FLU DI C STRUCTURES FOR MEMBRANELESS PARTI CLE
SEPARATI ON [ 0001] Several different types of

menbr anel ess particle separation devices having a
generally spiral or curved configuration have been
descri bed in co-pending patent applications. In
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resident therein. Designs and implementations of these types of devices for
different environments and incorporating selected improvements are desired.

[0004] In one aspect of the presently described embodiments, the system
comprises a plurality of individual curved particle separation devices stacked

such that the devices are parallel to one another and an inlet coupler connected



1 toall inlets of the devices, the inlet couple being
operative to facilitate input of fluid to all inlets
of the plurality of individual curved particle
separation devices. [0005] In another aspect of the
presently descri bed enbodi nents, the curved particle
separation devices are spiral devices. [0006] In
anot her aspect of the presently described enbodi nents,
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[0011] In another aspect of the presently described embodiments, the output
manifold includes a portion therein operative to split the fluid flow from each of
the channels.

[0012] In another aspect of the presently described embodiments, the portion
is a static collar portion.

[0013] In another aspect of the presently described embodiments, the portion
is a substantially circular collar portion.

[0014] In another aspect of the presently described embodiments, the portion
is comprised of curves to provide a continuously adjustable split of the fluid

flow.



2 [0015] In another aspect of the presently described
enbodi nents, the portion is conprised of discrete
step segnents to provide a step-w se adjustable split
of the fluid flow [0016] In another aspect of the
presently descri bed enbodi nents, the plurality of
separati on channels is arranged in a first stage and a
second sta [0017] In another aspect of the
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[0o24] USMéﬂcﬁﬁeﬁaé@ééﬂdﬁthb eSEmBeassoribiRsembbeiinents, the system
enbodi nment s [ 002 RE7|IIustratesaformo

furtheecompssas aw%@er%/&e eamReGiad te dhe inlgiard opileypats.
8(a)-8(d) illustrate a formof the presently descri bed
enbodi nents; [0030] FIGURES 9(a)-9(b) illustrate a

[0022F m BIGWRE pisaaepreseidaiion bedn axanepleapitad paftixie spparation
Fl GURES 10(a) and 10(b) illustrate one formof the

devi&asent |y descri bed embodi nents;

[0023] FIGURE 2 illustrates a form of the presently described embodiments;
[0024] FIGURE 3 illustrates a form of the presently described embodiments;
[0025] FIGURE 4 illustrates a form of the presently described embodiments;
[0026] FIGURE 5 illustrates a form of the presently described embodiments;
[0027] FIGURE 6 illustrates a form of the presently described embodiments;
[0028] FIGURE 7 illustrates a form of the presently described embodiments;
[0029] FIGURES 8(a)-8(d) illustrate a form of the presently described
embodiments;

[0030] FIGURES 9(a)-9(b) illustrate a form of the presently described
embodiments;

[0031] FIGURES 10(a) and 10(b) illustrate one form of the presently

described embodiments;



3 [0032] FIGURES 11(a)-11(c) illustrate a formof the
presently described enbodinents; [0033] FlI GURES
12(a)-12(c) illustrate a formof the presently
descri bed enbodinments [0034] FI GURES 13(a)-13(b)
illustrate a formof the presently descri bed
enbodi nents; [0035] FIGURES 14(a)-14(c) illustrate a
formof the presently described enbodinents; and
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sool AR S0 R Pl B8 oLt G RIS Hmacroscate
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[00:>S‘S())]rre glantaregr%b%dlrgelnge nut:?:zﬁ\rge c%n%ement stacking techniques are
contemplated. In this regard, circular arcs (that do not complete a spiral) in the
range of 180 to 360 degrees allow for sequential stages of transverse flow
pattern development, attainment of steady state flow velocity and time for
several circulatory passes to sweep particles to a desired position in the fluid
flow. Other planar embodiments described herein include helical spirals.

