WD 2011/ 097101PCT/ US2011/ 022617 TI TLE: METHOD AND APPARATUS FOR AUTONOMOUS
DOMI | OLE FLUI D SELECTI ON W TH PATHWAY DEPENDENT RESI STANCE SYSTEM

| nvent or swéasomoo1Dykstra M chael L. Fripp Ol ando DelesuwaseiRi@bzsrREFERENCE
TO RELATED APPLI CATI ONS None FI ELD OF | NVENTI ON

TITLE:
METHOD AND APPARATUS FOR AUTONOMOUS DOWNHOLE FLUID
SELECTION WITH PATHWAY DEPENDENT RESISTANCE SYSTEM

Inventors: Jason D. Dykstra
Michael L. Fripp

Orlando Delesus

CROSS-REFERENCE TORELATED APPLICATIONS
None

FIELD OF INVENTION

10601} The invention relates generally to methods and apparatus for selective
control of flutd flow from a formation in a hydrocarbon bearing subterranean formation
into a production string in a wellbore. More particularly, the invention relates to methods
and apparatus for controlling the flow of fluid based on some characteristic of the fluid
flow by uttlizing a flow direction control system and a pathway dependant resistance
system for providing variable resistance to fluid flow. The system can also preferably

include a fluid amplifier.

BACKGROUND OF INVENTION

[0602] During the completion of a well that traverses a hydrocarbon bearing
subterranean formation, production tubing and vartous equipment are nstalled in the well
to enable safe and efficient production of the fluids. For example, to prevent the
production of particulate material from an unconsolidated or loosely consolidated
subterranean formation, certain completions include one or more sand control screens
positioned proximate the desired production (ntervals. In other completions, to control the
flow rate of production fluids into the production tubing, 1t i1s commeon practice to install

one or more mflow control devices with the completion string.



[ 0001] The invention relates generally to nethods and apparatus for

sel ective control of fluid flowfroma formation in a hydrocarbon bearing
subt er rangenofiaonmti on into a production string in a welpklparseo:1breg7
particularly, the invention relates to nethods and apparatus for
controlling the flow of fluid based on sone characteristic of the fluid
flow by utilizing a flow direction control system and a pat hway dependant
resi stance sgsten1for provi ding variable resistance to fluid flow The
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second inlet is positioned to direct fluid such that it flows primarily
radially into the vortex chanber. Desired fluids, such as oil, are selected
based on their relative characteristics and are directed primarily radially
into the vortex chanber. Undesired flaids, such as natural gas or water in

an oil well, are directed into the vortex chanber primarily tangentially,
thereby restricting fluid fl ow



[0005] In a preferred enbodiment, the flow control system al so includes a
fluid anplifier systeminterposed between the fluid ratio control system
and t he pabhwayoodependent resistance system and in flui gceaspaniossliy on Wit h
both. The fluid anplifier systemcan include a proportional anplifier, a
jet-type anplifier, or a pressure-type anplifier. Preferably, a third fluid
passageway, a primry passageway, is provided in the flowratio control
system The fluid anplifier systemthen utilizes the flaow fromthe first
and seedidephyedgesaybaswabit ienssa fasidnies énd eRouticbwhe fioshitles optharar y
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amplifier system interposed between the fluid ratio control system and the pathway
dependent resistance system and in fluid communication with both. The fluid amplifier
system can include a proportional amplifier, a jet-type amplifier, or a pressure-type
amplifier. Preferably, a third fluid passageway, a primary passageway, is provided in the
flow ratio control system. The fluid amplifier system then utilizes the flow from the first
and second passageways as controls to direct the flow from the primary passageway.

[0606] The downhole tubular can include a plurality of inventive flow countrol

systems. The interior passageway of the oilfield tubular can also have an annular
passageway, with a plurality of flow control systems positioned adjacent the annular
passageway such that the fluid flowing through the annular passageway is directed into

the plurality of flow control systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0807] For a more complete understanding of the features and advantages of the
present invention, reference 1s now made to the detailed description of the invention
along with the accompanying figures in which corresponding numerals in the different

figures refer to corresponding parts and in which:



100111 Figure 4A and 4B are Conputational Fluid Dynam c nodels of the flow
control systemof Figure 3 for both natural gas and oil; [ 0012]
Figure 5 we a1gwhmiati ¢ of an enbodi ment of a fl ow cont pelr/systiemeatcor di ng
to the present invention having a ratio control system pathway dependent
resi stance systemand fluid anplifier system [0013] Figure 6A and 6B
are Conputational Fluid Dynam c nodels showing the flow ratio anplification
effects of a fluid anplifier systemin a flow control systemin an

enmbodi ment [8808IheFigwsantF gischematic iljuseraypn pif gurel! yystemsapkeding & pbfrality
pressur.e- e fluikd a I fier system,or use.in t resent. i nvention;
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Lhe presentgh@yentipie BAShidanelyl i Goldlitidh Al doredifihstem, an IRAE] Figure
9 is an end view I cross-section of a plurality o w control systens of

t he preeaasdt syswranatdn flpestdiasiedsicm acdoubinkas thaptesedO@iddddgure 10 is a
schematic of an enbodi nent of a flow control systemaccording to the
present i ni8&t4lonFiawe Ags & schonatiardmeeamtiaial yiest ehin auipnessuwsdlawpe f1 ui d
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Dynam ¢ moqgh 1 SNeWRY 44%nd 4B are Computational Fluid Dynamic models of the flow
control system of Figure 3 for both natural gas and o1l;

10012] Figure 5 15 a schematic of an embodiment of a flow control system
according to the present invention having a ratio control system, pathway dependent
resistance system and fluid amplifier system;

[0013] Figure 6A and 6B are Computational Fluid Dynamic models showing the
flow ratio amplification effects of a fluid amplifier system 1n a flow control system 1 an
embodiment of the invention;

[0014] Figure 7 is schematic of a pressure-type fluid amplifier system for use in
the present invention;

[0815] Figure 8 15 a perspective view of a flow control system according to the
present invention positioned 1n a tubular wall; and

[0616] Figure 915 an end view in cross-section of a plurality of flow control
systems of the present invention positioned in a tubular wall,

[0617]  Figure 10 is a schematic of an embodiment of a flow control system
according to the present invention having a flow ratio control system, a pressure-type
flurld amphifier system, a bistable switch amplifier system and a pathway dependent
resistance system;

[0618] Figures 11A-B are Computational Fluid Dynamic models showing the
flow ratio amplification effects of the embodiment of a flow control system as illustrated
in Figure 10;

[0019]  Figure 12 is a schematic of a flow control system according to one

embodiment of the invention utilizing a fluid ratio control system, a fluid amplifier



flow ratio anplification effects of the enbodi ment of a flow control system
as illustrated in Figure 10; 100191Figure 12 is a schematic of a flow
control syehemm@ewmerdi ng to one enbodi ment of the invenpcestditloeswsing a
fluid ratio control system a fluid anplifier WD

2011/ 097101PCT/ US2011/ 022617 system having a proportional anplifier in
series wwth a bistable type anplifier, and a pat hway dependent resistance

system [ 0020] Fi ures 13A and 138 are Conput ational Fluid Dynam c
nodel §y§mmlﬁ@m€h@ prm igant ampdifer in| sgri@siwith e bistaddeitpn enytliftaie and g
contral ure 12; [0021] Figure 14 is a
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flow contr st ent accor lng to one
the flow patterns of fluid in the embodiment of the flow control system as seen in Figure

12;
[0021] Figure 14 15 a perspective view of a flow control system according to the
present invention positioned n a tubular wall;

106622] Figure 15 is a schematic of a flow control system according to one
embodiment of the invention designed to select a lower viscosity fluid over a higher
viscosity fluid,

10623]  Figure 16 is a schematic showing use of flow control systems of the
invention in an injection and a production well;

0024} Figure 17A-C are schematic views of an embodiment of a pathway
dependent resistance systems of the invention, indicating varying flow rate over time;
Figure 18 1s a chart of pressure versus flow rate and indicating the hysteresis effect
expected from the variance in flow rate over time in the system of Figure 17;

[06025] Figure 19 is a schematic drawing showmg a flow control system
according to one embodiment of the invention having a ratio control system, amplifier
system and pathway dependent resistance system, exemplary for use in inflow control
device replacement;

[0826]  Figure 20 1s a chart of pressure, P, versus flow rate, , showing the
behavior of the flow passageways in Figure 19;

16027] Figure 21 15 a schematic showing an embodiment of a flow control
system accordmg to the invention having multiple valves in series, with an auxiliary flow
passageway and a secondary pathway dependent resistance system;

[0028] Figure 22 shows a schematic of a flow control system in accordance with
the invention for use in reverse cementing operations in a tubular extending mto a
wellbore;



enbodi nent of the invention designed to select a | ower viscosity fluid over
a higher viscosity fluid; 100231Figure 16 is a schemati c show ng use of

fl ow contwol2osy®t@iasof the invention in an injection angca/yeedueision wel | ;
10024] Figure 17A-C are schematic views of an enbodi nent of a pat hway
dependent resistance systens of the invention, indicating varying flowrate
over time; Figure 18 is a chart of pressure versus flow rate and indicating
t he hystere3|s ef fect expected fromthe variance in flow rate over tine in
the syst emiﬁﬁ Hi glitgure 23 shows a sghepmticmiguilewimniel sygemdreaaccerdnaovit
show g. 2 MICOH rol system according to one enbodi nent of the invention
having %rpgp '8l r ol systen1 anplifier systemand pathway dependent

resi stance | e a f | -enent ;
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schemati c show ng an enbodi nrent of a flow control
10631] It should be understood by those skilled in the art that the use of

directional terms such as above, below, upper, lower, upward, downward and the like are
used 1n relation to the tllustrative embodiments as they are depicted in the figures, the
upward direction being toward the top of the corresponding figure and the downward
direction being toward the bottom of the corresponding figure. Where this is not the case
and a term is being used to indicate a required orientation, the Specification will state or
make such clear. Upstream and downstream are used to indicate location or direction in
relation to the surface, where upstream indicates relative position or movement towards
the surface along the wellbore and downstream indicates relative position or movement

further away from the surface along the wellbore.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0832] While the making and using of various embodiments of the present
invention are discussed in detail below, a practitioner of the art will appreciate that the
present invention provides applicable inventive concepts which can be embodied in a
variety of specific contexts. The specific embodiments discussed herein are iHustrative of
specific ways to make and use the invention and do not limit the scope of the present
invention.

[6633] Figure 115 a schematic llustration of a well system, indicated generally
10, including a plurality of autonomous flow control systerns embodying principles of the
present invention. A wellbore 12 extends through various earth strata. Wellbore 12 has a
substantially vertical section 14, the upper portion of which has installed therein a casing
string 16, Wellbore 12 also has a substantially deviated section 18, shown as horizonial,
which extends through a hydrocarbon-bearing subterranean formation 20. As illustrated,

substantially horizontal section 18 of wellbore 12 is open hole. While shown here in an



system according to the invention having nultiple valves in series, wth an
auxiliary flow passageway and a secondary pat hway dependent resistance
system wo02011109@81 Fi gure 22 shows a schematic of a flpowuseatineicisystem
in accordance with the invention for use in reverse cenenting operations in
a tubular extending into a we] [bore; WD 2011/ 097101PCT/ US2011/ 022617

[ 0029] Figure 23 shows a schematic of a flow control systemin accordance
with the invention; and . [ 0030] Figure 24A-D_shows schenmti c,
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shown thef ehel ¢xaah design of the screen element associated with fluid flow control systems is
not critical to the present invention. There are many designs for sand control screens that
are well known in the industry, and will not be discussed here in detail. Also, a protective
outer shroud having a plurality of perforations therethrough may be positioned around the
exterior of any such filter medium.

[08636] Through use of the flow control systems 25 of the present invention in
one or more production intervals, some control over the volume and compostition of the
produced fluids is enabled. For example, in an o1l production operation if an undesired
fluid component, such as water, steam, carbon dioxide, or natural gas, is entering one of
the production intervals, the flow control system in that mterval will autonomously
restrict or resist production of fluid from that interval,

[0037] The term “natural gas” as used herein means a mixture of hydrocarbons

{and varying guantities of non-hydrocarbons) that exist in a gaseous phase at room



WO 2011/ 097101PCT/ US2011/ 022617 open hol e, horizontal section of a

wel | bore, the invention will work in any orientation, and in open or cased
hol e. Thewonyamormn W Il also work equally well w th injpegtusosnn1®ywtiens, as
wi |l be discussed supra. [ 0034] Positioned within wellbore 12 and
extending fromthe surface is a tubing string 22. Tubing string 22 provides
a conduit for fluids to travel fromformation 20 upstreamto the surface_
Positioned within tubing string 22 in the various production intervals
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The flow control system is designed to reduce or restrict production from any particular
interval when 1t has a higher proportion of an undesired component.

[003%]  Accordingly, when a production interval corresponding to a particular
one of the flow control systems produces a greater proportion of an undesired fluid
component, the flow control system in that interval will restrict or resist production flow
from that interval. Thus, the other production mtervals which are producing a greater
proportion of desired fluid component, in this case oil, will contribute more to the
production stream entering tubing string 22. In particular, the flow rate from formation 20
to tubing string 22 will be less where the fluid must flow through a flow control system
(rather than simply flowing into the tubing string). Stated another way, the flow control
system creates a flow restriction on the fluid.

[0640]  Though Figure | depicts one flow control system in each production
interval, it should be understood that any number of systems of the present invention can

be deployed within a production interval without departing from the principles of the



WO 2011/ 097101PCT/ US2011/ 022617 tenperature and pressure. The term does not
indicate that the natural gas is in a gaseous phase at the downhol e

| ocat i on wd 20h@ormerenti ve systens. Indeed, it is to be podasssnechdihat the
flow control systemis for use in |ocations where the pressure and
tenperature are such that natural gas wll be in a nostly |liquefied state,
t hough ot her conponents may be present and sone conponents nmay be in a
gaseous state. The inventive concept, will work with |iquids or gases or
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conponent, the flow contral .system.in that interyal. wi|l restrict or resist
pr odu@hi BT SRS TAEE Y hn%gt‘ %k‘ﬁgé%)‘é? .m‘T‘hftﬁ}@, OFA#E ¢ ﬁ@ﬁmﬁrtgﬁﬁfﬁ WSHoRRRINGal s
whi ch _g i ar I rii f Si, fluid ¢ n 1N
101 ch SLEoRsPOHELDN B AhSALEn PP heilorlis At LA SETRRDE L per
t ubi NGp Hetfai MEerd ZF luid) 4984 bRl @erel b the QWrebAkOstEMOMB fiPHAREAOM 0L hed thHebi ng
string 22 will be | ess wher€ the fluid nust flow through a flow control
syst emnfetiat bessagbany S2rgdltire btahicngnitabiagtsheidrub4 ngs sted hek, thétiateebranot her
way, the flow control systemcreates a flowrestriction on the fluid.
[ 0040]PRRBAEGH 2k Fudicthe peegineos whrg Jesticr 8Ateen bediisdramlanSPase RS fredEe £ on
interval, it .should be understood that apny nunber, of syste f .the present
| nventebiia TR A bR o S Eh R RO B PR PP e B8RS £ ng
sa ridlis tures, often having fluid flow through annular passageways,

from theREWAGE BF 68rifhs tf& ften having fluid flow through annul

central openings, coiled or tortuous paths, and other arrangements for various purposes.

The fluid may be directed through a tortuous passageway or other fluid passages to

provide further filtration, fluid control, pressure drops, etc. The fluid then flows into the

inflow control device, if present. Vanous inflow control devices are well known in the art

and are not described here in detail. An example of such a flow control device is

commercially available from Halliburton Energy Services, Inc. under the trade mark

EquiFlow®. Fhud then flows mto the inlet 42 of the flow control system 25. While

suggested here that the additional inflow control device be positioned upstream from the

inventive device, it could also be positioned downstream of the inventive device or in

parallel with the inventive device,

[0042] Figure 3 is a schematic representational view of an autonomous flow
control system 25 of an embodiment of the invention. The system 25 has a fluid direction

control system 40 and a pathway dependent resistance system 50.



WO 2011/ 097101PCT/ US2011/ 022617 present invention. Likew se, the inventive
flow control systens do not have to be associated with every production

i nt erval .wohey/mpwionly be present in some of the produetirasemboersral s in
the well bore or may be in the tubing passageway to address nultiple
production intervals. 10041] Figure 2 is a side viewin
cross-section of a screen system 28, and an enbodi nent of a flow control
system 25 of the invention having a flow direction control system

i ncl udi ng 0043w Faeifenediesiorn syutemyasm wrdpssdtiawayTakiertigtion of

i st - system 5Q. Th duct | bi ' 24 h t
25, ad OROI G TTR T R Ererar Bt Be P REihy R P SHEPBIE st om
25. T ' bul.at, def.ir i i edFluid fl
Fr om R e B e Y S el ough scr een
syst emnZibdihhat speeifliidsiiettibhecssokeantay sires alkceignot tedpliat tedliin et ai |

here. Fluid, after being filtered by the screen system 28, if present,

f1 ows infermuttipde siseasns of vpaseamyeaede o buélgnpadeantage elifiercflasadensie 24.
As used her.e e Lnterior_.passageway 32 .of th roducti.on t.ubi section
A A R R A e EE P AR AR L
arran , - I, I i el PaSS nays ri ous
strup?ﬁgﬁg%}b¢€gﬁkﬁ§%%ﬁg@?38¥%Q?ﬁ%&#%ﬁ#%ﬁ%hkg%%g%gf pasgggemayéggé%%tral
openi ngsn “eREbHE Oivel BEARMENS oP BlchGieo Rt D hR@TeraEd RRURTTRA kndn@dticvar i ous

pui poses. The fluid nmay be directed through a tortuous passageway or other
fl ui d ypaosdgesetdostpangilt, desdoplasiertyf surfacattemmon fweftabidonetolAs theessur e

drops, etc., The fluid then flows into.the inflow control device, if

pr eseMOPSFAPNBLATPRRE ST BUA FPBIPORBYS cBS eéaiélp%e o8 0GR BEhanaRE and ar e
not d 1 re.l Bl AN ex | e..qf ( I ntrol.. jce is
AR A0 abPe S B IRRRY Bl By b S PR,
trade tp@fiki EOOHEINQW(de)ativiel Wh bt f8 Poftl RV, Haiial %51@ fhbeimPie o ddneit haw
control system 25. Wil e suggested here that tHRe additional inflow control
devi ceitmesposi thofled wisbe éamtharofortdie Theweht i ve odéiden fléwgasdagealage be

posi ti.oned downstream of the_ inventive device or in parallel with the

i nvent$ dep@elgnten the charactpyeies) ofptng dlued Hops Fyrtbghessipiccodusaiéonsel onal
view of an aut onemous. fl.ow contraol, system 25 of an_.enbodi nent of the
nventiesiiie Ty O UREHe e T Ve & Pt e ont Y. (EpEtanese B
pat vy, BERENUER L HESHSIAMGS, SHRLANY 29 o Weh O sRN Mj&%’%ﬁb%%%éf@@ﬁl?
[0043] The fluid direction control systemis designed to control the

di r ectchang@f mtthédfflow dhlreagdiged ov@ thoéifoof tereeilnl ets of the subsequent

subsystens, such as anplifiers or pathway dependent resistance systens. The
fluid rati d0844kt edhi dhuad prief sistd 4ensodivarRtidE! fiven theung:rdirmassdgswagont r ol
syste i s designed. to di.vi the fluid flowinto nultiple streang of
Varys g Gfe bedteioRdt biyeiclidh £ o divhik it Condd Cagtie Biodef et T2

pr oper#.es..of Lyl d £ 0w _ L1 | t 4Aar g . not
e aBerhlg! Sysulade ¥ T BeRaRBPR) AppdReunE Bt o Rs TG o

t he prippefldvesintINIRITINE rHE6 chRfol §Fsfem YAISCHB| it ¥ dividiBBNARYr&dmé be
Theol ogi cal properties including Kinematic viscosity, yield strength,

vi scofdlastons mnythe Sustipesagesvayi Yhandwete abihkisegondpassagevehésplopove i onal
anounts of fluid conponents, for exaqug, oil and natural gas, in the

pr oduP88SABEHRYS A Ange oV Eretectd todied i e ePnEERRUGP to mECYHEidif TeT oy al so

changes.: t he. fkui i l.aL ve high;pr.oportion of natural
gas, ?§$5%£§%% Q?H%Q§W§g§§?§§t@%g%§%§§§§??§5%#wt éd?kﬁﬁd will be Iess than
for oil. quﬁ@ﬁhaThQrﬁrﬁf;}é‘Sk%@@dg 0 I AW NRISAGRIANS orérdeRendsRE (9N the
characteristics of the fluid flow Further, certain configurations of
passagewayd Wukds, frespréfetret lcovipodomepr, ovd flest gasakeway ddiistadaog, ntiebw,
depending on the characteristics of the fluid flow The fluid ratio control
syst eratarResibsaviaish ageviges erataasigesce i flrdsdueh asodraddesersistanss tover

he |i f h || 00 The fluid i 40 i fluid
50% 1 oo adhR e sasonyaley Adb iy ot abd b R o b e 34 o
f __ iS8ayiey e Ly
b0 o Eistphibe QS 88 b8 erfSYLEE DK 348 Rkl or B sSALLAY R b Doyt o

the fluid ratio control systeminlet 42, it is divided into two streans of
flow, one in the first passageway 44 and one in the second passageway 46.
The two passageways 44 and 46 are selected to be of different configuration
to provide differing resistance to flwid flow based on the characteristics
of the fluid flow [ 0045] The first passageway 44 is designed to
provi de greater resistance to desired fluids. In a preferred enbodi nent,
the first passageway 44 is a long, relatively narrow tube which provides

. o o, o v o o o, - v



interior wall surface. Cbviously, the resistance provided by the first
passageway 44 varies infinitely with changes in the fluid characteristic.
For exanpie.otie7foir st passageway will of fer greater rescstaneeotmithe
fluid 21 when the oil to natural gas ratio on the fluid is 80:20 than when
the ratio is 60:40. Further, the first passageway will offer relatively
little resistance to sone fluids such as natural gas or water. [ 0046]
The second passageway 46 is designed to offer relatively constant ,

resi stial§eier el surfage dObv kyshd tes EestancRre WaEA dydpf SHpiapsatseiriy 44 vades | ow,
or to.provide greater r.esiskhan t o _undesired fl uids, referred second
pass ad BV Ia P B fes VPN DERE Sk Re IR F oL Eriabls T RE sty SEEFT 1 or
48 ca ! i fi 1 I e\ -V § fctors 48
are prorei e Enitanclo Mhe DURE LR BO8H G oalleu Adt b AEFRES L

r est r igot 2®thaganhdethehasens 60:4pr Buitber, ghesttsephadgewsy stilndéertrolativgiydliifleow.

The first and second passageways nay provide increased resistance to fluid
f1 ow d6SisTABCE tusamd SleuireBichss slalireb@absyr WHErt he resistance to flow in the

first pass y will be greater than.the.increa in resjistance to flowin
t he secondﬁgg‘ggagghv\ﬁﬁecond paggﬁWﬁ#ﬁU@?“ gtf}lﬁg%rlrﬁgtaf‘éfe%’o‘?ﬁ“rs@lmsyst em 40
can b iy, i E . a -selected fl ow
o TGRS R TR A S TN ARl 18 Sae At sl PETpERISE! o6,
typi cairbatef @slsthiReweeRdbdieed BhidesAfREfdRE devond baghgewORONLHLEes RUBAfIET,

as the fluid formation changes in conponent constituency over tine, the

f 1 ow raeiftowirtdtristios ¢3chhadlow msgivbadgean he ehenfurownratfies, ios ausedlet o al ter

t he fl%iﬁ.flﬁw pattern into the pathfﬁ% dependent resjstance sygtem

[ 0048]M¥HW1¢ FloW SIS AyaedreiEseine PaabEE! 3ae FRsOdEpEiinENAdEs st ance

syste ), : ferres diment . _pat lepend: esh St ance
Sy St el bR B SRS SRR G BB ERERL Y 38
passaga¥eyndibeodd @@@@@emgé eayafol el ihihed s GPRRURIR A LD Fhi Tl 1@ esaaand
passageway 46, a vortex chanbér 52 and an outlet 58. The first inlet 54
di r ectbechings charatviscohe, manhexeschamean fpow mathid first pageptwal byl GEhgesecond
inlet 56 directs fluid into the vortex chapber 56 primarily radially.

Fl ui déh@hiherinpigashin \esistacedndloper B SSEonmpryspEeHtgential iy will spiral
around the ex-¢chanber, bef ore event ual | | ow ng_t hrough the vprtex
outl et 58, IBFHI THIRANE Ry Yl Rt arreed eAbhe Er a8 iy B 6 om
frict 'fﬁﬂé'zz'i%@ﬁﬁ%an?%@%fe»séi@&c& ARGERHAWNEL 96d FYi PAAIHE AT 1V B i

2011/ 097101PCT/ US2011/ 022617 centrifugal force that 1| npedes radial flow.
Fl ui d cohgionkhe, sechod rufib elillappRrBy thiebeharahe patiawefor kiye raslkiakleyy and
primarily flows down the vortex chanber wall and through the outlet w thout
spi r alcentpongopiss Eyliba, ly the Aeidp@r matipn ¢bpegrianComEing t heBtiSYRICEMYSF ovi des
greater re

i st .to. fluid teri t he. imarily t tiall
Chan EHBSATR AR 41 Wil ARPichy feaditia yDERH oGy SFiniued ool S ae

back- - Le ' . a reduction in flow rate.
Back-%%ggggégnggﬁg gI%%%$%%gg%%k%hgﬁﬁﬁﬁggggggég%iver by increasing the
proportion [0f44] UTHe ERLEELMPolt NBLeVOLE ExCIRA¢IRPAdhW atyanpenddirkyistaabgd hence
the flow rate reduced, as is done in the inventive concept. [ 0049] The
di f f ersiyetgny 88ilstthe pecfeued eovwodenwee bha pashiviay siepamdens ecostdnpassageways in
the fluid ratio systemresults in.a ?iéjsion of volupetric flow between the
two passhigétayisn RUdgorgnenRapen salciiedtrelpassamaalet b iosseond et ¢ 1 | ow

rates. r [oyons j t \ b e It in
part 1 AL OEh R Lo Sl Bhe B AR S R R 3 b
mechanigs Myt 9irs int @Gt digecdid B Rl el ISl ot 89 othsGRuSlyi The the
vortex primarily tangentially, thereby producing greater re5|s¥ance and a

| ower sttawl mdtteb& dir¢die fluel atio vied yottesshanisadidsphitaiity tauaal wdibds enbeemy se
be produced. [ 0050], Figures 4A and 4B are two Conputational Fluid
Dynanitke wpder shgnbene2 ﬁl"imﬁf\gbmf@m@%tfé%sﬁfmk&f@ﬂﬁé the veriex rhampei balprs of
bot h natura s .and, oi | del. 4A sho atural ,.gas with.approxi mately a
21 S itedhy dRRr B ey fF PBuet QeBETHE S5 e S L uROREA ™ 1 %t s
VS. V i i -1 I IR i mately
1:2 f?%&ﬁ?gg?g¥%¥ﬁggggﬁ%§g%gﬁg‘g&%%ﬁgFﬁgﬁzQ&??ﬁ@%?%%%%ﬂgﬁg%'g ggé sel ection
of the passageways in the fluid ratio control system the fluid conposed of
nore natural gas can be nade to shift nore of its total flowto take the
nore energy-wasting route of entering the pathway dependent resistance
systemprimarily tangentially. Hence,1ithe fluid ratio system can be
utilized in conjunction with the pathway dependent resistance systemto

reduce the anmount of natural gas produced fromany particul ar production
t ubi ng section.



