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BACKGROUND OF THE I NVENTION [0002] Wthout Iimting the scope of the
present invention, its background is described with reference to
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reservoi 5 rProductlon rates can be maintained at economc |evels
usi ng reference to steam injection, as an example.

[0003] It 1s common practice in the production of hydrocarbons from a reservoir to use a
15 varicty of tcchniques to maximize recovery. Typically, in the initial stage of hydrocarbon
production from a reservoir, energy stored in the reservoir displaces the hydrocarbon fluids
from the reservoir into the wellbore and up to surface. Whether gasdrive, waterdrive, gravity
drainage or the like, the reservoir pressure is sufficiently higher than the bottomhole pressure
inside the wellbore such that the natural pressure difference drives the hydrocarbon fluids
20  toward the well and up to surface. It has been found, however, that reservoir pressure
declines as a result of hydrocarbon production. This decline in reservoir pressure results in a
reduced differential pressure between the bottomhole pressure and the reservoir pressure
which in turn causes production rates to decline.
[0004] In certain reservoirs, production rates can be maintained at economic levels using
25  secondary recovery techniques that stabilize reservoir pressure, displace hydrocarbons toward
the wellbore or both. For example, secondary recovery may involve injecting a fluid, such as
water or gas, into the reservoir from one or more injection wells that are in fluid
communication with the production wells. Specifically, gas may be injected into the gas cap
to enhance reservoir pressure and/or water may be injected into the production zone to
30  displace oil from the reservoir. Once secondary recovery techniques reach the end of their
economic viability, the productive life of certain reservoirs may be further extended using
enhanced oil recovery techniques. For example, enhanced oil recovery operations may

involve chemical flooding, miscible displacement and thermal recovery.
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WD 2011/ 126617PCT/ US2011/ 026190 SUMVARY OF THE | NVENTI ON [0008] The
present invention disclosed herein is directed to an inproved
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the outer sidewall of the tubular member and the outlet is in the inner 51dewa11 of the tubular

member. In one embodiment, the inlet and the outlet are laterally offset from each other in
20 the axial direction of the tubular member. In another embodiment, the inlet and the outlet are
laterally offset from each other in the circumferential direction of the tubular member. In one
embodiment, the fluidic device is formed from a plate member that is positioned between the
inner sidewall and the outer sidewall of the tubular member. In another embodiment, the
fluidic device is formed from a curved plate member that is positioned between the inner
25  sidewall and the outer sidewall of the tubular member.
[0011] In one embodiment, the fluidic device includes a nozzle having a throat portion and
a diffuser portion, whereby the fluid will flow through the nozzle at a critical flow rate. In
another embodiment, the fluidic device is a two stage fluidic device wherein one of the stages
includes a nozzle having a throat portion and a diffuser portion, whereby the fluid will flow
30  through the nozzle at a critical flow rate. In a further embodiment, the flow path includes
first and second inlets, the fluidic device includes a pair of nozzles cach having a throat
portion and a diffuser portion, whereby the fluid will flow through the nozzles at a critical

flow rate and the nozzles share the outlet.
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30 BRIEF DESCRIPTION OF THE DRAWINGS

[0015] For a more complete understanding of the features and advantages of the present

invention, reference is now made to the detailed description of the invention along with the
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acconpanying figures in which corresponding nunerals in the different
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appar at USEESRBAMERITH 819 mdithe flow rate of a fluid during downhol e

operati F[@@lﬂccpirggfeng 5% cRMmaBEROHIRN offa W&ﬁ @Qt%ﬁlemcldd :%eﬁlt{ilﬂ'ﬁhty of
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[ 0017] ure 2 is a cross sectional view of syste cl udr ng
an appar @paetysey for epntradiing thy flomeratd ofie fluid élut)flg éotﬁfllhﬂlfdomlong aghowhinpioe

oper |%}g%@ge&gﬁghggthtcg,rg&temg%ﬁrent of the present invention;

[ 001 'S a cross sectional view of an apparatus for
cont r ol | 067]t hElgﬁﬂeoi?le at@owsf seatiddf wigwd oﬂarwetg s yhoanm tmﬂhe:lmg)em appameS for
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control I¢ﬂ‘tgepﬂe@nﬂn®wltfoate of a fluid during downhole oper at | ons
accordin io an. enmbodi ment of the present I nventi on;
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according to an enbodi nent of resent 1 nvention;
[%019] Figures 4 is a side elevatton of a 90 degree section of an apparatus for controlling

the flow rate of a fluid during downhole operations according to an embodiment of the
present invention;
[0020] Figures 5 is an exploded view of a 90 degree section of an apparatus for controlling
15 the flow rate of a fluid during downhole operations according to an embodiment of the
present invention;
[0021] Figures 6A-6B are an exploded view of a 90 degree section of an apparatus for
controlling the flow rate of a fluid during downhole operations and a cross sectional view of a
fluidic device for an apparatus for controlling the flow rate of a fluid during downhole
20  operations according to an embodiment of the present invention;
[0022] Figure 7 is an exploded view of a 90 degree section of an apparatus for controlling
the flow rate of a fluid during downhole operations according to an embodiment of the
present invention;
[0023] Figure 8 is an exploded view of a 90 degree section of an apparatus for controlling
25  the flow rate of a fluid during downhole operations according to an embodiment of the
present invention;
[0024] Figure 9 is side view partially in quarter section of a fluid flow control device
including an apparatus for controlling the flow rate of a fluid during downhole operations
according to an embodiment of the present invention;
30 [0025] Figure 10 is an exploded view of a 90 degree section of an apparatus for controlling
the flow rate of a fluid during downhole operations according to an embodiment of the

present invention;
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operations accordi ng to an enbodi nent of the present invention,;
apparatus for controlling the flow rate of a fluid during downhole operations according to an

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

15 [0030] While the making and using of various embodiments of the present invention are
discussed in detail below, it should be appreciated that the present invention provides many
applicable inventive concepts, which can be embodied in a wide variety of specific contexts.
The specific embodiments discussed herein are merely illustrative of specific ways to make
and use the invention, and do not delimit the scope of the invention.

20  [0031] Referring initially to figure 1, a well system including a plurality of apparatuses for
controlling the flow rate of a fluid during downhole operations positioned in a downhole
tubular string is schematically illustrated and generally designated 10. A wellbore 12 extends
through the various earth strata including formations 14, 16, 18. Wellbore 12 includes casing
20 that may be cemented within wellbore 12. Casing 20 is perforated at each zone of interest

25  corresponding to formations 14, 16, 18 at perforations 22, 24, 26. Disposed with casing 20
and forming a generally annular area therewith is a tubing string 28 that includes a plurality
of tools such as packers 30, 32 that isolate zone 34, packers 36, 38 that isolate zone 40 and
packers 42, 44 that isolate zone 46. Tubing string 28 also includes a plurality of ported
assemblies 48, 50, 52.