[0040] The presently contemplated embodiments may be fabricated from
inexpensive materials such as PDMS for microscale, inexpensive plastics (such
as acrylic, Lucite and polycarbonate) for miniscale and macroscale applications.
Selected fabrication techniques for some of these embodiments are also

described.



described. 4 [0041] In addition, a parallel eight
channel helical spiral enbodi nent provides for quick
assenbly and di sassenbly. Notable features of such a
contenpl ated device include convenient inlet
mani fol ds and outl et manifolds that include a
bi furcating nechanismor splitter to split the fluid
into particulate and effluent fluid streans. The
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curved or spiral separation devices to separate particles in fluid, such as device
30 or other devices contemplated herein, is described in detail in selected
portions of the above referenced patent applications (which are incorporated
herein by reference). Therefore, such operation will not be described herein
except to the extent that such description will enhance the description of the
presently described embodiments.

[0044] With reference to Figure 3, a system 40 is representatively shown and
comprises a plurality of devices 30 (shown in Figure 2) stacked in a parallel

manner to allow for N-layers of parallel processing of fluid. Also



conprises a plurality of devices 30 (shown in Figure

2) stacked in a parallel mnner to allow for NI ayers

of parallel processing of fluid. Also 5
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[004510P With RA¥repe &° 52a §i(s§t6ﬁ11%0 bbnfhprlses multiple planar
characteristics and nctl ons of a spiral device wll

- curyrshateamenis A (e- Goff{iﬁfé%féalﬁg ﬁeaﬁ?r\s@) that afwgrtt,caﬂé stacked
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a variety of forns. In one the inlet coupler is

curvedc 9T iafel sectiam dbhand Y puﬂ@t 5§nsA'§P howmdn rﬁ!@lﬂf@ 4|igtan inlet
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andi Ra€tperforations or a continuous slot corresponding to the inlet of each

layer. Like the system 40 of Figure 3, the system 50 provides for increased
throughput for fluid particle separation. At least one outlet coupler (not shown)
may also be implemented. The outlet coupler(s) could resemble the inlet
coupler of Figure 3 or 4, for example.

[0046] With reference to Figure 5, another planar curved structure 70
comprising stacked channels (not shown individually) is shown. The curved



coupler of Figure 3 or 4, for exanple. [0046] Wth

reference to Figure 5, another planar curved structure

70 conprising stacked channels (not shown

i ndividually) is shown. The curved 6 structure 70 has
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i'ments o
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Agatlne Can oﬂHgtS couplgru ro?sco%i)i@r's? rg'n% 88 ¥e implemented.

[0049] With reference to Figures 8(a)-8(d), it will be appreciated that the
stacked and/or parallel embodiments of Figures 3, 4, 5, 6 and 7 may' be
fabricated using a variety of different techniques. Figures 8(a)-8(d) show
various cross sections of different embodiments of the presently described
embodiments. These figures also provide description of fabrication details that

may be used to form the presently described embodiments.



various cross sections of different enbodi nents of the
presently described enbodinents. These figures al so
provi de description of fabrication details that my
be used to formthe presently described enbodi nents. 7
[0050] Wth reference to Figure 8(a), a
cross-sectional view of a configuration 100 is
illustrated. In this form tubing 102 is disposed

[0060} hi Witbitafarenee te fFigire 8(abta@ssaagipraakiewd. a tmeﬂgurat'on

oGP oS, T3 05, AT e

betWwesh redldpiiiby 196U eﬁhed:hahﬂieneane tdedingt ameplalém 10F@nd spacers

achi eve the conf t 100, t
t0cE . Shpynfs 0B, AT o B0 1, Soulgh i heczec
bet\?éeﬁ“tﬁé %‘iéi@é 1098t eT b alchieveBie DG AELtIIHOYEY, &é vahéty%fedlfferent
ormof 'the configuration of Figure 8(a)

assemhlsemmﬁﬂuﬂgs dnaynhes ugednddkewise. @ gaw@@( of s)ffefwt) naterials

i 5 08 1551, 3 T nphe i sy

con@%ﬂopﬂm@esxa‘rﬁéleaelenfemm Faguresa8hi) c5(dpudhe &nd plates 106 are

o oS0 FHEE 2 g, 35 b, ALBAP” S e

spa%?é“l@S an8Prafey 1oldafeoformedidl pragticilsach bd Rlestigidsaicked
I ncrease throughput. The plates also are provided

[005Jll h lal Fighne @(bhoa @imdan sguctuse1 dlis REv\dded iexcept ﬂh%;ﬁubing
b t t i nel udi | [

