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| NCREASES AND DECREASES FOR PROPAGATI NG PRESSURE PULSES | N A SUBTERRANEAN
VEELL 10TBEbidbGAR2HNIELD Thi s di scl osure rel at es gememraiskyiotoatseui prrent
utilized and operations perfornmed in conjunction with a subterranean wel |l
and, in an exanple described bel ow, nore particularly provides for
propagating pressure pulses in a subterranean 15 well. BACKGROUND I n
an injection well, hydrocarbon production well, or other type of well, it
is many tinmes beneficial to be able 20 to propagate pressure pulses into a
subt erranean formati on. Such pressure pul ses can enhance nobility of fluids
in the formation. For exanple, injected fluids can nore readily flow into
and spread through the formation in injection operations, and produced
fluids can nore readily flow from25 the formation into a wellbore in
producti on operations. Therefore, it wll be appreciated that
advancenents in the art of propagating pressure pulses in a well would be
desirable in the circunstances nentioned above, and such WO
2011/g§2211PCT/U82010/044421

ALTERNATING FLOW RESISTANCE INCREASES AND DECREASES
FOR PROPAGATING PRESSURE PULSES IN A SUBTERRANEAN
WELL

10 TECHNICAL FIELD

This disclosure relates generally to equipment utilized
and operations performed in conjunction with a subterranean
well and, in an example described below, more particularly
provides for propagating pressure pulses in a subterranean

15 well.

BACKGROUND

In an injection well, hydrocarbon production well, or
other type of well, it is many times beneficial to be able
20 to propagate pressure pulses into a subterranean formation.
Such pressure pulses can enhance mobility of fluids in the
formation. For example, injected fluids can more readily
flow into and spread through the formation in injection
operations, and produced fluids can more readily flow from

25 the formation into a wellbore in production operations.

Therefore, it will be appreciated that advancements in
the art of propagating pressure pulses in a well would be

desirable in the circumstances mentioned above, and such



-2 - advancenents woul d al so be beneficial in a wide variety of other

ci rcunst ances. SUWARY 51 n the disclosure below, a variable flow resistance
syst em amsoassigeeAtl ed nmet hods are provi ded which bring Pepruse@o®ntdsgito the
art of propagating pressure pulses in a well. An exanple is described bel ow
in which resistance to flow of a fluid gooposition is alternately increased
and 10 decreased as the fluid conposition flows through a variable flow
resi stance system In one aspect, a nethod of propagating pressure

pul ses in avﬁﬂggﬁéhﬁge@BuW@lBlFudeEOFbﬂEQiEga?hﬁnaﬁtwgﬁetQﬁrﬁéﬁgegk

di scl osure met hod can inc oW ng a 15 conposition through
at | east ombevariizblmstbhowesesi st ance system The variable flow resistance
system i ncludes a vortex chanber having at |east one inlet and an outlet. A
vortex is created when the fluid conposition flows spirally about the
outlet. A resistance to flow of the fluid 20 conposition through the vortex
chanber alternately increases and dcSUMMARY. I n anot her aspect, the
vortex is alternately created and di ssipated in the vortex chanber, in
resporse to fl aw npet Héstllvsdreobpasivt, i anvhkiabgk thewvaesdblkantkeow

resi stance 2 ot her aspect ranean wel |

Gyst om caRYELRD: PL8 B SPEASE GnBorhORabREer PORNLEBASMEACE BFLBEm whi ch

propagate&mP&@$§Méat@ukéeﬁhbnbetaosupkgpagaeaﬂgf9&6§buee bd1segpansg to
flow of a fluid conposition fromthe formation

2011/ 0222VepdT/ UBRoesAMRAg2is described below in which resistance to
flow of a fluid composition is alternately increased and

10 decreased as the fluid composition flows through a variable

flow resistance system.

In one aspect, a method of propagating pressure pulses
in a subterranean well is provided to the art by the present
disclosure. The method can include flowing a fluid

15 composition through at least one variable flow resistance
system. The variable flow resistance system includes a
vortex chamber having at least one inlet and an outlet. A
vortex is created when the fluid composition flows spirally
about the outlet. A resistance to flow of the fluid

20 composition through the vortex chamber alternately increases

and decreases.

In another aspect, the vortex is alternately created
and dissipated in the vortex chamber, in response to flowing
the fluid composition through the variable flow resistance

25 system.

In yet another aspect, a subterranean well system can
comprise at least one variable flow resistance system which
propagates pressure pulses into a subterranean formation in

response to flow of a fluid composition from the formation.

30 These and other features, advantages and benefits will

become apparent to one of ordinary skill in the art upon



-3 - careful consideration of the detailed description of representative

exanpl es bel ow and the acconpanyi ng drawi ngs, in which simlar

el ements are

i ndi cat edwOrzotie22ar i ous figures using the sane refereneeTnisatienss426 BRI EF
DESCRI PTI ON OF THE DRAW NGS FIG 1 is a schematic partially
cross-sectional view of a well system apd. associ ated nmet hod whi ch can
enbody principles of the present disclosure. 10FIG 2 is an enlarged scale
schematic cross-sectional view of a well screen and a variable flow

resi st anceamtl@%%g&taemﬁeg d,t,ﬁe@hbndtefesl\mgh' déléEE?cPtQEanﬁ 1.

FIG 3 is a schematic "unro pl an view of one con

iguration of the

vari abl e ﬁ:bpwesesrtsttaneeespmpénfs belkew 2Bdaltbrgaccrmpadngiof Ar@wiRgs,
FIGS. 4A & B ar.e schenﬁtl C Rl iews of. not her conf urati.on of the
\ h % g

are llt_l

&5264 &7BtR

vari abl e fPoW resi Stance” sys %n

e SCNENALI c pl an

vi ews of &hngultes astihiggtihet sameofrefbeevaei abmbekkow resi stance system

20FIG 6 is a schematic cross-sectional view of another configuration of
the wed1 system and nethod of FIG 1. FIG 7 is a schematic plan view of
anot her configuration of the variable flow resistance system FIGS. 8A-C

are schemati c perspect i BRIEPDESCRINTIONSOF TPHE SERAWINGS and

cross-sectional views, respectively, of yet another configuration of the
variable flow Fegi.staRgeas¥sheutic partially cross-sectional view of

a well system and associated method which can embody

principles of the present disclosure.

10 FIG. 2 is an enlarged scale schematic cross-sectional

view of a well screen and a variable flow resistance system

which may be used in the well system of FIG. 1.

FIG. 3 is a schematic “unrolled” plan view of one

configuration of the variable flow resistance system,

15 along line 3-3 of FIG. 2.

FIGS. 4A & B are schematic plan views of another

configuration of the variable flow resistance system.

FIGS. 5A & B are schematic plan views of another

configuration of the variable flow resistance system.

taken

20 FIG. 6 is a schematic cross-sectional view of another

configuration of the well system and method of FIG.

FIG. 7 is a schematic plan view of another

configuration of the variable flow resistance system.

FIGS. 8A-C are schematic perspective, partially cross-

25 sectional and cross-sectional views, respectively, of yet

another configuration of the variable flow resistance

system.
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Representatively illustrated in FIG 1 is a well system 10 which can enbody
princi pl esoabivdea1di scl osure. As depicted in FIG 1, aPeglushaws4421 has a
generally vertical 5 uncased section 14 extendi ng downwardly from casi ng
16, as well as a generally horizontal_upcased section 18 extending through
an earth formation 20. A tubular string 22 (such as a production tubing
string) is installed in the wellbore 12. Interconnected in 10 the tubular

string 22 are multiple well s hggQiE%4DEF@§??Q&3NfIOM/resistance systens 25
and packers 26. The packers 26 seal o an annulus 28 forned radially

between the tu i an bor.e ctihon_18. t hi nner
TTui ge 30 ey RePaEsShEafdyesy diaLut Uebu InErIBel 108 1d wed 1l BVBLER:
f or mat i on120whiiehi sehaembopdyr pransipfleshefanhubusig8lbetumween adj acent pairs

of the packers,26. . Posi tion bet n,each adj ace pair  of the
packer s’ SESBICHER 1BcFAEn 34 Ande)IBAFPaRrnFRofl PEDECAATTaTEFE oMo ar e
i nt er c®nnaatadednskbe ibubukaexsbhdngg2dowhbaraell f20mseaseng246f,i bkers the

fluids 30 flowing into the_tubular string 22 fromthe annulus 28. The
vari abl e FE&d Pés?sﬁ&ﬁ@éa%}¥tQHF25°9§P#a3P§a?€9t?PEF%OPI6@ §KtERELAPUI ds 30

into the tubdligh ahrbBEtB2rokasedoanoeertain characteristics of the fluids.
25At this point, it should be noted that the well system 10 is illustrated

in the draw ngg apduhgrdgseihBed hesah 88 HEpebYueREcaxamBliggof a w de
variety of well systenms in which the principles of this disclosure can be
utilized. string) is installed in the wellbore 12. Interconnected in

10 the tubular string 22 are multiple well screens 24, variable

flow resistance systems 25 and packers 26.

The packers 26 seal off an annulus 28 formed radially
between the tubular string 22 and the wellbore section 18.
In this manner, fluids 30 may be produced from multiple
15 intervals or zones of the formation 20 via isolated portions

of the annulus 28 between adjacent pairs of the packers 26.

Positioned between each adjacent pair of the packers
26, a well screen 24 and a variable flow resistance system
25 are interconnected in the tubular string 22. The well
20 screen 24 filters the fluids 30 flowing into the tubular
string 22 from the annulus 28. The variable flow resistance
system 25 variably restricts flow of the fluids 30 into the
tubular string 22, based on certain characteristics of the

fluids.

25 At this point, it should be noted that the well system
10 is illustrated in the drawings and is described herein as
merely one example of a wide variety of well systems in
which the principles of this disclosure can be utilized. It
should be clearly understood that the principles of this

30 disclosure are not limited at all to any of the details of
the well system 10, or components thereof, depicted in the

drawings or described herein.



shoul d be clearly understood that the principles of this 30 disclosure are
not limted at all to any of the details of the well system 10, or
conponentwotzheweesf1l depicted in the drawi ngs or descri bedThse@ions442I\0
2011/ 022211PCT/ US2010/ 044421 -5 - For exanple, it is not necessary in
keeping with the principles of this disglosure for the wellbore 12 to

I ncl ude a generally vertical wellbore section 14 or a generally horizontal
wel | bore section 18. It is not necessary for 5 fluids 30 to be only

produced from ghe £QLARELON 208 ABR: nbBeALASL &XaMBLESnql liidsSthaul d be
Injected into a ?ornaﬁ?on' %Iuﬁgs coups ge %o?h ?n?gcgegginto and produced
froma fopmancaoplest of thissdiastlpevessdpy tbe vrélback 42 tbeiwnelllidscreen

24 10 andavarkabgﬁ flgm&%gsgitagiﬁ %¥%ten1%§ %olge gositgggggleetmeen each
adj acent pagﬁ of %g pgckefs 28" P 'S not n cessa?y foP°d S|ngVe vari abl e
fl ow resi abaneensyuldt egidboire bectised i18.comtuist hor wetbsaagiyngbe wel |
screen_ 24. _Any n er, arrangenent. and/ or conbi nati on of these.conponents
15 may’ be fhgeHs ggbto pe P§9§09r8é88§ agﬁopoggﬁn$°6§?Fé8Pegsl8%PF€sistance
system 25;ihoohBepsSestambliBsad wellidsCceeand2he Fareexabpliatol B i njection
operations, the injected fluid could be flowed through a variable flow
resi st anc&ogpatépnzs f lilidRogruads Be2bothond§ctRAoG§RCa 2Rl Produeerd 24.

It is nOtf?%ﬁe%5§6¥m%Q&oBhee%%kl screens 24, variable flow resistance
systenms 25, packers 26 or 'any ot her

It is not necessary for one each of the well screen 24
10 and variable flow resistance system 25 to be positioned
between each adjacent pair of the packers 26. It is not
necessary for a single variable flow resistance system 25 to
be used in conjunction with a single well screen 24. Any
number, arrangement and/or combination of these components

15 may be used.

It is not necessary for any variable flow resistance
system 25 to be used with a well screen 24. For example, in
injection operations, the injected fluid could be flowed
through a variable flow resistance system 25, without also

20 flowing through a well screen 24.

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

25 the wellbore 12 may be cased or uncased, and any portion of
the tubular string 22 may be positioned in an uncased or
cased section of the wellbore, in keeping with the

principles of this disclosure.

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

details of those examples. Instead, the principles of this



conponents of the tubular string 22 to be positioned in uncased sections
14, 18 of the well bore 12. Any section of 25 the well bore 12 may be cased
or uncasewp2and221y portion of the tubular string 22 nmayChaspasiotisoned in
an uncased or cased section of the wellbore, in keeping with the principles
of this disclosure. It should be clearlyg understood, therefore, that this
30 disclosure describes how to nake and use certain exanples, but the
principles of the disclosure are not limted to any details of those

NP o 8E168re! RanPBLNALR T80k Bl 9ar YELFObE BERCEIBRINERAID/ DRd42L

6 - disclosure can to a variety of “other exanples using the
know edgeusbngi tbe¢ knomledgs dbselioedr érom this| fiwclbsbeeappreci at ed by
those skilled in the art that it would be beneficial to be able to regul ate
flow of the 5 flituivdd13®ei apprekeatedubar thbsengk221edommeabk aohetbhtt he

formation.20, for. exapple..to prevent er coning.32 or..gas coning 34 in
he for mai-FolloUGEnEF - RBRSEAGTaR] 5% PeoAPAE: 5 FROGLAEF TR Qo tiB: ar e
not |isntedutids Bal anebnghpr eduvatlbenski-ang( Qe Frpactbeh kohe) offulthipl e
zones, 10 _m nim,zing praoduction or injection of undesired fluids,
naxinizin§°5W6&&8PigH'oFOFnF§éPP&ﬁ'oF0d8§PV€BtfW&F&%,CQP&P9 32 Orpgafipl es

of the vagbakhg Bhownr epkstarmatipateMptAardasesi ke¢ #Obe Fahluyakebaw can
provi de these benefits by increasing resistance to flowif afluid velocity

i ncr eases 1p5abwpdhd iacdurect byt avel npg. gimitedt herebylbarange flow among
zones, pr§¥885c%@B§rf?%mggércﬁﬂéagtiéhcihtognﬁhﬁﬂﬁbﬂg E?ﬁbétance to flowif
e s be or |

a fluid viscosity Ccreas w a sel ecte eve afluid density
i ncr el esmabame zangebeotiadtiionebr( engecttiont bér ebgesesedi ¢flufidew of an 20
undesired_fluid, .s

.such_a ter or gas, in _an qil, produci wel | and/ or
e ons nperibilei B BrpRupRyeh, Bt $RSnckloRlofl el ot e brclnd o
above a sel ected | eyel % . 0., to thereby.m nim ze injection of ter in a
Steam i njecti R <ABPLES SEWBENSATASPLE: §10¥ ACHestPECoPYaNCtRdes: red {1 ui d
depends odekbeipetpPaseeOfullhg peoducthanpebviieethesd Bpaedtiitanblei ng

conducted., For exanple, if it is desired to produce oil froma well, but
not to pré&GE@aﬂéPQrrS?laéépcﬁhéﬁ 6ilpv; dfaagédidd velgratindnGaeesesnd gas

are upglesbbgldnd a selected level (e.g., to thereby balance flow among
zones, prevent water or gas coning, etc.), increasing
resistance to flow if a fluid viscosity decreases below a
selected level or if a fluid density increases above a
selected level (e.g., to thereby restrict flow of an

20 undesired fluid, such as water or gas, in an o0il producing

well), and/or increasing resistance to flow if a fluid
viscosity or density increases above a selected level (e.g.,
to thereby minimize injection of water in a steam injection

well).

