tacgﬂe {]H@ Fangpert gg\"ﬁ%"?&ﬁ%ﬁ?r‘é’ erel %w laye¥ of
Preferred en‘ggginggmtrﬁatgﬁa]tigﬁﬁéra&?nggtgd} may use thin flexible polyner

films that have parallel |inear fopographies as the m crostructure-bearing

el enent . 29 WD 99/ 65542

PCT/ US99/ 11020 For, purposes . of this jnvention, a "film is copsidered
to be a thin (les$t ha(r)ﬁﬁ ?ﬁ*{‘)’e uid, franspert E:tea?f} 9Pa¥q1%>3i 81 & Srhsesin gpe

pol yrreri ¢ Malchiddlor ihBRAEE BMRMMifold et habh IR defined iREKARYSIYR, he® Wi th
hi ghly defined mcrostructure-bearing filmsurfaces Is great.
: 15 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.
7. The active fluid transport device of claims | or 3, wherein the
20  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.
25
8. The active fluid transport device of claims 1-7, wherein the flow

channels include a cap layer that is juxtaposed against the structured surface.

9. The active fluid transport device of claim 8, wherein the cap layer is

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

—_
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Flexible filnms can be used |Imluﬂﬂu’w:l|ﬁ!ﬂmp a wi'de range of capping
material s ' aﬁ%' an be us Or in-conjunctionpwrkidesiiozo
supporting g‘g&?- e?e desired. The capillary nodules forned from such
m crostructured surfgce ; 183, Sick! §¥hing H0%r ABQMerein th
applications but al f'sofcj)1 rrgl;‘/&lr)]gmavgs%%ll at eéa%i,t% 18(.: r(lﬁéélﬂd rst’r ucfrue%nal ebody
wher e appl i catpomergiahasures includesronexamabre, oftenfoliowing: tdheacuum generator, a

m crostructured surface to aspirate fl ui(gr~ it my he desirable to affix the
modul e to 10 Pumdiadan ageagnetonde ives am 6(isHC flaWsystemy e contabesur f ace

has i ndependent that may each expressed over a continuous
g3 iydr e oA

surface region i ndependent fluid novenent between the

i ndependentg y structured channel s. Because the active fluid
transport devices of the invention include . mcrostructured channel s,
t he devi ces conmonl M. enplhey activeulflnid drdosport devioneifsclaBns 1pH), whereine theAs

shown in sone of the enbodi.nents iIIusirgted abo
€% &

e, Lnventiv active
fluid transporfrugpsd sutace in 1%she8 annglsy En‘%l/ﬂfawlhirﬁnb el@@”&ﬁ%‘m‘? s per

devi ce. Sone | i j Ji V., | ' mor e
than T ooBeoiRBRbgiGo Rite i iy bewier SRAR DURA AR SRV T
connect ed to awherein thé Retustidd ahurfacd fichides aghunality of clamnélhehq diaeatmaliers
effect to be nore highly 20 distributed. For a device such as an
aspirator, 1k heclpon@ﬁglﬁmse@ﬂmeheﬁﬂf@émmnl y enpl oyed ranges from about
20 to about 40 kPa, and nore commonly from about 40 to about 60 kPa.
The inventive active fluid transport devices of the invention nay have as
many as 10, 000 chanpel 'ﬂ&é&iv??fui&%{p@ﬁ%@ide@%n@fl-Pf,%ﬁerﬁﬁ%é BRpAr €a.
Active 25 fluid transport devices of the invention may have at | east

appr oxi mat el y d@nodsnmdtde plurali disets pewvergingmichannelst thattcennecTytpi & ddrgelevi ces
can have about 1, 000 channel inlets - per cnferr]. By having so many
channel i nl et sdi¥gste ghannekr oss sectioned area, the effect of the
potential jss so highly distributed at that |ocation of the active fluid
transport device, that negligible forces may be inparted onto objects
that come in contact3.30 Thendtive fluid aarspost deviveadf ddima.1-12, wherein the flow

30

channels have a minimum aspect ratio exceeding 100:1, and wherein the hydraulic

radius is no greater than 100 raicrometers.

20 14. The active fluid transport device of claims 1-13, wherein the flow

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

15.  The active fluid transport device of claims 1-14, wherein the aspect
ratio is less than 1,000,000:1,
25
16.  The active fluid transport device of claims 1-15, wherein the

hydraulic radius is less than 10 micrometers.

17.  The active fluid transport device of claims 1-15, wherein the layer

30  of polymeric material has.a thickness less than 5,000 micrometers, and wherein the
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PCT/ US99/ 1&R@p6d/65542 EXAWBIrkS99/11020
Exanple 1 -- Liquid Acquisition and Evacuati on Mat A vacuum

assi sted |i qfloos chahhelc hrealefiapd by prals thatshave adicight o€ dppidkingatély S to 1,200
capillary nodule forned froma polyneric | ayer that contained

ni crost r uct ufderomsters axkthathaye apsak distapce Ht 1 12,809 migrometens. The

appar atus resenbl ed the device shown in FIG 4. To conplete the
apparatus, a nonwoven absorbent was pl aced ~above the capillary

nmodul e, and the mpgul e TheSactivk afiifd tiafspdrtv devidd 60 Wldifs 1-3, wherein the The
capillary nodule was fornmed by | am nating the m crostructured channel
bearing pdl ymicrostrictyre chamneh desityl ie ficay abous {1 09 tlinkalreenkifneter|upt tppls00 905 10
film The mcr ﬁ{erafmtn'lre_ bearing |layer was fornmed by casting a nolten

pol ymer pe HEE t ool that had microstructured channels on one
surface. The pol yner used to formthe structured | ayer was | ow
density pol yethyl ene, Tenite[err] 1550P from East man Chemi cal

Conpany. This pol yger [Ths atisecfuid tradportislevice 1683 xlhithes, vherein thPdweal s as
determ ned by ASTM D 790. A nonionic surfactant. Triton X-102 from 15