102y 5680, AL L300 £ Wi 14 2.0, fgores

increage rtbr(ﬁ@h})ut aTsl;uyesmletleﬂGoiaxelprbuisiedaﬂiélm aligameinh notches 116.

t ubj 10 el i m, nat ed t hi fici .
Anysglélit%gecrgg e(rféégn!i)ﬂ) pﬁed ft%r} 'tfnﬁ @%quoiﬁ l 'l@ébgan glastlc
matefalstéeas IFbdgrizannel s which are stacked to increase

t hroughput. Al so shown is a cap |ayer 128 to_seal gwherem

[0052) CAitht feference o Fdgwiey§{(®. o Hystani §a9dst iIHsYR
tubléﬁgggé aleﬁ’lﬂuﬂ{)&‘! ! d‘ﬁ‘fj ta-ghﬁa é'b%ffﬁ"ﬁ@rgryz%ea%bd cafifies 124 are

ny sult mat eri al
fornhl@d\ﬂnea substrate I1éﬁsand doenf itvenfluidhekannrele neich afice stacked to

bR B B 595 e, TN 48 g PRy 120

leeSFig{Lﬁb 8(bng=ﬂ_flgr1 rﬂé%ﬂt ﬁ@tfchegdlzisyamhlsopp:rdvim T8é sami;trate 122
portions 134 and the  plates

andregyer plateqd aaamayttgfe B:rme@rwsanmwtahlﬁ wAEripb MwieesD at least
onesfﬁawgzﬁlﬁsg nté or Fét gﬂar EhE mﬂ%@ﬁg{‘%%é{ by Plé)ﬂﬁlas.
[0053)desWith rfecﬁenant:betoeﬁcglmee&(d):,hamysl@’nl’&m cagyirisest $pigal tracks
132pc§jlerf?r{(-zldeg)y gv%Yli goer%ons 134 and plates 136. The wall portions 134 and the
plates 136 may take a variety of forms. But, in one form, these structures are
formed of plastic. Essentially, the structure 134 is formed and then laminated
on both sides to form the enclosed channels 132. Again, these parallel devices
are stacked for improved support and throughput. As with Figure 8(a) — (c),
both ends are supported by plates formed of, for example, aluminum.

[0054] Figures 9(a) - (b) illustrate a further embodiment of the presently

described embodiments. ‘As shown in Figure 9(a), a device 200 includes eight



are stacked for inproved support and throughput. As
wth Figure 8(a) - (c), both ends are supported by
pl ates formed of, for exanple, alum num [0054]
Figures 9(a) - (b) illustrate a further enbodi ment of
the presently described enbodi nents. As shown in
Figure 9(a), a device 200 includes eight 8 paralle

channels in a helical spiral arrangenent. This
parakieoatianaets ior @ fiefieal sniral agiangrmesd e TBlis earkediment provides for

i) 3583 BBgERH. B M ARSBHA M Gl ige s,
the tones e bdctimral aiulv whFidurked 08y and dhe endfcdp god endrifdddl structure

I__{,OOSSLQ&)S( operation, fluid enters the device 200
of Rigyrsy, ninlet 202 and exits (separated) through

[0095{)' €fn Mraﬁoﬁoﬂuna%ta&ﬁheﬁdbmzoofthw thamaﬂetf 202 and exits

feeds the elg ht separate channel s

(separaied) thraugh wwitle gxathw%e%'psbépﬁve Ny WRRa ﬂvd&mﬁwold 210
feeééoﬂfr esg@'ﬁ %gﬁgrﬁqe %‘Egnﬁé h(gﬁﬁié%‘é’eéh I %‘Q) a?rﬁugﬁ?hé lré’%ﬁectlve

rad'ﬁaﬁiytﬁeev@éﬂ sldts gmféar;tendrmapfmw mslowmlﬂrgﬂgga@nmﬁnbas slots
' t he, bi f t
corispPading 1 s Fhanndlesan e HiEsPand s B ldspE) An outiet

marliféid tels meludeRi adinrfdr iy 219 wiichadidds the bifoectiet f split the
such as channel 214, fits within an external

fluighinge articate and, effupot sfreawst | be appreciated that, in
f i-oih
[Ooggfat | énhe?] p}’éé‘r:]sg lgCQl? rel forirled Bf'ﬂﬁé’ M¥nh Qlégts?gg as channel

ng t tom mani
214s ffitsi eithirean e'&tgﬂtaélmrut@cpwe lsteeven22(hellf wﬂl be @ippa¢ciated that, in