100511 Note that in Figure 4 eddies 60 or "dead spots" can be created in
the flow patterns on the walls of the vortex chanber 52. Sand or

parti cul aye 20mvdoeroican settle out WO 2011/ 097101PCT/ US2@t1/328607260f t he
fluid and build up at these eddy |ocations 60. Consequently, in one

enbodi nent, the pathway dependent resistance system further includes one or
nore secondary outlets 62 to allow the sand to flush out of the vortex
chanber 52, The secondary outlets 62 are preferably in fluid comyunication

wi th tcRBIPredUersomasmpéiys2adighSore &g femithe setonddnies gaispe fhegshamber

[ 0052] The..angl at which.the first second inlets,direct fluid into
he v rirag ey Yed PHEA N Botn BBl NG v PEER R hBaC R e Rty
enteri : S gt i ; The
MROR R el b R S AR e R o
vect orgremobicatden offltifecdibriag thatietmibdrowi randl vt thegsetdiydhankieisef | ow are

ainmed at the outlet 58 fromthe vortex chanber 52. Alternatively, the
angl egngfringherimippiby raghial | ddoh e sisitee 18 stalgeas baslsenessuehon Hgtunsigam
resul tant vector conbjnation_of the first and second inlet flow wll

ot i DEO4 IS ASIcRaf TOICUAB TF TV A oK eAE ERARDEEPPRES &0 it LY ¢ he
angl e ' I ks : oul - : mnimze the
ancl e3eBhubdS  fsherali: SFSANSLARLSH U ERHANDSoRROSERAT I M Ze ! he
angl esa@fertiRBy] Mdehéncatiht MR rR@ RIRCEHON Widohe iheha/RERNvE bamROE. can be
altered to provide a desired flow pattern in the vortex chanber.

[ 0053] Fur t{i@49] t Rbe doifeeng cisarber todow hetwate the dwstamtesscond ot her

di rectional devices ch_asﬁgrooves, rid or. of her surface

, s%_ 865“ " ve§" ,
shapi MgSsaRevays st e Tiddanp SHFiaM Kenlts e BAstROf ypTwBetHcdla M SeHERA™ Nénal

flow resi e 1 ri-al iLrecti f rotati T c 2r can
(Lo CSR ISR RTHALA M RUIARE 18 1AL 81 iR YRS o HMEE, con
or ot hgg déﬁg@@fthe passagPDA cahni tdePefed B sk he FRki S afvoaanmerRodbwent of a
fl ow control system1 having a fluid ratio system 140, pat hway dependent
r esi stranee Thestedribo spsidmf prov dicamphedtiantsrs Yot dinectifng. b whiphef exlaede]y
enbodi nent,, the flow control system 125 has a fluid anplifier system 170 to

anpl i fI§5SPHECQUALTG 1BpIvortes Medndaly Bneemallyi herelinpr odBeBBETHEE Byehents 144,
146 of th ti t t 140 h t hat t ti.o | hi d
e nenda e e’ Fitb i e SR s Piikaee B3l Bal St i b6 or 1 he

pat h o gndent resistance system 150. In a preferred enbodi nent, the
fluidratio system 140 further includes a primary flow passageway 147. In
this enbodijoess], Fheréd Gl 4BVaiestMOC3RHIAALHR0 FRGI/MUER0AL /10828 6f s i t
into three flow paths along the flow passageways 144, 146 and 147 with the
pri marflow cewrdksyskean of Fraurg s Shgenatjerng 1 both sajurad gheanthadr Blassii4that t he
di vision of flows anong the.passageways, can be, sel ect by the design

ey amStarS afe b E g B BRI Sof Rk oepad et (o fols et helEssary
for u j.d: i {1 er 1y : i r r ‘ l e of the
rat o ar RO R Lo ERY o s S AR A s P PR i o
conposedradihaBiy |12 fbwhatiel Thegamordl shewthat Selwith bRgpelrisiahg sgg¢ond: primary
passageways The ratio for fluid primarily conposed of oil may be 2:3:5,

[ 0055 kelEatiof lofitlt passhgdways inybe fmid T0ichems ! Siystetm, it Buididimpesediafindore

connunication Wt h thg first passageway 144, a second inlet 176 in fluid
conmuiiagie| B3 SNt De TRee e euidMpEseheitay 1o 1o tked B IToREISReT -8R TY i n

177 of SERDIArER sl RSO SRR R il naPRY kit by RiRer
180. FhuFid KR 4Bk b bERRRBRY i B0hAcA et i 0 oL o1 out e

184 which 1s in comuni cation Wth pathway dependent resistance

syst enesiphete $Fdemaadedngl thé aerouat bl ebtutdGanpreduded fromfdnyipdrgonauni cati on
wi th pat hway dependent resistance systeminlet 156. The anplifier system
170 i $radyqtigndueingnisciiPler which uses rel atively | owval ue input flows to

control hi 40U t,.flows, The fluid enteri the amplifier, system 170
becones a J07ekn NBYE st 0 Fiaditi ool bl ARpbBT AT et b iy Behibre. by
car ef wl.,« i f i I fq. gﬁg&*f' e
input¥%§§§§5gﬂ%§§”]§§ﬁ§§ Qf%%kéégﬁﬁ§§??U§%ﬂ$%t olg§%§%ﬁgggﬁ&§2%%gﬁpggls,
supplying jets of fluid which direct the flow fromthe prinmary passageway
147 into a selected anplifier outlet 184 or 186. The control jet flow can
be of far |ower power than the flow of the prinmary passageway stream

al though this is not necessary. The amplifier control inlets 174 and 176

are positioned to affect the resulting flow stream thereby controlling the
out put through outlets 184 and 186.



[ 0056] The internal shape of the anplifier inlets can be selected to
provide a desired effectiveness in dete,wining the flow pattern through the
outl ets. wonoex@mhe, the anplifier inlets 174 and 176 ace/ushéumsbieat ed as
connecting at right angles to the primary inlet 177. Angles of connection
can be selected as desired to control the fluid stream Further, the
anplifier inlets 174, 176 and 177 are each shown as having nozzle WO

2011/ 097101PCT/ US2011/ 022617 restrictjons 187, 188 and 189, respectively.
These 9fde Finid arhBuild BpiagEhege ghdniegatioas E0ngoBIFIBEIt KsNtANE SMRRFITHNGUgh t he
inlets, nerges. at _ch er .180. The c r. 180, can_al so have variou

des: o1es PRt Hors EENaETFRges AeTeRIEREY bR Aee PO ik B etin o
the ighels RRdRULhets éﬁ%ﬁ%‘é@g?ﬁé NEhaEpeler soNGHE @é‘:ﬁﬁad&}g%hﬁe% Rarder

such as to mnimze eddies an ow separation, and the size and angl es of
t he oyirtfetsbly Refladhsom@ingkedtion withhiee prddustibh stregophugarddnatrohh gur eorfex s

but one exanpl e enbodinent of a fluid anplifier system and that other

arr angeaebesS2an be enployed. Further, the nunber and type of fluid

Lifi | ect ed. : 057] , Fi A,and 6B
Conput at 1 oIS uT e Byiseee vihicluine GHOM hEFPRE TIeGuilFERHFO A CaEFBn
erbodi pampei He diBRR b ricRYEL BiRE (e lo? ok R ERRL T, RN he onl y
{1 Ui d RBmEIR REsikENAR PG (aDsclTRIMRLUTERE belbb ONtiicaifso ahetusma fnfas 1 T st

passageway 244 and second passagéway 246 is 30:20, with fifty percent of

t he tarathddeowuch thatshprismiteyt yedenepensinaay of Teefifsk uildt Hoplark the ssgatdem
270 acts to anplify this ratiq to 98;2 between the_fiyst anpljfier outlet
264 anics BEUHEGIP R BEGUSt A @ yfhe Haeex cg@m%%@é éﬁcr@ﬁﬁ%@ s angesof
flow rgti( . 30 (Ot i .t [ C , h.the
pri mr@;?%%%?séég%é%g?dpi : :%Eﬁ%ér}é%8§ es.%g%Itggtftbg?%Shgt%%p‘b%é%\é#@&o%g@ OI?

[ 0058]thd figstanblisd eGPl i éd 5w SYiSlt @Bk Qe ld 45kl _F @sk FIRidTIGWNIR tRe LBaAbéCt - type
anplifier; that is, the anplifier uses the jet effect of the incom ng

st r eansltdmatey, ke anglet of the Afst end aesbrdi inke flovheopdtie dfoséh cwrtifimaagihd he
outlets. O her types of anplifier systens, such as a pressure-tyge fluid
anpl i feddies 64 thp yarek shamgar o e prefetignes yalligcegipec diaslthe prgles9kthem 370 of
Figure 7 is a fluidic anplifier which uses relatively |owyalue .inpyt

pr essup 58 HReSOPRICHAPREP B Bl Frultres. by Hked o pravifce prasebiievact s
as th?mﬁ@ﬂf%ﬂ%c@%ﬁ%ﬁ%%gﬁﬁkPr directing the fluid stream The first
anplifier inlet 374 and second inlet 376 each have a venturi nozzle
restrictiorf¢83% aRdrtBOd thd especthaabst, cantiheludadlsy Vondsnar@bsedikdédiodaspeed

and thereby to reduce fluid pressure in the inlet passageway. FI uid

pr essulegiccanmshiss grdovesporees, 39z vandosoder avese daping: ésdueet daitifiiawnce
bet ween. t.he, fiyst. and second inlets 374 and.376 to the primary inlet 377.
The 1 UHRINEPHRHOTHE BN A0eH anad FPv NS D SR GHEEISIAE | ow
press S1.d i [.097101P 0 17
pressEég@:{ldgégggpg%\ggaﬁ%?g&%g? gﬁt %r IE’uza%(J:I&} ﬁg\%‘épﬁgﬁgﬁ%%%%ragggf
proporsbh@;lacaqjsm@m{ﬁajr gas ghg{monent, the fluid volunetric flowratio wll
be wei ghted towards the first passageway of the fluid ratio system and
first inlet{08%4 oFigure Sasplschémnatic psreamdpdimTticoip Bawerontiodwystatel 35 t he

first inlet 374 will result in a |lower pressure transmtted through

pr ess (¥ Mot tusb@tosies { A H*féé‘é’éf\ggpmg[ﬁﬂéf%ﬁﬁtﬁ"ft%%@?é%6ﬁ9 2PAITBIA376 wil |

or ess gt SREL A P8 B R R RTHA SR TR <BQER 5e TR % ATl

of 11 G LR A | T Hhe A L PR P E™E, B 356 1 n
thi s eubagewmant 144 elddhoflifcfratiembnpobsiysiond 40haoh tive aguthtet satinistdehigvet - t ype

anplifier systemof Figure 5. . [ 00591 Figure 8 is _a perspective view
(wi t h inghejgelymatiiadowyinsiedyretn &t 54 ndsgcenhiriel 155 et densthwayr ef erred
enbodijrent ,in _a.production .t.ubylar. The.flow contral system 425,

br of erF Bt s sEHaRGe SR PPoth & pinterted prirEREt e BY Ao i ML v
of at r RARRAYENGY 446,474 1 : , YA TH, 454,
456, éﬁgﬁﬁiﬁghgﬁgﬁ as'%%rtex%?ﬁéégg%ygé ;ﬁgﬁﬁégt?%ggééﬁégéyﬁggﬁﬁﬁyg e ratio
control system 440, fluid anplifier system 470 and pat hway dependent

resi stance system 450 are, at least in part, defined by the shape of
exterior surface 429 of the tubular wall 427. A sleeve is then place over
the exterior surface 429 of the wall #27 and portions of the interior
surface of the sleeve 433 define, at least in part, the various passageways
and chanbers of the system 425. Alternately, the mlling may be on the
interior surface of the sleeve with the sleeve positioned to cover the

. Y Y b1 B o o - Y M



WO 2011/ 097101PCT/ US2011/ 022617 typically not required to be of the sane

| ength as the first passageway, the second passageway nay not require

wr appi ng,woebitmgioiet c. 100601 Multiple flow cont polr/isystiers1b25 can
be used in a single tubular. For exanple, Figure 9 shows nmultiple flow
control systens 525 arranged in the tubular wall 531 of a single tubular.
Each fl ow control system 525 receives fluid input froman interior
passageway 532 of_ the production tubing section_The production tubul ar

sect | BIREYO Hage Tovepains #lnng pedlawparreswpss saGelidyand bt7 wilbghy PRg v ui d
to theyflow,control systens.. ne. enbodi n h rqducti o ubul ar has
b andliu A R BAShEPay L0 SPCiiddbas L L ORAGRR 2P otk agevay
or di Xl j ‘ ; y rnately,
R SR A Qe S R s S T e R I
f1 ows Thrtrione passapiveny [ OWicoottircotssaysf@nBe obafuidantEifgenssics, Wk s be

apparent to those skilled in the art. 100611Figure 10 is a schematic of a
fl ow @oeferst. Sy onemanple afthe mrgiod inkt flovwsyhstensths, thepes inlgtal thenblovs rasio

t 67 ich uti]i . -t lifier . with a bistabl itch,
an o bo R campaotREsY Bt SRt Gy BE07 THY F G BROPERTSySYom s
[ [ 0.4 ' ' [ flow. That is;
he sy B By o R A P B R R e It on 1 0 i 5 1 ess

vi scous, syghssis whemluid ahpligRIpyieed f ha 4 ghathéel y4 b ghrr anount of gas,
by directing nost of the formation fluid into the vortex primarily

t angemoiahiyicaive withhiseffoshpassagevwd wul 4, iassenoneé inles tus,, fleuotoramunivationt
conprises a relatively Iarg!er agount of oil, then mgst of the.fl ui.g is

di r ect’8 Mt SCPRE PEBREER 2B FRAPAIAPTRADAINGE DI T e ICOMBHERIC B QL ¥iiFe i s

created; The t . i st-anc J I, L. omthe
St Frm SRR PRt PR R S E e AR P S SV SR T
syste ?bi@ﬂt@getﬁ%r NS WHENCHASRQCT’U PlMar WSt ThOghABRES] & isthen Hlwiey

sel ecfor dévice herein, "downstreant shall nean in the direction of fluid

f | ow whid muphfierseuttat [Bdrwineh ialmfigid coinendiatien twidn patwayatepkhdent
Simlarly, "upstreany shall pean the oPposi te direction. Note that these
t er s IREYADEE Bsdemupleydstransearnplifer QelgidSorwishiin allad Qmpyngatigiani ng

B S b SRS SR8 IR Pl By B
shown V{E{F%ﬁiﬁi-&ﬁ Eisgéx%ﬁﬁgge}ﬁfi’m@&%h?éaﬁzgﬁt 866RNY BAGSAREYRY ?t?ié:ﬁt Ah.. The st

passage 4 i's a viscosity-dependent passageway an w provi de greater

r esi stiaig ente@ing the léhﬁblifﬂer@ggbﬁf M Beashdya stfhen forcel (passagewdsciehmthe a
rel at i‘vel% | ong, narrow tubul ar passageway as shown, a tortuous passageway
or ot hefo thesiugat patby bulicatefukbdesigh obtheesisstaribeptool/ihs ooudifigrydsm Fa.

l.e, .a | am th . ' ity-d t fluid fl
ot Mo AP B AF BBy o] KoG! 1ok HOFP a0 KF Bt B Pl SRPVBIp T Ege
hue'e APPH ol werese | ge
ke 015 o 4 B HEPO ol IR ma AR PR bl 00y’ 1

pat hwayspltadt dudieet 808y a86aTNE §@ﬂ%iy¥t flewendant ot wedr pdkd hes théflow
swel l abl'e material can be used to define a pathway, wherein the materi al

swel | ofithe phimapy pssmagewey saeapeeitidughf thid id,not hecasbyrys Aihi rikipiuiertdestdl ui d
pat hway. Furthe a material wth different surface energy, such as a
hydr ophi§ti t/4 w{jﬁ%mq POSTHQRACEHO-ATERC! they respity O\Méfré@ﬁnarhef%lw%ffﬁiéa to

defi n?h@o@%h@%&:g%ﬁ&?ﬁsqStﬂ(ha%dv‘ﬁéét ability of the material restricts flow
10856] The internal shape of the amplifier inlets can be selected to provide a
desired effectiveness in determining the flow pattern through the cutlets. For example,
the amplifier inlets 174 and 176 are illustrated as connecting at right angles to the
primary inlet 177. Angles of connection can be selected as desired to control the fluid

streamn. Further, the amplifier inlets 174, 176 and 177 are each shown as having nozzle
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[ 0063] The second passageway 646 is |ess viscosity dependent, that is,
fluids behave relatively simlarly flow ng through the second passageway
regar dl eswoebitdeion rel ative viscosities. The second pavsagseay/ 08467 i S
shown having a vortex diode 649 through which the fluid flows. The vortex
di ode 649 can be used as an alternative for the nozzl e passageway 646 as
expl ai ned herein, such as with respect to Figure 3, for exanple. Further, a
swel lable material or a material with _special wettability can be used to
def i néegrpaemnay’. [S80ew] Huiresrecovel vi 7 beactIBalricHON® DEVHIE? 8I18Te3181 SHEXO0 into

syst e 18t R G e A B P dlieh | SlarRy RO IR cRE =Ly bORet Al 1 Per
syst e, Ekyhdud 8&5?5?@&%@&88%@%?%?%%‘@?? ?i@é@onbet iﬂﬁaigﬁltﬁ% ?3@?% DS i flows

into the second Infet 676 Ier system F owin the first
and seglendaridbetas enmdl nehechanbegake sidpe & the rbhebtt awcpat ko minprizoar y
passageway 680. The amplifier system 670 inc|udes a pressure-type fluid
anpl i faddicsend howriseparationtand thalsizgi andrangdrsselrthp eutiatsoPersains pf ﬁiéiglaﬂdh@ 0

SRS U i U S oo

2011/ / . Lot [ ' t t
the | ORALTORS Wi R Eha B Bens s e TR o) e B g S B 2

expl aimggaaﬁgmr MeBbUEIechRzZzl es 690 and 691, can be utilized at or near
the junctions. Pressure communication ports 692 and 693 comuni cate the
fluid pressifié7] r dirguive Ginped §B674 tand @7y tatiespddtid/Blypamiomodelsj et of

fluid {n prinmary passageway. 680. e | qw pressure_comuni ion port, that
is, tﬁbowg e aT® Tikatph EBECH AR THe PPRINE TP EH 52@@}?1 9% create

a |l owpr re " ion' i i 1. di t Ui Sl talets thr h the
o o ERE UG S e P b, MR o VB8 L G ol e
COoMURLE hlyOMuiIQUdnSpoleP? 6ol driral Bes eMROGHINBRIHS 88W AtiofeoWEen 4R fikhe fluid
flow through inlets 674 and 676 nerges into a single flowpath prior to

bei ng pastapdwagdddmnd feeopd pasageweapdrting 881200 wihofiftg peilieat al thermed! ifloey
arrangenent in Figure 7 shows_the pressure ports directing f]ow of the

pri mar®y thepamanypassageway RA7 s Togvilut amaliper sustgmi2{Parctssien drmplifn 13 360f | ow

i i d . | 4 d 386. .The il th h fi
il ot B SR R RIEEn NG AT L QUG 280 SPA SR e Sh @ GonHeT PR
Pr eSSUngyg QR IEAL AR AW 1392 13RI 2838 (wRtH i i WeYee ftb?%éhﬂ%taﬁmﬁd inl et

376 merges with flowin first outlet 384 downstream from the comrunicati on

por t s thioughitgepeinkly pablagefvat e {9:8il dviidrovhd dulediad thepbhetitds afpl i fi er
system 670 i s nerged tgget her in a si n‘?l’e jet at pri ma[% passageway 680
prior to, dP3fstieamued avipdifconminincbil brspatetign 69guraridisegst-tyitus t he

D oo R FRSL el LIEcERTELed A ol Ll 3,11 av 00S6] The
to alter and direct the path of flow through the outlets. Other types of amplifier systems,
such as a pressure-type fluid amplifier, are shown in Figure 7. The pressure-type
amplifier system 370 of Figure 7 is a fluidic amplifier which uses relatively low-value
input pressures to control higher output pressures; that is, fluid pressure acts as the
control mechanism for directing the fluid stream. The first amplifier inlet 374 and second
inlet 376 each have a venturi nozzle restriction 390 and 391, respectively, which acts to
increase fluid speed and thereby to reduce fluid pressure in the inlet passageway. Fluid
pressure communication ports 392 and 393 convey the pressure difference between the
first and second inlets 374 and 376 to the primary inlet 377. The fluid flow in the

primary inlet 377 will be biased toward the low pressure side and away from the high
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switch 673, and first and second outlets 684 and 686. Fluid noving through
primary passageway 680 is split into two fluid streans in first and second
outlets 684 anehe6®%. The flow of the fluid fromthe priwaryguspassagenay i s
directed into the outlets by the effect of the pressure conmuni cated by the
pressure conmmuni cation ports, with a resulting fluid flow split into the
outlets. The fluid split between the outlets 684 and 686 defines a fluid
ratio; the same ratio is defined by the fluid volunetric flow rates through
the paXeistie Hepefaeatanpls sther besyaiddesianelatyebslarsaidrepetion aitiagural

enbodi nent . This, flukd.- ratio is an anplified rati ver the ratio between
1 ow s sugworaed s 9 Bhelrde AGeBs 1y Bon oRiafo St B85 [ 0067) The
fl ow I ) i j ' . 5 res) ce

Sy et el T 8 T 654
in fl yrehteoffownheain o skt hidtBF4fw i Stesolttd etowBdpbsurberaink thitkbddpbugh er

system 644, a second inlet 656 in fluid comunication with the second
passagetsirons 380y whtlehe leasprdios zatgnd thsasonenlc6886 wiHaesult Bra highet 654

directs fluid into.the, vortex chamher_pri.marily tangentially. The, second
ol ot FRESUE fubTu IR TG PRS0t (L RBHARESBEE SO RaF o Iy
Fluid | the.vont ; Hhi i, nt.l il e Spir al
arounéggﬁg&%%?%egﬁagﬁf %%ﬁ%?gggﬁgﬁgﬁﬁ??&E?%g&f%%bﬁﬁ%gbéIQ{%Z7§%PF%’ gutlet
658. !éljg!t@kefp‘ptd@rﬁ@gpawduw@ ¥ObLEXr 6hasIEI4 . i Nsf-adseheiontidReed md h a
coincident increase in frictional [osses. The tangential velocity produces
cent r i¥Ségalthsentedimant argpedeSereat pamtiﬁh@vhanﬂhaiodtif:&somihm@tégpmmpﬁﬁleet
enters the chanber primarily radially and primarily flows down the vortex
chamb&¥SiGE) 91 BY1E Ar ough the outlet without spiraling. Consequently, the

pat hway de nt 1 el St Sysi:em provi des Ler I St fl uids
D oGO EL AL SR UL AR P 5 PR Fock BRTARR G Bt o
radi aldoWirolTsteh@FasiRRed Snb&@hicEe th APrdRRioRraBSF erIRNFIbRG oHPSE r eam
fluid. Back-pressure can be applied to the fluid selectively where the

pr oporyitem 41 5,fih ai e tontedr dmigodibeene,as tekepr dasgror loghdrangeftrivakil ‘ynioS the
controlled, %9068] The pat hway dependent resistance system 650
f unct Voot & b ddierastagenisys 448, 4Ho A uides 9dd: 4na & 7 4861 43%hg

back- pressure on the fl uid st..eam , The resis ce.provided to the fluid
how RoeaEEn s Dt anitit A58 i afest FRL TS GoBlrglb SER b wstiipar t eq
to th | wil : Llh a7t , , t Nsi,ye to
changggbf ﬁ'u?t} %ﬁlﬁﬁﬁ’éi@i%"éﬁ‘?‘?y‘i .7@T ng E%Y%%’ gg‘rﬁa I Bdeggght%gbﬁhé&g%lg %ﬁtﬁgﬁgaﬁ ra\gct s the
f1ui d1gdsow patoddfheddat iheahage péadenbr @it 406l sestibnabasgidion A he

relative viscosity of the fluid over tinme. The pattern of fluid flowinto

t he patdsways depanadentvardhe sxgnoe seyseetm el Brenvald427 and|psasens ¢f thart, t he
resi st.ance i rted.to.the fluid flow by.the pathway dependent resistance
st rieEPs SURATLSTE SIS & delstinen g eptiiay Tep R o BE SR 80 sy ot om
use bagefiel §MReGhdkd X:?S.TAXE‘P&%%{%E? Y ﬁﬁil}ﬂg&%&yg@%ngﬁ% MWRYiof SRERGeRE the.

resi stance system can possi'bly be Gf other “desi gn, but a system provi di ng
resi stsaRee with fHesléduel ghsldadt breovghieantedaeiualact of g kubireigtmad. WO
2011/ 097101PCT/ US2011/ 022617 [006%% Note that in this enbodi nent, the
f I ui d peaqsidef itenashe pesfenad lettsh6 8dbudadv BB endsizcvn dofipositeseisittds” of the

system when cqgnpared to the outlets in Figure 5 That is, in Figure 10 the
first eb%’@%%f@@%&% Bpw g g ﬁy%tewa?pb%@yfgpw & PRéNWRY SEPETHICE Te SIETRE

anplifjier s ) i.rstlnl qhe ¢ " I.st;ance
yer envairar i EERANR e ot e dby PRI R PSR S Fg o
Thi s s8¢ Q; S8 bt Jny e | b 8756k %gwg Bhiliniiype
anpl i fs?get?H?%é%ﬁ&%l?az%d‘?c aféet ?n%éﬁgﬁé%g&%%rﬁ't@ﬁdé%f ’st%bﬁrat?%a]%? aé i‘vo }g%%hkrsolﬁ %yst em
passagetayocanol fHistest, ortiexof m etlatwd lenph, enwoppedidreosicdesowfd thhe system
The rel ative_positioning of passageways. and inlets wll depend on the type
and nuvpERr. dfheawiADPef @essagaplEyan bemasitianed widhinges thpewpaaent interieneft t he