30 [0032] Positioned within tubing string 28 proximate each of the ported assemblies 48, 50, 52
is an apparatus 54, 56, 58 for controlling the flow rate of a fluid during downhole operations.
In the illustrated embodiment, each apparatus 54, 56, 58 has two communication ports,

namely communication ports 60, 62 of apparatus 54, communication ports 64, 66 of

6



[0027] Figure 12 is a side elevation of a two stage fluidic device
plate for use in an 5apparatus for controlling the flowrate of a
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vari aus ' _ sept i L1 Qns.are. di Scuss ion. det ai l
ol ony i FOSRch MBhE s bRS, BRESCRL (hiNiaRb, Okl aCRECS, S Bl
many applonmablietivmwethtanveldahaap 84, 4006 eld canrehmndingdotinetion 04,a6M&e

i et j £ i texts. Th i fLc enmbodi di d .
hor ei n’ dPWSHEFE Frfaleidt toh BPahiar b DS Moo e ot Deaerion
i nvent i ofte cRadluitDinflts EtebpontingFermsian a4 ,0fo, | Hehénne Musqhted 2QhAARiEdtion

Referring initially to figure 1, a well systemincluding a pluralit
of apparlrtydlso3. & ey 6(? Aty outheds.f Feyugxpiple, Bra dieq inieplign eperation, eac

downfyo! e;ppRekat 40Ny, PRSI iRARdd 10 adoweRah et Hbuk ak Gtd iof*qu el to, s

schematically illustrated and general |y designated 10. A we
ext ends Oresging hermatien dbsi bed8 itha predeteaminertaraaling thaf trhasad upos thedsuppl,

18. well ' S LN . nted. W t hi n
wel | bor 13 SRR el N (RN W REREPA ARG Jie of
cor r espapgamigsdso54,066ra58 @nsbldda Dhfrolldl distribatibrorodtthe a2 int@4he 2@rious

Di sposed, wi th casi 0 and form ng a general ly. anpul ar area. .
Chor our ciihabeS FEURE & P linebSl el % 8 e ieS Al i asigpetow.
suchisas Aeskaively3eachIgpdritas 54,58 58 thay 0B@scdko cBMEH hSprdbuctidB rdidat a fluid
I sol ate zone 40 and packers 42, 44 that isol ate zone 46. 'I_'ubl(g%
string 8O MEEOTTSIEP fosmafiagy 14y i €.\ 8orhep dha ilgstipiedcppmusication pa, 60562,

30[ 0032]64Pg8 dgi, PN ES aWiribts. N Ak URBRE Herlafih, 2BnPHBXLITRES, R258 nfly vk RiSed to
ported assenblies 48, 50, 52
control the injection rate and the production rate of a fluid to and from its corresponding
formation 14, 16, 18 when some of the illustrated communication ports act as inlets and other
20  of the illustrated communication ports act as outlets. For example, communication ports 60,
64 and 68 may act as outlets while communication ports 62, 66 and 70 may act as inlets.
These and various other configuration of the present invention will be discussed in detail
below.
(0034] Even though figure 1 depicts the apparatuses for controlling the flow rate of a fluid
25  during downhole operations of the present invention in a vertical section of the wellbore, it
should be understood by those skilled in the art that the apparatuses of the present invention
are equally well suited for use in wells having other configurations including slanted wells,
deviated wells, horizontal well or wells having lateral branches. Accordingly, it should be
understood by those skilled in the art that the use of directional terms such as above, below,
30  upper, lower, upward, downward and the like are used in relation to the illustrative
embodiments as they are depicted in the figures, the upward direction being toward the top of

the corresponding figure and the downward direction being toward the bottom of the

corresponding figure. In addition, even though figure 1 depicts a well system with a
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is an apparatus 54, 56, 58 for controlling the flowrate of a fluid
during downhol e operations. In the illustrated enbodi nent, each

appar at us has two comruni cation ports, nanel

comuni cat‘?’?ﬁ“%@?fé%& 62 of apparatus 54, communi cati%‘ﬁ”%ﬂ%ﬂzﬁﬂ?
66 of WD 2011/126617PCT/US2011/ 026190 apparatus 56 and communi cati on
ports 68pariléulaf maghearcitieaedHs: sidulEkpluatasdod byaheRt &illddeiaink datehﬁwme
t he communi cati OE)Fports of each apparatus form F“&F‘)O”I on of a flo

path bet WPBRUSHBIOT Aetipdlingae dav dpaef afluihdirgsiaranels opeadansef 8k Iﬁ‘éieﬁt
i ncl udesingertiohiagh €qugl¢}ybv€§ shift@lfo &e?ﬁr%ﬁ qlﬁdin@‘atgpéa&r %hﬂﬁ%rlles%r ntuﬂﬁ)er of
apparatus and is operable to control lowTrate of a flul

travel i ngpnehr olgn evee sk Haws. l/dgpﬁcml @mataraa:seﬁ hadingra afppalrlat msmw of

5%, o L APTG99 A PS80, i P

each appthe atttisat Bk, appGatus8 fomonbellmg dat floov condfrofluid Heringndaathbropeatiens

of a fluid,into |ts correspondi n on 14, 16, 18 when the.

1 st r ot'aht Bl i e R B g uSF tecpmogigicat pay sxpqciuged Wit each
outl ets. zdﬁ@hn(ﬂﬁ&ﬁﬂ@h@mng difeerétt Qﬁﬂbb@]cﬁ%bh@ﬁnﬂﬁﬁétﬁbb@ass@@&&i wil different
apparatus 54, 56, 58 is intended to deliver steamfromthe surface of
the wel | 2985 t corresponding formation 14, 16, 18 in a predeterm ned
amoury  tpassj Re i 5

char act el*rol stics of he e%%ed%&?éﬁogﬁﬁﬁ %egﬂpa%sm% fg%%g%glr%?ggggﬁr
54, 56, BB dadhicduiragdomnhale bperatiingof theprésort infentiorepasitivaed withio atthleular

oscri bet 1ot Saeal dedtmet 18, R EOMRIFRE) (BRS, O sBh 109 Thdilier &

54, 56, mfplaayemblyubEd atpolisedtbon retdpeact mﬂ,uatpootad ammbquloa anH i meblibliedm

its correspondin mation 14, 16, 1 he,illu

comuni C‘%og?aeﬁ Iﬁ%&? iﬂ%ﬁwh ggWhgh 18 %Eé{g“%gto 1‘?5"% ' ltgglpl?fﬁ?fgﬁ @0 ASPRAFESHIA0
al t ersnatinyi@deseaGippaipanatots 134 [akb aseMbERylDaclugiag a phralpbf ainemﬁlgers
injection rate and the productl on rate of a fluid to and fromit

corres polnlér hgaokBieAstsy 118 melyding paciiingstack 200t flpygontrql @é&eFﬂé?iYe‘c?z and a

conmuni Gakkiap «RembS @qtm@,ﬁﬁé%a%kﬁq c8fgk e3dier 20 of the illustrated
communi cation ports act as | ets. For exanple, conmunication ports