[ th ti t
oneg i rihe Fekics 205l 1bTEeBLR FoHLM Rty b€ o bottom
marmifdl@¥riDehd €apSstrStutdsl nm@ht@ﬂﬂghﬁfsﬁee)théﬂfelmel Sﬁll’als against
materials and a further reduction_ in space.

eachrather.dhus peeaiiing disioripes e {ndivdea ﬂhw\ﬁfa%faﬁe@rm and,
the%?ﬁ%%gﬂ% edsmeeﬁsé’ﬁf ﬂﬂﬁb\ﬁ aﬁ@ltfs%oéfﬁé?%l\fé Rl‘ﬂter[lﬁgé?\]d a further

I'gn 1S SOMe eani ng as it
redm:t&rratrespane vEbhobiindigilual chahrelrmay®ptionally have indinidsial flow

cha | 1 ow redundancy when cl oggi ng
CO“EIQL@* l5'E§t ‘gggﬁ%ﬁﬁ%q 8‘%{'?‘1’419 other channels will take
[005'1—’] t hﬁltﬁd@kdéﬂgnqgrﬁdmwhmlﬁble@hmg@*s iioopélayes at velocities
fl’ow sensor can be incorporated hin a feed

in theofange at0ubtior he Misparalle Shawhelar Al far ednncancy when
logfig SURTRLR 2 hinet 84 ot b OBty g sk
contihtié dntmatlop m@ptiomatly, @h#owi gansahaanddes incerponaiged within a
feeciitgz;c%(sforo%tt% adjust the flow rate in order to maintain a constant separation
velocity. Additionally, other inline devices such as flash mixers may be
integrated with the top manifold. The eight channels are shown to illustrate
parallelization, but any number of channels may be used.

[0058] Depending on the source water quality, i.e. particulate concentration
and size distribution, the spiral separator will collect all of the particulates into a

band of different widths. In order to allow optimization of the efficiency of the



paral |l elization, but any nunber of channels may be

used. [0058] Depending on the source water quality,

i.e. particulate concentration and size distribution,

the spiral separator will collect all of the

particulates into a band of different wdths. In

order to allow optim zation of the efficiency of the

9 spiral concentrator in real tine, it is desirable to
spitah\apngentialaisinaeal timeednis dpsirahlerto havsaan apjustable stream
Sph&tgﬁerence now to Figures 10(a) and 10(b), an outl et

iifold 218 having such a streamsplitter is
[0058] usWith ederefice e td FiguyesdO(@narsht O¢h), aialkoaitiet manifold 218
variety of forns Il pe, des n _connection

naviad OBl gurieest hir ¥ upttateihaths APt o ReRERLERY pen take 2
varfe‘f‘* rBf Fo'ﬁﬂssé)é il &e WelsbrlﬁéhﬁV‘é:cfrﬁfechbﬁ \fvith”FUi hﬂasbm (a) (c):

it so that a portion
h0W€N9§t invat Ipagisong fqrma ithe éﬁhttﬁf w&#qllthfozzae élruld tChBe fsuom §I° that
i S
2 pifdn 22 it By 16 dRicof SREP REIPEL BRI Shortion 224 of
theiflsud:mihezilt fie devrbbe)rsqmseabnd; epth aonhainieg pacti@e® (s.gch particle
S it can be rotated on its central axis. For a
bandiyvi ce 200 with ei ght parallel channels, the splitter

ooeupl CPhé ¥phiter is'ctintleetedMaythabspital 48p dea6easvica00 such that it

egree of radial change_of the sp I|tter wal | ca

candfpﬁ Fotmson SeiaRateal ah JE0La HRVISe AL WIN AR pgralebehannels,
3@3%” g;f)fcglhg%fl?ﬂgﬁétbgﬁnlksaﬁéﬂe% zfégrgeé’ ary 'Hé@ree of radial

