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TECHNI CALWBI2BL12300hi s di scl osure rel ates general ly to equiysceto444p? | i zed
and operations perforned in conjunction with a subterranean well and, in an
exanpl e descri bed bel ow, nore particulajly provides for flow path control
based on fluid characteristics to thereby variably resist flowin a 15
subt erranean well. BACKGROUND In a hydrocarbon production well, it is many
times beneficial to be able to regulate flow of fluids froman 20 earth
formation into a well bore. A variety of purposes may be served by such
regul ation, including prevention of water or gas coning, mnimzing sand
production, mnimzing water and/or gas production, maxim zing oil and/or
gas production, bal anci ng producti on anong zones, etc. 25ln an injection
well, it is typically desirable to evenly inject water, steam gas, etc.
into multiple zones, so that hydrocarbons are displaced evenly through an
earth formation, without the injected fluid prematurely breaking through to
a proq¥ction wel | bore. Thus, the ability to

FLOW PATH CONTROL BASED ON FLUID CHARACTERISTICS TO
THEREBY VARIABLY RESIST FLOW IN A SUBTERRANEAN WELL

TECHNICAL FIELD

10 This disclosure relates generally to equipment utilized
and operations performed in conjunction with a subterranean
well and, in an example described below, more particularly
provides for flow path control based on fluid
characteristics to thereby variably resist flow in a

15 subterranean well.

BACKGROUND

In a hydrocarbon production well, it is many times
beneficial to be able to regulate flow of fluids from an
20 earth formation into a wellbore. A variety of purposes may
be served by such regulation, including prevention of water
or gas coning, minimizing sand production, minimizing water
and/or gas production, maximizing oil and/or gas production,

balancing production among zones, etc.

25 In an injection well, it is typically desirable to
evenly inject water, steam, gas, etc., into multiple =zones,
so that hydrocarbons are displaced evenly through an earth
formation, without the injected fluid prematurely breaking

through to a production wellbore. Thus, the ability to



WO 2011/ 022210PCT/ US2010/ 044409 -2 - regulate flow of fluids froma
wel | bore into an earth formation can al so be beneficial for injection

wel | s. wo 20fieermhore, it will be appreciated that advaoTasernmvs444n9the art
of variably restricting fluid flowin a well would 5 be desirable in the

ci rcunst ances nentioned above, and suchy advancenents woul d al so be
beneficial in a wide variety of other circunstances. SUMWARY 10l n the

di scl osure below, a variable flow resistance systemis provided which

bri ngs i”%gﬁ?%‘é_@t Zébw B@efﬁﬁﬁ\%ﬁf £ 831“%3&529&5&@ dnkbowni Bagyel I . One

exanple is describ below i n [ I conposition is made to fl ow

al ong a nfpempssost cee bllew pat henkftiheafll dod dogposibnomehds.a 15
threshold | evel (or nore than the threshold |level) of an undesirable
charact eri sti cThAmettbee,exanpliéd li bedepprebedtbd tWaitnadifackemengsi shance to

flow through the system.increases _as.a ratio.aof desired fluid to desired
flutd in tRE PRE BfoSRboePLYoneaEe hant” S20iA s18%adhett vedTsyBRER for
vari ald y besdskiigbfleownotha thitcdmetapesst mentibnadsubbeeragaanswehl is
provi ded by the disclosure. The system can incluyde a flow passage and a set
of one or 2HYPBCEMSRER w&&%ggéésﬂh%EthH€é%§ééﬁ t-Redf MofCpE8Ea§EY PR this
manner, acpRhepOoktieamekahbesl ! uid 25 conposition diverted fromthe flow
passage to the set of branch passages varies based on at |east one of a)
viscosity of the fluid conmposition, and b) velocity of the fluid
conposition in the fl ow passage. I n anot her aspect, a systemfor
vari ably resisting flow 30 of a f|Ui§§ﬁﬁWWPSiti0n in a subterranean well is
descri bed. The system can include a flow path selection device that WD

2011#9?221OPCT&HS%9é069ééiggure below, a variable flow resistance

system is provided which brings improvements to the art of
regulating fluid flow in a well. One example is described
below in which a fluid composition is made to flow along a
more resistive flow path if the fluid composition has a

15 threshold level (or more than the threshold level) of an
undesirable characteristic. Another example is described
below in which a resistance to flow through the system
increases as a ratio of desired fluid to undesired fluid in

the fluid composition decreases.

20 In one aspect, a system for variably resisting flow of
a fluid composition in a subterranean well is provided by
the disclosure. The system can include a flow passage and a
set of one or more branch passages which intersect the flow
passage. In this manner, a proportion of the fluid

25 composition diverted from the flow passage to the set of
branch passages varies based on at least one of a) viscosity
of the fluid composition, and b) velocity of the fluid

composition in the flow passage.

In another aspect, a system for variably resisting flow
30 of a fluid composition in a subterranean well is described.

The system can include a flow path selection device that



-3 - selects which of nultiple flow paths a majority of fluid flows through
fromthe device, based on a ratio of desired fluid to undesired fluid in

t he fl ui dwoanpaeeiibon. I n yet another aspect, a system Por/usasioaipi4yo
resisting 5 flowof a fluid conposition can include a flow chanber. A
majority of the fluid conposition enters 1the chanber in a direction which
changes based on a ratio of desired fluid to undesired fluid in the fluid
conposition. In a further aspect, the present disclosure provides a 10

system fogyarkably i 6e8Sbet hag cf ¢f Wihd ¢go 59N oien £3 ;S YDt er ranean
wel | . TheggygFe%1gaﬁE§n%?u§e a Fﬁgw cﬁgn%ér ga%dgggéa?o?ify 0 utge fluid
conposi t i ddowantbémpeght feowh&hbedevica,dbreetli on whiretiiohafigdesbasdd on a

vel ocity E t?e f|Ui§ (ofe) siction. .15ln a_sti.ll further .aspect, a variable
fLow resi SCHAEe 8y BPARPAOPILEE TR AN bBeeF T RgarolBPPLEAR el Ude & Tl ow
chanmber havi ng_an oEtIet and at least first and second.inlets

x E - A.fluid
conposition whithYERt 8PS Pﬁé PPN EnafbEY SvFFE £RE 385638 VnFSFlégﬁngppose

flow of tleofd vifda2@1cedpesinpbei tWbincRaant aes utibe af Fowwe bagheervi aat he
first inlet,, mhereb% a_resistance to flow of the fluid coggosition t hr ough
the flow PRARBEEYCRR FAPy THILA SOFRPSS LIPS PHRETEhEBGgRPERESE A8t 2and

second inhetactiBasqnhaBd ehBagekeabyedsonadvapiagesrandshenafl fhsiw kb 25
becone apparent to one of ordlna%é skill in the art upon careful
31

consi der abingrsétedhé lgédailneghge e pilpt coRPePitéphesent ati ve exanpl es bel ow
and the acconpanying drawi ngs, in which simlar elenents are indicated in
the various fidoresfugithgrt hepsaire tbfeprrsentudiecdosupe provides a

20117 p2210R¢LHUER0104044899 7851 sBRhET ¢PERBEPL ubh LHpBRAYEBESin

a subterranean well. The system can include a flow chamber,
and a majority of the fluid composition can enter the
chamber in a direction which changes based on a velocity of

the fluid composition.

15 In a still further aspect, a variable flow resistance
system for use in a subterranean well can include a flow
chamber having an outlet, and at least first and second
inlets. A fluid composition which enters the flow chamber
via the second inlet can oppose flow of the fluid

20 composition which enters the flow chamber via the first
inlet, whereby a resistance to flow of the fluid composition
through the flow chamber can vary with a ratio of flows

through the first and second inlets.

These and other features, advantages and benefits will
25 become apparent to one of ordinary skill in the art upon
careful consideration of the detailed description of
representative examples below and the accompanying drawings,
in which similar elements are indicated in the various

figures using the same reference numbers.

30



FIG 1 is a schematic partially cross-sectional view of a well system which
can enbody principles of the present disclosure. 5FIG 2 is an enl arged
scal e schwoabiln2erioss-sectional view of a well screen amdTaSe@vioadsbe fl ow
resi stance system which may be used in the well systemof FIG 1.

FIG 3 is a schematic "unrolled" planvijew of one configuration of the

vari able fl ow resi stance system taken 10 along line 3-3 of FIG 2. FIG 4
is a schematic plan view of another configuration of the variable flow

resi stance system Bniﬁ%(§$§bﬁfbf¥bﬁ”6ﬁ”iﬁﬁiﬁﬁﬁ%f§é§he”atic pl an vi ew
0

of a portion of the variable oW resi stance system FIG 4. 15FIG 6 is

a schematic pl vi ew:qf .y her | at.l o] i ow
resi stance sys?gﬁf s a Ekaggggtg&péggﬁégggh%%ggfcES gﬁoé?gwgggﬁ %k
further cenfvedlr aystemofvhiibd cani embedll pwinespdkanoé shst pmesent

FI GS. 8A sﬁgﬁﬂre schematic plan views of another 20 configuration of the

vari abl e P88{Stance system DETAI LED DESCRI PTI ON

Repr es ntativekﬁ il lustrated En FI;. l1is a Eelltsgsten110 mh%ch cin enbody
principles of thfs di $€ 85ufBlaAge 5888-:%?(:?8 CMATEFGETPESaSREIMBBPe 12 has
a gener al kY evebti aalvetncasedeneahdon F4reybeadirngwdewswatdhyef s9ateasi ng
16, as well .as a generally horizontal uncased section 18 extendi ng through

an earth VPHiRBt M8Y bg used in the well system of FIG. 1.

FIG. 3 is a schematic “unrolled” plan view of one
configuration of the variable flow resistance system, taken

10 along line 3-3 of FIG. 2.

FIG. 4 is a schematic plan view of another

configuration of the variable flow resistance system.

FIG. 5 is an enlarged scale schematic plan view of a

portion of the variable flow resistance system of FIG. 4.

15 FIG. 6 is a schematic plan view of yet another

configuration of the variable flow resistance system.

FIGS. 7A & B are schematic plan views of a further

configuration of the variable flow resistance system.

FIGS. 8A & B are schematic plan views of another

20 configuration of the variable flow resistance system.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a well system
10 which can embody principles of this disclosure. As
25 depicted in FIG. 1, a wellbore 12 has a generally vertical
uncased section 14 extending downwardly from casing 16, as
well as a generally horizontal uncased section 18 extending

through an earth formation 20.

A tubular string 22 (such as a production tubing

30 string) is installed in the wellbore 12. Interconnected in



WO 2011/ 022210PCT/ US2010/ 044409 -5 - the tubular string 22 are multiple
wel | screens 24, variable flow resistance systens 25 and packers 26.

The packewe 288/@erab of f an annulus 28 forned radi al |l y beCraspomwiesspubul ar
string 22 and the well bore section 18. 5 In this manner, fluids 30 nay be
produced fromnultiple intervals or zongs_of the formation 20 via isol ated
portions of the annulus 28 between adjacent pairs of the packers 26.

Posi tioned between each adjacent pair of the packers 26, a well screen 24

and a varigpl ey blLew.r g%ﬁf@ﬂ@@ ayat ﬂlmlﬁpﬁé %@e%;e%%i gen%t edairiabig

tubul ar string 22. screen 24 filters t s 30 flowmng into

t he tubuléﬂowtrengszaanOSVBhemanﬁﬁlastSaCKhesvaﬁhable fl ow resistance
system 25 variably restricts flow of the fluids 30 into the tubular string
22, based on c@hEapackhasaéﬁesbaﬂioffobnthanmﬁhbuﬁﬂsformed rAdighily point
it shoul d, be note e_well S rated in.the. draw ngs
bnd 1o deBEEVERN RBPetHoR] S pbry Tna 2o R Biip Bt et ThPaE F5FEsPd” 4 e |
systens | InWeh¢B hbenpti, ng¢lplias o0 mbysbei pebasvea ¢zbmbaultibilaed. It 20
shoul d be clearlg understood that the principles of this disclosure are not

linited atPAPFVEdSaRy &PPEReCdetlfl £08 aFHQ“méplvé?sﬂéﬁ#fGed POEGﬁBBﬁents

t her eof, Q%D%ﬁbegnhﬁlhﬁezér%@%Qﬁ%n06d9§§%h%bﬁglggr%Enthgoba%kégﬁ|Q6 it is
not necessary in keeping with the 25 principles of this disclosure for the

wel | bore 12 toppagkydaea Q%E%E%B'EaﬁﬁfhaﬁaheW%'bQQEe 0$€EhbOBalftelt 2
generally horizontal wellbore section 18" It is not necessary for fluids 30

to be onl yépreduedd sc@ﬁﬁnha4f@ndaa|@nrzabéenééow|ﬁeéﬂﬁéanéﬁaﬁwségm fluids
coul o pe 23 8¢6CIntBEASANARLA" TR LR cLbihds GRUhAgPe,00! BrbNigged Tnto

and produced ron1 or mat
screen 24 filters the fluids 30 flowing into the tubular

string 22 from the annulus 28. The variable flow resistance
system 25 variably restricts flow of the fluids 30 into the
tubular string 22, based on certain characteristics of the

15 fluids.

At this point, it should be noted that the well system
10 is illustrated in the drawings and is described herein as
merely one example of a wide variety of well systems in
which the principles of this disclosure can be utilized. It
20 should be clearly understood that the principles of this
disclosure are not limited at all to any of the details of
the well system 10, or components thereof, depicted in the

drawings or described herein.

For example, it is not necessary in keeping with the
25 principles of this disclosure for the wellbore 12 to include
a generally vertical wellbore section 14 or a generally
horizontal wellbore section 18. It is not necessary for
fluids 30 to be only produced from the formation 20 since,
in other examples, fluids could be injected into a
30 formation, fluids could be both injected into and produced

from a formation, etc.



WO 2011/ 022210PCT/ US2010/ 044409 -6 - It is not necessary for one each of
the well screen 24 and variable flow resistance system 25 to be positioned
bet ween esohlroudj2aent pair of the packers 26. It is not PoEaSsGaNy44HOr a
single variable flow resistance system?25 to 5 be used in conjunction with
a single well screen 24. Any nunber, argangenent and/or conbination of

t hese conponents nay be used. It is not necessary for any variable

fl ow resistance system 25 to be used with a well screen 24. For exanple, in

10 inj ection OE%riEiHB%1an%sEQ&%EE%@.E BiQa%ﬁ“%@fPﬁef%@%@dsEQ%8H954a

variable flow resistance system w thout als ow ng through a well
screen 24and varipblesfhow meséssanygef systhm k8l kosbeepnsidonedri abl e fl ow

resi st anc stens 25, packers 26.or any.,other,15 ¢ onents of the tubul ar
Corl e 25 BeRVEERTBalR: SRARCRER BAIRT AR Xn! BREKeRsC YRR O TR Ts0hokie, & 1n.
Any secti apcetshlirg ekl bosény2emaurbhabtasé&doar resiasadceasgsanm p6rtoon of

t he tubulgr strin& 22 na% be.positigned i.n an ungﬁsed or cgged section of
the wet | bBFeUSPA RBefPRYURFEACPNY LS Br?ﬂrBﬂEPe&’e BhI§edi Fos Y. _

It shoul dnbfbekeablyaugdaentoadd/brecehsiaattibBat ofhithedesebApbhendescri bes
how t o make and use certain exanples, but the principles of the disclosure

are not | MAYt B8 v6edny details of those exanples. Instead, the principles
of this 25 disclosure can be applied to a var[et{ of other exanpl es using
t he know edge &bt aBna@tf heAeBRPEYdILoE| odlr ¥ariable [filoy respetappeeci at ed

by those I d-kn,the a hat: . it ebi,ci al. to e t
regul ate ?&%&k@szhgngSiBgegoaﬁﬁ?oarﬁghguggfggﬂs?#Fngkgg F?gwgggéhagone of
t he 30 f oimgectnoR0ppbortéraspl €het angeetedt flatidr couddne3Zlowedas coni ng
34 in thet or m ign, Cthﬁg uses fgr Elgmhregula i%nz'n ai%%Ihtinilude, but
are not | FRFPAAN 8, "BAMARAEnG Lo TesistancelSyStef 25, Bifhout diso

flowing through a well screen 24.

It is not necessary for the well screens 24, variable
flow resistance systems 25, packers 26 or any other
15 components of the tubular string 22 to be positioned in
uncased sections 14, 18 of the wellbore 12. Any section of
the wellbore 12 may be cased or uncased, and any portion of
the tubular string 22 may be positioned in an uncased or
cased section of the wellbore, in keeping with the

20 principles of this disclosure.

It should be clearly understood, therefore, that this
disclosure describes how to make and use certain examples,
but the principles of the disclosure are not limited to any
details of those examples. Instead, the principles of this

25 disclosure can be applied to a variety of other examples

using the knowledge obtained from this disclosure.