60, 64 dA03ES8Imeneration, appawtus! 180 snayHiel ren dsenthenive ioreoem pomvsyadee sieb aand
70 ma ri f| on. of e

prese%t 6\?1%?/1@1%1 %lomrlfﬁémglﬁo}-gcg% @glsg%dm?nﬁlapi ﬂrup eglnto [Era%f’ﬂf 1}n?‘h As
t howdph fdpgames ]lOﬂeplcoﬂ\&ytd"lmtmpﬂmt@SmS@S 02 ozrppamnisrlm)bl ik mgeeiveed af tievpropdre
of a fluid,. 25 durin vvnhol erations of .the, present .invention in
2 verti daraio herh g BRRRBR fbsBREn § CoRRBaNiND BitblrcenaTsd tyendn Bich

ski | | ed dsgenitte 184, tTﬁlba{terh&ﬁm&n@% ArtbHeapafatiste 10U RSAN thioA¥R BértADniRpR
equal ly well suited for use in wells having other configurations

i ncl udi rA§sestblise 484 wathout lagrbipgatusly ﬂ%ém@tiplﬁ@pp%tﬁﬁeal 10Qenay be insalled in a
havi ng |\§‘éi?%§keegr1§ﬁ%5&%51 WREPFHLDE Mo thé ?esﬁ@&’ Y é)?le%s#ﬂbqlf 064, 9eh ?%%nslbly

those skilled in thé art that the use of directional terng suc
abové, bldHowguressppagaerl 00 Mathar fubuipx/\arldg 1ebwimhisgositidn,tackihg kscmbly 118

oot ik SURLEPD, defuldithord IahIR |0 TROBL TR Rl Iy AR SRlSleq

in the figures I on
corres pd:mh regefitaael i &0 axmtl thitepadioing wartis i, 26 isen rispedigelyomatt golished bore

32;} g{n s %gceiﬂgglleg gééflj ﬂ1on guaius%%gl%on ! trl.lov;?1 ggﬂtltoll gg]sem eﬁztlg g&l gpen]; !coglgjorrt%dl
assembly 108. In this configuration, packing stacks 120, 126 provide fluid isolation for flow
30 control assembly 122 and ported assembly 108.
[0037] In the illustrated embodiment, flow control assembly 122 of apparatus 100 is
configured for fluid injection. For example, stcam from a steam generator (not pictured)

located at a surface flows through tubular string 102, depicted as arrows 128. A portion of
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WO 2011/ 126617PCT/ US2011/ 026190 parti cul ar nunber of zones, it should
be understood by those skilled in the art that the apparatuses for
control li r\% the flowrate of a fluid during downhole operations of

n

the present %MVEA84%6n are equally well suited for use iFFREPIIAZPHg

a greater nunber or |esser nunber of zones. Al so, even though figure

1 depi ctific 3R VIS aBrohgl A8 @Rl LshtbIAN 22 UAD Bbrt@f asséms1 MBI NApahddOR
ports associated wth each zone, it should be understood by t hose

ski | | ed aFP%shb30ar The FrRamaining parion ofithe gisam seniwmiss o Irye gopmEariln frpughe
of a fl uhguidusiing 1@9%&9&&1 APGHBLA NS, Ar bR %%%se ﬂeﬁ%hbému@ywo

have any nunmber of conrmunication ports assoclated wth each zone
i ncl udi nge#ied/fartherdiopnbelent nunbers of communi cat i on ports associ at ed

with d nt, .zone e tg,figure 2 therei n
depi ct ealf g%ﬁapASar gtt Ecgn]fpoéjpcggg%’r gﬁ’ Jon agg‘?‘ﬁ&% r at IfmCd o dg(&lc%'alfﬁg
downhol etubq:iarlaembe’rswéfthat thes pheis ef\ﬂow rpaﬂmtlB&nEpﬂsﬂmw padd 3Wuﬁd1md”a:s an inlet
t ubul ar ng .and ne I esi 100. In the ust rat.ed

Socti on, BBdRdpsHERGl TubYndaF oS 12 if pppuehstarl A4 GABYE member
pol i shedi3aomack eﬂ@paa@d @teﬂ@lg},of@etﬁaﬂ a6l casepoiling Bt mdnahmldlsih@@hon
bore receptacle 110 each _of whi is designed to interact with

appar at & Mgar mepbsrdeds Fludic dEB‘C?MHWHéEe for pfflat plags v curyed plutes (see

| at ni
L0 O ) i G383y

assenbl yl 3@2231@1!1@ dvisat kithges lellamtuhutalrmmnﬂvg rb&tkfrtwgersma@k&d@@ll
[ 0036] | 0CRa" 0 p t Il bore

conveyanl B ACNaeTRPELE Berdiblyy R ol SRl ran Ms 8, ST RER, fife?
that i s deoicpd &b 4ndl inpgpaideaalh né hmt ou}ér&lde&&ll 120 oappatidithe pedfbict 8 fluidic

or oper  16AET b6 Bl roRhe nd s Rl BT YR il ebra SO Sey'et -

asselrbl yin 1&4111agtdnddaémdaﬁ@@ MHligic 8dAces Thb Srd REGERGAhRIURIAQNENIL N S8R
apparatuses 100 to, pass through certain nipple assenblies 104 without

| at chi ng 2k C?rﬁlaftlcmftopﬁr plaies 4% anto §év§dn9@ﬂm§/5%@f tpbpdargneralpr il 3¢ with a
vell, as)$88H df @etfs'cQqu 53. Htvéh&ﬂd e GiG0od By D& dSRIdMiftheiP Bb\glqlver that

assenbl y 104, latch assenb 114 secures apparatus 100°
t ubul ar fitidic rigvires 146 mahbs Spfalsfrdt wdthin pdmlar mgen:dss &t | usinfl 8thers techniques

adj acent Ckl n ass 124 1S
adj acentWE (;%ugg%ﬂ aﬁﬁlggﬁ(gg e r?m? %Sa%ltge E%ge suc fnc ﬁ@b@é%tg d'to,
120,201 26~adiag, p‘reﬂsrf&nng,\bpbyy, \Mzﬁshngmﬂwesﬂmdt barirg, rlm:eﬁélﬁ;@ilneﬁ at@ the 1IKED.In
Also int posi tion w . cantrol assenbly 122 |s adjacent

bor ted A0idRer e oasveh iy SSEE G URSE PEReFpAM & hens fackans A, fhese
provi de skliki Gh th@@ha&ln@adérgamf {heve 386 aeiit Al coarishehivel B AR @&rg%a@%h
assenbly 108, [0037] In the illustrated enbodi nent, flow controal

assenbl ymnep sidgwalh Ifh putersidevprl 144 osbpthi gured for fluid injection. For
exanpl e,jgg3oamJ §Metn FEHRR) SRAFLRAOfieviddAu6RAGIAEE Eddzzle 154 that has a throat