Rohm & Haas Channslsyhavearaspeetratip that iscat leesiAQ0Ke 2reates theglthemanifeldi ncr ease t he
surface ?Qergy of the structured | ayer. The channels were fornmed in the
conti nuou | ength of the cast polyner. The nickel casting tool was

produced by shaping, a The activdB@traSRREdevacd RGHmY 119 AVRGBIAGhS A&FiENY
tools to produce the desired structure, foll owed by an el ectrol ess

ni ckel pl ati imphadee pudiple stractaredilayiers intthoformTifa staskl used 20 to formthe
pol ynmeric | ayer was fashioned to produce a mcrostructured "V'
channel like those illustrated in FIG 2a. The channels fornmed had a

i nal dept h f ; ' ' f his
nom nal dep 21. 0 t'[ﬁlé%c{l@é' gl @&sﬁorﬁﬂ@ﬁb@gf‘éﬁaﬁhzdéswhgag[zﬁéi g of NI'S

resulted in a channel at had a ydraulic ra err] mwhen
capped. The @blyaresicanstexid] Hastahsetdrel majonctufacecthat caps thobtywairel ayficeadrd t he
cap layer were 40 x 10 centinmeters (cm. The linear 25 m crostructure of
the nicrost r tRGFEMBIOESUASE) ayer was parallel to the long axis of t he
| am nate. The polyneric |ayer and cap | ayer were juxtaposed such that the
m crostructured channels faced towards the | ow nelting Scotch Pack[err]

film 22The Tatragvefleid trapysort 8evdeecoliclhidyss20-DE Nehdréianhé staad
t oget her by heat wel ding. The heat welds were approxinmately 5
milimeters @nehydesiatieast @ sietared layers.

20
23.  The active fluid transport device of claims 1-22, further comprising

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

24.  The active fluid transport device of claims 1-23, wherein the flow
25  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 its flow stream.

25.  The active fluid transport device of claims 1-24, wherein the flow
30  channels are configured such that fluid streams of different compositions merge

together to interact.
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30 di sposed. parallel to the lon I ami nation on the outside
edges only. wo ggeésapstruction Oﬂmﬁﬂm;“‘i""“mmodul e Was COoppirRissshion
cutting one end-of the ipiiaty e i S 31
WD 99/ 65542 _

PCT/ US99/ 11020 wel ded | am nation into a chevron pattern, thus

exposi ng capil | ary XpeniThgsactive flgid transporialevisa pfaldims dF24, whereid the flow

The appar at us s assenhl ed . by sandw chi the capillary nodul e between

a | ayer of norﬁ%{%‘ﬁs %ng‘gemed%daﬁ’ %ﬂi"ﬁ“?‘?gmfg% Prf‘@Bb%%erf hArSTINNGS own
5 mcrofibery,a06a5ReHe fopRSof %Bﬁ¥a?§inl%ﬁuﬂ%§trdaﬁ%g coffond a aft%rﬁm‘qgél& 948
to Insley nd was conprised of a source web of polypropy enelz I'na 400
MFI) microfsi bethst has a (didneterX0of vagphoXimbelys 2.5 dentinftero withduer sipuificaraiet er
size conbined with 15 denjer PET staple fibers (20 W%, and

i crofi ber ni cqongteisting the figmoghannels.non- i oni c surfactant type OP9,

avai l abl e from Henkel of Charlotte, North Carolina, was nelt 10 bl ended
with the resinin all the mcrofiber elenents during extrusion at a-.fiber
add-on rate of 10 w76t OrHeRUQE flulPiridsBf Aebie LRRIANE QU WHoRkS 8R Gy Th
wat er . The weight and solidity of "the resulting web was 180 gr%'tms per
squar e met er of polyniagicnnaterijl)inelndesGbodysipper tthateonprifdsea polymentimoisoamey of
the web was 2,000 cnferr]/nferr]. he support |ayer was a 0.02

mi 11 met erlO( mijexfhle hap fae Wq{%‘?ﬁl“ﬁ@e\ﬁp% Atrucfured syigagecheni cal ). The sor bent
web and the support |ayers were held together using a hot nelt spray
adhesi ve. The adhesive (HL-1358-X ZP, H. B. Fuller, St. Paul,

M nnesota) was appliged tThetde@ivelfiand barporidedice af elagths 1279 WHERIK the 1ADE
capillary modul e was positioned wthin the structure such that only a
smal | porti on affpolymeeric materid deiinghefarmrafedilieyond t he absorbent and the
support |ayer. The chevron end of

15 29.  The active fluid transport device of claims 1-28, having more than

100 discrete flow channels.

30.  The active fluid transport device of claims 1-29, having more than
1,000 discrete flow channels.
20
31.  The active fluid transport device of claims 1-30, having 50 to
10,000 channel inlets per square centimeter.

3z The active fluid transport device of claims 1-31, wherein the
25  connector includes discrete conduits that each fluidically connect to individual

discrete flow channels.

33.  The active fluid transport device of claims 1-32, wherein the
channels are discrete along their whole length.

30
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20 the nodul e was al i gned wtdl!lﬂ!”@jwzﬂg"m e absor bent sheet. :

A mani f ol d wegstssan fitted over of the capiprdEUSIOERY €.
The mani fold was fornmed by placing a cut in the side wall of a tubing"
section, VI B34de BhelGeriva |ﬂuniartrailspmretcmv1celoﬁ ahamwau33t hwisdeeiasthet ubi ng

from NaI ge Co. of Rochest er,. New York. Th s.cut wwth a razor
in a strai ghtthchaHaéW@ 1§ Jgss ﬂ't?&engncmﬁ‘ﬂ%s an ew@r‘i“{‘ @ hayen of pelymeric

appr oxi mat el Yo I dt h. The tube was
then fitted ov%‘gg?ﬁ%ggr@%@é}?hggg{a%l ary %&Fe and hot nelt glued in

pl ace. One open end of the tube, at the capillary nodule, was seal ed closed
W th hot nel.t adhesi ve. Fluid evacuation capability of

t he appar & us was ¥ual ubbedctyy fbadmnaasmlrgd@me gbclamﬂai;éﬂbwhereanthealayerchu ng
t he caplllary Ieto uum souy ce. vi a test
Nt i h o Bl s 4 e ou ERint shuees etiRpifess pmrrusd SGD of a
32 Vigat%%{s%s%fge flo chgnnels 1s;rosed thereon.

