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TUBULAR EMBEDDED NQOZZLE ASSEMBLY FWMWW“MWG THE FLOW RATE OF FLUI DS
DOMHCLE 5 FI ELD OF THE | NVENTI ON invention relates, in
general , tgQye9phRsRM utilized in conjunekison.wi th oper gtirARSH1PGIhey Med in
subterranean wells and, in particular, to a tubular enbedded nozzle
assenbly for controlling the inflowor injection rate of fluids in a
downhol e environnent. 10 BACKGROUND OF THE | NVENTI ON [0002] Wt hout
limting the scope of the present invention, its background is described
with reference to steaminjection, as_an exan‘gl e. %03& It is conmon
practice in tHEUBYbMRE RRERNOEEEEATENBLY, EORLONFROQLLINGse 5 15
variety of technl ques {THEHLOWRATEJVELYIDSPOAWANHQLE | n the initial stage
of hydrocarbon production froma reservoir, energy stored in the reservoir
di spl aces the hydrocarbon fl %ﬁidéﬁﬂ@w@?ﬁ@f@' r into the well bore and
up to surface. Wet her gasdri waterdrive, gravity drainage or the |ike,

t he reser{0@ll] pihes snmeetiors relates,i o gmelré;l M@Iqerprrteh‘arutltlmi botcourhcgion prtéssure
inside the well bore such that the tur(ﬂ ressur di fb rencbﬁ Cgdlnve ol he
hydr ocar EBRHPR RFECTBTG B\ ﬁ”?‘?%nv”\ye dn BpriERlaL fo ¢ qubwlar gmbedded Aozele o ing,
however , atdeaibly @8 esntoilingihemslawer dgedtion ese aﬁﬂlads maadobvnbble Ry drananbon
prodgﬁtion. This decline in reservoir pressure results in a reduced

di fferential pressure between the bottomhol e pressure and the reservoir

pressure which in turn caypaskgRrOUMD OMTHRIESENTIGRC! i ne. [0004] In
certain reservoirs, Broductl on rates can be maintal ned at economc |evels

usi ng 25 [8¥RbndMithout limiting the scophaf Ga aresem dveriiopits packeionadisdssaribpd witlyr e,
di spl ace rg%gggg@rsﬁg&sm}e&w g éxr'&a%lel bore or both. For exanple, secondary
recovery nmay Involve i'njecting a urd, such as water or gas, into the
reser voi r[0643¢ mlt)heﬁonnnqmprectlcn jie et wodwetibh of hixkrocabansifront k uesdrvobrmwst eat i on
wi th the rodu n. wel peci iz gas
cap 15 enRingeT el e SBEE EbRH) STvER R Spl SRt b etattaf
product i @lodidfién from a reservoir, energy stored in the reservoir dlsplaces 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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30 displace oil fromthe reservoir. Once secondary recovery techni ques
reach the end of their economc viability, the productive life of certain
reservoirs may be further extended using enhanced oil recovery techniques.
For exanplwo 2nh@emed oil recovery operations nmay i nvolpm@E/ushenioeabo

fl oodi ng, m scible di spl acenent and ther mal recovery. 1 Il 111111111 WO
2011/ 126617PCT/ USZO ﬁg_%% [ 0005] rret hod f t her recovery invol ves
the use G003 e Pﬁm rrb@érgfeﬁ@wa@ esthestse o Etéafar‘i‘ﬁl”%rﬂ’@t'?ﬁ‘e%l@"?ﬁf%‘ t he
reservoi g &l %j@a&f ift®tRe kbR B UYE NS - or|rﬂortehﬂn§c9&{3r\&%ilk0rln e steam
enters the reservoir and heats up the crude oil to reduce its viscosity. In
addi t i ongperdtienhibe sigamentersihe rasermoie ardheats unthe haide pd 4gradusepiss Yl&poellﬁy v oi |
toward p WG I f th g ul ation
may be d%q?lg UFH% &t\ﬁ&%r?tﬁ { &Pm\aﬁbﬁ&ﬂﬁeé)ggeamgl S %?f‘ﬁ%gpnf"éi‘{d |nt

mul t il ewzlbnds hasfbaemtfmdshoWevemlmt sticarg lreguilatjos andydwe daffichlt, pamtutulta'rst wlwanari o,

t he annul ar area between .the t | ar an ach.zone.of interest pically
o1 at ecRPERM SaRREs Lo ati il Fanes BEin TSP YT PREEe Bt one. of

i nt er est sdefMrRUGR MARlaPLreNBER cOOTE t@Suldraaadteash ione bR tdrodiingpihny Dgladdd each
zone. Due to differences.in the pressure . 10 ancUor Fer rreabl lity of the

zones asWiRIPRCkSE. pytead iy Wisktd ffmﬁh?aqubml%@&e% PR Ot (ATESA rewh PR, ot he
anmount %oﬁetm%?mcs{emt&%bﬁgzon I8 ediH %n%u'[glfettg GRAEARL -in B rw,%ﬁr

assure steaminjection at eac & Ts to est ish a critical owrelrre
t hr olyh @alddy pefmeahditnof the @gnes[ag 0GH] as @réssure and fhicomal dpsses mdh@h@gl@r riagf | ui d
t hr ough en, oo} t t he
nozzl e i f’s?le %%6}]{3?# af%g%%ﬁn% eégﬂeegg h? dﬁﬁ!ﬁﬂ Odltnja I ocavf7 JAE gtegin
conditi om;sacn@a:teaeiozme 1svtelestabltsy aicsitica dlowedgintehirovg @ch bg/thamdzzﬂéser efore the
flowrate f t he id throu anno lnc ease reqﬁlrdless of

fl ) | e
changes % @omﬁgt(‘?aéglﬁ?"é’cfﬁ&f) Eﬁslé gﬂ@@ﬁ%m‘lﬁgwoz ehdf F‘éf‘éiszEﬁ“ ¥elocity

di ff er eng@sugh Nh@MMBhtasf HeCSsTblesis Aquela®hthd Qoend @ﬁeehQHgthéiS‘hﬁd lat igedd fifiidow i's
mai nt ai ned at each nozzle, the anmount of steamentering each zone is known.