25  portion 156 and diffuser portion 158. Use of a flat plate or curved plate venturi type nozzle
provides for controlled steam injection at a critical flow of steam. Specifically, as the steam
approaches throat portion 156 the velocity of the steam increases and the pressure of the
steam decreases. In the throat portion 156 the steam reaches sonic velocity. In diffuser
portion 158, the steam regains much of its lost pressure. The resulting critical flow rate is

30  achievable using the fluidic device 146 in the flow control assembly 122 of the present
invention over a broad annulus to tubing pressure ratio. For example, while conventional
nozzles are able to produce a critical flow of steam at annulus to tubing pressure ratios up to

about 0.6, using the fluidic device 146 in the flow control assembly 122 of the present
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| ocated at a surface flows through tubular string 102, depicted as
arrows 128. A portion of WD 2011/126617PCT/US2011/026190 the steam
travel s through flow control assembly 122 and ported assenb%% 108,

depi cted a¥OABIRE1730. The renmining portion of the stBaHFRBHI2AILs
to travel downwardly through tubular string 102, depicted as arrows

132, forinveitRal 4 erikiday 16w B$ S64if 0in RNRALAINE @BankAfis kPRBIEGrdsailrd Fh%s up to
downhol e. SL 0038] As best seen figures 3-5, flow control assenbly 122
i s for medPot B therghypioxiding s gmiicear ctheiaperearsaverniior s goezlgsand sptents. ow
pat hs 13fyp4fpac

O Gove | 4G ah AetoRSfeds AGY sh@ ATl Tofheabiffind 8 Sor i Hommations

menber 13!43/ beadheved lusng R qogtrblaﬁssqr@hliey OBﬂIEsJererﬁtnmvnntlms Ekmr m@pftmdratﬁg

outlet 1 j of tubul ar e r 13 Fl.ui di c
Govi cbs (el L AL Naoflbl EREWSR Fou 6O BoRpRA oyt e Solftethor e
figure S5ipprapriate fleidid dévices dAsUNTIeAsiz®and Kegign BF @irsatl@Btid0 160 hhe difiké
to conplete fl aths 1 Fl uj di dewces 46. are.e ded within
bt ar e 4 ek e bERBLS! el 58 Frecibter 25 BUaiteER 6 TR AAM conial
Pr ef er abhggemSI9 @b bd Mphstdd. FHok ELEMpIEHIR: Use 6Rh&ERe5XBAMNG Il A GirdeYhiEiBSs
146 and i nner sidewal| 140 and outer sidewall 144 or around the

per i met eb>Gowilk yigldgs eedyesd mass flove rate comparechio thealia §é newrdrsaldd (hesing Hanger
flo ) heou i g

o merort PPt 15G keidh SO BY ek el dodcts Mekf Parelicl S ALAS,
via a bolatgsd nwen flewtiatsn Bhilodbensepdfafewsr fluicodavicea 186 dy ppratieli aringitng
of tubul | ural.i et..scr 152. I.t shoul d.
be unders%nlg}gg%ﬂntségégy\gwg C%eg i nfa4t6 ﬁréx%r? mls ot\l/\%l\slce)fwﬁ? na ntf?l&?sgfngyy will
devi ces hdld almgallbnemssscﬂmmadtewthl n tubul ar rrerrber 134 usi ng ot her

techni qu out .departi m.t he pr Ieso the resent

i nvent i Oﬁﬁ4w0| E\S‘i“ntaou%u%e ﬁg‘?"el q"ﬁ% "1“8 fl %’?@ COIHF &Ftﬂpi""n@te
epoxys b ShidGurihdYeSEIBRObpSARh BYihe Ipee%@ﬁt 1@%%1'1 hh\%rbeéﬁ'geﬂlaé'd hd Sing
In addition, even though fluidic devices 146 have be depicted as

being a walinleadudeppndent luidiss dovises thascrre irewrafesantially distrilwerdr att Hi9ddesrest
fluidic

51 dewal 1 RSOt il Siant, hkul e TRATbI G085 SR il MO &f thar e
5, each d4paiatlises efshé pl@semelv:emtcdnun@shaae nthzztcmf 1gBrhtiosadfl flvadic aevides @\aﬂhout

2 d d ff f f
corvad pardng ARG PUHET ind St Buditin, "G il a5 putied 8 e presen

injexnti omvamﬁa, @y hivealthet hombeas ﬁsﬂmailmdea@&clbc]{ﬂh gﬁhﬂeythaﬁlﬁnd hes hean thatd
approaches t hr tion. 15 the velocjty of the steamincreases an
The. ot estt ECuRCionlaly SAIHUHRE A AR T rickuoK INGHHS ot s PR@oer

st eam r ejael@inhg $9MhE aWRlghCHbiMic deDictl EdidiRialy RBSthltRANy hB&ut thdétidd §& Uegree
regains nuch of its lost pressure. The resulting critical flowrate

is 30 oRiffMERipIce ofdhagbulhemembpi s Ao example) # hoiescen swligonthollow
assenmbl y.ladl &Eer@gf 22%( gssfﬁ ed %Q?‘ef?&al fabuldr RFB@& ﬁﬁgbﬁlgrﬁghg%f{fé{%?{la

pressure ratio. con entl onal nozzl

prodifce porigen ¢f whikch fig siwwmi that basn peir efiaidliysligtobuterbflog ppthes Sactefloaipbihs

gg sfa?rblago tﬂ(}eos Oaf% 1{1‘?{%5%?@2%%{15&“5‘1 ewallcﬁwa% & %gﬂfl:trbél& qg a1f1 logt\évr 5%89\}:7;{110 £44 of
tubular member 234. Each inlet 238 is laterally offset from its corresponding outlet 242 in

the axial direction of tubular member 234. Fluidic devices 246 in the form of flat plates or
curved plates, provide fluid communication from inlets 238 to outlets 242 to complete the
30 flow paths. Fluidic devices 246 are embedded within tubular member 234 between inner
sidewall 240 and outer sidewall 244 and are preferably secured within tubular member 234
via a bolted connection of outer plates 248 onto a body portion 250 of tubular member 234

with a plurality of set screws 252. In the iliustrated embodiment, as best seen in figure 6B,
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WO 2011/ 126617PCT/ US2011/ 026190 i nvention, a critical flow of steam
can be maintained at annulus to tubing pressure ratios up to about
0.9, there roviding significant efficiency gains over prior art
nozzl es ang%s@yt/]@ﬁ@? [0040] The desired mass flow rate Pht/HS2411/026190
particular formation and into various formations may be achi eved

usi ng fl gvidiofddvicel 286 saabliichsleaf né2& PI€ERNKad BVRBLET Sittiod NS6 AAS Hiffilsew
rate 5 thro_ugr21 each flow control assenbly may be determ ned t hrough