PCT/ US99/ 1102 ance. After a vacuum of 28 mm nercury

(Hg) was applied to the unit, the anpunt of water in the pad was
recorded and the extraction rate of t he uid was det erm ned,
Extraction rate re3l t sThe activeofiwidgeanspert ﬁeW%IO(g cialm 35,5wherein the second
Table 1 ion Level | nst ant aneous
(% 10 magﬁl#ré%cte c8ﬁ1pﬁ3?s apolymeraé HY %tn P :

(m/mn) 100% 950

37.  The active fluid transport device of claim 3, wherein the capillary

module has a thickness of 1 to 10 millimeters.

15 . 38.  The active fluid transport device of claim 3, wherein the capillary

module has a thickness of 2 to 6 millimeters.

39.  The active fluid transport device of claim 3. wherein the capillary

module is flexible.

40.  The active fluid transport device of claims 1-2, wherein the flow
channels are defined by the structured surface and a cap layer that are joined
‘together in the form of a capillary module that can be conformed about a mandrel
Mat has a diameter of approximately 2.5 centimeters without sicunificantly

25  constricting the flow channels.

41.  The active fluid transport device of claims 1-40, wherein the flow
channels contain constituents that enable chemical, catalytic, and ionization
reactions to occur as the fluid moves through the channels.

30 -
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57% 108 53%

78 . . 0 . . 7 .

39% 42, 40The .ac.tzlve fluid %(Qr{onn device of clalms 1-41,3§g1/grem the flow

20 channelf\sarde aduptddr ad edbtect hphysimahr dhiatigterticsefoffest flvid iflowing
acquiring and renovin liquid fromthe point of discharge. The test
unit was parti®erefitp¥€suited in 10 nmanaging fluids at high saturation or
fl ooded | evel and able to extract fluid at a rate close to a liter

per mnute. The unit was able to accept nultiple fluid charges and
operated irsan esses.ial AVliduid aBquisi6e and BE4cAatGS mah that domplisds' the!aktiveral |
vol une of air entrained with the extracted fluid as was observed in
t he aspirati onfldttransporTéevice of claitmis ded 2] and durtler incdedeaadignidhshsatbing layet was
durabl e and flexiple and had the abiljty 15 to drape and conformto the
surface cont outhat ligpoged VPﬁhmerquj erifmatsipliwhen the mat ipdpusefhg o

h t L 1. ,Si : td t Tauk :
i ot ost ruct ur ol PisoBIRE AT pefini, 1Rk, BV hGllE WECaskE Pl ool

-

and was fhbtethrbeghM t hst and t he wei ght of an individual (about 25 kPa)
standi ng, or, seated on a stool with casters rolling over, the nodul e
wi t hout coll apse. 20 Exanple 2 -- Medical Aspiration Device

A vacuum assi sted agpiratjon apparatus simlar to the i ratiqQn shown in
FIG 6 was construc?‘gd 3@%‘%5‘1‘5&)?{;%?&%‘} FYATRI R rﬁ?tc‘?f?fi"‘ﬁ% - JPREEEIR fBfhnel
layers liquid absorbing layer comprises a nonwoven web of mekBlown microfibers.

45.  The liquid acquisition and evacuation mat of claims 43-44, further
15 comprising a support layer that is disposed beneath the liquid absorbing layer when

the mat is in use, the support layer being liquid impermeable.

46.  The liquid acquisition and evacuation mat of claim %>, wherein the
support layer includes a microstructured layer that has flow channels disposed

20  thereon.

47.  The liquid acquisition and evacuation mat of claims 45-46, wherein
the support layer is an integral extension of the layer of polymeric material that is
present in the active fluid transport device.

25
48.  The liquid acquisition and evacuation mat of claims 43-47, that

includes a capillary module that has a pennant configuration.

49.  An aspirator that comprises the active fluid transport device of
30 claims 1-42.
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made by | ayeri'ng together strips of the mcrostructured

channel - bearing | gger The Rpiradreficldinm 49y cdmprising hs@ok of polyinkfit ldybs.

m crostructure of one filmlayer faced the snooth back side of the adjacent
| ayer to create a capillary nodule. The linear channeled structure of the

5 m crostructur pokyneri.c. | aver . i Pl axi s
of the stack. gij"I' heLréF ﬁg%t%né&gqa%@’%yﬁéﬁ%aﬁgé@f uc hb}gaﬁ%gﬂ%}’ﬁgri C
layers was 5115 p0 dehfini®Brs in lengf nd twhtedit 'tRé nﬂﬂﬁffﬂ_a‘esvtﬂueu&eim&érs%zé potised to
formthe capillary nodule. A mani fold was affixed to one end of the

stack to $ acbécutesitto each/athenantixt stack'sinket end. The mani fold was fornmed from
heat activated shrink tubing that was placed over 10 the end of the stack
and an abutting tube |like used in Exanple 1. The shrink tubing

FP-301-1/4" (availkabl e <1 R, -,{:/h{én heat
activated around %‘th gﬁé%ﬁ%‘%ﬁ%@%ﬁb@%&d‘%‘%ﬁt . @(ﬁﬁ%@t&‘fﬁﬁﬁ%@{‘est
the acqui si t cexivntacisRvasbietocapastiuing 1S cirhectonbeingdhiSicaily hitdched®to
(m) graduated cylinder was filled with water and was evacuated. After
attachi ng a 18 floachanselsdnthestask. 28 nm Hg to the manifold of the capillary
nodul e, Ble tip of the aspirator was allowed to contact and extend
bel ow theYliquid surface approxi mately 5 m The aspirator tip was
moved down from thg suthaegsiftol dFRlIimk $0151] MmeRfdihe stack isfiddividd ikl 1 ed
to evacuate the graduated cyiinder was seven seconds. resulting in an
aver age extr phirality of btanchds. 214 nml /mn. 20 -~ Because of the small
channels in the aspiration unit, little air was entrained with the
acquired liquid. This is an inportant distinction relative to known

aspirator technol @gi es . . axa Nl I imately
200 i ndi vi dual ch§%hel gﬁeeaggﬁator of °laé‘ﬁgg'3§3’ %\?&ﬁgqﬂ“@%?ﬂ?a I oc%# 1840
to 1 andis hyghcadlih dluiddomsm@iication Switle thid plurdlitg cfSbranche Isucth sl efhad af
capillary nodules were easily flooded with aspirated fluid and

t heref ore di drapsnorispdirgugh same,ok the comits 11?4"696‘4@@???%‘*‘?@"6‘31‘?‘%/ f1 uid.

