A METHOD AND APPARATUS FOR SPLI TTING FLU D FLOW IN A
MEMBRANELESS PARTI CLE SEPARATI ON SYSTEM [ 0001] Severa
di fferent types of nmenbranel ess particle separation
devi ces having a generally spiral or curved
configuration have been described in co-pending
patent applications. [0002] In general, such devices
are useful in connection with particles having
density differences conpared with water, thus creating
centrifugal or buoyancy forces necessary for
transverse mgration through the channel for purposes
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1, one exanple forn1of a. separatlon device 20 is
shown. This form shows an exenplary spiral channel 22
wi th increasing radius of curvature. This geonetry
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channel with a decreasing radius of curvature for the sidewalls. The

channel may also maintain a substantially constant radius of curvature
and a constant channel size. In any of these cases, or others, the
channel 22 evolves into two separate channels 24 and 26 (e.g. also
referred to as channel #1 and channel #2 in Figure 1 to allow for multiple
outlet paths).

[0003] These types of separation devices provide for particle
separation in a variety of manners. For example, depending on the flow
rate, the particle separation may be driven by the centrifugal force or the
pressure that is created by flow fluid through the channel. In any of
these cases, the objective is for particle separation to occur. Typically

the fluid flow will then have a first portion with particles of one type of
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the first portion therein. [0004] In these types of
systens, it would be desirable to provide for
enhanced separation at the outlet of the devices.

[ 0005] In one aspect of the presently described

enbodi nents, a particle separation device conprises
an inlet operative to receive fluid having particles
di spersed therein, at |east one curved channe
operative to generate a flow field conprising a first
portion and a second portion , and, an outlet

dincluyding a ch nlsmtosllttheflowsuchtha th
f iRAHC d' ﬁ%rqq’gﬁa?g&\%e‘iﬂ? dp rF'P§th%!£ﬁ9nf H'Hd""t“h‘emstéécﬂ?d“c'es of
pqhélfﬁ;g 55,{;% tRErein second path. [0006] In another
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aij%elgt of the presently described enbodi nents, the
i'ce further conprises a feedback system [0012] In
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afod71°W 1h&ifothér aspect of the presently described embodiments, the

knife edge is operative to pivot.

[0008] In another aspect of the presently described embodiments, the
knife edge is operative to slide.

[0009] In another aspect of the presently described embodiments, the
outlet comprises a system to generate a pressure differential between
the first path and the second path.

[0010] In another aspect of the presently described embodiments, the
system comprises a first valve positioned in the first path and a second
valve positioned in the second path.

[0011] In another aspect of the presently described embodiments, the
device further comprises a feedback system.

[0012] In another aspect of the presently described embodiments, the
feedback system is operative to control the device based on at least one
of pressure, bandwidth and flow rate.



[0013] In another aspect of the presently described
enbodi nents, the feedback systemis operative to
control the device based on at |east one of viscosity
and tenperature. [0014] In another aspect of the
presently descri bed enbodi nents, the system conprises
at |l east two channel s having an actuator disposed

bet ween the channel s, wherein the actuator selectively
defornms walls of | the channel to generate a pressure
differential. [0015] In another aspect of the
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method comprises initiating fluid flow in the separation device, and,
adjusting a mechanism in the outlet to vary the fluid flow between the
first and second outlet paths.

[0018] In another aspect of the presently described embodiments, the
adjusting comprises moving a knife edge within the outlet.

[0019] In another aspect of the presently described embodiments, the
adjusting comprises a changing pressure with the device.

[0020] In another aspect of the presently described embodiments,
changing the pressure is based on operation of at least one actuator.
[0021] In another aspect of the presently described embodiments,
changing the pressure is based on manipulation of at least one of

compression rings and expansion rings.