ange in ra 'S su |C|en
chaagpt af d¢he¢ rmolittangwakbfcan diteh optinniggsl td)ftheaexaecptedssomme water

qua}(ﬁ&, gual Igﬁg geth %“?lt){ ﬁéeégfa%t%?at(ér\zg e?r'ﬂ?tsg@g\ Ig a smaller

chaﬁ?éﬁﬁﬁﬁdlu@ﬁ@ $afidient esiprare fheorange! cbﬂWldm?bﬁéﬁg@nQif variations
her sensors may be used. Another panner of operatlngWhen

in water ggplit e lnEgere a Igress ehange M fasting BRY: bR MsSERSary
the lea)cgi"{fstab[b 3 ||t?eﬁf"%%’ Rg@%é&% ﬁ&é‘ r@eﬂﬁﬁc@?r&ﬁﬁﬁlln@%&éﬁ% and

orti 0 anne measure t he band
oth@rosensmsl ynaeynue uiseobctAaoﬂner\manmr nﬁtaﬂerahﬂgadhesﬁpll’(ﬂ% is to
apt i nal tting . in, real tine,
proyiRg ATt ariBnateiTreRBatk ftb,cuh ik diiansics) Bb&rsiaan be used
at theeéim%mmmfrmb @ﬁaﬁdeus dovipleasiiey tHyy badumdthngormamly and
power . Wth reference to Fig

d!refg(aa)sei\_(%rc)or PRETotR QCBP the qnin3usplitter sefttng’ in real time.
Slmqﬁf\yf ?I'oq’ %Ifeﬁs@%ogg El'sgubﬁeaéencg ;ib flzﬂ?sgﬂ’ér glolws f}%’ﬁ; Jor feedback
conWot bf ﬁunslut&i@atﬁb;aladws@ngqaurap speetl anddwwwawer219 to act

[ooé‘f] With reference to Figures 11(a)-11(c), various forms of the output fluid
manifold are shown. Figure 11 (a) shows a static splitter. In this form, the
manifold 218 is provided with a substantially circular collar device 219 to act as
a splitter. Collar devices with pre-set splits of 20:80, 30:70, through 80:20 may
be used interchangeably. Figure 11(b) shows a continuously adjustable flow
separator providing for non-linear control in custom curvature. In this form, the
manifold 218’ is provided with a portion 219’ that includes strategically placed

curved and straight portions to provide for the continuously adjustable flow.
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a splitter. Collar devices with pre-set splits of
20: 80, 30:70, through 80:20 nay be used

i nt erchangeably. Figure 11(b) shows a continuously
adj ustable flow separator providing for non-linear
control in customcurvature. In this form the

mani fold 218" is provided with a portion 219’ that
i ncludes strategically placed curved and strai

Figpes fil tn showsp discirierstepwise adivstahleolaw peparatet 9$'9n In this
’ t;
forrhcIJ e {'naag)rﬁ)fgﬁif ?ll‘éeertfcst 5?%‘?@0:?2‘1’9’5%& |ﬁ| ﬁﬁ%’?ﬁ\%l?ﬁgte steps

OW Separ at or desi
to prmwde)ud;czéia stepadnsdeaﬁjastpbtet ﬂow 2lrothis Hatm| thef traneition from

discrete ste VI de discrete step-w se
oneaé elﬁ)stpéb BWR/ l'I"?ﬁ tﬁﬁ% oy m the transition from
[0062 stRe s"pﬂttéfse n'ﬂ@?i%' omWesha?fdrﬁfsCér&i 6ther{5 Oﬁﬁ%djﬁﬂed by turning
splitters, in an t hese forns and ot

theamanitoldi Qf hQJrQﬁVﬂﬁf ipha pelsctes d"f&Pt'PHefeQ!eéu %%'EPFPda angular
I ct e enorti

dls%ﬁi § w?ﬁﬁsd‘hn{glv@tjklﬁghéﬁplhﬁ I"ng mcﬂgﬁ‘??}énlr%{:sr B@séﬁﬁ%% portion of

theegharwee! sor thabdrthefsplit hetobenrtbe patht222 andetheppath 224 may be

varigd. SRS e ButiaeatPibg othE ooy Hkarfgrer

[0063{30nplgﬁ.@és 12(d) ngob"flmﬁnﬁén Bx(ensiomof (He) embomra@nt in Flgures
ension of the e

odi nent in Figures ‘h’% %ﬁ}
9(apld( @) whereipaumedulargightehannel twastage,jelieal spirg| embodiment
is @%F&Edenﬂc’fﬂ] H\Vﬂtél%’ié%?fé\ﬂﬁ@@ ln/ihUétholerV&fttéHown The