<P AR OO e 5L S ML S SARLERT LA B i e

enbodi nent of the flow control system shown in Figure 11 can al so be
nodified to utilize a primary passageway in the fluid ratio system and
primary inlet in the anplifier system as explained with respect to Figure
5 above. [0071] Figures 11A-B are Conputational Fluid Dynam c nodel s show ng
t est
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results of flowng fluid of differing viscosities through the flow system
as seen in Figure 10. The tested systemutilized a viscosity-dependent
first paswegewayw7®d4 having an ID with a cross-section etTMsdiisopsar e

i nches. The viscosity-independent passageway 646 utilized a 1.4 inch

di aneter vortex diode 649. A pressure-type fluid anplifier 671 was

enpl oyed, as shown and as expl ai ned above. The bistable swtch 673 used was
13 inches |ong with 0.6 inch passageways. The pat hway dependent resistance
syst ey ®selnaat avineddn baiodibe a3me feimvens e rshpessegéwen baseendoort .
[0072] Figure 11A shows a Conputational FEluid Dynam c nodel of the system
in whiféha éi"“%ﬁzﬁ}%amare\%‘%“é&ﬁ%l}m& CORINERCCs tested. The fluid flow ratio
defi ned by meg k| i h i ;

passagenayd ot pa R o o ok e I TSR O 1 e
pr essuxerdpy e ignme! 9 fhers ailtiflbeldw ovntralt 8staney 82 Sreasuebinade 8848 whllough
prina&g passageway 680 and 6, 6% and 5%t hrough the first and second
pressrd Qior 1isglegnbulng Bud flowspanel swtegm SPAgeesivedlTngt ingut Haorawimgriehe

fluid [ifi def i d by th | t t h tthe fi t d

t e ond ATREE P SN 56 DL GO0 1 BETEES 0T, UEBTACG e B ERFCHAE 686 wae
.30, The. hi st ' 5l tem.. v i

oo 24 Bhe B ilpF U Bl ey B Qoo B SEHEES e AURIER oL Idehd) S

FI ui d IPwhemnshdrigieht, ofie bRRILSHAR nSBheMsUid ddmilkpast Bsefluidaoavhitd dan
viscosity of 0,022 cP, The Conputational Fluid Dynam c nodel is for gas

under beppsiogicranelay BOOEepsiy.ortheided untd hlilbiple pedsegaesynuchy aboltuhet ri c
fluid flo raﬁﬁe t hrough the first and se((‘ond p%ssage\{va s of th? flowratio
contr@mgt}%té eipde e S HaY 28 625 52Y852 singlg Henty dBSTIPEPRSFBEEWADIIOM er 671

the fl e =92, 6%.t hr.o PHL AL, \ 80 and
2. o0 Ach ThO8 PR BREOF ol N CUbl s B e e PR Y5 5L BB
respeGhbY¥ehyio tHiGe kkied ihakd &l nduced by the fluid anplifier system as
defined by the flow rates through the first and second anplifier outlets
684 and 68G{86EHs nBaswe d¢d 82 ihedhticTheaict albhaobwisiein bavihhpe Seldedtar
system with this flow r_Egi me, is said to be "closed" since the majority of
f1ui dsysten péétefuthpawpghier fusteny 870 voveloxtijirtset petuENYPETRPIS eIt t ex
chanber. 2 prinarily tangentiall as can be seen by the.flow patterns in
Che v aeien echuiibbr ond 2 BTG SeRdidedr v aRts adRept dsDur d fonfieRo cpFUPE

[ 0074] b &E i IEL y LhLabl iyl 4 140l A ui ifiers
[ sert osnt B ShEFin GiaTan Ty Penbhat e stiol bl 169 i oy arm i ai
Wil abklew greaadses giatdreseitiatdos viehveenohhaiids (Rfid ielatiwalops ssudh &

viscosity; that is, the systemw || better be able to create a different
f1 ow petarerinist pewayhked loé sysieeneixhbighenaniduwit dfcpamdes diskbaeg vedst ¢f thd e in

overall viscogity. Aplurality of anplifiers in serjes wll ovj de a
o eat P FhickinGRe ot it Bepes ) Bac BHRBYRE Re et iRIA BB ¢ o
devi ce, (N I L oul:t Ll £ il t he
dov oG8 Lanal e hEnisg.of THLL LD APBLLHELPON b LD SYRL B (1
in thes e GROGHEI @tdhapeeh iy aadimilyl 8id pefe enatkghangee of cidasd rad o in
the fluid ratio control system f0075] Figure 12 is a schematic of a flow
cont r glatlsyay depacteat disigjata® system 650 is downstream from the amplifier 670 which,
in turn, 1s downstream from the fluid ratio control system 640. As used with respect to
various embodiments of the fluid selector device herein, “downstreamy” shall mean in the
direction of fluid flow while in use or further along in the direction of such flow.
Stmilarly, “upstream” shall mean the opposite direction. Note that these terms may be
used to describe relative position in a wellbore, meaning further or closer to the surface,;

such use should be obvious from context.
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enbodi mrent of the invention utilizing a fluid ratio control system 740, a
fluid anplifier system 770 having two anplifiers 790 and 795 in series, and
a pat hwaywdepangdent resi stance system 750. The enbodi neptTius26ii@ered7 12 i s
simlar to the flow control systens described herein and will be addressed
only briefly. Fromupstreamto WO 2011/ 097101PCT/ US2011/ 022617 downstream
the systemis arranged with the flow ratio control system 740, the fluid
anplifier system 770, the bi-stable anplifier system 795, and the pat hway
dependent rié%%@t antlee Eysd s systemoptibisTaaRin shpynratth @ By haasasawy ayS4hown

R N S o A L Al s R T S
749. .?sa‘g\%@agaém‘g?ﬁ'ﬁ?g)ﬁgﬁﬁgeﬁe BE raf Q8K cCNG rﬂﬂid‘iﬁ‘ﬂigﬁé IRcsghectrad Mased

on design~con ati i ncl udi ng the expected rel afive viscosities of the
f1 ui d pavegetiagecant be apredsieledy tieds onark@w gabular Iaesighwagt abhein t heofthond
selector is to "select" or allow fluid flow relatively uni npeded through
the syes@gewMalerchaeradasign rovidingreqhsitermeistarneeatyisosuahlegs. « Rer expstmem i s

R E e T A
out | egpaﬁ a0, ¥hats ?ﬁxl@& gﬁ%gyé’érbﬁa%ﬁﬂ‘?eﬂxﬂ& &ﬁ%%%k@?@%%ﬁ‘ﬁf%%f A%n 14,
uded I n 4 te

vortex diode is 1nc e prinmary gassageway to cre a nmore

desi r ahéingat Hecrepdd tn vEiBRRG 18l hykavienfihe flbar Mebhinan fAlkrdalesy GoBRidssed of
a |larger percentage of natural gas. For exanple based on testing, with or

wi t houliffarivgriiesd giattdeayssoan nfunbieoprasnar yispesadeneayieTd pattavay predherr at i o
split (first:second: prinar t hrooygh the passageways, when the fluid is
conpos&E!p fenﬁﬁaﬁfgﬁ?&@nd?q u%%%f%é%ﬁﬁe 2paiRwa, WREAT tthe r@@é%%igh%@l adhe

primarj]|. G of ural verie i ode tilized;in.the
br i mar 558 2R e A R ANl e B RS G el VBT Mo
to t heyiFEiciBrarRReSAUSPRY sudthal hakjdopRshial hetashiiPe 3%ia83- w8, & efiegabl v,
the ratio control systémcreates a relatively larger ratio befween the

vi scosnityridie penbeniscdna defide peadenty, passagehaywset{abiiityi cfahe ereridlepemding on
whet her the user wants to select production for higher or tower viscosity
flui d)ﬂOWJse of the vortex diode assists in creating a larger ratio. Wile

the diff i i th t di b t.ivel R P
enhances  NOOBHr { of HREe W B QP RERY aRaSaesy Y oRe hnBpeidpt ayet timfluids

[ 0077]¥ak 6. &agﬁv&g Ll srRThedi B R U ONE cgﬁ@%ﬁs&%%wa? &gFédiés%d f thdihe
vi scosity i ndependent assageway /46 rather than mulfti ple orl?lce

passagewaye Ascoekipsail Tad seesed Pasdigbhay epts anbiadimialmgrawdeexedpldey@sd t o
create passageways which are relatively dependent or independent dependent
on vi sbissighyvhigh eéheflugl flowmsexd i wueex diode 649 can be used as an alternative for the

nozzle passageway 646 as explained herein, such as with respect to Figure 3, for
example. Further, a swellable material or a material with special wettability can be used
to define a pathway.

[0864]  Fluid flows from the ratio control system 640 into the fluid amplifier
system 670. The first passageway 644 of the fluid ratio system 1s in fluid communication
with the first inlet 674 of the amplifier system. Fluid in the second passageway 646 of
the fluid ratio system flows into the second inlet 676 of the amplifier system. Fluid flow
in the first and second inlets combines or merges into a single flow path in primary
passageway 680. The amplifier system 670 includes a pressure-type fluid amplifier 671
similar to the embodiment described above with regard to Figure 7. The differing flow

rates of the fluids in the first and second inlet create differing pressures. Pressure drops
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WO 2011/ 097101PCT/ US2011/ 022617 749 creates a |l ower pressure drop for a
fluid such as oil, which is desirable in sonme utilizations of the device.
Furt her; weeonfoosmhect ed vi scosity-dependent fluid cont polr/mdeviieesmifvort ex
di ode, orifices, etc.) may inprove the fluid ratio between passageways
depending on the application. 10078] The fluid anplifier system 770 in the
enbodi nent shown in Figure 12 includes two fluid anplifiers 790 and 795.
The anplifiers are arranged in series, The first anplifier is a | .

pr opor§ efsatedamphe ffirel argbgecomh dnlets altthe wpiations vigy Sedife 75008 RASHITIFRIAN
inlet 774, .second iinlet, 776, ;an imary inle 77,40 flulLd conruni.cati on
wth, PPyt RRMPIE e o5 el B ol ol pad 8RO A

pri mar, , of A i Ik St cond
A e b e S R S e B T A ST e

t hr oughuiti hgeismbetforagshdasied 684 wldseM)erepdrervely), toThe &t of dldilaw prémpsi ned

into a single fluid flow stream at proportional anplifier chanber 780. The
f1 ow rrassgenryfddi dl e oy prrssiiierapmmndicebenpart Hlaéts tie pegiconnectedridilired

fluid.flow.into the flrst outlet 784 and second putl.et, 786 .of .th

or opor DB NAIN B EREePOYIGIe THE SFBEcH AL Uifp Eligh” NP M TSBraRaL % wo
"| obesy,.; ndl j f 1 0Qr. f .8l I ; ;

pr essﬁf}uelgi g‘%’l gﬁggngﬂg%éggq%%gﬂ%?% g%:%k%vr,laev}ct% gwt §§t%td}agv@g’%[€?}8r erﬁ)dél %%(tzilleng
pr essuresshed yaamunh@itongdrabes on either side of the anplifier. [0079] The
fluid anplifier systemfurther includes a second fluid anplifier system
795, in thi[80¢3Hse la ticstmabtdment setn anpigufe €, thrh8uahPloiv theougiosnlhtastat
first inl 794, a second,inletf 796 and, a primary inlet 797. The first and
secondfnb &6 SIS HAep ﬁgéﬂr@l%,ﬁ%%&m% % DRI AGiA eRimbin 828 (PORSSHI b

first C O lets 784 786, T i:stabl M | fier 795 is
shoun FRUTREEETSn Pblisy e e BaS < Rand TN ESRAGR BEPRE o e
inter '@fecﬁﬁ? sage W hObrinhaytiHRulay. wihetl! g ikl @w gyt Reetfdptis in@ndo
second inlefs 794 and 796 direct the combined fluid flows fromthe inlets
i nto tfhev bireats anfirsendndcond betists 388 audd 860 I hel Ao wpikt twyely thdeffre ndeeit 374
resi stance system 750 i s as descrj bed el sewhere herein. [0080] Multiple
anpl i ANEESS #AH HeweksPusieteond Suiticb 386 doadiae@ ¢hibie REsHIYLOIBRIGHCHBION he

(104 LRI 8okt S STROTERL shope ! o SXOIpl b el

rati o 33USE&Mstream from the communication ports. In Figure 10, all of the fluid flow
through the fluid amphfier system 670 is merged together in a single jet at primary
passageway 680 prior to, or upstream of, the communication ports 692 and 693. Thus the
pressure ports act on the combined stream of fluid flow.

[0866] The amplifier system 670 also includes, in this embodiment, a bistable
switch 673, and first and second outlets 684 and 686. Fluid moving through primary
passageway 680 is split into two fluid streams in first and second outlets 684 and 686.
The flow of the fluid from the primary passageway 1s directed into the outlets by the
effect of the pressure communicated by the pressure communication ports, with a
resulting fluid flow sphit into the outlets. The fluid split between the outlets 684 and 686
defines a fluid ratio; the same ratio s defined by the fluid volumetric flow rates through
the pathway dependent resistance system inlets 654 and 656 in this embodiment. This

fluid ratio 1s an amplified ratio over the ratio between flow through inlets 674 and 676.
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WO 2011/ 097101PCT/ US2011/ 022617 740 creates a flow ratio between the first
and second passageways of 29:38 (with the remaining 33 percent of flow

t hr ough twe 2pti/0varoy passageway). The proportional anpli picgrussystoersn790 nay
anplify the ratio to approximately 20:80 (first:second outlets of anplifier
system 790). The bistable switch anplifier system 795 may then anplify the
ratio further to, say, 10:90 as the fluid enters the first and second
inlets to the _ﬁat hway dependent resistance system |n practice, a bistable

anplifier tBREE to 156 Flawr sontstlapisem TR ISPE [8vinchieng Padwayodesadestn in

1 ow pavsaRr Frene i he boRikt Peien Skl el Rl WIS TS GPAlP e
flow rfﬁfi&%oﬁﬁﬁgm%x&& w;ggﬁl%%;{gpoﬁ@& 6 8 trfe! m;a&@@ﬁgs te‘?ﬁ%@@fhisg {d

anplifier, such as at assist I1n creating a | arge enough change in
fl ow palet 666 ihrfludd tchenrhisicatibe v tiehscconéfpheicaaghaiiga vortdxhehasnbdrcIp
condition (from"open" tao "closed and vice versa), 100811The use of

mul ti pRé amphile 658 | Fha fsstnalel Gipidierisrfleids méntberyories| deenbheneprumaribf any
type

desi Lifier kpown in t .4 ncl ydi -t
| o0 bR abl B SR ol CAni 1167 BI0 e ore, SAAEE AP FAHY 1

i s spegifiicaldy; 4 o - Lf ' AT and
typer SR G I APk LU OE AIRGL! S5T pRNSERTIERRAIIL 1 L MARRL 200
syst effbe ¢3htek REdILBEfdrbeves@aly IV IRRItHrdudhethe vrteRdutled b s8esFinat spikaidher,
as shown, the primary inlets can be fed with fluid directly fromthe

i nt er isopuphsiwagevey cbfmnthee inoisasesr inospadhenthf b uicinademtcmcréplse isyltationih
Figure 12 ig shown "doubling-back” on itself; that is, reversj t .

di r ec PSS of DEIINESFHihY FleF Ly w%cgmce%ﬁ%%?é fore t 9%%%0{66 # iamgworﬁaf@ .

This i e- Savi j t_ i t Gt - : i nventjon.. The
speci fi?%rg t}?)%) g%ﬁ%} ﬁrig ?egf%iﬂi/ﬁgg g{pga&?dgﬁlk?%é)srfrﬁ?%ﬁ/_sm%a} {y h‘g&# P{lﬁ%ég'i?ig icg%sd}s"%lg E?C

anpl i fidefex Shab@Ry and faf éw@y%m@;@m@wﬁ@%t §pivd16fy. SYShRAUBLY, BE phithened
by design considerations such as avail abl e space, sizing, materials, system
and neizpéaddniengiaconcesem provides pOA82 Irekistunre So18Mdarchid®B; altee chamber
Conput ational Fluid Dynam c nodels show ir:]f‘? the flow patterns of fluid in
the emsBMmRyENgANtiaHy thppasssnisinsysnaniymdsdbn Thisppgsiaaca B rephized gur e
13A, the fluid utilized was patural .gas. The fluid ratio.at the first,
secondARPT BT HR0Y e R 18 by RePasn EReh peaPplBass uB niidelddiitery

pr opor. (W , 7 RC 14102261 anplified
e o B B e A e T e 9 ana
786. That 1868 wasThaphtieraypnpbeddeed byistahee sgeend Sophirddiens S¥Sp@WFOS,

where the first:second:primary inlet ratio was approxi mately 40:30: 20. The
out putresisienes & thhdlueé andpd itk png dsichpravastcadthat Teid hesraame kst
and second outl et. 98 .and 799 or. at the first and second inlets tp.the
P e Ep e BBTIs L) SEand By @1is Hentiiea ppo i Rar B tsS9g 10 e Tpf gwor
relatixe i I f t QL LRI} i i Lhl et
of t nOtEth e BORle YYE By B ¥Ea b HeRL WL otseh B Tepdrsle
subst anhhgds dn flaRgeRtéaly. PTLB. flukbeafib Yl gteirs sdlocirdy darestibsamiidafidy inet at e
about the vortex creating a greater pressure drop than if the fluid had
ent er ébe phdwayr dependeninesistance agstahl gaseaimfsthprre%wce/imwﬁwaéhc éhiidover
back- press%re on the {if%l_ui in tht% sel ector system and sl ows production of
f1ui d.tvme. The pabgay off um; v dnteaBe Pt GeRtdsnETESHANCE Dy SahfeleHBHES. | s

shown i : S | i was gq?e f 00 ] .0f Vi ity P.. The
fluid? a? :i[‘Sg @oh?ﬁ’o%ﬁesﬁstqéet%ﬁ}%4§“& v?cglg %eﬁfi}([ap\%g}’”atbg %hr?t g&%%dra;t ‘lj%;%@ ent
29: 38::33stahbe s{dib Sl BRWHeHEheRYS EEBd P th&h?@e%@ﬁdérﬂtr‘eﬁsfaﬂcc system
approxi nately 40: 60, The second anplifier systeni 795 further anplified that

rati o use bapat onithatdhyvd GoS0ratdevennmee Bleepathvhy ddpendemiassemcedyttonf | ow
into the pathway dependent resistance systemprimarily through the second
subst £ati passiply def af dtheredegan, Rt BosigiER aevIeatTEORENCE H@v&%ﬁsﬁmdeﬁi@éﬁ in
t he vq t ex thf.s%‘gsftant,i al%ipo_r%i on of flowis radial. This flow pattern

cr eat ¢8rORER CeBFRF QLS S PTHERSYon the oil than woul d be created if the oil
flowed primarily tangentially into the vortex. Consequently, |ess
back-pressure is created on the fluid in the system The flow control

systemis said to "select” the higher viscosity fluid, oil in this case,
over the less viscous fluid, gas. [0084] Figure 14 is a perspective,
cross-sectional view of a flow control system according to the present
invention as seen in Figure 12 positimned in a tubular wall. The various

portions of the flow control system 25 are created in the tubular wall 731.
A sl eeve, not shown, or other covering is then placed over the system The
sleeve, in this exanple, forms a portion of the walls of the various fluid

S o o o o o o S - .



WO 2011/ 097101PCT/ US2011/ 022617 portions of the flow control system can be
manuf act ured separately and connected together. [0085] The exanpl es and
testing rweubigodmscri bed above in relation to Figures poTA%2@@256851 gned
to select a nore viscous fluid, such as oil, over a fluid with different
characteristics, such as natural gas. That is, the flow control system
allows relatively easier production of the fluid when it is conposed of a
greater pr\(l)igorti on_of oil and provides greater restriction to production of

the fluid i8] + Notaibaisinithisconpedinmananthevipdamplifies syatEmmgueets Giteind

proport,.on_of natural. .gas. te that the relative proportion..of oil.is not
necessgpits Spetiorah s 8eDeo ey ottt AT chFwlies BoRe BTkl Qi< o hB I

is to;be; S ; i-hed ..canbeiutidibzed to
el cot b e R P R T e e P er P st e
can bendd#igngdichoasetlectirdetweef tdpgathabyidehatdon rédistadcasydtémvae ialson

bet ween proportional ampunts of any fluids. For exanple, in an oil well

wher e thhsafleulangiugiiah gide o thaeflowr parirdnsysscraxpdbiseds doeviar icoves of iane

between ten and twen rcent oil conposition, the systemcan be, desi gned
o SeIBEruIH BRI AMEl At Q11 B05"F SISt TN g Gl St 60 GHEn EREE 71 Urd e
conpo ¥ i o I ri.e I; t he
cyat o admeilg (RREH! BEERRosPhiquey prd e A PP LE oA TR

Vi scoshé ¥yquel Thenelative odfticaidebabhysabywhighed ivMescRsi epenthah thé typde
system can sel ect to produce gas over oll, or gas over water. Such an

ar r angedenimbe oSefpliftess cegloyaet ghodusidabdesfenotlement wathext the ampjdsed

producti. wel |l ... Such .a design change can.be achieved by altering the
pat hmaiwgg’imgéﬁifres i‘§E0a§‘§e?‘P§~P%ﬁf JOERX T PiAE 1O POV s cosagie Eer is

di remiﬁghé %%:t he vortex primarily radially while the higher viscosity
fluid '?e€ted into the pat hway dependent resistance systemoprimarily
tangenti al ligg7@uchia SYSEMehS of BMIoRt cdnin@y rs?sté-éi- sHHMABH Floge € 1kaniSs
schematic of a flow control system according to one enbodi nent of the

i nventdeanod¥®idgnead:lize asglimeaty passagmrawinsthodhiiy ritiebgstaveandphigingiinlet in
viscosjty fluid. Figure 15 is substanti al Ify simlar to Figure 12 and w ||
not bdheRPPalkedystemedas axplainggrweith Feppeetie figne $a8B. and 856 to the vortex

hamb 85 ified " " he i nl 4 di
Flura s nco 10RE ort skrEsy! §iB et Carmaan ottty il Plmeiee hirts S8 s 881 <
fluid.LahQ M‘ﬁ%g%ﬂﬁi&@@&?%%&m ;\!;]ig@cﬁ,'itliéé Eﬁﬁgﬁgﬁﬂg?{iéﬁ sgé@éi’hsftsy 3’%311 in Figure .

2011/ 097101PCT 11/ 022617 the flul relative ow Vi Scosity,
such d9. wilks isenposednitiiimriid yisodsinadayeakegalsst phssabbwng 649 iHvigghedD nto
the vortex primarily radially. The fluid is -selected,” the flow control

syst enwitls 2"grpensectgnl ond Odsiranswhand Brckispesatysindepsddnipasiagdwon G¢4e
fluid, and,the fluid.flows relatj.vel asily through the, syst.em
ConverslR5a dahdrinEh &M voEeSiiod §efvenySinrgheions SEG AP TEL6T! a¥unen
conpo [ rce . . : X
COMPOSSIbIBYe(® 435S HFYASALAARPLol Ohne blkie ShTEgTeod LBl .ENS NoLe
syst enphs wit 0%efich pastigehel sl eeShantay FrgeRask TR S8 aLE eydéhadsonpad d e
inparted without the systemin place) is inparted to the fluid, and the

pr oductétodiaofeteinghainthar dvitls 2 Oetl umddyutiEhpoftl ow control system can be desi gned

to switch between gpen and cl osed _at a preselected viscosity or percentage
conposi ti od0872k | fi'gucohibianys 2 G@W@%&Wﬁfib?ﬁv @W’éﬁi"ﬁéﬁ) qfrethaégﬁtsﬁbd to
cl ose. - the fil ui.d re 409 tar. (ar VLS$GOS 1 - f a
71 ur o B Tieh S oI o BRpSSuhst S bR Bivel. " IBECAMY BBRATa¢ QPR Y 2

I N gas,oiehk@id AuRl EWGNTatdehesudd (1 Firdr RAUELoAR, pREaddivd R ﬁ?ﬁf’éﬂcﬂﬁe&y $HRITE

for selecting injection of steamover water. O her uses"w be evident to
t hose cekirbl egktem whemaatyred rel4ids holudicngrestirentyghamatitier K31 iths flofv thes
fluid, such as density or flow rate.

were measured as 88.4% through primary passageway 680 and 6.6% and 5% through the

first and second pressure ports 692 and 693, respectively. The fluid ratio induced by the

fluid amplifier system, as defined by the flow rates through the first and second amplifier
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[0088] The flow control system can be used in other nmethods, as well. For
exanple, in oilfield work-over and production it is often desired to inject
a fluid, wepoohyisteam into an injection well, [0089pErgise@i1bt2ets a
schemati c showi ng use of the flow control systemof the invention in an
injection and a production well. One or nore injection wells 1200 are
injected with an injection fluid while desired formation fluids are
produced at one or nore production_well 1300. The praoduction well 1300

vvel | Kutists18bhard 8hdwas Fressyrdiase’ &89 mdtiedristabloswirh obiegaaeuBtsion,
string .13 t ends through the.well.bore having a plurality of production

t ubul g?’ﬁ@@% ?l)é’fﬁl‘sje@hme’fﬁés Ez(;‘))dg“(‘i?’hct?pc?fluhtubuI ar sections 24 can be isolated
fromone a r as; i kb b T, It ' ow
Sl e L O S e R R i i

pr odugtitem weliksg 180001d:) lectin@n wakdsid 200 01032l cRlesTlee Weinhjhostod Fuid
extendi ng t hrough a hydrocarbon bearing formation 1204. The injection
appar a@mﬁmlﬁcmg@ss dereg @ undsr appox202tl n 9960 peCTT wshvid flozoet dafwws uppl y

| 1206 whi ch.  wpi cal | t from th f to the downhal e | ocat i
of " BRt e CoRt YR e Tt 0BT AReetPOH s & BiRodAv iithe
ayst ononithl ty el O BRACIEREE SIS, Il Rburpli pRRRALLT RO ldes
the targetmzenesd of oLhes fibromhi MimaBackksafew e 6BOrdndSY SbeERd 1240 thnsidides

one or nore autononous flow control systens 1225. The flow control systens
can behofirgtrandmecond pressutr pentgéP2and dPdcisped iedy eilhe fwd rekanpduseddfy t he

et R TR vty S
o PSR S DR AR SR TSR

and prs?ﬁ%H{,leE'iﬁ}Pﬂﬂi; ﬁb@ﬁﬁeg}i@epﬁ%‘éicﬂ@_ B daTBEdd Vs isdeRN A Qbriknb Ll PR difdc@:d he

formati on. is typically not desirable to inject hot water into the foi

10091 tk@mugbquentfisgt ¢dreesf |iolet c654 rald syrstmmshel 22%btear ehainbei z&2 tpisehbot
for injection of steam (or, other injectiagn fluid) over injection of hot
wat er Uorgcatialy. reen bressandhy derllow patternsdnthe vartpachambys cesating 1elagivel e
the i @{ﬁe}ggl Ckl’)l fluid in o\ﬁl. w ratios based on a relative characteristic of
the fIV8H PYOR[ESSUEP S S“Vi¥Bosity, as it changes over time. Wen the

i njection fihgvgh ha desy , : y ; . y
EEM $n HaMnResi HAR! Be RIcOPASIE tB(r)llltﬂﬁze"‘@ﬁﬁﬁ%%P?u@i gﬁgﬁﬁwm