[0022] In another aspect of the presently described
enbodi nents, changing the pressure is based on
initiation of at |east one valve. [0023] |In another
aspect of the presently described enbodi nents, the
adjusting is based on feedback data itens. [0024] In
anot her aspect of the presently described enbodi nents,
the data itens are based on at | east one of pressure,
bandwi dth, flow rate, viscosity and tenperature.
[0025] FIGURE 1 is a representation of an exanple
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| ustrates a formof the presently described
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presently described enbodinments; [0032] FI GURE 8
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[0027] FIGURE 3 illustrates a form of the presently described
embodiments;

[0028] FIGURE 4 illustrates a form of the presently described
embodiments;

[0029] FIGURE 5 illustrates a form of the presently described
embodiments;

[0030] FIGURE 6 illustrates a form of the presently described
embodiments;

[0031] FIGURE 7 illustrates a form of the presently described
embodiments;

[0032] FIGURE 8 illustrates a form of the presently described
embodiments;

[0033] FIGURE 9 illustrates a form of the presently described
embodiments;

[0034] FIGURES 10(a)-10(b) illustrate one form of the presently
described embodiments;

[0035] FIGURE 11 illustrates a form of the presently described

embodiments



-4 [0036] FIGURE 12 illustrates a formof the
presently described enbodinents; and [0037] FIGURE 13
illustrates a formof the presently described

enbodi nents. [0038] The presently described

enbodi nents provide for a mechanism at the outlet of
a spiral separation device for splitting, or

bi furcating, the fluid flow This is particularly
advant ageous in spiral or curved devices because the
outlet of the separation device typically will have
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fluid is referred to as the effluent stream.
[0039] The presently described embodiments provide a splitting
system to the outlet of the various separation devices that is transparent
to the fluid flow. That is, implementation of the presently described
embodiments does not typically cause dispersion or otherwise
compromise the integrity of a focused particle band or group of particles,
does not create undue turbulence, and does not cause excessive
pressure fluctuations that would impair the desired fluid flow. The
presently described embodiments allow for adaptability of the split of
fluid flow, e.g. in a range from a 20:80 split to an 80:20 split. Suitable
flow sensing and computer feedback control may also be applied to the

system.



i [0040] The presently descri bed enbodi nents may take
a variety of forns, as those of skill in the. art

wi |l appreciate. As described herein, the presently
descri bed enbodi nents may include static or passive
mechani snms or subsystens. These nechani sns coul d al so
be nodul ar and interchangeable to provide for preset
fluid split divisions of 20:80, 30:70, 40:60, 50:50,
... etc. In other fornms of the presently described
enbodi nents, the systemis adjustable and variable. In
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| sﬁﬁchalqugsaaﬂféﬁtrect%eg g1y be implementeg in @Hﬁwﬁﬁnwepem've
PRisRicHwhBHe of €5aRhIE NAHIG IR oPBhEndds alBi corfiganstwithin

a device or system.

[0042] With reference now to Figure 2, a spiral separation device A
having an inlet B, curved channel portion C, and outlet 10 is illustrated.
It will be appreciated that the separation device A is shown merely in
representative form for ease of explanation. Figures 3-12 do not
specifically show a full separation device, but it will be understood that
any of the outlets of these drawings could be applied to the contemplated
separation devices, such as that shown in Figure 2.

[0043] As shown, the end 12 of the spiral channel C is split into a first
channel or path 14 and a second channel or path 16. This channel

configuration is shown to be resident in a substrate 18. However, it will
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configuration is shown to be resident in a substrate
18. However, it will -6 be appreciated that other
forms of or environnent for the outlet nmay exist.

Not ably, the split of the channels 14 and 16 fromthe
end 12 of the spiral device Cis facilitated and
enhanced by a knife nechanism 11l forned of a
generally static wall 15 having a knife edge 17
protruding into the end 12. In this regard, the flow
of fluid and separation thereof is enhanced. [0044]
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t hr oug

a range of positions, as exenplary shown by
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the art that the pivoting of, the knife edge device 32
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Ufﬁgglgﬁgﬁr%réogﬁ%bﬁgﬁmghfsf owtvdr e e KRB Seddd Pnechanism 32 is
pivoted at a point 34 near the separation of the channels. Although only
representatively shown, the knife edge mechanism 32 includes a wall 36
and a knife edge portion 38. As can be seen, the knife edge device 32
can pivot through a range of positions, as exemplary shown by the arrow
and dotted lines. As noted above, in at least one form, this range will
provide relative fluid flow in the two channels in a range from 20:80 to
80:20. It will be appreciated by those of skill in the art that the pivoting of
the knife edge device 32 may be accomplished in a variety of different
manners using a variety of different techniques. The dimensions of the
channel may dictate the technology to actuate the pivot in the knife edge