Wth a | ow pressure drop applied over the aspirated nodule the unit could
be enpl oyed as a cannula or surgical drain. Qperating with fl ooded
capillaries 55.  The aspirator of claim 53, wherein a first conduit is adapted to

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

20  aspirated fluid.

56.  The aspirator of claims 49-55, 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.

25

57. A heat exchanger that comprises the active fluid transport device of

claims 1-42.

58.  The heat exchanger of claim 57, wherein the heat exchanger is
30 flexible, and wherein the discrete flow channels include a cap layer that has a

thickness of about 0.02 to 0.2 mm. _
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rather than open tubes, the unit woul d m the possi bility of back
flow of alr %99}6%49 the bOdy C‘“mm “ﬂj PCT/US99N1020
34

0

transport deV| cet
conpri ses: (a) a | a"yer pol ynmericmaterial having a f| rst
maj or surface that 5 i ncludes a structured surface that has a pluraliry
of discrete flow chihnel & biankpothattomprises the hemtexchangerf dfeiuimb 3MH8l s ext end
froma first point to a second point along the structured surface and

have a m ni num aspect ratio of about 10:1 and a hydraulic radi us no

greater than about e t hat
Is in fluid comuni atlon(ﬂ\’}m&{}%I E{t&mg?é%% ﬂlﬁi hl%cong%%sgﬁﬁgﬁs gr@tﬁﬁlt i
connect or & | OMFouEhARS Aitive Buid haBPIrR Iy eftlfmisqar4ml to the

structured surface, to be applied to the flow channels to pronote fluid

nmovenent t hrough the flow channels froma first location to a second
| ocati on. 15 of pol ri erial, having a
first major surf acebk-hat The met}xod oia clam¥ 86 wherein tﬁlerrf?uid(i:ncrfac}esabodlly fhaid. g

62.  The method of claim 61, wherein the bodily fluid includes saliva.

10
63.  The method of claim 61, wherein the bodily fluid includes blood,
plasma, or bodily secretions.
64. The method of claim 60, wherein the fluid includes smoke.
15
65.  The method of claim 60, wherein the tluid includes a liquid.
66.  The method of claim 65, wherein wwo or more different liquids are
passed separately through the device separately.
20

67.  The method of claim 66, wherein one liquid is an irrigation fluid,

and the other liquid is a bodily fluid.

68. A method of transporting a fluid, which comprises passing methane

25  gas through the aspirator of claim 60.

-_
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includes a structured surface that has a plurality of discrete fl.ow
channel s dwapawesss2 thereon, the flow channel s extend f pomnased/i1036
point to a second ‘point along the structured surface and have ‘a

m ni num aspect rat9o ofA afiaostnicburéd elndinelet idviae thac comprisesy adi us no great er
t han about 300 m croneters; and 20 %b) .a source external to the
| ayer of pol yneri @ la¥ereatipolymesiq matesiglthaphas a first ypajor sirfacs thestineludes a over
the fl ow cha onote fluid novenent through the flow

channel s fro%ﬂgaﬁF$§Pﬂﬂ%éation to a second | ocati on. 3.

An active fluid thaRaR@ifeddsitface dohqirisﬁ%rrﬂbwsaﬁnna% that have a mlifinum @
capillary nodul e that includes a |ayer of polyneric material that has
a first nfj omspegt fratie of rabout A01luded aahydraulic wadius or greeter tthat abeutc 3pPed
wth a cap . I@ er to define discrete flow channels, the discrete flow
channel s al | G'Wrém?q%F’d to be transported therethrough froma first
point to a second i dnéin : : Y Lid. o aspect
ratio of 10:1 andﬂgé)kg% aul | cél% g‘%ﬁ?’%ﬁéggﬁﬁ%i@?“ﬁ“ﬁ%‘ﬁ a guegaﬂlegkﬁu@;;gﬂ )

m cr onet er s; catalytic, and ionization reactions to occur as the fluid contacts the channels. 35°
AVENDED SHEET 21-08- 2000 (b) a connector that is in fluid

comuni cation with the discrete flow channel s, which
connect ol0al | ows &d0pot e aspiratof thengompises the agtiveflnid| transpdrh device of claim
structured S%Bface, to be applied to the flow channels to pronote fluid

novenent t hrough the flow channels froma first
| ocation to a second | ocati on.

—_—

O o
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5 _ 2. The active fluid transport device of claim

1 further WO 9/6554% conprising a potential source exteppgyshéhiobe
structured surface that pronotes fl ui d/4 novenent through the
flow channels froma first location to a second | ocati on. 10
3. The active fluid transport device of claiml or 2, wherein the

| ayer of polynmeric material is nicq&:eplicated.

4, The active fluid transport device of cla ml, wherein the
connector includes a manifold that has a plenywgefined internally therein,
t he 15 mani f ol d bei ng di sposed fl gtfdi cal |y between the fl ow
channel s and the potenti al , é@e potential fromthe
potential source being applied to the fl ow-eHannelfs 1 Vi a

t he mani fol d. 28 5. he pdtive fluyd/transport
device of claim1l , wherein the 2 ponnect or 1 ncl udes one or
nore of the follow ng: a manifold, a/fonpression coupl i ng,

| ow channel.s,
emfor seating the
—-A—a 'en;rifuge,

seal, or gasket that fluidically joi
capillary fibers, a mcrostructured
di screte m crostr
and a systemfor allowing a fl @8
channel inlets or channel outlets.
6. The active fluid transport de
fl ow channel s in