the sel eBtTiEh28Y theharesptahby sraing |ty thnth selfndaesspf@ozan S rather dhra by
desi gn O@aﬁdﬂggﬁtwiﬁﬂwﬂtﬁ’é‘n&%@_a@ﬂ%igﬁ EUbYE bifAQEfetcRB: th382AE 154 N0zZzl e 154
as well as”the nunber of fluidic devices 146 in a flow control

assenbl yl0843 bRefgujngsteatito fimyre éxhagsineis depicted spotbér emazodineent 6 4n hpparatep
smal | er r I C 156 i k] yi d . mass.flowrate .
conpe ed!% SSRIIARLIEARS, Aot hlidfhuRh oBuh RS SRS THS B saitolsBl renion
156. Li kElnivs eonttoh easseseblpf3280isefdringd diean degbeedlyl 4fbulan peanbdrl 84 @rdly a

ield a l.arger s flow.ate.. il he use of fewer flujdic.devicges
Tae i o BorioBaticHhis i) the el ety iyt ted g8y nates
146 i n CEidhdlow paIk aicl@esainled 358 MwrCiandr stlewat S80birie wid flow bahd hBwever,

smal | er mass fl ow rate.%L{O,OM] Even thou/%th t he above enbodi nents of
the appat#iarscoyrongiet 342 insg ontsesidewsl 1atad tubmlagmember 334y Ragh inlgy 338 is

downfypl ela%pﬁryﬁ)tffset%mum 84PLEHE Hhial AMERS &%ﬂﬁ%ﬁnéﬁg& 388PA Gh&flc Bvice

having nultiple, independent fluidic devices tha

ci r cunf ed4rinitd foym @f & flpt e eda enrvadBPatdepyowdes thiié cammgnigmatiranhialets 338
t ubul ar > i t opd. se,skill.ed,in the art
ot IBEL 30 SO, B HSBIR! PRy sl S LRI B
conf i guratmbers3df befbesndinaerdedowad 3461 dnk aniter defeavill i34d ahd dspiclieatd piseduted

of the present inventijon,, For ex | e, an apparatus of the present . 20
nvent i ORI rAgPHIEVESTBR Rers i EPESh ronnpiog it cuiss LAtk S PR ek diprtion
t hanisand Joasgsubiula indmer BBAtviB LI kG OTEQ T8RN 352 Y PAESLUY, Pt ddtice 346
uniformor irregular intervals about the tubul ar menber i ncluding

e

havi ng ansfdes aain b narrdesgisd cadshayingeBroagposiais >t diffuperposiian 35§
g2 . :
entire 3(@4HCOREE L Y TSERACE, tg%,efnpﬁ g\%\?l@t% %ﬁotﬁ@‘%o%r@t gg%& ?@Jaratus

exanpl e, as best seén in figure _ control asse
formed fioppemrodjénsethalfloy tatebef] aafluiduintieg deguholompoyatins of thenfresesmniniaitios

portion [ i tha ir_of axjal di stripbuted
flow pat%é‘.vm@élg ifa?Soevﬁvﬁ ?at h2i ﬁcfoﬁlﬂgcg @Rp iaanlg% erai%S{ul%Hfagﬁn? S'ﬁeér Si g"é\%lal
240 2nd arumiidrbeial Bdi2ion f arhichuis ahown)d esvallhustZddd, afibuldi hdnstier ARMhey a 2134

Each inlet, 238. is laterally offset from, correspondi.ng outl et 242
Tt he iR bnPEdssnE 418 B amer sieesll MR a00 A Bede ]

the formaaf of labuldd Mc@sbePr43qUr VIRt ML @S latOb DY | fRef Ifdntl R@BIMUBD CAL kRN
frominlets 238 to outlets 242 to conplete the 30 flow paths. Fluidic

devi ces PuBMEEntahpeiraetipniph tibwar mewber 43fe ndffuidig sleyise fdein thenferm of a
st deval | bl jig i iR it loigtbndfis RIE 4B 8 S1iRPA SIEHERE Ht BN
ates onto a

tubul ar menber 2’ 4 via a bolted connection of outer p
body23porpatto rFIg8E dsivict ¢ié iscambedddseritti@ thbwlat meabp 43t diciwopn dines gitlevedlr £Mis

252. In the il ustrat e di_men as best.  se in figqur B

2011/ 12kl b VBYH 5 T8 SRy Ao S PO RRual it oo p Boted

nozzl e 2bfnéchiah ohaserplith AdGbntp artotdP Por2ids 48Mef Whilhunemnberai3t wath afidality

that are created % ing the.depth or thickpness of npzzle 254

rather tHaf" Bgfe\var%?-ngffr%/%@%w, Ef“ﬂg‘c‘nde‘t’lﬁ% 45 ekag RRFBicC e dhayisv thiptth

ref er engRriidh 45824 QithRér pdr@iiids. Referring next to figure 7, therein

i s depicted anot her. enbodi ment of an apparatus

30 [0044] In addition to controlling the injection rate of a fluid such as steam into one or more

zones of a wellbore, the apparatus for controlling the flow rate of a fluid during downhole
operations of the present invention may also be used to control the inflow of production

fluids. For example and referring to figures 9-10, therein is depicted a fluid flow control
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5 for controlling the flowrate of a fluid during downhol e operations
of the present invention. Flow control assenbly 322 is fornmed froma
menber 334 (only a circunferential portion of which

general ly r
i s shown) %‘ﬁ)a:’t%lﬁ 611 pair of axially distributed flow pBtHEUS20BARA0
flow path includes an inlet 338 in an inner sidewall 340. The two

f1ow pat hssicehgusenelp toStharBesantCiaddion bt i trepidséniativedy iQistreed Shal @uRdrhlly
344 of tubular nenber 334. Each inlet 338 is 10 laterally offset

f r om out flesienates 500, Flyid flow spntenl devies P By bewtitehly crupledio aysy similar fluid
fluidic feyicesraldRvicss, the a§99ﬁ1M1&f pﬁdﬁétﬁh tﬁ)!!nﬁ'c{r? oPEth@r @d‘é&n‘ﬁ%g tQJ)l@ttcgfonn a

provides fluid commnication frominlets 338 to out
conpl et etubig stiingw fheid Hlow qmnuiplideyicd 609 éslaiasa S@dsnme@lcremewetchomsm and a