It hbs b@@ﬁltmmn@nC%erew¢1001tYnlatrecthe<brbe%lO@Wedr@rfh@rﬁf%r thye) Ry &te of diem
through hypigal &El?eaﬁﬁizg %ﬁfbt%ere%@ BRAHL&Sor AR e%rlﬂlﬁo%s&é%rx{ LRidRbnRr essure

rati o nust be |nta|ne ow about 6 To ove come th mtatlon
at t enpt sAbevdinglgengrrdides chthmtéfemzeéInesnmlampmgmgmth za® @i lpfgissearitigalr t i ons

o 1 ncr oASe il AGANNU Y Sah 01 09REEANEal3hicint B £A0 iTRI gy 1 c2l

flow. These 1ns tions owever ve I nvo t ubu
strings b&ulfm@dsh@ieevpaaﬂ@mtsenmnealm mt@ai flove afigtbam tmo:wgaamﬁcatllstmmgnﬁam exity

and duce flujd fl capacit 0007], Therefore S ari sen for
- abbar SrEs Al HEEHO RO ISHAT fE ML P RUCEROE PFPS 81oh Ureadivar r by
| Mpr ovi ngvesdoR@MHid]ligfitation) RAMKEhivet BEANMAUESo uhe MBLAcshBS/iRd YewaAdtteagn for
such an apparatus and method that is operable to nmaintain critjcal flow of

st eam i n@iFUEET GFtioNGfto jiRFrease e apnubys ke I“EPé“& BresyER RGO gh <ap merintain; Grticgl ey

0.56. Fup{ertnede MREHaAAR, AEWSRR HaQF 1§J6W&datﬂe AWPBF %Hﬁﬁar%ﬂﬂlgg‘-ﬂabﬂ ddat is
operable to inject steam at a controlled 30flowrate into mul ti ple zones of

i nt er est paaketswdich sigyiifecanthy werepssriubiag raraplexity andredyeq fladd7EERIYS2011/ 026190

25 [0007] Therefore, a need has arisen for an apparatus and method for extending the
productive life of a reservoir by improving steam injection recovery techniques. A need has
also arisen for such an apparatus and method that is operable to maintain critical flow of
steam into a zone of interest at annulus to tubing pressure ratios over 0.56. Further, a need
has arisen for such an apparatus and method that is operable to inject steam at a controlled

30 flow rate into multiple zones of interest from a single injection wellbore.



SUMVARY OF THE | NVENTI ON [0008] The present invention disclosed herein is
directed to an i nproved apparatus and nethod for extending the productive
life of a reservoir by enhancing steaminjection recovery techniques. The

appar at us %YWM?/? g of the present invention are oper aPkﬁUgﬂ,l js[Yoli N
5critical ow of steaminto a zone of interest at annulus to tubing

pressure ratios over 0.56. In addition, the apparatus and nethod of the

present invention are operw&a controlled flow rate
into mul il%(ﬁlSFh Nes sorflt fn%n %ﬁtsﬂsciose cln 1sgcll{(j=ctte tg %El'l%)nnro\l\%fi ggz%rgtus [agc? 09] In

one aspe Pegeht " RY o ors "di rect e 0 an appara
cont r ol | integhddHfer é)dt@wlegahepmﬂu@vé llis af ai‘esemgr ielosuhbedieg agut alfjdctos recdveey

apparatus |ncl ude a tubul a er 10 having.a fl.ow path tvveen i nner and
outer - porthNcSor ThhapTagi i REIGEST 1 SETE AR FRCIRE B GRSy
radi ak i gliflal ABH oF s@EMGKDBal 2oné BInRkcsPitanBEu RALILIAE ?relsﬁltr@faﬁbi Wedbfsgetn f rom
each other. A fluidic device is positioned in the flow path between the

i nl et anedditien,dhe snperatuprad fmathadi of thepicsent inyertigneateleperalle k9 WischetcamBut ar
menber S&‘ﬁ?oﬁr‘l@d !ﬂBQ%te%ﬂg Qi e z&leggm elr tﬁ{) miaNEhidiRjifdn WEIREL . Whereby the

fluidic device is operable to control l'ow rate” of the 15fluid through
the fl ow[@¥0h. If 00d aspettn tl@rmesenlbmdcrrmntls direrted tol ant ariparajus foheoritighg 8¢ dewal |

of the tuybul a t,he outlet is i theo e
t ubul ar ﬁ@?“fbré[e Or}ednﬁléf OQ?H% dgwntio g‘f SRHEHOn e he ap %dtrd 2 mCﬁld %I%g)ﬁl%dgrmegb eval |
of the t thbuhga ﬂmnismhi bamleﬁ ine0atid @iteripprtians tofi éhei tnblﬁar metdbxwamhe dlowt pegh

t ubul ar

it ¢ TS 2 gl FAn S S eepbrafiy L bp thel e Ry R Fondhgh? 'V,

anot her gmepdiAn®idic debite ispditionddint the flowt paéi baweed @t eilad dny tBé bskkt. TThem each
other in the circunferential direction of the tubular nepber. 1n one

embodi mefuidig fievige igicanbedded yrithan the talypreacmbes betvesn atnsr anhpuer sideyealls of

posi ti ongd. hEhWeRRMHEE WHIRS tﬁé fgmd Jiev?eadisto @ra@l@ttgrco&'r(qem@lﬂbw%tetm%UbU| ar
menber. |In another enbodi nent, the fluidic device is formed froma curved

pl at &5 ne ek through thedloyopith.i oned bet ween the inner 25sidewall and the outer

si deval | &floijh?n BHgéﬁlgz{le%{{bﬁg mlLtqglgjir{lt]he ifthe? evgﬂpafdthmgla{ Hls Gkt 4l példth on,

devi ce |ﬁ es a hozz oat por |on er

wher eby bhgetfis in ttle wulel sitiéwoail bhheugiulatr lenmtez zlncanathea embodiment] thieliohet isat e. | n
anot her enbodi ne fluidic devic tage f. UI

wher ei n SHPWE Sf‘%&agtogglﬁstu}?‘ﬁ?fl TORRYT 41 H‘fi’lugetHé\ﬂ ??5 f Fife i ?Jfotg‘f F@Hﬁénd a
di ffuser pRefdet. O ot @RI ENE iHéthndithd oftlePtreIRelaly QOBA fEdMe ctBZthes iRt a

critical flowrate. In a further enbodi nent, the flow path includes first

and 38coml dxial direction of the| tbudaranesaher ¢ Bn m&wuerébodamﬁra» the grfletrpgd shecoptigtarn
h | fl
avi ng ﬂlehé]%l‘??&fﬁfé?%h%c@&ﬂeﬁl caﬁf Jlfféﬁﬁﬁér&ﬁ'fat biPddt dox‘t{"ﬁ%s%ufalﬁﬁlek{?w qn}éﬂﬁg ow

through e nozzles at a crit ow rate an € NnNozzl es share
out | et. 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 each 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.