It will be appreciated by those skilled in the art that
it would be beneficial to be able to regulate flow of the
fluids 30 into the tubular string 22 from each zone of the

30 formation 20, for example, to prevent water coning 32 or gas
coning 34 in the formation. Other uses for flow regulation

in a well include, but are not limited to, balancing



WO 2011/ 022210PCT/ US2010/ 044409 - 7 - production from (or injection into)
mul tiple zones, mnimzing production or injection of undesired fluids,

maxi m zi n\goppodueiion or injection of desired fluids, ePcT/USz@ophasd of the
vari able fl ow resi stance systens 25 5 described nore fully bel ow can
provi de these benefits by increasing regsistance to flowif a fluid velocity
i ncreases beyond a selected level (e.g., to thereby bal ance fl ow anong
zones, prevent water or gas coning, etc.), increasing resistance to flowif

a fluid vib$oasktty ofe E%ﬁsgéfgﬁh?@%%l$ﬂ iﬁk%?tﬁﬂlkﬁﬁﬁb 9bnkk,a fluid density

i ncreases above a selecte e.g., hereby restrict flow of an
unde5|redmﬂhmdelsgcpraéuwauen or gasectmoan06|ungesdmednglweﬂb) and/ or
increasin% re5|stance I8 uctlon ral;llw VI SC Siy 1redd%TS't in reases
above a se Fecpeé FevBr % 18%t o Pﬁgregy ﬁl ﬁlze |njec n of “Vater in
a steaminjecti s,a desire undesi red

f1ui d depends ﬁafnwiesupsogge RN H VS IR I ewse?ﬁu on bei ng

conducg eddebet-iesambee Ellly bsldescaadptovi@eptbdyeebenkfiitenbyg wel |, but
not to produce water or then oil is _a desired fluid and water and gas

are undesﬁPS&eP?&PGSreﬁﬂgtPnF§ desthed 6 frbdlde ysiofisn ANGEFPSSut not

to producgeydhér a0kePkbietin®cgas é% de%br%ﬁeEbB?dbaqaﬁc@akﬁbwaaﬁoagl are
undesired fluids. if it is desired to 25 inject steaminto a formati on, but

not to i npeBeswabEeYehheWasesanti 928 gesiipgd PLgi-d ardcHEBEings an
undes'rEdrEEEEgghBeatglEﬁgwcg%pgskﬁhga v1scos1@9t8e59?%§e t,dewnhgl e

t enperatures and pressures, hydrocarbon gas can“actua e conpletely or
parti® | ysehed8@eldi gevelpbasef Ehﬁspldtdshsmtd bhecurdeest abdvehat when the

o S Rt BR0AR0E8, Do BUPSHE bbby HLBULIcTdhsl, gpogqus phases are
undesired fluid, such as water or gas, in an oil producing
well), and/or increasing resistance to flow if a fluid
viscosity or density increases above a selected level (e.g.,
15 to thereby minimize injection of water in a steam injection

well).

Whether a fluid is a desired or an undesired fluid
depends on the purpose of the production or injection
operation being conducted. For example, if it is desired to

20 produce o0il from a well, but not to produce water or gas,
then oil is a desired fluid and water and gas are undesired
fluids. If it is desired to produce gas from a well, but
not to produce water or oil, the gas is a desired fluid, and
water and oil are undesired fluids. If it is desired to

25 inject steam into a formation, but not to inject water, then
steam is a desired fluid and water is an undesired fluid in

a fluid composition.

Note that, at downhole temperatures and pressures,
hydrocarbon gas can actually be completely or partially in
30 liquid phase. Thus, it should be understood that when the
term “gas” is used herein, supercritical, liquid and/or

gaseous phases are included within the scope of that term.



WO 2011/ 022210PCT/ US2010/ 044409 -8 - Referring additionally now to
FIG 2, an enlarged scale cross-sectional view of one of the variable flow
resi st ancwoysiteen025 and a portion of one of the well ®CTASAE0D4440%

representatively illustrated. In this exanple, a fluid 5 conposition 36
(which can include one or nore fluids, guch as oil and water, |iquid water
and steam oil and gas, gas and water, oil, water and gas, etc.) flows into

the well screen 24, is thereby filtered, and then flows into an inlet 38 of

the variable fh%%b&?ghgt%§8§t§$§hgﬁg?§ow1@é E&%Kd290€H0§5&599e83§céﬁé'Ude
one or nore undesired or desire i ds. Both steam and water can be
conbi ned kmoastbecticoapoviieionf Aseapndt hbe wranpbée dilbyw wesestandklor gas

can be conbined in.a_fluid _conpasition, Flaow of the.fluid co si.tion 36
Uhrough t RESVETEaBPe T8 P BREF86Ns PhneBoc9dt RP24CTe PEEFEPEG 2Aadi on one
or nore clhapaetenitatioelfsuthuasrdensi.t yInvichdeseekymplel oai fynidtc.) of the
fluid conposition. Thg fluid gonposLti n 36 is then disg?at ed fromthe
vari abl e FPBROFESIERa ée(yb%F nF28 £8CaHIPnPBFR BF BPTEhd 1EEHErafustring 22

via an ougkebi40andOtatethen iguaaplasert BadWBlkkamGr 868N d4dMB¥sHOLGake used
in conjunction wth the variable flow resistance system25 (e.g., in

i nj ecti ona8PeWatrEnsPlly hwatpli angodpssi eiten)361ewEl dntrowhenvan lopposite
d'reCt'0“s%?%%ﬂ954€h%sV%BEQBﬁyeE?E%BEédeﬁhﬂetﬂﬁh|fi%%%eﬁhlg 68: 9niekn

i njection 25 operations), single variable flow resistance system could be
used i n céhj oficthenvairiihbiel filpieraslibteoreesystem €6pl e vari abl e fl ow

resi stance systens could be used with one or nore well screens, the fluid
conpokd ti on codl dlbedr ecmpwedtivoncen dnsdhdegedei ptromoegi andesfiradwel

ot her than_an 30_annulus .or a_tubular string he fluid cqg sition_could
Pl ow ¢ hr of5neRaredr tie% orprBerEhaRahe)upkRE, Frl: Beo RBIARE TAr ough
the wel |l acrEeend aowpothedioaonpaseahsthew! dxample, oil, water and/or

gas can be combined in a fluid composition.

Flow of the fluid composition 36 through the variable

15 flow resistance system 25 is resisted based on one or more
characteristics (such as density, viscosity, velocity, etc.)

of the fluid composition. The fluid composition 36 is then
discharged from the variable flow resistance system 25 to an

interior of the tubular string 22 via an outlet 40.

20 In other examples, the well screen 24 may not be used
in conjunction with the variable flow resistance system 25
(e.g., in injection operations), the fluid composition 36
could flow in an opposite direction through the various
elements of the well system 10 (e.g., in injection

25 operations), a single variable flow resistance system could
be used in conjunction with multiple well screens, multiple
variable flow resistance systems could be used with one or
more well screens, the fluid composition could be received
from or discharged into regions of a well other than an

30 annulus or a tubular string, the fluid composition could
flow through the variable flow resistance system prior to

flowing through the well screen, any other components could



WO 2011/ 022210PCT/ US2010/ 044409 -9 - be interconnected upstream or
downstream of the well screen and/or variable flow resistance system etc.
Thus, it woDl2b1ire2appreci ated that the principles of thi@Ciuseéiomue9 are not
limted at all to the details of the exanple depicted in 5 FIG 2 and
descri bed herein. Al t hough the wedI_screen 24 depicted in FIG 2 is
of the type known to those skilled in the art as a wre-w apped wel |
screen, any other types or conbinations of well screens (such as sintered,

expanded, pr e- i C used. i r | es.
Addi ti ona gcgﬁgggéﬁgge?géghGgéggﬁggugé,a§w5%¥r?§ eg? Fpgeg%ﬂg sErech

i nst runentati/om, veensbie, filpfl swsdetbnok dyeiems, eéte. ) Thmg,alisowheé lused,
if desireg.e re Ih% %arkggl%hglo%&keﬁiitanc% syste 1%5 i% d%pggted in
sinplifie f SPR PR RIFG 5, but nPa pFePe??ea exanpl €, F%g 5 sys?en1can

i ncl ude vabitolsmpassagesaandtdevheedetai lpepfothengxuapileudepiptedona, as
described_mopre _fully below, In addition, the system 25 preferably at | east
partié?IyFéﬁteﬁdénéiﬁ@ﬁﬁFéP@ﬁtP&FPﬁnabout the tubul ar string 22, or the
systemmay be forped in a wall _of a tubular structure 20 interconnected as

part of the tubttRPUglr ERE. VEALloPREPSBX4ftpAERLICERE dPsFef-25 AayOfot extend

circunferepel @by afbewh 2ot vhukar skinned ¢h keef artedsi B @ivellrabpad
tubul ar structure. For exanple, the system 25 could be fornmed in a flat

st ruct ur ewedi.c SCTRensy §n¥nPLheZs typahd obe cPmbangeparat efhwedilngerransis
attached RguEﬂe EPQEh@%r%Pr'QQ %%Hear FEngHEgeBe %&F%”h8§h§°ekgah the axis
tret 48 & “t6 the &xfs of t e

of the ou 40 1 s para € tfubular stri'ng.” The system
25 coll d heyokeaukedgingosheirngxempaetachaddisiandévcompbhantis (satht ubul ar
In Shape'aénghrouds, shunt tubes, lines, instrumentation, sensors,

inflow control devices, etc.) may also be used, if desired.

The variable flow resistance system 25 is depicted in
simplified form in FIG. 2, but in a preferred example, the
15 system can include various passages and devices for
performing various functions, as described more fully below.
In addition, the system 25 preferably at least partially
extends circumferentially about the tubular string 22, or
the system may be formed in a wall of a tubular structure

20 interconnected as part of the tubular string.

In other examples, the system 25 may not extend
circumferentially about a tubular string or be formed in a
wall of a tubular structure. For example, the system 25
could be formed in a flat structure, etc. The system 25

25 could be in a separate housing that is attached to the
tubular string 22, or it could be oriented so that the axis
of the outlet 40 is parallel to the axis of the tubular
string. The system 25 could be on a logging string or
attached to a device that is not tubular in shape. Any

30 orientation or configuration of the system 25 may be used in

keeping with the principles of this disclosure.



30 orientation or configuration of the system 25 may be used in keeping
with the principles of this disclosure. WD 2011/022210PCT/ US2010/ 044409 -
10 - Ref ewoizng/eeldoti onally now to FIG 3, a nore detai lPel/uSc@od460Lt | ona
vi ew of one exanple of the system 25 is representatively illustrated. The
system 25 is depicted in FIG 3 as it iiigp Ls "unrolled” fromits
circunferentially 5 extending configuration to a generally planar
configuration. As described above, the fluid conposition 36 enters the

system 25 vi a %Q%e&??ﬁ? ﬁﬁgﬁﬂﬁgnsih Snb@?téy%keq‘%Eaatﬁﬁﬁguhb%%iigg A
resistance to flow o he urd conposition 36 through the system 25 varies
based on omeserseotéohelchaewcoér pvei exampleheff khedsyetrposi2bi as. The

system 25 _depicted in FLG .3.is,siml.ar [ n mst. respects to that . .

T ustr at SAPEROENEAE24C0Y dauBTeledap: Mgt Port6lt el Lo CoPIFTB004E

i ncor por ared.her esnilly itefier enaeocabede. firomt hesexampuafefehkGaldy the fluid
conposition, 36 15 initiaII% fl.ows into nultiﬁhe fl ow assages 42, 44, 46,
48. The fPEWFPELEEgESN4329UAAL1I2B tegagIFPBEratA¥ PLAPELcGRPELPLTBA1SB to two
fl ow path sel ectigon devices 50, 52. The_device 50 selects which of two flow
paths 54, 56 a®Raf6FFtyP6r eReVEr ol er ShitHe CPAPSSGELOR, 3046 EESWERE 20

enter, andykhemobBekigdeyheeinZetehgct anWhie&htal theosikewnpatihs+ad 60 a
maj ority o? the flow fromthe passages 42, 44, 46, 48 will enter. The
fl ow pass@§é&les 1Y .cohf rggregangep&ombilevr et thet FlelbdocPmpRsatiPnuPls
havi ng h'Qpﬁbuéhs%ﬂé'Egstghoﬂ%z@a&ﬁe%”%%@@ﬁegnvbﬁgoéktMOEEU'ds w il be
increasingly réstricted through the Tlow passage 44.
10 characteristics of the fluid composition. The system 25
depicted in FIG. 3 is similar in most respects to that
illustrated in FIG. 23 of the prior application serial no.

12/700685 incorporated herein by reference above.

In the example of FIG. 3, the fluid composition 36

15 initially flows into multiple flow passages 42, 44, 46, 48.
The flow passages 42, 44, 46, 48 direct the fluid
composition 36 to two flow path selection devices 50, 52.
The device 50 selects which of two flow paths 54, 56 a
majority of the flow from the passages 44, 46, 48 will

20 enter, and the other device 52 selects which of two flow
paths 58, 60 a majority of the flow from the passages 42,
44, 46, 48 will enter.

The flow passage 44 is configured to be more
restrictive to flow of fluids having higher viscosity. Flow
25 of increased viscosity fluids will be increasingly

restricted through the flow passage 44.

As used herein, the term “viscosity” is used to
encompass both Newtonian and non-Newtonian rheological
behaviors. Related rheological properties include kinematic

30 viscosity, yield strength, viscoplasticity, surface tension,

wettability, etc. For example, a desired fluid can have a



As used herein, the term"viscosity" is used to enconpass both Newt oni an
and non- Newt oni an r heol ogi cal behaviors. Rel ated rheol ogi cal properties

i ncl ude kwoenmati2¢2180 vi scosity, yield strength, viscopl asTiuszap/o4609 f ace
tension, wettability, etc. For exanple, a desired fluid can have a WO
2011/ 022210PCT/ US2010/ 044409 desired_range of kinematic viscosity, yield
strength, viscoplasticity, surface tension, wettability, etc. The

fl ow passage 44 may have a relatively small flow area, the flow passage may

require t Bechibubd-bhowl Bg RihBRAELRT G4GRoLeLL0l LowA Lerkugus palh, surface

roughness or flow i npeding structures nay be”us rovi de 4n increased
reS|stancglscopﬂeﬂtoblhyghenrfaseo$en§lbhu|WeteabllmgyatEVGly | ow vi scosity
fluid, however, can flow through the flow passage 44 with relatively | ow
resistance to ?hehflOWIpwssage 44Amagnhaab passdgei€élygf smhé 1f Edwwpat h

sel ection devicg eceives the fluid which Llogi Lgrgg%h .the fl ow passage
44. A confr&P’ p PF é ¥t PAR 5848 EﬁytﬁgqgéﬁFrg ep Yabe 8¢ a reduced
flow/aieath@rbhamahgh|m@rea&eoa veloeitpusl pdbht heutlfucd esuyhhgssher

control passage The fl ow passage 48 1s configured to have a fl ow
resustancé1RW|&WPP91P€|éFFV@FVrPﬁs@ﬁ¥|PPv85?G ¥Ps RSBV Rs FRFIE2PPi ng

therethrowghiskdhcehkehfray Be hRgheasiAghysies $hany,t atkl,ow of higher
vel ocity or higher density 20 fluids. Flow of i ncreased viscosity fluids

may be inBedasiiigly Aevi yiegoshityufhuide hPwavVpissage iQOWb@hrﬁéghto as

great an e R I re r e flow
passage 4355|E&°ﬁzpé§§§§% 43e%ﬁgﬁegbgﬁtgg%ﬁg I%“)L%}NI gi%?gﬁ%%g% Egough t he
fl ow Pass&agewd8 must flow through a "vortex” chanber 62 prior to being

di scharged into a control passage 68 of the flow path sel ection device 50.

Si nce the chanbBero62rod phssagrabpl efhabeafdplvi pdthcaklsbapenwdelriaecent r al
out |l et 8 the f.luid gomp S|t|0£ 39 zelral abou% %H 39 chanber ,
|ncrea3|n§ i REGELYERt Vs Plﬁeg $Cth 8WFI progg Spy 18V PESSALE
di f f er ent ixal, fAO&bthoﬂnbékttGthe aut kal, ofhehehavherols phekageed4t o as a
"vortex" chanber. ) )

has a reduced flow area to thereby increase a velocity of

15 the fluid exiting the control passage.

The flow passage 48 is configured to have a flow
resistance which is relatively insensitive to viscosity of
fluids flowing therethrough, but which may be increasingly
resistant to flow of higher velocity or higher density

20 fluids. Flow of increased viscosity fluids may be
increasingly resisted through the flow passage 48, but not
to as great an extent as flow of such fluids would be

resisted through the flow passage 44.

In the example depicted in FIG. 3, fluid flowing

25 through the flow passage 48 must flow through a “vortex”
chamber 62 prior to being discharged into a control passage
68 of the flow path selection device 50. Since the chamber
62 in this example has a cylindrical shape with a central
outlet, and the fluid composition 36 spirals about the

30 chamber, increasing in velocity as it nears the outlet,
driven by a pressure differential from the inlet to the

outlet, the chamber is referred to as a “vortex” chamber.



WO 2011/ 022210PCT/ US2010/ 044409 - 12 - In other exanples, one or nore
orifices, venturis, nozzles, etc. nmay be used. The control passage 68

t er m nat esoavtia2ennt rol port 70. The control port 70 haCa/useduoedod | ow
area, in order to 5 increase the velocity of the fluid exiting the control
passage 68. It will be appreciated thatp as a viscosity of the fluid
conposition 36 increases, a greater proportion of the fluid conposition
will flow through the flow passage 48, 10 control passage 68 and control

port 70 (idLHeott?letrhng'n WoRassaae o4 mhedl st-liRg cbELow,aht ik gler nuLsgagi ty
fluid nore than the w passage 48 and vortex chanber 62). Conversely, as
a Vi scosi eycef mbyebel usédconposi ti on 36 decreases, a greater proportion of
the fluid conposition 15 will flow through the flow passage 44, control
passage 64 andTbentpoltrpdr pa66age 68 tErmidawkischtf bowsnthodugbhrth@of.l ow

passage 4f.al so flo t hrough,a vartex ch r 72, which may, be . simlar to
Phe vort edn8nZABLFOLoPPAFL HOUBAS! Re rCOPERS ChaMBF=T> AR LRt orr od
exanpl® pravirdasel ess fesbstiagceft ahtl awutiHeestliiagglihehasnthelvort ex
chanber 62), and is discharged into a central passage 74. The vortex

chanber 7P35§2G8ef%For "resistance matching" to achieve a desired bal ance

of flows through the_flow passages 44, 46, 48. 25Note that di nensions and
ot her Characte&FsWP&§ be pRereclated that, as a viscosity of the

fluid composition 36 increases, a greater proportion of the
fluid composition will flow through the flow passage 48,

10 control passage 68 and control port 70 (due to the flow
passage 44 resisting flow of higher viscosity fluid more
than the flow passage 48 and vortex chamber 62).
Conversely, as a viscosity of the fluid composition 36
decreases, a greater proportion of the fluid composition

15 will flow through the flow passage 44, control passage 64

and control port 66.