device 32. For example, in one form, pivoting may be accomplished
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channel may dictate the technology to actuate the
pivot in the knife edge device 32. For exanple, in
one form pivoting may be acconplished 7 utilizing

pi ezoel ectric devices or hydraulic devices. It should
al so be appreciated that the pivot may be
acconpl i shed manual ly. [0046] Wth reference nowto
Figure 4, a parabolic fluid flow 30 is illustrated as
flowwng in the end 12 of the channel of the spiral
device (not shown) and being split or bifurcated in
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external actuator 42. However, in this embodiment, a shdlng pin 50 is
provided to channel wall portions 52 and 54 of the first and second
channels 14 and 16, respectively. It will be appreciated that the wall
portions 52 and 54 are formed of a flexible membrane. The flexible
membrane may be formed of a variety of suitable materials. This allows
the pin 50 to slide in the external actuator 42, thus changing the position
of the knife edge device 40. The flexibility of the wall portions 52 and 54
allow the channel integrity to be maintained.

[0048] The embodiments illustrated in Figures 2-5 illustrate
configurations wherein the knife edge extends into the end of the

channel at the end of the separation device. However, the presently
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[0048] The enbodinments illustrated in Figures 2-5
illustrate configurations wherein the knife edge
extends into the end of the channel at the end of the
separation device. However, the presently -8

descri bed enbodi nents al so contenpl ate confi gurations
wherein the knife edge does not extend into the
channel -- but, for exanple, nerely abuts the end of
the channel or the appropriate channel stack. For
exanple, with reference nowto Figure 6, an outlet 100
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a'cmzllmjhgstheobam tar graupc bacbpoeritedian)ngfr paitistesa-- could flow

rotati nd 130 1. a kni fe edge 132. The
cﬁHﬁHSFqH‘ﬁeF%ﬁ&P?H% an outer wall 134 and an
| fooa9walwitd 3eferbhé@\Woweto FRANSEL, dlAather em@bdmeentbyherein

an outer wall 136 and an inner wall 137. It shoul d be

aBls Keifaedgerdags ﬂweemnfiéntsaa@ eng qféh? shanag! [Soillustrated.
%ﬁ@%mﬁﬂ &he F?%dtltei a’t‘q% $hae1 2ngr 9 E) JWHQﬁlce 1kdudes

e 1 nner wal are con
a first channel 124 and a second channel 126 A splitting or bifurcation

of the fluid flow is accomplished using a mechanism 128 comprising a
rotating cylinder 130 and a knife edge 132. The channel 124 is defined
by an outer wall 134 and an inner wall 135. Likewise, channel 126 is
defined by an outer wall 136 and an inner wall 137. It should be
appreciated that the knife edge 132 is rotated to change the split ratio at
the end of the channel 122. The inner walls 135 and 137 are configured
to accommodate such rotation. For example, the inner walis 135 and
137 could be flexible in nature -- which would allow for them to be
attached to the rotating cylinder. In other forms, the inner walls 135 and

137 may simply static in nature, with suitable sealing techniques to
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to accommodat e such rotation. For exanple, the inner
wal I's 135 and 137 could be flexible in nature --
which would allow for themto be attached to the
rotating cylinder. In other forms, the inner walls 135
and 137 may sinply static in nature, wth suitable
sealing techniques to -9 ensure no | eakage between
the inner walls 135 and 137 and the rotating cylinder
130. [0050] Wth reference nowto Figure 8, an outlet
120 of a separation device (not shown) includes the

epfs@fe ﬁ@?e%@grlt?%;cw%%% th@'lﬁﬂerd\hlﬁllém% .eirﬂ)t 937 IEl‘laldfth[asfbtatlng

channel 124 an e second channel 126. In th
cowindiria0i on, a mechani sm 140 is provi ded to the

YR R blrrb e pEAE g o, 1 GIREL320° § ABpgration
iggelcé%ﬁot A&owét) hnt:lmelep Lt?:lr ond oért?gz&t;a;me;n@ebeirn@ndilalided
o Tacdirb dhande! "ot 15 se508e; Fhaiely 128 oulibsthis