25 Whether a fluid is a desired or an undesired fluid
depends on the purpose of the production or injection
operation being conducted. For example, if it is desired to
produce oil from a well, but not to produce water or gas,
then oil is a desired fluid and water and gas are undesired

30 fluids. TIf it is desired to produce gas from a well, but
not to produce water or oil, the gas is a desired fluid, and

water and oil are undesired fluids. If it is desired to



30 fluids. If it is desired to produce gas froma well, but not to produce
water or oil, the gas is a desired fluid, and water and oil are undesired
fluids. IWoizp1wve2desired to WD 2011/ 022211PCT/ US2010/ 02¢%A152610/044421 nj ect
steaminto a formation, but not to inject water, then steamis a desired
fluid and water is an undesired fluidipn a fluid conposition. Note that, at
downhol e tenperatures and pressures, 5 hydrocarbon gas can actually be
conpletely or partially in liquid phase. Thus, it should be understood that

when the §ig5E0atcahs i1eedaNebehle iBHPCAL hbgako Lhgubd aadesr gasgous
phases are inclu ed wi thin the Scope of that term Referring additionally
now to Fl 6team ams enHesdgeedldlundsendewbitemalisviaawuoflesneedf filhadvani abl e
flom/resist%g%edsxstegsi%5 and a portion of one of the well screens 24 is
representgtiveﬁy FPIESeraced: In this exanple, a fluid conposition 36

(whi ch can inchuge getor nor.e fhu&ds such as Qi | agd waterr | iquid water
and steam oil "and 3 8,’93§ fgwg & ﬁa?gpPeSFIPrﬁétgp aﬁaeSEE,eéfc.) flows
into the weblosair-een 34s cant betahy 1k bkeretplandiyher bhewsailnyoian inl et
38 of the_variable flow resistance s¥sten125. A fluid conposition can
i ncl ude ohéd¥ridnBPa@sEndedPPEd ot §BSPLEdPR Urderseerd $P@&n"RR8 WREer can

be conbi nedrin«glsa fikuiudeaORBR Sl b, 0BupATc2RRLBEN ,ex3aRke. adll/ orwat er
and/ or gas can be conbined in a fluid conposition. Fl ow of the fluid
conposi t i AS8eUshPhaghRst heeyancabdeds Wahiasitbeaneersy ofelrhat termesi st ed

based on one or nore characteristics (such as density, viscosity, velocity,
etc.) Referring additionally now to FIG. 2, an enlarged

10 cross-sectional view of one of the variable flow resistance
systems 25 and a portion of one of the well screens 24 is
representatively illustrated. In this example, a fluid
composition 36 (which can include one or more fluids, such
as o0il and water, liquid water and steam, o0il and gas, gas

15 and water, oil, water and gas, etc.) flows into the well
screen 24, is thereby filtered, and then flows into an inlet

38 of the variable flow resistance system 25.

A fluid composition can include one or more undesired
or desired fluids. Both steam and water can be combined in
20 a fluid composition. As another example, o0il, water and/or

gas can be combined in a fluid composition.

Flow of the fluid composition 36 through the variable
flow resistance system 25 is resisted based on one or more
characteristics (such as density, viscosity, velocity, etc.)

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

interior of the tubular string 22 via an outlet 40.

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

elements of the well system 10 (e.g., in injection



25 of the fluid conposition. The fluid conposition 36 is then di scharged
fromthe variable flow resistance system?25 to an interior of the tubul ar

string 22woi2at1an20ut | et 40. I n ot her exanpl es, thecCraiskososaen 24 may
not be used in conjunction with the variable flow resistance system 25 30
(e.g., ininjection operations), the flgid conposition 36 could flowin an

opposite direction through the various elenents of the well system 10
(e.g., ininjection WD 2011/022211PCT/ US2010/ 044421 -8 - operations), a
si ngl e vay| : resi e C i jFURCt. W t h
I S P R S
used wi t hbenased nor eonglhcsdppensgtht holtlipile wedposctrieenscomudtbpleecei ved
5 fromor di-sehacoed lnta ieqbons ol aqpelLoglher ot fan an, agndbus o a

t ubul ar st?ing, EhePlui'd cgnp05|t|3ﬁ &oal d°F M/Fhrgugh the vari bl e flow
resi st anceoggstvelpsceeehs,f lthwe figutidr evabothe ival boatdeer, ragyiokther
conponent% coul d he intercannected upstreaglor d stLeanlgf the well
screer? 10T4RW 8F HAPFABIFESA| dR PSPt IREC ygtgﬁﬁ ePENSFh 82D A0 | | be
appreci at géntilak bReaptubailpkestefinghi $hdi $e¢LegUEBmRbe iRebnl bBLLad at al |
to the details of the exanple depicted in FIG 2 and described herein.

Al t hough ﬁﬁ@wméhro§6heéhGZKaHéSPE?eé1PW Feelsgangeofyssemh@riPpe tRnown to
t hose ski | a, Whkex ed I e h pes or
conbi nat i e or bl T e ene  oh b e ar e o e amR o Sl Te
mesh, etcbp rmyebeonsedtied vphéreeranpl dewnAddietimondl tbenpeddnssresnch as
shro , shunt _tubes in i nstrumentation, sensors, i.nfl.ow control
dov ot A7pr 8 F peatng g, fENT PURNLE, s§deeRt BRhR, Whelyig iay

resi st anceesyppenc2aties daptctad pmiaciplieti ed this disELGsu2e bue in a

referred exangple, the s emc i ncl ude var.i ous passages .and devi ces for
Dot or i nBosalRBeLepuat: Pite FooEhge Ot Padd . oy Ehe, PROmBYRoHERIsTEf in
addi ti on, rithe syshamidscprekar abkyiat | east partially extends

circunferentially about the tubular string 22, or the system may be forned

i? a wal | of aptubelgh sheugkliiestRrbehcoanaebedtas par Frefl thest whul ar
string.
15

the type known to those skilled in the art as a wire-wrapped
well screen, any other types or combinations of well screens
(such as sintered, expanded, pre-packed, wire mesh, etc.)
may be used in other examples. Additional components (such
as shrouds, shunt tubes, lines, instrumentation, sensors,

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

The variable flow resistance system 25 is depicted in
simplified form in FIG. 2, but in a preferred example, the
system can include various passages and devices for
performing various functions, as described more fully below.

25 TIn addition, the system 25 preferably at least partially
extends circumferentially about the tubular string 22, or
the system may be formed in a wall of a tubular structure

interconnected as part of the tubular string.

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

could be formed in a flat structure, etc. The system 25



I n other exanples, the system 25 may not extend 30 circunferentially about
a tubular string or be forned in a wall of a tubular structure. For

exanpl e, wbheoslyeeam 25 could be formed in a flat struct @ce/Useti0/04dibe system
25 WD 2011/ 022211PCT/ US2010/ 044421 -9 - could be in a separate housing
that is attached to the tubular string 2. or it could be oriented so that
the axis of the outlet 40 is parallel to the axis of the tubular string.

The system 25 could be on a logging string or 5 attached to a device that

o "o uBUlal bR SHARC=opAYaREl BBLALNAN AR LCOR! LOURALEAN B! chie system 25

may be use eeping W he principles of this disclosure. Referring
addi t i onaltbpuhew s6rinG. 23, @rnmtecdgﬂdlbedocnes$e§e60|@hat thewasgfisone

exanpl e of .the s 2 is.10 LER1 & epta vely.illustrated he system 25
S deplctg Fﬁ F%E&ﬁ agol aF? u%ropléé & #s%élrgunPe9entlally

extendungstmmhgguraheoaysaea genebauaybplanaa ¢og§uggratr@ng Ag descri bed
above,_the flubd conp05|t|0n 36_enters the s%gheHIZS v a the inlet 38, and

exits ﬁhea§§§F te enhgevscsutbat A6. nRL, E8PELaRC&Nt §PAPEW of ™Whe fl uid

CO”p05|t|gﬂlgﬁtbhﬁgﬂgﬁrtB@n&i@h@ﬁkl@nV@ElQheb§§§@eﬁn29nﬁa9rb@Dhged in
characteristics of the fluid conposition. The System 25 depicted in FIG 3

i s sin| aKepRipgsitbspbet prigciraesi pfushigt 8dscAopnee-23 of the prior

application serial no. _
Referring additionally now to FIG. 3, a more detailed

cross-sectional view of one example of the system 25 is
10 representatively illustrated. The system 25 is depicted in
FIG. 3 as if it is *“unrolled” from its circumferentially

extending configuration to a generally planar configuration.

As described above, the fluid composition 36 enters the
system 25 via the inlet 38, and exits the system via the
15 outlet 40. A resistance to flow of the fluid composition 36
through the system 25 varies based on one or more
characteristics of the fluid composition. The system 25
depicted in FIG. 3 is similar in most respects to that
illustrated in FIG. 23 of the prior application serial no.

20 12/700685 incorporated herein by reference above.

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

initially flows into multiple flow passages 42, 44, 46, 48.
The flow passages 42, 44, 46, 48 direct the fluid
composition 36 to two flow path selection devices 50, 52.

25 The device 50 selects which of two flow paths 54, 56 a
majority of the flow from the passages 44, 46, 48 will
enter, and the other device 52 selects which of two flow
paths 58, 60 a majority of the flow from the passages 42,
44, 46, 48 will enter.

30 The flow passage 44 is configured to be more

restrictive to flow of fluids having higher viscosity. Flow



20 12/ 700685 i ncorporated herein by reference above. In the exanpl e
of FIG 3, the fluid conposition 36 initially flows into nultiple flow
passages W0 .0u4022246, 48. The fl ow passages 42, 44, 46, #28TdiSe@ot444be fl uid
conposition 36 to two flow path sel ection devices 50, 52. 25 The device 50
sel ects which of two flow paths 54, 5613 majority of the flow fromthe
passages 44, 46, 48 will enter, and the other device 52 sel ects which of
two flow paths 58, 60 a majority of the flow fromthe passages 42, 44, 46,

48 wil | egletnc,U0-201340222416CF 530104944421 1nolBas Al yner eased

Vi scosity |UI8$ w | be increasingly restrlcteé through™the fl ow passage
44, rastudededetbirpughhéhee oty pgasssigey44i-s used to i ndi cate any of
the rel ated rheol ogi cal properties including 5 kinematic viscosity, yield
strength, viscapl asedcheyeisyr theeteensi‘onscwetitalii list ysedt to For exanpl e,

the flow passage 44 may _hayve a rel atively.small -flow area, the tlqw passage
my requi FEORRATEI APd- PEoRiR SENaFBEnFBEOA POl PORPREE opLAtS LIAtRY
surface 1lRinenghnesyiseokliay,i ppeddngtebhgehyr 3 savplbetisedyt,0 provi de an

i ncreased resi stance to flow of higher viscosity fluid, etc. Relatively |ow
vi scosi t ySPEhREe hERETer, WEHtAPOMALEro6§R-the Tl ow passage 44 with

relatively |l ow resistance to_such flow 15A control passage 64 of the flow
path sel ecti onFQ&vP&Ee™BAer eEBPyvELOVhRAFFARE Wi PRYT h6XE BhrELGR1VREYT | ow

passage 44maAi1centiobRart +A8 @t oanp8Bdagk MBS ceplick Rags2g9eif4 has a
reduced flow area to thereby increase a velocity of the fluid exiting the
contr ol péggyggg therethrough to follow a tortuous path, surface

10 roughness or flow impeding structures may be used to provide
an increased resistance to flow of higher viscosity fluid,
etc. Relatively low viscosity fluid, however, can flow
through the flow passage 44 with relatively low resistance

to such flow.

15 A control passage 64 of the flow path selection device
50 receives the fluid which flows through the flow passage
44. A control port 66 at an end of the control passage 64
has a reduced flow area to thereby increase a velocity of

the fluid exiting the control passage.

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

25 increasingly resisted through the flow passage 48, but not
to as great an extent as flow of such fluids would be

resisted through the flow passage 44.

In the example depicted in FIG. 3, fluid flowing
through the flow passage 48 must flow through a “vortex”
30 chamber 62 prior to being discharged into a control passage
68 of the flow path selection device 50. Since the chamber

62 in this example has a cylindrical shape with a central



20The fl ow passage 48 is configured to have a flow resistance which is
relatively insensitive to viscosity of fluids flow ng therethrough, but

whi ch maywbeoimeernasi ngly resistant to flow of higher vecCoaisegioouns4di gher
density fluids. Flow of increased viscosity fluids may be 25 increasingly
resi sted through the fl ow passage 48_. hyt _not to as great an extent as flow
of such fluids would be resisted through the fl ow passage 44. In the
exanpl e depicted in FIG 3, fluid flowi ng through the flow passage 48 nust

f'OM’thrOBQ@létiVghhe¥he3Q#EEa”98ﬁ 82 1R5 bAM 360 E?k%@sd8%6ﬂﬁrgﬁé Into a
control passage 68 of the IOM/patﬁ sel ection device 50. Since the chanber
62 i n thi shexbepl,eihaseasdipkbi adr vedbcdhapeswithngarenthel ouwdbet,
2011/0222%%PCT/U§20%0/944g%%e033%%t %gda&h%rglu%g ComRQ i%go%hSG spirals
about the“Chdnber? n rggslng I'n ngSCiﬁy asT Pt nears the oatlét, driven by

a pressureudilbter ehki ghafmbeltn tiBe refieetredotbhasott ebrteke chanbelt-.i s
referred to as ,a "vortex" chanber. 5 In other exanples, qne or re

ori fi ces, [PeREHFTs SXABRIFEs, OBFC O nlPTBeCtdédCePhe 88ﬁPF6Frp&§§gg€568

term natestal. AagoBEr @kepQrt 70. The control port 70 has a reduced flow
area, in order to increase the velocity of the fluid exiting the control 10

passage 68. |t vhel boheraprbassayedsbhabrmdnadel 8608 E¥nliolihgokkuld.
conposition 36 increases, a greater proportion of the fluid conposition
wi || fl owlher 6@gkroReprPiréw/fabagge Feducedt fFdPwpaseage 18804AGTcERt rol port

70 (due tgngggaEEOWhe velocity of the fluid exiting the control
10 passage 68.

It will be appreciated that, as a viscosity of the
fluid composition 36 increases, a greater proportion of the
fluid composition will flow through the flow passage 48,
control passage 68 and control port 70 (due to the flow

15 passage 44 resisting flow of higher viscosity fluid more
than the flow passage 48 and vortex chamber 62).
Conversely, as a viscosity of the fluid composition 36
decreases, a greater proportion of the fluid composition
will flow through the flow passage 44, control passage 64

20 and control port 66.