Fluid which flows through the flow passage 46 also
flows through a vortex chamber 72, which may be similar to
the vortex chamber 62 (although the vortex chamber 72 in a
20 preferred example provides less resistance to flow
therethrough than the vortex chamber 62), and is discharged
into a central passage 74. The vortex chamber 72 is used
for “resistance matching” to achieve a desired balance of

flows through the flow passages 44, 46, 48.

25 Note that dimensions and other characteristics of the
various components of the system 25 will need to be selected
appropriately, so that desired outcomes are achieved. 1In
the example of FIG. 3, one desired outcome of the flow path
selection device 50 is that flow of a majority of the fluid

30 composition 36 which flows through the flow passages 44, 46,
48 is directed into the flow path 54 when the fluid



vari ous conponents of the system25 will need to be selected appropriately,
so that desired outcones are achieved. In the exanple of FIG 3, one

desi red owbconm2efiot he fl ow path sel ection device 50 i sPCmatS26100w409 a
majority of the fluid 30 conposition 36 which flows through the flow
passages 44, 46, 48 is directed into_thg tlIow path 54 when the fluid - 13
- conposition has a sufficiently high ratio of desired fluid to undesired
fluid therein. In this exanple, the desired fluid is oil, which has a

hi gher vi ' :hanywat er 5,5ULLLCGL-8At high
proportio%ggﬁb%%gapﬁungcgngggfg?%ﬁngggigqgﬁr?ggﬁﬁafgrp%§g%gg gﬁuﬂgast a
great er ptopuntiesnyedf filhedf khiededonposi ti on 36 which enters the flow path
sel ection device 50 will be directed to flowinto the flow path 54, instead
of into the fl dw patib &&amphes tbésubesisedclilevddisOodle twbithehhbkuid

exiting Lge ﬁontrol on% 7ghat a %reater ratea gigherhvelocity and/ or
greater rEREImM tRERSH ) 8% TR ﬁrtﬁg §fher B6ntPol” 88r9 66, thereby
i nfl uehci sgfrhieithuig hligW pgobberibheopashag€s ubd, cbihpos4ttionf Bgwigore

t owar d the,f|OMlRFLh 54. 15If the viscosity of the fluid conpasition 36 is
not suffi Etént PyMRIGRLIEINAOrnAS 2SpSti 8 GFea&sir BIOPPEEAOPd BAdESPred fl uid

i's be|0W/Q;ﬁﬁhe%bﬁgpgi¥ﬁbh13@ mRliehi bMtees ahel €asly gaghegbggcgﬁgﬁortion)
of the fluid con805|t|on whi ch enters the flow path sel ection device 50
c

will be 2dediiFecb@dvidlf bewdinesteHetPl §hopatAtsethensileddpathi Atto the flow
path 54. Ihg%e‘é‘pghfbﬁn@ ©th@ tf'i’égj %%{ltﬂ 8%t &ﬂi%h?tegﬁﬂftr 9k g%lﬁg%dﬁ‘t. a

greater rate, er velocity an gr eat er nonentum t han exi ting
t he other doentpolkhpoffiuifd, ekhéenegy thef coencohgpblieé 70und Bl gweagefrr om t he

passages 25,64,.68, 74 to fl.ow nore toward,the fl ow path.56. . It wll
be appr ecfated PREDSELYeL85iah: FAPLPY SBRFFSAr MRECLRATY FORFDELEAes 44, 46,
48, contrekipasgaghs 64heb8contmblobopdr 6% ,66he?ebyVvahfexcabanbetrseb2, 72,
etc., the ratio of desired to undesired fluid in the fluid 30 conposition
36 at whi ERUEAefdoViRg 560 tbEL B2EPPAEP Phe PPow/fad€adéOB4™Bre56 for flow
of a maj okblyrafl theuiedol gachhesdevi ce can be set to various different

| evel s.

15 If the viscosity of the fluid composition 36 is not
sufficiently high (and thus a ratio of desired fluid to
undesired fluid is below a selected level), a majority (or
at least a greater proportion) of the fluid composition
which enters the flow path selection device 50 will be

20 directed to flow into the flow path 56, instead of into the
flow path 54. This will be due to the fluid exiting the
control port 66 at a greater rate, higher velocity and/or
greater momentum than fluid exiting the other control port
70, thereby influencing the fluid flowing from the passages

25 64, 68, 74 to flow more toward the flow path 56.

It will be appreciated that, by appropriately
configuring the flow passages 44, 46, 48, control passages
64, 68, control ports 66, 70, vortex chambers 62, 72, etc.,
the ratio of desired to undesired fluid in the fluid
30 composition 36 at which the device 50 selects either the
flow passage 54 or 56 for flow of a majority of fluid from

the device can be set to various different levels.



WO 2011/ 022210PCT/ US2010/ 044409 - 14 - The flow paths 54, 56 direct fluid
to respective control passages 76, 78 of the other flow path selection
devi ce 52v0Tha/eaivr ol passages 76, 78 term nate at respetiise@oveady ol
ports 80, 82. A central passage 75 5 receives fluid fromthe fl ow passage
42. The flow path sel ection device 52 gpecates simlar to the flow path
sel ection device 50, in that a majority of fluid which flows into the
device 52 via the passages 75, 76, 78 is directed toward one of the flow

paths 58, 60, apd }9oihBakthawsaat Besaligetion:denends @apactatko of fluid
di scharged fromthe gonF?ok ports 30,18%. I? g?uig fFomg Fhrough t he
control pepnt80lapvaasggest @6,r d8epfvéhecotheandlow petbnsedeasioconpared to

fluid flow.ng thrqugh the caontrol port 82, eg,a,ngj orli r at least a
greater 1 eg&SSOE?FonfBSfCPHErPﬁuP SES%SSSF%r0283€eﬁ#ﬁPa%é %?rected to flow
t hr ough t kespkewipat Boa@rolf pbirtisd 8Dl 082 .t hroughtirhe pasbage port 82 at a

greater rate, .velocity and/ or tum as conpared to fluid flow ng through
t he cd%tr5?066V?88%au¥ﬁeErSmWEFEFERQW(Bﬁsé?gﬁeégt a greater proportion) of

the 20 fluid conposition 36 wll be directed to flow through.the flow path
58. Al t hdB§h Tl BRthhECLPER PRt ASYEFECPPORPEEFIEES SEBL1ES &Pe

depi cted icRet ReoGXpERhE s@flebRecnY 8beILE5500 KFhGende bt mahbliRg appreci at ed
t hat any nunber (including one) of flow 25 path sel ection devices may be

used in ké&épiAgWiiich €RAevpriih&optls EeViResSdi ¥éhosheePatradgsvi’es 50, 52

illustrat i BgoFL f k Ll ked iQ t t
et -type 16 4% At S 5as i SraempPhe REepbDEC0 Bahy, a8 60al Al on

devi ce® (&hg. flpwepatiheskty}petlOnf Hepdndat bo anphitfibep$, fhuidt abl e fl uid
She e GBLARRLETSLofl U LabkRcATBLELS6Y, Bhe) TEPRRERGHAN Keepi N9
through the control port 80 at a greater rate, velocity
and/or momentum as compared to fluid flowing through the
control port 82, then a majority (or at least a greater
15 proportion) of the fluid composition 36 will be directed to
flow through the flow path 60. If fluid flows through the
control port 82 at a greater rate, velocity and/or momentum
as compared to fluid flowing through the control port 80,
then a majority (or at least a greater proportion) of the
20 fluid composition 36 will be directed to flow through the
flow path 58.

Although two of the flow path selection devices 50, 52
are depicted in the example of the system 25 in FIG. 3, it
will be appreciated that any number (including one) of flow

25 path selection devices may be used in keeping with the
principles of this disclosure. The devices 50, 52
illustrated in FIG. 3 are of the type known to those skilled
in the art as Jjet-type fluid ratio amplifiers, but other
types of flow path selection devices (e.g., pressure-type

30 fluid ratio amplifiers, bi-stable fluid switches,
proportional fluid ratio amplifiers, etc.) may be used in

keeping with the principles of this disclosure.



- 15 - Fluid which flows through the flow path 58 enters a fl ow
chanber 84 via an inlet 86 which directs the fluid to enter the chanber
gener al | ywoangeneiial |y (e.g., the chanber 84 is shaped ®CEiUSa010f084409
cylinder, and the inlet 86 is 5 aligned with a tangent to a circunference
of the cylinder). As a result, the flLuhd will spiral about the chanber 84,
until it eventually exits via the outlet 40, as indicated schematically by
arrow 90 in FIG 3. Fluid which flows through the flow path 60 enters the
10 11 ow chanmbeg) §4qvisian E@%@% BH-80G6N ! 20k bhen' 5l doke, Gl gw more
directly toward the outlet 40 (e.g., in a radial direction, as indicated
schemat i cdllby bhambeow8d2viipa BhGin3et 86 whlichbdireadisl $hepgleddated, nuch

| ess ener S nsumed, at the sa fl ow rate en,the fluid flo nore 15
i ety BhiER o CRReUNE MRl HRReTATTy LANGERLSARIS" (a8, | Fhe; FhatiBeTo:
directly Bawdasdshheedutlidtilar to aThydindezs aedi shendalke Bkowsi s
experiencggﬁgggg the fluid conposition.36 flows nore _directly.toward the

;" =Co

out | et> 40 WEPs@l FanAsPE FesPsFPAREEMEETPPER PS E&EeFV HEEET20 when

the flui dagogpesktie) thewsihgaswdinespliyatiowpbdtt RacoOBhbberAgagr di ngly,
wor ki ng upstream fromthe outlet 40, |ess resistance to flow is experienced
when a mapstitdy 16f eVRELHRGLY esAb8sVirofhgcortdérs “Aroashéndhgabed 84 from

the inlet u I t 0. ;225A mgjority of the fluid
sgﬁgléﬁ]@?g\%\\gﬁ? ggué ol 9y B4 b1E0 2

conposition hr t he ow path 60 when fluid exits the contro

port 80 at a g .ar , ci / t S¢G0 fluid
exiting the coﬁ??gﬁ H%?%ﬁ85¥8k§r§h¥ngg ggfpgqﬁﬁegggﬁtpglggg%?QS%ﬂﬁhen a
maj ori@y dflowhehbinbed BHowiiagahr amlele 880wpasbadesebss 68e F4aufibdows t hr ough

the flow path od. . gg}%g%}Qo%%%%ggclﬁgség%gég4ﬂ60?e:g%? in a radial
direction, as indicated schematically by arrow 92 in FIG.
3). As will be readily appreciated, much less energy is
consumed at the same flow rate when the fluid flows more
15 directly toward the outlet 40 as compared to when the fluid

flows less directly toward the outlet.

Thus, less resistance to flow is experienced when the

fluid composition 36 flows more directly toward the outlet

40 and, conversely, more resistance to flow is experienced
20 when the fluid composition flows less directly toward the
outlet. Accordingly, working upstream from the outlet 40,
less resistance to flow is experienced when a majority of

the fluid composition 36 flows into the chamber 84 from the

inlet 88, and through the flow path 60.

25 A majority of the fluid composition 36 flows through
the flow path 60 when fluid exits the control port 80 at a
greater rate, velocity and/or momentum as compared to fluid
exiting the control port 82. More fluid exits the control
port 80 when a majority of the fluid flowing from the

30 passages 64, 68, 74 flows through the flow path 54.

A majority of the fluid flowing from the passages 64,
68, 74 flows through the flow path 54 when fluid exits the



control port 70 at a greater rate, velocity and/or nomentum as conpared to
fluid exiting the control port 66. Mdire fluid exits the control port 70
when a viwoasitoz2ahp the fluid conposition 36 is above aPs@lusctiem444eyel
5Thus, flow through the system 25 is resisted | ess when the fluid
conposition 36 has an increased viscasiigy—(and a greater ratio of desired
to undesired fluid therein). Flow through the system?25 is resisted nore
when the fluid conposition 36 has a decreased viscosity. 10Mre resistance

to flow ig axpesi EBE*EO' mhsfe 5“@&5%9 ¢ %eOSkftetLeel%g 5592@5' fometiGRCt Y

toward the outlet 40 (e.g., as’in |cate by arrow 9 nor e
reS|stance8tgompewedstexﬁéuudneadtwhentaenapotrpﬂ QbrthQGquMdreonposition

36 flows ipnto th 84.fr n1th 86 and thr gh 15.the fl ow
path g riuta BEiEROTRE) cBRerRaTERER |70 Ghekon 3R95EUIRENBE Brblon e

flom1pathfi&iﬂheombbuudlenles hbeabonbralspmébtaa dkevelgreater rate,
vel ocity and/or nonmentum as conpared to fluid exiting the control port 80.

More f3 uid exitraukhe feont thkkodghpeht 8Zswaan23 ) eestiytell tbesf lvted
flowi ng fromthe passages .64, 68, 74 flows through the flqw path 56,
i nstead of ?huféﬂéﬁ FRe Pﬁ&\"k/lﬁatﬁ%l?as an lnﬂrﬁﬁﬁgfiu §rSSPSt1ﬁ¥ {PBAEA3f | owi ng

fromthe passraesrBftiob8s AbsfikawstbhiaugBitbe fhawapeahbraénWhenribyi d
exits the 25 control port 66 at a greater rate, velocity and/or nonentum as

conpar ed tbrpughdtégi sva§emhdScént resipsed morenphenf thed £a%iids t he cont rol
port 66 m@gﬁggsx£gggsgkyhgg hhgegkgbge OGRQ%bEI?PQS6 is below a sel ected

| evel . crib ove e systen1 is con ured to 30 provide | ess

resisfance to flow paen s%?ﬁc%'% fﬁﬁ@pﬁﬁ'%kggﬁ @PP%E %ﬂeh“%hga§%ﬁlﬁ
viscosity, and nore resistance £o 1 POw h urd conposition has a
decr easedcompossittipn Bhi $1oWwe 203%/ A222t0PETLUB2080L04446081et120-
(e.g., as indicated by arrow 90). Thus, more resistance to
flow is experienced when a majority of the fluid composition
36 flows into the chamber 84 from the inlet 86, and through

15 the flow path 58.

A majority of the fluid composition 36 flows through
the flow path 58 when fluid exits the control port 82 at a
greater rate, velocity and/or momentum as compared to fluid
exiting the control port 80. More fluid exits the control
20 port 82 when a majority of the fluid flowing from the
passages 64, 68, 74 flows through the flow path 56, instead
of through the flow path 54.

A majority of the fluid flowing from the passages 64,
68, 74 flows through the flow path 56 when fluid exits the
25 control port 66 at a greater rate, velocity and/or momentum
as compared to fluid exiting the control port 70. More
fluid exits the control port 66 when a viscosity of the

fluid composition 36 is below a selected level.

As described above, the system 25 is configured to
30 provide less resistance to flow when the fluid composition
36 has an increased viscosity, and more resistance to flow

when the fluid composition has a decreased viscosity. This



is beneficial when it is desired to flow nore of a higher viscosity fluid,

and | ess of a |lower viscosity fluid (e.g., in order to produce nore oil and
| ess wat ewoaniigegdy If it is desired to flow nore of a PORAIS2M0®¢8ItY 5
fluid, and less of a higher viscosity fluid (e.g., in order to produce nore

gas and |l ess water, or to inject nore gtzeam and | ess water), then the
system 25 nmay be readily reconfigured for this purpose. For exanple, the
inlets 86, 88 could conveniently be reversed, so that fluid which flows 10

through the LLAWRALA1EnEh Gir 36! Bdsiochneol Bhsl HreaB? bl Hidnuhi ch Tl ovs
through the flow path 60 is directed to the inlet 86. Ref'erri ng

addi ti onavigcpewtyo fEuGd, 4andndeker ofonf Lgueat varcobitie fVaidaliee gf-I, ow
resistancgns%§heg1%5 i%oé% regr%%ent§tiﬁglﬁ gll%s%%%ted. ng configuration
of FIG 4-1s®srm|ar Pnosome rgspegﬁs 6% né gon?igurgfigﬁ f FIG 3, but
differs sonemhg%,.in.thﬁt Lhedvgrtﬁi chanbers 62, .72 are.not u%ed for the
fl ow passages ,lES}Sa 5th&% Ba P¥ P5% Bgsga&gwﬁf X&ﬁﬁgéfng the inlet

38 to 3 heffluew,pahll 28ssebé&chi BAglevi §&@stdsisyndliuigedel. .t heéncortiegur ati on
of FIG 4. Instead, the flom1passage 48 connects the inlet 38 to the
central p&SsR§eIFESoMOrReJgeyvPRE 5855 Watern 9 ites1pgeshaleyeagiP™Mpr anch

passages g4a- ¢ckBt Grseeh ,t hach! ewepagsagm 48 an¢ Beovedaifiluid 25
comuni cati on between the fl ow passage and the control pasSage 68. Chanbers

96a- c ar erpeevifdeyred fRe thidpeptirpesent eFo&ceron®lbet keninhetsr 8ach

assages a- d L. S A .gr eat r I t4i . | ui d
Pommost 11 on gbulnd cpigehs R pA0E ARy <800 88 Ehall 2BQLH' ARiRh, ERENE. M S
i nto The bhapohhpabsadéswOpatb &8 tikedvirscoedt yoothehenfleti 88¢ompdsiti on

" Conpirt FiCRedraREL thrBhak Epby Sy, FRER B 35 GlopEhed, Pate,

vel ocity a&nd/ anleenmgetum t hrough the control port 70 of the device 50
(conpared to the rate, velocity and/or nonmentum of fluid flow through the

control port 6@pfasrtifRg additionally now to FIG. 4, another

configuration of the variable flow resistance system 25 is

15 representatively illustrated. The configuration of FIG. 4
is similar in some respects to the configuration of FIG. 3,
but differs somewhat, in that the vortex chambers 62, 72 are
not used for the flow passages 46, 48, and the separate flow
passage 42 connecting the inlet 38 to the flow path

20 selection device 52 is not used in the configuration of FIG.
4. Instead, the flow passage 48 connects the inlet 38 to

the central passage 75 of the device 52.