I
rel atively "higher viscosity, t ratio contr system e the flow
accor defigt yn anel fhhie a8l Bedrodyseyrst eMeutd odinheitibld Beplifigrd whlitDidWereater
tangential inlet of the vortex thereby restricting injection of water into
t he fchfatangationyetyren fijids i oplativelysionanyssotity: ahali ighde sysiepowt il battef
steam, with a consequent ch e to a |lower vjiscosity, the selector system
i 1 acte ¢E B GRA AGTEHE! It Rkt JarTeH: Eco e AT Ec SRS AR PRARES y
radi al aLl owikng..i nj.echi . 1 he W Kz , j f
the frergPet MR RhERls Rctin Lo ATl AR erg 0 ST Prpae 4
t angentréakbt YampgiRedtlonl Gfr el FLe@NiAQ ceaeséEBAQheafluli vhde thardinidesickon

f1uid based on any characteristic of the flui'd flow, including viscosity,
densi tAdditiadalieltbeiusy.of multiple amplifiers will help overcome the inherent stability of
any bistable switch m the system, allowing a change in the switch condition based on a
smaller percent change of fluid ratio in the fluid ratic control system.
[0675] Figure 12 1s a schematic of a flow control system according to one
embodiment of the invention utilizing a fluid ratio control system 740, a fluid amplifier
system 770 having two amplifiers 790 and 795 in series, and a pathway dependent

resistance system 750. The embodiment in Figure 12 is similar to the flow control

systems described herein and will be addressed only bnefly. From upstream to
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[ 0092] Additionally, flow control systenms 25 can be utilized on the
production well 1300. The use of the selector systens 25 in the production

wel | can we 2ong@rsuood t hrough the expl anation herein, espaskalijoyenith
reference to Figure 1 and 2. As steamis WO 2011/ 097101PCT/ US2011/ 022617
forced through the formation 1204 fromthe injection well 1200, the

resi dent hydrocarbon, for exarnple oil, in the formation is forced to flow

towards and into the production well|l 1300, FI ow control systens 25 gn the
pr oducﬁ&vﬁﬁsﬁ\%‘% thgeusiEM IS gerased Mth e flgesiratery Cﬁﬁﬁ@héﬁ‘l@ﬁl 714 theafyid

restrlct f t|o |Uld the i.on fl ui

"br eak SIS SRR o o e TS e e B0 HL PRGN e P Tt ERR 11 o
contr ste IAsorestri ct productlon of the inj ectlon fluid. It is
typi cg%z”?tﬁat gsﬁe%nj ection fluid will break-through al ong sections of the

producti on jag¥éjbor Fharfevidnialio sSknee 7ubesfdhownchatingl fisy dceond and pdskti oned
al ong isol ated productl on tubing sections, the flow control systens wll
al | owpRejageweys rédt.r 1éb.eangr ddict ﬁ@nﬂbi‘r qase.miotforthe | %ﬁcﬁl‘lﬂn%heﬂ@)rmﬁﬂéﬂ on

t ubin ection breakt ro not occurr.ed rict
D et S e tioea aas T LsOREBET iRdscthafieh sentrol

occurr, t I d 5 I,0 e is
conneé}t%gé;eglg éegg%egdg%ﬁdonhs%i% %W é%%mleﬁg%gbrsgl ?&P&E&é’ gﬁ%%ge&iﬁgr%%g\%

sel ectii@dsities of thhOA9 oldrerimd] a6d hrReRBIAo6S talesCT kbt yaovwdidh ehedasht | bed
for steaminjection. It is to be understood that carbon di oxi de or other

i nj ectselwatdrlmitd “‘salkcBeocutilbvzBdid fibw @&teeﬁsomnsym@ﬁ thr@augﬁoplm aykéemo the
restrl t the,f.lowtgf t he undesired inj, on fluid, h a whil e
not profiadtsaGtchce é‘%%c?ﬁf"e@ﬁ?@é‘ﬁc‘é tholi¢ 6 ofYSHaR| 1rSeEP é‘é@ ﬁ'ﬁ I‘EﬁSbﬁ“ such

t f
gstser%%g]%% {?@ Q%ﬂ? gg?l oh %zr%t %1%% S?IS?‘: vV éige #fg(gger g& f‘ogn g%?%é}éﬂeﬂ ui d
flow oMl p ﬁ§a$@§%§avm’$%a§%r elrgerf@ft &Ead Eﬁa@r&d@ew&m diak ihShe tse@ond
injection fluid Tlows fromthe Supply lines, through the flow control

syst empaéddgewayatdco Tlanveowdx diaeamnaugdd fi e Sysdrgpaanacpatyhively todaperdent
resi stance system, and then into the formation. The flow control systemis

desi gieeret @ﬁsgfébkcfattoh@lﬁr esracidly miheache darmeuew fluidds comprissd ity zdargehe

R S PR SRR
I's di r»;g@t BdiHen mTaP@ )ﬁvdﬁ@e%d%ﬁcaﬁ %éézé%?ﬂ?ﬁﬁ?sﬁ’%&&fﬂd%zhﬁ%@)'%eu h

tangentially. hus e undésired fluid resent 1 n the syste
gr eat ehe basslaﬁmewumenlzﬁe ﬂﬁlﬂﬁiseﬁ)rﬁpeieﬁ%)rhh&m@ efheh] ol dgi abolak 0% 38333 ew}ﬁerpt ed.

Note that a her back Eaessure is inparted on the fluid entering

pri marthe yest Ahg@ rtasarrimar agomposed @fenafnﬁérgtae@ndmf:e\f@m@c é@ldecwm uglhetdem not

utili égd Thi s does not ng re that thgbgz(éﬁ sur%

2011/ 387 PETIEY RISSECH 32 381 721 SBYE Xyas i e Heries Sieds BT ui o

than %zrﬁ‘a@%&%&?&viy,%h@t rQQK’i *wéég-!ﬂtéééstm”wz‘é%. lﬁ*e@"rﬁf 9{ 'E}?ed ratio control
system creates a relatively larger ratio between the viscosity-dependent and independent
passageways (or vice versa depending on whether the user wants to select production for
higher or lower viscosity fluid). Use of the vortex diode assists in creating a larger ratio.
While the difference in using the vortex diode may be relatively small, it enhances the
performance and effectiveness of the amplifier system,

[6877] Note that in this embodiment a vortex diode 749 is utilized in the

“viscosity mndependent” passageway 740 rather than a multiple orifice passageway. As

explained herein, different embodiments may be employed to create passageways which

are relatively dependent or independent dependent on viscosity. Use of a vortex diode
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10094] A bistable switch, such as shown at switch 170 in Figure 5 and at
swtch 795 in Figure 12, has properties which can be utilized for flow
control ewenowidohmut the use of a flow ratio system Bi stahliseoiswbiceh 795
performance is flowrate, or velocity, dependent. That is, at |ow
velocities or flowrates the swtch 795 | acks bistability and fluid flows
into the outlets 798 and 799 in approxi mately equal anmounts. As the rate of
flowinto the bistable switch 795 increases, bistability eventually forns.
100957AP ¢$ieass wievei sreablie dinpt ( edhidesughiasi oddwhepiodeaabelisconise

fluid production in response to fluid velocity .or flowrate variation.,in
suoh 4TUGRHEN OF) 4 ARIBETS by ¥t o IO oty lireByrie R € bRy

wher e Ly I i ; : ! ow
rat e o 0o (ool e Arfices, RdCHa, RURSRL 160 it P ERPect rstalviy o
the fldeywending onnbeepsisataove the preselected rate, the switch is "flipped"
closed and fluid flowis resisted. The cl osed valve wll, of course, reduce
the flow r d0878&lhr ol ok asypdifsmsysiept $7@nn she gimbed e, shpyvs defigweAgur e
5, once activated,. wll.provyjde a n effect. on the flui,d stream. . The
Coanad SRnEL VD AR ACor T TP ths b Gee Traead Y oncHiby
surfa : i S,y . 2 F. h -@f | Ayl 1} iting
the {15 FOPIEEE RS BroiREoh HRBRNED ol Tr NS AP LTer (PRek Todpfs 3L, 2o
out | etinikB4774, 0s&load dileeci7ed ida thatad! oepat?y eyefluhebenhhgichliow wahi 0
returns to its previous condition due'to the proximty of the fluid swtch
wal | . régpestivoly, fheofirst presageveybldt, abtandspissagewac R46 snd tpabiiivt yasargtvidie
fluid flo appr.qQxi nat el qual Iy thrqugh the outlets 184 and 186 and f hen
about Jé&ﬁf g 0 sabmeoulpl BRI S 15% serand 260 RESRITGUNAHE BYE CPtact

back- re.sl e he o | ui th I i S

Deck: B SRRy Bplet SATALAE BEAAME MY Ul 00 g Al A AERUIR TS TyeRen

i ncr easRsiiul S&@0k [dityd event uakleyfier ey andatha ﬁ@ﬁéﬁ%m@?éﬁ@ﬁ%r @Bamber

i ntended, directing a majority of the fluid flow through outlet 84 and then
pri mari8y Thadem iratkl wiifhtid frdva therftek addetdimdbirdgbisi diteet t1b4otiberebituid
closing the valve. The back-pressure, of course, will result in reduced

f1 ow ke nipibe (v cusighdad and setond PutleidBAraithe pravoriional amyifisrts- shie ch
outlet 184 even as.the flowt drops.., Eventual, | .the f.low rate may drop
enoug BB TH0Rs LaME! KRG ST OIS 20k B ORI FA83 JEAY w1t atohng

fl ow v ; n.to LM : : nkd i d ,
hor oY SRRt o RORCENE R ahiAgH Mo BN PUALE S bl B e

dependahinciiopresant hetwsarsthemvedobed bh kzkerf didd df dreplmpli®es as descri bed
above in relation to fluid viscosity dependent sel ector systens, such as
seen in Fi JG#&12. The fluid eogiifiernsyatroe Herthenodideme ssboad Villidcaopliber f1 ow
rate depend aut ononous, f | control syste a systemutilizing a.fluid
ot o SETEToAs s EaRos DHLE ROk PTG (R AT SG febabe Tt ifl5hr o

S5, is-used. i - t. S : K yd4 ed,
25 nedsasars O, it A A BTy FR DR BT Al e A0 S PR ARI Y ¢
(rat hege tragiectiobBt iy Eluvd se@shiMatich RithTRkY aR@scapevayicld784and bgeusae: i f
desired. The ratio control systemin this enbodi nent divides the flowinto
a rat ibostbllsesivioeh fampldiareT ¥k iis yshowhehavinper peimariyt leta?$d wiichbovie Huid
presel ected anpunt (say, 1.0), the flow control systemis _closed and

r esi stEMTBRCA e MET ﬁ@ PEIGEiaysagsrieg afshe srgiet h h%ﬁé&iﬂ@w ﬁ%ut%én%ﬁht ,

1 ISR S 00k B8 43 LRI PR IS L

of fIl ui _ _ pen or cl"'ose Tn response.
A Tl O%éﬁéﬂcpséfc%&ir@kieW&?ﬂ"@?@.C%e%tW g8 deRt RERYAHR s3s@nPAsEHs sat e

of increase In resistance to flow as a function of increased velocity above
a t ar gietcrvisddoddséwhém heomipari son to the ot her passageway. Alternately, a
passageway can be designed to provide a |esser rate of increase in .

resi st ance [0689] ui dMuiterle aamplifgiscedoheotmploayed iesdddst (P spbynceathcarajist ed

Lo e SETRP S b2 B DL RESARR O SEPLES T AR

composed primarily of oil is flowing through the selector system, the fluid ratio system

24



17A-C, in which a fluid pathway dependent resistance system 950 is used to
create a bistable switch. The pat hway dependent resistance system 950

pr ef er ablwohasi/onioy a single inlet 954 and singl e outl ecaB201/ 021515

enbodi ment, although other inlets and outlets can be added to regul ate
flow, flow direction, elimnate eddies, etc. Wien the fluid flows at bel ow
a preselected velocity or flowrate, the fluid tends to sinply flow through
the vortex outlet 958 wi thout substantial rotation about the vortex chamber
952 andVviienisate Eosatratiy bavegegniie Gehiangr ©660d dagsagsvays 0¥s21 A8 (Hathiks
dependent . r.esi.sf ance sys 50, as. seen in Figure 17A. As vel oci r f]ow
oo TRRPURES T UG LS M T ORH: ohister? RS t4hats, Y Pi dubierlioay

vel oci : a0 LG, 7B, ; i S, & ‘ nber
052 b TR G b R P R e e
drop adrzogdifidigysysat 290). Thiee bissdbibbwinoaimlifRwisyabm 203 hen théwseglifAshd he

velocity or flow rate decreases, as represented in Figure 17C, the fluid
cont i e fesheiotoatsay.ab®df ashdeibiidesntenahbdirsosnd aprprsomi¢tade the PAEwEtA

signifjcant pressure drop. The pressure .dr acrpss the system.creates a
corr eclsaRteit Eatikngy SkSBine  On FRHRICE ti He AR SRR U oS SHOY: S Er
flowr dr UE .Gl I fel, Ui Il f £er
seon | Gure S TG e HeLRr v 1oL R e i Y, REpHES
hyst err@i%kis;cgnfaegé cm;iglg ACRSH. pAHRB9 Y] BuC hi@BP I THeabdcBriddnaA disitfakl lengiMd ch
allows fluid control based on changes in the fluid characteristic of

vel ocidiyiderthiel Bomwr sate r8uche vy risised sruglef whlet rflawpl | dsat iddns prbportional i s
desi rabIngio mai_nt aiE%& rodycti.on or injection velqcity or. FJow rate at or

bel ow 4! frgnsyekt s, atrPs el asypl incar?i6ie aiaree BRo %%L%@Té BT ed
al'so ot Plvle uipRdS R gl ORGP TR SRRt BhEP TS SRR i o

flow ylheyvadsononous systems and val ves described herein rely upon changes
in a characteristic of the fluid flow As described above, fluid viscosity
and fl ow rgoés8tian Dlee ubeof huildpEhanabfiersi st singld hinpédiet aystont cal yfdlode | n
an exanpl e system designed to take_advantage of changes in the fluid
char adhe P& Of @npflyRie AL %@:ygn Sifarapifieam ﬁﬁ%ﬁ‘e?ﬁta%lcg-é@ﬁ@ PRESSRGobeeaIet-

B e T T
That itgat tB@%?ﬁgQﬁY@ysR%&ﬁ YRR i8Se %n%érﬁ%;%lﬁégﬁnﬁiég@%%iﬁ%%l%ﬁ O s&idd & d

having a greater density whereas t ageway 46 1s either

subst gatdladl| WdiBnsadlly ithe epghdentyaenkaandncludy efis asd bbﬁmimk@mie@&m il o
density. In such a way, as the fluid changes to a preselected density it is
"sel eatalisirgdr Fyridguotsi dwvandh¢ poviaryiitlety edmbe ved ywitle8yid dseeiafios thr ough
the entjre system 25 with | ess inparted,back-pressure; that.is, the .system
or val WETRF ITESHENGTeR e Bl Pinets RS HERS T t I ARERS Tob ST T etk o an
undes'sﬁ%@‘&%ﬂgh%)ﬁackhgnfﬂs‘@? 'El?att'iﬁ £ O 'thé@ﬁfe%ﬂbﬁ%f%& FORANGE d AGht

out put ratio an he system 25 w I'T" I'npart’ a relatively greater

back- peRss lﬂhs;ecisr)//slt&ﬁttairﬁght thefvalrug ik 8 spst@sAdng tecWPique but is not critical to the

2011/ 097101P US2011/022617

invention. The specifics of the relative spatial positions of the fluid ratio system,
amplhifier system and pathway dependent resistance system will be mformed by design
considerations such as available space, sizing, matenals, system and manufacturing
COncems.

[0682] Figures 13A and 13B are Computational Fluid Dynamic models showing
the flow patterns of fluid in the embodiment of the flow control system as seen in Figure
12. In Figure 13A, the fluid utilized was natural gas. The fluid ratio at the first, second

and primary fluid ratio system outlets was 38:33:29. The proportional amplifier system
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[0101] O her flow control system arrangenments can be utilized with a density
dependent enbodi nent as well. Such arrangenents include the addition of

anpl i fi erwoypsidsiolpat hway dependent resistance systenspamgisbéigobicke as
expl ai ned el sewhere herein. Further, density dependent systens may utilize
bi stable switches and other fluidic control devices herein. [0102] Tn such a
system fluid is "selected" or the fluid selector valve is open where the
fluid densi tﬁﬁi s above or bel ow a presel ected densi t(%/. For exanple, a

S¢

syst em 8ednphtiad tthe seliede appoiTRion SFdtkiuithe Wineinand seeondopidrie d 84 andd

rel ati-wel ygreat.er rcentage of. oil. .is designed.tq sel.ect oducti ogn of
he 1 b THRCRUuBE SEREH Wi e by € SEERERE LRy ST G, 2Py WGk B
Converssel- - ensi fast r apspbgl ow: 08t 0ensid V.
TGS s I R R R A B L T T

pr eselsecsretiasietisict 795 ahencstitahat ik ipfied andl sesedd andetk|19i8cadd D3 bsat
resisted._ 10103] The density dependent flow control system can

uti | i ZBe firsiiandseppnd irdels tashalpaibiayetEraBauY ren sarasysamt was appraxiunaiebsi t y

dependgn ow contral .systens,. such as seen in.Fiqure 12..1n one .
erbodideht TF Heidanes ey Ve MO S SR 1 B St ea SRS gkt em
utilizj L aratd : I <k ar rati .01,
ayst el 19 Bty et Y ST LRER! o AP 1Y Plex &4 SubBAEAN
and 14fnaimeiapdit. | gthe AGidNRCRSSE Yo stibsighvditeréhe hboliidht! Wmdbased:iag a
relative fluid density (rather than relative viscosity). A primary .
passageedyr paEsezndive Usedifithe dbsidried eMared ttel vodonpriohardystadmlivn s
enbodi nent diyvi des the f%o into a rat| oef?ased on fluid density. V\hFre t he
densi tFEISHEG PR CARRIGS &( eg%@rwrea%ﬂbe gk By TSP ECTar ey Sl et £l t em

is cl ists flow As the density of fluid fl ow changes over tine,
t he vi’i%g%“%{zﬁéfg%%?- or close in response. [0104] The vel ocity dependent

systens deqgpsded |aQyeccyB ReCHhipk#Rfal FILIRD FL810 hBi&GE isRhwiBH Radinher e
there are nultiple injection ports fed fromthe sane steam supply |ine.

O t en theitésngyd Sluehmak Rjoagidsed ofanil bhivedfcozion€S ¢ Eiheciintiened ool shkteads a
o1 0 GHGASOMTLEN 19ice 01 Aj/2EPoe PALIS The. T dirsy R It BERteral 1901
to |i b { j
tzgi 1/28“%@?{%&%%%%@% %gg%%%laye@ %géde ARPES, anida}me‘ipﬁﬂgxu Q%«'s er%f 7@% Ffther VO
amplified that ratio to approximately 10:90. As can be seen, the fluid was forced to flow
into the pathway dependent resistance system primarily through the second substantially
radial inlet 56. Although some rotational flow is created in the vortex, the substantial
portion of flow is radial. This flow pattern creates less of a pressure drop on the oil than
would be created if the o1l flowed primarily tangentially into the vortex. Consequently,
less back-pressure is created on the fluid in the system. The flow control system is said
to “select” the higher viscosity fluid, oil in this case, over the less viscous fluid, gas.

[0084] Figure 14 1s a perspective, cross-sectional view of a flow control system
according to the present mvention as seen in Figure 12 positioned in a tubular wall. The
various portions of the flow control system 25 are created in the tubular wall 731, A
sleeve, not shown, or other covering is then placed over the system. The sleeve, in this

example, forms a portion of the walls of the various fluid passageways. The passageways

and vortices can be created by milling, casting or other method. Additionally, the various
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[ 0105] Turning again to Figure 16, an injection well 1200 with steam source
1201 and steam supply line(s) 1206 supplying steamto nultiple injection
port systworolidbOions utilized. The flow control systenspt2Afs2@n®236¢f ocity
dependent systens, as described above. The injection steamis supplied from
the supply line 1206 to the ports 1210 and thence into the formation 1204.
The steamis injected through the velocity dependent flow control system
such as a bistable switch 170, seen in Figure 5 at a preselected "l ow'
rate #OTUPRTITtIE Bam AU SYHBM &%l MBIERBIAd soparFisly dndarvRiaRad
flomstingg the outlets 184 and 186 in basically simlar proportion. The
out | et 8189 and 186 are in fluid comunication with the inlets 154 and 156

of Lhe pal hpaysideppoeRt bR HaRee S YSLRldelifh %Wmd%g;g@ﬁﬂ} Figures

resi stance ‘system 150 w thus not treate a significant ressure on
the stigam whi ddsighdd teesdian 4 herdorseats SnidyMsubh aelodl ivvet ¥ feddevitl AB&EhE a
thief zone is encountered, the steamflow rate through the flow control
syst eghafacterishish.esind apscarthgaspr ddet ecttbe low donret sysmnr allews gekatively

b st aBAELRPBIFHG b LHCEd Rt e TP BB o 2 R R FECPAAD §0' 16
it : | ' . ' i 0f .t f h
The. birsebre St ch BTl IR POV BTN, O ReRRERT I e

syst emvip 8 mcfooldhing BeniphémmbbbitidrasOentirAlday - oNbenthed tideddtivkddropbhitsh t he
steaminjection rate into the thief zone will be restricted by the
aut onorfpukisfiabindcesshriyt waygired A bemneated than il todicabictogledtageihiddntlt 4 tovie

control systens can ytilize the pathway dependent .resjstance st em shown
at Fi GUPESEy eRdgseiner el & BYSIEfEp @ﬁ%@iﬁ%ﬁ@ gwsu et fpaties) Pt

siml ef f ). [ 0107 61.S,..ex d .t hat..a teresis. effe i ccur.
ao "t ha g Alirdiy Pt RIRGC L e L SIS s R R

SW t Chhd Flmdi® fihiawsrial 8riddBaUaBn hashdrtions ICORbERL oS¥aY FMIidLSFM ddarhele,
restricted by the back-pressure created by the pathway dependent resistance
syst enn k40cil Thilswhiere ther fiuiddlbiving fheae thehbridatwnriatespecetihe yargsekedted | ow
rate, at which time the bistabie swtch wil|l cease to function, and steam
Wil AGEVeET fedvandelvanty griceay el IopMaNsHiRgh thhaysigntcar bendastgnedra semch thae

ot 00 LM SIS S oV ROUL IR OLECTLUROR 0251 01081 e

[0886] In a preferred embodiment, the system can be used to select the fluid
when it has a relatively lower viscosity over when it 1s of a relatively higher viscosity.
That is, the system can select to produce gas over oil, or gas over water. Such an
arrangement is useful to restrict production of oil or water in a gas production well. Such
a design change can be achieved by altermg the pathway dependent resistance system
such that the lower viscosity fluid 1s directed into the vortex primarily radially while the
higher viscosity fluid is directed into the pathway dependent resistance system primarily
tangentially. Such a system 1s shown at Figure 15,

[0087] Figure 15 15 a schematic of a flow control system according to one
embodiment of the invention designed to select a lower viscosity fluid over a higher
viscosity fluid. Figure 15 is substantially similar to Figure 12 and will not be explained
in detail. Note that the inlets 854 and 856 to the vortex chamber 852 are modified, or
“reversed,” such that the inlet 854 directs fluid into the vortex 852 primarily radially

while the inlet 856 directs fluid into the vortex chamber primanly tangentially. Thus,
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during injection can lead to better penetration of pore space since the
transient pulsing will be pushing against the inertia of the surrounding
fluid andwbheiy@vimmays into the tighter pore space may Pecaseotioeepat h of

| east resistance. This is an added benefit to the design where the pul sing
is at the appropriate rate. [0109] To "re-set” the system or return to the
initial flow pattern, the operator reduces or stops steamflow into the
supply line. The steam supply is then re-established and the bhistable

swi t civelieraihe Thadrs b relaayelvilam vispossionsiel snwilet KeTPoses pamary pf mpEal

. d ded, : | vl b
P o hassa 08 SRR BlodBRREe g bb e DR O PRl B ntRgeous
pr odquv@rbo%o} %ﬁgm an-fhdf d ARy treﬁ%tﬁ&&@ ah8 ; cﬁﬁkgfegﬁ&@qghmg@hedt&ﬁh

production wel wever, once the break-throu s occurred across the
ent i r €luig] dnd thoelad tfrvanelsid weskisethentigr theakyent uCosvaktly, Wheotiefluubr ds,
t he autononous fluid selector valve restricts water production in_the

pr oduds$ PbrcleYelynghdr ¥ipeospyi mech &5 woae kempares of aHagheraxresnsagont water,
hurting.oil praqduction fromthe f.ormation. . Once that, poi.nt is reached, the
flow dbin AEFCE)stim Be Ao Raparibt Fripephatite | oh YRR YReSHbottet FoRtWel |
10111 i , n atl g 3 0 L, on. i

pr oduct St o Sy B GO e e e R b s A o 4R e

secti Gipardd veidiedutwhi Ryaknl RASacONR idtfaeRENBURe floay ARNtHeObro8Msi &2 Bhe
[0112] In one enbodi nent, the autononous flow control system functions as a

bi st aBluad seirtditeds ubhe owsewrirdlrsyBiegucen be designedt tabiveitagwbeisteedsenTinat
bistable fluid sw %%h 950 cr.eates a region where di ffdﬁggnt pressure grops
can b&l¢SArl & BFESEIREIeaMECPT BIVOF AFECCPMBGAUM AL NN f dHEAICBRPONEES ur BOP

versus, flow r i) Lustsati > flow ough Abi k pat hway
depené‘é%?]%r éstlg%t%gi%% é‘l g&?t é%\dggignéggt% F:l%ﬁed‘w%w g@é&?@%‘;}gsagggé g{é’t?rgéro% A
the pregsylte QfaP 3Chasft gAY SdRMAArRuudsidod)nCreasesteMhem theuddiow rate
increases to a preselected rate, the pressure will junp, as seen at region
B. As prbdudticy, eadesk pr gsswelés logadsertovateduced phbdwetroat er i1t geqromssgteenai | |
stay relatively high, as seen at region C. If the flow rate drops. enough,

t he priesstleeling ine SHENIAVERNANT. dHther meee il becyidad §p thesgaskalled m

practice. the benefLt, of LIV s hysteresis £1 R dh Malndily 4Mow'Ge.

[0088]  The flow control system can be used in other methods, as well. For
example, m oilfield work-over and production it is often desired to inject a fluid, typically
steam, into an injection well.

[6089] Figure 16 is a schematic showing use of the flow control system of the
invention in an injection and a production well. One or more mjection wells 1200 are
injected with an injection fluid while desired formation fluids are produced at one or
more production well 1300, The production well 1300 wellbore 1302 extends through
the formation 1204. A tubing production string 1308 extends through the wellbore
having a plurality of production tubular sections 24. The production tubular sections 24
can be isolated from one another as described in refation to Figure 1 by packers 26.
Flow control systems can be employed on either or both of the njection and production
wells.