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

flows through the flow passages 44, 46, 48.

Note that dimensions and other characteristics of the
30 various components of the system 25 will need to be selected
appropriately, so that desired outcomes are achieved. 1In

the example of FIG. 3, one desired outcome of the flow path



15 passage 44 resisting flow of higher viscosity fluid nore than the fl ow
passage 48 and vortex chanber 62). Conversely, as a viscosity of the fluid
conposi t iwo 288/denneases, a greater proportion of the flpairaSeanpesi2ti on
will flow through the flow passage 44, control passage 64 20 and control
port 66. Fluid which flows thraugh the fl ow passage 46 al so flows

t hrough a vortex chanber 72, which nay be simlar to the vortex chanber 62
(al though the vortex chanmber 72 in a preferred exanple provides |ess

V?SiStancgeichHBW éév&@%f%bhEQUQRaEh§Tohh8fV8rhséoEE%gbéE BRL £304ql S
di scharged into a central passage /4. The vortex chanber 72 1s used for
"i npedanceompoehitngh 86 wbhicbvélawdeshredgbatarcélofv prenagehr ddgh4bhe f 1 ow

passages , :46,..48, te that.di pensions,and other characteristics of the
B0 var oud Sodmpahearstar TrhE Epd: EPI AR S b0 +BE" s e
appropri atelmposi@ibhahadeal sadfovtieanty aAtighachitewvedf Hestilredexanpde of

FIG 3, one desired OUtiOnStOL the flow path - 12 - selection device 50 is
t hat fﬁomFBfugdﬁﬁﬁ6F9t§ Y9t f8SEPEPd conposition 36 which flows through the
fl ow passages 44, 46, 48 is_directed into the flow path 54 when the fluid
conposi tion hasPat8dfr FEPERLEy hPEhIPSLTEdof 1Hesi F8dOf ui ¥PEPohaRdasi r ed

fluid then@ler viscobRtyhichagxamRke, okhgadesihnadsh wheni & 0i I, which has a
hi gher viscosity than water or gas, and So when a sufficiently high
proporti ofuSfichentlyi B1lebnpsorersaoB6ofsthel fluidarompegitapnadél égst a
greater p ort.i . of .t h 0%l yi o] L L.ch t eEs e flow
pat h sele%??éngdggbggagg &P%Ia%eEggfgcggg§%%£%?o%§9ﬁ?g%% ggfﬁgwfggth 54,

i nst el off luntiocbhpoklitwopath Fhichhesteesukthei $lawhpevbdsdlectaonhe fl uid

exiting the contrql port.70 .at a, greater.rate_or a ?i her ,yvelLgcity than
It d xi PERGCEnESorRal B S3RPPSRonPt 38 1REPeby® A PR Ho the 11 ul d
flow ng friagtkbbha passagesthé, f68w pathos5kl.owrhvse reevakdikhachliewegat h 54.
If the viscosity of the fluid conposition 36_is not

due to the fluid exiting the control port 70 at a greater

rate or at a higher velocity than fluid exiting the other

15 control port 66, thereby influencing the fluid flowing from
the passages 64, 68, 74 to flow more toward the flow path

54.

If the viscosity of the fluid composition 36 is not

sufficiently high (and thus a ratio of desired fluid to

20 undesired fluid is below a selected level), a majority (or
at least a greater proportion) of the fluid composition
which enters the flow path selection device 50 will be
directed to flow into the flow path 56, instead of into the
flow path 54. This will be due to the fluid exiting the

25 control port 66 at a greater rate or at a higher velocity
than fluid exiting the other control port 70, thereby
influencing the fluid flowing from the passages 64, 68, 74
to flow more toward the flow path 56.

It will be appreciated that, by appropriately
30 configuring the flow passages 44, 46, 48, control passages
64, 68, control ports 66, 70, vortex chambers 62, 72, etc.,

the ratio of desired to undesired fluid in the fluid



sufficiently high (and thus a ratio of desired fluid to 20 undesired fluid
is below a selected level), a majority (or at |east a greater proportion)
of the flwDaotenpnsiti on which enters the flow path sel ecriuseoidovisee 50
will be directed to flowinto the flow path 56, instead of into the flow
path 54. This will be due to the fluiLdigxiting the 25 control port 66 at a
greater rate or at a higher velocity than fluid exiting the other control
port 70, thereby influencing the fluid flowing fromthe passages 64, 68, 74
to f'Om’”EBﬁ B%W@&Snt@% BkOW%Réhh P@ dbbl%%'Bobgeﬁeekgcbﬁkﬁért@ﬁb by
appropriate $ configuring the flow passages 44 8, control passages
64, 68, cdapvwobapspgs 68, OTO56vépteiloWamﬁeasm620riZy eﬁcfluudefr@m|o of
desired tQ un eS|red fku g 'ett@% fl wi.d wga%%11/0%2%11PgT/U82010/044421 -
13 - conp05|t|8X 56 §E"whrcR the®d V|c8 50 §eitRer St he fl ow passage

54 56 f f I fluid f d b
var?gus di?¥eréﬁ? ?é?gl§§k$%eggvO&Gpg#kgcgzgqgége Pg¥%%%F§?EVFg fggpggtive

5 contsolcpa$3agepa§§ag%8 0% ,t he ethenef bewepathowebaehi galdevioa 52. The
control passages 76, 78 term nate at respective contrql ports 80, 82. A

central p§§¥é g ?75- reEQPVSQHFFBAdPP?Sﬁﬂ?ﬁe7§Po%8p§§§5§8a5? 3Fhe flow path
Se|eCt'0nr@§pb6%l5% eBﬁ%§b§5p8k€b|@b tg210 hh%eBkQW1p?st§%be¢B'0n devi ce
50, in that fluid which flows into the device 52 via the passages 75, 76,
78 is dir&ecedveswdiyignérom the flleW paska9584260, and the flow path

sel ection depends on a ratio of fluid discharged fromthe control ports 80,
82. If fluid fEbﬂsfﬂﬁWOQthtﬁél@QﬁﬂD@Id@3196r5289P§Ia§99réaméﬁarat@ or

vel o y C o] o] hggugh t 8 en a
najo?%Qy g? gggﬁeggfhaSg?éagéghpﬁ%ggf%l%ﬁy ?ﬁe ? conp%§|%}8kg36
w | into the device 52 via the passages 75 76, 78 is directed

toward one of the flow paths 58, 60, and the flow path
selection depends on a ratio of fluid discharged from the
control ports 80, 82. TIf fluid flows through the control

15 port 80 at a greater rate or velocity as compared to fluid
flowing through the control port 82, then a majority (or at
least a greater proportion) of the fluid composition 36 will
be directed to flow through the flow path 60. TIf fluid
flows through the control port 82 at a greater rate or

20 velocity as compared to fluid flowing through the control
port 80, then a majority (or at least a greater proportion)
of the fluid composition 36 will be directed to flow through
the flow path 58.

Although two of the flow path selection devices 50, 52
25 are depicted in the example of the system 25 in FIG. 3, it
will be appreciated that any number (including one) of flow
path selection devices may be used in keeping with the
principles of this disclosure. The devices 50, 52
illustrated in FIG. 3 are of the type known to those skilled
30 in the art as jet-type fluid ratio amplifiers, but other
types of flow path selection devices (e.g., pressure-type

fluid ratio amplifiers, bi-stable fluid switches,



be directed to flow through the flow path 60. If fluid flows through the
control port 82 at a greater rate or 20 velocity as conpared to fluid

fl ow ng twiocaghn2etie control port 80, then a majority (oPCatUSk@asny44al gr eat er
proportion) of the fluid conposition 36 will be directed to flow through
the flow path 58. Although two of the fihow path sel ection devices 50, 52 25
are depicted in the exanple of the system25 in FIG 3, it will be

appreci ated that any nunber (including one) of flow path sel ection devices

Ty be UsBdobBrkseRhnd il the 1B Liguplres:al, bk )dhag! ssungedTas devi ces

50, 52 illustrated in FIG 3 are o known "t ose skilled 30 in
the art akepeptingypethl the paunGla&pBibfeth;sbdusgﬂheanypes of flow path
sel ection devices (e.qg., pressure-type fluid ratio anplifiers, bi-stable
fluid smﬁtchesFlum@ 201th0222%$PERLO82010he4 4424 path 58penpersianal fluid
rati o anpl fler be used in of this

dlsclosuré ow” cham %%i§4aﬁﬁéhaplé th gug lFﬂeg%Fgﬁ SaF 5§igﬁb2?8 a flow

chanbes 8énvez ahei ahatmbaﬁ vehekadilkeehagbhe ihllayd (0gh,esher chaaberanber
general ly tangentlall g , the chanher. 84 is shapeq simlar .to a
cyli nder, 84ndSt §BaPRAcE 1B 1RE 40 gnEd LinfRTa P&ﬁg@ﬁ? t81lgtcBbcdff er ence of

the cylinderhneBswathegukbngbhe tbubdcWrbum$RirbakeaBeutntheythanner .84,
until it eventually exits via the outlet 40, as indicated 18 schenatlcally

by arrow 98 Pnrppglt3. the fluFﬂuWélﬁhB§hrﬁﬂoﬂ§OPﬁr@b@hchﬁ@bﬁroﬁﬂpath 60
enters thﬁn@ Qmﬁ%h@gBﬁEugily'@xﬁgs ?13ttﬁ§ Wﬂkﬁgtdhbecég ER@lEBEbg to flow

nmore directly toward the ou a' radi-al' direction,
|nd|caledsshbmaaucaaﬂyybyyaaroww9921nnFEGG.315 3). As will be readlly
appreci ated, nuch | ess energy is consuned when the fluid flows nore
directly towar@luhd whﬁbhtf46wasthmmpghedhbobewnpahh bOuerdtklrewshkeess

direct|y tovard,Lhe oubl et Thus, 189S heghstangs Lo.Ll Qi $181AeLLenced
flow more directly toward the outlet 40 (e.g., in a radial
direction, as indicated schematically by arrow 92 in FIG.
15 3). As will be readily appreciated, much less energy is
consumed when the fluid flows more directly toward the
outlet 40 as compared to when the fluid flows less directly

toward the outlet.

Thus, less resistance to flow is experienced when the
20 fluid composition 36 flows more directly toward the outlet
40 and, conversely, more resistance to flow is experienced
when the fluid composition flows less directly toward the
outlet. Accordingly, working upstream from the outlet 40,
less resistance to flow is experienced when a majority of
25 the fluid composition 36 flows into the chamber 84 from the
inlet 88, and through the flow path 60.

A majority of the fluid composition 36 flows through
the flow path 60 when fluid exits the control port 80 at a
greater rate or velocity as compared to fluid exiting the
30 control port 82. More fluid exits the control port 80 when
a majority of the fluid flowing from the passages 64, 68, 74
flows through the flow path 54.



20 fluid conposition 36 flows nore directly toward the outlet 40 and,
conversely, nore resistance to flow is experienced when the fluid

conposi t iwo 2bl1oe21iess directly toward the outlet. Accordirngkeroonaeki ng
upstreamfromthe outlet 40, less resistance to flowis experienced when a
majority of 25 the fluid conposition_3sfLows into the chanber 84 fromthe
inlet 88, and through the flow path 60. A mgjority of the fluid
conposition 36 flows through the flow path 60 when fluid exits the control

port 80 at a gpeqbebrifleor cHel 93LiU 330raNBARTAN! Subl Badsgubbi gg, the 30

control port 82 exits the control” port en a majority of
t he fIuidGBLoﬂﬂnglbwsnthheugas$age§lew p68h 34 Whemsfﬂhndughlthethbow pat h

54. WD 2011/ 022 11PgT/§SZglO/O444% Ly of the fluid
flowing fromthe pasSaddsba? 8552 ErfFSWS Phr 86 ﬁcﬁhg FRof PRPAS54 SRhen

fluid eXIE&uhHEe&thhqlth@rboﬁ@raﬂ pogteaker Mate ﬁﬂuidle&ut$ akeconpar ed

to fluid exiting the cantr port .66. More flujd its the 5 control port
70 wheh a°9P§68§| PRTSE On gFPuPdV&SHBS§F¥|BE §§ §§853v€°§p§§PE&PEd 3fevel .

Thus, fIomgtabgughatgglggabgnug5eqs resisted | ess when the fluid
conposition 36 has an increased viscosity (and a greater ratio of desired

to undesired fiyiud,t kR RhrothBWeh@ EhEseuahoEhessyekenktda 18skeghahed nore
when the fluid conp05|t|on 36 has a deCreased viscosity. Mre resistance to

flow is ekperifédudéddcpmpasikéon dbdhasnpssiincsragedf Véwsopésy dpndcel y
toward th QHE%EtF§Q16?09 degirbadkga&ﬁgeQXrgﬁr?Thgg)tPEQEEn?quglow
the flui

resistanc OW i S experience en a majorit
conpakl t i shrdeghl ohe SysoethSChanbeslsﬂeﬂrmmrehwhenlehe861uadd t hrough the

flow path 58 ... Asmajority of the flui.d conposition 36 flows through
the flow Sgpﬁoéét%88n3thFS 8xPFSrFﬁéegoX%F8Psg§Vt 82 at a
More resistance to flow is experienced when the fluid
composition 36 flows less directly toward the outlet 40
(e.g., as indicated by arrow 90). Thus, more resistance to
15 flow is experienced when a majority of the fluid composition
36 flows into the chamber 84 from the inlet 86, and through
the flow path 58.

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

25 A majority of the fluid flowing from the passages 64,
68, 74 flows through the flow path 56 when fluid exits the
control port 66 at a greater rate or velocity as compared to
fluid exiting the control port 70. More fluid exits the
control port 66 when a viscosity of the fluid composition 36

30 is below a selected level.