'S prOVI di nent
fluid rimeerten isi soropriped o cCirslulari pletﬁ&a62§lastt0b§232bawna QQEB therein

corgq%qﬁgfrid ottpﬁé ?F%Sijn‘ H N %j’éjondfﬁ? ﬁldt r?ﬁv@?‘r’l)érr aellso includes
pasl%?@?%?%%ﬁ) &gﬁl??‘zégﬁglaﬁrtdt%%oﬁdmgeﬁlbmm the mbmssszm ahte328. In
at es an n e exanple e
thquxqm@grqggbq@mgntmm(rb Figuges q%(%p @ﬁgsg’kwgﬁ ﬁllgg inversion is
mﬂlaﬂéc% irﬁflﬁdwﬁc{‘&vf sB'tH rr* P¥sident Bé‘i‘tlcfﬁ‘bﬂaﬁ@ﬂi&eﬁbm one side of

|ps one sid the channel to
thet beamdieto siheleotbfertsndechfarthel Ch@nrpﬁloto dﬁowd@oﬁp&@mmtlon of

g Ao el S5 TR (5805 (8, sa0e o1
llluewgétbdaés ?/e?jleﬁ?:adséébﬁ(ﬂb?ﬁ?lﬁgl@g&?‘!&mf caebgﬁewtehmbeabovel noted
above note i pping of the par n spira
o8t bespedl bBfathipaptis sGaR, S IHRRIUPHOR A The
ﬂuucf?rﬁ/e{1 ﬁ%ﬂf’% MEGRdnPesdtages. [0064] To

urt e principles of "the inversion
[00ﬁ4])ce§e furtbéneempiem the prindiplesoofthguinyensior progessyirgference is

mal (SHIGEE, 1265, 0 S oA Thaf bRy b Fipre 12
(c) diderandl strdkturd fidratthé gnbodiment of Figures 12 (a) and (b) in that the
spiral device is of a different configuration and an inverter structure, such as
inverter 316, is not shown. Nonetheless, it will be appreciated by those of skill
in the art that the inversion principles as explained in connection with this
drawing can be applied to the inversion process of the inverter 316. As shown,
a spiral device 350 includes an inlet 352, a first curved portion or stage 354 of
the spiral channel, a transition 356, a second curved portion or stage 358 and
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spiral device is of a different configuration and an

i nverter structure, such as inverter 316, is not
shown. Nonetheless, it will be appreciated by those of
skill in the art that the inversion principles as
expl ained in connection wth this draw ng can be
applied to the inversion process of the inverter 316
As shown, a spiral device 350 includes an inlet

35
outiots 4001 362 9t 366 tin GResttan, o NUBISTRoeRE Aghe It 352 and
o B0l e RIBS e S #lad SR ome

forrpgebaeinigdocusdtkirt & padidle baededn eeatide loé thecbanad2 Agnthe fluid

pas%lggi rt o h@%ﬁﬁh&%gl osfﬂggnet #25% rIrge &'Hr@??gh% SaZ%d ipﬁzrtlcles)

fhp§ t@"\‘ﬁé 'dbb@si@éi%ﬂie enteNeharinde. dfhet Secanbstage. 358 tHemecontinues
asse rough the abrupt transitio oi nt

to Q%P%trtge(ﬁﬁm@@%é? tRg fptMere:cImpact ard %65 Wérrower%and of
%gsme side of the channel. The second stage 358
parfif
en continues to conpact the particles resulting in
[00&5]or Withomeferenaad newertonfngwwer 18ar(@) oand péb) i 8l ssill further

e85t 5 et SEERRAEES1) SRR 2 S e 8B ) gsbrang

to thBdpreBintiy deBLiiBéd éembdEments &Cmm‘sﬂ‘at@ tothis@embodiment, the
present | )égdescrl bed enbodi nents is || fed. In

spifahidevigm B0 rakes thadormg ot a1 helical eBIrabo @éﬁl&fec%dw}%wa'
boagf P?rtlb%' bfﬂk%aewc@' 604 gk %hhéhcfa? i tﬁ&leh§§"arnainrl]etb@®@ a first

devi ce l'ical Spl r al
outm 608 etndo@6secorid rasitlet 0. etlt 608 bedappreeiated that this single