A series of spaced apart branch passages 94a-c
intersect the flow passage 48 and provide fluid
25 communication between the flow passage and the control
passage 68. Chambers 96a-c are provided at the respective
intersections between the branch passages 94a-c and the flow

passage 48.

A greater proportion of the fluid composition 36 which
30 flows through the flow passage 48 will be diverted into the
branch passages 94a-c as the viscosity of the fluid

composition increases, or as the velocity of the fluid



5 viscosity of the fluid conposition increases, or as the velocity of the
fluid conposition in the fl ow passage 48 decreases. Preferably, the
system 25wof20AV&2214 i s appropriately configured so that pCinase@biostod f 1 ows
t hrough the control 10 ports 66, 70 has a linear or nonotonic relationship
to a proportion of a desired fluid in yle_fluid conposition 36. For
exanple, if the desired fluid is oil, then the ratio of flow through the
control port 70 to flow through the control port 66 can vary with the

per cent ag b+ id 15 0%hi,l:Qn ; h s 96a-c
are not s??ﬁ%ﬁ?&kﬁggegggf%%gggf agggg?oéFgég ygﬁénﬁéﬁgeaghg g?%g?FEof

vi scosi t yretiet hgedoeétyi enddbrf momgnitpmo thitoughatbk pessagéspd4s- @0 The

chanbers 96a-¢ can._be considered "eddy" . chanbers, since,the rovide a 20
e 880 fie Ay Pt 8T (SehBArpARY L RUOTAEES vRL ARSI BRAPBRY OF)
i ncreasi ngofieviensi off @flutibie filbwi dhasughs thieseonitiryli poreases. a¥artheus

di fferent shapes, volunes, surface treatnents, surface topographies, etc.
may bé5us¥&sF8?lFHe°€hgﬁ8eF U3, COMPESE-GPRe I NERRAREE 1t RE ngégﬁ of 25

VISCOSItyv@modﬁ%$r§E0ﬂh@ffﬁhqadcbﬂb@s&heohr@ﬂcmh@asgage§a8éagé-48

Al t hough three of the branch passages 94a-c are depicted in FIG 4, any
number (i AEFLEEPAESene) of the branch passages may be used in keeping wth
the principles of this 30 disclosure. The branch passages 94a-c are

| i nearly space8rgfgrebdy,otbespyetem Lheof| EWGpadsageappraprdepedived in

2011/ 0222 1BPETPORI0LOP o Fi0 T e15Ee 18] o paplRceRe ooty Bhs PPl ey
coul dlbe porany6$i,dé@0shaef at henEbowopassagtodldc irelkéepnshini tbh the
prinCiple%r%%o%@&%nd%%cgoggggred fluid in the fluid composition 36.
For example, if the desired fluid is oil, then the ratio of
flow through the control port 70 to flow through the control
port 66 can vary with the percentage of o0il in the fluid

15 composition 36.

The chambers 96a-c are not strictly necessary, but are
provided to enhance the effect of viscosity on the diversion
of fluid into the branch passages 94a-c. The chambers 96a-c
can be considered “eddy” chambers, since they provide a

20 volume in which the fluid composition 36 can act upon
itself, thereby increasing diversion of the fluid as its
viscosity increases. Various different shapes, volumes,
surface treatments, surface topographies, etc. may be used
for the chambers 96a-c to further enhance the effect of

25 viscosity on diversion of fluid into the branch passages

94a-c.

Although three of the branch passages 94a-c are
depicted in FIG. 4, any number (including one) of the branch
passages may be used in keeping with the principles of this

30 disclosure. The branch passages 94a-c are linearly spaced
apart on one side of the flow passage 48 as depicted in FIG.

4, but in other examples they could be radially, helically



As is nore clearly viewed in FIG 5, the flow passage 5 48 preferably
increases in width (and, thus, flow area) at each of the intersections

bet ween tWwe 2brianzetiopassages 94a-c and the fl ow passage. PCHOES2018/0944de h w2 of
the fl ow passage 48 is greater than a wwdth w of the flow passage, w dth
W3 is greater than wwdth w2, and widthqwi_is greater than width 10 w3. Each
increase in wwdth is preferably on the side of the fl ow passage 48
intersected by the respective one of the branch passages 94a-c. The wi dth

of the f'%W B@ﬁ§§9§8é8 FQEE@aéﬁér@t Eﬁﬁhthggeééﬁﬁh' g Wht? ?hglpéggﬁh

passages 94a-c, in ordef to 15 conpensate r sprea ing o w’of the
fluid conp@stheoﬁIQW pheseagh t#hBe fihoWepaivggwitkr ther ablincapjles- tfpe fl ow
of the fl hd cgngoilthgn 36 is maintained as it traverses each of the
|ntersect|ons RS Fénner hi gher velocity and | ower viscosity fluids

| fl d d d 94
e [ otorsoct| oo 38 MBrE prERTAY ket 18, k08  obe P B RREReRE8EC 45 may

be evenl y4gppeedeapdlly (asrdepest eél widEhCPand,&thhsor funevarky)spaced
apart. The s aC|ng of .the branch p assa%es 94a-c_is preferably selected to
mai ntai n EREN28TE] Ehet fpEerpsRtePrEnRetivars éBﬁpB§PPFBnPéésﬁﬁﬁéuaﬁarﬁe fl ow

passage 4%n€5thb E&%WGF§§§a§éCh iPAL8N SBCHiaRh @2 BEnEh@n%QO%bﬁﬁgsage I'n
the configuration of FIGS . the desired fiuid has a hi gher vi'scosity

as conpar é8 ie oheatryeshpadaf Wwidgh 90 afdtbe fhewvappeageel wadhhsWaf the
system 25; %Ogggatéko%%aﬁs%ﬁa%ﬁgﬁﬂlcéﬁ g%g%hoh PSS3ees e g?gn &g@%ho'

ports 66, ranch passages ers 6a c, etc.
2011/D@ZZWGPCTEUSBOiﬁb@éAé@Q1n w@dthapprppefatebﬂyconftgersddsooﬁhahethe

Fiui d fTofiRY PRPSASR Fhe pheedselosuBlaone BeBReatiRE PREWoBarheSa when
t he fIU|db®aﬁphsphseag3§ basa- a.sufficientiy hi gh
The width of the flow passage 48 increases at each
intersection with the branch passages 94a-c, in order to
15 compensate for spreading of the flow of the fluid
composition 36 through the flow passage. Preferably a Jjet-
type flow of the fluid composition 36 is maintained as it
traverses each of the intersections. In this manner, higher
velocity and lower viscosity fluids are less influenced to

20 be diverted into the branch passages 94a-c.

The intersections of the branch passages 94a-c with the
flow passage 48 may be evenly spaced apart (as depicted in
FIGS. 4 & 5) or unevenly spaced apart. The spacing of the
branch passages 94a-c is preferably selected to maintain the

25 Jjet-type flow of the fluid composition 36 through the flow
passage 48 as it traverses each intersection, as mentioned

above.

In the configuration of FIGS. 4 & 5, the desired fluid
has a higher viscosity as compared to the undesired fluid,
30 and so the various elements of the system 25 (e.g., flow
passages 44, 48, control passages 64, 68, control ports 66,

70, branch passages 94a-c, chambers 96a-c, etc.) are



5 viscosity. If the viscosity of the fluid conposition 36 is not
sufficiently high, then the device 50 directs a majority (or at |east a
greater pwoporttazea1p of the fluid into the flow path 56. PCi/us20mejoets0e y of
the fluid has been directed into the 10 flow path 54 (i.e., if the fluid
conposition 36 has a sufficiently highpgi scosity), then the device 52 will
direct a majority of the fluid conposition to flowinto the flow path 60.
Thus, a substantial majority of the fluid conposition 36 will flowinto the

chanber 84,418 the ERLetohs i By eANdoWehhy @hEOWC kel 8bi Uekucdir sct, | ess
resi st ant Bgthpté the&oufﬁe%é46? © I'f a najgr%ty OP tﬁe Flui has been
directed mpjpmétyeorea’lliensts ehegrebterparbpbtiong. ofi thehélflidi d
conposi ti 36 has,a relatively_ |low viggosity), then the 20.device, 52 will
direct a TaPRirSy thEokEE” FhY gheshisd 2ion bs FPowtiRt 6oEne ProReGR h 58,
Thus, a sebswaehi ghendjlaidt yoapothe ibhuBd tespassuifdic3enwillyl hiigaw i nto the
chanmber 84 .via the inl tFEG, and wi. || f I% g %érelatively.chcuitous, nor e
|

resi stant VHECASLEYr he TouthEt VAGCOSS Y PéflorempRaliphPecPatéd t hat
the syst epbR5sakfib&ontdy&hdghnciaanesheedestiancsot aikkewsoh mahaklivgl y | ow
viscosity fluid conmpositions, and decreases resistance to flow of

rel ativel YORi @& +P366sPt JTPRGPY PERPOSIELPBNSsOfTRES EJ8LdofintPsEbSi ty at

whi ch res%gb@n gthoskl ow through 30 the system 25 increases or decreases
above or below certain | evels can be determ ned by appropriately

configuring thecvari t f S e : :
2011/ 022210PCT?68§0%‘8?§5§§§SB? 5pe! 10%q ylé%’mg}egﬁ VIEPPERR PES: &P owi ng
t hr oulth t liéofvl patpaSdage -48 ,has &heelfduiidebypmpbowitvebociBbyhapr eporti onately

f the flui.d wll. be. di d, f he f{ d,i h
branch pasSagat gRkIy nigLul PR o baner "Paipg ce 82 1 bR ke

a majority of the fluid composition to flow into the flow

path 60. Thus, a substantial majority of the fluid

composition 36 will flow into the chamber 84 via the inlet
15 88, and will follow a relatively direct, less resistant path

to the outlet 40.

If a majority of the fluid has been directed by the
device 50 into the flow path 56 (i.e., if the fluid
composition 36 has a relatively low viscosity), then the

20 device 52 will direct a majority of the fluid composition to
flow into the flow path 58. Thus, a substantial majority of
the fluid composition 36 will flow into the chamber 84 via
the inlet 86, and will follow a relatively circuitous, more

resistant path to the outlet 40.

25 It will, therefore, be appreciated that the system 25
of FIGS. 4 & 5 increases resistance to flow of relatively
low viscosity fluid compositions, and decreases resistance
to flow of relatively high viscosity fluid compositions.
The level of viscosity at which resistance to flow through

30 the system 25 increases or decreases above or below certain
levels can be determined by appropriately configuring the

various elements of the system.



5 of fluid flow through the control port 70 to fluid flow through the
control port 66. As a result, a majority (or at |least a greater proportion)
of the flwDadotignzpmsition will flow through the inlet 88pcmus2tlod4ahanber
84, and the fluid conmposition will follow a relatively direct, |ess
resistant 10 path to the outlet 40. _ 27 _Conversely, if the fluid flow ng
t hrough the fl ow passage 48 has a relatively high velocity, proportionately
| ess of the fluid will be diverted fromthe flow passage and into the

branch passageg;943z¢i+fesyl thRIehQ; ggteasedn at ikgeofefluid flow
t hrough the co%%ro?apo t 70 tonguiéaf?o%&tﬁéoug%gﬁﬁe coﬁtroﬁhport 66. As a
resul t, apsapeget $#8(brpsab lredstizedyedvwr vplopdtyi, opyopbrihentlteily

conpositign 36 wll flow.t.hrough . the.inlet 86 into.the.chanher 84, and the
FPuP e’ conpBER: Phnche FIHaP Bat" pe G Tefpac el £abe F150 " Resaa08, PR n
path to theateuthet b4@nch passhyewi bha-thetretaleinbheiappr gecated thatiot he

system 25 of FI GS. & 5 increases resistance to_flow rel atively high
vel ocity P&u#guggnﬁiQWtFBﬁgyg nd 8e€P@§§8§ PeLits?Anke EEUFso%ﬁBW rel atively
| ow vel ocichyolighi €heorBasiblopsrtTBe .25akeyUelre8li1 el acmby ot tyhieh at

resistance to flow through the system 25 increases or decreases above or
bel ow a cépfgitnal eFeptesnrEerastarnined breapprdpr Fameryitdrni Yidilng t he

various egggg,nftﬁrehghh;%héy%g@t b QH‘Eop‘cﬁ%FE?‘éﬂF%aﬁﬁ',ea% ftglé FYRLEm 25,

the flow 0 a relfatively low viscosity such as the ui

conposi t i ecpmpesh&iongwalhi ghlpowper redatdfedasditecsi nlless resiistedtby t he
system noagﬁtkgrthgs %%&o%ih% (above a WD 2011/ 022210PCT/ US2010/ 044409 -
22 - T ni Ram't iresnol § veFOC|ty). However, the flow of a relatively high

viscosity fl ui such as the { uig co iti.on mﬁ havi ng. a g' h proportion
of “o 1 therel nf oPEEFBSTSr cd oy PPnd LE0 EAPANY WRERCEDS W08 8Pty T o above a
5 sel ect egakeugk. 480ak8, at Resatihalgcheghsivetdcotyt, herspsiredoaatean be
determ ned by appropriately configuring the various el enents of the system

less of the fluid will be diverted from the flow passage and

into the branch passages 94a-c, resulting in a decreased

15 ratio of fluid flow through the control port 70 to fluid

flow through the control port 66. As a result, a majority

(or at least a greater proportion) of the fluid composition

36 will flow through the inlet 86 into the chamber 84, and

the fluid composition will follow a relatively circuitous,

20 more resistant path to the outlet 40.

It will, therefore, be appreciated that the system 25
of FIGS. 4 & 5 increases resistance to flow of relatively
high velocity fluid compositions, and decreases resistance
to flow of relatively low velocity fluid compositions. The

25 level of velocity at which resistance to flow through the
system 25 increases or decreases above or below a certain
level can be determined by appropriately configuring the

various elements of the system.

In one preferred example of the system 25, the flow of
30 a relatively low viscosity fluid (such as the fluid
composition 36 having a high proportion of gas therein) is

resisted by the system, no matter its velocity (above a



Referring additionally nowto FIG 6, another configuration of the system
25 is representatively 10 illustrated. The configuration of FIG 6 is
sim |l ar iwormnyo2eBagspects to the configuration of FIGS. 2C&US20100844d9 f f ers
somewhat, in that fluid fromboth of the flow passages 44, 48 is

communi cated to the central passage 7Z52of _the device 52, and a spaced apart
series of branch passages 98a-c 15 intersect the fl ow passage 44, with
chanbers 100a-c at the intersections. Any nunber (including one), spacing,

si ze, CO”R‘QEﬁﬁEe%Hre§561d ok BBEtP%a”CPoQ%§ 20e$128216,,28¢ ghanbers 100a-c

may be use eping with 't e principles o this disclosure. 20Simlar to
t he branchepasdageéy ddghcvamdoshaybéluidodsuctieser thedfabade, the branch

passages 98a-c 100a erate t dlvert RYO rtionately nore
P rr oRoTRESE oRA30eBoY HY fatoRo PEREOEEAPPaPEpRlag e 8 ERY Govi ce
52) as theeEuStéﬂlby thet Bgstehi dntgnpaent ies aélbadtyaiesabaseoa as the
vel ocity of _the f| onp05|t|on ecreases in the flow iage Thus,

propor§|oﬁ§9€F§eﬁeg§VﬁﬁU|dAﬂélBel EPEJ°PBTRPRESERELGE B rF 865¥SteRe

viscosity2gf chRepkl Hedegminasl biyOBp %@obﬂ@é@é&?scoﬁﬁlg rihg wakocity of the
fluid conposition decreases in the tl ow passage 44 0Since nore fluid is

del i ver edVB&1PHE EORTEBIESpELt the SYSERB-viscosity of the fluid conposition
36 increases, or as the velocity of the fluid conposition decreases in the
fl ow WO 2011/oﬁziﬁgpemgusgdieﬂenalég now3to Eé§saée a80therdescri bed above

in re'at'%BnEQ h?%tiBHfBQU QPF QFPES tﬁég B@Qtl@%hQOOf fluid flow

t hrough the co ALt ol port the cont port 66
increake51§mbstaatbdlIyThBreomﬁeguthelﬁnvoﬁcﬁisty60ﬁstBemﬂﬂamdinompnsition

36 increases, or when,the velocity of th o] Si reases in
The cont: SUPRERSA 8P e cERragbbliardt: BT Soft PouPit SATEPERI G 4 &
5. Conver semgwhblie dat ithadf fillddd firtbawbblihov@hthbe feont paksigeponri, 70 to
fluid fIOM/through the control port 66 decreases substantlally nopre when

the vi sco&Pt ySof OFRENAFALS cGHpGQPtF@Ht§81dBé?§§§€s SoPtwiheR HR¥1GEl ocity

of the flghd QﬁﬂpﬁsbbbeadlB@b@%sgﬁthStB% QQBBbﬁUba%baﬁe§f9§bi 6, as
conpared to the configuration of . Thus, 15 system 25 of

FIG Bi slnﬁeése§§péh§|@éowOpéﬁéﬁg@s4ﬂn V#§bo§hﬁwb@r8vépeérpya@fthﬁe fluid
CO”pos't'99t§§se@%189§93f§ﬂytBuhBErSXEBSEhBEnE'Sﬁe)é §p§01ng, size,

configuration, etc., of the branch passages 98a-c and
chambers 100a-c may be used in keeping with the principles

of this disclosure.