As described above, the system 25 is configured to

provide less resistance to flow when the fluid composition



20 greater rate or velocity as conpared to fluid exiting the control port
80. More fluid exits the control port 82 when a majority of the fluid

fl owi ng fwormtime2passages 64, 68, 74 flows through the PCowSpabvlo4&E6]

i nstead of through the flow path 54. 25A majority of the fluid flowing from
t he passages 64, 68, 74 flows through tlge_fl ow path 56 when fluid exits the
control port 66 at a greater rate or velocity as conpared to fluid exiting
the control port 70. More fluid exits the control port 66 when a viscosity

of the flg%dhﬁgnaﬁs&BEQ@a%@dBQiEEOQEk?W an86569b99ekﬁg%hpce to fA®w
2 g to e

descri bed above, the system 25 Is con ured provi ess resistance to
f1 ow whenwhee thei dlosdposmposntip® Pes1,08221eRESTUUS26L05044421Thige - 36
has an ingre s%gf{iﬁc Sihé §@din05e8&%sis%%n%ﬁ tOmeOMl%h%nhEh% Eluid
conpositioﬁ as°a delreds 8 viscSS|Fy. ?His i s BENEPTE & ®hen ittt s
desired toikkowinpr €1afida hngheeswi s€oai Lypwklruvdscasdtlyesdudtl gel. guer
viscosity.fluig &e.g., 5.in order toq proguge nore oil and | ess water or
gas). ° 1D PFARY {8 BESAPER TGTFR BWnBPE oFS§ MBWEFr 9Fs88S)ty fluid, and

| ess of a higher viscosity fluid (e.g., in order to produce mpre gas and

| ess water, orIFOanPécgeﬁﬁngsFQaﬁ#%deP§§sOﬁaﬁe#PWthgﬁSFﬁél§Ysten125 may

be readil ¥14Q4reqanf n1a4sedsf ar nigherPyiBessi thor18%Xamkey.t heni Bgks 86, 88
could conveniently be reversed, so that fluid which flows through the flow
pat h 58 i $odpredueg morehgapnped dgssaWatelrui @rwitPcAnjeehs MPEeogERaMhe f 1 ow

path 60 i i e the.inle 6 t hau .hbed above, a
maj ority %Pgtggg%l%F%g£3ﬁpgg?bi%Hg3gy%§éheE?eggyhgécggﬁgéF 84 via the inlet
86, therelbpecbatiggraed ifocr éhsedpuepostancEotroekbowleantdhieniofleés 86,

ci rcunst agges _a jority.of the fluid conpositi may.enter.th anber via
Che it et 285 coPid kB Vi Bh 1Y Pealelat SRt eers Ehake Y1 B R bni CPn g TONR: abi o
fl ow resi shanaghsydbemldw pamhbegcasf dygueedesotbhéhet haleesgstanad to fl ow
through the vartex chanpber alternately increases and decreases., This can be

acconpl i sheHiAnvBAEhetdRFe thy oAl $BFt &XO¥0PaPePRat 8l F1BEFHEIcFRat ed and
di ssi pat eghknithetvagt ex
15 Although, as described above, a majority of the fluid
composition 36 may enter the chamber 84 via the inlet 86,
thereby having an increased resistance to flow, and in other
circumstances a majority of the fluid composition may enter
the chamber via the inlet 88, thereby having a reduced
20 resistance to flow, the variable flow resistance system 25
can be configured so that the resistance to flow through the
vortex chamber alternately increases and decreases. This
can be accomplished in one example by the vortex 90
alternately being created and dissipated in the vortex

25 chamber 84.

The variable flow resistance system 25 can be
configured so that, when resistance to flow through the
system is increased, a backpressure is transmitted through
the system to the inlet 38 (and to elements upstream of the

30 inlet), and a velocity of the fluid composition through the
system is decreased. At such decreased velocity,

proportionately more of the fluid composition 36 will flow



25 chanber 84. The variable fl ow resistance system 25 can be
configured so that, when resistance to flow through the systemis

i ncr easedyoaobackynessure is transmtted through the sysgtCermmscaohe2i nl et 38
(and to elenments upstreamof the 30 inlet), and a velocity of the fluid
conposition through the systemis decrgased. At such decreased velocity,
proportionately nore of the fluid conposition 36 will flow WO

2011/ 022211PCT/ US2010/ 044421 - 17 - through the flow passage 48, and a
majority f lui.d kil iC I . hkh a s 66, 70,
74 will t%&gbpﬁgwkpﬁtggpﬁgggF%agga?§'SEPEVﬁgﬁmﬁgﬁgggfo%hghglEﬁgggonposition
36 flows thmpoghttibe Thicoht fobwpasbagugficthe pthesegrsr 66,pddt, 84, wall

majority the.flui.d, conpasi.tion 3 i.l,l be influenced to flow through the
fIOM/path%%BstglPWelPﬁPeF §8£&?Wu§?gpw§4fluid conposition 36 will flow nore

di I h I 40 i ndi d by th 2 h [
Lo 1 T ow t ough"eHeTCyE: B TDo08 Wil CHBBPEAEEoT AR GIPHAe UBPLAR Rothe

chanbey 84ohitrdilcpbeday var textde) conkirodi psirpaBe,as mhgolhitydogorpesi tion
36 flows nore directly to the outlet The decrease in resistance

40Q.
to flom1tﬁ#B&&hCPWB°§§§98H1§§ Waddi P tRTavPBEEE: F6n TPVt RBTRYERpFESsUr &

transm tt edodSphlRhogghtbhensysherit ggtherhpket +88 fandqt ecpbeEBRESHUPST T eam
of the inlet), and the velocity of the fluid conposition through the system
is increasédWiMl SdelW mereedisgctdlotrt Fheppupdeti dlateby irdicasedt ¥ fl uid

conpositi 3 Ll obl o h h S LOLI of the
20 T1ui d CaepaEieloR Zanto FRENEFRBLanRY, 83208 fhrgBOR, EnETRORHER 7l s
fl ow 10t o2bhwifillodepathst6. A previlhes moréeaf inhéhel chdmbemp8di ti on 36

flows through.th ontrol pass 78.to .the.cantral rt .82, .a mpjority of
the 11 ui d aRs6eEeRoRVaBomPr B8 RErories B8 Pl 8 ERPoGdR Ene 25 11 om
path 58 teohbesinieh 86. fTbuws, mblre Hliwedttonpositheobudbew kb.fl ow nore
indirectly to the outlet 40 (as indicated by the vortex 90) and the

resi stance to frhewdebi-edgh tihersystesnde wol flohCitBasaghThevekbesmd0 i s
created 1 e s aaPsh 3 auttSon Bl the BIEkbotsate totasmtiaa Y 2Pou!
15 through the system to the inlet 38 (and to elements upstream
of the inlet), and the velocity of the fluid composition

through the system is increased. At such increased

velocity, proportionately more of the fluid composition 36

will flow through the flow passage 44, and a majority of the
20 fluid composition which flows through the passage 66, 70, 74

will thus flow into the flow path 56.

When more of the fluid composition 36 flows through the
control passage 78 to the control port 82, a majority of the
fluid composition 36 will be influenced to flow through the

25 flow path 58 to the inlet 86. Thus, the fluid composition
36 will flow more indirectly to the outlet 40 (as indicated
by the vortex 90) and the resistance to flow through the
system 25 will increase. The vortex 90 is created in the
chamber 84 as the fluid composition 36 flows spirally about

30 the outlet 40.

The flow resistance through the system 25 will

alternately increase and decrease, causing the backpressure



30 the outlet 40. WD 2011/022211PCT/ US2010/ 044421 - 18 - to alternately be
I ncreased and decreased in response. This backpressure can be useful, since
in the waWD28yg2eam 10 it will result in pressure pul sesPb@iusgopiepagat ed
fromthe system 25 upstreaminto the annulus 28 and formation 20 5
surroundi ng the tubular string 22 and wgl Lbore section 18. Pressure
pul ses transmtted into the formation 20 can aid production of the fluids
30 fromthe formation, because the pressure pul ses help to break down "skin

effects” gurooundingehhepuelihpopgsld, 4aRdgRLRELWLEE iANPRBREHERDI | ihy 10 of
o] e ftlul

the fluids in the rmation. By making 1t easier for t s 30 to flow
fromt he beckmtressuze canobeheseglllbosént2, inh&hel vedd eastbam Abretreadily
pr oduced &g sane fluid grod#ctiog rate wl

th L r ire le pressure
Gi 11 er ent & 37 FGR thie PoPRECFaRCt 8 LRESwBrT Bor BLOBPIRGES FEOM P can be
produced aystbhe 28mapptesanr éndbf taeeanhnalluset8. hndTHierabtébnatkiong
I ncreases and decteaseg I n Llﬁm/resistanég througﬁﬁghe system 25 can al so
cause Dr eSYLFEUPLAF-BEs thE bEPEAERsATELRE d6wASEr ¥ PTEhEeGHLPBt 180. These
20 pressure pul ses downstream of the outlet 40 can he useful, for exanple,

in circumst ancBECPRURRI EHIPRE §FSPEMLE5Hs 1050d Hher TPRFEELPRg 2PhEM ui d
conposi ti gag3erbAuetdchobFaLhaNfluids 3bNfiBRsend kuahb@Asn,t Bechikeact ed
fluid woul d be flowed through the system 25 fromthe inlet 38 to the outl et
40, the pressure pulses help to break down “skin effects”

surrounding the wellbore 12, and otherwise enhance mobility

10 of the fluids in the formation. By making it easier for the

fluids 30 to flow from the formation 20 into the wellbore

12, the fluids can be more readily produced (e.g., the same

fluid production rate will require less pressure

differential from the formation to the wellbore, or more

15 fluids can be produced at the same pressure differential,

etc.).

The alternating increases and decreases in flow
resistance through the system 25 can also cause pressure
pulses to be transmitted downstream of the outlet 40. These

20 pressure pulses downstream of the outlet 40 can be useful,
for example, in circumstances in which the system 25 is used

for injecting the fluid composition 36 into a formation.

In these situations, the injected fluid would be flowed
through the system 25 from the inlet 38 to the outlet 40,

25 and thence into the formation. The pressure pulses would be
transmitted from the outlet 40 into the formation as the
fluid composition 36 is flowed through the system 25 and
into the formation. As with production operations, pressure
pulses transmitted into the formation are useful in

30 injection operations, because they enhance mobility of the

injected fluids through the formation.



25 and thence into the formation. The pressure pul ses would be transmtted
fromthe outlet 40 into the formation as the fluid conposition 36 is flowed
t hrough twe 28ygkeam25 and into the formation. As w th pPoBISRI10/044421
operations, pressure pulses transmtted into the formation are useful in 30
i njection operations, because they enhamce nmobility of the injected fluids
through the formation. WD 2011/022211PCT/ US2010/ 044421 - 19 - O her
uses for the pressure pul ses generated by the system 25 are possible, in

keeping with {BenBti 0SbR! €8-0knbNbeedbarkOpuites! Bofaohien ByatRee
described nore fully below, pressture pulses are used in a gravel packing 5
oper at i onsyeteaddbeavei gosanttlenhancacepnsgl wdahi sheobrgnaipllesnod gravel

pack. dt will be appreciated,that the.system 2 bt ai_ ns .t benefits
oscr i bed thboyE RRARSEFERG FroRuorPE PREMPAELECS8 BopnaOsd: FELTH0 of t he
system Hoeever,, pressare blleescumet aseds int amgyabeldeackdahhe t o generate
pressure pul ses . both mh%BHfluid.is flowed fromthe tﬁgglat string 22 into

the fot maPPERa23OPe tg. FeARCEt VRUFSt PBA/ PRPEBEFoRCBFEAEPEAST, ©dnd when

fluid is graved fihom yhevber patken into the tubular string (e.g., in
production operations). 15If it is desired to generate the pressure pul ses

both when fluig+flQus bat apphechaEst kaAt20nandyehen bhubgthlawstheom the
formation, nmultiple systens 25 can be used in parallel, with one or nore of

the syst eReNBELRg derfirabeddabevenaben Gilgifl Shevsr sromheheniades83go the
out| et 40t8h%ﬂﬁ§8uth8%ﬂﬂg EE?thbuggkaRQ tBSWEQEg?t?ﬁEFSE d wth one or

nore of the other systens being contigured sot | ows fromthe
i nl etl@ o thecomsttencekentf mew bg tikeifrbbild toogenkeater puesenreCheck val ves

or fluidic. diode uld be_used t.o event _or _hi_ghl estrict fluid, from
2l owi o BUtRES: ReER yeBE ARSR 1R RRVER, £Rpm B, FRbETE S tejbBAe 2o,
Ref erri ngiaddi theng&blmafawnt Q0Fl(€Sg.4Ai& Brimadtkebnganfjegtiani on of the
vari abl e fl ow resi stance s%sten125_is_representative| illustrated. The

syst em 25°BFTRFERNSAA &N F8CRUAULEsdSconplER ASOF0ipEr EATTELERE syst em of

FI G 33 a&n%@_kﬁéskubﬂlaér%tgﬁﬁéu%é.bt,dQﬁSp@%Hub@EbHd%pbBQt&bﬁW)Qath
sel ection devices 50, 52.

15 If it is desired to generate the pressure pulses both
when fluid flows into the formation 20 and when fluid flows
from the formation, multiple systems 25 can be used in
parallel, with one or more of the systems being configured
so that fluid flows from the inlet 38 to the outlet 40 when

20 flowing the fluid into the formation, and with one or more
of the other systems being configured so that fluid flows
from the inlet to the outlet when flowing the fluid from the
formation. Check valves or fluidic diodes could be used to
prevent or highly restrict fluid from flowing to the inlet

25 38 from the outlet 40 in each of the systems 25.

Referring additionally now to FIGS. 4A & B, another
configuration of the variable flow resistance system 25 is
representatively illustrated. The system 25 of FIGS. 4A & B
is much less complex as compared to the system of FIG. 3, at

30 least in part because it does not include the flow path

selection devices 50, 52.



WD 2011/ 022211PCT/ US2010/ 044421 - 20 - The vortex chanber 84 of FIGS. 4A &
Bis also sonewhat different, in that two inlets 94, 96 to the chanber are
suppl i ed wotzhiid2eav1of the fluid conposition 36 via two PCowSpassages 98,
100 which direct the fluid conposition to flow 5 in opposite directions
about the outlet 40 (or at least in dipgctions so that the flows fromthe
inlets 94, 96 counteract each other). As depicted in FIGS. 4A & B, fluid
whi ch enters the chanber 84 via the inlet 94 is directed to flowin a

clockwi se direghiboRot-a8xYLaWRBN sl 5B F4As& Bh 40pabgutqt eseﬁghﬁ5t401 and
fluid which enters the chamber via the inlet 96 is directed to flowin a
count er - cHacKwirseatdi iacthet &boutinflkésoQdél,eP6 kp EhE chAmbeleagpstem 25 is

depicted in_a,situation_in which.an_increased vel ocity of .the fluid
conposi 1 §APE1EE PAER F48MOF RhECFIEACPORREETEILR £6mpdai t'8n TP ¥ui ng
into the phasheges898yi a0hehichetdi®éctThaef fluddceoppskliitabn3Go thow
spirals ahout the outlet 40.in th er 84, and _a resistﬁnce tqo flow

cha
t hrough t A& QFEPéﬁF?SdFHEFEégéé.aE@P&tF @IQUFF?FIéooﬁOFthf GB&tcdRposition

36 flows Z@reBtachBesehanber t84 ¥hawkheérohl ehe98niBtkl @4,446 because the
fl ow passage 100 is connected to branch passages 102a-c whi ch branch from

the flow FR¥84GEagE gacBd@fheRambes deRactedadny ELGEivERy &hPghflElEC ti es,
the f'u'dWBQQHOéhEbee_gﬁetEHQﬁbge %howugﬁgﬁgtEﬁ1@@d§4cﬁgnp§&éclgéats,

wi thout a 25 substanti amount of the conposition ow ng through
t he eddy ¢hewbénsaardobkanek passayeonli(2s- viewetlhaenf FdwSpaddageBl00.

Thi s fect can,be enhanced.by_increasi;ng,a W dth of e flow passage 98 at
each Sy SeRGTn Ehe1BNETRT 4% h8e rIB T IptuthleRp ot g A BRI T8°, 5
w4). The vakudelet Ybeieddyrebastets *Qda- dncancauadedecileakeise t he

downstreadi fect) on, 2l9ng, L1e p3gace 98

In FIG. 4A, the system 25 is depicted in a situation in
which an increased velocity of the fluid composition 36
15 results in a majority of the fluid composition flowing into
the chamber 84 via the inlet 94. The fluid composition 36,
thus spirals about the outlet 40 in the chamber 84, and a

resistance to flow through the system 25 increases.