[0098) Injection well 1200 includes a wellbore 1202 extending through a

hydrocarbon bearing formation 1204. The injection apparatus includes one or more
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operator knows what final position he wants the switch to be in, he can
achieve it, by either starting with a very slow flow rate and gradual |y

i ncr easi ngoi2v1v@7iohe desired level, or, starting with apeerusi@bheit ow rate
and gradual ly decreasing it to the desired |evel. [0113] Figure 19
is a schematic drawi ng showing a flow control system according to one

enbodi nent of the invention having a ratio control system anplifier system
and pat hway dependent resistance syste exenplary for use in inflow

cont r GleagebRRIBY fwgh ddBfavitich FrTFYW eomtd dlonbiia sekacetet)e dewrholgdocation

comerci.al |y avail able from iburton Ener Services, Jnc.., und he

Cr ade Stdnisetaf R At BRI, ke RPOR ar B T Sl nbt
somnet i - i ar a efrs g i t

el 2y, e P B B B B T SR AR At 2 .
be f ulitygthedehenddng Soire: W8 slogxpee kapcrzancs hdehe faetatRif eBdch pthegabi ity
differences and water chall enges, especially in high viscosity oil
r eser vEsteman! 3 EDingl edaspne 00 NBYE AERNIMPRONOBT CprtsRluTSianS aa?;%.s sThen8ow

conpl etion, string, inprovin rodyctivity, perf.ornman and efficiency, by
achi evPRGOLSKSFEE &P 19 SwaRr difG OLeh e BRRTRTT TS V&IE m AP | BT i Bl Ty
noder W, i g UGH LMt o] i l: oW f; L.ower
P odudrs et Rl ot PRt A3 SR 1 BC PTG <P BhCael MR Teka
SCr eeMiith@fhdl MERSOH indedead hesary@ ind thant asebiehrcdrhmikhiedinadf &8 trhe
formation through the sand screen and into the flow chanber, where it

cont i naegnghitoghn ghe injechon dluidbeSfteTud Wetgptihsimntki¢chdewndioknmenel shar e

designed to, i nduce hle propriate pressure drop tg.nmove the flow. through
t he pisﬁ%t_cﬁ_i has gqa@%%% f‘i:i‘ag%}f@%ﬁémpeﬁ%% E%S‘%"ﬁéoﬁ_ﬁ&%ﬁy? RIPYjse yierdihg a
del aytr bl S B0 Rl B BRSARRE Drsslhtufly ROPEHER® & g hafwaRadho ©

[ 0114 b esdhemrncontrol systemof Figure 19 is simlar to that of Figures 5,
10 and 12 and so will not be discussed in detail. The flow control system
shown in Fijg®E 19Cbasapieadit thedBpendanitol @ysfenowl 223 erdepdadénd sclkoe foati o
control. s%(stem 1040 has first. pass&g}gway 1044 wiith first fluid fl ow

r est r ilRiE6HON G 1StEHEr €ITNOAY TBcsERBrGUhICKEr pRIsSHYR iy RO DA P RITET 8EDNd
flow rgstr,,ctor.,10 therein. A primar assagewa 047.can be utilized as
wel | SR RbE s o PG riip SuBer Bl RO A0S et pFRCATE B nedie
passagRuay snaf &IAeR SNed.EAsRE QdyRe ﬂ‘i‘ﬂic} LNy CRT8SAMR I gsP% Aehgss olhe
restrictions WD 2011/ 097101PCT/ US2011/ 022617 as the fluid flow rate
changefn@v¥hdyd tie.injEbgoh Ifand heshi uatiedirable bR opidiTef Wapassdgeydsegagnibe

selected to provide the same pressure drops over the sanme flow rates as the
r est r irelabveiynhigher viseetityorthe seioghdopiassagessayvill divide flg1fisy acgutieglyoends a
chart jndicating the pressure, P, versus flowrate, urves for the first
passadihas e Eien; B secoms puCidtuny dortelsyl® oldhemarirsiitieg
restri - By 1,Y4.N r -1 1 ney A recw 14 -he ftlu d
fl ow ir%éti{%&gng ﬁ%ljset% ti%ﬁ&fggg\}/@\éy@ﬁ(gﬁﬁg %é’gabt%%{por‘%?é%%? IgjlegPtl esfllsm?I Cu}{ég&% (%(ileLgl n
the segging RassausVey sttBdd wilpasemuenidny chihge td i ldwich amsdogayi N@ ddietor
anplifier systemw |l be biased toward outlet 1086 and into the vortex
chanbeysteobdiredis dug fluddital the rjagtwap8epeieat fesudtanas $ystemotprimotalyeradially
substantially in the vortex chanmbher and the valve wll be open, allow ng

f1 ow WiOHOBE TPIRSHPT 9fg theupieeEn Y | ?%%éclka%r%@wr@.tw 4 tﬁbﬁ:g wigr FYER the
pressur C L I r g t 1 yj.d hyr h the first
and s @gkvégﬁéis%@g’g‘é%éy‘l;? S%Fﬁq%er%sger@é?%ﬁ%wg%f \?\}1fiw’i'befré?\r,%%@ega%%ntcén?%e
vort e%p’&@ﬂ{@@ca@ﬁi@&é ke { ARG Rk d Bbaf?e’e:?@h" Sudrebhiyely thargdmessure
drop, fnparting back-pressure to the fluid and closing the valve.

[ 0116]in¢Indmgpriedmityedeesitypdndentocwlyer e production is sought to be limted
at higher drivi ngegr essures, the primary passageway restrictor is ,

pref er abl y [889Hct etddigonpliy.cllewecasawbvydemsf2y pen besttitized on tha nrpdugtionst

~A044.. \Were. th icli 048 beh ' iml
Featr (el 3084 Theye FabeReleEfansviist 20 Pol PRCLCIPLIH t FONPELrERRI N
Pr eSSUR&uPIhaRE exhREREBY HefSET dpbbRUy hith deftOWeUBIAYER | BRISY SAETeam is
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[0117] The flow restrictors can be orifices, viscous tubes, vortex diodes,
etc. Alternately, the restrictions can be provided by spring biased nenbers
or pressuwe waMPiioive conponents as known in the art. | rcrhs2@netsnr ed
enbodi nent, restriction 1041 in the first passageway 1044 has flexible
"whi skers” which block flow at a | ow driving pressure but bend out of the
way at a high pressure drop and allow fl ow. [0118] This design for
use as_an |1 CD provides _greater resistance to flow once a specified f|low
rate ifgracdacheghesbentdrmatignalll8ti Apmt heiedasicgher twlpi BIEG heha ogsidare
t hrough .t he t ubi string secti.on. -2011/,.097101PCT/ US2011/ 02261
o ropweRebst AR sSenitl® albati RererBriar ey SRCEd P B %S PevEms ABAdRE M ¢o
the i nyemtdiRm -@@M'mew%wbﬁnw@' Rferhd12§ O ﬁézpr&ﬁ&&i&w@ﬂxzjao%yngf@@wg.
passageway and secondary pat hway dependent resistance system [0120]A first
f1ui d feetiectiariredaprodusyst €mid 200 resyiar thangeduttios ef ggcudd fluad s&¥had the
fluidic valve system 1102. The first flow control system 1100 is simlar to
t hose idigsten BEUd hregks direlali’| anchdegive tadwcpidsiiged nit dbe girpductiss wWeHsthe | ui d
sel ector valve, includes.,a fl]owratio.control. system 1140 with first, second
oG & &%@E

and pr {4 ek SEBenayE ! IFATIC PIAGIAIRE Q1 UF, MaEIo U inpliF iR cayEpb 170,
Fosi ot DReASELAENRE Bl FRARERR RS IR B, | e PR op Sy PRERL R RERE "
f1ui diginyalheeflswsé ol 192ehy dRRiteirRArAeh erndecAeRbdshidnbas; sqRinecti ve
pat hway dependent resistance system 1110, in this case a pathway dependent
r esi st levsyatierhsyTespatihaldgwdepbsd estrictedipsodud wnsyfsioemation Glihdisn ghe
radial inlet 1104 and tangential inlet 1106 and outlet 1108. 101211When a
f1uid %%@W%@npﬁugffé% Fes00P SLI5SF Bje o TPIH RaDe) ORRATAcTEl esitiggrodigetion

of injection fluid from sections where break-through has occurred. Note that the fluid

flow from each production tubing section 15 connected to the production string 302 in

parallel to provide for such selection.

10693] The mjection methods described above are described for steam injection.

It is to be understood that carboun dioxide or other mjection fluid can be utilized. The

selector system will operate to restrict the flow of the undesired injection fluid, such as

water, while not providing mcreased resistance to flow of desired njection fluid, such as

steam or carbon dioxide. In its most basic design, the flow control system for use in

injection methods is reversed in operation from the fluid flow control as explained herein

for use m production. That is, the injection fluid flows from the supply lines, through the

flow control system (flow ratio control system, amplifier system and pathway dependent

resistance system), and then into the formation. The flow control system is designed to

select the preferred injection fluid; that 1s, to direct the injection fluid mto the pathway

dependent resistance system primanly radially. The undesired fluid, such as water, is not

selected; that 1s, 1t is directed into the pathway dependent resistance system primarily

tangentially, Thus, when the undesired fluid is present in the system, a greater back-

pressure is created on the fluid and fluid flow is restricted. Note that a higher back-

pressure 18 imparted on the fluid entering primarily tangentially than would be rmparted

were the selector system not utilized. This does not require that the back-pressure
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be selected, is flow ng through the system then the first flow control
systemw || behave in an open manner, allowng fluid fl ow w t hout

subst ant iwb 20aal7iessure being created, with fluid fl owcmgsbéhnowghyt he

pat hway dependent resistance system 1. 150 of the first val ve system
prinmarily radially. Thus, mnimal pressure drop will occur across the first
val ve system Further, the fluid |eaving the first valve system and
entering the second val ve systemthrough radial inlet_ 1104 w || create a
subst é‘t@t@??&ﬁfl% badigher anodvnpatselacked Hutdhidai s exelepgandyid although thaé st ond
val ve s%z%) fAhm nimal pressure drop will occur across the second valve
syster%’ nefqhe ?‘fin s two-step series of autononous fluid sel ector valve
systens all f or r i j

at vy deponadnt t SEPRTE ShRtel AREC By I SRLIPYIAH PEREE S B R,

[ 0122]7P8eini Filgate 11 0dasr mopemis Whithdahriamiglindd farflowassagbveyh ®iiéunktich s
shown fluidly connected to the same fluid source 1142 as the first

aut onawe s &/ﬁl%@%ﬁbﬁﬁmm&swi@e&%&hJ% PEHOT@ARES iaflpvpeaieagenalpclyo?

o bt GRS g A ol
TS ALY b P PSR P 0, 10 e o

Al 't er madv vigthYthe bl&@atﬁ@éWEﬂcB%Sﬁﬁ@x‘%@gﬁ\ﬂfﬁﬁétﬁﬁiﬂtv@zeﬁml}Gir fohew ng from a lateral
borehol e whiie the fluid source for the first valve system 1100 is received
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is a schematic of a reverse cenenting system1 he wel | bore 1202

ext endssiimhes. a Sianetreadzan b medreoes 1404 mecgmatacrtgi sdtej nige kRA&hexd ends
into the mellbore 1202 pically inside a casing. The cenenting string
1206 canppe ofloggsd ang ﬁ@l%ﬁ&mxs WStSFFé-E al ie §rosgH sV el v%@@ﬂsﬁaﬁéa%ﬂ@r

- ever R aHEETgh hevHeRent 150814 Sl Frich une BRI GO C E0PEmed
Det v Kyl 4 cofniberrog) b ogten 1204, the cEogRon e deB00. o T

cenent, ow of which is indicated by arrows 1208, is purrpe Into

annul u"snégéxflo&te amatedabe hachy Is@ﬁa@mdTH@mmEﬂuéeﬁrt@ugﬂacﬂzb@ﬁmmuﬂmwt efar d

t he bottom of the wellbore. The annulus thus fills fromthe top dowward.

Dur i nght Reiches sstiungethe ity ratmwex@emﬂ diggrdepunipiarsglefcrad swvitdosutlety pidal | y
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nmount or near t € cement stri ng and IV€

al | OV\ﬂwﬂaEEbL@\ﬁhtéH ks r&@m@uﬁ?uﬁlﬁ gthfaeﬂﬁ@nﬁaws f@wéiﬂm‘lﬁc yNécual Igeﬁmgf lE:Ier
passageway 1218 of the cenent string. The flow control "system 25 is of a

desi grousletsi 1184 and t hid eendplﬂmmex&tohér@ual yninte| tei vorteo Rigur 5548,andi dabe 5,

Figure_ 10 or Fjg The fl ow control system 25 includes a ratio control
systeﬁe?%feawt%/ E‘éﬁﬁ\%&ﬂ} -@é%éﬁtremcrﬁé@ﬁs% 5%39%%%@0 Mop; et Hivyterhes

SRR R S R G A Ry e
eventually forms and the switch performs as mtcnded> directing a majority of the fluid
flow through outlet 84 and then primanly tangentially into the vortex 152 through inlet
154 thereby closing the valve. The back-pressure, of course, will result in reduced flow
rate, but the Coanda effect will maintain the fluid flow into switch outlet 184 even as the

flow rate drops. Eventually, the flow rate may drop enough to overcome the Coanda
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101251 The flow control system 25 is designed to be open, with the fluid
directed primarily through the radial inlet of the pathway dependent
resi st anogoysiv@moep»0, when a WO 2011/ 097101PCT/ US2011/ @22 fakZo1h ovsti7
viscosity fluid, such as punping fluid, such as brine, is flow ng through
the system 25. As the viscosity of the fluid changes as cenent nakes its
way down to the bottom of the %vell bore and cenent begins to flow through
the flow control system 25, the selector system cl oses, directing the now
hi gheretigct dodi lowr Wil drateramihtappeaiv Blagy t ¢ial Lhggentrensh dbetsvaicht patlgat hway
depencggnt resi sta.nggt sxﬁéem 50. Brine and water flows easily through the
reRy ST ORFARIBEYRE

sel ect “val ve is open when such fluids are flow ng

through thﬁ%&ggﬁt em eitk@o%gl@@ﬁ@w &?@Eéé%adﬁﬁﬁﬁﬂ\ﬁv %{Hﬁ&% SenOdh s6laChad

fluid) wl se the va to close and neasurably 1 nCrease the pressure

read agngilfecrsusfdgeribed abovd 01 26htibn tarfhalit €rewie dpeadenenicctoukyitphe, f | ow
control systens in parallel are enployed. Further, although the preferred
enbodistehes kean @ Fighrauld directed through a single flow control system a

partial fl om.the exterior,.of the cepent string could be directed
Phrough t ndUPYT G Tearaties embadihentofa TEiedy Sl ok destrasn At THIBO ne
pl ug n : i ar.. G J IS - I he
b of ChEORARE RTINS SOl BISAR: b hilralio R3HEM, SRAIRCIRL A g 10

acr osgohhel Bldem R iekaipRt 8, i Need | Uhe GRS COhEY S i PasSUSWENE 1aan e
mounted on a cl osing or sealing mechanism such as a piston-cylinder

syst emid6fdrappediivdl sepetrsbiryy & devide thehBuid Rewi besaticohrel atoreelsedfipwessur e

cl oses the nechani sm conponents. /As above, the selector valve is qQpen where
the AT DapfreRliye\aacsiyyi cbsMayy P3ERERCWAY trAriein BnSe tftqieéirﬁges e

drop acgur 0ssS..th g, n e;closin hanismis initially . in an
open 5%65%%%%8?@% ts%éte . Eﬁl ﬁk% 81\%%\9’?}%?%“&%&%% %igsﬁgﬁhgg%l%é{n% b%ééé#] i QP’H nd
upvar dgiddioUughd Berhkb NEE6¢i0F rRAS SAYBYRY a%regél@ctéararﬂ@mmvgé@p, t hg, elosing
mechanismi's noved to a cldsed position, fluid is prevented fromflow ng
i nto tchetrbhtwsicat ipasisagbway festos didsi dévhie sia iveipcithemid he beolwamism i s
in the closed position, all of the punping fluid or cenent is directed
t hr ougticdaternpingd, agemint olie systeansapen and flufdiog 15 wWhethval nenimpedrde MAREESS to
a higher viscosity, a greater back-pressure .is created on the fluid_.below
the selfReBrolgaidies s ovsr Dok, the valve mall qriel Sinect Parse ¢ 8hg
mechani colis | E8S WL IRVER, LGy §il0SI chani gmdQ.4he;
cl osegh%%nskf%%og?l. b%ﬁ%ﬂfﬁﬁs&%hﬁg péras'ie 'eﬁ”t gcd F{‘?g\(i)mlef o%%%{gé?i j%’?% Ot%qkr?e Ci'%%sgr For
passageyieyn®d tbhelooenBnt Sirdting. of Vac2Aidd O2TdAEPAHVE2H 1br@2264[6¢ity in
comparison to the other passageway. Alternately, a passageway can be designed to
provide a lesser rate of increase in resistance to fluid flow as a function of fluid velocity
above a targeted velocity in comparison to the other passageway.
[0098]  Another embodiment of a velocity based fluid valve 1s seen at Figures
17A-C, in which a fluid pathway dependent resistance system $50 is used to create a
bistable switch. The pathway dependent resistance system 950 preferably has only a
single mlet 954 and single outlet 958 in this embodiment, although other inlets and
outlets can be added to regulate flow, flow direction, eliminate eddies, etc. When the
fluid flows at below a preselected velocity or flow rate, the fluid tends to simply flow
through the vortex outlet 958 without substantial rotation about the vortex chamber 952
and without creating a significant pressure drop across the pathway dependent resistance

system 350 as seen in Figure 17A.  As velocity or flow rate increases to above a
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[0129] In another alternative, a pressure sensor system can be enpl oyed.
When the fluid nmoving through the fluid anplifier systemchanges to a

hi gher viwoesitgyiodue to the presence of cement in the Powiudotioe2dit ow
control systemcreates a greater back pressure on the fluid as described
above. This pressure increase is neasured by the pressure sensor system and
read at the surface. The operator then stops punping cenment know ng that
the cenment has filled the annulus and reached the bottom of the cenent

stri ngregeterso] FEgGHY. 23 s8pibws FAZWEnkiht the WRiEwaskten 2pPel Bier eori@nBbnhght of
the i ti.0n. te . that,th inlets 54 and 56 to the vortex_ chapmber 52
are noe perpBgrErhgRen ek PRe Dol Gl iy RS HEherafr R
(1.e. ey t ; sk hadial 1L B c

ber oSy aae PROADLBRE SRR IR Il AR Pal B} RneR e

r especkirygleyentbd st EFaghret HEC tthe fluill ebatibdesamc-obic abeudihicendragk ¢iambdro2 5 i on
maxi m zi ng pathway and a rotation m nim zi ng_pat hway, respectively. |In many
r espednd, comtiguedo2givesa sigmifieant tpaessugr deopt 2 Thadpressung Idromeerase thesgstebed at
| ength here. Like nu({;be%s }?re used tq Fjggure 12. Opt,im zj ng¥Hhe A

ar r ang&rfent § ST RRE AR CBXPRITEES 778 g UREEE L an e Ear Y5 edD6at FIgY ng,
for e At j : ' 4A-D
shows BCRLEPE RETR Rah, 21 Hluld 1N BHIAM e TRAF Ratlern seen b Riethe [P 2hEThe

syst emifchOMPre2des e WS egpdeaddiiay 2 dependendfisesiifitarge systemwi th only
one passagewa%ﬁ1354 entering the vortex chanmber. The flow control system

1340 changd88®He erffuchnepplarigioa of at histablaiiseims dliowntfbnd aomérod Haasbérom 352

fromthis single passageway.. Fluid flow F through t luid ratio .
contré ﬁ%espa‘sé%gma%gm UighA Af3%eloRity 1o7¢ ﬁ‘é’e‘"aé@‘dirge‘-“ r €31t eli PekieEnifof

the fluid.] at.the, ou 380_0of .1. .d ratie cant . 340. The
angl e a&p ﬂ% tgér}se\%«héé%le %eéésﬁrépﬂec%u@gmlg%? %tr%)%lyn&%’rn %l ]P?ccﬁ%%%i\yr%?ééelg{ %%g?%orﬁg;’l n
the vog bezs@%aggwn%%@@ Mnﬁé}%gfp!ii@bi%rb@'ﬁ@'b@ alﬁgai%t tSthoRe skRAbgth@krtout | et
1358. [0132] Figure 24B-Cis another enbodi nent of the pathway
dependent rj@s@8it afite fystemrdis@iemp andeadridcdeharaw nay etsopadsagdhaayss hiot h
enter the vortex chapber primrily tangent_i ally. Wien the flowis bal anced
bet wedit gBsipaos dhedldzwen e asgonasl Shyalown Aihgupopamsus shalepssing i ng

L AL AR PR R i
passagRYaYSed foahil Ji&ﬂﬁit&r@df haw dewgad e @k Wﬁfﬁd%ﬁ%@cﬁ&ié’é@y?ﬁi FhPWN

in Figure 24C, the resulting flow in the vortex chanber 1452 w ave

subst aghiral floet alh an Prngle tostehodedignddrotgl aivkhelge dathangbe it diafluth in
the flow creates back pressure on the fluid upstreamin the system Surface
f eat urckgracestisticpdt density en fy eantralngysorhas seewin Fpgiith ¥ patvidessa danl péicused
to cause m)rﬁ fll' wre i§targce to one direct |4§n gf rotation ésuch as .
count EYSEMHERNIUE FEPIRNSA)CAHh BRO PESPREIRYT “QitnE A0 BRETGIN PR REFSBREYANEh as
cl ockw j : 3 QT Lt Rh ek nt i al
pat hs%@%48g}5i “m%?%?np egtit}ﬂ?%ggi%aggﬁg{? Eg%sgléjégsaggga&{sgbd ‘%déj@lrlﬁg%]iém%?%% he
flow jreistant€td AbNGe at@uitiﬁﬁwﬁrggogtgr@iteﬁ BGsuQrliee eharhherlSidapdvpathnay
dependent resistance system 1550. Thus, the radial path can be split into
mul ti pither sihstdntiadlyederpiy hsdatiendenteat iastan inversediavexclehantiep ta 862sity. In

AR G R R SRS
Syst o bane b B e a8 gledfe ERUE AP AR RN STy bibGY e
Flui d pabpigredsiife; RAMCnd 394eRl bPRakhR ®XI b pelrougbn AtsdIg! ad P88 density
changes over time to an undesirable density, the flow ratio control system 40 will change
the output ratio and the system 25 will impart a relatively greater back-pressure; that s,

the valve 1s “closed.”
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[0134] Note that in the fluid flow control systens described herein, the
fluid flowin the systens is divided and nerged into various streans of

fl ow, butwbhatiidohmifl uid is not separated into its conspctrusgpéiieemponents;
that is, the flow control systens are not fluid separators. [ 0135]
For exanple, where the fluid is primarily natural gas, the flowratio
between the first and second passageways may reach 2:1 since the first
passageway provides relatively little resistance to the flow of natural
gas. The f|i5€«§31iati@ﬂwr|ﬂimr!dmﬁrpl SYSETeR TRRIEEIAUS ca’ hendlilfrespwiih) dAgDsity

amounts_of .t he fl ui.d conponent sc.change. Th a assage y.resdlt in
2 Epdats e O e R R T ST A are P SRR R S B b RENE ¢ e
fluidg %aﬁ?%m hy andeRALHY i s9aR e COARINS N EH&eﬁkétésofe}e%ﬂagaefdaasem@@mere
i n between. the proportion of the “‘conponents of the I d change over
the | ibeecinf Fubtenelchsity depdidew: sadtéas hwvoughed hetabht dvoi tetanstandl othyrsfheimion | |
change. Simlarly, the ratio will change if the fluid has both water and

oi | ceapbabAtecHaBY@ITon the rel ative characteristic WO

2011/ 09710 US2011/ 022617 of 1 he .wat d oi : {s. tl
the f1uid MOTH oot T SgLvem dHHO e tuerBhoar the fRL P ertp L aeTad
110l d A8t 01 densiry AORARE dEIbOMRARILAI] SYREM £ BLEANRCH 0 T ect

fl ow urd having a larger proporti undesired conpon , such as
nat ur des@asd Ofo Vel prodic@ichhef VdEiHex hehanber comppaid by 4 avtenthaldryater
thereby creating a greater back-pressure on the fluid than if it was

al | owgdreeptdgeony ashsis designad td eciecprrodieigon hf ughutdher boroper, whambley fluithi s

back-pressure will result in a | ower production rate of the flujd fraomthe
f or mat'f GRO%E SntfreHedgISHYuCHPBNEISRYe rviAn qwaae%%n of %&@w%@ﬁ@m}?g}@w the
101371, E I in.an.oil _well, tur g uction, is. U ired. As
0374 o GBAATP! e R 0Ll 1o Bla SApBSHUSHREN, (DR 1 A
Vi scogirbstiQred Bendibyuid swait@l %atfﬁp{)é&’oﬁ_@ééd A ahid fiskds k&igbdected into the
vortex chanber through the tangential inlet. The vortex chanber inparts a
back- presso&idin tithe dengitd dependey fioestontosii sygteit om afilibbéuid aingiifidss adhe

proportion of fluid congonents,beLng produced changes to a hi gher

pr opordesgidest abpve [ selapmip fuidagseoslysesrengeniofiow portkel $sigms. Bich as
reversing.argas draw down). .the viscosity.of .the fluid will ingcrease; [The
fruta e ib P e drr i pYe FintpBEptea s aisif dritndeobriobbeondRue SN GRbr or
rever 400 0fiTi b ilads f 0 Lt sofirs n S.
As a %ggtﬁ t’,z[ §§ égtregﬁaglgriﬂélgo%oﬁrh??/o[tﬁﬁgf éJ5tg%em f ?ﬁigﬁ EWI{O| ?(ﬁgeﬁgi%?ﬁeg% e %;r%igﬁ%?%/l y
radi alshytetn 40 th&ipoetEXs ebedrb8he rdtie cuatrbexyenaniesaeifse sl dessl 145asd ance
and creates |ess back-pressure on fluid entering the chanber primarily

radi almhgdified, as (are3elry.Thal aslovbe enahplow basedos htwvedtuiiddensiy tather ghargas

duct where. oj | | ducti i s desired. .The i ti . b
appl | CHAHEE FESORIEL (obEapY BRRIEBFURY AAG<E e Usdhdervh 1182 dads Featobr o

restr isg'gte%ﬁetgl)i/sg%lﬂgg&i Lon d‘{‘(?ags ﬂﬁ%sﬂ&;v'%gfécé \%a?i% g%e??ﬁéﬁﬁ@'&ensi%u%:?g Ipelhe

fl ow contro emoffers advant age of opera aut ono I'n the

vel | . dedsikPestio iHabsys (enbhasy e pidiéitedadtis BBdel@drhefedare déed and
susceptible to being "stuck™ as fluid control systens wi'th nmechani cal

val vesesigtd fidve 14skise deustinef flundéloft omngentovot timgs thenvalive Iwibipereat @ close
regardl ess of the orientation of the systemin the wellbore, so the tubul ar
cont ai'RiFEFOf'Ae system need not be oriented in the wellbore. The systemwil|l

operate in E@ii‘)’f}rt el vg{Ocﬁgrvée%tegge%@gs%%se&escribed above can be utilized in the

steam injection method where there are multiple injection ports fed from the same steam
supply lne. Often during steam injection, 2 “thief zone” is encountered which bleeds a
disproportionate amount of steam from the injection system. It is desjrable to limit the
amount of steam injected into the thief zone so that all of the zones fed by a steam supply

receive appropriate amounts of steam.
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WO 2011/ 097101PCT/ US2011/ 022617 [0140] Wile the preferred flow
control systemis conpletely autononous, neither the inventive flow
di rect i onwoaoiwmbiosyst em nor the inventive pat hway deperdenis2s@semiance

system necessarily have to be conbined with the preferred enbodi ment of the
other. So one systemor the other could have noving parts, or electronic
controls, etc, [0141] For exanple, while the pathway dependent

resi stance sYstem is preferably based on a vortex chanber, .it could be

desi gned ard81®¥i | t TeBRAESEHDIA AEgEUsEr IS GRS OROWRH WiAUP WIS $1aRm a6t r ol
syste o Wt, tw outputs.fromthe r.agi control, system.could . connect to
o t hor 20] cirtgreatm ety P AR e R &b oy B LR PhBOR SRR o be
abl e 10 18hisf i fi£QMM Ofe AAR LbRoE &a8AL hens Qéevé’l%}%%&'op eﬁ@éﬂtdﬁ'esfaé%ﬁs, a3

i nstance, cover an exit port, and one position wou nit. nce, t
rati o deenriba@l alsyet efhdogsciimt shawveistampblvé fovohid expllgdact 53& emteop@atd ow
one to enjoy the benefit of the inventive ratio control system Simlarly,

t he i nvéAtaniethsacavaie dep&riamionr 68046t dicesteyst smnesigd tyeughi the 2&dosiist h a
nor e Hadi ionle actuation s stqr}? incl.udibg% se,ngo,{@ and val yes. The

i nventiEPENEE LN B PESY A LR 2dXSRPEUE PN sUBh PR, P s endt dat a
to th f 4 ] - r 3¢ 0 : ik U L

[ 0142] S T o Bt A B A Ak e it SR B el B ety e
as i nfilow 6aptthelbuder resangliisdi iR SiREYesSmiaRGraidigbnf | D cQMék alz4dad ces
that are already well known in the industry. The inventive system can be

ei t herl 8paaral hefluml ¢cdmomnigatioarweb thetihlethése aothkYs bf dhe pethvayl deysdent.
[0143] While this i%ﬁnti n hag been described with rgferg ce to

i |1 ustPHERDE® EXHE bRt Hathvinls deRaOdErbisstincs System drlnddlthis M WSt ued

11 sl POARRERSPrE Ot TER bl SRERP TR IR BRh 808 PR vsly
will Rgs@pparent to persons skilled in the art upon reference to the
description. It is, therefore, intended that the appended clai ns enconpass
any such ngdiééjcat ilbnsttoef eotrodi prostereOHR0 $EAGOTIHOL PEE/ iSRG (2 A67 | t
's cl aclegggé system will increase above the preselected low injection rate to a relatively high
rate. The increased flow rate of the steam through the bistable switch will cause the
switch to become bistable. That is, the switch 170 will force a disproportionate amount
of the steam flow through the bistable switch outlet 184 and into the pathway dependent
resistance system 150 through the primarnly tangentially-oriented inlet 154, Thus the
steam injection rate into the thief zone will be restricted by the autonomous fluid
selectors. (Altemately, the velocity dependent flow control systems can utilize the
pathway dependent resistance system shown at Figure 17 or other velocity dependent
systems described elsewhere to similar effect.)