WO 2011/ 126617PCT/ US2011/ 026190 [0012] In another aspect, the present
invention is directed to an apparatus for controlling the flow rate of
fluid injected into a downhol e formati on. The apparatus includes a tubular
menber hawvoQof/kés@w pat h bet ween inner and outer portir@rRisaiibbasd ubul ar
menber. The flow path includes an inlet in an inner sidewall of the tubular
menber and an outlet in an 5 outer, sidcwall  of the tubul ar nenber The

inlet and01He anpther aspsct thegirerent/inyentions direaidelocan anparafus for sonfiofing devi ce
i's positiomed faft éfm%ui hﬁ&téa%{a DeswaRl: fohBatdddl efheagakhls iRideSh wille

fluidic device is enbedded within the tubul ar nenber between the inner

si dewal | memblerth@em@m %cpw Pathchoaveen imees ahf Guier podiens et thertubulerenembaiozice

havi ng hr oat. portion i g i [l flow
oo 20 88 inARkds, Ain R0 B Hobf HAGLIPOF e Qb SIELRARK ohlin Lty - T DY
apparsat usuteresydciwait loti mle: tabllat mémbg. d%s émtid andtthadutles an@dutpiaﬁgl offscttftoen tadhul ar

menber e | at.ch assenbl.y is.operabl e esta a cur
et oro & BT oS Tcitonsd i@ B! B Besh et el Bl B EE R 1o i cn
t he appaﬂhﬂﬂl‘ésdekrﬁeh@&ﬂbécﬁl@d wAthi £ e atibu & Me@ber&fédvéehqti@hdm sidBRalBRRAARL US NMAY
i nclude a pair of packlng assenbl i es positioned on opposite sides of the

1/

t ubul ar HsFIRGewalty Thsfhyidip glewise Evhidee 3 narae Bpdngptrogtporsoneatdap tifiery
seal i ng I&ﬁi @:LW@&B_{,&ehﬁﬁmﬁnﬂw&rm%@ﬁ&%newcﬁn&pn@mt@ tubul ar string

i nt o whi e apparatus Is Inserted. The packing assenblies provide
i sol Ht i ol90%3ic hIntdnatenfbbdmndltbe:mlagam rﬁzr}omn:mlh@a daseting agsembly thdtus epupled

conmmuni Catthoputbwla'% rr]ne% er, etlﬁig:ﬂmlg%esee .brl] 1s o {agﬁe tg gl%lhe {e%'tg'élrgl t](?r*_Sfll ng.

[ 0014] I} ‘anot heér aspect, esen Pon i diTec
control lﬁﬁn\p&’naﬁluaplﬁ@ﬁtus Rﬁ)d acdmvlnbd)lb itlﬁtgllirl’Sﬁ’mgﬂiﬁlt(DWhmﬁ tiie ephacituson ihdeaedls from
a subterrfnean control apparatus includes .tubulaﬁhnenber

flo
havi ng a’ft Hr 8&5 ’éﬂ}yo\,\%eerap%ﬁﬁﬁu? r M5OI DRET ot PHEEUATFAP Fenmber

The f1 owdaafoled mbw&ﬁe Alesl JTItRS tubﬁlalaﬂel(ﬂﬁére Theipdead hss@hblidird spedbas tomenber
and an outlet in an inner sidewall of the tubular nenber. The inlet and the

out | Bt agstabligh arsaaling rshefigushint besiyeernti appriaius andy dovanheleqeibplab sTige guisi t i oned
in the f‘gf?gh tﬁpaa&tt @r}nggng ARe ! @&&ﬁ aQdmbR& pﬁU\tnhgtlsolaTBﬁ fdrindi gudevi ce
wtnrn t nme er

i s enmbedde etmeen t'he 1 nner SI wal I and the
outer si @lecbatged ficime the @udl@tcwdlevﬂldé Gommphundation withz af @aﬁamengpeaiﬂgh@%&te
portion a ggffus portion, whereby the production fluids wll flow
thr ough 3 R O P T o Yt oc 5088 BF DESOR PTION OF THE
DRAW NGS[OOMO 151] aanﬂfer aspaty ﬂle(};ﬁéﬂahteiheenﬂll@deﬁ direvngdli toca Adw tcbmtrdl @aparatas fand

adva qt g??eoglﬂg lpgtt fﬁ}y»éeﬁ) plsqr;:l\{lgq%lln UW tfﬁ)flf rﬁlgglu Ia%ea?logvvelvadﬁ]et RovE hc%ntcrjglt ai |l ed

desc

2011/ 1268b4Reb/ihiPeded b/t Bk IReritses QERH@%W 8@ fattObEtREenl dutdtahg e pérESMOsKi NY
nunerals in the different figures refer to corresponding parts and in
whi ch: the tubular member. The flow path includes 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 are
laterally offset from each other. A fluidic device is positioned in the flow path between the
25  inlet and the outlet. The fluidic device is embedded within the tubular member between the
inner sidewall and the outer sidewall. The fluidic device includes a nozzle having a throat
portion and a diffuser portion, whereby the production fluids will flow through the nozzle at a

critical flow rate.