Relatively little of the fluid composition 36 flows

20 into the chamber 84 via the inlet 96 in FIG. 4A, because the
flow passage 100 is connected to branch passages 102a-c
which branch from the flow passage 98 at eddy chambers 104a-
c. At relatively high velocities, the fluid composition 36
tends to flow past the eddy chambers 104a-c, without a

25 substantial amount of the fluid composition flowing through
the eddy chambers and branch passages 102a-c to the flow
passage 100.

This effect can be enhanced by increasing a width of
the flow passage 98 at each eddy chamber 104a-c (e.g., as

30 depicted in FIG. 4A, wl < w2 < w3 < w4). The volume of the
eddy chambers 104a-c can also decrease in the downstream

direction along the passage 98.



- 21 - In FIG 4B, a velocity of the fluid conposition 36 has
decreased (due to the increased flowrestriction in FIG 4A), and as a
resul t, pwoportazenately nore of the fluid conposition flPoRaISRe10MM44DE
passage 98 into the branch 5 passages 102a-c and via the passage 100 to the
inlet 96. Since the flows into the chapher 84 fromthe two inlets 94, 96
are opposed to each other, they counteract each other, resulting in a

di sruption of the vortex 90 in the chanber. As depicted in FIG 4B, the

fluid COWPOSit&ﬁ”F%@.fMEWSalgehéﬁiggprakh% 2Ryl LB&: BQHEE%P496 ﬁ%@ nor €

directly to the outlet, thereby reducing the resistance to ow t hrough the
syst em 25degseasedsfdue thethel docrpaskdt idofil vedtrdnposnt ionFI6-wi | |

i ncrease, nd the system25.-will return to,the situati.on,depicted in FlIG
WA e aRly BRE,SESLOTLERY, | brbBREtichablS Bobd boRndoratagd 10 B O

25 of FI GompAs&tBow Iflloakt €iroat ehy paeseagee9g8ndndectaasdraachhe fl uid
conposition 36 flom§ througH t he sgstenl A bachﬁressu e at .the inlet 38
will att ePREPEEESI NlP@aSe2RAd VdacrBEsR2spaghl tPNgtPntpFedBdrt 28 pul ses
bei ng tragshtkt edet @18W/8MEAES YRSt FBARbLEE BhE fir-Bethe two iRleWst buQugh the
outlet 40 will also aIternateI¥ i ncrease_and decrease, resulting in

e

pressure POl 3&§ BEPR§SHr &AsRPEDe@thE el ERENt SOHBRGEPFEaRPEN ORBCEUL | et. A
vortex 90r§§pﬁﬁﬁn 'HﬁfBaH§E¥u§E§BBe€fa@ﬂFdb%%%g%:ﬁg PPU%QE chamber .25 84 as

aresult o e changi ng proportions of flow o conposition 36

t hrough the inhet o Wi t S .of: _Fl cri bed
above, the sys%%n?ggigfgg.lHAFéGBA%gﬁ %gecggPﬁéugggbégl?%gg ?Ee§éﬁ§§rnating
i ncredkesland dedreddgsabput| dher estiiett ¥6n 30dt hooeghitrketdystemthel |

beslasd dporeadysabnutl oher estibet ko 30t hooegHirkets
or odet or nPRBAS AnGECTPEY BYAAG00 ERE" KPPGPRBNER “PnbrSus st  ANe aEPeases
in flow ¥os2hl12622243PeTHYS20L0)/ @A44R%10city of the fluid

composition 36 will increase, and the system 25 will return

to the situation depicted in FIG. 4A.

15 It will be appreciated that the resistance to flow
through the system 25 of FIGS. 4A & B will alternately
increase and decrease as the fluid composition 36 flows
through the system. A backpressure at the inlet 38 will
alternately increase and decrease, resulting in pressure

20 pulses being transmitted to elements upstream of the inlet.

Flow through the outlet 40 will also alternately
increase and decrease, resulting in pressure pulses being
transmitted to elements downstream of the outlet. A vortex
90 can be alternately created and dissipated in the chamber

25 84 as a result of the changing proportions of flow of the

fluid composition 36 through the inlets 94, 96.

As with the system 25 of FIG. 3 described above, the
system of FIGS. 4A & B can be configured so that the
alternating increases and decreases in flow restriction

30 through the system will occur when a characteristic of the
fluid composition is within a predetermined range. For

example, the alternating increases and decreases in flow



- 22 - restriction could occur when a viscosity, velocity, density and/or
ot her characteristic of the fluid conposition is within a desired range. As
anot her ewearnpl221ihe alternating i ncreases and decr ease®Cirusko10m4421
restriction could occur when 5 a ratio of desired fluid to undesired fluid

inthe fluid conposition is within a_desi Led range. In an oil
production operation, it nmay be desired to transmt pressure pulses into
the formati on 20 when a | arge enough proportion of oil is being produced,

in order 1a510ieRBACEoLIA BBBUL! hefl ol BEsBLLiLh! OUghEhEyf ObmRELRY. From
anot her perspective, the system 25 couﬁd e configured so ?hat t he
al t er nat i pndi/per oaber ehdrdetezastdci pff tbe féstidi comppsatdon ween t he

viscosity of . the fluid ¢ gsition 36_is,above a certain |level (and _so that
Uhe 3% pr #2ERiE° gy Poad AR RBE T op s arBsRERy S AmETPL: Hii Bl EooanaRtan
undesi r abliyicltegbepr apdr Heeftcabepatiar fobwgaesitgiptaducednld occurl whan
injection operation, it . may desired to transnit .pressure | ses into the
fornai?onazga%ﬁgnog g&?@éego?gPﬁéoFPiBﬁdﬁﬁlfﬁg Ehﬁégtéa FLGi%EB6 osi tion
36 is steaBmpbatiebnt hanwiaheh. aFHeBY 2Bat RahgRer spective, the system 25
coul d be conFigured so that the alternating increases and decreases in flow

restriction ocgyr apheR1t BeodEBsibh BbelBeibhyi dtCRRROBE! HABi3Bdl $obel ow a
certain level (and so that 25 the pressure pul ses are not propagated into
t he formatirénspatwRerssleer PUilgesorpssi thenfonmpdes 30r whani gellpraegh

Chanber (o) LRl BEPPSEE PP od paiag 8s P o Prer 20t P2EE8 ke T Sy st om
25 ar¥) pr ehbpabky ttdesimgbedisy tliatheheidl tbrpaghnghencoeasesoand #eomeases
'(2 ‘;' oWt §abithel! 9 EREAVgN. he 3yl emQesdr Jieh LS ghgLactey st oS

that the alternating increases and decreases in flow

restriction occur when the viscosity of the fluid

composition 36 is above a certain level (and so that the

15 pressure pulses are not propagated into the formation 20
when an undesirably high proportion of water or gas is

produced).

In an injection operation, it may be desired to

transmit pressure pulses into the formation 20 when a large

20 proportion of the injected fluid composition 36 is steam,
rather than water. From another perspective, the system 25
could be configured so that the alternating increases and
decreases in flow restriction occur when the density of the
fluid composition 36 is below a certain level (and so that

25 the pressure pulses are not propagated into the formation 20
when the fluid composition includes a relatively high

proportion of water).

Thus, for a particular application, the vortex
chamber(s), the various flow passages and other components
30 of the system 25 are preferably designed so that the
alternating increases and decreases in flow restriction

through the system occur when the characteristics (e.g.,



WO 2011/ 022211PCT/ US2010/ 044421 - 23 - density, viscosity, velocity, etc.)
of the fluid conposition 36 are as anticipated or desired. Sonme prototyping
and testiwgQ2oild22t1¢ required to establish how t he vari orsTaseponeses of the
system 25 shoul d be designed to acconplish 5 the particul ar objectives of a
particul ar application, but undue expempinentation wll not be necessary if
the principles of this disclosure are carefully considered by a person of
ordinary skill in the art. Referring additionally nowto FIGS. 5A & B,

anot her  18.gan 39 35E8084, BR1KR1 D! BcEl GWoresha! 236eqSYBHEBL2%bY

representatlvel ustrat e system 5A & Bi1s simlar in
many respééterOthen$isu9ﬁteﬂ PirCBesd sed - B Sboe katetspangleaét in that
t he branch %ssagw %-% aﬂqregd¥ ch%nb %Oﬁ srevnot necessarlly
used in the i% & BYCoh |guPaFl st ea e PFOM/passage 100
itsel f branebeacatbk oE the %yewemassaghoaad be desA@ﬁbﬁetodaEEGmpmdehls
that circular flomll dUC|gg§%%ructur s 106 are gsed in_the chanber 84 in

the cohfi §lifaPPER1GRIRFCR &VBS PhedsPROLLGH eréﬁpéﬁE?EEBHZO%PB

mai ntai n gheedl akpbhaweatathenf liild eerpesi heeas3dbrabayt thee outlet 40, or
at least to inpede inward flow of the fluid conposition toward the outlet,

when the PFingiedrpositt thisdedsclpswrei pegl sprgtabdy coReidarrdt PYOBeni ngs

108 in th §E6H06¥r8§dﬁﬂgr§egﬁhﬁltEﬁ fhui d,-gonmposition 36 to 25 eventual ly
flow i nwa 3 to the out he structures 106 are an exanpl e of

how t he cont | 9RE3LL 93,01 2HHS UM 20600 B ALL CLRY sl B Praduge,the

pressure pul ses ey are desir when f conposition 36
has aHpredehéngumedlmnso@sthy,vaehabﬂEyfl@@ deﬂsstynceasystem @ésiised to

branched BPP6PoPa Ch BN pddabgE abore yaneandther &Ranhl E10F naw EhE VO |
2011/ 022213PeThli/3010h0#d4%l respects to the system of FIGS. 4A & B,
but differs at least in that the branch passages 102a-c and
eddy chambers 104a-c are not necessarily used in the FIGS.
15 5A & B configuration. Instead, the flow passage 100 itself
branches off of the flow passage 98.

Another difference is that circular flow inducing
structures 106 are used in the chamber 84 in the
configuration of FIGS. 5A & B. The structures 106 operate

20 to maintain circular flow of the fluid composition 36 about
the outlet 40, or at least to impede inward flow of the
fluid composition toward the outlet, when the fluid
composition does flow circularly about the outlet. Openings
108 in the structures 106 permit the fluid composition 36 to

25 eventually flow inward to the outlet 40.

The structures 106 are an example of how the
configuration of the system 25 can be altered to produce the
pressure pulses when they are desired (e.g., when the fluid
composition 36 has a predetermined viscosity, velocity,

30 density, ratio of desired to undesired fluid therein, etc.).
The manner in which the flow passage 100 is branched off of

the flow passage 98 is yet another example of how the



- 24 - configuration of the system 25 can be altered to produce the
pressure pul ses when they are desired. In FIG 5A the system25 is

depi ct ed WO 2a11gi2e21at i on i n whi ch an increased vel ocity ®CTiuseomwlowid1
conposition 36 5 results in a myjority of the fluid conposition flow ng
into the chanber 84 via the inlet 94_ Phe_fluid conposition 36, thus,
spirals about the outlet 40 in the chanber 84, and a resistance to flow

t hrough the system 25 increases. Relatively little of the fluid conposition

36 flows icn h 8 i@t Lal.et, .96 i 5 u t he
fIOM/pass%ggkiggr%ggggaﬁgﬁggef§X§FEWEB§Igabpggsgégg5§h?anéﬁg§§g% gggh t hat
nmost of t beebbuiréd pudpesi when tbewi asei desheefl.ow passage 98. At relatively
hi gh velocities, the fluid conposition 36 tends to flow past the flow
passage 15100. IThnFEGG 58B, thevelystiety 26f ishdeplinitddcanpeskstitant3énhas

decreased (due to the increased fl.ow restriction.,n FIG .5A d as a
oo e o rbaaR, pEnabersaRER YRl oEnBY: PE Hhe e Ban PoRbPraRabh, 3B t e
passage 9%eandt¥i ant Bempgsragy 36 106 FoutibecombekibonSiEneaihgeihlkows into

the chanber 84 fromthe two inlets_94, 96 are opﬁositel directed %or at
| east t hetPPofiP8PERe 8f| Uitd EBRpoBiLetod 4t nr Sbi§h TLHd RPEPOSELePPosSEs t he

flow throwgQst hgpinhet Shbutt RE¥ eaunker aot iaagheOth8mberesyl,t bRA kN a
di sruption of the vortex 90 in the 25 chanber. As depicted in FIG

5B, the fFapdstenpesitei 6Ao86thIreugh| be sisitam ¢SabsgrepResoeut | et 40, and
more directly to the outlet, thereby reducing the resistance to flow
t hrough the sy&edat28elgslatidsubtf, thre fdalidcicoppotithent Bai §1830s

COMPOs) t1Q t%@tﬁb'Ehhﬂﬁ%g?%g’v%ﬁdthgeiﬁiékegkzﬁnwk&b.r%k?rBeEguEQethe
situation depictedin A
flow passage 100 is branched from the flow passage 98 in a
manner such that most of the fluid composition remains in
the flow passage 98. At relatively high velocities, the
fluid composition 36 tends to flow past the flow passage

15 100.

In FIG. 5B, a velocity of the fluid composition 36 has
decreased (due to the increased flow restriction in FIG.
57A), and as a result, proportionately more of the fluid
composition flows from the passage 98 and via the passage

20 100 to the inlet 96. Since the flows into the chamber 84
from the two inlets 94, 96 are oppositely directed (or at
least the flow of the fluid composition through the inlet 96
opposes the flow through the inlet 94), they counteract each
other, resulting in a disruption of the vortex 90 in the

25 chamber.

As depicted in FIG. 5B, the fluid composition 36 flows
less spirally about the outlet 40, and more directly to the
outlet, thereby reducing the resistance to flow through the
system 25. As a result, the velocity of the fluid

30 composition 36 will increase, and the system 25 will return

to the situation depicted in FIG. 5A.