20 Similar to the branch passages 94a-c and chambers 96a-c
described above, the branch passages 98a-c and chambers
100a-c operate to divert proportionately more fluid from the
flow passage 44 (and to the central passage 75 of the device
52) as the viscosity of the fluid composition 36 increases,

25 or as the velocity of the fluid composition decreases in the
flow passage. Thus, proportionately less fluid is delivered
to the control port 66 as the viscosity of the fluid
composition 36 increases, or as the velocity of the fluid

composition decreases in the flow passage 44.

30 Since more fluid is delivered to the control port 70 as
the viscosity of the fluid composition 36 increases, or as

the velocity of the fluid composition decreases in the flow



Anot her difference in the configuration of FIG 6 is that the chanbers
96a-c and the chanbers 100a-c decrease in 20 volune stepwise in a
downst r eawpadprigeeiion al ong the respective fl ow passagesP¢8/Us4eio/od430s, t he
chanmber 96b has a snaller volunme than the chanber 96a, and the chanber 96¢
has a smaller volune than the chanbec 96b_ Simlarly, the chanber 100b has
a smaller volune than the chanber 100a, and 25 the chanber 100c has a
smal | er vol une than the chanber 100b. The changes in vol une of the

chanbers BQ@s%g%”q§ﬁ89?[gfgégiﬁéhpa58v%0EHGQEQB%iBHVtBh%ﬂgeS in flowrate,

vel ocity, etc. “of onposition 36 through the respective passages
48, 44. Feopnéignpbgioat ofatAGSUcdessbye Bbei masioeofi dauhdt §@ew t he branch

passages a-c and.the flow.passage .4 e.velocity.of the fluid through
Phe T ow phechgh"Spouerpader BEEYT0nko, A8 stgLrPReSRethett ve o
2011/ 0222t6RETLWUSPOLR/ 644408 readéds- sabstahtibe lghasker sh8hathedecr eases

accordi ng Simlarly,  at successive intersection betmeegpthe branch

| y. I ac
passages §§§985éﬁ§ Phe theot Bégsﬁﬁﬁpﬂﬁ}tﬂﬁB 8 $BFEFA5PSrneTt PR hPough

the flow 9@§§@QQ¥46fWithb decrigasempandtiba vebwersaek 3nthaerespective one
of the chanbers 100a-c decreases accordingly. One advant age of the

confi gur afPBAdgyraties. of- EIgvep t RE E6RPPEEBAatPoihef cPnEigyrpsipRapfal | of
t he fIOM/pgggngs& gl ow paths, control passages, branch passages, 10 etc.
in the configurations of FIGS. 4-6 are preferably in a single plane (as

V!emed In th? @Fﬁ@%ggéhy,cﬁhgogg%go é@e@lhﬁg ?Xgheqh%gugﬁt%ﬂgscontrPﬂ
circunferentially about; "or I'n, a tubular structure, the passages, ow
pat hsl0 et porwoGl0d tpr éfleddblfyolve thtroagbatrber adnalrodi ppamcé6i degreaseshe
tubul ar substantially more when the viscosity of the fluid

composition 36 decreases, or when the velocity of the fluid

composition increases in the configuration of FIG. 6, as

compared to the configuration of FIGS. 4 & 5. Thus, the

15 system 25 of FIG. 6 is more responsive to changes in
viscosity or velocity of the fluid composition 36, as

compared to the system of FIGS. 4 & 5.

Another difference in the configuration of FIG. 6 is
that the chambers 96a-c and the chambers 100a-c decrease in
20 volume stepwise in a downstream direction along the
respective flow passages 48, 44. Thus, the chamber 96b has
a smaller volume than the chamber 96a, and the chamber 96c¢
has a smaller volume than the chamber 96b. Similarly, the
chamber 100b has a smaller volume than the chamber 100a, and

25 the chamber 100c has a smaller volume than the chamber 100b.

The changes in volume of the chambers 96a-c and 100a-c
can help to compensate for changes in flow rate, velocity,
etc. of the fluid composition 36 through the respective
passages 48, 44. For example, at each successive

30 intersection between the branch passages 94a-c and the flow
passage 48, the velocity of the fluid through the flow

passage 48 will decrease, and the volume of the respective



15 structure. This makes the system 25 less difficult and expensive to
construct. Referring additionally nowto FIGS. 7A & B, another

confi gur avDan11gR211be vari abl e fl ow resi stance system 25PC3/uSepoasant ati vel y
illustrated. The system 25 of FIGS. 7A & B 20 is nuch | ess conpl ex as
conpared to the systens of FIGS. 3- 5, 23t _Ileast in part because it does not
include the flow path sel ection devices 50, 52. The fl ow chanber 84
of FIGS. 7A & B is also somewhat different, in that two inlets 116, 110 to

t he chanb a S i bkh _fl i > Siti : La two
fIOM/passgégs6%1§5e1%9g&h§gﬁmgF?e%tegﬁggﬁ%ggdgggggggﬁgpgﬁ tggﬁﬁgafgk'
opposi ng ditr eechomscegbestivehensetrbettdon hetwephnctbe bmakRc@SpazaageB, fl uid

whi ch enters the_ch er..84 via the inlet, 116 is directed.to_flowin a

o ookt oo iR Segpan eRRoE18g BpRebl®, 1l *hpt  Sandeihhsen tak an b e, [
chanmber vicarbhehi nhet 106G pbasdagectiadwtialf Hewrieasa,caundt €éheclvotkmiesef

di recti on about the qutlet. WO ﬁOll/OZﬁZlOPCE/USZO 0/ 044409 - 25 -

In FIQ 7KhSt hESByStaNP28PPs Odepiet E82MReLSsilPUarFoASFReRRFFEN an i ncreased

vel ocity amdoeningdyced viscosity of the fluid conposition 36 results in a
majority of the fluid conposition flowng into the chanber 84 via the inlet

116. 5 The fl ubdecaaRasithy@No36cnkhesngRiyhizhe idhaubrt kecgut hek 4Qein the
chanber 84, and a resistance to flow through the system 25 increases. The

reduced vitBeosernfigvpgipasaift FiFemalpelthpitvaly Péwthat fdowf desired fluid
t desi id ich th i d it 1 i ittle of th
B onERSrE b T Ra ) ScATRa LagBaghs, 1AFRkEN Kabhabil ol e

fluid conpositron’s3 infot via't in FIG
7A, betausécthenf tbe passagerdtdons odnh&CBed4t6 branphefassbdgsibO2a-c

rhich, braRShShEOURE, (L RRRRR0, HAeohe R KGR OB AREEC A
the system 25 extends circumferentially about, or in, a
tubular structure, the passages, flow paths, etc. would
preferably be at a same radial distance in or on the tubular

15 structure. This makes the system 25 less difficult and

expensive to construct.

Referring additionally now to FIGS. 7A & B, another
configuration of the variable flow resistance system 25 is
representatively illustrated. The system 25 of FIGS. 7A & B

20 is much less complex as compared to the systems of FIGS. 3-
5, at least in part because it does not include the flow

path selection devices 50, 52.

The flow chamber 84 of FIGS. 7A & B is also somewhat

different, in that two inlets 116, 110 to the chamber are

25 supplied with flow of the fluid composition 36 via two flow
passages 110, 112 which direct the fluid composition to flow
in opposing directions about the outlet 40. As depicted in
FIGS. 7A & B, fluid which enters the chamber 84 via the
inlet 116 is directed to flow in a clockwise direction about

30 the outlet 40, and fluid which enters the chamber via the
inlet 110 is directed to flow in a counter-clockwise

direction about the outlet.



15 viscosities, the fluid conmposition 36 tends to fl ow past the eddy
chanbers 104a-c, without a substantial amount of the fluid conposition

fl owi ng twoaogim2ehie eddy chanbers and branch passages 102aAIS2410/084369 | ow
passage 114. In FIG 7B, a velocity of the fluid conposition 36 has 20
decreased and/or a viscosity of the tlgisd_conposition has increased, and as
a result, proportionately nore of the fluid conposition flows fromthe
passage 112 into the branch passages 102a-c and via the passage 114 to the

inlet 110. Singg the, fHQMBthBtng@émcaénﬁgrdéélEEQH‘Eﬁf LW chakebs 146, 25

110 are in opposing direétions counteract each er, resulting in a
di srupt i owhafht be vortrersed Nﬂlphet&hanﬂépr reduceASVdeppsuea ofi Ehe. 7B,

the fluid 03|t|on 6 f pi.rall abou th 4 and nore
directly Fi PPgﬁ%lpﬁeggi zu ﬁ& thédde SIS ¥a %e %ﬁomgthrough t he

30 systenbaﬁpoﬁhuionre&bwhagc&nto th@wchbmbugh8uhelayshenu25ets1d6creased

when the velocity of the fluid nposi ti on . 36_decreases, when the i scosity
of thésflagﬁ %gﬁégsFPWBﬁSlVEPQO%%ﬁ0§§Ef0§E?F@é§0f PHEakbg oUsget Allcreases,

or when ajhathe ehafBskred,f huudat ecdidesheedtbl didw Rhi-Bagh! ¥hd
conposi tion increases. Referrlng additionally nowto FIGS. 8A & B,
13}

anot her c8WPitglr 46 dACELaERE -varNgbIFEIHLEd Vésrepatvecoyddenrsylis 5
represent %&b}ﬁegyrbggte%eageqo Qstﬁxs%%nhéél%d%gﬁ@%o uBaksiska lar in

many respects to the syst 7A & B, bu ers at least in that
t he branclilpadsapeshe0ZiuddandmpddytibanBérs 104a-c are not necessarily
used in the FIGS. 8A & B configuration. Instead, the flow passage 114
itsel¥010 brangkéstoiklyf likélel of phss&geidl2omposition 36 flows

into the chamber 84 via the inlet 110 in FIG. 7A, because
the flow passage 114 is connected to branch passages 102a-c
which branch from the flow passage 112 at eddy chambers
104a-c. At relatively high velocities and/or low

15 viscosities, the fluid composition 36 tends to flow past the
eddy chambers 104a-c, without a substantial amount of the
fluid composition flowing through the eddy chambers and

branch passages 102a-c to the flow passage 114.

In FIG. 7B, a velocity of the fluid composition 36 has
20 decreased and/or a viscosity of the fluid composition has
increased, and as a result, proportionately more of the
fluid composition flows from the passage 112 into the branch
passages 102a-c and via the passage 114 to the inlet 110.
Since the flows into the chamber 84 from the two inlets 116,
25 110 are in opposing directions, they counteract each other,

resulting in a disruption of the vortex 90 in the chamber.

As depicted in FIG. 7B, the fluid composition 36 flows
less spirally about the outlet 40, and more directly to the
outlet, thereby reducing the resistance to flow through the

30 system 25. Thus, resistance to flow through the system 25
is decreased when the velocity of the fluid composition 36

decreases, when the viscosity of the fluid composition



Anot her difference is that circular flow inducing structures 106 are used
in the chanber 84 in the configuration of FIGS. 8A & B. The structures 106
oper at e twormiwmaiin circular flow of the fluid conpositipom/u3é01aloeudd 15 t he
outlet 40, or at least to inpede inward flow of the fluid conposition
toward the outlet, when the fluid coapegi Lion does flow circul arly about
the outlet. Openings 108 in the structures 106 permt the fluid conposition
36 to eventually flowinward to the outlet 40. 20The structures 106 are an

exanpl e of BQ@%EQEJCBQfWQB?aB'QQtQB B@edéﬁﬁﬁéﬁ‘%@uﬁa”tBeuﬁhbgﬁ?tho produce
a desired P|OM/Y€SIStanCE e.g., when the urd conposition 36 has a

pr edet er mfAeddviisc bt ¥ lurdl comppsitensi ipncreases-of desired to undesired
fluid therein, etc.). The manner in 25 which the flow passage 114 is
branched of f oReffkerfihngwapdssageall® nswyéb AAGSheBAexaBpl enothkow t he
configuratioE.of t@e sys%enhZS can gg alaered to @roduce a des% ed flow
resi st ancEOPFASEFBT18R, OFn&Psy YPEARDSS SL0ULIEPAEPARCE SYEGAT 68 1R 30

whi ch mn irepireasadaveleciyt ylandtenteaducetdevisyetsimt g50bft kecklLusd & B
conpositigon 36 results in a majority of the fluid conposition flowing into
the chanbéf §4™}l3Tt B8 MARE: TEPBSCtROE20RFOSYSEEBCPLUE36Y0/ dR4408 - 27 -

The flui dpgenpesickir-8Nad61chBYS inSRhh@! $habewhnthe padkhebs4@obB-Ehanghanber
84, and a resistance to flow through the systen12§ i ncreases. The reduced
vi scosi t yeddli sbambersol4perapireenpt| sRceaspsidly yesdr aa thei §168-

undesi redohl Wi d i . Lui.d c Lty O 6 thyal LEtl e of
t he fIuid8%b§pgs??Pgﬁ%§2a%ﬁ§%é CHMRRSRY ORndbe1oy, pasBELRE 1NE XebbhE! ©

FI G BA, beeavhest béff bédwtpassdgw paddsagebiddched fromthe fl ow passage 112
in a manner such that nost of the fluid conposition remains 10 in the flow

passage 112. Annoehaeti delffelreghevebothbitesiandlar fdnawviiadosinges, the
(L 9 comesliignaZohndz Bebhoypest LlakhorleaggRlly | 0 IS
of the flugblfeguRasibhoBfh@sGs. 8A & B. The structures 106 operate

to maintain circular flow of the fluid composition 36 about

15 the outlet 40, or at least to impede inward flow of the

fluid composition toward the outlet, when the fluid

composition does flow circularly about the outlet. Openings

108 in the structures 106 permit the fluid composition 36 to

eventually flow inward to the outlet 40.

20 The structures 106 are an example of how the
configuration of the system 25 can be altered to produce a
desired flow resistance (e.g., when the fluid composition 36
has a predetermined viscosity, velocity, density, ratio of
desired to undesired fluid therein, etc.). The manner in

25 which the flow passage 114 is branched off of the flow
passage 112 is yet another example of how the configuration
of the system 25 can be altered to produce a desired flow

resistance.

In FIG. 8A, the system 25 is depicted in a situation in
30 which an increased velocity and/or reduced viscosity of the
fluid composition 36 results in a majority of the fluid

composition flowing into the chamber 84 via the inlet 116.



15 increased, and as a result, proportionately nore of the fluid
conposition flows fromthe passage 112 and via the passage 114 to the inlet
110. The woceoaageriovi scosity of the fluid conposition 38CKAS2016/0844@9t O an

i ncreased ration of desired to undesired fluids in the fluid composition.
20Since the flows into the chanber 84 hromthe two inlets 116, 110 are
oppositely directed (or at least the flow of the fluid conposition through
the inlet 110 opposes the flow through the inlet 116), they counteract each
ot her, re%ﬂbtE@QlH”c6m§g§“ERBh0@69f gﬂ% Ve E?él%o bBuEh%h%héﬁﬁﬁég 49 Thus,
the fluid conposi tion flowe more diréct y to the outlet 40 and a

resi st ancént shel oambesugh , thedspsteSRBSansedeoréé@ﬁdthmouehthae any of the
features qf ny 9% Eggrcgnflgur ions ocehhe ) s%§%125 de%crlbed above may
be 30 i ncPdded™ A any 6FCHE" ot F cgﬁylgurgﬁl of the sysgeﬁ1aﬁd t hus,
it shoul drb¢atiicten st cod tbahotbesde%&abdre&uadetoohndéehmsave1h¢damn one
particul ar_ co g gﬁ:atlon of .the_ WD 2011/ 022210PCT/ US2010/ 044409 - 28 -
systeﬁ? ThH8Ss 3 pifh 58MPeRikdonsdd i n any type of well system (e.g., not
only in the we stem 10)., .and for acconpllshlng vari ous purposes in

various wel | B@#é%ﬂBﬁ%Y #ﬁ&F&&uﬁé bhe Aetidi FPrBast&irR) é6t f4RYS
stiml ati QRrodthamehgmbar, sRr ¢duckhanintarf engrRserIari Bhi, NgceRAEAL | ONS,

etc. It may now be fully apgre0|ated that the above discl osure
provi des $hBsfanii RRsaadganddAenssbiranchedafronf thenflew Pagspgai d12l ow in a
wel . Fl uid Blﬁyhﬁgg gﬁch that most of the fluid composition remains

10 in the flow passage 112. At relatively high velocities
and/or low viscosities, the fluid composition 36 tends to

flow past the flow passage 114.