[0107] Tt s expected that a hysteresis effect will occur. As the flow rate of the
steam increases and creates bistability m the switch 170, the flow rate through the flow
control system 125 will be restricted by the back-pressure created by the pathway
dependent resistance system 140, This, in turn, will reduce the flow rate to the
preselected low rate, at which time the bistable switch will cease to function, and steam

will again flow relatively evenly through the vortex inlets and into the formation without

restriction.
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1. An apparatus for controlling flow of fluid conprising: aflowratio
control system having at least a first passageway and a second passageway,
wher ei n twe 20atdoei0af fluid flow through the first passagewas2@n@2zerond
passageway is related to the characteristic of the fluid flow and wherein
the ratio of flow between the two passageways will alter with changes in
the characteristic of the fluid flow, and wherein the output of the flow

ratio control systemis utilized to control a pathway dependent resjstance
system An [8pB8Ir at Tike Aysterese alfest maywiesdi m t PeseBardietng indggton. sPulsing

vi scosjty. An apparatus in . claiml. wherein the characteristic is.fluid
flow Farls WeciBiard: (2038 teherarirziohAtgrs sowe BRE 2§ GrnentobBine
densi tyy; : i n@P 1S o | | s ' f
The 11 B e Bt et P PRSI RE o
passage@yr. porb.spAde appabadosse ds pathcdfaiemtephenet n Thie if bn stddpadeaginay of
the fluid ratio control systemhas a consistent dianeter along its | ength.
7. An tappesian theas thenpwbiaicns 6! lieaapgrepiaie rdler st passageway of the flow
ratio cont ggk?%yst mMw ||, provide nore resistance.to ui otgl?as t he

fluid visc i eHe¥ B SYRIMAPPATHIUL HE il e s b e ROEHEOT | 1 st

assageumysdr IS b Ao ging EERPAY TS R S n R b e s8R i

5 wherg@idnthehBis{dbl S tswitssageydiacRr @V IS iftb DEbydiusnf WhoRabistability. The
process can be repeated as needed.

[0118] In some places, it is advantageous to have an autonomous flow control
system or valve that restricts production of injection fluid as it starts to break-through into
the production well, however, once the break-through has occurred across the entire well,
the autonomous fluid selector valve tumns off. In other words, the autonomous fluid
selector valve restricts water production in the production well until the point is reached
where that restriction is hurting otl production from the formation. Once that point is
reached, the flow control system ceases restricting production into the production well.

[0111] In Figure 16, concentrating on the production well 1300, the production
tubing string 1308 has a plurality of production tubular sections 24, each with at least one
autonomous flow control system 235.

[6112] In one embodiment, the autonomous flow control system functions as a
bistable switch, such as seen in Figure 17 at bistable switch 950. The bistable fluid
switch 950 creates a region where different pressure drops can be found for the same
flow rate. Figure 18 is a chart of pressure P versus flow rate Q illustrating the flow
through bistable switch, pathway dependent resistance system 950, At fluid flow rate
increases at region A, the pressure drop across the system gradually increases. When the
flow rate increases to a preselected rate, the pressure will jump, as seen at region B, As
the increased pressure leads to reduced flow rate, the pressure will stay relatively high, as
seen at region C. If the flow rate drops enough, the pressure will drop significantly and

the cycle can begin again. In practice the benefit of this hysteresis effect is that if the
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10. An apparatus as in claim5 wherein the first passageway has a textured
interior surface, 11. An apparatus as in claim5 wherein the first

passagewayoisimadmiof a swel |l able material, the passageway/usenstoticeti ng
when the material swells. WD 2011/097101PCT/US2011/ 022617 12. An
apparatus as in claim5 wherein the swellable material swells when
contacted by the fluid when an undesired conponent is present in the fluid.

13. An apparatus as in claim5 wherein the second passageway of the fluid
rati o OPgEARTNGWS Whrbiinakpgsedan he sjastaieswiwhitohednf hosat AeieYhE, by r st

pasS SV G P Lo AL TEL I ohR PO Rl PO ATEP RN (10
ot SerSARRDE FRASSARN Not RREIREGH AN LOSCSARE L O EOTLI Kyl 112
passageway.[0118. AnFappar Bt us aschameiaidnbihehewing heflsecepdirphsgaganay
of the fluid ratio system provi des substantially constant resistance to
f1 ui daErening gaoak sssbetineRangdhe iimvdntgndhamiag gsiatip,. cont! sypteappamatifier as
irgstc lr Iaslé’(%ntg%g a%er %a\ﬁna‘} %%pgne e%?q*eggégg gﬁgm?aeie%p?zlirgr olrigs% i%finffgongccmroi
device replacement. Inflow Control Devices (ICD), such as commercially available from
Halliburton Energy Services, Inc., under the trade name EquiFlow, for example. Influx
from the reservoir varies, sometimes rushing to an early breakthrough and other times
slowing to a delay. Either condition needs o be regulated so that valuable reserves can
be fully recovered. Some wells experience a “heel-toe” effect, permeability differences
and water challenges, especially in high viscosity oil reserves. An ICD attempts to
balance inflow or production across the completion string, improving productivity,
performance and efficiency, by achieving consistent flow along each production mterval.
An ICD typically moderates flow from high productivity zones and stimulates flow from
lower productivity zones. A typical ICD is installed and combined with a sand screen in
an unconsolidated reservoir. The reservoir fluid runs from the formation through the
sand screen and into the flow chamber, where it continues through one or more tubes.
Tube lengths and inner diameters are designed to induce the appropriate pressure drop to
move the flow through the pipe at a steady pace. The ICD equalizes the pressure drop,
yielding a more efficient completion and adding to the producing life as a result of
delayed water-gas coning. Production per unit length is also enhanced.
[06114] The flow control system of Figure 19 is similar to that of Figures 5, 10
and 12 and so will not be discussed in detail. The flow control system shown 1n Figure
19 is velocity dependent or flow rate dependent. The ratio control system 1040 has first
passageway 1044 with first fluid flow restrictor 1041 therein and a second inlet
passageways 1046 with a second flow restrictor 1043 therein., A primary passageway

1047 can be utilized as well and can also have a flow restriction 1048 The restrictions in

the passageways are designed to produce different pressure drops across the restrictions
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17. An apparatus as in claim16 wherein the flow restrictors are orifice
plates. 18. An apparatus as in claim 14 wherein the second passageway
further owopoiwesioa vortex diode. 19. An apparatus as ipaTalsasimodzeéimher ein
t he pat hway dependent resistance systemw || inpart a back-pressure on
fluid flow ng through the apparatus. 20. An apparatus as in claiml
wherei n the pat hway dependent resistance system further conprises a vortex
assenbly 21. An apparatus as in claim20 wherein the vortex assenbly
conpr .a§é§e Auad flopv saie @é@&%dovsm tepe. d hgolewxeshigiien HWAPTHARYURASEREEWD) An
nl et of the v t ex sse

T art ebselhieaf BT HRE Ret PRl et v T FalRo RO o
syst enrapdioMghsd ﬁ&%@sé m&sb é% of the vortex assenbly is in fluid
communi cat 1 on mnt t he seco emay of the flowratio control system
WO 2011/ 097@01RCTFUHERO U/ 1@%2&&7& ;aa;oénngplﬁmpaismca§ vérsed flom 21 Vheneies t he
vort e)%o? ?P;Scefg?slt éa;‘giégg{] }%2gl%£fli)sg§d %co.n?iagazssageway 1046 (#2), each with selected
restrictors. At a low driving pressure, line A, there will be more fluid flow 1n the first
passageway 1044 and proportionately less fluid flow m the second passageway 1046,
Consequently, the fluid flow [eaving the amplifier system will be biased toward outlet
1086 and into the vortex chamber 1052 through radial inlet 1056, The fluid will not
rotate substantially in the vortex chamber and the valve will be open, allowing flow
without imparting substantial back-pressure. At a high driving pressure, such as at line
B, the proportionate fluid flow through the first and second passageways will reverse and
fluid will be directed into the vortex chamber primarily tangentially creating a relatively
large pressure drop, imparting back-pressure to the fluid and closing the valve.

[0116] In a preferred embodiment where production is sought to be limited at
higher driving pressures, the primary passageway restrictor 1s preferably selected to
mimic the behavior of the restrictor in the first passageway 1044. Where the restriction
1048 behaves in a manner similar to restrictor 1041, the restriction 1048 allows less fluid
flow at the high pressure drops, thereby restricting fluid flow through the system.

[6117]  The flow restrictors can be orifices, viscous tubes, vortex diodes, etc.
Altemmately, the restrictions can be provided by spring biased members or pressure-
sensitive components as known in the art. In the preferred embodiment, restriction 1041
in the first passageway 1044 has flexible “whiskers” which block flow at a low driving
pressure but bend out of the way at a high pressure drop and allow flow.

[0118] This design for use as an ICD provides greater resistance to flow once a

specified flow rate is reached, essentially allowing the designer to pick the top rate

through the tubing string section.
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a second outlet. 24. An apparatus as in claim22 wherein the first inlet
of the vortex assenbly will direct fluid into the vortex chanber primarily
t angent i avbyo11/@5101An apparatus as in claim22 wherein thesesianteinl et of
the vortex assenbly will direct fluid into the vortex chanber primarily
radially. 26. An apparatus as in claim?24 wherein the first inlet directs
fluid into the vortex chanber at an angle substantially nornal to a radial
line extending fromthe vortex outlet. 27. An_apparatus as in claim25
wher ei n t hdOsE¥ondighre? | gnpwstas embpdiniait ofihBovoreniolcyaiepccording to

20 wndpeitotionvari B HbBIG FIESTBRtaRY ¥R A URDEERT BBl B T
oo e LA AR MARRCOStaEh T ¢ o the ver e ohepeer
assenbly fyéih@r conpissé@aidngbiciplrevdlnd eygewhil CH0 di raeeingtd U dsciriat ovithe
vortex chanmber primarily radially. 30. An apparatus as in claim 20 wherein
t he paetonrd fToshe vabstsysesn dd BAc itse fovoeitti dleystem |1 88 ts simvlargpttbgse
ope L LeS SRIeE et DRRLS] el o3hi i SBRA She AR, R, 61 M 20 ey ei
assem) 1163 LIMEG GHo! bl | §Stem 1140 with first, second and primary passageways

1144, 1146 and 1147, a fluid amplifier system 1170, and a pathway dependent resistance

system 1150, namely, a pathway dependent resistance system with vortex chamber 1152

and outlet 1158. The second fluidic valve system 1102 in the preferred embodiment

shown has a selective pathway dependent resistance system 1110, in this case a pathway

dependent resistance system. The pathway dependent resistance system 1110 has a radial

infet 1104 and tangential inlet 1106 and outlet 1108.

16121} When a fluid having preferred viscosity (or flow rate) characteristics, to

be selected, is flowing through the system, then the first flow control system will behave

i an open manner, allowing fluid flow without substantial back-pressure being created,

with flmd flowing through the pathway dependent resistance system 1150 of the first

valve system primarily radially. Thus, miniumal pressure drop will occur across the first

valve system. Further, the fluid leaving the first valve system and entering the second

valve system through radial inlet 1104 will create a substantially radial flow pattern in the

vortex chamber 1112 of the second valve system. A minimal pressure drop will occur

across the second valve system as well. This two-step series of autonomous fluid selector

valve systems allows for logser tolerance and a wider outlet opening m the pathway

dependent resistance system 1150 of the first valve system 1100,

[0122] The inlet 1104 receives fluid from auxiliary passageway 1197 which is
shown fluidly connected to the same fluid source 1142 as the first autonomous valve
system 1100. Alternately, the auxiliary passageway 1197 can be in fluid communication

with a different fluid source, such as fluid from a separate production zone along a

production tubular. Such an arrangement would allow the fluid flow rate at one zone to
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32. An apparatus as in claim31 wherein the pathway dependent resistance
system conprises a first and second vortex assenblies, each vortex assenbly
havi ng a wonbvexetsanber, a first and second inlets and goTaistéi@io2éihe first
inlet of the second vortex assenbly in fluid communication with the outl et
of the first vortex assenbly. 33. An apparatus as in claim32 wherein the
first inlet of the second vortex assenbly directs fluid into the vortex
chanber of the second vortex assenbly primarily radially, WO ,

2011/ Gortol Ber Useon 1 spesty zomy, ANgTwpyabathsaws! ity passrsavey smebellnid ne

e i IR POt P! BRI MR Tl Bk TP IR e R SR
et A4 TR, 060 ARALIFDs SRS oot o
wher eiba tbeiolik whdt alnplaukiletry syssteroveonpin Ses ugedrasphict comad! aiput i dridethe 37.
An apparatus as in claim35 wherein the fluid anplifier systemconprises a
pr ess Girganyigbangfadisl wirtex i3lets pan hppoveasas Qther alemativessambe eaimoysieas | ui d
anpli fée%éﬁi?gcs gieserzr‘]vv%grr{ep !‘xér%?ns, s%c. eé;[s }ityﬁgggp c!ri gxgb%rrabticn of amplifier systems, flow

ratio control modifications, vortex modifications and substitutes, etc.

[6123]  Figure 22 15 a schematic of a reverse cementing system 1200, The

wellbore 1202 extends into a subterranean formation 1204, A cementing string 1206

extends into the wellbore 1202, typically inside a casing. The cementing string 1206 can

be of any kind known 1in the art or discovered later capable of supplying cement into the

wellbore in a reverse cementing procedure, During reverse cementing, the cement 1208

is pumped nto the annulus 1210 formed between the wall of the wellbore 1202 and the

cementing string 1206. The cement, flow of which s indicated by arrows 1208, s

pumped into the annulus 1210 at an uphole {ocation and downward through the annulus

toward the bottom of the wellbore. The annulus thus fills from the top downward.

During the procedure, the flow of cement and pumping fliud 1208, typically water or

brine, 1s circulated down the annulus to the bottom of the cementing string, and then back

upward through the interior passageway 1218 of the string.

[0124] Figure 22 shows a flow control system 25 mounted at or near the bottom

of the cement string 1206 and selectively allowing fluid flow from outside the cementing

string into the interior passageway 1218 of the cement string. The flow control system 25

is of a design similar to that explained heremn m relation to Figure 3, Figure 5, Figure 10

or Figure 12. The flow control system 25 includes a ratio control system 40 and a

pathway dependent resistance system 50, Preferably the system 25 includes at least one

fluid amplifier system 70. The plug 1222 seals flow except for through the autonomous

fluid selector valve.

[0125] The flow control system 25 is designed to be open, with the fluid directed

primarily through the radial inlet of the pathway dependent resistance system 50, when a
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39. An apparatus as in claim35 wherein the fluid anplifier system
conprises a bistable anplifier. 40. An apparatus as in claim 35 wherein

t he fl ui dwoabiimesywst em further conprises a primary fl owppaasagewas17t he
primary flow passageway in fluid communication with the fluid amplifier
system 41. An apparatus as in claim40 wherein the primary passageway
further conprises a vortex diode. 42. An apparatus as in claim40 wherein
the primary, passageway accommpdate nore fluid flow than either the
first ?@v«esé@é%%%wa@é%% pumpmg Hridspal as bEnasisifpengi thiaghwhe sEsem he

I f h f
TS RPN LB R AR B i 0T,
o SO s et iers bl Ry, 1048, IR RIS O llow

appar atserasldses, cdiadating fhurddverhigloarprissoany fluld (e dirdugimhd kagrensyst ens
I nt erposed between the fluid ratio system and the pat hway dependent
r esi stinl§t @fsifst pathwapedenandaniargfistanes s¥giemeit. aPrmsgen iwatee flovs easily

through the selector system smce the valve 1s open when such fluids are flowing through
the system. The higher viscosity cement (or other non-selected fluid) will cause the valve
to close and measurably increase the pressure read at the surface.

10126] In an alternate embodiment, multiple flow control systems in parallel are
employed. Further, although the preferred embodiment has all fluid directed through a
single flow control system, a partial flow from the exterior of the cement string could be
directed through the fluid selector.

10127} For added pressure increase, the plug 1222 can be mounted on a sealing
or closing mechanism that seals the end of the cement string when cement flow increases
the pressure drop across the plug. For example, the flow contro} system or systems can
be mounted on a closing or sealing mechanism, such as a piston-cylinder system, flapper
valve, ball valve or the like in which ncreased pressure closes the mechanism
components. As above, the selector valve is open where the fluid is of a selected
viscosity, such as brine, and little pressure drop occurs across the plug. When the closing
mechanism 1s initially in an open position, the fluid flows through and past the closing
mechanism and upwards through the mterior passageway of the string. When the closing
mechanism is moved to a closed position, fluid is prevented from flowing into the interior
passageway from outside the string. When the mechanism 1s in the closed position, all of
the pumping fluid or cement 1s directed through the flow control system 25.

[0128] When the fhud changes to a higher viscosity, a greater back-pressure 18
created on the fluid below the selector system 25, This pressure is then transferred to the
closing mechanism. This increased pressure moves the closing mechanism to the closed
position. Cement is thus prevented from flowing into the interior passageway of the

cement string.
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46. An apparatus as in claim45 wherein the multiple fluid amplifier
systens conprise at |east one proportional anplifier and at | east one

bi st abl e wopbiffdoeroa 47. An apparatus as in clai m45 wheceius2éthezsut ti pl e
fluid anplifier systens conprise at | east one pressure-type anplifier and
at | east one bistable anplifier. 48. An apparatus as in claim3, wherein
the first passageway of the fluid ratio control systemw || provide |ess
resi stance than the second passageway to fluid flow as the flow rate

i ncreases. [04?] Adn applicaelismasivind BePieSensiesysiam chv bscanay s Shfdnay

of the flywid ratio.cont.Jol stemw.l | provide nore r g;stance than t he

i rot Thedligaldng uoBRa hs PR EE0Ie" PR LPalR & BETUE VIEGsholiiud o
appar ' L b Vet gt W, ad-d r S ) LSes a
B e A e O B e D S P T h s e
passageyayrobnt the filiid ds datdrtbesly sbevo. WiTHis pressicte il@ssser 8sinshaneé Wy thd ui d
flow than the first passageway when the fluid flowrate is |ower than a

t ar getPredsoie senser sysomn and gapat rasudacei nThy oparn®r thirestepn pLAPIBR comant
passageway of the fluid ratip system provides supstantially constant

P oer o FaRRAng ohid hece e PisoRie 2bS RPLBR arewaried PR horphust dheoment an
appar%h%g%as in claim3, wherein the pathway dependent resistance system
further conprises a vortex assenbly having a first and second inlet, a

vortex chanbespjand FanureWwy ehows 24schBmadiRPaieat US aasrefdtréd ahiBoddneivher eidh t he
first inlet of the vortex assenbly is in fluid comunication with the first

passageventicof Ndie thitahe tapi oldontdrald $§ & 8m wortexnbereber fhersscoperfeailet of
th 1 nbly is.in flui i cat j. ith t d f
t hg }/ﬁaﬁ)\g%é%t%? %;erggtn%p @Sﬂlggfs;fcg%c%yctgmgmggga E?’ 63.%2 e\gactiy 9%edefg?ge%nto ap?a%?ggl?rg y.o

from the vortex center) nor perfectly radially (ie., directly towards the center of the
vortex), respectively.  Instead, the two inlets 54 and 56 are directed in a rotation
maximizing pathway and a rotation minimizing pathway, respectively. In many respects,
Figure 23 1s similar to Figure 12 and so will not be described at length here. Like
numbers are used to Figure 12, Optimizing the arrangements of the vortex inlets is a step
that can be carried out using, for example, Computational Flow Dynamics models.

[0131] Figures 24A-D shows other embodiments of the inventive pathway
dependent resistance system. Figure 24A shows a pathway dependent resistance system
with only one passageway 1354 entering the vortex chamber. The flow control system
1340 changes the entrance angle of the fluid as it enters the chamber 1352 from this
single passageway. Fluid flow F through the fluid ratio controller passageways 1344 and
1346 will cause a different direction of the fluid jet at the outlet 1380 of the fluid ratio
controller 1340. The angle of the jet will either cause rotation or will minimize rotation
in the vortex chamber 1350 by the fluid before it exits the chamber at outlet 1358.

[10132] Figure 24B-C 15 another embodiment of the pathway dependent
resistance system 1450, in which the two inlet passageways both enter the vortex
chamber primarily tangentially. When the flow is balanced between the passages 1454
and 1456, as shown in Figure 24B, the resulting flow in the vortex chamber 1452 has

minimal rotation before exiting outlet 1458. When the flow down one of the
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WO 2011/ 097101PCT/ US2011/ 022617 55, An apparatus as in claimb54, wherein the
first inlet of the vortex assenbly will direct fluid into the vortex
chanber pwomariidoyiotangenti ally, and wherein the second ipalrats2@fi/obiser vort ex
assenbly will direct fluid into the vortex chanber primarily radially. 56.
An apparatus as in claim3, further conprising a fluid anplifier system

I nt erposed between the fluid ratio system and the pat hway dependent

resi stance systemand in fluid conmmunication with both. 57. An_apparatus
as i n PEPSHBRTEES Whasicalen tharethel flow dostn e oykardmmssager ey, SShpMised BT i nar y

] om PR ENE PR TRE VoL Y ARASSBRIAY L Told IS GRATHRLARLbOP 4 L
R L
passaggwayamiihlthpswidee Ssubst dadtuads| yxic padt @idnt e, shdncecdt uililpattd fl ow as
the density changes. 60. An apparatus as in claimb58, wherein the second
passadestaieswian bepiseditd sat EsoreBp Bt IEHc@nee (9 pue direeton abratnkeon (wheat e
| ner eac%grsﬁfer-clockwise rotation} than to another direction of rotation (such as clockwise
rotation).
[6133] In Figure 24D, multiple inlet tangential paths 1554 and multiple infet
radial paths 1556 are used to minimize the flow jet interference to the inlet of the vortex
chamber 1552 in pathway dependent resistance system 1550. Thus, the radial path can be
split into multiple radial inlet paths directed into the vortex chamber 1552, Similarly, the
tangential path can be divided into multiple tangential inlet paths. The resultant fluid
flow in the vortex chamber 1552 is determined at least in part by the entry angles of the
multiple mlets. The system can be selectively designed to create more or less rotation of
the fluid about the chamber 1552 prior to exiting through outlet 1558.
[0134] Note that in the fluid flow control systems described herein, the fluid
flow m the systems is divided and merged into various streams of flow, but that the fluid
is not separated into its constituent components; that is, the flow control systems are not
fluid separators.
[0135] For example, where the fluid 15 primarily natural gas, the flow ratio
between the first and second passageways may reach 2:1 since the first passageway
provides relatively little resistance to the flow of natural gas. The flow ratio will lower, or
even reverse, as the proportional amounts of the fluid components change. The same
passageways may resultin a 1:1 or even a 1:2 flow ratio where the fluid 1s primarily oil.
Where the fluid has both oil and natural gas components the ratio will fall somewhere in
between. As the proportion of the components of the fluid change over the life of the

well, the flow ratio through the ratio control system will change. Similarly, the ratio will

change if the fluid has both water and o1l components based on the relative characteristic
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61. An apparatus as in claim4, wherein the second passageway of the fluid
ratio systemw ||l provide |l ess resistance to fluid flow than the first
passagewayowbemotise fluid density is higher than a targetradspsiitoys17 62. An
apparatus as in claim&68, wherein the pathway dependent resistance system
further conprises a vortex assenbly having a first and second inlet, a
vortex chanber and an outlet. 63. An apparatus as in claim62, wherein the
first inlet of the vortex assenbly is in fluid communication with the first

passagéubg vaferiand ail ennpansrss depitsearenyips tmiiarbraneecatiol sHECREEIE i nl et of

t he voytex senbly is_ i,n.fluld conmmunication with the second passageway of
t he fléé\;\}gpg&?%r%sghtl%ﬁe gigyeé:ﬁﬁmd ‘?W,&ﬁm%’ppar atus as in claim63, wherein

the first i ofy ' iAn Lsckyih iRt £ ex
chanber primerily T anganeyuF, SRR e e o T ey ERELEY o
assentyrypotioh ofiurneetirdd chdpomira, sl asarhexl ghambenteprintmthd yortexditalbyer WO
2011/ 097101PCT/ US2011/ 022617 65. An apparatus as in claim58, further
conpr ipsimgily thngardiadiypthereest cregine mareater pakeprepuirasarthe Auid thandf itavao
system.and th at hway dependent resistance system.and in.fluid

o GG TURE HOBORa  GEUt RS g Aar B hesY LT s ThiS KR < he 1 ui
ratio r; I +RETORr Ve : ' | ey flow
passad g e D Rl R o e TP PR AR el 08 e
appar grgudibnl itegl Al hhh Wihed ettt diBeappar atus is an oilfield tubular for

positioning downhole in a well bore extendi ng through a subterranean

f or mati on. %9137} For example, in an ¢il well, natural gas production is undesired. As the
proportion of natural gas in the fluid increases, thereby reducing the viscosity of the fluid,
a greater proportion of fluid is directed into the vortex chamber through the tangential
inlet. The vortex chamber imparts a back-pressure on the fluid thereby restricting flow of
the fluid. As the proportion of fluid components being produced changes to a higher
proporttion of oil (for example, as a result of oil in the formation reversing a gas draw-
down), the viscosity of the fluid will increase. The fluid ratio systermn will, in response to
the characteristic change, fower or reverse the ratio of fluid flow through its first and
second passageways. As a result, a greater proportion of the fluid will be directed
primartily radially into the vortex chamber. The vortex chamber offers less resistance and
creates less back-pressure on fluid entering the chamber primarily radially.