WO 2011/ 022211PCT/ US2010/ 044421 - 25 - It wll be appreciated that
the resistance to flow through the system 25 of FIGS. 5A & B w ||

al t er nat eW9 20nemernse and decrease as the fluid conpositipom/u3eomloews1 t hr ough
the system A backpressure at the inlet 38 will 5 alternately increase and
decrease, resulting in pressure pul sesjgeing transmtted to el enents
upstream of the inlet. Fl ow t hrough the outlet 40 will also
alternately increase and decrease, resulting in pressure pul ses being

transmitted torel greRt sodaustreameal thae bl ¢bsidruarkexol@18Q can be
alternately createggan ed??@?pategbin tﬁe cﬁange?l 4 as a Pesult of the
changi ng phopoghi the efysteow26f of hEIGBWI 8Acénpowiflilonl86rnhtedyh the inlets

94, 96. Rg%grr%g% a% itgogall now%&o %hGEdG anogg%&ocog%igﬁragion of the
wel | systen1f8 'S 9epr sganélvgﬁy 5 S PRIBESLFACPNPS coﬁW|guration, a

gravel pathkirbggapehat sgstem.bernpapkpiressatde am wheclinlbe BBuivdldonposition
36 conpris slurry which is flowed out _of the tubular string 22

s a grayel y
and into & Eeaﬁgﬁﬁig 3B°r52PRePBHy IP6FRASCr 268N 1HAEBR 1P0OPEEEEH 6ne or nore

of the WBFhl§@%956§n%4tragbﬁikhba gbakekmpacki Dgsepekat b@nthkehenfileyi.d
portion of the gravel slurry (the fluid conposition 36) flows inwardly

through the wekhogcraepudh and &h@le94©Y%ﬁﬁﬁ‘3§sbanthﬁaEBhgri0r of the
tubul ar string 22. Configured as described above, the system 25 preferably

pr opagat edngreaser engudseseasei nkgsthé 1§gavsl PFaSRUIE0PHS SERebgiadgel slurry
'S f'OWEthQB%gF@EeG”@B'Eie%épfghab%Bﬁtggkﬂ'B? kReebirhaat e X°b8?t5§ the

gravel pac ping to conso ate the gravel pack about the well "screen
24, et®. Wierapr beuefliemneteflyucdsatedmanbdedfiesnpbited 26 the3@hdabered, the

SySten]258iagsp309%g%&% B%e%%%r%hg%biﬁa b@%%ortions of flow of the
fluid composition 36 through the inlets 94, 96.

Referring additionally now to FIG. 6, another
configuration of the well system 10 is representatively
15 illustrated. 1In this configuration, a gravel packing
operation is being performed, in which the fluid composition
36 comprises a gravel slurry which is flowed out of the
tubular string 22 and into the annulus 28 to thereby form a

gravel pack 110 about one or more of the well screens 24.

20 In this gravel packing operation, the fluid portion of
the gravel slurry (the fluid composition 36) flows inwardly
through the well screen 24 and via the system 25 into the
interior of the tubular string 22. Configured as described
above, the system 25 preferably propagates pressure pulses

25 into the gravel pack 110 as the gravel slurry is flowed into
the annulus 28, thereby helping to eliminate voids in the
gravel pack, helping to consolidate the gravel pack about

the well screen 24, etc.

When production of fluids from the formation 20 is
30 desired, the system 25 can propagate pressure pulses into
the formation as fluid flows from the formation into the

wellbore 12, and thence through the screen 24 and system 25



the formation as fluid flows fromthe formation into the wellbore 12, and
thence through the screen 24 and system 25 WD 2011/ 022211PCT/ US2010/ 044421
- 26 - inwo2henzentieri or of the tubular string 22. ThuspCrhs2eyssae 25 can
beneficially propagate pressure pulses into the formation 20 during
different well operations, although thipg Ls not necessary in keeping with
the principles of this 5 disclosure. Alternatively, or in addition,
anot her variable flow resistance system 25 may be incorporated into the

t ubul ar SE?%Bgtﬁé %ﬁt@%&BrOBfatﬁgnﬂﬁﬁﬁﬂhrl%%rﬁhgt59 gr%ﬁﬁ ,PREKI ng

equi pment “(such as a crossover or a slurry exit - joint). ¢ 10 system 25
can, thussyatemrﬁéteap broeéaséadny Qeopeaseefp@wssﬂreheuﬂbasdlo@mp05|t|on

36 into th a nqu her eb atin ssure ulses i grave
back 110, i PaLmaTBR: 2br FhE e e AR e To BREE ot tPRRe LT hRbSE, 2t am
15A sensoth1$4lesuoh ascaséabyr1npkeepanguwhkh sapspiriatiphest pgetdescri bed
in U S Pat.ent no. 6913079, or another type of sensor) may be used to

det ect® whEASEHES¥YErem 25 propagates the pressure pul ses into the gravel
pack 110, into_the fornmation 20, .etc. Thi,s may be useful .in_the_ well 20
system 10 coan&GPéP?SﬁVS#YFIGF &ni AJGAA4PNr 0 SBEEBFK HETHAPLR &AWl tipl e

gravel paekgiii@nte BosREmPREPRENKY LRI A6edrpWiaieqaliaRg ankorapanarel pack
appropriate flowis being obtained, etc. In the well system 10

conf i gur asit&Angf 28| &3 Parth@fs@n§@mpym¢nﬁa918e0éséhet6ré@?ér9aﬁélmﬁere t he

[1uidS 2530, prentnierlaoathe LuBULaLestbing 32ultyaB,apPyganiite naLe

etc. eterrin itronal Ty nowto uration of
t he vEY i ablyetEmo®5r esnst &hoe ,spdtemabeily iepreaeatahdvdbyrbbbesﬁﬂaWed The
configurati.on. of

I 7 s,simlLar.in t res cts nflguratlon
of FIGS. SA kPE, fgﬁﬁddFPPQPSlEEOPeggtlPﬁofﬁiF R a§5358 Y16 i s used
in the copkbguyatiag ekeEbGre7puosdef iatb fbeegebviblepack 110, in

response to flow of the fluid composition through the

system.

15 A sensor 114 (such as a fiber optic acoustic sensor of
the type described in U.S. Patent no. 6913079, or another
type of sensor) may be used to detect when the system 25
propagates the pressure pulses into the gravel pack 110,
into the formation 20, etc. This may be useful in the well

20 system 10 configuration of FIG. 6 in order to determine
which of multiple gravel packs 110 is being properly placed,
where along a long gravel pack appropriate flow is being
obtained, etc. 1In the well system 10 configuration of FIG.
1, the sensor 114 may be used to determine where the fluids

25 30 are entering the tubular string 22 at an appropriate

rate, etc.

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

30 is similar in most respects to the configuration of FIGS. 5A
& B, but differs at least in that a control passage 116 is

used in the configuration of FIG. 7 to deflect more of the



WO 2011/ 022211PCT/ US2010/ 044421 - 27 - fluid conposition 36 toward the fl ow
passage 100 when the fluid conposition is spiraling about the chanber 84.
When a maworntwyo2efiit he fluid conposition 36 fl ows throu@hTtuseotiofbarl 94 into
t he chanber 84, a nonmentumof the 5 fluid conposition spiraling about the
outlet 40 can cause a relatively smalLl spoction of the fluid conposition to
enter the control passage 116. This portion of the fluid conposition 36

wi |l inpinge upon the significantly larger portion of the fluid conposition

f1owing te1a46NcbRBoRIRIBAC 3E0t8fa BNUnY kholeBdsbagl! YB0! yHBRe AL the
fluid conposition to flowinto the passage 100. It the Tlul
conposi ti 6auld spimpakstioneiabeptrohengusbetit4@henchembert Bé .f | ui d
conposition will enter the control passage 116, resulting in nore of the
fluid 15 conpo¥hehon heifjpgidyverft ¢étet dluhd paspagetid@. 36f fibwesf | ui d

conpositi 36 do not .spi ral .si.gnificantly abguyt the outlet 4Q, little or
o hort 1 of AP ope theuRh ER s i PEin thel FOBRPET Ee BoRPRERtRlsedybhte
Thus, 3 hef¢antir ebmpassagenlipieanihg upedtt @hadpuslethao2aviekbadiskyaof the

fluid conposition_36 at _which flow rates through the passages 98, 100
becone nof&legqa¥elingmpddi BPakde™ 65f Fh% £AFIGgROMRESLTLPEMES5 P educed.

From anot hge BBheRBE! b¥8sabBe 168Nt r ehiBagea8eohlBrcaRebe1usad to adjust the
velocity of the fluid composition 36 at which 25 flow through the system 25

al t er nat ecpMppEisaoas 3anyidécimriaget vPoRettbby spoopadaratpyedatgerpul ses,
d/or th - , ' t
and/ or goﬁ%EBBOEgF%ﬁE?QQuiggcBﬁgﬁéﬁﬂlbﬁ ?Qb%ibﬁegﬁr%kﬁgf%HQVPEEPBBQ

pressure pul ses. erring additi a Iy now to ano
10 98, and will tend to divert more of the fluid composition to

flow into the passage 100.

If the fluid composition 36 spirals more about the
outlet 40, more of the fluid composition will enter the
control passage 116, resulting in more of the fluid

15 composition being diverted to the passage 100. If the fluid
composition 36 does not spiral significantly about the
outlet 40, little or no portion of the fluid composition

will enter the control passage 116.

Thus, the control passage 116 can be used to adjust the

20 velocity of the fluid composition 36 at which flow rates
through the passages 98, 100 become more equal and
resistance to flow through the system 25 is reduced. From
another perspective, the control passage 116 can be used to
adjust the velocity of the fluid composition 36 at which

25 flow through the system 25 alternately increases and
decreases to thereby propagate pressure pulses, and/or the
control passage can be used to adjust the frequency of the

pressure pulses.

Referring additionally now to FIGS. 8A-C, another
30 configuration of the variable flow resistance system 25 is
representatively illustrated. This configuration is similar

in many respects to the system 25 of FIGS. 5A & B, in that



30 configuration of the variable flow resistance system?25 is
representatively illustrated. This configuration is simlar in many
respects wo 20he@2gmst em 25 of FIGS. 5A & B, in that WO PCT/US2010/044421

2011/ 022211PCT/ US2010/ 044421 - 28 - the fluid conposition 36 enters the
chanber 84 via the passage 98, and a_gpgater proportion of the fluid
conposition also enters the chanber via the passage 100 as the velocity of
the fluid conposition decreases, as the 5 viscosity of the fluid

composi 1 @Rl RELEASEENpAS i tABnIaBsLhreot the Ehuhlecommoskbl eRedect eases
and/or as a ratio of d8siied to undesired fruid In the flurd conposi tion
i ncr easespabragke 98onbinduratirentetr PrGBor8Ao@, ofh&éhpasdugds 98, 10 100 are

formed on_a _generally | i ndrical ndrel ., 118 _whi is_receiv in_a
Gener al |y CPIBCPLF IRBVSTHG 206058 HBnr bamE e o ThA g AP T RESRan dPer o118 oy
be, for exaepkeloslitynkffithe glais tomposiatbar desecacedr,edst itpgbt | y and/ or
sealingly within the hogsigﬂ 1%?. 15As .seen i.n FIG 8B, the _chgnber 84 is
for med® axVaPFPSEEYWeENtaR &AY1Er CORRORERAPRl 1RAGCARPndF ERE GFTEREY
housi ng 12@. thke routibetohBosXtepds debi-adgbsaanandrobst Berheusi sg 120. Each
of the passages 98, 100 is in fluid comunication 20 with the chanber 84.

Hovever, FP&WCEH tReunfgpdrednpesidi én SbewhileRrdeRPBPESLkdoBhamber 84 via
the inlet ;94 wWkbsflow circularly within the chamber, and flow of the fluid
conposition which enters the chanber via the inlet 96 will flow nore

directly toward,thg outlet 4Q..as depi gt i BAFLG 428 anot her
exanpl e, the i nlet SGB%ouﬁg 88 c%ﬁf?gureggfogéipéct gh PP egfbpﬁe fluid
conpakl t i 3A03@rien fartiedeoni engehiechldypoyésntimatadf mahdreluild8cwhpodi tion
whi ch Nt $£° L 60AMR oVbanb811Y ehndlabeRobathgrhse, Pl bithceen

in FIG. 8A. The mandrel 118 may be, for example, shrink

fit, press fit or otherwise secured tightly and/or sealingly

within the housing 120.

15 As seen in FIG. 8B, the chamber 84 is formed axially
between an end of the mandrel and an inner end of the
housing 120. The outlet 40 extends through an end of the
housing 120.

Each of the passages 98, 100 is in fluid communication
20 with the chamber 84. However, flow of the fluid composition
36 which enters the chamber 84 via the inlet 94 will flow
circularly within the chamber, and flow of the fluid
composition which enters the chamber via the inlet 96 will
flow more directly toward the outlet 40, as depicted in FIG.
25 8C.

In another example, the inlet 96 could be configured to
direct the flow of the fluid composition 36 in a direction
which opposes that of the fluid composition which enters the
chamber via the inlet 94 (as indicated by fluid composition

30 36a in FIG. 8C), so that the flows counteract each other as
described above for the configuration of FIGS. 5A & B. The

chamber 84 may also be provided with the structures 106,



30 36a in FIG 8C), so that the flows counteract each other as described
above for the configuration of FIGS. 5A & B. The chanber 84 may al so be
provi ded wot2h1vd2e213t r uct ures 106, WO 2011/ 022211PCT/ USPOTQISQe1042442t 29 -
openi ngs 108 and control passage 116 as descri bed above, if desired.

It may now be fully appreciated that _t he above di scl osure provi des several
advancenents to the art of 5 propagating pressure pulses in a well. The
vari able fl ow resi stance system 25 can generate pressure pul ses due to

a'ter”at!BgehEﬁ 82398 QQQ deGLeBePaky BE0W1%9355h@@%ﬁibQBOHQBvbbei ystem
alternating creation and dissipation o? a vortex in the vortex chanber 84,
etc., anddesnrkd.10 configured to do so when a characteristic of a fluid
conposition 36 flowed through the systemis within a predeterm ned range.
The above di sclosmeg powvbdesufldyt hepaetiatedt hbdtothpr epagati ng pressure
pul ses in _a sgbterranean.gell. The %5 gethod can cgnp&bse flowing a fluid
conposi ti Or 56 CRFEUBRCXLPEaSEVERE VAPV ABFEMPPSR FosP8PaRts S¥stem 25

whi ch 5 ncbrtdpagatiagt pxeeBarbepud4eBavnng gtlleastrhengairibdle861048, 94, 96
and an outlet 40. A vortex 90 1s created when the fluid conposition 36
flows spi FEPI-FLaRGEL SYRECBULPefaR0ICHETALPRIEFSHEE PYLAEEWIYE ERe fI uid

conposi ti gnt3énbRiA4IAnERe %Akt BhdChabkens84 aht e1Bat ekyikRaheases and
decr eases. Thé vortex 90 may be alternately created and dissipated in

response tHTrPUGW ket R¥FStRN dadsrppstinencagathroughdt Hésgappabpe Pfow
resistancg %%%E%&‘gﬁ-tﬁéTOSrEéﬁs ﬁéﬁPgE'%ﬁs 62R.be ppopagaigd upstream

and/ or downstream fromthe varia ow r ésistance system 25 when
10 configured to do so when a characteristic of a fluid

composition 36 flowed through the system is within a

predetermined range.

The above disclosure provides to the art a method of
propagating pressure pulses in a subterranean well. The
15 method can comprise flowing a fluid composition 36 through
at least one variable flow resistance system 25 which
includes a vortex chamber 84 having at least one inlet 86,
88, 94, 96 and an outlet 40. A vortex 90 is created when
the fluid composition 36 flows spirally about the outlet 40.
20 A resistance to flow of the fluid composition 36 through the

vortex chamber 84 alternately increases and decreases.

The vortex 90 may be alternately created and dissipated
in response to flowing the fluid composition 36 through the

variable flow resistance system 25.

25 The pressure pulses can be propagated upstream and/or
downstream from the variable flow resistance system 25 when
the flow resistance alternately increases and decreases.