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



[0016] Figure 1 is a schematic illustration of a well systemincluding a
plurality of apparatuses for controlling the flowrate of a fluid during
downhol e operations according to 5an enbodi nent of the present invention;

[0017] Fi gWd201/i86® Cross sectional view of a well syspepyutieldrgidsd an
apparatus for controlling the flowrate of a fluid during downhol e

operations according to an enbodi ment of the present invention; [0018]
Fi gur e 3a¢companyings digeeestin omzth vomespoiding) namperisainuthef diffecson figeics irefgr the f 1 ow
rate of a 10fl uid duri n(? V%gnﬁ)ol e operations according to an enbodi nent of

,ng. d
the pr esén esP?\“\?énrﬁrl’agﬁ?n g0 f Figures 4 is a side elevation of a 90 degree

section @f01an &jyner dtissa fschenwtint itlostrating dfhe wellosysteat énabfdisg fal pluliduof ng

d hol ti di t i pent of t t inyention;
[0020] RGPS A CoRF B B PRLD bIod BomadareRIC R or i Bbar bt us

for ceont p@bhmbéBmdtdrencgraventiat@tien;, a fluid during downhol e operations
accor di nﬁmtlo an_enbodi nent of the present invention; [0021] Figures. 6A-6B

are an elMdheliawred 1B FosOSEHIB WL Of iaowe'éﬁY%{?fnaﬁfngiawg PBE2WSHPY ol | i ng

the flowgalRilf h@ ablvihed JUrifg (SRR o RRASIAbAN S c8athgBo Gh Qafbodint Onal
view of a fluidic device for an apparatus for controlling the flow rate of

a fluid dlthe peesendvwvenlian; 20oper at i ons accordi ng to an enbodi nent of the

. Cion: 0 “Fian » 0 exnl _ . |
Cecti on LRER' ERile § RiEADsT Bl Licordf EMmACEH LhENIEE uR iR, HRGBEF
downho! eflojetuahg dosnladcaoretitiogs d@omimestrio dintreditent oftthveprpseesismentiony ent i on;

0023] Fi . . d..vi 90 d i f
For oont IPF Biesiesisd s FNeuch p'a i fem® bR T ad ARnisfls Bl PRRRERE" = v
accor di Nghet fovaRate o iNERNGurafy ddvenhplcesRMdtion\wedirdiag to [2002dodfrh@iiiog Be i S

side view partially in quarter section of a fluid flow control device
i ncl udi nBreat HFHHO% us for controlling the flowrate of a fluid during

downhol e[gRef aFiRRS 536 6R e IS dtvaevBf £00 slrsERbtid oft AQpPLBHE Rr coRy&Nkd ON;
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;



30[ 0025] Figure 10 is an exploded view of a 90 degree section of an
apparatus for controlling the flowrate of a fluid during downhol e
operations according to an enbodi ment of the present invention;, WO

2011/ 12661wWBGH{142&311/ 026190 [0026] Figure 11 is a si decaleseatiozs1onf a two
stage fluidic device plate for use in an apparatus for controlling the flow
rate of a fluid during downhql e operations acgording .to an enbodi nent of
the pres@fgoli nbighei bnis 2 siqegRiovafioniod @ o, stap fgidis devieq Bt fOBrHSB10 20t wo
stage f14fipdiafis F8VdonBolha bR fidW rddS6f d Muidufn@ DO Spetfons RbFdRld fong t he
flowrate of a fluid during downhol e operations according to an enbodi nent
of the perebpdimentalbapresent iMGOP®I Figure 13 is a side el evation of a two
stage fl whsh,C i.C | at.ey f i : trol | he fl ow
ate of WOEIG R B Gsfic BhataE o A SRRZHBIS dtte BN KR IEE e

t he pf esapphratus\fendonooliing it i3y 60261 a friid duand dowshode epeddioes escatdimgitoch a t wo
stage fluidig¢ d§vtﬁ$ | at e fO{ use in an apparatus for controlling the flow
rate of %“W¥WP318 eﬁgmagwﬁﬁ81%hoperations according to an enbodi nent of
the prespots)i NFigidel Mis P! d&k:BIESER Fld ShbORuilidE deNdEDRteONr 1k6[ifQa0]

Wil e the making and using of various enbodinents of the present invention
are di scirpadisifor eatrailing M ey rate ol Buid dlupae dpwsphols ereeatioph agcording t9ra8sent

i nvent i ol fydRéd 8B thaBAXeRRRlchGALAY | Nventive concepts, which can be
enbodied in a wide variety of specific contexts. The specific enbodinents

di scUbsed@0Pr eFigursr & free sldg ¢levation rofita treo sthgs Platiid devigrapktet rnskanamnd use
the inventio n ; i m SC i L on. 031]

et er 1 rg e eptrRuRg e Bl of LRRAR: Bourths ofRHERNL Rilprchil B
appar at ugstsodiroent o6thie pedstritigyehtien.f | ow rate of a fluid during downhol e
operations positioned in a downhole tubular string is schematically
illustrated and generally designated 10. A well bore 12 extends through the
various earth strata ppelAYCKED HETRBTICNOFIFHE BOVEAFIONE! | bore 12 incl udes
casig% 20 that may be cemented within welTbore 12. Casing 2Q is perforated
at ebth B3 oWhilptle making and wgpg 6§ By gbodinca Rl the RESSaM invegtion great
perforat §oN3scd4n dédil befow, i SHBA & aﬁb&aﬁfe@%ag%@h&e&ﬁpin@aﬁﬁh%ﬁd&%ﬁ{yal ly

annular area therewmth is a tubing string 28 that 1 ncludes a plurality of

t ool s suapplieablpimeemdive c@icep@2whikhrcan bo¢mbadicdone vBde viratk ef spegfic cagexthat
i sol ate gone 40 an ckers 4 4 th I e . I j.ng 28
al so incfﬁhsgmdc%F%P§3F5§(gCu%%?ﬁgg&é§é3#%$$gggﬁéggégéggiiygkﬂgmqﬁak

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, cach apparatus 54, 56, 58 has two communication ports,

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

6



30[ 0032] Positioned within tubing string 28 proxi mate each of the ported
assenblies 48, 50, 52 is an apparatus 54, 56, 58 for controlling the flow
rate of a fluid during downhol e operations. In the illustrated enbodi nent,
each appar@igis1 66196, 58 has two communi cation ports, pefBidi1GRewNI cation
ports 60, 62 of apparatus 54, comrunication ports 64, 66 of WD