agai nst the structured surf

s a conduit to the2
luid conduit, a s

N YA

' éLmtaposed
5 The active

fluid transport device of cl ; 30
sealingly secured to the str o e—i—r—relf the discrete flow
channel s.
19 16
12/ FIG. 1
17 18 12
FIG. 2a "i ¥
18
15{
18' 18’ 18’ 18’ 12b
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8. The amtbwessid ui d transport device of claim 2, wherei redimes99/11020
potential source includes one or mor /8 the foll ow ng: a vacuum generator
a punp, a fan, a magneto-hydrodynam c drive, an.acoustic flow system a
centrifuge, .and a hydrostatic head. 9. The active fluid
transport device of any of clains 1-8, wherein the - stuctured surface

i ncl udes v-shaped channel s,_and/or wherein the flow channels are
configured to have a fl at | ey between slightly flattened peaks, and/or
wherein the structured syiAface includes a plurality of channels that have
smal ler 10 channel s\di §pdsed t her ebet ween. 10. The active
fluid transport dewkgce\o f calins 1-9, wherein the flow channel s

i nclude plural discre ergi ng channels that connect to a | arger

di screte channel . 11. The active fluid transport device of
any of clains 1-10, e flow channel s have a m ni num aspect
rati o exceedi ng 100: 1,/ af|d euﬂr1ége hydrami(:38 radi us i s no greater
t han 100 micrometers. 39 '

N /
FIG. 3a ||| FIG.3b

16, 44 24 /
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20 12. The active fluid transport device of any of clains 1-13,
wher ei n t he wWo®%fes542 channel s have a m ni nrum aspect ratio eraised/pasd

1, 000: 1. 13. The active fBfdd transport device of any of
clainms 1-12, wherein the aspect ratio is |l ess than 1,000,000:1. 25
14. The active fluid transport device of any of clains 1-13 wherein the
hydraulic radius is less than 10 m croneters. 15. The active

fluid transport device of any of clains 1-15, wheyein the |layer 30 of
polyneric material has a thickness |ess than 5,000~m croneters, and wherein

t he - 37

AMENDED SHEE fl ow channel s are defined by peaks that have a
hei ght of approximately 5 to 1, 200 m cronmeters and that have a peak
di stance of about 10 to 2,000 m croneters. 16. The active
fluid transport device of claiml1l, wherein the 5 m crostructure channel
density is fromabout 10 per lineal centineter up to 1, 000 per |ineal

centi neter.

50 13
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17. The active fluid transport device of cIain{4, wherein the -fl ow -
channel s hsweosgss@spect ratio that is at | east 400% gr eat er PCTAIS99/hi920

mani fold. 10 ~ “18.  The active f4&id transport device of any of"
claims 1-17, wherein the device includes nultiple structured layers in
the formof a stack. 19. The active fluid transport device of

claim 18, wherein the |ayer o pol yneri CGIFtel’i al has a second mmj or
surface that caps the struc g7 urface o the first major surface.
20. The active fluid ahspeyt devicg of claim18 or 19, wherein the
stack - includes at ctured layers. 20 21. The
active fluid transport evice of any o0k .clainms 1-20, further conprising
first and second nmapiol ds di sposed at the flow channels' inlets and
outlets. 66 2. The active fluid ansport deghce of any of
clainms 1-21 e#ein the flow 25 channel s ar eNg [
characterisf a fluid that flows therethrough or wherein the flow
channel s " adapted to provide a separation treat uch that. a

t her et hrough has constituents renoved fron™N{s flow stream
tye fluid transport device of any of clains : 22, wherein

di f ferent
O

4
’




AENDEROSBIES 20 24, The active fluid tyaaspont oy 08941920
any 3 1xlothfBrel Properidr Sédpabipe flow channel s are defined by the

st r umirUger]: Sy barcepend a cap | ayer—that—are—jotnmed— VOSSHIB& PARTNER
formof a capillary nodul e that can ' SR AUt 2 RATWMNWR_LTEhai

has a di anet etﬁ‘gﬁ?ﬁoproxi mately 2.5 Immm@ ﬂl\ﬁﬂﬁout Si g?olE!l&!ﬂm.lbé
constricting the f1 6w channel s. » ¢t RH.HM s e aB1B75 MUNCHEN
transport device of any os clainms 1-24, wherein the |ayer of polyneric
material includes a body |ayer that conprises a polynmer that is nore 10
flexi ble than the pol ymin actes fluidrtansport devics thatieamoprisgsisur f ace.

25. The active fluid transport, devi ce of .any.of clains. 1-25 wherein the
| ayer of pol Yeri @ kﬁ%ﬁ’e‘?' aPlyFEHFrFlF'ﬁEd?ﬁmgoF éa&f maAr surgge that 27.
The activesf| e . @ﬁ'& f -Gl - LIRG: t han
100 di scr e%e c'(ci’)uVS/ie gggﬁg@%ﬂ hit ha?g%’é".g&n‘g ofﬁﬁﬁrgt]eaﬂzoﬁ Sﬁﬁiﬂglﬂgﬁ? %egnsport
dﬁVi Cel of ggy titdreonl, dienfiov: cRannelnwhiail ffBmCa iR Point to a sécdAdCpodntsddot thef | oW
channel s.

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
10 channels, which connector allows a potential, from a source external to the
structured suzface, to be applied to the flow channels to promote fluid movement

through the flow channels from a first location w a second location.

SO o reiced .
(@  a layer of polymeric material having a first major surfacg

includes a structured surface that has a pluratity of discrete flow channel#disposed

thereon, the flow channels extend from a first point to a second #0int along the

structured surface and have a minimum zspect ratio of about #0:1 and 2 hydraulic

radius no greater than about 300 micrometers; and

20 (b))  a source external to the layer of polfmeric material, which source
provides a potentia! over the flow channels to gfomote fluid movement through the

flow channels from a first location to a se#dnd location.