In FIG. 8B, a velocity of the fluid composition 36 has
decreased and/or a viscosity of the fluid composition has
15 increased, and as a result, proportionately more of the
fluid composition flows from the passage 112 and via the
passage 114 to the inlet 110. The increased viscosity of
the fluid composition 36 may be due to an increased ration

of desired to undesired fluids in the fluid composition.

20 Since the flows into the chamber 84 from the two inlets
116, 110 are oppositely directed (or at least the flow of
the fluid composition through the inlet 110 opposes the flow
through the inlet 116), they counteract each other,
resulting in a disruption of the vortex 90 in the chamber.

25 Thus, the fluid composition 36 flows more directly to the
outlet 40 and a resistance to flow through the system 25 is

decreased.

Note that any of the features of any of the
configurations of the system 25 described above may be
30 included in any of the other configurations of the system
and, thus, it should be understood that these features are

not exclusive to any one particular configuration of the



10 variably resisted based on various characteristics (e.g., viscosity,
density, velocity, etc.) of a fluid conposition which flows through a

vari abl e wbamwegiist ance system In particul ar, treTAISOM®/0di40C] OSUr e
provides to the art a system 25 for variably resisting flow of a fluid 15
conposition 36 in a subterranean wel L. 2g8he system 25 can include a first

fl ow passage 48, 112 and a first set of one or nore branch passages 94a-c,
100, 102a-c which intersect the first flow passage 48, 112. In this nanner,

a proPOft%?Qt%R thenkl u %Qt%ﬂ”@@sbhhograﬁsghvﬁhtgﬂggEggbtB% & ﬁ'rSt f1ow

passage 48, 2 tothe first set o nch pass 102a-c

vari es basydten de. Qeasno@nenéy an thcwsﬂﬂysastemelﬂbuldndoﬁp@sition 36,
and b) vel.ocit th& e u ui.d co osot Qn. 36Vinl 3 e p%ssage 48,
98. The p98p8 on Pgtﬁg %PUId coﬁp85|t|on 36 8|ver Sg mthé first
flom1passagelaa;nngutOnbhe1ﬁmﬁsbdseb thbbamoh,pasiageataéa c 100, 102a-c
preferably increases in response to increased viscosity of the fluid
conpoé?t|88m§§et%ﬁé pPSBGPFF&HnofCPHSOFWGPHecoﬁﬁ&igﬂPSn°§8r& vePfed from
the firstekkbQw passage 48, 112 to the first set of 30 branch passages
94a-c, 100, 102a-c preferably increases in response to decreased velocity

of the fluid C@%D&ﬁythgw 36 Eﬁlh abp&ghlakgw RassagBed8bové2. WO
2011/ 022210PCT/ US2010/ 044409 - The first set of branch passages

94a-c candéscé@ﬁuﬁﬁeprpaﬂéeéoﬁyb§tﬁn@ma36aﬁ@aaCEme§¢8c@ﬁttbe patsade 68 of
fl | 50
a tiow pa&gﬁ%ﬁkﬁﬁahglgﬁﬁxpc%lé% Sngg%pa%Euie %ﬁbhog §6¥F0¢ can

sel ect whi | ow pat a mjority o uid flows
t hr outh f vemibbéydeescetsd, bbasddoatvbe&sUspahakabtgrdstﬁhs peegerti on of
the fluid_co 05|t| the first cgn passage . %8. The

Syst em 26 VEAHBR Y iqBe BB E s PO s BhGe) 4R vy f L dia B3RBAE P Eon

which flows through a varlable flow resistance system.

In particular, the above disclosure provides to the art

a system 25 for variably resisting flow of a fluid

15 composition 36 in a subterranean well. The system 25 can
include a first flow passage 48, 112 and a first set of one
or more branch passages 94a-c, 100, 102a-c which intersect
the first flow passage 48, 112. 1In this manner, a
proportion of the fluid composition 36 diverted from the

20 first flow passage 48, 112 to the first set of branch
passages 94a-c, 100, 102a-c varies based on at least one of
a) viscosity of the fluid composition 36, and b) velocity of

the fluid composition 36 in the first flow passage 48, 98.

The proportion of the fluid composition 36 diverted
25 from the first flow passage 48, 112 to the first set of
branch passages 94a-c, 100, 102a-c preferably increases in

response to increased viscosity of the fluid composition 36.

The proportion of the fluid composition 36 diverted
from the first flow passage 48, 112 to the first set of
30 branch passages 94a-c, 100, 102a-c preferably increases in
response to decreased velocity of the fluid composition 36

in the first flow passage 48, 112.



a second set of one or nore branch passages 98a-c which 10 intersect the
second fl ow passage 44. In this configuration, a proportion of the fluid
conposi t iwo 288/de2ert ed fromthe second fl ow passage 44PCo/ush@osesiond set
of branch passages 98a-c preferably increases with increased viscosity of
the fluid conposition 36, and increasesgwith decreased velocity 15 of the
fluid conposition 36 in the second fl ow passage 44. The second fl ow
passage 44 can direct the fluid conposition 36 to a second control passage

64 of the fl owppat e op<d 5 | gwypat e n vi ce 50
can sel ect mhigﬁgo?l?EE %%ktﬁg §¥ 8h aSEQEE% @5 @ Baﬁ h%%%%?lfggof fluid

fl ows thr@&ghdfpompphetdenlaé 50, abésedtonoatr@ﬂlQassagbo@8r@ﬁes éflowhe

The Tas DoBgRh, 581pRE bR Bgick 8ol | Hhe  BRCRCEANY S2TLEE1CRRRAER 8O, OO

64, 68 prebarabu¢ctaWheshWbEhmuesmp¢b tfoow pathe 6f,d6si ethajdbriilkyi eft o
undesi red E|Uld n the fl“iﬂ 30 0S Ftlon 36. TBe Eirst set _of branch
Ko Ble

passages 94418 f QUS th3ug GdEeHiFE PSREh3Had€a§ls spaced

apart al opgrthaifikr sh thew @@@é@g@zoﬁ%fl%ae Alchanbemp88atéonl@4a-c may be
provi ded at each of nultiple intersections between the first 30 fl ow

passage 4diverpegnhdot kbepfanek pavsagésrosgage $62a-c. WO
2011/ 022210PCT/ US2010/ 044409 - 30 - fluid conposition 36 through the first
fl ow passage 48helsystami Pdwcapeansfludheaf pesonf| §hopapsagedasislvithay

45, 112 aad°ERoTA Far ok B B eRenBr AN, PR adek 38 APy Hesor i bed
abovel( s ansessent25hkosecandalillpw passage 44. In this configuration,

a proportion of the fluid composition 36 diverted from the

second flow passage 44 to the second set of branch passages

98a-c preferably increases with increased viscosity of the

fluid composition 36, and increases with decreased velocity

15 of the fluid composition 36 in the second flow passage 44.

The second flow passage 44 can direct the fluid
composition 36 to a second control passage 64 of the flow
path selection device 50. The flow path selection device 50
can select which of the multiple flow paths 54, 56 the

20 majority of fluid flows through from the device 50, based on
a ratio of flow rates of the fluid composition 36 through
the first and second control passages 64, 68. The ratio of
the flow rates through the first and second control passages
64, 68 preferably varies with respect to a ratio of desired

25 fluid to undesired fluid in the fluid composition 36.

The first set of branch passages 94a-c, 100, 102a-c can
include multiple branch passages spaced apart along the
first flow passage 48, 112. A chamber 96a-c, 104a-c may be
provided at each of multiple intersections between the first

30 flow passage 48, 112 and the branch passages 94a-c, 102a-c.

Each of the chambers 96a-c, 104a-c has a fluid volume,

and the volumes may decrease in a direction of flow of the



resisting flowof a fluid conposition 36 in a subterranean well, with the
system 25 including a flow path sel ection device 50 that selects which of
mul ti pl e woewmpeetis 54, 56 a 10 majority of fluid flowsPChrusagl/of440m t he
device, based on a ratio of desired fluid to undesired fluid in the fluid
conposition 36. The fl ow path sekgcti on device 50 can include a first
control port 70. Aflowrate of the fluid conposition 36 15 through the
first control port 70 affects which of the nultiple flow paths the najority

of fluid %hﬁﬁg %E& tEBﬂ”th%hggﬁ'BetPQ fIQEtfkqu ?ES?& et B8, 1 hy

conposition 3 the irst control port 70 pref vari es Eased on
t he ratlvoEldUsared pifuittiet 6 ivntesilowdpbbardei A8t hé 12| may 20crempesi ti on

he dev | l.ud d
control pah SaEn Be oL I B8tk hRRr Rk SEnR0 PR RBR PN EINEE BRECNC

mul tipl e phewapgaet A8,541256nthehevffatrsty set blfubdahtcbwpatbBageghotinem,t he
devi ce_ 50 ?ased on aratio 25 of a) the flowrate of the fluid conposition
36 thr%ugﬂ ReCfirst control port 70 to b) a flowrate of the fluid

conposition 36 through the second control port 66. The ratio_of the flow
rates through Ph&°f APSFTiRgdsebeNg &8n?r8V5§8Wt3576°r68aﬁﬂépéyably varies

W th respeekik@ihge il 8£0h 3Qudastba thBh@ntQGUEﬁeéléﬁgtEEBbﬁebﬂ the
fluid conposition™ WD 2011/ 022210PCT/ US2010/ 044409 - The fluid

conposi ti ¥8136 wakbf tb® system QﬁrépcééﬁﬂﬂélapéﬁPW79a¢haS§ﬂepéa§F one
control p h t a .t g gl whicgh _t he
fluid cong§§??§o§%3gh??oﬁggggsgl%&ﬁggtg%o& EZE?? %éé h%%ggtséﬁ §§ r om
the 510 | owagassageod8filaithélowst tblropghsdgemc8headevary,baseddonnt ke ratio
of desired_fluid_tqo undesired. fI |d | the fluid.conpositi 36. A

b oport 1 of260 RE PRHTACRofaGrt FonuBBeRAren F10IE FRoR Ene Pitw passage 48
to the copbmpbspass®agee68 can increase when a viscosity of the fluid
conposition 36 10 increases, and/or decrease when a velocity of the fluid

conposition 36The thewf bawhpassageidd de¢fieased. can include a first
control port 70. A flow rate of the fluid composition 36
15 through the first control port 70 affects which of the
multiple flow paths the majority of fluid flows through from
the device 50. The flow rate of the fluid composition 36
through the first control port 70 preferably varies based on
the ratio of desired fluid to undesired fluid in the fluid

20 composition 36.

The flow path selection device 50 can also include a

second control port 66. The flow path selection device 50
can select which of multiple flow paths 54, 56 the majority
of fluid flows through from the device 50, based on a ratio

25 of a) the flow rate of the fluid composition 36 through the
first control port 70 to b) a flow rate of the fluid
composition 36 through the second control port 66. The
ratio of the flow rates through the first and second control
ports 70, 66 preferably varies with respect to the ratio of

30 desired fluid to undesired fluid in the fluid composition
36.



The flow path sel ection device 50 can include a second control port 66. A
flowrate of the fluid conposition 36 through the second control port 66

af fect s wWNpchiiafR2221the 15 nmultiple fl ow paths 54, 56 the majrarseag/oefs0d | ui d
flows through fromthe device 50. The fluid conposition 36 flows to
the second control port 66 via at | easzjone control passage 64 through
which the fluid conposition 36 flows. The control passage 64 20 connects to
at | east one flow passage 44, and a flow rate of the fluid conposition 36

fromthe f|0m’@géfﬁgﬁéé4cbﬂﬁ§§§t§8§t?%'cgﬁ?%ﬁ%@ @é|3?§ ¥ary.based,gq the

ratio of desire to u sire luid in the conposition 36. A
proporti opoot fReviibuatt deapbdsineonoBdérwnhi phsthgrs 685whiom thankktw passage

44 to the_control passage 64.c decr ease a_yiscosity of. the flLuid
composi 1157 36 ey BAsRYGe0 e SRrPREhc ATl Ehes rY A EPlR i 1R, Py
conposi ti @no@6.i nAt Keofyl ewtpassaghed4lunar eampdsithenabBeverdmsehesure al so

provi des tg the art a ﬁsten1g0 25 for variably resisting flow of a fluid
conpos? t i 6hOY6PPRSZIEURPelPalhBEin CRBIFF O LWPRR SERE §§SFQH1§ ¥nlPEEANG a 1 ow

chanber 84neArBRjier bydekitbe fhuid eempasketiesd3g1anberis tWO fluid
2011/ 022210PCT/ US2010/ 044409 - 32 - the chanber 84 in a direction which

changes b&SBROSAt&OPabPo of BESPPEGIPPUPE theuhdudrr eamPPgigirR BRe fl uid
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the chanber 84 to an outlet 40 of “hanmber 84 in response to an”i ncrease
in the rabBoceh desireedef Wwhied tovisdesiitydoff| the ifautidecbinpoditamposioti on
36. 10 increases, and/or decrease when a velocity of the fluid

composition 36 in the flow passage 48 increases.

The flow path selection device 50 can include a second
control port 66. A flow rate of the fluid composition 36
through the second control port 66 affects which of the
15 multiple flow paths 54, 56 the majority of fluid flows
through from the device 50.

The fluid composition 36 flows to the second control
port 66 via at least one control passage 64 through which
the fluid composition 36 flows. The control passage 64
20 connects to at least one flow passage 44, and a flow rate of
the fluid composition 36 from the flow passage 44 to the
control passage 64 can vary based on the ratio of desired

fluid to undesired fluid in the fluid composition 36.

A proportion of the fluid composition 36 which flows
25 from the flow passage 44 to the control passage 64 can
decrease when a viscosity of the fluid composition 36
increases, and/or increase when a velocity of the fluid

composition 36 in the flow passage 44 increases.

The above disclosure also provides to the art a system
30 25 for variably resisting flow of a fluid composition 36 in
a subterranean well, with the system 25 including a flow

chamber 84. A majority of the fluid composition 36 enters



The majority of the fluid conposition 36 enters the chanber 84 via one of
multiple inlets 86, 88. The one of 10 the nultiple inlets 86, 88 which the
maj ority wo 20h2p310i d conposition 36 enters is sel ect edPb@adsdolon444be rati o
of desired fluid to undesired fluid in the fluid conposition 36. A first
inlet 88 directs the fluid conpositiani336_to 15 flow nore directly toward
an outlet 40 of the chanber 84 as conpared to a second inlet 86. The first
inlet 88 nmay direct the fluid conposition 36 to flow nore radially relative

to the OULkE! AduBs.coIPaned Lo LhgiSEopRdchntahndss Thscrecand Laksh 80

may direct the sition 0 to spira re a ut t he out

as conpar ed desuhedffﬂgud|Mbeunaesired flﬁhd d¢hatrber £84idanompogénépal | y
cylindrical.-shaped, and the fluid conposition 36 nay spiral nore within the
chanmber 84~ as the ratio of desired fluid to undesired fluid in the 25 fluid
conposition 36 reas stem 25 pref.era | ow
ot sel ot on By F L0180 CPRRPS L8R SbaRrEn MOF e EFREY A iiRe0gR 55 a
maj origy ehef buaﬁ\bétcowa tbr augbutiem ubeodevheechbased ga tlheréapbﬁs@f
desired fluid tg undesired fluid in the flui.d 30 _conposition 36 WO

2011/ 022216pPet LBSEEGPE44R0ENe B3tio of de?ﬁéeﬁl5&Pﬁ§tﬁ°s€PQ€?#6ﬁddeV|ce 50

i ncludes &1{iESt nCeREr @h uRar bomBosAtiibawsgate of the fluid conposition 36
through the first control port 70 affects which of the nmultiple flow paths

54, 56 the maj @hit magbr&kg gl Laws 34l Br eBabokh @ILbhngsdeyikees the flow rate
of the fluid conposifion 36 through the first control port 70 varies based

on the rarhembprdédi véd ﬁh@l@ftmu&ﬁdééEré@lEtal§6hn86he Thei eneomfposi ti on
36. 10 the multiple inlets 86, 88 which the majority of the fluid

composition 36 enters is selected based on the ratio of
desired fluid to undesired fluid in the fluid composition

36.

A first inlet 88 directs the fluid composition 36 to
15 flow more directly toward an outlet 40 of the chamber 84 as
compared to a second inlet 86. The first inlet 88 may
direct the fluid composition 36 to flow more radially
relative to the outlet 40 as compared to the second inlet
86. The second inlet 86 may direct the fluid composition 36
20 to spiral more about the outlet 40 as compared to the first

inlet 88.

The chamber 84 can be generally cylindrical-shaped, and
the fluid composition 36 may spiral more within the chamber
84 as the ratio of desired fluid to undesired fluid in the

25 fluid composition 36 decreases.

The system 25 preferably includes a flow path selection
device 50 that selects which of multiple flow paths 54, 56 a
majority of fluid flows through from the device, based on
the ratio of desired fluid to undesired fluid in the fluid

30 composition 36.