V\@bhfld&ﬁtléﬁdaaﬁe‘cﬁﬁﬁfsn*{\ﬂhb i53grovided 6 the eSREMNbplit the
the inner walls 135 and 137, in at |east one form are

f fuideltpvof ThermeshanismniAdinohedasoa slidivg ewindend42| agiwell as

4
opiiie a0 T80 AS it R pRhidls SRBBHTLEYE e BRahhel o is
gdwﬁm@d Fﬁyganefsuﬂahrt Wfaldugg4 ]ilelind a\nalrmmgwlaheﬂl"sﬁ)l [ leea\{ise the
i fu t e ui ow ral separat,i
ceoRRE 0 tehinee by ol o wal) L AR B A iiRRE A" 1
Uﬁh@%n%&d‘n‘h%ﬁﬂﬂh@' innBf &l €39 ankl Y, ClﬁnétrI@lasfibné ferm, are
respective outlets. In the presently

des
efaseficheia dexibig m@nbmeehmalww fprébglﬁhélrzgqu me @ylmer 142,
C0BE £ it AREATRARAINY Shaink ROPRPBAE Y

contro t dhg 12e

rs or mul t
a[nQ,Edt]i oNVi‘tImrreMpacemm\Actmﬁlgﬂres Fthewiighet 1 nwatyiagethe split

for.the qutl et ch el s.ar ypi.cagl |
BT R ¥ERtORa by 1 1 GHIY TN GiF of el RFAlofCPHCARYI | devices
webhtefislafed thgefd omiayr @iSo BECicedmplighed husingt h(ﬁfferentlal
pressure on the upstreamfluid. Flow control valves

cBressere gyl dawnrceatrohdpthedspspsctye ontletsut | by the presently
CH@Q&%&)‘ elﬂﬁ‘adiments, this differential pressure and/or flow control can

be accomplished using independently controlled actuators or a
simultaneous two-way actuation for adjacent channels. Flexible
membrane walls for the outlet channels are typically used to allow for
deformation. The deformation of the wall will modify the flow cross
section and, thus, the pressure on the upstream fluid. Flow control
valves can be implemented independently on the outlet channels. The
channels in this case need not be flexible.

[0052] With reference now to Figure 9, an outlet 200 showing the end
202 of a channel of a spiral separation device (not shown) is shown. The
channel 202 is split between a first channel 204 and a second channel
206. The channel 204 is defined by a rigid outer wall 208, as well as a
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channels in this case need not be flexible. [0052]
Wth reference now to Figure 9, an outlet 200 show ng
the end 202 of a channel of a spiral separation

devi ce (not shown) is shown. The channel 202 is split
between a first channel 204 and a second channel 206.
The channel 204 is defined by a rigid outer wall 208,
as well as a -10 flexible inner wall 210. The channe
206 is defined by a rigid outer wall 212 and a
flexible inner wall 214. In this enbodi nent, an

aﬂE%l@‘é’fnn%ﬁNalth?ngﬂﬂs Ehé’l’i‘ﬂ?ﬂrz%%% 86firkd By Saohgﬁpbﬁit)er wall

i's actuated ormt InN a varile
di2fieearsha flexiblerisneswalle2it4 dnfthﬁr@nbpdlm@teggm@uator 216

RS RGeh 2ASSAE o 3o a5 R pn 210
tin aaha'rte\tys odelﬂ’lféregt didﬁrewsmlcaéatprdaﬁeiﬂt:mabptréds;nme upstream
c nt t e .appreci ate ac or .
i ahfconaningl | hikwiSS! pB: 9clyBtor PBb, BAnGmhaHEaE, 222 is
aﬁﬁﬁ’i&ﬂ tosaefo?m WHIl 241 itY @Thfdve Ji@erHoeélﬁéFéMIal pessdureest flow
enbodi ments. For exanple, one of the actuators could

beontiek ulitwil be appsesiatad fha:!rtéﬁta@tuaW%%Urlée eatrolled, in a
¢ 95@&% of é%fer&qtnt?ar?r{erg G a&%ﬁf@sﬂrtﬁe%neaﬁlh @%f“tﬂ%eﬁjrebgntly

ntar
vdescmtgad ahﬁmmmngend?mt exaimbfeermﬁ |oé|thpr@staatwsammd be

el e RS bR R BT TS, At e
agtHiteYs ghf be TarusicddinetarelenoPin 2PompPrmiEstan? manner, at