35
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221-08-200Be active fluid transport ' clains 1-28, haL{/§r98950
to 10. 000 channel inlets per [lmg E l g 30. The
active fluid transport device of any&. wherein the 25

c¢onnector includes discrete conduits that each f I |d|caIIy connect to
I ndi vi dual Al YTV VR T TALTS TS R ‘, o o they active
fluid transport devi te of any of clalns -3 wherern the. : annels
gge di scret e athannels,hwhichwionnectbealjows a potenn r=SBurce external to the

HEET
32. The act Ftstured srfaceindiscane tntbeﬂwdnyn%stomramﬁtﬁﬂmé.tpOMi n the
hydraulic radiyS==2=Tas than 10 m cconpters and wherein the |ayer of
pol yneric e B BT RRt e ral T nas T a RIS e a5, 000
m cronet er s5 5 33. The active fluid tranport device
of any of clainms 1-32, wherein the |ayer of polyneric

material has a spcomd mefhe ativé aftid t t@ispor Cdevites oft cidimpct Upmedd, s fitrfire e
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.

: or2
10 3N The active fluid transport device of c!aim}‘l!'ﬁ;herein the layer of
polymeric material is microreplicated.

4 % The active fluid transport device of claimg 1 essd; wherein the
connector includes a manifold that has a plenum defined intemally therein, the
15 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.

5.%  The active fluid transport device of claimg | pe§, Wherein the

20  connector includes one or more of the following: a manifold, a compression

coupling, seal, ot gasket that fluidically joins 2 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 directzd at channel inlets or channel outlets.

of
6. The active fluid transport device oflciaims 1-7, wherein the flow
channels include a cap layer that is juxtaposed against the structured surface.

i
6
AN The active fluid transport device of claim £, wherein the cap layer is

30  sealingly secured :2 the structure surface to define the discrete flow channels.
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1 B4t0820800i screte fl ow channel sl on.
34. The active fluid transdmﬂ'mﬂm@,’ﬁggﬁai m 33, wherein the second
10 maj or surface conprises a *polkymneri ial . '

35. The active fluid transport device of any of clains, wherein the

capillary 8.  The acmebfeidhasnsport evics aff sclsifng12 tommi Owhirein niw er s.
15 36. The active fluid transgort devi ce of any of clains,

wherei n the captential spurce includes one or mo thecfollawing: ahyackH@s gensrator, ta 6
mllineters.

37. ,. The actiye fluid transport
devi ce of any PHERcH B magst-bydrofynanic drive, ap geoustc fow system, a cettifige, . |
flexible. ahydmﬁgﬁ)chead. _channel s are defined by the
structured surface®and a can |ayer that are joi ned

together i§8 the formof a capillary nodule that can bg conforned about a
mandr el that has a dianmeter of Wxi mitely 2,5
centineters withduitei gt iastive |fuid 2mnsport devise raféciaims t1ri8; f whereinc tamnel s.

38. The active fl.uid transport device of,any,of clai 1.37, ,wherein the
flow structured oS haels, ARG PRI e K SRR ol
catal ytic, and,l QRi | e ' C a fluid
e es through%ga%é)ﬁos.have a flat valley gegweén AL NattbhedCHkis 2nd/BF
wherein the strucured surface includes a plurality of channels that have smaller
10  channels disposed therebetween.

F 4 M
( rY_’/F 3 .
‘ 10.Y8.  The active fluid transport device offclaims 1-}4, wherein the flow

channels include plural discrete converging channels that connect to a larger
discrete channel.

P auyol, 40
/M. Y. The active fluid transport device offclaims 1-}2, wherein the flow
channels have a minimum aspect ratio exceeding 100:1, and wherein the hydraulic
radius is no greater than 100 micrometers,
amy of M
20 Q.Y The active fluid transport device oflciaxms 1-13, wherein the flow
channels have a minimum aspect ratio of at least 1,000:1.

oy € A
A3.Y%,  The active fluid transport device of'c;alms 1—}%, wherein the aspect
ratio is less than 1,600,000:1,

. w%i A3
A4 Y6, The active fluid transport device ofClaims 1-}5, wherein the
hydraulic radius is less than 10 micrometers.
i
. oyl B
ASXL,  The =ctive fluid transport device of Claims 1-}8, wherein the layer

30  of polymeric mate=z! has a thickness less than 5,000 micrometers, and wherein the
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The active fluid transpom'lmmlll:“IWIHHm of clains 1-38, wherein the
fI ow channel s are adapted te detect np y5| €al characteristics of a

fluid flow ng therethrough A liquid acquisition and

evacuat i on neflowRAnre e emth& haveahei bf'%éﬂréﬁﬂﬁﬁ&ws@&ﬂﬁﬁ of any

of clainms 1-39, and further |nc des |qurd apsor | ayer

di sposed abovaMMWgﬂlmefamtmmﬂmmm n use, the
| i quid absorbing layer permtting liquid that contacts the |ayer to travel
t‘her ehr ough. 10 41. The |i qui d acqui sition and evacuation mat of

I 40, wh b I b
of "ol tbi own m Ao e, The activt! fuid st b B o ERRK AT oFhef B

evacuat i ons Meini@bstalcRire cHMnel dehdity f ﬁ%ﬂ%o&@lo rﬂ?feblsdeﬂﬁméte? upmtoobayer

that is disposed beneath the I|qU|d absor bi ng yer mat is in
use, the suppgpetlidealeentitmeieng | i qui d i nper meabl e.

42 43. The liquid acquisition and evacuation mat of claim 42,
wherein the support | ayer includes a nrcrostructqged | ayer that has

flow channel's digpeged Q. JLHG! 0% transport device of claim §, wherein the flow

channels have an aspect ratio that is at least 400% greater than the manifold.
10
amyot,  f3
1€, %6, , The active fluid transport device offclaims 1-}9, wherein the devxce
includes multiple structured layers in the form of a stack.
A8
A3.2%.  The active fluid transport device of claim 20, wherein the layer of

15 polymeric material has a second major surface that caps the structured surface on
the first major surface.

A%0c43
ZQ .28,  The active fluid transport device of cIaitherein the stack
includes at least 10 structured layers.

20 $
° 20
4.3, Thc active fluid transport device of ms 1-3Z, further comprising
first and second manifolds disposed at the flow channels' inlets and outlets.
o 21
22 '24» The active fluid transport device offclaims 1-23, wherein the flow
25  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 its flow stream.
i :
' MF of 2.
23.%5.  The active fluid transport device ofClaims 1-24, wherein the flow

30  channels are configured such that fluid streams of different compositions merge

together to interact.
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141.08-F09 | i qui d acqui si ti onr—and—evacuation mat of  the suppoptS Q%R?”OZO
Is an integral extension of of saan meric material that is

VA pol
present in the active fluid : rl,Hkﬂﬂ r 45, The
{iquid acquisition and evacu : of cI ai s 40-44, that

includes a capillary nodule that has a pennant configuration.