10138] The above example refers to restricting natural gas production where o1l
production is desired. The invention can also be applied to restrict water production
where oil production is desired, or to restrict water production when gas production is
desired.

101398] The flow control system offers the advantage of operating autonomously
in the well. Further, the system has no moving parts and is therefore not susceptible to
being “stuck” as fluid control systems with mechanical valves and the like. Further, the
flow control system will operate regardless of the orientation of the system in the
wellbore, so the tabular containing the system need not be ortented in the wellbore. The

system will operate in a vertical or deviated wellbore.
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68. An apparatus as in claim67, wherein the flow control systemis
positioned in the wall of the oilfield tubular. 69. An apparatus as in

cl ai m 68,woher@iomothe oil field tubular has an interior pasasgewsysn fl uid
communi cation with the flowratio control system 70. An apparatus as in
claim69, wherein formation fluid will flow fromthe formation into the
tubul ar interior passageway. 71. An apparatus as in claim®69, wherein the
apparatus is for controlling production fluid flow and wherein the

appar at us J81 88k s While eddateriedf oy centiat sisim gasoPREdRiTauimomays, An

appar at as i-n_claim69,.wherein the apparatus is for controllin

o baudeltBe el e st thREP et EARBAR Bt R ienfl< SAEMAD debfigen
producGti; F tak b 0N, ; t i LB erein
e S A R e R T LR
appar aftiks. Selogetsgsen oprhedubén auidueve watkeig pirodue ticronic/dontiis,appar at us
as in claim7l, wherein the apparatus will provide higher resistance to

flow as t hdOtdhpoEpt exmmple, Mieleftbe pathivay dapghdeinangesce sydemilgher
per cent a% f nat(tr al gas.

P ow CBREriy gsichie p B85 chABhed  f FOUR (6 epieaRd U Ao A TGS n  he
appar afigodsS of Qorf WY He! LN BRAAHGIkOR. T4 Wil dhlo®tp@2%rom the ratio control
system could connect to either side of a pressure balanced piston, thereby causing the
piston to be able to shift from one position to another. One position would, for instance,
cover an exit port, and one position would open it. Hence, the ratio control system does
not have to have a vortex-based system to allow one to enjoy the benefit of the inventive
ratio control system. Similarly, the inventive pathway dependent resistance system could
be utilized with a more traditional actuation system, including sensors and valves. The
inventive systems could also include data output subsystems, to send data to the surface,
to allow operators to see the status of the system.

[0142] The invention can also be used with other flow control systems, such as
inflow control devices, sliding sleeves, and other flow control devices that are already
well known in the industry. The inventive system can be either parallel with or in series
with these other flow control systems.

[0143] While this invention has been described with reference to illustrative
embodiments, this description is not mtended to be construed in a imiting sense. Various
modifications and combinations of the illustrative embodiments as well as other
embodiments of the invention, will be apparent to persons skilled in the art upon
reference to the description. It is, therefore, intended that the appended claims encompass

any such modifications or embodiments.
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WO 2011/ 097101PCT/ US2011/ 022617 wherein the apparatus will increase
resistance to fluid fl ow when the formation fluid reaches a target

per cent aggoonposioli on of natural gas. 76. An appar at upcamskoy1obmim 48,
wherein the flow control systemis positioned in an oilfield tubular, and
wherein the apparatus is for controlling production fluid flow, and wherein
the apparatus selects oil production over natural gas production. 77. An
apparatus as in claimb58, wherein the flow control systemis positioned in
an oi Ifisqlgmasbul ar, and wherein the apparatus is for controlling

production fluid flo and wherejn t appar at-us sel ects oil production
over natur éc{‘n é%%mBW&%]&f;?jdth%,mngg‘!g%ﬂyﬁﬁ%b(gg%fiﬁgggg’ in claim®68, further
conpri si ng al i -Qf o [ £y dependent
resi stance a??/@%/gérr@ '559{7%@ %ﬁtég%vgg?gggﬁaéqgg ?ﬁirsctls%il%% 48,%3%%?%%%& fl ow
cont r glassipstvam whcpostlid emedf fuidfliol kidebd thafits: passagodavhadabonidde

apparatus is for controlling production fluid flow, and wherein the
appar desagaMeYy prajeicddoithe charsetgrises pEthenibedtitow laad whtsainfthevetiaeé flow above

t fl te. 80. Al t i | ai m,67, the. f
IRk RSy DR SAPTLE, Pul FE ESEP TR, Lo
81. A , i i ) ner.el at us.| - 1
oL, ATSRPRIRLREILT A R B8 qBLR, 0,40 e s ghngon ol
in cl gamBdy dyheidehiresReadcajsgstehon fluid is steam

2, An apparatus as in claim 1, wherein the characteristic is viscosity.

3. An apparatus as in claim I, wherein the charactenistic is fluid flow rate.

4. An apparatus as in claim I, wherein the characteristic is density.

5. An apparatus as in claim 2, wherein the first passageway of the fluid ratio confrol

system is more viscosity-dependent than the second passageway.

6. An apparatus as in ¢laim 5 wherein the first passageway of the fluid ratio control
system has a consistent diameter along its length.

7. An apparatus as in ¢laim 6 wherein the first passageway of the flow ratio control
system will provide more resistance to fluid flow as the fluid viscosity increases.

8. An apparatus as in claim 6 wherein the first passageway of the fluid ratio control
system is longer than the second passageway of the fluid ratio control system.

9. An apparatus as in claim § wherein the first passageway provides a tortuous flow
path,

10.  An apparatus as in claim § wherein the first passageway has a textured interior
surface.

11.  An apparatus as in claim 5 wherein the first passageway 15 made of a swellable
material, the passageway constricting when the maternial swells,
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83. An apparatus as in claim8l, wherein the injection fluid is carbon

di oxide. 84. An apparatus as in claim82, wherein he apparatus selects

i nj ecti onwofwst®@armover injection of water. 85. An apparcatusso@as2isn7 cl ai m
84, wherein the apparatus will provide |ower resistance to flow as the
conposition of the injection fluid changes to a higher percentage of steam
86. An apparatus as in claim5b, wherein the apparatus is an oilfield

tubul ar. for positioning downhole in a well baore extending through a
subt erlfanedk! pRRatafisEs n dm Waheoenn ooy ol Fidy maspoal sveRbetreitastedt he

appar afyude ifiiid oheaomt uralekirdd cbipeatnton pkdsghtlidf thewiuiand wherein the
apparatus wi Il decrease resistance to injection fluid fl ow when the
injection fluid reaches a target percentage conposition of steam 87. An
appar dBus asn ﬁppafa@ismsm,cmme? sihgrain dhapivandipassagewan ithe fleidiratvbul ar for
posi t isglcAgwaoYNALe 1dsB résinehd PRr BuidX |0 € 0t MToUEAL s Ao SUR) @hEANBA N uid
formati.on, . and V\:heljﬁj@n t he eggzparattus is for controlling injection fluid
flow, "é?ﬁ?%ﬁé%%ﬁ%ﬁlé{ na@pfﬁﬁg 4 WY1 decrease resistance to i njection fluid

fl ow when the injection fluid falls below a target flow rate. 88. An

appar giyus a8y hppdrhAisHs38 ¢l MBES QIR diNehARRAAE U8 réSst@iecliol fldial b whwiear for
positioni ng downhole.in a wellbore ext endlt.ng throtugh . subt erranean

F or maSPOR0 BHaCRHET el TS RSB AADEE AP ST B U TN F TGS FrieSttHAaDe | ui d

f1 ow, iamdassherresintanhe tappat dowsinvhe firgdgeserasevayesi st ance to injection fluid
fl ow when the density of the injection fluid falls below a target density.

15, An apparatus as in claim § wherein the second passageway of the fluid ratio
system provides substantially constant resistance to fluid flow regardless of changes
fluid viscosity.

16.  An apparatus as in claim 15 wherein the second passageway has a plurality of flow
restrictors therein.

17.  An apparatus as in claim 16 wherein the flow restrictors are orifice plates.

18.  An apparatus as in claim 14 wherein the second passageway further comprises a
vortex diode.

19, An apparatus as in claim [, wherein the pathway dependent resistance system will
impart a back-pressure on fluid flowing through the apparatus.

20.  Anapparatus as in claim 1 wherein the pathway dependent resistance system
further comprises a vortex assembly.

21, An apparatus as in claim 20 wherein the voriex assembly comprises a first and
second inlet, a vortex chamber and an outlet.

22.  An apparatus as in claim 21 wherein the first inlet of the vortex assembly is in
fluid communication with the first passageway of the flow ratio control system and
wherein the second inlet of the vortex assembly is in fluid communication with the
second passageway of the flow ratio control system,
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89. An apparatus as in claim®67, wherein the apparatus is for controlling
flow of cenenting fluid fromthe exterior of the oilfield tubular to the

i nterior wbaoheoeoiohfi el d tubul ar during reverse cenmenti pgr/us3éii/ofts17
apparatus as in claim89, wherein the apparatus will provide higher

resi stance to flow of cenmenting fluid as the conposition of the cenenting
fluid changes to a higher viscosi 91. An apparatus as in claim89, wherein
the apparatus will provide higher resistance to flow of cenenting fluid as
the c@dpositi BPPBRIUSHE i&é?ﬁemf hyheram ghecreitgieassembly Rirghfacogansct gt leash.  An
appar atggsoad oliffercl ai m 89, wherein the apparatus will provide higher
resistance to flow of cenenting fluid as the conposition of the cenenting
fluid changes to a higher flowrate. 93. An apparatus as in claim 89,

f ur t hedd. conpt pBPaTEIVUA afov ablie Pt whermapieedrst mlahof theeidrisx pysesbigewdy of the

oi | fi elighct Db ito BN @RE! AlEbdr DriRst N @hgddtalg flow into the interior
passageway. WO 2011/097101PCT/ US2011/ 022617 4. An apparatus as in claim

97, wherein the flow ratio control system and pathway dependent resistance
syst emSar e Apospparonsdswi chiim 2 hwhamvabiesgsbod inleds! thanvaparsatmbhawili n

cl ai Mdfdket fILTd 786 HROFBH:SE NGB RerSHTRAMy3aaRMRI Y for sand control.

26.  An apparatus as in claim 24 wherein the first inlet directs fluid into the vortex
chamber at an angle substantially normal to a radial line extending from the vortex outlet.

27.  An apparatus as in claim 25 wherein the second inlet directs fluid into the vortex
chamber substantially in line with the vortex outlet.

28.  An apparatus as in claim 20 wherem the vortex assembly comprises a vortex
chamber, at lcast one outlet, and multiple inlets which direct fluid nto the vortex
chamber primarily tangentially.

29, An apparatus as in claim 28 wherein the vortex assembly further comprises
multiple inlets which direct fluid into the vortex chamber primarily radially.

30.  An apparatus as in claim 20 wherein the pathway dependent resistance system
comprises at least two vortex assemblies connected in parallel,

31.  An apparatus as in claim 30 wherein the pathway dependent resistance system
comprises at least two vortex assemblies connected in senes.

32, An apparatus as in claim 31 wherem the pathway dependent resistance sysiem
comprises a [irst and second vortex assemblies, each vortex assembly having a vortex
chamber, a first and second inlets and an outlet, the first inlet of the second vortex
assembly in fluid communication with the outlet of the first vortex assembly.

33, Anapparatus as in claim 32 wherein the first inlet of the second vortex assembly
directs fluid into the vortex chamber of the second vortex assembly primarily radially.
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96. An apparatus as in claim71, further conprising an inflow control
device in fluid comrunication with the flowratio control system 97. An
appar at usweoitecioai m 71, further conprising a pluralitycefusappaeitius
spaced al ong the well bore. 98. An apparatus as in claim97, wherein the
plurality of apparatus are positioned in a production sting, the production
string for extending through the well bore along a production zone of the
formation. 99. An apparatus as in claim3, wherein the first passageway
will prlovi db aPRfTaRiEds 11 4taemot0 Mhgrande Yoreeasssrph eomprisesperdedic!

i ncr ease@xfdseambBt e than the second passageway. 100. An apparatus as in
claim3, wherein the second passageway wll provide a | esser rate of
increase in resistance in response to increased flowrate than the first
passagéway .Amepparalus s hmiﬁ@egéwmtcomissmm dlaid gmpdimer spvipini istarposed

vort exephadtbel falid|reds sydefl vl thi: atiwa@i€hendent redR @Mk lsQbterd AR il Astd 1 nl et
of the_ pathwa t.dege{})g%)an resi stance systemin fluid comrunication with a
f|OMI&PBE%P?%%l%%X? OEystem the flow fromthe flow direction contro
system affecting direction flow takes into the pathway dependent resistance

systems 102y afphARRLAE UHhiAS3 3 Whetdh Melfiid NBNBENsshEn _@bﬁﬁﬁ%@@ fluid
flow takes i nttj)& t hgﬁgat hway dependent resistance systemis dependent on

f1 ui d RIPRYUGENRLAMpPTIEr.

37.  An apparatus as in claim 35 wherem the fluid amplifier system comprises a
pressure-type amplifier.

38.  An apparatus as n claim 35 wherein the fluid amplifier system comprises a jet-
type amplifier.

33.  An apparatus as in claim 35 wherein the fluid amplifier system comprises a
bistable amplifier.

40.  An apparatus as m claim 35 wherein the fluid ratio system further comprises a
primary flow passageway, the primary flow passageway in fluid communication with the

fluid amplifier system.

41, An apparatus as in claim 40 wherein the primary passageway further comprises a
vortex diode.

42.  An apparatus as in claim 40 wherein the primary passageway will accommodate
more fluid flow than either the first or second passageways.

43, An apparatus as in claim 40 wherein the primary passageway will accommodaie
more flow than the first and second passageways combined.

44, An apparatus as i claim 40 wheremn the first and second passageways of the flow
ratio control system will direct flow from the primary passageway.
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WO 2011/ 097101PCT/ US2011/ 022617 103. An apparatus as in claim101, wherein
the direction fluid flow takes into the pathway dependent resistance system
i s dependgotnmefiowi d flow rate. 104. An apparat us as ipoTajsac1iioifsly
wherein the direction fluid flow takes into the pat hway dependent

resi stance systemis dependent on fluid density. 105. An apparatus as in
claim 102, wherein the pathway dependent resistance system conprises a

first and second inlet. 106. An apparatus as in claim 101 wherein the

vor t extdassdhbPRParafisienn 65y | Seghesconwaingmidievlsdibaamalifier sysieman

appar ahi¢sp@edibanotai Me¥Ohdwhes evdiehrdfthe phtHvd edem@hdbmereyRtdres sassenbl y

w | | %é BGld &l‘“ﬁhgfig%?ﬁ%gg{%géé&% Sfceﬁ%g‘ber primarily tangentially. 108. An

apparatus as’ i el n € second inlet of the vortex assenbly
will direct fluid into the vortex chanber primarily radially, 109. An

appar afeus asn hfpath@iss 10 L IMber Sivhetdig dad mue@sit MNE ahiplgler CpeBHisTBMpHYet | pl e
et g YALE B bl hhib et thd I b1 YOL! 8% BRAELRIHTR 1 1Y tangentially.

47.  Anp apparatus as in claim 45 wherein the multiple fluid amplifier systems comprise
at least one pressure-type amplifier and at least one bistable amplifier.

48.  An apparatus as in claim 3, wherein the first passageway of the fluid ratio control
system will provide less resistance than the second passageway to fluid flow as the flow
rate increases.

45, Anp apparatus as in claim 3, wherein the second passageway of the fluid ratio
control system will provide more resistance than the first passageway to fluid flow as the
flow rate increases.

50.  An apparatus as in claim 3, wherein the flow ratio control system comprises a
bistable switch.

51.  Anapparatus as in claim 3, wherein the second passageway of the fluid ratio
system will provide less resistance to fluid flow than the first passageway when the fluid
flow rate is lower than a target flow rate.

52. An apparatus as in claim 3, wherein the second passageway of the fluid ratio
system provides substantially constant resistance to fluid flow regardless of changes i
flurd flow rate.

53.  Anp apparatus as in claim 3, wherein the pathway dependent resislance system
further comprises a vortex assembly having a first and second inlet, a vortex chamber and
an outlet.

54,  Aup apparatus as i claim 53, wherein the first inlet of the voriex assembly is in
fluid communication with the first passageway of the flow ratio control system and
wherein the second inlet of the vortex assembly is in fluid communication with the
second passageway of the flow ratio control system,
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110. An apparatus as in claim2101 wherein the at | east one inlet conprises
multiple inlets which direct fluid into the vortex chanber primarily
radi al | y.wokdAmeappar atus as in claim101 wherein the arclragssiionsii nl et
conprises at least one inlet for directing fluid into the vortex chanber
primarily radially and at | east one inlet for directing fluid into the
vortex chanmber primarily tangentially. 112. An apparatus as in claim 101,
fiirth_er conprising a second vortex chanber, second vortex chanber outlet,
and sedond AbrpRafaBiEATHRE A ¥ Whaiginsiee diiet bt véxhe nameeassembdy WiH 1 ui d
conmmunji@at flani mitcbjme_t \hﬁi@@éﬂﬂt@b’@r@ﬁﬁﬁﬂ(ﬂﬁﬂhng@ﬁiﬁ@a@ﬁ@w&x}éﬁéiﬁﬁh@s&doﬁﬁ.inlelﬁgi An
appar . LD . ] e, Of b S vVOr assenbl y
o ectd 18 bt a5, AR Bh bR ol et lodrfes ERRLL Ll
primarily radially. W 2011/097101PCT/ US2011/022617 114. An apparatus as
in cl &@em 118 afpurhfiSras GA ORI InS3 MariReSE6ARHsIhB el uiurh e &esaReth WRELRXed
chanb%r. 11@&9 ffn agﬁar at.us as %n %h_gl m&,Ol \é/netrel ntthe v,otrtex Gchairf‘o%r
conpr | shyegfi (g, -aHgIr %ﬁy%%gntaé&i f AaHEyay dependent résistance system and in 1l
communication with both.

57.  An apparatus as in claim 56 wherein the fluid ratio system further comprises a
primary flow passageway, the primary flow passageway in fluid communication with the
fluid amplifier system.

58.  An apparatus as in claim 4, wherein the first passageway of the fluid ratio control
is more density dependent than the second passageway.

58.  An apparatus as in claim 58, wherein the second passageway will provide
substantially constant resistance to fluid flow as the density changes.

60.  An apparatus as in claim 58, wherein the second passageway will provide less
resistance to fluid flow as the flow rate increases.

61.  An apparatus as in claim 4, wherein the second passageway of the fluid ratio
system will provide less resistance to fluid flow than the first passageway when the fluid
density is higher than a target density.

62.  An apparatus as in claim 68, wherein the pathway dependent resistance system
further comprises a vortex assembly having a first and second mlet, a vortex chamber and
an outlet.

63.  An apparatus as in claim 62, wherein the first inlet of the vortex assembly 15 1n
fluid communication with the first passageway of the flow ratio control system and
wherein the second inlet of the vortex assembly is in fluid comumunication with the
second passageway of the flow ratio control system.

64.  An apparatus as m claim 63, wherein the first mlet of the vortex assembly will

direct fluid into the vortex chamber primarily tangentially, and wherein the second inlet
of the vortex assembly will divect fluid into the vortex chamber primanly radially.
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116. An apparatus as in claim2101, wherein the flow direction control
system conprises nultiple passageways. 117. An apparatus as in claim 116,
wher ei n twe 20uldorphe passageways are in fluid conmuni catcenusesitio2iche

pat hway dependent resistance systeminlet, 118. An apparatus as in claim
101, wherein the flow direction control systemconprises a flowratio
control system having at least a first and second passageway. 119. An
apparatus as in claim 118, wherein the first passageway_of the fluid ratio
cont r §5- sy hRAPREaNERE 1 CEEsT §yuHBesrIRRtS IR ar 4 IH @ E HsH B YpREs ageway .

120. Antcappad deusc@sthertligt ahtio $ide mheidahs pattevdy dgiendassagenmye afstehie fl ow

rati Oaﬁg% id%?ﬁ%ﬁ%ﬂi&t@n Q/rit?x\'go(?ﬁ a greater increase in resistance to fluid
T .

’ ,
fl ow t'han the seco passageway as the fluid viscosity increases. 121, An
apparatus as in claim 119 wherein the second passageway of the fluid ratio

syst emew | |APESYArERis|a8S8 clBS] 63 MMeteih thd Nddatibaysihanitie cbipsisepassagevay
when the H;ﬁ viscosit s h.lrgher than a target Sfg}lécom tg?/.r g 22. ut?(rﬁ

appar &t UR&s 19 PEPRIEH £Y o B HERTY o P&é‘?&ﬁﬁ’agdé GRMETIRTERHET Vi d Fat i o
syst eflipdevipddersydstranti al | y constant resistance to fluid flow regardl ess
of changes in fluid viscosity. 123. An apparatus as in claim 119 wherein

t he second passageway further. c r.ises a vortex diaqde 24. An apparat us
hs i nidh o GRS ae SR claig paTRUEY opsidue & sk phEkkubilisdah ot
i npar tpoaithvmckg poessaleananwelibnre dkkandimgthrbuglughublkeaappafatmesion.

68.  An apparatus as i claim 67, wherein the flow control system is positioned in the
wall of the oilfield tubular.

69.  An apparatus as in claim 68, wherein the oilfield tubular has an interior
passageway (n fluid communication with the flow ratio control system.

70.  An apparatus as in claim 69, wherein formation fluid will flow from the formation
into the tubular interior passageway.

71.  An apparatus as in claim 69, wherein the apparatus is for controlling production
fluid flow and wherein the apparatus selects otl production over natural gas production.

72.  An apparatus as in claim 69, wherein the apparatus is for controlling production
fluid flow and wherein the apparatus selects natural gas production over water
production.

73.  An apparatus as in claim 69, wherein the apparatus 1s for controlling production
fluid flow and wherein the apparatus selects oil production over water production.

74.  An apparatus as in claim 71, wherein the apparatus will provide higher resistance
to flow as the composition of the formation fluid changes to a higher percentage of

natural gas.

75.  An apparatus as in claim §, wherein the flow control system is positioned in an
oilfield tubular, and wherein the apparatus 1s for controlling production fluid flow, and
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WO 2011/ 097101PCT/ US2011/ 022617 125. An apparatus as in claim118, wherein
the first passageway of the flow ratio control systemis in fluid
communi cayvoamdotivit he first inlet of the pathway depensdemtust@siosisance
system 126. An apparatus as in claim125, wherein the second passageway
of the flowratio control systemis in fluid communication wth a second
I nl et of the pathway dependent resistance system 127. An apparatus as in
claim 125, wherein the first and second passageways of the flow_ratio
cont r SYh&gis tmagparaBst Will morease degganemiccReiddiowivtien the fermation Argt of the
pat hwayadhepengdent peesheicaneey®y i@t naledl ghn apparatus as in claim 103,
wherein the fluid will flowinto the vortex chanber primarily radially when
the fluid flowrate is below a target rate. 129. An apparatus as in claim
128, wifer eifn epeartlugiad inicldimf 4w haiew thadlovoeorixolcivaresers prsitendd y an
t angenfiifalld yubdan ahid @ Hekdlhidhé hoyriAlses R @beveliny pRIdetioh ahed flokd@ndAn
appar at_Eus as..n claim 1%<=?t V\,her,e(#ntt heJI uga{i W I %ogtfl\tnue to flowinto the
vor t ex” EAGIREEF SPPRARF P LRRG SRPTU Y UFERARE $4S A S r ate i ncr eases
above a target rate and then decreases below the target rate. 131. An
appar atus a8y hppah@lshs 10 31aiMhes 8l ikrbhahk Wy ebfhi@sitdyarne %gééﬁﬂim%@%%
conpris fbl ?W raél (? sy.st em havi n% .a% | east Ha fi rsdt an eé‘%nd d
passaé’éﬁ%}‘?m ular, and wheréin the apparatus is for controlling production fluid fiow, an

wherein the apparatus selects oil production over natural gas production.

78.  An apparatus as in claim 68, further comprising a plurality of flow ratio control
systems and pathway dependent resistance systems.

75.  An apparatus as in claim 48, wherein the flow control system is positioned in an
oiffield tubular, and wherein the apparatus is for controlhing production fluid flow, and
wherein the apparatus will provide increased resistance to flow when flow rate is above a

target flow rate.

80.  An apparatus as in claim 67, the apparatus for injecting injection fluid from the
oilfield tubular mto the formation.

81.  An apparatus as in claim 80, wherein the apparatus is for controlling injection of
the injection fluid into the formation.

82.  An apparatus as in claim 81, wherein the injection fluid is steam.
83.  An apparatus as in claim 81, wherein the injection fluid is carbon dioxide.

84.  An apparatus as in ¢laim 82, wherein the apparatus selects injection of steam over
injection of water.

85.  An apparatus as in claim 84, wherein the apparatus will provide lower resistance
to flow as the composition of the mjection {lurd changes to a higher percentage of steam.