2011/ 126617PCT/ US2011/ 026190 apparatus 56 and communi cation ports 68, 70 of
appar at uspPBgus/AS aad gbaimiaitation prts8e70 obarapiatus SBovis exhlsined immrastenddtah ports
of each r rti f d

out o1 do 0P B UombBBMBARES oP Pr Pk e ShrdG PP o b PR JASHEE e 1
enbeddedingide hand mtsiémlflthmfappdwuapp%amtﬂmn amath nrstlunip:eraaﬂulélq devéeenthablis t he

flowrate pf a fl rouhthe Iow illust

each app%ﬂ1 dggdg’tgm's%ds“?g f"iaE“\Sc?n SheRSFP atf’|°8 n?%ﬁgﬁ rat%(?? éldlezone
34, 49, #bvclng tRroGeH rtl&SWl@dezEtg f &g rmnstlafedléachlﬁppaﬂaﬁsus 39038159 s ﬁIhIfBlld

o ot ORPRARECEPnA iR h o ne0d, Lol AbbHAT RPN GEHATT O I4: 16165 18 when
the il upjoR8t afl 1O IR FEbA, QAP afati054, 86, 580May @@use@&e cgrgr(ﬂ-@ﬁel c@H | ets.

For exanple, in a steaminjection operation, each 10 aratus 54, 56, 58
i s i nt entitapfiafluidinty #p cerrespendingdamesionddr Hadd when f}}?é”\’f%‘la edtcﬁmﬁﬁl"‘catlon
correspopndi. r 0 y [ (e =Total Lhat b based
upon thegégjﬁpr% %9 %tggu@é%gtdcgﬁeo ué%rb f gggexgﬁ%%e% c%gﬁac]t er ?{rsbtp s of
enbeubledamjatﬁud;l &4 de&i 5Rds uhjsmiedf toapgcrtsiegms fied, theesurige efiabt esclh to 1t

control |l ed dlstrlbtl steam tothe vari 16, 18
S conttpotiinedSim i, L6 ERNdR ikl Ft g, LaERAe e o
15 Al t er pabsuve bty theeieficapid gl tteardedrisBe, oﬁ&ermlybeld&edJﬁeﬂld daewmst rote dbhe
production rate of a f:sgld fromits gglres?ondln formation 14, 16, 18 when

the il u3RPRELUSES Srmifinie aAneblRs FoFeréro bugign gfgthe gyicamy gntg the arpys of o

As anot hgymahidRNaaid, e at £86HRtAPRAF MSraR4 whRflis 8B cABY iR grddfeedethiPb&ioW! I O
the injection rate and the production rate of a fluid t6 and fromijts

cor r 85 pofiFmativeby. wach amareis 54636, 58 mityele usehio @ntrelge produgiongute@f a fluid
conmuni CRLLGR BAE n@iﬁ% féHhatiol in %63%9&%& 111u§9at95 c&ﬁ&ﬁum&ltféﬁg{)ﬁ& 66! 62,
comruni cati on ports ac as outl ét's. For exanpl e, comruni cation ports 0, 64
and 68 mhy, GAc 68,49 aouas iglets. vk dnetheoaltrumitivetdadnapperatys 8256,68 amtbergedty act

as inlets . var.i ous .ot her confi.guration of 3 tion
38 1 et o GRS Ao B0 QP 4R DHuchRR ShP S TLARE 8k WP ISR lgh ST 01
appar at usemafiét 14; 06 1ok hdnngmiclof tHel ilitiagtd @odinuaichlion pbnszst duilengndothahol e

operati on of the gresent invention in verti cal ectl on of .the well bor e,

it shbul a e ilpstaled cOBBUBIF OIS 3RS 45 Wi n Fhexagi(e, crmpupisaianiess dluses of

the presgptng Bx%ﬁy 20 a8lof &AYALIE YoMRIuhicatdd Sehs’ €, 683@di70 B} he RaxieRg ot her
configurations including slanted wells, deviated wells, horizontal well or
wel | s haVhesg andiveriats pthemetndigurapier of eherpyesent invertippunvdl bee diseupssds tioddaiby
t hose skg%h gd in the art that the use of directional ternms such as above,
bel ow, upper, |ower, upward, downward and the like are used in relation
t o t he i [0034} rFa/ten\tlmughib'tgdienbdﬁmlctaﬁletampgratasas fdegintroduigithe flove réte glindbyd t he
di,recti on b p_of .the corre di n ur.e and the
ownitr d USSR LR SEo N PrSETBIPLHR Bt & PECR oree it RETRrga e, 1
addi t i onshcﬁl@lﬁb ﬁr{u@tsgia»df %/gﬂdis% skilde i fertathaehd aspafingss vf the peesedivention
2011/ 126617PCT/ US2011/ 026190 parti cul ar nunber_ of zones |t shoul d be
under st 08§ qsyaltmglé swiferd| fpruse i 1n wahle having ofer confisurasionat melidwe siapredwslisy ol 1 i ng
the flowytalies Qkug h%rﬁalowén mwggmmgelaepﬁrb%w&s Alcoldiy1PriESRIMd be

i nvention are equal suited for use In well having a greater nunber
or less enndmmb}oﬂhomkdlﬁd imtheoart thelethe msmofghrebilgui termhs geobi astaboep pelpwt uses

havi B¢ @ Ep%rt 'lo%vuelra{lpwyrgb% wgward 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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5 comuni cation ports associated with each zone, it should be understood by
those skilled in the art that the apparatuses for controlling the flowrate
of a fluid during downhol e operations of the present invention may have any
nunber of wormowm2eati on ports associated with each zoneedmed2odiongohavi ng
di fferent nunbers of connunication ports associated with different zones.