The pressure pulses may be propagated from the variable flow
resistance system 25 into a subterranean formation 20 when

30 the flow resistance alternately increases and decreases.



the flow resistance alternately increases and decreases. The pressure

pul ses may be propagated fromthe variable flow resistance system?25 into a
subt er raneanrofioreati on 20 when 30 the fl ow resi stance alPCa&musatieloy442ncr eases
and decreases. WD 2011/022211PCT/US2010/ 044421 - 30 - The pressure
pul ses may be propagated through a gragel _pack 110 when the fl ow resistance
alternately increases and decreases. The step of flowing the fluid
conposition 36 can 5 further include flowing the fluid conposition 36 from

a subterranean r [ 0.l a | Lho | qwi t he
fluid conpositF%% ggbéggr%uPPgégsiﬁc ugg PFS&%HSIFEe%PFEPch%n%%%?%}on 36
fromthe weckbdl® w¥henntbeafflobulresistrinng 22teraatkdyvancabbees| end

resi stanc s¥%t%n125. 10The flow resistance nay alternately increase and
decr ease when a characteristic of the fluid conposition 36 is within a

det 1 ned Th teristi ise. [ ity, | ocity,
Gensi ty. and or "PAL P58 Oledt PAAB0 HaSa L BacPTBPA LFACNaY PaPd. compost L1 o

36. The 15ufrkawrr escsuasce1aayngl taengtaliy compeaseianddegi-easa only when
the characteristic of the fluid gcaognposition 36 is w_.thin the predeterm ned
range. subterraneap SPTMRERPRg2PheNEPUPIVESHPOEFt Lén 3BDENPEERNhOfhe

vari abl e fhewihgsiksbartaisysbagbd2tian BBCckude rli-ewerd a8 1Mkt Epb&ihui d
conpositions 367t hrough respective nultlgle vari abl e fl ow resistance

systens 25heThduie: Ronpeantinel defrre shepwel lBereciPngniRi ehtybulpe
vari abl e Ekgﬁgge§bsb&QP%h§y§%?E§b%é @?p% EEgW%E%ﬁbétéggﬁémWBFﬁh alternately

i ncrease an crease in response to ow of the respective uid

10 The flow resistance may alternately increase and
decrease when a characteristic of the fluid composition 36
is within a predetermined range. The characteristic can
comprise a viscosity, velocity, density and/or ratio of
desired to undesired fluid in the fluid composition 36. The

15 flow resistance may alternately increase and decrease only
when the characteristic of the fluid composition 36 is

within the predetermined range.

The step of flowing the fluid composition 36 through
the variable flow resistance system 25 can include flowing
20 multiple fluid compositions 36 through respective multiple
variable flow resistance systems 25. The method can include
the step of detecting which of the variable flow resistance
systems 25 have flow resistances which alternately increase
and decrease in response to flow of the respective fluid

25 composition 36.

Also described above is a subterranean well system 10
which can include at least one variable flow resistance
system 25 which propagates pressure pulses into a
subterranean formation 20 in response to flow of a fluid

30 composition 36 from the formation 20.

The well system 10 may also include a tubular string 22

positioned in a wellbore 12 intersecting the subterranean



25 conposition 36. Al so described above is a subterranean well system 10
whi ch can include at | east one variable flow resistance system 25 which

pr opagat esopoagrerie pul ses into a subterranean fornmati oRCZAS20M00eBPONSE tO
flowof a fluid 30 conposition 36 fromthe formation 20. WO

2011/ 022211PCT/ US2010/ 044421 - 31 - tommation 20. The variable flow

resi stance system 25 can propagate the pressure pulses into the formation
20 in response to flow of the fluid conposition 36 fromthe formation 20

and into EB?m%EQBBaQOStrTHQ g2riabhe %?BwaQEElEkQWbée§§%E%RCQ5S¥§he”‘25 may

I nclude a vortex chanber 84 having at |east one iInlet 88, 94, 96 and an
out | et 40pAocpegate Qhengyebeuceeauédeﬂhentphehélﬁpama@nposﬂﬂlon 36 flows
spirally abgu%n%he qut.l et 9 the fluid o VoLt ex 9 n?¥obe %Iternately
created and 8|SS|paPe 7 °n response t8 PP8 of Ph ﬁp03|t|on 36

t hrough t Herwatiahl e0f baw Hasbstaeceubydbtens2ring 22. The above di scl osure
al so describes a variable flow resistance system 25 for use in a

subt erg anean wehk, veirtiBbllbe fuati abkesthawer eystbancs musgt éAc2adeospri sing a
vortex 15 chanber 84 haV|n an outlet 40, and at least first and second
i nl ets 9470§5eXTRBAMPRE 8; nPéVlgﬂ ﬁ§y18P?§c9n3 ihLed 86mp88irt Pdm 36 to 1 ow

in a firsgpdi ﬁCthmeta@@ thg seeend 90'ﬁbygﬁe”EYegkéaC%hbhetBbUEQuld
conposition 36 to flowin a
composition 36 flows spirally about the outlet 40.

The vortex 90 may be alternately created and dissipated
10 in response to flow of the fluid composition 36 through the

variable flow resistance system 25.

The above disclosure also describes a variable flow
resistance system 25 for use in a subterranean well, with
the variable flow resistance system 25 comprising a vortex

15 chamber 84 having an outlet 40, and at least first and
second inlets 94, 96. The first inlet 94 may direct a fluid
composition 36 to flow in a first direction, and the second
inlet 96 may direct the fluid composition 36 to flow in a
second direction , so that any of the fluid composition

20 flowing in the first direction opposes any of the fluid

composition flowing in the second direction.

A resistance to flow of the fluid composition 36
through the vortex chamber 84 may decrease as flow through
the first and second inlets 94, 96 becomes more equal. Flow

25 through the first and second inlets 94, 96 may become more
equal as a viscosity of the fluid composition 36 increases,
as a velocity of the fluid composition 36 decreases, as a
density of the fluid composition 36 decreases, and/or as a
ratio of desired fluid to undesired fluid in the fluid

30 composition 36 increases.



second direction , so that any of the fluid conposition 20 flowing in the
first direction opposes any of the fluid conposition flowng in the second
di recti orw0 2011/022A1r esi stance to flow of the fluid conpesirtiseno®é42hr ough
the vortex chanber 84 may decrease as flow through the first and second
inlets 94, 96 becones nore equal. Flaws325_through the first and second
inlets 94, 96 may becone nore equal as a viscosity of the fluid conposition
36 increases, as a velocity of the fluid conposition 36 decreases, as a

density of the,f U4 ¢ARRASkE @A oab FECHEAFES i sAREMBLs3E i8nf 8ki 0 of desired
fluid to undesﬁre% gﬁuggein t he Plng 30 conp%sitio% §6 %ngreases. WO
2011/ 0222thPCTSUS20200444R]1 chaBRer 84 mayAinegiesanee tfdofil thwrofighhe fl ui d

conpositi 36.throu the varte hagher .84. may i ncrease _as_fl ow t hrough
Che first thratababndia bapotg, Bt o Td i o®) EBbmERo 8850 eBiny g

conposition 36 ytlowto the.fi.rst _inlet 5 via,a first fl.o assage 98
ChoR T s ori ontBR §ahaPaFRybPRiGaRT: AP TBY, ReoboFPakRensiter shiconddr o d
conposi ti gha36 Hayskl awotvopbBeageco8dwhikat i86oviantedegendrhlioy passage

100 which is oriented generally tangential to the vartex chanber 84, and
the second2p9684481160 fa§ VELEPFeChRBPEIUAE - 10TEENBEYLE GRTBESE-ESRPA

branch of 3ghgakl ESbwl kewrhassaeend8infks09gdesshi Bedeabave fisywapaBthgd of
propagatlng préessure pulses in a subterranean well, which nmethod can
i ncl ude tR80swhpshofisi pewenged Peoeyaddiipbangroniad thr shghvatte&ast one

vari abl e sigt a t i hRel S e h 84
navi ng at CPaiepEra. TARE, BHE Sfktng)BagHaga 100 AT rBoKTULTEhETETRER,
bei ngl€r eabagontienonhééf Ifwoth eobpesichi off 88ef fawstsfiloal bpsabget 98he outl et
40; and the vortex 90 being alternately created and di ssipated in response
to the step of Albowdegctriibefll abdveonposi method60f propagating

pressure pulses in a subterranean well, which method can
include the steps of flowing a fluid composition 36 through
at least one variable flow resistance system 25 which

15 includes a vortex chamber 84 having at least one inlet 86,
88, 94, 96 and an outlet 40, a vortex 90 being created when
the fluid composition 36 flows spirally about the outlet 40;
and the vortex 90 being alternately created and dissipated
in response to the step of flowing the fluid composition 36

20 through the variable flow resistance system 25.

A resistance to flow of the fluid composition 36
through the vortex chamber 84 may alternately increase and
decrease when the vortex 90 is alternately created and

dissipated.

25 The pressure pulses may be propagated upstream and/or
downstream from the variable flow resistance system 25 when

the vortex 90 is alternately created and dissipated.

The pressure pulses may be propagated from the variable
flow resistance system 25 into a subterranean formation 20

30 when the vortex 90 is alternately created and dissipated.



20 through the variable flow resistance system 25. A resistance to
flow of the fluid conposition 36 through the vortex chanber 84 may

al t er nat evg 20nidnerase and decrease when the vortex 90 i sPalrtuseoianedsgl cr eat ed
and di ssi pated. 25The pressure pul ses nay be propagated upstream and/ or
downstream fromthe variable flow resi ggance system 25 when the vortex 90
is alternately created and di ssi pat ed. The pressure pul ses nay be
propagated fromthe variable flow resistance system 25 into a subterranean

formation 20 3 (0] 0., t r n at ed.
VO 2011/022211%c$?§ %%gf§4§%%%eg §§§-%E EEB@%§5¥S?e§§E§g Su? %Eaﬁég be

propagat egathkr daghwhegr &hel vpatkx1920 whenlthenatelgxc@@aitedabndr nat el y
created a d d|55|8§ted. The vortex 90 may be alternately created and
di ssi pate characteristic of the fluid conposition 36 is within a

pr edet er m ned he ar act rls iC_m ri ses .a_vi,scosit

Deoci ty densiPg Zrarar S07HAT, Bt SusErPaters BRaRLEroa ) ORASr R2ERE 11 ui d
conposi ti @qhedba characteTneti@erXta@ fay ide campesnatiehy 36r eat edtand

di ssipated 10 only when the characteristic of the fluid conposition 36 is
Wi thin thé BF@&@F@FH%H@G Fange. The chpragterdgéicoReYi RPBPTLSRScEnpri se

first andvi%@%@@t&”'Qbiogéty96deﬁﬁﬁtgabh€bb% Bl ewriesbst aree reystem 25 can
further include a control passage 110 which receives a 15 portion of the

fluid conpodesisrd3élaidminhsheofdatdcrampesigaont Réreby i nfluencing nore
of the fluid conposition 36 to flowinto the chanber 84 via the second
inlet 96, whenThRevbirGed 86npeyi beoalierspitedlscapetedt hradodiketipratedn t he

Cha”bjﬁde e rgyewhgez ltg% GhaltA8 bl Y51 GOBROHE! 29,38 LBRBOLAE14R Shagper 84

Vi a
within the predetermined range.

The at least one inlet can comprise first and second
inlets 94, 96. The variable flow resistance system 25 can
further include a control passage 110 which receives a

15 portion of the fluid composition 36 from the vortex chamber
84, thereby influencing more of the fluid composition 36 to
flow into the chamber 84 via the second inlet 96, when the
fluid composition 36 spirals about the outlet 40 in the
chamber 84 due to flow of the fluid composition 36 into the

20 chamber 84 via the first inlet 94.

It is to be understood that the various examples
described above may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the

25 principles of the present disclosure. The embodiments
illustrated in the drawings are depicted and described
merely as examples of useful applications of the principles
of the disclosure, which are not limited to any specific

details of these embodiments.

30 Of course, a person skilled in the art would, upon a
careful consideration of the above description of

representative embodiments, readily appreciate that many



It is to be understood that the various exanpl es descri bed above may be
utilized in various orientations, such as inclined, inverted, horizontal,
verti cal ,wet2e11/02221d i n vari ous configurations, w thout aeparseémng4f42dom the
25 principles of the present disclosure. The enbodinents illustrated in the
drawi ngs are depicted and descri bed oengl y as exanpl es of useful
applications of the principles of the disclosure, which are not limted to
any specific details of these enbodi nents. 300Of course, a person skilled in
the art wouldeiggen ﬁs?aaéhﬁk16§gs'gﬁ%ék %Bt@%n%hed398¥§oﬂ§505h8t'0” of
representative enboglnents readi 'y appreciate that many

2011/ 02220tkRET/ UB20ye50ma%2 be- made-tnndhéseaspensfladdmbpdmments, and
substltutlon% ggketlons ghln %Bechan% ¥a¥hb ga%e 19 the e, ecific
enbodi ment’s, afdo8geR gﬁgnges are Wt Rrnrthe scopep fr Fﬁg FlﬁClp s of the
pr esent dpsebeaurdlséaaeudenglyccbhdlhqu990thg de&abb&ngdéeaﬁueﬂtlon isto

be clearly under stood .as bejng given b illustration.,and exanple
only, 1he98pFriPting d8ofe BF b F&@aﬁigsﬁﬁa%¥ﬁ$899|8ﬁ &R PhitledYsol el y by
th§5appen@a9 elfaii B uadRéathehr agduekahgntson1 W) 28816822211Bad/ Ye3@E0/ 044421
) ) of the present invention being limited solely by the

appended claims and their equivalents.



VWHAT IS CLAI MED | S: 1. A nethod of propagating pressure pulses in a
subterranean well, the nethod conprising: 5flowing a fluid conposition

t hrough awolem#2zame vari abl e fl ow resi stance system whipch/uspelooeazl a
vortex chanber having at |east one inlet and an outlet, a vortex being
created when the fluid conposition flLows spirally about the outlet; and 10a
resistance to flow of the fluid conposition through the vortex chanber
alternately increasing and decreasi ng. 2. The nethod of claim1,
wherein the voyuay &ﬁ e? eMBat @5y created and dissipated in response to the
step 15 of flow ng the urd conposition through the variable flow

resi stance system 3. The nethod of claim 11, wherein the pressure

pul ses are propagated upstreamfromthe variable flow resistance 20 system

when t he flom1ﬁesiskaﬂg%hghtﬁgﬂg&égéggggéﬁﬁgggsgﬂged %&gggega 8omnst4- The

met hod of claim'l, Wwherein-t r es are propagat ream
fromthe sabtaliranbbawweadi,stapcee2Zhodysbaprikéngthe fl ow resi stance
alternately increases and decreases. WD 2011/022211PCT/US2010/ 044421 - 36

- 5 flowing a fluid composition through at least one
variable flow resistance system which includes a vortex
chamber having at least one inlet and an outlet, a vortex
being created when the fluid composition flows spirally

about the outlet; and

10 a resistance to flow of the fluid composition through

the vortex chamber alternately increasing and decreasing.

2. The method of claim 1, wherein the vortex is
alternately created and dissipated in response to the step
15 of flowing the fluid composition through the variable flow

resistance system.

3. The method of claim 1, wherein the pressure pulses
are propagated upstream from the variable flow resistance
20 system when the flow resistance alternately increases and

decreases.