46. An aspi é&t or that conprises the active o t izsport device of any
of 30 clainms &43%%  The actwe fluid transport device offclaims 1-24, wherein the flbtv
AVENDED SHEET The aspirator of claim 46,

conpri si ng a <hemnels awe &ﬁﬂ;ﬁé?}i 8131 stustured surface and@cap layer that mﬁ rat or

of claim47, t ack IeX| ou

centineters |tﬁgﬁ%i%d$tﬁé1§’ ‘%fc?e ﬁﬁ%ﬁ% ?9“6“. ed@&ontm&g e not 5

secured tg eaght ghd@ ddmdie oft @ﬁb‘f&&mhﬂi}ﬁtz.'er&gnnmeters without significantly
constricting the flow channels.

25.93.  The active fluid transport device of/claxms 1-26, wherein the Iayer
of polymeric material includes a body layer that comprises a polymer that is more
10 flexible than the polymer that defines the structared surface.
2.98  The active fluid transport device oféai/ms 1-27, wherein the layer
of polymeric material is in the form of a film.

oy af. %
15 2979,  The active fluid transport device offclaims 1-28, having more than
100 discrete flow channels.
28.30.  The active fluid transport device of/ciaxms 1-28, having more than
1,000 discrete flow channels.
20

owsy of 2&
29.%,  The active fluid transport device of /elaims 1-36, havmg 50 to

10000 channel inlets per square centimeter.

avyol 29
20 3:». The active fluid transport device offr/ 1-#, wherein thc

25  connector includes discrete conduits that each fluidically connect to individual

discrete flow channels.

, /_ﬁ
2A.38.  The active fluid transport device of/claims 1-32, wherein the

channels are discrete along their whole length.
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451-08-2000he aspi at or o V\,herel n the connector mcﬁ"ﬁo?oggﬁom
conduit that is attach mm‘"ﬁlﬂm Lt he connector being fluidically
attached to t he fl ow chamneks $n # he stac 0 The
aspirator of clai m47 or 48, wherein the stack i gf) ivigded into a
plurality of b@ms The active fia# transportTH&icas Bf NBZ AMkeRfn Ghai M5

46/ 50 wherein plurality of conduits are 15 placed in fluid

comuni cat i onhmthtfﬁ@mplmm tha;x 10t misrometérs sand witerdin she layes of palymeric
transported thro SQ f ot on s.i ndependent of other conduits.

52. The a2f W@B’d? C%&a? Mbém“am?t%t conduit is adapted to
transport an irrigation fluid, and a second conduit is adapted to transport

an 20 aspirated fluid. 53. H%épi r@ator of any of clains

46/ 52, being ad@pi¥| e ThecketivbFuid raisport/deGite ofcmmsort;ﬂ WRESRINHS 1hye? Such
that the aspl rator can withdraw saliva and other fluids present

t he person's abpalymeriksmaterial has a&dcondAm&;ee&mfeoacﬁaﬁmeind&smmmﬁ suface t he
active fluid rt devic clainms 1-39. 55.
The heat exchgﬁargléﬁs%t‘ﬁ:"eé F 4P @eﬁ%%éﬁﬂwqﬂeat exchanger is 30

flexi ble, and wherein the discrete flow channels include a cap | ayer that
has a t hi ckness of about 0.02 to 0.2 mMm e

42 3‘{. 36 The active fluid transport device of claim 35, wherein the second

10 major surface comprises a polymeric material.

» zq- 34
l
‘ 359%  The active fluid transport devxce of claims %[ Wherein the capillary

module has a thickness of I to 10 millimeters.

amy 24 -34 )
15 L. 38, The active fluid transport device of El/ m/em the capillary
module has a thickness of 2 to 6 millimeters. )

242
3139, The active fluid transport device o{@;ms erein the capillary

module is flexible.

25
3. N,  The active fluid wansport device of' éfxms 1-48, wherein the flow
}
channels contain- constituents that enable chemical. catalytic, and ionization
reactions to occur as the fluid moves through the channels.
30

40
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581-08-200MI anket that c ' abbs exchanger of claimb54 or 5@.0099”020
A nethod of transportin m‘t ﬁmmgﬁﬂg I ng the steps of:
a) provi ding an actives M device conprising a | ayer of
polyneric material having a fi rst rraj or surfacm Iaﬁt i gg! udes a structured
surface that h | ur l1SgdiHROSR eon,

the flow chanﬁg?gz%xt efgé %d%m a |rst p0| nt to a seclflg pol qulﬁ[ gﬁ{g t he
structured suclianpelsaard hdapeeda toi déteot nphysivat t chasskietistios! ofiko fluid Ofléwingd a
hydraul i c radius no greater than about 300 m croneters;

b) connect| &tlve fluid transport device to a potential source
external to the structured surface through a connector that is in fluid
conmmuni cation with the discrete flow channels; and c)

transportifg fl&40daghr ougfn to a
second | ocati on by actlonﬁ%%%gb%@g%@a mﬁeﬁgﬁ)ﬁcﬁﬁ 4au%f&%’?éle teo t he
f1 ow channel sﬂuxdtransﬁﬂ‘tde’ﬂce ofl rm}!l@ﬁd@ﬁnhdr&tdlil&?amﬂﬂmﬁs&bidgela frérui d

i ncludes a bodily fluid, The net hod of claim58, wherein the

bodi l'y fluid foatisdisapsedphavg the layerof@mlmencmnnbwhmﬂasfmatuaimum;hmer ein
the bodily fl lllilqgid Qﬁsa?gigg PI OOdﬁetmlttmé) laqmnf or clagg‘l:éymsée r et Itgnst'ravel
theret!’xrough.