10[ 0035] Referring next to f| there |s depicted a ratus for

cont ol 1 PRECHe st of oot (Pl il e B Wit GRG 6T tine

present igpaRRiskPfdr BORIIMZNAE ﬂthtrEtb Bf @ ﬂhl&bdﬂrﬁ"g dstvhhcng 0P8 RE fR! grakent

de5|gnate 100. In the illustrated section, tubular strlng 102 i'ncludes a
¢

ni ppl e aBseHionyre gmally welhsuisdder were well bapnas |geea@09umherp)<§ saef rygbengfi y 108
nd d h, t t
g 2 oA AR B BRI At A FRRT AL ol AeRUARTE hinbal 2ot
| at chd asermmbhrycaitmd portg hudclmgd avn;hl aar:lalzortcyucshmddﬂbb eemderﬁtoomby shodd &killed mackl ng
nbly 118 di f nt .122 and
packi ng’ SESE A e in BRIt R oBAE egeh oSS Ao PO B R, °°

appalr at usf thlegre@aykl 1rb%ntﬁ¢ﬂ’lrlnbgh9ve};afﬁ9 nmllbbrbﬁr@ln@mklr@aﬁ&mp@yﬁa@&ﬁ:la&whumsa@
wireline, s | ckline, .coi tubing or. the like that is cou upper
connect ofong 1cludiag %ev'a%szf?ea%gumé% siof cOpRIRiFaton RGBSR %‘g %éermz
appar at ug,p 200 is received at the proper |ocation based upon interaction
between a corresponding ni pple assenbly 104 and |atch assenbly 114. This
i nt et@ct [0035]alRefameng next 40 figunePatherais ésdepimed an prpsmatushioo aggtirodlmgt the Mlowi ppl e

f'isse”b" e A fh]tl-ﬂm Waohh&il p%aﬁéhé&féh'é%ﬁes ntn\!'eR i&h ?o%ﬂg)% 1 Wi 2 3}912 iRy be

|nstaIIe |n a we aS seen rece |red
ni ppl e astsegrhnﬂ@gelﬁthllﬂdﬁgﬂatalsmnﬂhyhe Ristiated mnmr egbudqrpaingt 102 idd0deaiat hi n

t ubul ar strln sition, packing assenbl i § adjacent to
bol 1 shed BB dSaRht & Pttt ey Toh Sdetes SRsnthal and aiNEg

pol i shedbdrer&eptesle P @edca of hichus Besidhad tdoaeelﬁadﬂgmata@p&fau&?@h Agfr£ea1 00
respectively with polished bore receptacles 106, soin this

posi {1 oninCRdes#IAPRET ONNeLtAr ity §/latchasiembly | ]é‘c‘éﬁlfldlfléd;?&}l*’f‘éu of eallshfingemos. | n

this con i r i f or
1 ow 5006 HpRHA e PGirthAEbatiahs sdall B OHbRRon I oSl F2,20 o

|IIustrap@ﬂﬂgmBGUWHEHHlnﬂvﬁmgpﬁﬁWQGWCHé%@nbly 122 of apparatus 100 is
conf i gur @%3gelorln Péé‘f'htﬂ) ' Qé?p[%gaﬁ'usofbo n'fg rb 3&%%' fhe \%lﬁﬁp% 51{)9 ?&%ei{n‘%é‘@ﬁ& ag%r at or

(not pic A sUr face T 10ws  t ht ou rrn
depi ct edw&slna:c K hekdind, 2&hiled\ tylsing oo mheofike B Qd)dddpﬂe:a&ﬁl@@fl' CoiE2ERA N 0226119;0 t he

e, &1 ot TG FaoresFhah Bite R 007 Trorrin T sl R by (o
travel dpestwaredsyd upsm itgéradtiddUbakcdt 4 icBBeshBrdingl pptd @dedblyarg4ome béh, for
I nj ect Ogssg%blgli?g © gles: r1]rt1teraz'alFc)tFljoar'lraal'ltoag Eé\grteill'l(l) gp[la(r)zﬁl?;[eg (leJ t%%a?se trhroql(g);\}lxmggr(t)alur? nipple
assemblies 104 without latching such that multiple apparatuses 100 may be installed in a
well, as seen in figure 1. When received in the desired nipple assembly 104, latch assembly
25 114 secures apparatus 100 within tubular string 102. In this position, packing assembly 118
is adjacent to polished bore receptacle 106 and packing assembly 124 is adjacent to polished
bore receptacle 110 such that packing stacks 120, 126 seal respectively with polished bore
receptacles 106, 110. Also in this position, flow control assembly 122 is adjacent to ported
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, stecam 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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5[ 0038] As best seen figures 3-5, flow control assenbly 122 is formed from
a generally tubul ar nenber 134 that has a pair of flow paths 136. Each flow
path 136 includes an inlet 138 in an inner sidewall 140 and an outlet 142
in an out eRygrAeymki; 144 of tubul ar nmenmber 134. Each i nbetuiddbsidateral ly
offset fromits corresponding outlet 142 in the axial direction of tubular

menber 134. Fluidic devices 146 in the formof flat plates or curved plates
(see 10tHe geametrayels drepghdiovs Fentigl essamblyi Batandrported asserblyt K081 depigted ot | et s
142 to conpl.eusyf lﬂ@’rgﬁ&lﬂﬁlg%@lof l)f’fhg's?eagle(\.’dncflﬁ§eslt6QraQ/Eled&m@ﬂ dthrWu% in

t ubul ar nenber 134 between i'nner sid 0 and outer si devva

Pr ef er abltybulas esting (%tdeplcmuased)rova&r é32 cfoaumbtiloethuesrb%quantdappamsxsrsté@O 146
and inner_s ggv]\%f ql ?nd outer sidewall 144 or around the perineter of
fluidic éloev ) ‘?”b prevent | eakage and assure that flowis directed

t hrough {0038(i &s destiseas figd6s 31%H flow t:dneroll lakdesibtyat 22 isefdmmdd fent a deheraldy c

of  out or VAEF GETbAS 1678t SR Sl BTG chach ot e hpBERCRSH B o

pl urality39in &€innsCEi8Mall DD addtansmui tibm dansledrsiqeadn g tommlas Kﬁelrﬂ‘t%ﬁi [ n
the art, however, that fluidic deV| ces 146 maé be secured w thin tubul ar
\!