;lrjrgu: A pﬂg‘gte? (Sr%g@%%n‘?ﬁ%n §a ﬂ%&ntf 6 gcg %@A icc ggﬁgfg}fa;suztlaﬁgls%%]]dcontrol

connect i mneamfeIGmmEOr fltea treed B8 sk @ aamhmh;ap pcreén emovéﬁwa‘é(ﬂwslﬁ sdrebimdral[e

menber 0 re 352. Prefer C.
Govi ce e AripReSat Pt s hod @G aitenprony e Hhi salncient
porti on gzbframdloshifid mslemrmgrht 10 Fhe3 Bfstralcd @Abbdirehe rpratect V8 ¥litel ShrbhdsUee
8, therein is depi.ct ed anot her_enbodi nrent of an apparatus for

control | liwrrgl%@urdilaw patieragensp 0B is pesitioned HguRoR FUFBOIES diedftlfes medigm.
the pry esgplsi nFﬁW ﬂe&ﬂctoF E&Woﬁ: Qpd fsoéonﬁﬁﬁgm Yeriaé %1&1%&5(9&{%1 EJrQerﬁ' S%ct on

gener al Ig/ t ubul ar nber 434 (o circunferentl ortro
whi ch i s5@hangh that ﬂsﬂdr mu&jwrsath@@lgh s@ﬁmoatrolrmwbeﬁecmem Saéq;nar tblemerpgchw

that Tncledr 3ol Bl H8! lsiliol HIFbn SoH WAl des 100209, A0.0 416 0t

in an outer sr menber
| at er al | houwsing S0 dbﬁmmanwhhwlhr @Mﬁlbems Pheitlc base pidecd 1dntBaat bipe dil 4 ehidesat

of tubul.ar nenjher 4 ui dj evice 446 he form of ved

o at o1 B PRRESY i ol S S RehiiEs an RlcLe e s sewal! Shbsipn
conplset endtres1d pwndbn@atddwalflsed Of Basel@ipea4 44fict S sashefa8omict BbM outlet
t ubul ar nmenber 434 bet ween_ inner sidewall 440 and outer sidewall 444

and is prefBrryel duedioad! Rrsemine tidot Bridicedeice 248 G form G Badglate or

connecti f t r
oo 0 SR Py BB g e N0 58 B8, by g

devi ce 4ppeh ﬁhﬁsl Flaakc devinsZ246ds d@heddad'm@lrabashpmatSlﬁ)d)cMeemumsﬁmémhll 524
di f fuser h 0 i cantr i n
i njecti oar%Tla %a%éegoF égﬁ?%&% Qﬁiheréﬁy elgtrtri1 I'n o&gﬁglpgPq%}rﬁraeaq’fgtﬁggowc%?n
vel | 26or eof dutee pappEdSatntsa baty Imﬁmnrijl()lotf bapetpiye: S1kovithraypleratify of sétl safeths 532,
during ti t he prese nvention al e
o cont rOPIERHRY (HRFOAFAe 0B GTorAGIos DeGH & éssmpéwaéf}gragﬁ? iRt
to figurgsti@rdd®. therein is depicted a fluid flow control
2011/ 126617PCT/ US2011/ 026190 devi ce accaording to the present
i nvent i d%tlatRefeming mextsterfiauns Voithereip) iy denieteda t\aﬁ@tageﬂerdw dayice plate for
desi gnat,gd 1§Q@apf l'dt'lls‘:t‘of !:&Woﬁ gttﬁé)h \93 L 6Fa AOM glagwﬁl'rrgn% @124&":10?19% fd
to other simlar fluid flow cont ro? evi ces, seal "asse
pr oddfct |memubtdleag@t@r 6@11 h@dundiovdqrhmb 09 apiys be aisédo tom'@lapcr tanylg)f she iabaye
Fluid fl t dev sasandcntr sec
500 ana Sl Rl GEHARCHBRC il Hel it R BT b i G
502 i nclanses sabssantiaBp leenssmn gresund eakrisg teatzel e ripadificalyf fAhidey deﬁ?ﬁﬁlm
such as .a W,re w a??scr.ee a woven re rresH scre@;} or the |ike,

e

desi gned™¢84ss| AnWRAKE Grein 602 @ oSttt DRRGE GRABRA §9F e & SaRsiiion Fegion $fe

matt er Qindsolile beNincRidA afthiem oM 19 hHh 8 LERREYWon 612, t he
illustrated enbodi nent, a protective outer shroud 506 having a

pl urd®l i tiP06H Jesferspamesie fBus |13 thwents deniciecas duatagh Buidie davicgplase for
the filtge iABAiMRatus for controlling the flow rate of a fluid during downhole operations that is

generally designated 620. Fluidic device 620 may be used to replace any of the above

described fluidic devices when it is desired to allow only one-way flow through the nozzle.
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10 [0045] Flow restrictor section 504 is configured in series with
sand control screen section 502 such that fluid nust pass through

sand control0 screen _section 502 prior to entering flow restrictor
section 50¥O PI¥K4 st rictor section 504 includes an ouReHURSLILRAGO
510. Quter housing 510 defines an annul ar chanber 512 with base pipe

514. Basgpifiellp Fhidipatuetes0ahclh@ash i@ rkdionepahbn&lay vEvewsspably (246
includes an inlet 518 in an outer sidewall 520 and an 15 outl et 522

in an i nhERSEASREPT 039 andy3 nezzlecb28; ipduding a thrpat pertiongd3p ang a diffugen gertion
offset fggmoutlet 522 in the axial direction of base pipe 514. A
fluidic device 526 in the formof a flat plate or curved plate,

provi desl00#8]i dRefsringniaxate Giguics dir lidnlthereis k8e tepictead laepairseD twa stegarPhisice

flow path, k i.di.c. devi i wi t.hi n. bas i.pe .51

betwean ey blaeks Mt BifindG AbEEaE fyr SoGIEE AR AL G W ot PATE Pl
secur ed opcrdtions Hms erepicperaliyl desigrated d40|ahe G600 Fhadit idovicesXi00dind b0 atiay be
plate 528 gnto bod rtign 530 of e.pipe 514 with a pluralit

of set s'é%ﬁg\rl}g rﬁ@ﬁ‘fe #Yeggf%%gﬂ"ef eﬁ?r&’ieaa}fi’lé@lg V'\‘?%“’lhﬁ’éllh&eggge 6‘}fF%te
534 havi frgfetentiblr D6\ dpedtioh 8ty 536u@ntle dbiAdiSSfecTRANY, IMidS8evidc b reates a
Ref erri ng npext igure 11, therein is depicted a two stage fluidic

to f . . i !
devi ce pPateEeHigl Roweyestion fiptheif dp UEvelofromorake | aeanfrd Heortfispdrtat Bluisk
a flyd Mﬂ@%o@ﬁ%ﬁlg%%n%ﬁ@ 5@5 69D Gatdlhrdudn tk?{éatg)%n%faéz;h%n&la@ggg%%n

600. Fl uidic device may be used to replace any of the a

descri beePOfthen ehiters pessagayayitiemni is dischdegsi ind chanltaGpén Onps inr damber 654
pressur ey diqf . . . t i al const.an ressur

et or i gt CESRTEREIEEP B e R BldbiRaL PR BR R B e
i nt ake regésaf r6@2se fowyrhesswerewhanihed iemgrschadib devieDeH0 A oul@redi fdueno the

regi on 606 and nozzle 608 i uding a throat portion 610 and

i T userQURE Srebramas sy PSherarionly PREREE dEPDr fegtiean Hhhepe; 654
i s depi Clﬁﬁcﬂ'eﬂiethéﬁt@lﬁlQloiilbllS@b‘ﬁagﬁs’éhﬁ%ﬂra?Bai.e for use in an apparatus
for controlling the flowrate of a fluid during downhol e operations

that is G8#dr a¥irylaguesiiyfiadericn S60 creptgy apeelerantial Bowxirentinn foe fluslety trayel
replace @a ikt 66LiARReAGRE" BRI NIAMLAP6E G MR o2 ank FraUES iR
to allow only one-way flow through the nozzle.