pl unger 252 that is sized to manipulate both flexib

wiia sapue oinvarying rates, daoaenerate idifferential fresause and flow
w g 252 is shown in an extreme position to the
eft. Figure 10(b) shows an opposite extrene position

t 0083]e Widht refpftes] tan@wesM@(Ta)th&deﬁt)ochheensystemrﬁ 200

iF ipgil‘]lifﬁéﬁngg@r%ﬁ%&let éﬁ’m%tgf ggﬁoriﬁ%q$§g|%:a§ilﬂ%t05t250 includes a

EfJn@@?rZSZaihat@é SRR B AMipLIaw BOH flekibiewalle Xitrangl214.
that will allow for varying degrees of particle flow

i Aseslownfin: FigWrahf@)s thesplypgep@2 is shown in an extreme
position to the left. Figure 10(b) shows an opposite extreme position to

the right.

[0054] In either of the embodiments of Figures 9 and 10, it will be
appreciated that implementation of the actuators will create a differential
pressure and flow control in the channel that will allow for varying
degrees of particle flow in each of the channels 204 and 206.

[0055] Another manner of achieving such a result is to provide
adjustable valves in each or at least one of the outlet paths or channels.
As shown in Figure 11, a system 200 includes a first channel 230 and a
second channel 232. The first channel 230 has positioned therein a
valve 234. The second channel 232 has positioned therein a valve 236.

Thus, two separate valves are able to control the flow in the channels. In
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[ 0055] Anot her manner of achieving such a result is to
provi de adjustable valves in each or at |east one of
the outlet paths or channels. As shown in Figure 11,
a system 200 includes a first channel 230 and a

second channel 232. The first channel 230 has
positioned therein a valve 234. The second channe

232 has positioned therein a valve 236. Ili Thus, two
separate valves are able to control the flowin the
channels. In 11 this case, the walls of the channels

28{s cbde, riﬁ@%él%t oPend lcRuhhER. 230 Z@Q'Qie(e'doﬂot bB&flexible. In
val ves ma?]/ take a variety of known forms; however, in
®

andditiens the rualvesr mayt lakeva Mpsietys & knawni fpsms; hpaever, in at
Sel R84 \égll‘o;??\ AL VAR adefa- |ll¥ékl¥§%§w ééle‘&ﬁf@'ﬁfaef‘ahoqﬁof the

dedr ed nt'ial pressure an | oW CO
syalves) willt crsalatm Iaddémremjorjrftmeahazldpnelsameoaed Vlw eontrol in the

ffic t t d t he.two, outl e
wbyatet T spadie e PRisced thal aBS AL jesagieh i hide e
I gbef SR eRaMe itRofd et witRoul iR Atingetiladictiésdrbyi ng
on differential pressure and/or flow control within a

s{RQ%86h t IV referenee mowie) HigwiR 13, aneier embegiment relying
eBJﬂoﬁji'ffg?%gl Jﬁgeé\lriné’rg@;/g?sfﬁim?'&oﬁfropb\ﬁﬂ%f%t §‘gst8FHJH &bfit the

i S use view of an out
sfioidhflowlie shownl dh thtscémdedlmermtomaﬂhah(nmpm&snorl phyifurcated

302 304 and 306.
Aontie st 0 BHsinerBsnd vIEWPL AR st B0, 5 owid” The
ogligét NhEl8ded2a agsmplintr btitet rnlngg3BQ4 a A«ugﬁ@cpngi 3@4 and a

channels 312 is dlsposed between the rigid ri (9
afRe@MpHant drpen Aing 30RnerAr fitey $efe of |¢hannels p1 0 is d'sposed

aBBf {ér?ttﬁg dutat frfngﬁt 3pStaf tﬁEaﬁg‘ﬁ'ﬁ glﬁm COAT &SqydSet of

Irst set et channe ave been
sphannelsds:‘rﬁ s disphaaddiet@@¢notheRigjdr ind 304) and'tike compliant

second .set chann I s 312 rel t,0,, a C f

CHERRerB, 30k nlvENEER, 2bBrocia@i Tndfning 28 Epdfhel' 310

CBaneeboﬂ@@t@fa firs0seteoflAltR)t .chBnpeR it dkivé Ibeen sﬂﬂa sli¢h as
|1 preciate that this conflguratlon results