The flow path sel ection device 50 can al so include a 10 second control port
66. Aratio of a) the flowrate of the fluid conposition 36 through the
first corwopabiyne11070 to b) a flow rate of the fluid compeaiseé10m4469 t hr ough
t he second control port 66 affects which of the nultiple flow paths the
majority of fluid flows through fromthg device. The ratio 15 of the flow
rates through the first and second control ports 70, 66 preferably varies
with respect to the ratio of desired fluid to undesired fluid in the fluid

conposi tion 36q Eh%lE%UEQtBOQBQEEEhBH ﬁ@v&%@wé nt?uliBs B'%i&s%ontro' 20

port 70 via at east on ontrol passage 6 connects to a fl ow

passage 480nhro&gpowh|6ﬁ t hé Eﬂ@wdro@apo§|thenf361ﬁl0@@pOAltuow Bate of the

fluid co |t| 6 fron1the flo age 48.q the cantr I assage 68 can

vary based &R F5F qeveral PRERATR,Bculsrr BuPRLPE BB he T uid 25

conpositlmnlﬁﬁple flowaathbom%pash ﬁhbethOBldQVbEefiﬁldaﬁlbWS|Ude a

second. control port 66. A flom/rate fHe fluid c& tBsm on 36 through the
e

second® coftrghd OFFOQGtQngeyécﬁhlcﬁ 8f RY KAIEi B Pow!Hafhs 54, 56 the

mejority ebm gb@udlbhowg 3arbagaughef Famstheocdeybiepd@s Toevhiriied
conposition 36 flows to the second control port 66 via at | east one control
passage 6RagRA0QHhtRRI EAtiReOf| degiterpddrifoto3gndpsiged fpbuid in

2011/0222%980¥&H§a0é85§6éé9§on 34 .- The control passage 64 connects

to at | east one flow passage 44 A flow rate of the fluid conposition 36

from the flow passage,44.Lh LOGCRNLROLCAIRSAYE B4nValEES ifATedeOY the

ratio of desire 0 undesire
10 second control port 66. A ratio of a) the flow rate of the

fluid composition 36 through the first control port 70 to b)
a flow rate of the fluid composition 36 through the second
control port 66 affects which of the multiple flow paths the
majority of fluid flows through from the device. The ratio

15 of the flow rates through the first and second control ports
70, 66 preferably varies with respect to the ratio of
desired fluid to undesired fluid in the fluid composition
36.

The fluid composition 36 can flow to the first control
20 port 70 via at least one control passage 68 which connects
to a flow passage 48 through which the fluid composition 36
flows. A flow rate of the fluid composition 36 from the
flow passage 48 to the control passage 68 can vary based on
the ratio of desired fluid to undesired fluid in the fluid

25 composition 36.

The flow path selection device 50 can include a second
control port 66. A flow rate of the fluid composition 36
through the second control port 66 affects which of the
multiple flow paths 54, 56 the majority of fluid flows
30 through from the device 50. The fluid composition 36 flows
to the second control port 66 via at least one control

passage 64 through which the fluid composition 36 flows.



5 fluid conposition 36. Al so descri bed above is system 25 for
variably resisting flow of a fluid conposition 36 in a subterranean well,

wi th the wo=20am2250i ncl udi ng a fl ow chanber 84. A nmmj or PCY/UsRomioe4hd ui d
conposition 36 enters the chanber 84 10 in a direction which changes based
on a velocity of the fluid conpositian336_ The fluid conposition 36
can nore directly flow through the chanber 84 to an outlet 40 of the
chanber 84 in response to a decrease in the velocity. 15The ngjority of the

fluid conpositiga égﬁgéﬁﬁfp%gFaerGQhEBHﬁ%cﬁé xgaagngegggnghgighgwinlets

86, 88. The one of t e’inlets 86, 88 is selected based on the
vel oci ty. pAsbiegst 4dne 88fabwt metrubfi phe ifalbetscompoditeon Bhe firbmi d

conpositi%ﬂﬁgglto flom/nnrgédire%héy tO@@rqlan 20 ou het 40 of .t he .chanber

84 as conpa P8 §2888dmd n§°8 f “Che PFSF@an et Jar+es ba?ﬁg first

inlet 88 oaytder eatibheff Hesdrednidsiti en 8adeeifrkdwfimid dadicakl y rel ative
to the out&et 40 as conparﬁg to the second inlet 86. The second inlet 86
may ditectlPhE SEMPPELE10BmP8sition 36 to spiral nore about the outlet 40
as conpared to_the first inlet 88. | The chanber 84 may be generally
cyl i ndri cal - sh&p&8, 9888 iReds pPRPYCCdRpSYPEEBN 236 TRy VapiLARI Ymore within the

chanber 84.3ssthagveheq by bnengagesompBineisnsBemid>aCanbaks@ahBahude a
flow path sel ecti on device 52 that selects which of nultiple flog pat hs 58,

60 WD 20Yeld227ioPCrhEsEystrp44409ncluding a flow chamber 84.
majority of the fluid composition 36 enters the chamber 84

10 in a direction which changes based on a velocity of the

fluid composition 36.

The fluid composition 36 can more directly flow through
the chamber 84 to an outlet 40 of the chamber 84 in response

to a decrease in the velocity.

15 The majority of the fluid composition 36 can enter the
chamber 84 via one of multiple inlets 86, 88. The one of
the multiple inlets 86, 88 is selected based on the
velocity. A first one 88 of the multiple inlets may direct
the fluid composition 36 to flow more directly toward an

20 outlet 40 of the chamber 84 as compared to a second one 86

of the multiple inlets.

The first inlet 88 may direct the fluid composition 86
to flow more radially relative to the outlet 40 as compared
to the second inlet 86. The second inlet 86 may direct the

25 fluid composition 36 to spiral more about the outlet 40 as

compared to the first inlet 88.

The chamber 84 may be generally cylindrical-shaped, and
the fluid composition 36 may spiral more within the chamber

84 as the velocity increases.

30 The system 25 can also include a flow path selection

device 52 that selects which of multiple flow paths 58, 60



- 35 - the majority of the fluid conposition 36 flows through fromthe

devi ce 52, based on the velocity of the fluid conposition 36. The above

di scl osurwoabsig2emscri bes a variable flow 5 resistance P¢ISA01AH44409 use in
a subterranean well, with the variable flow resistance system 25 conpri sing
a flow chanber 84 having an outlet 4Q, 3gnd at |east first and second inlets
116, 110. A fluid conposition 36 which enters the fl ow chanber 84 via the
second inlet 110 opposes flow of 10 the fluid conposition 36 which enters

the flow ¢hamher 841yl Bl RRel EABi gl Bb B1ioWN8EERY oy €R-BLBRCE bR | oW
of the qu?% coﬁgosiyion 36etErough tﬁgo%%oapchanberogi varieg mﬁfh aratio
of flows theodghithke5Rir basaddosetbrdviedbetityld6, the0f1u34 resistance to
flow of the quLgﬁéonggsition 36 through the fl ow chanber 84 may decrease

f

as f|0m1tﬁ?888ﬁlt st and second inlets 116, 110 becones nore equal.
Fl ow t hrough t first and second inlets 116, .110 may bec re equal as
 Vlscos iy of MiReobBYeadisRToe i ron 156" dhoribes. bR R RbR y Tor t ho
fl ui d Tonpesiikitancdb sgetemagss foas udedensiat Yubtetrtankhui detonpasichi on 36

decreases, _and/or as a ratio of desired fluid to undesired fluiLd in the
fluid combB8i VREAaRES ALPWaEESISKAPES] SYSHER €8 FPBRTIPLPAef F4PY

conposi ti eRaRBe£o8uhhayaRgt BE Huewethaahernds sy ebBEr €388 tagnkl ow t hrough
the first and second inlefs 116, 110 becones | ess equal . The fluid

conposi ti 6#c¥edmAR1eLewli6 t AdOkir &t filnier compogisignf PhsWhirbwepassage 112
Composi 11 66e3630 BERpRE, B P et L b 13 P B PesE s S TP R ¢
passage 1thewtilohdi sompbentedngéhewhlich eangest the fdowhehbimber V@
2011/Ozzz%ggclﬁgs%g%géoéﬁig% 116, whereby a resistance to flow of the
fluid composition 36 through the flow chamber 84 varies with
a ratio of flows through the first and second inlets 116,

110.

15 A resistance to flow of the fluid composition 36
through the flow chamber 84 may decrease as flow through the
first and second inlets 116, 110 becomes more equal. Flow
through the first and second inlets 116, 110 may become more
equal as a viscosity of the fluid composition 36 increases,

20 as a velocity of the fluid composition 36 decreases, as a
density of the fluid composition 36 decreases, and/or as a
ratio of desired fluid to undesired fluid in the fluid

composition 36 increases.

A resistance to flow of the fluid composition 36
25 through the flow chamber 84 may increase as flow through the

first and second inlets 116, 110 becomes less equal.

The fluid composition 36 may flow to the first inlet
116 via a first flow passage 112 which is oriented generally
tangential to the flow chamber 84. The fluid composition 36

30 may flow to the second inlet 110 via a second flow passage

114 which is oriented generally tangential to the flow



- 36 - chanber 84, and the second passage 114 nmay receive the fluid
conposition 36 froma branch of the first flow passage 112. It is to be
under st ooslot2hato2eiie vari ous exanpl es descri bed above mayChaSattoiosszed in
various orientations, 5 such as inclined, inverted, horizontal, vertical,
etc., and in various configurations, .w3ghaut departing fromthe principles
of the present disclosure. The enbodinents illustrated in the drawi ngs are
depi cted and described nerely as exanples of useful applications of the

pr'”?'p'eghéﬁbQE ghe hackﬂéugécoWB'%?séa eNb 4l iy t?@eb@v@”%hgpﬁihﬁac
details of these enbodi nents. codrse, a person skilled in the art
woul d, upepmposatébnl 3éofizoternabiranchf offhéhabdiestiefdpivppreonage 112.
representative enbodi nents, readily appreciate that many 15 nodifications,
addi ti ons, substi tist tonbe delbetrstned &hdtother velrapgesemampbesnade to t hese

specific gnbodLﬁegts and sucg ch%nges @re wi t hi.n t he scoge of the
princi pl e§€6F T tREpPRILfL M3 s EPoSur-& 1 2REc SPAVRGIY St RELPBFEESPRG  det ai | ed
descripti eachsakoibeléhedr| ¥ nyadeedt obdrasobeang gevenchy ,2etvay ahd

illustration and exanpl e only, .the S@Irlt and scope of the present

i nvent i oniBeVAGLPHRI FRATIGHERY 1BYSy nY14PRERAEEPEIAIRE dREA™ RbPFr

equi val enpginc\12914,022218P6LeHE20106044498 .- Fhe MBBEimenELAl MED | S:

1. A systemfor variably resisting flow of a fluid conposition in a
subt er r anéapuggrptedhans{beefravapesspng: depicted and described

merely as examples of useful applications of the principles
10 of the disclosure, which are not limited to any specific

details of these embodiments.

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments, readily appreciate that many

15 modifications, additions, substitutions, deletions, and
other changes may be made to these specific embodiments, and
such changes are within the scope of the principles of the
present disclosure. Accordingly, the foregoing detailed
description is to be clearly understood as being given by

20 way of illustration and example only, the spirit and scope
of the present invention being limited solely by the

appended claims and their equivalents.



5a first flow passage; and a first set of one or nore branch passages
which intersect the first flow passage, whereby a proportion of the fluid
conposi t iwo 2diveezied fromthe first flow passage to thePCirnseowos440é branch
passages varies based on at |east 10 one of a) viscosity of the fluid
conposition, and b) velocity of the tlugrd_conmposition in the first flow
passage. 2. The systemof claim1, wherein the proportion

i ncreases in response to increased viscosity of the fluid 15 conposition.

3. The system gtaql 3cMeda 1B @50 the proportion increases in response to
decr eased veIocPty OF t%e p?uig conposition in the first flow passage. 20

4. The systemof claiml, wherein the first set of branch passages direct
the fluid conposition to a first control passage of a flow path selection

devi ce, and wherein,t f Low.pat I i I l.ec i . f
mul tiple 25 flgﬁ/pa?h§§gt§%ig@?tgagﬁaﬁﬁ%iggﬁﬁg%éﬁghggaghgir%ﬂ?gﬂégdevice,
based at keapbspatbhalihy aosubherpaapant wedlef thkeskbtieth compedistingn
diverted to the first control passage. WD 2011/022210PCT/ US2010/ 044409 -
38 - 5 The systemiebtclfabm pasbugeheandonpri sing a second fl ow passage, and
a second set of one or nore branch passages which intersect the second fl ow
passage, wher ehy farptopett o@noat bliremblrei Braarpopbtsagedi waitad fromthe
second 5 tIOM/passa%e tao.the second set of branch passages increases with

i ncreased HEEESEPEy tBF £AESH il @Vc BABSSREI ol CARAYi Ac PERREE tPPhOdecr eased
vel ocity ehet ReufilubempeBResbhi aRveRtbhe re8mORACl kowsRagsdgepat8tgthe
systemof claim5, wherein the second flow _
to the first set of branch passages varies based on at least
10 one of a) viscosity of the fluid composition, and b)

velocity of the fluid composition in the first flow passage.

2. The system of claim 1, wherein the proportion
increases in response to increased viscosity of the fluid

15 composition.

3. The system of claim 1, wherein the proportion
increases in response to decreased velocity of the fluid

composition in the first flow passage.
20

4. The system of claim 1, wherein the first set of
branch passages direct the fluid composition to a first
control passage of a flow path selection device, and wherein
the flow path selection device selects which of multiple

25 flow paths a majority of fluid flows through from the
device, based at least partially on the proportion of the

fluid composition diverted to the first control passage.



passage directs the fluid conmposition to a second control passage of the
fl ow path sel ection device, and wherein the flow path sel ection device
sel ects wNDchigR211tbe nmul tiple flow paths the majority ofCiiuseaoiolsos
through fromthe 15 device, based on a ratio of flowrates of the fluid
conposition through the first and secong control passages. 7. The
systemof claim®6, wherein the ratio of the flowrates through the first
and second control passages 20 varies with respect to a ratio of desired

flurd to undesired fhil dyLRehNesl bibdnCaIPeRithel. comprisingTheseysham of
claim4, further conprising a secon | ow passage, greln ?he second fl ow
passage difdiewt paskeg2h fhdi d sempodi setnofoocaeseromdreobtrrokchpassage of the

fl h I [ deyi d i he .fl h I ' [
celocte whieRogro RoSRT ERkeEtPebuthE: RebBRg RdthlBrysafer ihitePRue"”

t hrough f pespbleidavotethbasedidncampabieioh Hiowrtatesrom the tkobdd
conpositiggpthrough t he fiLst and 30 second control passages. - 39 - 9.The

I
syst em of *¢PHi RPESAGRer8I TNENESFPREL SE&t O5f PEPRRENPRESEEEEs 1PAEFAGES

nul tiple QranRchnpassaaasvibBaesdtgpakt takorgutiecbnpskitliow,pangage. 510.
The systemof claim9, further conpr|5|ng a chanber at each of nultiple
|

i nt er sect FBAEeBELReEAthhEerrpased| grlpadsigetaber AdupfarOnPrpadsages.
11. The sxgt@ ofeebabmeiByw ﬁgggggg_each of the 10 chanbers has a fluid
S

vol une, an erein the volu crease in a direction of flow of the
fluid conposition through the first flow passage.

10 6. The system of claim 5, wherein the second flow
passage directs the fluid composition to a second control
passage of the flow path selection device, and wherein the
flow path selection device selects which of the multiple
flow paths the majority of fluid flows through from the

15 device, based on a ratio of flow rates of the fluid

composition through the first and second control passages.

7. The system of claim 6, wherein the ratio of the
flow rates through the first and second control passages
20 varies with respect to a ratio of desired fluid to undesired

fluid in the fluid composition.

8. The system of claim 4, further comprising a second
flow passage, wherein the second flow passage directs the
25 fluid composition to a second control passage of the flow
path selection device, and wherein the flow path selection
device selects which of the multiple flow paths the majority
of fluid flows through from the device, based on a ratio of
flow rates of the fluid composition through the first and

30 second control passages.



12. The systemof claim9, wherein a flow area of the 15 first fl ow passage
i ncreases at each of multiple intersections between the first flow passage

and t he fwogbiigee210f branch passages. 13. Apsydaiseomofeovari abl y
resisting flowof a fluid 20 conposition in a subterranean well, the system
conpri si ng: a flow path sel ectLongdevi ce that selects which of

multiple flow paths a majority of fluid flows through fromthe device,
based on a ratio of desired fluid to undesired fluid in the fluid

conposition. 23, TPelé sIQ§_6¥SE§€EﬂT19'%thé§n gﬂ%r%HQSEhEeE'BW path

sel ection device inc ude¥ a tirst control port, and wherein a flow rate of
t he fl ui dbzenpbsipesengehr anghutire fudstipdenbrehcpopesabbest spakiedh of the
mul tiple flaow, paths th% 38'”3%0%EE§ ogsggugd flows through fromthe device.
VO 2011/ 098591 6PETPBE82616/ 6442601 CHoPaS5a98: 15 The system of clai m 14,
wherein the flowrate of the fluid conposition through the first contro
port varies based on the ratio of desired fluid to undesired fluid in the

fluid conpositiaqgn. 16. The_system qf aim 14, wherein the flow
bath <brace: on Wlevi TBer GYEHER PRCFIAET 3o LbsHHEEoREPBELAONE, Sand wher o n
the flow pabhbsel get caghde¥i aalsebeet snebirgbcefiondl beplvechl ewepatihstt he
majority of fluid flows through from 10 the device, based on a ratio of the
f1ow rat e§16F PRESPOGI @nEokpEsPEPBRNt RA§§§HSEhe first and second control

ports. 17. The systemof claim 16, wherein the ratio of the flow
rates through the first and second control ports varies

11. The system of claim 10, wherein each of the
10 chambers has a fluid volume, and wherein the volumes
decrease in a direction of flow of the fluid composition

through the first flow passage.

12. The system of claim 9, wherein a flow area of the
15 first flow passage increases at each of multiple
intersections between the first flow passage and the first

set of branch passages.