2011/ 126617 rRdiitipsd Mrassorelre tSprensitianc aeh 70 fandiigiocnodelyi67@ 6610ding throat

1o AR SEULIMRRR 8, SRERENTRLHE AR RRR A P o
and 20 difididis eevipo 660 anex@3Rea 664, it travels through nozzle 672 and transition area 670 into
chamber 666. Due to the swirling effect within chamber 666, significant pressure drop
occurs within chamber 666 before the fluid exits fluidic device 660 via inlet 662. In certain
embodiments, fluidic devices 640 and 660 may be installed in the same apparatus, for
example in parallel with one another, so that the apparatus may be used for both injection and
25  production operations, wherein preferential flow directionality changes based upon the
desired operation.
[0050] While this invention has been described with reference to illustrative embodiments,
this description is not intended to be construed in a limiting sense. Various modifications and
combinations of the illustrative embodiments as well as other embodiments of the invention

30  will be apparent to persons skilled in the art upon reference to the description. It is, therefore,

intended that the appended claims encompass any such modifications or embodiments,
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[0048] Referring next to figures 13-14, therein are depicted a pair
of two stage fluidic 5 device plates for use in an apparatus for
controlling the flowrate of a fluid during downhol e operations that
are general ly designated 640 and 660. Fluidic devices 640 and 660 may
be usedvhat iseRlimed iany of the above described fluidic devices when it
is desired to create preferential flow directionality through the
nozzle. Specifically, fluidic device 640 creates a preferential flow
direction for fluid to travel fromintake area 642 to outl et 644.
Fluid 110:pabeiritid R0 Z&Ro1RMS tR bW akeof

t hr oat Bﬁ&% gﬁﬁ648 .and dlfﬁﬂger portion 6%gﬁﬁﬁgﬁﬁggﬁgﬁgﬁﬁggé@yg&g§’ﬂm
652 and 'H S%Hg?ag% i nto chanber 654. Once in chanber 654 t he f|UId

exits fl i.c device 640 | e additional pressu r thro
out | et aciinERlietvie » i pat bt TibinapEPHen RRoRT b B dremis

f1 ui di dhesBow pathgaguding gntinlet angan ougaiethaicare heseralky pffset droef ¢ashtothwiry dnidn
chanber 654, significant pressure drop occurs within chanber 654
15bef ordluidie devige gostieradsn e 0w pathereieenghe iefewe yhaodlct, 1boAgitlic device

Sini | ambmpnﬁlhgladplatedmmber &6Pcduee atigsn ThddfudlRE eidnir betvadin dhh& CAnldoduter

for fl r r
chanbelrgldé %}ﬁnﬂé% iga g‘: ﬁhv}%?go e g %lélﬁ%l&%?? épacf@lgltgcarmoq tie flow
pr essurde af fs }?% W44 670 and into nozzle 672 incl uding
throat portion 674 and diffuser portion 676. In cases of reverse
flow, however, when fluid enters 20 fluidic device 660 at exit area
664, it t avels t hrough nozzle 672 and transition area 670 into
chamber- BBBAPRIRNT & ALY ¢lpith § whered thejnteh isnindhe e sideall of the tubular
si gni f imsawher pnétewndets apthecnter sidaivahiofitheHaldier m&6berbef ore the fluid
exits fluidic device 660 via inlet 662. In certain enbodi nents,
fluidic devices 640 and 660 may be installed in the sane apparatus,
for exanple in parallel with one another, so that the apparatus may

be used. The afyetrdtus oy weitedin daich 1 Aheio thechico s iapks ﬁtbﬂﬂﬂewéﬂh@f ik Bubular
prefer %ﬂ&k abd Qlwogusﬁgm ) Gk KidERANAE @At HAADe Ne desi red

operation. Wi | hi's I nvention en scrlbed W th
ref erence to |IIustrat|ve enbodi ments, this description is not
intended to be construed in a Iiniting sense. Various nodifications

and CO@TR@E}{B}%&&%@JS IIBEE‘?ed' 1.ln|c'fh§ rlaﬁrh%(r%%letﬁpgﬂé%ﬂttﬁ? 8‘1&1&9’2& 1af3Fal ﬂr}fsetdﬁ?lﬁ

enbodi nme arent 'to persons s

t he ar Fa'%‘p%her lﬁfléﬁraé‘h%éh’ieﬁt“?% g%EJ@P aﬁp}eg}peq t is, therefore, intended
t hat the appended cl ai ns enconpass any such modi fications or

enbodi nent s.

5. The apparatus as recited in claim 1 wherein the inlet and the outlet are laterally offset from
each other in the circumferential direction of the tubular member.

6. The apparatus as recited in claim 1 wherein the fluidic device further comprises a curved
plate member positioned between the inner sidewall and the outer sidewall of the tubular
member.
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What is clainmed is: 1. An apparatus for controlling the flow rate of
a fluid during downhol e operations, the apparatus conprising: a
tubul ar nenber having a flow path between inner and outer portions of
t he tubul ar nmenber, the flow path including an inlet and an outl et
that are laterally offset fromeach other; and a fluidic device
positioned in the flow path between the inlet and the outlet, the

fl lrjrl) di . dBuiapEaraRERE irsdiRE i cmiﬁtpwl{&@i?lel lﬂle%m?&f ﬁ%?ic%“fﬁlme? chRPritedarhéyzle
nmenber . A i_dewa .ubu er,

wher by A7l actdof BeigR Bfia 3 flect bOTHR, W BerBhoy It Tulid ML Top b he pozete
the fI @ &cHtsdgN e flow path. 2. The apparatus as recited in
claiml wherein the inlet is in the inner sidewall of the tubul ar
menber and the outlet is in the outer sidewall of the tubular nenber.
3. The apparatus as recited in claim1l wherein the inlet is in the
out er S dégeAPPagfust dsereeitdsuitaelaime thwhergindthe Hividigt deice further cdmaprisenertwo
Si \(;Iw(?lmalstageﬁllﬂdie devibeiivhereireoiest. the dtagdkhitclaggad Adazse RSideLiked pioﬂmhl e
1 er e ke I - c

ot her iRl Bortibh Sin@0s iAo @ifiob i eBoaficdl d ithed PORLERTD |
as recited in claiml wherein the inlet and the outlet are laterally
offset fromeach other in the circunferential direction of the