L BoanRgl 2070t Eiawh Hak e seoar o4t ORhAIMES G2 refates to

grsvééccﬁg\rﬁg?ts F)Fglgﬁghél\%ﬁh%t Gheehbos Hit ien FdrPWuBat Nsuch as
channel 206 of Figure 10(a). Those of skill in the art will appreciate that
this configuration results from the implementation of a plurality of
separation devices and the suitable gathering of the flow paths or
channels, as shown.
[0057] The pressure in the channels can be adjusted by manipulating
channel diameters and relative flow rates of inner and outer streams of
fluid by reciprocal radial compression/expansion of inner and outer rings
302 and 306. The rings 302 and 306 can be compressed and/or
expanded simultaneously, or individually, to create a differential pressure
and/or flow control in the system. It will be understood by those of skill in

the art that ring compression could provide for more uniform and
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[0057] The pressure in the channels can be adjusted by

mani pul ati ng channel dianeters and relative flow

rates of inner and outer streams of fluid by

reci procal radial conpression/expansion of inner and

outer rings 302 and 306. The rings 302 and 306 can be

conpressed and/ or expanded sinultaneously, or

individually, to create a differential pressure

and/or flow control in the system It will be

understood by those of skill in the art that ring

C YRR HanSiighs. pﬁ-FbWéil%rf PingMBkBandibh ORI BRG acﬂ%ve the

snoot her transitions. However, ring expansi on W

apbjgctives @f dheheresepfly desgabedfemhedimenisnt |tyshould also be

d e di I h e

¢ FgeLsPFSt SRR TG MyTare cingh Sief  Ehafnelf, i SfSiRely be

conm'bmﬂtd mmm@orhnrdnwnisimmm dapendm'emllthg omflghsatlon of
nflg%ne@tloga the overall system [0058] It should

t95tF P hat the enbodi nents illustrated herein

Sﬁro&]as HERSUIE PR RSrstoG that LI enyoRlimentseilnstraied. herein
For exanple, each outlet shown and descri bed herein

i 8eRjel BS MBEreEKAMPIRSd aiiadiongcarec aantgaIRiatetihe Fop gxample,
Ogaéﬁf%ﬂgﬁlsﬁ'r{?v&d@%ﬂdt é;sc'crml h@?élhqg d@dltt&ebl?ur%ﬁ?ég itto two

déscr ments) nay be exten hree or
nohanmdlann€he .splif @3B¢ cUtked, (aind thid Iapbhcahmhenéﬁbecpresently

t ha erjals sedtocnsr t he vario
8oL ERpR U Rl .0 g e Bytpr4€ G Fpre Ennels.

f fouB910N Mo, 'tb\ﬁll(ﬂie”@ﬁ@érﬁﬂfod ﬂfé@'thé&hafwlaﬂmdsed to construct
envi ronnrent of the system Ljkewise, di nensi ons

othe Méne%peﬁbwta@engw&mpmfd gFsin \f"dio‘@n/ 362 rfsﬂ@bon of
A BfeShy, SREREH ARSI R Hla, e
etteadicsshs@hs bf thegcordérmdmieﬁlsmsbbrﬁs ovay vary. exanpl e,

cBi9eH; PRl T REp BTy FeaiseD prihalRED R, i, iuce

PRaMbuS s@ﬁylng%ﬂtﬁfébdbécﬂedcﬁﬁtol hargiwiwdfdr thederd hiedosplitting
A feedback signal may be sent to the splitting

et i Thiid flayy melx@ B ¥aMplgh doRtGR! LFaNsoRY TPRYIIRE Placed in the
Lg%s\c}lléﬁfe grl a'IntOOL g\%t gﬁﬂﬁpﬁﬁgﬁhtnﬁ’gfdrcﬂi‘fu?@é}ﬁﬁ{ af®Yat3h $AdR8y point,
may be used to detect bandwidth and location. A feedback signal may
be sent to the splitting mechanisms to maximize band capture and fluid
recovery in the channels. A flow sensor may also be provided along the
channeling to detect velocity variations. This data may then be used to
feedback to necessary pumps to maintain constant flow rate, and hence,
velocity. A pressure sensor could also be provided to adjust flow rate in
each channel to minimize band dispersion and to maximize flow
recovery. Temperature sensors may be used to correct fluidic operation
and viscosity sensors may be used to correct for adjustment in operation