4. The method of claim 1, wherein the pressure pulses
are propagated downstream from the variable flow resistance
25 system when the flow resistance alternately increases and

decreases.

5. The method of claim 1, wherein the pressure pulses

are propagated from the variable flow resistance system into



a subterranean formati on when the flow resistance alternately increases and
decr eases. 6. The nethod of claim1, wherein the pressure pul ses 5
are propayated/kaiough a gravel pack when the flow resi eCtanseoialoggenat el y

i ncreases and decreases. 7. The method of claim1l, wherein the
step of flowng the fluid conposition fgrther conprises flowng the fluid
10 conposition froma subterranean formation into a wel | bore. 8. The
nmet hod of claim7, wherein the step of flowing the fluid conposition

further CQ”Ehb%8§rghgﬂh”QoEREtEBPEQPEBWEﬂé'EHBQ eaFstAgouel [ bore into a

tubul ar string via vari ab | ow resi stance system 9. The
met hod of adltermatelyhéneirpraske Bhdwdeegsiessence al ternately increases and
decreases when a characteristic of the fluid conpositionis within a
predet ermi ned range. 20 10. The method of claim9, wherein the
characteristic conprises a viscosity of the fluid conposition.

11. The net hodeéof cmhbnmathwﬁebéialamm dhawheteihsthe precenperi pedsas
velocity of the flu g a?ngos it 011/ 11P U§&010/044421 - 37 -
13. T n&FﬁoBr8Pa89 Ph §PTQRHE epngfﬁge | B&FC e¥ EPale IP¥r nately

i ncr eases ragdstaareasesceibycMenntheasbar aatedestreasek.t he fluid
conposition is within the predeterm ned range. 5 14. The nmet hod of

claim1l1, wherein the flow resistance alternately increases and decreases
when a ratio of desired to undesired fluid in the fluid conposition is

within a predeterm pgd maR8ed 4@ claim 1, wherein the step of flowing
the fluid composition further comprises flowing the fluid

10 composition from a subterranean formation into a wellbore.

8. The method of claim 7, wherein the step of flowing
the fluid composition further comprises flowing the fluid
composition from the wellbore into a tubular string via the

15 variable flow resistance system.

9. The method of claim 1, wherein the flow resistance
alternately increases and decreases when a characteristic of

the fluid composition is within a predetermined range.
20

10. The method of claim 9, wherein the characteristic

comprises a viscosity of the fluid composition.

11. The method of claim 9, wherein the characteristic

25 comprises a velocity of the fluid composition.

12. The method of claim 9, wherein the characteristic

comprises a density of the fluid composition.



15. The method of claim1l, wherein the step of flowng the fluid
conposition through the variable flow resistance system further conprises
fl ow ng mubtzople2fiiui d conposi tions through respective mrairtuspéie/ovaei abl e

fl ow resistance 15 systens, and further conprising the step of detecting
whi ch of the variable flow resistance gystens have fl ow resi stances which
alternately increase and decrease in response to flow of the respective
fluid conposition. 2016. A subterranean wel |l systen1 conpri si ng: at

| east one varighl e frbgwm%%ﬁbat BRCE13YRL §M Wﬂb lHr ‘BQQ%FLB bESSiLR-RUl Ses
into a subterranéan formation in responsé to flow o conp05|t|on
fromthe ﬁétaana@nly25m¢re$heswehﬂ destrenset ohéynwmen thether conprising a
t ubul ar sth @05|tkggedflgh ¥§ ore |nterse%t&ng thg su%herranean
formati on 8nd° FEINCt e vari a Pe fF8wPPSS|sPanc3 SYysS enlprgpagates t he
pressure pmbﬂesemmhneaheahgénatlon in response to flow of the fluid
conposition from30 the formation and into the tubular string. WO

2011/ 0R2211PCT/ US2010/ 044421 - 38 - 18. The well system of claim 16,
wherein the variable flow resistance systemincludes a vortex chanber
having at | eastaqoneThel pbtabd aff eubliet 1,anderbBencithed f16Kt @¥siigtaneeeat ed
when the fluid conposition flows splrally about the outlet. 19. The

vel | syst @htEFDEf&i H]igcrﬁﬁéﬁélﬁngh@996ﬁﬁéﬁslyhﬁptérﬁéFéPyoéréﬁﬁéHegnd
di ssi pat edo GnesReBEe r1Qikl OW ehel@1LRE Ebﬂb@s&@ﬁ%ﬁshg'QEthHBOHQh the

vari abl e fl ow resi stance system . The well system of claim 18,
wher ei n apredeseamiaedorbhgw-of the f|UId conp05|t|on t hrough the vortex
chanber 15 alternately increases and decreases. 21. The well system

of clHim 20, wherein the pressure pul ses are propagated upstreamfromthe
inlet when the flow resistance alternately increases and decreases.
15. The method of claim 1, wherein the step of flowing

the fluid composition through the variable flow resistance
system further comprises flowing multiple fluid compositions
through respective multiple variable flow resistance

15 systems, and further comprising the step of detecting which
of the variable flow resistance systems have flow
resistances which alternately increase and decrease in

response to flow of the respective fluid composition.

20 16. A subterranean well system, comprising:

at least one variable flow resistance system which
propagates pressure pulses into a subterranean formation in

response to flow of a fluid composition from the formation.

25 17. The well system of claim 16, further comprising a
tubular string positioned in a wellbore intersecting the
subterranean formation, and wherein the variable flow
resistance system propagates the pressure pulses into the
formation in response to flow of the fluid composition from

30 the formation and into the tubular string.



20 22. The well system of claim?20, wherein the pressure pul ses are
propagat ed downstreamfromthe inlet when the flow resistance alternately

i ncr easeswandiideerieases. 2523. The wel |l system of cl ai mPeO/USaMIe0@{i421 t he
flow resistance alternately increases and decreases when a characteristic
of the fluid conposition is within a_prpgdeterm ned range. WO

2011/ 022211PCT/ US2010/ 044421 - 39 - 24. The well system of claim 23,
wherein the characteristic conprises a viscosity of the fluid conposition.
525. The well system of claim 23, wherein the characteristic conprises a
velocity of the fluid conposition. 26. The well system of claim
23, wherein thegl0 r r LStk 6..C i depnsi . Of e

conposi 11 on. 18+ 398" JEATI L ECITERTH T6 IR, ch R tRle

resi st ancélaivt eesabébypcencsyeasms iandudesr eavestenl ghahbert hevihgr att eri stic
of the fluyid ongosLt'on isdmjthintah 15 Bre et er.m ned rgnge“ 28.
The wel | $§88&nPBFP PP 289 QRePEEACEre SPPoWPPESE 8nd8  iPferRat el y

i ncr eases capdtdacivBaneshvhenuadr abmposfitdesi Fedwkospidasiyedbbuti @dhien t he
fluid conposition is 20 within a predeterm ned range. 29. The wel |
syst em of O8tdff-16, wherein the at |east one variable flow resistance
system conprises nultiple variable flow resistance systens through which
mul tiple

19. The well system of claim 18, wherein the vortex is
alternately created and dissipated in response to flow of
10 the fluid composition through the variable flow resistance

system.

20. The well system of claim 18, wherein a resistance
to flow of the fluid composition through the vortex chamber

15 alternately increases and decreases.

21. The well system of claim 20, wherein the pressure
pulses are propagated upstream from the inlet when the flow

resistance alternately increases and decreases.

20
22. The well system of claim 20, wherein the pressure
pulses are propagated downstream from the inlet when the
flow resistance alternately increases and decreases.
25 23. The well system of claim 20, wherein the flow

resistance alternately increases and decreases when a
characteristic of the fluid composition is within a

predetermined range.



25 fluid conpositions are flowed, and further conprising at |east one
sensor that detects which of the variable flow resistance systens have a
fl ow resiwoanu@2etiich alternately increases and decreas@sTius201edpanase t o
flow of the respective fluid conposition. WD 2011/022211PCT/ US2010/ 044421
- 40 - 30. A nethod of propagati ng pressure pulses in a subterranean
well, the nmethod conprising: flowng a fluid conposition through at | east
one variable flow resi stance system which i ncludes a vortex 5 chanber

having at |easpsonerhnl gb1andyaRAublEeta 23mY 95t eYnlebRg gheat ed when the
fluid conposition flows splraV y about the ouflet; ané t he vortex
bei ng al t ehnabeltpristatedompdidessippitiedosntyesfpotnbe fadutide step of fl owi ng
the fluid _conmposition 10 through the variable flow resistance system

31. The ngpﬁggséFlgpéin130, wherein a resistance to flow of the fluid
conposition through the vortex chanber alternately increases and decreases
when the vortex is 15 alternately created and di ssi pat ed. 32. The

met hod. of cl ai m_30, ereiln the pressure pul ses are propagated upstream
from the variagke fif W@EﬁSFXﬁEENsQEtS e% fh@hﬁagﬂex%g§ alternately
created apdaz@clegskpatedomprises a velocity of the fluid

composition.

26. The well system of claim 23, wherein the

10 characteristic comprises a density of the fluid composition.

27. The well system of claim 20, wherein the flow
resistance alternately increases and decreases only when the
characteristic of the fluid composition is within the

15 predetermined range.

28. The well system of claim 20, wherein the flow
resistance alternately increases and decreases when a ratio
of desired to undesired fluid in the fluid composition is

20 within a predetermined range.

29. The well system of claim 16, wherein the at least
one variable flow resistance system comprises multiple
variable flow resistance systems through which multiple

25 fluid compositions are flowed, and further comprising at
least one sensor that detects which of the variable flow
resistance systems have a flow resistance which alternately
increases and decreases in response to flow of the

respective fluid composition.

30



33. The nethod of claim 30, wherein the pressure pul ses are propagated
downstream fromthe variable flow resistance system when the vortex is

al t er nat ew9 20rieeeBnd and 25 di ssi pat ed. 34. The netrhodsediookazm 30,
wherein the pressure pul ses are propagated fromthe variable flow

resi stance systeminto a subterranean f@ramati on when the vortex is 30
alternately created and dissipated. WD 2011/022211PCT/US2010/ 044421 - 41 -
35. The nethod of claim 30, wherein the pressure pul ses are propagated

t hrough a grav pagk t i I y ed..and

di ssi pat ed. Sb.Pag mgQﬁBgGB%TEgbkgﬁﬁggngfb?%%?k?%oPﬁaﬁg%e?R ?he step of
f1 owi ng t kebteuirdneenpwsilili, othtumehbpdcopmpirdednfil:owi ng the fl uid
conposition froma subterranean formation into a well bore. 37. The
nmet hod of cl ai MG ingher éilnitheospepitfiohl ehirrgghhetf Lleadtcomposi ti on

further co niggs %homﬁng th fluid cgngps%tign.frgn1the wel |l bore into a
tubul ar stAFAGPVFaTLRY CEPISERECE SYSFED ¥PARLe 10GIPERE F5VOTteX 35 The
met hods of cababer3Bavihgr aitnlehstvenkteinlstabhar aat euy leteabegoandx

di ssi pated when a characteristic of the fluid conpaosition iis within a
pr edet er nPR&AIr GR§ELCIoBHenTRECNELHAH GPMPPSLIN S8, ThAWFePRITRS LY

character hpbue €BBPHLEESt3 Whgcosity of the fluid conposition. 40.
The net hod of claim 38, wherein the characteristic conprises a velocity of

the fluid conpeskt 8Rte%Sbeing alternately created and dissipated in
response to the step of flowing the fluid composition

10 through the variable flow resistance system.

31. The method of claim 30, wherein a resistance to
flow of the fluid composition through the vortex chamber
alternately increases and decreases when the vortex is

15 alternately created and dissipated.

32. The method of claim 30, wherein the pressure
pulses are propagated upstream from the variable flow
resistance system when the vortex is alternately created and

20 dissipated.

33. The method of claim 30, wherein the pressure
pulses are propagated downstream from the variable flow
resistance system when the vortex is alternately created and

25 dissipated.

34. The method of claim 30, wherein the pressure
pulses are propagated from the variable flow resistance
system into a subterranean formation when the vortex is

30 alternately created and dissipated.



WO 2011/ 022211PCT/ US2010/ 044421 - 42 - 42. The nethod of claim 38,
wherein the vortex is alternately created and dissipated only when the
char act erwetoci/mp21the fl uid conposition is within the preadatseswionad: r ange.

5 43. The nethod of claim 30, wherein the vortex is alternately
created and di ssipated when a ratio af gdesired to undesired fluid in the
fluid conposition is within a predeterm ned range. 10 44. The net hod

of claim 30, wherein the step of flowing the fluid conposition through the
vari able flow resi stance system further conprises flowwng multiple fluid
conpositions through respective nultiple vari able flow 15 resi stance

systens, and fygt hehycoDELSHNGst RS SheROO LABLRLI RAVBLERSAL L he vari able

fl ow resistance sys ave vortices |éh are altern y created and
di ssi pat eguilsesespenpeopaghlted Ghrbhghresgeave&epbbkidhennphe|UDGMex2045

The met hod of Ia|n13 wher | eas ne inlet conprises first and
second |nF8t§ gﬁﬁa%ﬁgye ﬁeﬁﬁggv 5a§ﬂésﬁp8&ﬁgésistance system furt her

conprises a control passage which receives a portion of the fluid
conposftion fromthe vortex chanber, thereby influencing nore of the 25

fluid conpositign to flow |nto the cha r via the cond inlet, when the
fluid conposit? gn sE??aW@ B8Pt Adas nB@v i efﬁéncﬁgﬁbé €Butto fl ow of

the fluidreepag thenrintia tbapebarheh ¥uzthBe tomplikBke¥lowing the
fluid composition from a subterranean formation into a

wellbore.
10

37. The method of claim 36, wherein the step of
flowing the fluid composition further comprises flowing the
fluid composition from the wellbore into a tubular string

via the variable flow resistance system.
15

38. The method of claim 30, wherein the vortex is
alternately created and dissipated when a characteristic of

the fluid composition is within a predetermined range.

20 39. The method of claim 38, wherein the characteristic

comprises a viscosity of the fluid composition.

40. The method of claim 38, wherein the characteristic

comprises a velocity of the fluid composition.
25

41. The method of claim 38, wherein the characteristic

comprises a density of the fluid composition.
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42. The method of claim 38, wherein the vortex is
alternately created and dissipated only when the
characteristic of the fluid composition is within the

predetermined range.

43. The method of claim 30, wherein the vortex is
alternately created and dissipated when a ratio of desired
to undesired fluid in the fluid composition is within a

predetermined range.

44, The method of claim 30, wherein the step of
flowing the fluid composition through the variable flow
resistance system further comprises flowing multiple fluid
compositions through respective multiple variable flow
resistance systems, and further comprising the step of
detecting which of the variable flow resistance systems have
vortices which are alternately created and dissipated in

response to flow of the respective fluid composition.

45. The method of claim 30, wherein the at least one
inlet comprises first and second inlets, and wherein the
variable flow resistance system further comprises a control
passage which receives a portion of the fluid composition
from the vortex chamber, thereby influencing more of the
fluid composition to flow into the chamber via the second
inlet, when the fluid composition spirals about the outlet
in the chamber due to flow of the fluid composition into the

chamber via the first inlet.