86.  An apparatus as in claim S, wherein the apparatus is an oilfield tubular for
positioning downhole in a wellbore extending through a subterranean formation, and
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132. An apparatus as in claim131, wherein the flow ratio system conprises
a bistable switch. 133. An apparatus as in claim 131, wherein the second
passagewayoabitderoil uid ratio systemw ||l provide | ess pesistanesdio fluid
flow than the first passageway when the fluid flowrate is |ower than a
target flowrate. 134. An apparatus as in claim 131, wherein the second
passageway of the fluid ratio system provides substant i ally constant
resistance to fluid flow regardl ess of changes in fluid flowrate. WD
2011/ C9TIOTHbY ApEE LY 6 Jonadntralisg ingctiop Ared lewaand whereinila saparafér ei n

the fiwistddcnd8t refistahee painhway ndbpertientyvheashs gpetnsflgidematises Makati d

comrunj passageway of the flow ratio control system
136. r??%élf)a 41 a l?'é&%é&l%ﬁ%gt%&m 135, wherein the pathway dependent resistance

sy t has a second inlet and the second inlet is in fluid comunication with
the sezond mg ;@eqmmﬁ cldig 44, avheratn tﬁt@@ﬁiﬁdﬁlb 1§)é§t(ﬁmeid L3lafdrappar at us

I§
I d
A A R R R e M R R T e
and i rwiidrmndhccammmhmﬁ|fonc<wnttcHlibgnrhyeutxazsﬁmdb\ﬁoafppad athesciaghé appdrafum 137,

wher eiyp| Mb%réésb}'ré’sxﬁ%é@te’si}tﬁ%&%hfﬂl{tﬁrfﬁfw GAERIthE Bpedidd PRI 5&11%'&)@%\9%55396\/\/3%
the pri magﬁgw ow passageway in fl comuni cation with the fluid anplifier

syst effr8e raie.

88.  An apparatus as m claim 58, wherein the apparatus 1s an oilfield tubular for
positioning downhole m a wellbore extending through a subterranean formation, and
wherein the apparatus is for controlling injection fluid flow, and wherein the apparatus
will decrease resistance to injection fluid flow when the density of the mnjection fluid falls
below a target density.

83.  An apparatus as in claim 67, wherein the apparatus s for controlling flow of
cementing fluid from the exterior of the oilfield rubular to the interior of the oilfield
tubular during reverse cementing.

90.  An apparatus as in claim 89, wherein the apparatus will provide higher resistance
to flow of cementing fluid as the composition of the cementing fluid changes to a higher
ViSCosity.

91.  An apparatus as in claim 89, wheren the apparatus will provide higher resistance
to flow of cementing fluid as the composition of the cementing fluid changes to a higher
density.

92.  An apparatus as in claim 89, wherein the apparatus will provide higher resistance
to flow of cementing {luid as the composition of the cementing fluid changes o a higher
flow rate.

93.  An apparatus as in claim 89, further comprising a movable plug mounted in an

interior passageway of the oufield tubular and operable to restrict flmd flow wnto the
INLETIOT passageway.
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139. An apparatus as in claim2104, wherein the fluid wll flowinto the
vortex chanmber primarily radially when the fluid density is above a target
rate. 1490 20v@pparatus as in claim 139, wherein the flpgirsesiilozdshow i nto
the vortex chanber primarily tangentially when the fluid density is below a
target rate. 141. An apparatus as in claim 104, wherein the flow direction
control systemconprises a flowratio systemhaving at least a first and
second passageway. 142. An %g aratus as in claim 141, wherein the first
passadévay o appgafus@sdn C& o ’gmerr@m g TianY Eatiee@Nte) sUEsBhAhPati AN t he
secondicpaséageytitancelddteriarappsitiaheb within theohai#bld4lug.wherein the second
passageway of the fluid ratio systemw || provide |less of an. increase in
resistance to fluid flow than the first passageway when the fluid density

i ncr edSes. Anamparpfusagpaciits’ aduithecsanpmaiog 2 saengisaenhly washdy
dependeftrof esi stance systemis positioned in an oilfield tubular for
positioning downhole in a well bore extending through a subterranean
formati on. WD 2011/ 097101PCT/ US2011/ 022617 145. An apparatus as in claim
144, Wer eifn apparpasiasay chepehiddnttheesirspasiog asysflem daitfoddeematin fluid ng

pr oduGhhffuhichish HigwhdrtbwhaietenitdlayaRpar at us sel ects natural gas
production over water production.

87.  An apparatus as in claim 71, further comprising a plurality of apparatus spaced
along the wellbore.

98.  An apparatus as in claim 97, wherein the plurality of apparatus are positioned in a
production string, the production string for extending through the wellbore along a
production zone of the formation.

95.  Anp apparatus as in claim 3, wherein the first passageway will provide a greater
rate of increase in resistance in respounse to increased flow rate than the second
passageway.

100.  An apparatus as in claim 3, wherein the second passageway will provide a lesser
rate of increase in resistance in response to increased flow rate than the first passageway.

101, A pathway dependent resistance system, comprising:
a vortex chamber;

at least a first inlet; and

an outlet, the first inlet of the pathway dependent resistance system in fluid
comimunication with a flow direction control system, the flow from the flow direction
control system affecting direction flow takes into the pathway dependent resistance

system.

102, An apparatus as in ¢laim 101, wherein the direction fluid flow takes into the
pathway dependent resistance system is dependent on fluid viscosity.
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146. An apparatus as in claim 144, wherein the pathway dependent resistance
systemis for controlling production fluid flow and wherein the apparatus
sel ect s owb 2prig@u@ii on over water production. 147. An pparsaius2:37i n

cl ai m 144, wherein the pathway dependent resistance systemis for
controlling production fluid fl ow and wherein the apparatus sel ects oi
production over natural gas production. 148. An apparatus as in claim 144,
wherei n the pathway dependent resistance systemis, for controlling the

i nj ectlildn dkn pppasaRisga R | oviiarainitbe gieroon Tuidifowsakepisse Hteus as in
cl ai mphd8yayhieseidant hgistdticeal/bem fsl dépndent snefuid {ichbPateAn apparatus as in
claim 149, wherein the pathway dependent resistance system sel ects
injection of steamover injection of water. 151, An apparatus as in claim
150, Wi9ér ei‘n eprarpatisnay ctiepeHblenthareisitse drcetiey Suehilam takes o e | oner

resi stan6eayf Gefdrden Bfesisngice QYRS Isl @pefdert @ Minkerhsen fluid changes to a
hi gher percentage of steam 152. A flow control system conprising: a
flowratio control systemhaving at |east a first passageway and a second

passa Y, b € o) fl ib.d - [ p eway
and sg?gﬁd ’},“Q’%@%ﬁ%ﬁgﬁgﬁ‘é %%Ié Ea%ée% wﬂ()éx‘%ﬁéﬁ%ﬁé‘nﬁ;ﬁ;@é%p ?%%o%kltsﬁgcglgzﬁg&f | ow;
and compraepatfhweynderendeéniet.r esi st ance system having a vortex chanber
with at least a first inlet and an outlet, the first inlet of the pathway
dependent resistance systemin fluid communication with either the first or

second (Bas yagsMea R Rk Biem tdiewhbiifl iHeaddife:CAREMBIy BHEHE Fon¥Rlse@hi ons in
t he rqtl mng fromthe first and second passageway affecting the

of f1ow
rel ati ?Pé?ﬁég?%ngﬁ%tgé%of the total fluid nmoving through the pathway dependent
resi stance system

107. An apparatus as in claim 105 wherein the first inlet of the vortex assembly will
direct fluid into the vortex chamber primartly tangentially.

108. An apparatus as in claim 105 wherein the second inlet of the vortex assembly will
direct fluid into the vortex chamber primarily radially.

109.  Anp apparatus as in claim 101 wherein the at least one inlet comprises multiple
infets which direct fluid into the vortex chamber primarnily tangentially.

110, An apparatus as in claim 101 wherein the at least one mlet comprises multiple
inlets which direct fluid into the vortex chamber primarily radially.

111, An apparatus as in claim 101 wherein the at least one inlet comprises at least one
inlet for directing fluid into the vortex chamber primarily radially and at least one inlet
for directing fluid into the vortex chamber primarily tangentially.

112, An apparatus as in claim 101, further comprising a second vortex chamber, second
vortex chamber outlet, and second vortex chamber inlet, the second vortex chamber inlet

in fluid communication with the pathway dependent resistance system outlet.

113.  An apparatus as in claim 112 wherein the inlet of the second vortex assembly
directs fluid into the vortex chamber of the second vortex assembly primarily radially.
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WO 2011/ 097101PCT/ US2011/ 022617 153. An apparatus as in claim152, wherein
the characteristic is viscosity. 154. An apparatus as in claim 152, wherein
t he char agpevigrmii s fluid flow rate, 155. An appar at upcagscon1@bsmim 152,
wherein the characteristic is density. 156. An apparatus as in claim 153,
wherein the first passageway of the fluid ratio control systemis nore

vi scosi ty-dependent than the second passageway. 157. An apparatus as in
claim 156 wherein the first passageway of the fluid ratio control system
has a lddnsisst apparaiuamsteclamohly, iftghetcaagemising sgecopd Epgidedbeses@ddi n ¢l ai m
156 wherekrthththetl rst passageway of the flow ratio control systemwl|
provide a greater increase in resistance to fluid flow than the second
passageway as the fluid viscosity increases. 159. An apparatus as in claim
153 whHdPei ri\1t Apparaiceid pabragEiay hefein He Yortgxachaanbes coyrpres widylingriesl de

| ess nesiestcdngdeto fluid flow than the first passageway when the fluid
viscosity is higher than a target viscosity.

116,  An apparatus as in claim 101, wherein the flow direction control system comprises
multiple passageways.

117.  An apparatus as in claim 116, wherein the multiple passageways are in fluid
communication with the pathway dependent resistance system inlet.

118,  An apparatus as in claim 101, wherein the flow direction control system comprises
a flow ratio control system having at least a first and second passageway.

119, An apparatus as in claim 118, wherein the first passageway of the fluid ratio
control system is more viscosity-dependent than the second passageway.

120.  An apparatus as in claim 119 wherein the first passageway of the flow ratio
control system will provide a greater increase in resistance to fluid flow than the second
passageway as the fluid viscosity increases.

121, An apparatus as in claim 119 wherein the second passageway of the fluid ratio
system will provide less resistance to fluid flow than the first passageway when the fluid
viscosity i1s higher than a target viscosity.

122, An apparatus as in claim 119 wherein the second passageway of the fluid ratio
system provides substantially constant resistance to fhuid flow regardless of changes

fluid viscosity.

123.  An apparatus as in claim 119 wherein the second passageway further comprises a
vortex diode.

124, An apparatus as in claim 101, wherein the pathway dependent resistance system
will impart a back-pressure on fluid flowing through the apparatus.
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60. An apparatus as in claim156 wherein the second passageway of the fluid
rati o system provi des substantially constant resistance to fluid flow
regar dl essoebiieanges in fluid viscosity. 161. An apparatrus2@&i/oewic! ai m
156 wherein the second passageway further conprises a vortex diode. 162.
An apparatus as in claim 152, wherein the pathway dependent resistance
systemw || inpart a back-pressure on fluid flow ng through the apparatus.
163. An apparatus as in claim 152 wherein the first inlet of the vortex
assendiZy. i Al APRATATG a6 dRRiAIC bk, oYhaRpirHLE REstfRassasepayselgeadlpvotatithe f1 ow
rati o coanbl oysteyst enflanteoheneidativhevsiedantrst ilef oOhetpachwoy Heperdigsenbly is

in fluid. compuni.cation with the second passageway of the flow ratio control
syste#]égs%\%gggy%ﬁ%WlOlPCT/ US2011/ 022617 164. An apparatus as in claim 152

wherein the vortex assenbly further conprises at |east a second outlet.
165. Ancapped abptiafs asfin elainm 25 2y wheinahs sthed pdssi gt yedf 0k fldve rmy t ex

o] | I , flypid i h ha Nl I lally.
Too. Antabharar Da T an b Rat O L RE P LR ihe R AREEDY, (oo

assemoegisntd sditeract fluid into the vortex chamber primarily radially.

127.  An apparatus as in claim 125, wherein the first and second passageways of the
flow ratio control system are both in fluid communication with the first inlet of the
pathway dependent resistance system.

128.  An apparatus as in claim 103, wherein the fluid will flow into the vortex chamber
primarily radially when the fluid flow rate is below a target rate.

129.  An apparatus as in claim 128, wherein the fluid will flow into the vortex chamber
primarily tangentially when the fluid flow rate 1s above a target rate.

130.  An apparatus as in claim 129, wherein the fluid will continue to flow into the
vortex chamber primarily tangentially when the fluid flow rate increases above a target
rate and then decreases below the target rate.

131, An apparatus as in claim [03, wherein the flow direction control system comprises
a flow ratio system having at least a first and second passageway.

132,  An apparatus as in claim 131, wherein the flow ratio system comprises a bistable
switch.

133, An apparatus as i claim 131, wherein the second passageway of the fluid ratio
system will provide less resistance to fluid flow than the firs| passageway when the {fluid
flow rate is lower than a target flow rate.

134, An apparatus as in claim 131, wherein the second passageway of the fluid ratio

system provides substantially constant resistance to fluid flow regardless of changes in
fluid flow rate.
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167. An apparatus as in claim152 wherein the vortex chanber conprises a
cylindrical vortex chanmber. 168. An apparatus as in claim 152 further

conpri si ngoaoflesrhianpl i fi er systeminterposed between the/fshasin@d216at i 0
system and t he pat hway dependent resistance systemand in fluid

comuni cation with both. 169. An apparatus as in clam 168 wherein the
fluid anplifier systemconprises a proportional anplifier. 170. An
apparatus as in claim 168 wherein the fluid anplifier system conprises a

bi st abl3é. arpt pPREAS BF IAGlaFpE} atvieras the festdniat ebthawpaPeiy dependdntid rati o
syst enefistahbesyeONIE 1S Baidc@nhnmidatiohowtp desAge passa gt wey pf inafiywikow
passageway, g%téﬁqUi d communication with the fluid anplifier system 172. An
apparatus ‘as’ih claim 171 wherein the first and second passageways of the
flowratio control systemw |l direct flow fromthe primry passageway.

173. Aneapped appiiafs aksiin elamm 152y Hdteinhee peaely Sdprademd fetiRtgick |s%‘étém
anplifier Séstér}g tl ntée gqsed C{Deivgeen ghe luid ratio sefgt em and .t he pat hway
depend@he SFeid PupAl s?é? EERG WESP it U e S CALoB IR T $EC8Bgd i n
ser i epassaggwayAf thp plaratatio @sitioh sgdtainm 154, wherein the first passageway of

the fluid ratio control systemw || provide a | esser increase in resistance

than t second passageway .to fluid, flow as .the fl.qw rate i ncreases.
i%ei. An apparatus as in c¥31n1 igl,%mhcr comprising a fimg amplitier system

interposed between the fluid ratio system and the pathway dependent resistance system
and in fluid communication with both.

[38.  An apparatus as in claim 137, wherein the fluid ratio system further comprises a
primary flow passageway, the primary flow passageway in fluid communication with the
fluid amplifier system.

139.  An apparatus as in claim 104, wherein the fluid will flow into the vortex chamber
primarily radially when the fluid density is above a target rate.

140.  An apparatus as in claim 139, wherein the fluid will flow nto the vortex chamber
primanly tangentially when the fhuid density 1s below a target rate.

141, An apparatus as in claim 104, wherein the flow direction control system comprises
a flow ratio system having at least a first and second passageway,

142,  Anapparatus as in claim 141, wherein the first passageway of the fluid ratio
control 15 more density dependent than the second passageway.

143, An apparatus as in claim 141, wherein the second passageway of the fluid ratio
system will provide less of an increase in resistance to fluid flow than the first
passageway when the fluid density increases.

144.  An apparatus as in claim 101, wherein the pathway dependent resistance system 13

positioned n an oilfield tubular for positioning downhole in a wellbore extending through
a subterranean formation.
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WO 2011/ 097101PCT/ US2011/ 022617 175. An apparatus as in claim 154, wherein
the flowratio control system conprises a bistable switch. 176. An
appar at usweoimoeeiodi m 154, wherein the second passagewapcefushéa/obdesui d ratio
systemw || provide | ess resistance to fluid flow than the first passageway
when the fluid flowrate is lower than a target flowrate. 177. An
apparatus as in claim 154, wherein the second passageway of the fluid
rati o system provi des substantially constant resistance to fluid flow
regar diééss Aot RPHAGSSSITA A b4, MowwreiEttbe patiwety depeapprTabigangs SYHewt 18 m
155, ubetcsiirolting prodsdtiopabsidgenwayndfwitdieinfthélagpdratuseetend figtlirdl gagor e
densi tq-%ﬁe-&%d&}& vgz{l%n Etolaﬁc,&gr?ond passageway. 179. An apparatus as in

9 : eP'SEcond -

claim erein passageway W || provide substantially
constant resistance to fluid flow as the density changes. 180. An

appar at4gs asn hfparhists 14 iaiMhBIEivihdrbie (5e gant NogGRASVRYrektnbe sfiwindisrati o
systerpvm ||, provide,l ess gesistance t.o fluid flow tha Eher first  .passageway
when ¢ RECPRPE RS ond R RV A aviacip dbg apr i ipets i prodisB o o e
as i nookamaterg2odiadran.n the flow control systemis positioned in an

oilfield tubular for positioning dowmhole in a well bore extending through a

subt errranean fol mation.. . : - .
19", apparatus as in claim 144, wherein the pathway dependent resistance system is

for controlling production fluid flow and wherein the apparatus selects o1l production
over natural gas production.

148.  An apparatus as in claim 144, wherein the pathway dependent resistance system is
for controlling the injection of injection fluid into the formation.

149.  An apparatus as in claim 148, wherein the mnjection flud 1s steam.

150. An apparatus as in claim 149, wherein the pathway dependent resistance system
selects injection of steam over injection of water.

151.  An apparatus as in claim 150, wherein the pathway dependent resistance system
will provide lower resistance to flow as the composition of the injection fluid changes to
a higher percentage of steam.

152, A flow control system, compnising:

a flow ratio control system having at least a first passageway and a second
passageway, wherein the ratio of fluid flow through the first passageway and second
passageway is related to the characteristic of the fluid flow; and

a pathway dependent resistance system having a vortex chamber with at least a
first inlet and an outlet, the first inlet of the pathway dependent resistance system in fluid
communication with either the first or second passageway or both of the fluid ratio
control system, variations i the ratio of flow coming from the first and second
passageway affecting the relative resistance of the total fluid moving through the pathway

dependent resistance system.
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182. An apparatus as in claim2181, wherein the oilfield tubular has an

I nterior passageway in fluid communication with the flowratio control
system wW83o1Aw7mpparatus as in claim 182, wherein for ratriwoifiloedsas wil |
flow fromthe formation into the tubular interior passageway. 184. An
apparatus as in claim181., wherein the flow control systemis for
controlling production fluid fl ow and wherein the apparatus selects oil
production over natural gas production. WD 2011/097101PCT/ US2011/ 022617
185. An apparatus as in claim181, wherein the flow control systemis for

cont r glsBi nApepesiiatiser ih klbich fINwiandnwheckinctehgtiappaisasdisy. sel ects natural
gas production over water production. 186. An apparatus as in claim 181,
wherein the flow control systemis for controlling production fluid flow
and whértei r\n Rppapharatnsiagel b¥ svigiteingheghenrcemsoe ey uat Bewpebduct i on.
187. An apparatus as in claim 184, wherein the flow control systemw ||
provi hi gher._resj st ance, to w.as 1t compositi-on Qf the folination
Pl o Torangus epb A RiagnE R iRy LBl Br SRIRRRALE™ St an appar atus as
in claim2181, further conprising a plurality of flow control systens.

156. An apparatus as in claim 153, wherein the first passageway of the fluid ratio

control system is more viscosity-dependent than the second passageway.

157. An apparatus as i claim 156 wherein the first passageway of the fluid ratio
control system has a consistent diameter along its length.

158. An apparatus as i claim 156 wherein the first passageway of the flow ratio
control system will provide a greater increase in resistance to fluid flow than the second
passageway as the fluid viscosity increases.

159.  An apparatus as in claim 153 wherein the second passageway of the fluid ratio
systern will provide less resistance to fluid flow than the first passageway when the fluid
viscosity is higher than a target viscosity.

160. An apparatus as in claim 156 wherein the second passageway of the fluid ratio
system provides substantially constant resistance to fluid flow regardless of changes in
fluid viscosity.

161.  An apparatus as in claim 156 wherein the second passageway further comprises a
vortex diode.

162.  An apparatus as in claim 152, wherein the pathway dependent resistance system
will immpart a back-pressure on {lmd flowing through the apparatus.

163.  An apparatus as in claim 152 wherein the first inlet of the vortex assembly is in
fluid communication with the first passageway of the flow ratio control system and
wherem the second inlet of the vortex assembly ts in flurd communication with the
second passageway of the flow ratio control system.
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189. An apparatus as in claim181, the flow control systemfor controlling
injection of injection fluid fromthe oilfield tubular into the formation.
190. An appaovatesioas in claim 189, wherein the flow conrolussyistermisel ects
injection of steamover injection of water. 191. An apparatus as in claim
181, wherein the flow control systemis for controlling flow of cenenting
fluid fromthe exterior of the oilfield tubular to the interior of the
oilfield tubular during reverse cenenting. An_apparatus as in claim
191, Vi§ér eifhD BPRATATUSWS GBAIA B i%%‘@hé?ﬁiw?}q vqﬁ%w&g@mﬁ Eé'?hﬁrféﬁ@c%ﬁ%étto f1ow
of cenent knrgcdldibetlas the conposition of the cenenting fluid changes to a
hi gher viscosity, 193. An apparatus as in claim 191, wherein the flow
control systemw |l provide higher resistance to fl ow of cenenting f|UId as
t he cdfposiAn eppmtutsraé g € Hemt igb\’v'hﬁtﬂiféiﬂ’tﬁhﬁﬁg@g@%@f thenioglearessrmiivtyill 194,

AN appifeat Asidmté theCl@idR dfmborigtmimtiageddtpiiycontrol systemw || provide
hi gher resistance to flow of cenenting fl Ui d as the conposition of the

cenenting fluid changes to a higher flow rate.
2011/ 0$P10 ¥RCIHiS20%E BA 02 2817 | AQOFhermn &m@canﬁlsnla‘soi‘ thecloaiem abSdmbiwuwilher

conpr 'cﬁﬂe@gﬂéimY@Q‘ieewﬁltéi&Wi%ﬁlmﬁiigr}aﬁml%r' or passageway of the oilfield
tubul ar and operable to restrict fluid flow'into the interior passageway,
167.  An apparatus as in claim 152 wherein the vortex chamber comprises a cylindrical
vortex chamber.

168.  An apparatus as in claim 152 further comprising a fluid amplifier system
interposed between the fluid ratio system and the pathway dependent resistance system
and in fluid communication with both.

169. An apparatus as in claim 168 wherein the fluid amplifier system comprises a
proportional amplifier.

170.  An apparatus as in claim 168 wherein the fluid amplifier system comprises a
bistable amplifier.

171, An apparatus as in claim 168 wherein the fluid ratio system further comprises a
primary flow passageway, the primary flow passageway in fluid communication with the
fluid amplifier system.

172.  An apparatus as in claim 171 wherein the first and second passageways of the flow
ratio control system will direct flow from the primary passageway.

173.  Anp apparatus as in claim 152 further comprising multiple fluid amplifier sysiems
interposed between the fluid ratio system and the pathway dependent resistance system,
the fluid amplifier systems arranged in series.

174.  An apparatus as in claim 154, wherein the first passageway of the fluid ratio

control system will provide a lesser increase n resistance than the second passageway to
fluid flow as the flow rate increases.
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196. An apparatus as in claim191, wherein the flowratio control system
and pat hway dependent resistance systemare positioned within the novabl e
plug. 19¥o0 2ny/@p@ar atus as in claim181, further conpripsirNG2@19¢I6EEN
assenbly for sand control. 198. An apparatus as in claim181, further
conprising an inflow control device in fluid conmunication with the flow
ratio control system 199. An apparatus as in claim181, further
conprising a plurality of flow control systens spaced _al ong the well bore.
200. ArSappsit aPRATABS 35 An 6laaind o ovharmiartbe AlophERUS GANATT] SYSI8M §ATBFISSSR I ol
syst ermstatle spasiht i oned in a production string, the production string for
extendi ng through the well bore along a production zone of the formation.
176.  An apparatus as in claim 154, wherein the second passageway of the fluid ratio
systermn will provide less resistance to fluld flow than the first passageway when the fluid
flow rate 1s lower than a target flow rate.

177. Anp apparatus as in claim 154, wherein the second passageway of the fluid ratio
system provides substantially constant resistance to fluid flow regardless of changes in
fluid flow rate.

178. An apparatus as i claim 155, wherein the first passageway of the fluid ratio
control 15 more density-dependent than the second passageway.

179.  An apparatus as in claim 178, wherein the second passageway will provide
substantially constant resistance to fluid flow as the density changes.

180. An apparatus as in claim 154, wherein the second passageway of the fluid ratio
system will provide less resistance to fluid flow than the first passageway when the fluid
density is higher than a target density.

181, An apparatus as in claim 152 wherein the flow control system is positioned in an
oilfield tubular for positioning downhole in a wellbore extending through a subterranean
formation.

182. An apparatus as in claim 181, wherein the oilfield tubular has an interior
passageway in fluid communication with the flow ratio control system.

183. An apparatus as in claim 182, wherein formation fluid will flow from the
formation into the tubular interior passageway.

184. An apparatus as in claim 181, wherein the flow control system is for controlling

production fluid flow and wherein the apparatus selects o1l production over natural gas
production.
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185,  An apparatus as in claim 181, wherein the flow control system is for controlling
production fluid flow and wherem the apparatus selects natural gas production over water
production.

186. An apparatus as in claim 181, wherein the flow control system is for controlling
production fluid flow and wherein the apparatus selects o1l production over water
production.

187.  An apparatus as in claim 184, wherein the flow control system will provide higher
resistance to flow as the composition of the formation fluid changes to a higher
percentage of natural gas.

188. An apparatus as in claim {81, further comprising a plurality of flow control
systems.

189.  An apparatus as in claim 181, the flow control system for controlling injection of
injection fluid from the oilfield tubular into the formation.

190.  An apparatus as in claim 189, wherein the flow control system selects injection of
steam over injection of water.

191.  An apparatus as in claim 181, wherein the flow control system is for controlling
flow of cementing fluid from the exterior of the oilfield tubular to the interior of the
oilfield tubular during reverse cementing.

192.  An apparatus as in claim 191, wherein the flow control system will provide higher
resistance to flow of cementing fluid as the composition of the cementing flnd changes
to a higher viscosity.

193, An apparatus as in claim 191, wherein the flow control system will provide higher
resistance to flow of cementing fluid as the composition of the cementing fluid changes
to a higher density.

194, An apparatus as in claim 191, wherein the flow control system will provide higher

resistance to flow of cementing fluid as the composition of the cementing fluid changes
to a higher flow rate.
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195, An apparatus as in claim 191, further comprising a2 movable plug mounted i an
interior passageway of the oilfield tubular and operable to restnict flnd flow into the

interior passageway.

196. An apparatus as in claim 191, wherein the flow ratio control systemn and pathway
dependent resistance system are positioned within the movable plug.

197. An apparatus as in claim 181, further comprising a screen assembly for sand
control.

198.  An apparatus as n claim 181, further comprising an inflow control device 1n fluid
communication with the flow ratio control system.

199. An apparatus as in claim 181, further comprising a plurality of flow control
systems spaced along the wellbore.

200. An apparatus as in claim 199, wherein the plurality of flow control systems are

positioned 1n a production string, the production string for extending through the
wellbore along a production zone of the formation.
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