10
40
¥4. %4, , The liquid acquisition and evacuation mat of claim 4%, wherein the

liquid absorbing layer comprises a nonwoven web of meltblown microfibers.
40orid
42.%5, The liquid acquisition and evacuation mat of claxm;-‘-ﬁfﬁrther X
15 comprising 2 support layer that is disposed beneath the liquid absorbing layer when
the mat is in use, the support layer being liquid impermeable.
42
43.36,  The liquid acquisition and evacuation mat of claim 45, wherein the

support layer includes a microstructured layer that has flow channels disposed
20  thereon.

42er
H44.3%2,  The liquid acquisition and evacuation mat of clajms%vhcrein
the support layer is an integral extension of the layer of polymeric material that is
present in the active fluid transport device.

25
any o Wp-i
LS8 The liquid acquisition and evacuation mat of cI aims , that
includes a capillary module that has a pennant configuration.

2
t

4. }9,23 An aspirator that comprises the active fluid transport devicé of auy of
30 claims 1-4Z.
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621-08-2000 The method of claimb57, wherein the fluid includes snoke.

62. The nethod of claim57, wherein the“lﬁﬂ“ﬂ"{"ﬁr"ﬁ'ﬂf" | i qui d.

63. The net hod of claim 62, wherein tvvo or qui ds are
passed separately through the devi ce * THe net hod of
claim 63, whelf] nmygne i [ #!a d %} ot her
liquid is a bodily f1ui g@g%b.}g{&of‘%]ﬁﬁx{%%ﬁﬁ:é@ﬁ?éi al ngfé»glym q |32§t he

active transport device conprises, net hz&e an aspirator and the fI uid
conprises <->.

AVENDED SHEET He. S The aspiggtor of clmmﬂdmmmteﬂe?hbr{ménﬁmv } ce
t hat | Se er terla at as a i rst
m o surt hoe i RAA? stmptss iplend and R BE mfglE SF not

S secured to each other at the stack’s inlet end.

L7 ortsd
43.52,  The aspirator of claimswsui wherein the connector includes a

conduit that is attachable to a vacuum, the connector being fluidically attached to
the flow channels in the stack.
10

Yo &8
SD.3, . The aspirator of clMﬁuein the stack is subdivided into a
plurality of branches,

§4.%  The aspirator oflcla:ms 49'!8 wherein a plurahty of conduits are |
15 placed in fluid communication with the plurality of branches such that fluid is
transported through some of the conduits independent of other conduits.

Lo
L2. S5,  The aspirator of claim 53, wherein a first conduit is adapted to

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

om of 46-82
* S3.36.  The aspirator oft et #9988, 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.
25

54, 3‘1 A heat exchanger that comprises the active fluid transport device of amy of
claims I-M

#
' & |
55. %,  The heat exchanger of claim 7. wherein the heat exchanger is

30 flexible, and wherein the discrete flow channels include a cap layer that has a
thickness of about 0.02 to 0.2 mm.
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the é{)(wctured surface corrpr_l_smg—#-l—ew—e-haﬁﬁﬁ—s that have a m ni mum5

atio of about 10: I us no greater than about
300 m cronet ers; M‘r mm‘ M‘ ﬁnnel s al so possessing
~constituents that enabl e chen yt ic, and ionization reactions
*to occur as the fluid contacts the channel S. An aspirator

that copgpri ses the m crostructured chauncl ed deV| Cefésqr%al m 66.
» 39, A blanket that comprises the heat exchanger of cl

5%. A method of tranisporting a fluid  comprising the steps of:

2)  providing an active fluid transport device comprising a layer
of polymeric material having a first major surface that includes a structured surface that hasa
plurality of discrete flow channels disposed thereon, the flaw channels extend from a first
point to 2 second point along the structured surface and have a minimmum aspect ration of
zbout 10:1 and a hydraulic radius no grester than about 300 micrometers;

b)Y  connecting the active fluid transport device to a patential
source external to the structured surface through a connector that is in fluid commumication
with the discrete flow channels; and

¢).  wansporting fluid through the flow channels from a first

Jocation to a second location by action of the potermal from the source applied to the flow
channels,
(

5%
CR. B  Themethod of claim §0, wherein the fluid includes a bodily fiuid.

Lt
£3. 8 Themethod of claim #1, wherein the bodily fluid includes saliva.

c3
6d. 83, , The method of claim $1, wherein the bodily fluid includes blood,

plasma, or bodily secretions.

. $3 :
614, B  The method of claim 64, wherein the fluid includes smoke.

53
€2 - ¥,  The method of claim 64, wherein the thiid includes a liquid.

T 74
6£3. B8 The method of claim 5, wherein wwo or more different liquids are
passed separately through the device, sepasasaln

€3
64. The method of claim $6, wherein one liquid is an irrigation fluid,

and the other liquid is a bodily fluid.

clatw 60, whereim the achue (""’-V‘-’PO"“ levite comprises,
GS 58, ,K method o{wweme

gmm an uparaﬁ:r ancl the (Zmo{ afmfnxs <~ )
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66. 9. A microstructured channeled device that comprises:

a layer of polymeric materiai that has a first major surface that includes a
structured surface;

the structured surface comprising flow channels that have a minimum

5  aspect ratio of about 10:1 and a hydraulic radius no greater than about 300

micrometers;

the flow channels also possessing constituents that emable chemical,
catalytic, and ionization reactions to occur as the fluid contacts the channels.

. Hhat mierost rucbured, chauneled
10 6% 78, An aspirator the comprises the awtiwesiiuidsressswontdevice of claim 66,
o ’
¢
;
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(57) Abstract

An active fluid transport device
(10, 40, 54, 60) that includes a layer
(12) of polymeric material. The layer
(12) has a structured surface (13) that
includes a plurality of substantially
discrete flow channels (16). The flow
channels (16) have a minimum aspect
ratio of about 10 to 1 and a hydraulic
radius no greater than about 360 mi-
crometers. The device may also in-
clude a connector (20, 55) that allows
a potential source {14) exfernal to the
structured surface (13) to be placed
in fluid communication with, the dis-
crete flow channels (16). The poten-
tial source (14) promotes fluid move-
ment through the flow channels (16)
from a first Iocation to a second loca-
tion.
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