13. A system for variably resisting flow of a fluid

20 composition in a subterranean well, the system comprising:

a flow path selection device that selects which of
multiple flow paths a majority of fluid flows through from
the device, based on a ratio of desired fluid to undesired

fluid in the fluid composition.
25

14. The system of claim 13, wherein the flow path
selection device includes a first control port, and wherein
a flow rate of the fluid composition through the first
control port affects which of the multiple flow paths the
30 majority of fluid flows through from the device.



15 with respect to the ratio of desired fluid to undesired fluid in the
fluid conposition. 18. The system of claim 14, wherein the fluid
conposi t iwo 2bienee2100 the first control port via at | easPConS2@0/0e409 r ol
passage which connects to a fl ow passage through which the fluid
conposition flows, and wherein a flow yate of the fluid conposition from
the fl ow passage to the control passage varies based on the ratio of
desired fluid to undesired fluid in the fluid conposition. 25 19. The
system of clai g518 pHRCEELRCH BEOBIBLRORLON whBRehhukfleCoTBYShiancphi ch
flows fromthe flow passage to the control pasSage increases when a

vi scositytbe ﬁhglﬁlapmposnpogntthmougbreageilrswocontrol port varies
2011/0222%0PCT/U829%0/044409 + 4l

st.em_of, cI im18,
wherein a pFSpOPPIOﬂ o] atﬁg PFUI ﬁgoS| n whlcﬁg red Fron?tﬁe fl ow
passage t@hbh&lu@dtbomppaisaga.decreases mhen a veI00|ty of the fluid

conposition in the flow passage increases. 5 21. The system of claim
14, weerein the flow path sel ection device includes a second control port,
wherein a flow rate of the fluid conposition through the second contro

port affects whiech ohet Bgsiuht bl e1bliawipat ihetrbenl@hemjfobivt yath fl uid
flows throu&h fromthe device, wherein the fluid conposition flows to the
second cofif SFtﬁBPtd@VécﬁtfPé&?ﬁrohécéﬁﬁ??oP F8SSRFe CPREERShPRETEehaP e

fluid Conﬁﬁ%kbhﬁntBbOWQOWWBQEﬁ'@e&@%t&%ﬂtH%bleés§%9%c%§”Qﬁ§E§ be at |east
one flow passage, and wherein a flowrate of the 15 fluid conposition from

t he flom/paétagéet@lpWep@@hsr@hepmggagetVapieélbadeélQWSthérpaghof@bm

desiregl flyl dd%@ﬁ@"ﬁ%h%%ﬂ bhubd LB ENGf Lcﬂ' dSSBﬁW?'tE'sOBf the ft1%§d The

system of clal rern-a proportion o I"ui"d "Conposi f1on which
fl ows fronompesfitaonpabsagght thehéicsnt bad passadgecdetredsesriken a
viscosity of the fluid conposition increases. 23. The system of claim
21, wherein a proportion of

17. The system of claim 16, wherein the ratio of the
flow rates through the first and second control ports varies
15 with respect to the ratio of desired fluid to undesired

fluid in the fluid composition.

18. The system of claim 14, wherein the fluid
composition flows to the first control port via at least one
20 control passage which connects to a flow passage through
which the fluid composition flows, and wherein a flow rate
of the fluid composition from the flow passage to the
control passage varies based on the ratio of desired fluid

to undesired fluid in the fluid composition.
25

19. The system of claim 18, wherein a proportion of
the fluid composition which flows from the flow passage to
the control passage increases when a viscosity of the fluid

composition increases.

30



25 the fluid conmposition which flows fromthe fl ow passage to the control
passage i ncreases when a velocity of the fluid conposition in the flow
passage iworense2210 WO 2011/ 022210PCT/ US2010/ 044409 - 4PCT/US2010/04249 A
system for variably resisting flow of a fluid conposition in a subterranean
wel |, the system conprising: a flow changber, and wherein a mpjority
of the fluid conposition enters the 5 chanber in a direction which changes
based on a ratio of desired fluid to undesired fluid in the fluid

ConpOSition %ﬁe ggté%SB%anglﬁl %”]%ﬂer@hﬁrg' rbﬁgrkhghd

conposition nDre “di rect "'ows "t hi ough the cha 10 outlet of the
chanber |mheeébuméecpmp@ﬁltmoneaQeChnfﬂhwsrétpm the f1026pa$hegsy$pen1of

| f the d h hanb
o ot HACEBhRrb T pIBLAGE HeBtabldRsl LT, ROVRIBLLYT pE LA 1Tl R TDe!

is selectedmbas&dlon hhethatEQow passagé. ihbeeagstem of claim 26, wherein a
first one of the nultiple inlets directs the fluid conposition to flow nore
20 dirgctly toward an outl et of the chanber as conpared to a second one of

the multiple inlets. 28. The systemof claim 27, wherein the first

inlet directs the firuedsgempasbifi enatia flhkowwhei-eihadhal FYotvebathve 25 to
the outlet as conpared to the_second inlet. 29. The system of claim
27, wher ePRLERE1BCEHRYIFRI dPcdrpest & ?ﬁ@opﬂupﬁnééﬁﬁOQPFFQn 6r&pir & nore

about the rqutl ehtasoeorpar ¢dytia EBRpbshitiohNk8tough the second

control port affects which of the multiple flow paths the

10 majority of fluid flows through from the device, wherein the
fluid composition flows to the second control port via at
least one control passage through which the fluid
composition flows, wherein the control passage connects to
at least one flow passage, and wherein a flow rate of the

15 fluid composition from the flow passage to the control
passage varies based on the ratio of desired fluid to

undesired fluid in the fluid composition.

22. The system of claim 21, wherein a proportion of
20 the fluid composition which flows from the flow passage to
the control passage decreases when a viscosity of the fluid

composition increases.

23. The system of claim 21, wherein a proportion of
25 the fluid composition which flows from the flow passage to
the control passage increases when a velocity of the fluid

composition in the flow passage increases.

30



WO 2011/ 022210PCT/ US2010/ 044409 - 43 - 30. The system of claim 24,
wherein the chanber is generally cylindrical-shaped, and wherein the fluid
conposi tiwo22p/m2ad18 nore within the chanber as the rati @Ch/USec0pas0s.

31. The systemof claim 24, further conprising a flow path sel ection device
that selects which of nmultiple flow pagyhs_the majority of the fluid
conposition flows through 10 fromthe device, based on the ratio of desired

fluid to undesired fluid in the fluid conposition 32. The system of
claim 31, whergin theglkewnPatk $gh-eghbhond ngNehudessaf igf gt gcontro
port, and wherein 15 a§% OW rate o% tEe9fFu$ s?tlon roug% the first

control pepmpabfiédbs wh|ohsobteheanaaniwbélﬂl@hepayh$emheomarosun¢ of the
fluid conposition flows through. 33. The system of claim 32, wherein
the flow rate ef £20wt bbafberrd eodposition through the first control port
vari es based on the ratio of desired fluid to undesired fluid in the fluid
conposition wherel4. aThajsyitgnodfthbaE&uaa cmhpbeﬁmibheehtewspahb 25

| t furt her. l. nd | wh
oo e RMPEE L gL s e e ghe CRBBIPE! BASEAr SyR PRELPBE And

second codaks@keportsiaf tectindeBiebdof1tha Aul thel €1tiawcpabbsithennajority
of fluid conposition flows through fromthe device. WO

2011/ 022210PCT/ US2010/ 044409 - 44 - 35. The system of cl ai m 34,
wherein the ratio of the flowrates through the first and second contro

ports varies wpth respegystamt B¢ cakim 24,dgakiedn§ kuedri@ikndesired fluid
in the fluid conposition.
composition more directly flows through the chamber to an
10 outlet of the chamber in response to an increase in the

ratio.

26. The system of claim 24, wherein the majority of
the fluid composition enters the chamber via one of multiple
15 inlets, and wherein the one of the multiple inlets is

selected based on the ratio.

27. The system of claim 26, wherein a first one of the
multiple inlets directs the fluid composition to flow more
20 directly toward an outlet of the chamber as compared to a

second one of the multiple inlets.

28. The system of claim 27, wherein the first inlet
directs the fluid composition to flow more radially relative

25 to the outlet as compared to the second inlet.

29. The system of claim 27, wherein the second inlet
directs the fluid composition to spiral more about the

outlet as compared to the first inlet.



5 36. The systemof claim 32, wherein the fluid conposition flows to
the first control port via at |east one control passage which connects to a
fl ow passwigeotimezigh whi ch the fluid composition flows, pamdSasienei4nd a fl ow
rate 10 of the fluid conposition fromthe flow passage to the contro
passage varies based on the ratio of _dggiced fluid to undesired fluid in
the fluid conposition. 37. The systemof claim 32, wherein the flow
path 15 sel ection device includes a second control port, wherein a flow
rate of the fluid conposition through the second control port affects which
of the multiple flow paths the majority of the fluid conposition flows

t hrough fromt dewi.ce el 11 yi,d Lt o:t.he second
20 control por?%Via¥gg Fg§§§ﬁo%§ %EE%&OF4ba§§§g§§?hkggg%h%ﬁ?g% {he fluid
conposi ti genklrewdy whériedmithé-sbapedl, pass@bheredannébes floidt | east one

fl ow passage, and.wherei.n ﬁ flom1ratg of %ﬁe f uig co oibtion f.romthe
f|om/pa338§8PPSl A8 cBREF8 Spggggggl gﬁpe HaSEa™8f t A £i 695f-Cdesi r ed
fluid=®5 Hecwadesired fluid in the fluid conposition. 38. A system

for variably resisting flow of a fluid conposition in a subterranean well,
the system conprising: a flow chanber, and WO 2011/ 022210PCT/ US2010/ 044409
- 45 - wherein a majority of the fluid conposition enters the chanber

in a directionzwhi C@h@h@ﬁ}geémbé$e@_l@ﬁma2\4?| gairtyieef cbherfiiking eowpesi tion.
539. The system of claim 38, wherein the fluid conposition nore directly
flows thr 8a§h ERéeckarPereVacantbat| elertehwhdrlnpér MuAtiedpoAdeVi 0 a

decrease bgthgetﬁglﬂﬁﬁb¥ity of the fluid composition flows through
10 from the device, based on the ratio of desired fluid to

undesired fluid in the fluid composition.

32. The system of claim 31, wherein the flow path
selection device includes a first control port, and wherein
15 a flow rate of the fluid composition through the first
control port affects which of the multiple flow paths the

majority of the fluid composition flows through.

33. The system of claim 32, wherein the flow rate of
20 the fluid composition through the first control port varies
based on the ratio of desired fluid to undesired fluid in

the fluid composition.

34. The system of claim 32, wherein the flow path
25 selection device further includes a second control port, and
wherein a ratio of the flow rates of the fluid composition
through the first and second control ports affects which of
the multiple flow paths the majority of fluid composition

flows through from the device.

30



1040. The system of claim 38, wherein the majority of the fluid conposition
enters the chanber via one of nultiple inlets, and wherein the one of the
mul ti pl e wol2eti®2250sel ect ed based on the vel ocity. 1541PCThiS26198984n9 of
claim40, wherein a first one of the nultiple inlets directs the fluid
conposition to flow nore directly towapd an outlet of the chanber as
conpared to a second one of the nultiple inlets. 2042. The systemof claim
41, wherein the first inlet directs the fluid conposition to flow nore

radial |y rel ati¥e tepphecaubhebrag169pPanedharbhf $8e0Rd il 8k ¢
43. The system of claim AT, whereln tﬁg sécgngriﬁ et %5 %i%ects tﬁg fluid
conposi ti dhoworgpesalthronghabbet filmetoanHeseasondonpatedlt porhe Wardesinl et.

44. The system of claim33, wherein the chanber..i s . generally.

cyl i ndri cﬁll%ghé’ﬁé&?cgn oo RbrerRt TR o Seh 1808 53 i1 PS8R0 iBeE itedo10/ 044400
- 46 - coffposdt ianthpi fausdnebapvstiiiont.he chanber as the velocity

i ncreases. 45. The systemof claim 38, further conprising a flow 5 path
sel ectg on device that selects which of nultiple flow paths the najority of
the fluid conposition flows through fromthe device, based on the velocity
of the fluid cgeposirheoBysteMborActaiimabbe Wheweiasikhbacaigystem for use

in a subterranean well, the variable flow resistance system conpri sing:
composition flows to the first control port via at least one
control passage which connects to a flow passage through
which the fluid composition flows, and wherein a flow rate
10 of the fluid composition from the flow passage to the
control passage varies based on the ratio of desired fluid

to undesired fluid in the fluid composition.

37. The system of claim 32, wherein the flow path

15 selection device includes a second control port, wherein a
flow rate of the fluid composition through the second
control port affects which of the multiple flow paths the
majority of the fluid composition flows through from the
device, wherein the fluid composition flows to the second

20 control port via at least one control passage through which
the fluid composition flows, wherein the control passage
connects to at least one flow passage, and wherein a flow
rate of the fluid composition from the flow passage to the
control passage varies based on the ratio of desired fluid

25 to undesired fluid in the fluid composition.

38. A system for variably resisting flow of a fluid

composition in a subterranean well, the system comprising:

a flow chamber, and



a flow chanber having an outlet, and at least first and second inlets,
wherein a fluid conposition which enters the 15 fl ow chanber via the second
i nl et oppesesifizeawof the fluid conposition which enterecrhis2dloowsohanber
via the first inlet, whereby a resistance to flow of the fluid conmposition
t hrough the flow chanber varies with_agkatio of flows through the first and
second inlets. 20 47. The system of claim 46, wherein a resistance to
flow of the fluid conposition through the fl ow chanber decreases as fl ow

through the fiisbrasd serandriRlebs RRCOFTS BOEEnEALAL:oRoenters 4l The
system of claim47, wherel Fﬁo through the first and second inlets
becones nohembgualinas divestasnt yhatht hbahbgesdbesrposit ronellpcitases. WO
2011/0222%92C%/H§%018/04é49%0‘ 47 - 49. The system of claim 47,
wherein fl'ow %rougﬁ t'RE> 7S and second inlets becomes nore equal as a
velocity of the fluid conposition decreases. 550. The system of claim47,
wherein flow through the first and second inlets becones nore equal as a

density of the_fluid conposition decreases. . 5 T system of claim
Te S Wi o n 11 a0t nTBBORYBRE™ B2 FreiTand, sHEEREPOEBES FRdLbnee Mot e equal
as a rati eofbodesiibadmblrei ditrecungesibed thtbdghnthbechhtbdrcespasi tion

i ncreases. 52. The systemof claim46, wherein a resistance to 15 fl ow of

the flui dOUSAESEsPE SRSt RPBBYRTL BB FPEROBAENHEr 2i AGFESSES 48 £h6w t hr ough
the firstygadcgegond inlets becones |ess equal.

10 40. The system of claim 38, wherein the majority of
the fluid composition enters the chamber via one of multiple
inlets, and wherein the one of the multiple inlets is

selected based on the velocity.

15 41. The system of claim 40, wherein a first one of the
multiple inlets directs the fluid composition to flow more
directly toward an outlet of the chamber as compared to a

second one of the multiple inlets.

20 42. The system of claim 41, wherein the first inlet
directs the fluid composition to flow more radially relative

to the outlet as compared to the second inlet.

43. The system of claim 41, wherein the second inlet
25 directs the fluid composition to spiral more about the

outlet as compared to the first inlet.

44. The system of claim 38, wherein the chamber is

generally cylindrical-shaped, and wherein the fluid



53. The system of claim46, wherein the fluid 20 conposition flows to the
first inlet via a first flow passage which is oriented generally tangenti al
to the flwa2etizrkEn, and wherein the fluid conposition PCoRs2¢10/084369 second
inlet via a second fl ow passage which is oriented generally tangential to
the fl ow chanmber. 25 54. The sysygm.of claim53, wherein the second
passage receives the fluid conposition froma branch of the first flow
passage.

composition spirals more within the chamber as the velocity

increases.

45. The system of claim 38, further comprising a flow
5 path selection device that selects which of multiple flow
paths the majority of the fluid composition flows through
from the device, based on the velocity of the fluid

composition.

10 46. A variable flow resistance system for use in a
subterranean well, the variable flow resistance system

comprising:

a flow chamber having an outlet, and at least first and
second inlets, wherein a fluid composition which enters the
15 flow chamber via the second inlet opposes flow of the fluid
composition which enters the flow chamber via the first
inlet, whereby a resistance to flow of the fluid composition
through the flow chamber varies with a ratio of flows

through the first and second inlets.

20
47. The system of claim 46, wherein a resistance to
flow of the fluid composition through the flow chamber
decreases as flow through the first and second inlets
becomes more equal.
25

48. The system of claim 47, wherein flow through the
first and second inlets becomes more equal as a viscosity of

the fluid composition increases.
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49. The system of claim 47, wherein flow through the
first and second inlets becomes more equal as a velocity of

the fluid composition decreases.

50. The system of claim 47, wherein flow through the
first and second inlets becomes more equal as a density of

the fluid composition decreases.

51. The system of claim 47, wherein flow through the
first and second inlets becomes more equal as a ratio of
desired fluid to undesired fluid in the fluid composition

increases.

52. The system of claim 46, wherein a resistance to
flow of the fluid composition through the flow chamber
increases as flow through the first and second inlets

becomes less equal.

53. The system of claim 46, wherein the fluid
composition flows to the first inlet via a first flow
passage which is oriented generally tangential to the flow
chamber, and wherein the fluid composition flows to the
second inlet via a second flow passage which is oriented

generally tangential to the flow chamber.

54. The system of claim 53, wherein the second passage

receives the fluid composition from a branch of the first

flow passage.