menber 1334.uErchignlst it is dasermty offess fiamt Fcorrenopaing Prdetfdin the@xis dirketiBl es of
the pr es%f*fcubhll}’ﬁﬁ: {6201 34 CFEH OGevilW 48 A thle! (BEnk sﬁﬂatopldtez& Rl fbtes Begss
fitting, epoxy, braising, Investnment casting, |aser deposition and t

| i kel0| nfigdeid)i moyideflerd dohwuglhcafibm frdmanigtsvid8de outlias h‘vate domptitpilew eethas

bel 9.3 $862Eflie BLALS, 14618 Blbd Sl VubE: Abkodd 1o tindleh Shapdid-had
fFluidic davi cesedny e al térnarivery be made in egra W I'nner si dewal |
140, out a40 smdiem&kIs1dhw4llok44borlhfer4wp%}ls Asotbgisturedpare focgtad detyeer dhidi€ | ui di ¢

devi ce 146 .i nc| a no t.ha oat 5 ort| on

G 1T user Cptre: 9 Sadamer Sadu Efanitalsr sen g L Monriitel Bt e
nozzl e pyevitstesi6lt preent [6adabe dnd b ad thadj R isQireded @hrﬁllightﬂhﬁallc deliows pf6. st eam
Specifically, as the steam approaches throat portion 156 the vel ocity of

the dfeamd Fhﬁé]rhé’é@@é cbgdimeat, Prisicdavicen 46 sre sequessny e fubyles grembgr pﬁ‘e‘”f hr oat
portion %%@ué%ﬁ&&@mofs&&%ﬁessm Mty £HASH 1;;0\« onl BOQJbe‘ﬁFa?Ene%EF i wip8, the
steam regai ns nuch of its |l ost pressure. resulting critical flowrate
is 30 aphirditpbf st sgewg 1 ihelt Shauldibeuniisitand by4boserskillad irf ﬂhgwtchanvell, thessenbl y
122 of the, do \%nets HISV %rellt 'lg)ensecc):vl%d w1tﬁ?1¥1O’r‘[ﬂ‘ﬁ‘ulgln mé{'nlﬂgr t1?4 tu;slggnOQh&rt %s ratio.
For exarrp & Cohvent lobal nozzies are aple ce a c cal fl ow
of st eam“amoaﬂﬂuphmgfmm thei pricipies 3 wiicepresent oﬁemmntmcladimg,tblﬂi n6t lmnﬁechg),t he

fluidic deyj.ce 146 in the flow control assenbly 122 of .the sent WO
20117056 AR PSS G110 SERS0 RIS Bt G eRt GRS G GPOST Bl BR kAl be
mai nt ai Nggddifbn, aWEn kHéagh AuldidiRGceh 186 havebd adpiQed Pbdifl alepakatd plie, tiige eby
provi di ng si nificant ef ficiency gains over prior art nozzles and systens.
[ 0040] Tﬁlélllafgwi the art Hald sn¢qr%wdrtbfeté?umw aevacep sould eligragtivelyrheepadsrintsergl Wik o
vari ous ﬁrﬂ{epﬁﬁévﬁ’d}ﬁl{?ﬁb{utg‘f‘s @e%}i'uq&i@grb'&h”g fl ow control assenblies of the

present invention e mass flow rate 5 through each flow control assenbly
may be dé@80hi dedestseerufigure ﬁ,eeasleﬂeldtq demicofl46 nsludppa ngnzlealtSd that hasi hrakévi ces

146. ,The size n of .th or.t i 6 _and ffuser rti ol 158 of
a noggl e 2%‘&’“ lggw&\?ﬁ%@g Iﬁ’émf{’u Ug(?)‘nfoffal f?atgla S R gsp ﬁﬁéentﬁpgypﬁ \%\/Zl?:ont r ol
assenbl y peaided @'oradbjnttslll@lchteaﬁﬁfnjeeti&i’rwﬂ ®critichlefleis of stbanmo Spéoﬁ'ﬁcaﬂlﬁéhs hisa/ $teegn

smal l er throat portions, 156 wil ield a reduced mass W rate conpared to
the use GPPIRREASH élsroaltsmpa\/iéfgthea\fe HY Pb th P63 IBUFASFD dsgresigcali B, t he
use of MRfEmf dddtedics. dlﬁvth@@%oét%m@h P8 &le! @lanidabhedi @b’ R1d@y9eh diBase f | ow
rate. Wiile the use of fewer fluidic devices 146 in parallel or inserting
bl ank pl @peion; 38 hgdtesm fepyngmuckiel te st puesuray g reapling edtigal ﬂﬁ‘é’ rafe iy f | ow
contr. y I ugh

t he ggovgaé%}adey umré he *fh?? ﬁe&égcggr4a6t us 3?()“{:8%) %%S%nmé)i}? %’F %‘1’%%?15 of
a fluid duventign doasrhidoad am&ma;tuoanmngfprdshee pme:s eFdr axlam@h:t mdme hmnbemim

depi cted as lhaV| ng.n mul t ndle{;iendﬁgt fl tUI dllg, %

ci r cunf eP8f AT § 8'%Prr°fi‘tb‘iﬁ‘tae‘a“§f‘ a8t 1t FanT“ ‘"&t?é?ff‘“rFﬁ 108 B ar
nmenber, iabohpéll ehidpethdniiaast Qe byct iROBE Rk LorRfbl iatsehib® a1 of MiRd pichént
apparat uses of the present invention may have ot her configurations of
fluidic devices without departing frondthe spirit of the present invention.
For exanpl e, an apparatus of the present



20 i nvention, may have other nunbers of fluidic devices both greater than
and less than two that are circunferentially distributed at uniform or
irregular intervals about the tubular nenber including having a single
flui di c dewioees/estiendi ng substantially about the enti rreTAEodegiee

ci rcunference of the tubular nmenber. As another exanple, as best seen in
figure 6A, f]ow control senbly 222 is, forned fron1a general |y tubul ar
menber 2BHCRGR) 4CrHICR fost A Srahende %ﬂ%?f MEANYPS RHFRIAS pgeS%lrrosfqﬁys ¥4t has a
pai r of apled byndh ;srb{qutngq iffb‘éht@ﬁ&&lc %ﬁﬁi@o%r%\%i@éﬁ RoZzIR6 hh&ﬂ%@teﬁﬂ. i nl et
238 in an inner si an out 242 in an outer sidewall 244 of
t ubul ar W8#Her Tixadesirgthpiass ﬂn»mrat%so @@an@vl@r Srmatierf arsleintor yasions f@matlons
correspondi : dj. j ul

i i o ey PeadiysEluine Apl bR ibkict b REpleBth Bhehithl e ARTRGL 20: 1o

fl ui & cothrmumgh cach dipw rcontrolnhsesbl3Bay deodttemiised2 48otgh denpiletiont dfeti80 f | ow
paths. Fluidic devices 246 e .enbedded t hi n. fubul ar r bet ween