bul . . . | ai ) h
oors T5eRgieye  RASSIROREL.680h 0L D R AL Pl

ur .CO rrse A .
bet weeVHEFAN it Bpidig gwﬁ Hprﬁﬁa ORI 4Pl PHBOEALSS GHFh hRkIng fhibreat portion

menber and a@iffilee papivay whersbushe feidtveidl flow dirangh thewloezles at 4 brétidal Aok rate

devi ce ahdhBRin 8RHRBEZISEShadse hedatle having a throat portion and a
di ffuser portion, whereby the fluid will flow through the nozzle at a

critical flowrate. 8. The apparatus as recited in claim1l wherein
the fluidic device further conprises a two stage fluidic device

wher ei N0OAR aPparhtds f&tﬁgﬁguﬂngqﬂé@ﬁ@& réte %?ﬂéi&nﬁ&pqﬂmaa c;]o%ﬁlgka fteﬁgaﬁo%[‘ the

andagifa{‘r er. OI‘-é[-IQI’l, whereby the flurd w | ow t hrou

nozzl e “BRIRRFYTPEEIET | ow rate. 9. The apparatus as recited in claim
1 wherein the flow. path includ irst._and second i.nl et wherein the
f1onar 8 et Be Rk Ay PeBbeldshiintoand G557 BartiBat the Hibuiy: pember,
t hr oat thsoflew eathdneludingjanfinisiein angnndr sidewal of drpytubhler fmiember and|dn duttleiin an
t hr ougbuteheidewalt bétheatibdacmembethed ihwatidite oake: MedBi dtfseh GoM0skzh Sther;
share the outlet.

a fluidic device positioned in the flow path between the inlet and the outlet, the fluidic device
comprising a plate member embedded within the tubular member between the inner sidewall
and the outer sidewall, the fluidic device including a nozzle having a throat portion and a
diffuser portion, whereby the fluid will flow through the nozzle at a critical flow rate.

11. The apparatus as recited in claim 10 further comprising a latching assembly coupled to
the tubular member, the latching assembly operable to establish a secure relationship between
the apparatus and a downhole tubular string into which the apparatus is inserted.
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10. An apparatus for controlling the flowrate of fluid injected into
a downhol e formation, the apparatus conprising: a tubular nenber
having a flow path between inner and outer portions of the tubul ar
menber, the flow path including an inlet in an inner sidewall of the
tubul ar nenber and an outlet in an outer sidewall of the tubular
menber, the inlet and the outlet laterally offset fron1each other

and a fihuirdi Qﬁr‘!th.\geas%&'téd anedish ot Rembl o a‘ﬁegf‘ é%, 11%5
’ésdlﬁ‘?

and the outle ce ri

o i nPeREOREh bR APPRIR S thuibe fobYIE Pl évealflpg PR e o
si dewaleptablishea fsealingi relationslip hemqmdthﬁgap@amzm@ malewnhols tbulenstring into
porti owldeld tte afiphfansels ipsdrtcdpthe pdeRingbasséhislids! prodidgl solfationvstidl @ide Auid

the no%ﬁ’écﬁ 1‘;&(}1]3&&15 thi GRtef EOH rfﬁﬂ(? conﬂ'&umogﬁﬁ%avpﬂ?ra?tl%ﬁt ao%er(ﬁ%hﬁl%dof the

claim 10 rising |'at chi ng asse cou

t ubul a OWEﬁﬂ ‘¥ﬂ€£$5¥chlng assenbly operable to establlsh a secure
relationship betmeen t he apparatus and a downhol e tubular string into
whi ch the apparatus is inserted. 12. The apparatus as recited in
claim urt her conpri.sing pair of packing. assenblies positioned
on oppglg' jﬂé“salmaw&s gSiregitrd 1f &E*&Palp VHhsweiB the Rydicienier durthes sempripess curved
oper ablpbit¢ mepstealpopisihned betaicemdghe einat istlewhil mn eheveater tshiewal peEfr tht Usbular
and a deumdwl e tubular string into which the apparatus is inserted,

t he packing assenblies providing isolation such that fluid di scharged
fromthe outlet is in fluid communication wth at | east one opening
of the downhole tubular string. 13. The apparatus as recited in
claim3g M@aﬁsaﬁlatwﬁs Pécﬁbaiﬁrpcﬂﬁﬂu@%éfém «fpﬁf&fﬂ&)&éﬁ@éﬁ&m%%&ﬁ iRk %tt%o
nenbersa htg@n ] bet ween the inner si and the outer s

of the YiEbUIE? #Ber 14. The apparatus as recited in cIa|n110
wherein the fluidic device further conprises a two stage fluidic
device. 15. The apparatus as recited in claim 10 wherein the flow
path in¢cludes first and .s con inl the flujdic device
Por t her Suf apaareth oS aeted: mnclain 48 SherHnrbe TRy ROHPEMACy R DR sssrnd
a di f f idets, pberejrothe émmlqeh‘élrtﬂlbm@nwlsds & powof hozakesheachehamogza dsoat
at a cpbitiogadndfd aiffusat gortog whlﬁéley thet fheld RATIZHSH tis0a, %l?tﬁehﬂ)z@lé&'aﬁh -critical

16. A %W’Ya&%ﬁrxﬁr{eréﬂ?@é@&z‘iﬁs ?er?'ﬁe%{“?ol ing the inflow of production

fluids froma subterranean we w control apparatus
conprising: a tubular nmenber having a flow path between outer and

i nner portions of the tubular nmenber, the flow path including an
inlet in an outer sidewall of the tubular nenber and an outlet in an
i nner sidewall of the tubular nenber, the inlet and the outlet

| aterally offset fromeach other; and a fluidic device positioned in
the flow path between the inlet and the outlet, the fluidic device
conprising a plate nenber enbedded within the tubular nenber between
the inner sidewall and the outer sidewall, the fluidic device

i ncluding a nozzle having a throat portion and a diffuser portion,
whereby the production fluids will flow through the nozzle at a
critical flowrate.
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17. The apparatus as recited in claim16 wherein the fluidic device
further conprises a curved plate nenber positioned between the inner
sidewal | and the outer sidewall of the tubular nenber.

16. A flow control apparatus for controlling the inflow of production fluids from a
subterranean well, the flow control apparatus comprising;

a tubular member having a flow path between outer and inner portions of the tubular member,
the flow path including an inlet in an outer sidewall of the tubular member and an outlet in an
inner sidewall of the tubular member, the inlet and the outlet laterally offset from each other;
and

a fluidic device positioned in the flow path between the inlet and the outlet, the fluidic device
comprising a plate member embedded within the tubular member between the inner sidewall
and the outer sidewall, the fluidic device including a nozzle having a throat portion and a
diffuser portion, whereby the production fluids will flow through the nozzle at a critical flow
rate.

17. The apparatus as recited in claim 16 wherein the fluidic device further comprises a curved
plate member positioned between the inner sidewall and the outer sidewall of the tubular
member.
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