] « » I
e phfcd R PREEEIES SRR 87 BpRchgcs Tl shaoe
of Heyoik’ 8pkiRig! hehfhaeeiceomay bei faemhcamd ng.a mr@t)des\fl manners
may be fabricated in a vari et nners _inclu
inclugingstiy sefioNnssysiga iinipetion sl dﬁeﬁga P@@ﬁmﬁfe&ecw&g are then
fus&é§ °td ﬁeraru% é‘%oﬁ#%céﬁ%ﬁt hsdtokes | e KN@WBther process for

proc ses be e use. Anot process for fabricating
fabtmaisngiuus devicecinalldestthe u$@eofcﬁxte;al¢mmqiﬂlnsdeghn@ues wherein

theeﬁ ruég%l @Ssﬁfp %raﬁ :[;%:ealtrhe oge ggﬁ)g)e?a@hﬁ ||§u alkﬁe s?hdlfy to its

desifed skigsd apd s%@%ea%§héucélttrcﬁhngTbanfw ambved)lblylcnmtrollmg
can be achieved by controllin

rotation of eith
the s 106atEan UHIGT HRIPXTUSION tHENEB0PT | w&qﬁfngAbaf&r [ & yariety of
dlffé’rfent %Bf&fﬁ ar{"ﬂeeb%é'& ﬁﬁ'h %Ul%%?'m.al 'ﬁéé{@snguém%sml\lc with
Cs such as PV A" hardness,
Shcrrerm”tharpntagsetrhghdee\snpcnoymtby)l;aheneolwwepeen@lysfg@e and
¥SaL onat e.

polycar onate.

[0066] As shown in Figure 13(b), a spiral device such as that shown in Figure
13(a) can be disposed in a parallel arrangement to increase throughput of the
system. As shown, spiral devices 600 are all connected to an input main 620
from a fluid manifold and the respective first outlets of the devices 600 are
connected to a first outlet main 622. The second outlets of the devices 600 are

connected to a second outlet main 624.
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[ 0066] As shown in Figure 13(b), a spiral device such
as that shown in Figure 13(a) can be disposed in a
paral |l el arrangenent to increase throughput of the
system As shown, spiral devices 600 are all connected
to an input main 620 froma fluid manifold and the
respective first outlets of the devices 600 are

connected to a first outlet main 622. The sec
[00671 | eY\ithorefereacadoifdguresotd(al throvgh idéele @ $la1llar§¥§m having

ver%{%l!&f% ﬁgﬁgﬁgl% lfg)%;hbgﬂglg] is"ShEwheT ¢ rl & SGHbEGiment of

Si m ar sy stem aV|h
anu&T tid¢a)l bbowkaa:le@dapaiealdeevomthahes a splrahmmmd device. This

oo ehies S BB DA BB ot ot

7088HH & sd&bhd Batiedesoa &mnr a'de)(nd@m%\(?}' lb@‘ﬂé(br?&‘tebawl ingroducing
inlet 706, a first outle nd a second outle

rib nrocttsaérpra adwebcf@dnwladélkﬁaahaﬁeﬁt(@a flayd | IWP@&BG@PW@ material.
Theﬂ B.s chrEHr %BP f@rnré‘?eugg'\% M#ﬁ%e{b Sx ARfik tééﬂmg{ues

nmper me ri uct u
[0068] f oAsredlthlsthagembpdknelm illeptratedoin rﬁlgm@st é3(@)i guads13(b), the

devicg 490,73 sTobd in FiolFe JAPE Shabbe TeEhlin A Sefgfpfinerein a

plureditbf dabiked 0l sROSGthdcted irs pataIBl warwateranlet main 720 from
plurality of devices 700 are connected in parallel to

a fiticv@esifoldn| Similaty, the dirst et inep for e APYiSe are connected to
a firs{Mduiet Jnarrhe/zfz' fS’fn@ugéq%t oISt flmest 'aﬁ HeVuedized’ 200 are

connecte first out main 722 e second
conoettest td & sesond outiet otk €24. 700 are connect ed to a