parameters.
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channeling to detect velocity variations. This data
may then be used to feedback to necessary punps to
mai ntai n constant flow rate, and hence, velocity. A
pressure sensor could also be provided to adjust flow
rate in each channel to m nimze band di spersion and
to maxim ze flow recovery. Tenperature sensors may be
used to correct fluidic operation and viscosity
sensors may be used to correct for adjustnent in
operation paraneters. 13 [0061] It should be

agﬁ@gi atedpohfd BJ‘G‘%@r&&B?& %aﬁgﬂéké‘gty"ﬁ@@ of %%H%ﬁfd( and

devi ces nm [ enent e |navar|etyo
df&éc@a@ht conteal nrdae\acea 1)) bewmniwleet@d én cNpdely ohdifferent

o FIREIEYs PRt GBS SHiets™P R U IhBL! sBRSFIGT L feeqpack
| Bbjeetives enbtedi hgralnf ded esthelwr dl/mrtlalsccnegargiurmtesenis/pes of

and/ or software, techni s that ted tot
SAGYICBs DAY BRdMRISTERAE TG WBETE hasHEss Getiigurations

r 8h8/RNESftvard | tBERRiqhds fHat e frebie o6 bbiek eﬂﬂﬁ‘bﬁﬂ’nent and
control system400 is illustrated. The system 40

|ﬁE$tGde90@flg;Eptwator such as a spiral separator 402

t ec t f .90,
e oC ! ¢ gl PSSR kbl ancior
etdhtneinsystémed 0o |é®ﬂijsiraﬂedt p'Ehd systeat &0t melmteéO@ separator

R oai G S5 0 BRCE Loy G odBon
hﬂfeebéparlattor\’Mbb RDHABER' SORBHut MRYid 40> Ht@\/éﬁﬁfﬂdeherstream

é be controll ed based on various data itens that
afB6 @ild acasticutpte stream 408t o8 shiomdl, the, Preeeseiasphanced

pfh‘?ﬁﬁyﬁ e’(heb@{@gﬁ rg/C %[(/51%‘( gt ﬂoﬁpfﬁ%r@dm@%%\‘ngemglated

tenperat ure an y sé Nsor s ha
chétednt Itdedl beduddémsto@ldhaid e fldv\eruphﬁee rhayl keo cantrolled

CBRLERL S, I SEPRE s AL R IS e

UHERId, Ofy#  Examipld1e prdiaviee e BRALIWIERAT §nd|ﬂoW tdtebe As noted
under stood that the actuators 430 and the flow

spboYe clempgrabiere; ARG gHseasityi $ensRss Jaa¥ aleqike used to collect
desired data. Such data items are fed to a controller 420. The controller

420 controls actuators 430, which are used to split the fluid, as will be
understood from the above embodiments. It will be understood that the

actuators 430 and the flow splitter may be integrated in the same device.
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-14 Cainms: 1. A particle separation device
conprising: an inlet operative to receive fluid having
particles dispersed therein; at |east one curved
channel operative to generate a flow field conprising
a first portion and a second portion; and, an outl et
i ncluding a nmechanismto split the fluid such that the
first portion flows on a first path and the second
portion flows on a second path. 2. The device as set
forth in claim1l further conprising a feedback
Syt 3. Anethod for splitting fluid flow at an
Uﬁ?ggiof a spiral separation device having a first

d sego I d conpri sing:
rt| a?‘ R%S‘@?f?eﬁgﬁ?gﬁb@gx‘c%ﬁg"@%m?’am on devi ce; and,
adJ usting a nechanismin the outlet to vary the fluid
flow b . r
The. meehieGRPLEtve bl Bhe Pl AuRERAA, ol Ao therein
adjusting is based on feedback data itens. -15- |
at least one curved channel operative to generate a flow field

comprising a first portion and a second portion; and,

an outlet including a mechanism to split the fluid such that the first

portion flows on a first path and the second portion flows on a second path.

2. The device as set forth in claim 1 further comprising a feedback
system.
3. A method for splitting fluid flow at an outlet of a spiral separation

device having a first and second outlet paths, the method comprising:
initiating fluid flow in the separation device; and,

adjusting a mechanism in the outlet to vary the fluid flow between the

first and second outlet paths.

4, The method as set forth in claim 3 wherein the adjusting is based on
feedback data items.

-15 -