10036 Wiffetgront 1 Fifiiis, 1 4185t il b A ELERAE R e pgy 704
may e 66mpased i gfesl sﬂfql@ (ﬁial’ngbﬁmhlanbﬁb ﬂm@mycxrf @hannels 1210 -
Iurallty of channels 1210 - 1224,

122|4u nBEeowise; anmnambaipriera %qh@ngebfw@es l%f'%m]
[002@ eol\’/I%FeO\}etr SﬂhgHggldbSeaQBﬁr%%‘iéfESdthtatﬂ%nﬁ%\‘ ik Eﬁﬁal or other

ot her evi ces descri bed or contenpl at
devireaseldasnnlyed)eordceptesmdated deceisc ayd berrdlﬂp@lsedrln la gascaded

I hown
ek ShaBYETE) AinAE Bt Bafh K R T . 1400 e
14(B)<aﬂDio%§ aé’zutall*1 shoirhare neerglysekambles. rmﬂlefur&ierﬂaw tsiitable
used formt devi ces conte | at elg ﬂel n. [0071]

mawrahmaé‘fl@? uped tw‘ﬂm the-dgvices £9 tefmp PEReedback

mﬁﬂgar at or%JS%%ﬁc 9%85: rb'L ?%’P mlésg%a?gsk ghd control
systeme 969 lsallusiratedhe,ﬁrs shkpan a@ eeaataim 802 (whiah eguld ﬁeke the form
of al% Sfeiﬂ Q’plra‘?%? ro'tr*?c-%?rdseparators contemplated by the presently described
embodiments or others) receives input fluid 904 and processes it to achieve an
effluent stream 906 and a particulate stream 908. As alluded to above, the
system 900 may use various items of data, such as pressure, bandwidth, flow
rate, temperature or viscosity — all of which may be measured using suitable
sensors. The data is fed to a controller 910 that controls various actuators 920
that are operative to modify the performance of the device 902 in a desired

manner.
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enbodi nents or others) receives input fluid 904 and
processes it to achieve an effluent stream 906 and a
particul ate stream 908. As alluded to above, the
system 900 may use various itens of data, such as
pressure, bandwidth, flow rate, tenperature or
viscosity - all of which may be neasured using
suitable sensors. The data is fed to a controller 910
Claithgit controls various actuators 920 that are
operative to nodify the performance of the device 902

in a desired manner. 13 Caips: 1. A particle
1. sefapattickhseparaliah SYRISM SPAPISHS| ural ity of

i ndi vi dgtaﬂl{.:ﬁé!eﬁ%ﬁfjin‘a’f\ﬁ&ﬁél'&nr§§<ﬂ’|@|’éﬁfdlé’@eﬂsn‘éiti‘b‘ﬁsdeiiié’éé(&@cked

such th evices are parallel to one another; an
suchrthat theodgNiees ammparalletita onalainothdret s of the devi ces,

of 11 ot anpfelBUpler EpBa PR @ A i of 94, hebRRE, ¢ Rdlis

coupl BeMgPadrative t¢ vilitatd impudef flaidsto aihidjetatof tisapluraliy of
out | et coal;’pl ers connected to the correspondi ng outlets
r

indigfduah supiegr RATicl? $APArANPR HgYEScBRYed particle
separ at LI A8 6 BRitlef colPErS ¥SAFEBLAS 16 Be EOFESpoMing outlets

claim1 erein the curved particle separation

of thie pluwralitysofandividual cuevadcpartich: sepagration cleyiosspar at i on
system conprising: an inlet manifold; a plurality of
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wherein the channels are parallel to one another;
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14

3. A particle separation system comprising:

an inlet manifold;
a plurality of separation channels facilitating fluid flow therein and
arranged in a helical spiral configuration wherein the channels are parallel to

one another; and,
an output manifold.

4. The system as set forth in claim 3 further comprising a feedback control

system.
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