i nner  si PRIAINR eZﬁ dig Ipvissy ej‘% ﬁ’@ﬁéﬁ a%i4 eséﬁ?d(’%&é “Er@%%%a‘é‘@ 84 within
tubul ar peRaGE1sLefa bl 04t well gomBetibeNoOfluigidtRVicl dem 2A8vadh@ola body
portion 250 of tubul ar menber 234 with a plurality of set screws 252. In

the i1 usesallyganebastistrdnt or gemplts thedise Af 132les Gt Ravigig smayjgy throat portions
2011/ 126667 ST ibR20H0 SAGHEY fl‘dwfd@é eorﬁﬁvéocﬁsth%ﬁe @@ﬁ&zlemlsm@wﬁ nﬁé@rl e 254
that has a throat portion 256 and fuser portion 258 that are~created

var ylthg thteat gegtichs 656.t hikewisesthe ae nﬁmrqaﬂrz@rc deatched 44 lrtanarblielwaﬂwmg at he

wi dth of, d, 209V e [ 0042]
Ref erri ng ér% "{Ag%gl)?ir cej@@hgtﬂﬁ:er ei ﬁf?vgwdgmg%t%g{cggg‘?ﬁn P ﬁ%& fim f an
appar at ulslarik pletes msmd of fluidig deiecsfl46un cataen lotatmmj ofld fiovd uontmj astemhlyohd:l
operations of t "8 %gnt i nvention. Flow control assenbly 322 is forned
froma g@RdlaMmallertsaY "enber 334 (only a circunferential portion of

whi ch Iswah AWnEvdnhbughasie abdi@iembtlintentsadfl the Bhpakdhisbiet e@hnfoluﬁg tR@F1B& rafeach
flow path includes an inlet 338 in_an inner sidewall 340 he two fl ow

pat hy  hofviefleid duspg dewrhodoereiiontiof e posentiipyvegtohavebee dopmigied asduwings
tubul ar grgher u?u%gend%etcﬁ 1'df&| é?f%hat églrg&w& %qgu?{ﬁ{r@ﬁgdfa%b 3&%&@ 342

in the axial direction ar rre evi ce I'n the
form of itervadg abohthe tldwlaarrcmbmed should b¢ updesoadlidyy thosgishilled mthaid dtat e f r om
inlets 3 4 t h Bloui.dj ¢ . j 346 is
enbeddedg%l{ g éétﬁ %?C%Fre ﬂg{;ia l%w% \N@S{]&Oﬁn err%m é) f\ﬂgﬁlgg%ﬂ)&gwgﬁgﬁt er

si dewal | déi;éﬁmgrfd)m theppeft@lfa’el greﬁetcmmrﬂlom tfot exdmpde)laarappaateof §dbrased a

boIt d connecti on ate ont o bod tion 15 350 of tubul ar
§ Saneenmay Bive et py b Sei e dBiice Tl SbnBr Bim Bt ey R wiRchtfov co

346 I ncl yd@Fc@nRAdnkialfy dﬂ@%éle&%t SrdorRA6NirR YN BitcdvdAlN AL tHRAUbM & IMmSR6erand

di ffuser portion 358." [0043] Referring next to figure 8, therein is

depi ct edingeing deviggicingirttidisfdesiseapyrndinerybstytialp Abous the engire 30O dagesm r at e

of a 11 ulithufHEtbRe AIMIRBLE: ARAS '&pmﬁertetaﬁn@& SRR oY BNk R0 6ATlBY

control asse l'y 422 ornmed from a general tubular menber 434 (only a

20 ci r cueringpkbassé¢rably 3a2 isi formast fravh acghnersllysdubuw) member|43i4 ertly atccumfetentialar

nb. i d |
440 2ha Boroafr Syich SR Tab DRk o A58 AR bER (o8 bl BariD RS 43471 o
438 i s | amtkded dnyintet D3%1in 4o mmmdelmtl 240 2nd an bhitet Q42 ¢ ad euten$1dat/dlly24alh afecti on

of tubul ar nenbe eVl C 446 i.n the form d. pl at e,
ot ovi des P Bogbr: caeh dtfer Fs el A g Futs i e B AR fhe
flow 25 patakial Hirsttith 6f EMMIaE erchrblr 231. eFbRIUAGS 1086 D4 h theBsthasf ARPMREs 434

bet ween |nner sidewal | 440 and outer sidewall 444 and is preferably secured

Wit hin t eRdaplatee mseyidy Suid\gommumicstion dropb kit 3% otictut4er toompéeta s onto a

bOdY3(P0rFl6\9rf)at41§0 rabidic Uyl 288 aReEmutddedMittRinauBlist Abinbdt B4 S@lefChRUS 452.
Preferably, "fluidic device 446 includes a nozzle 454 having a throat

portion m@;@vaélnHOoﬁnﬁfqyléeémdpmlﬂ Réh aad gre ISGfF@b'MSFCllrﬁd adthint ubylar mewmbert 3341 | i ng
the i nj eghi,qRkRtnektid @o‘&'te‘i’ Ekkfsf%@%nﬁ} ?ﬁ 0P 250 9( xeﬁn%{ﬁg&?ﬁf a
wel | bore, the apparatus ftor c Sntro l'ing t owrate of a flui uring
downhol ewaparpdural@tmswf oft schewvs @52s énthenhmmm@mbnélyneat 9 bbst se&neld ftgurec@dt r ol

the inflow of production 10



fluids. For exanple and referring to figures 9-10, therein is depicted a
fluid flow control WD 2011/126617PCT/ US2011/ 026190 devi ce according to the
present invention that is representatively illustrated and generally

desi gnat ed wa®h11/degi7d flow control device 500 may be supfapkyniffidpoed to
other simlar fluid flow control devices, seal assenblies, production

tubul ars or other downhole tools to forma tubing stri ng. Fluid flow
control deidicdeden J4ectaghidacladesamazaonbs shatdes echrosbeeition 256 2ndrdiffases {1 ow

restrict Bn@ﬁ%s%at%? creat@ dy Q/QI?&r[g?llhe AEHt %‘P ﬂﬁa&tegs% R221e 1236 &S e ﬁ%" table

sand control screen el enent or |um such as a wire wap screen, a
woven wi veryimeshe wadtleefithe nozzieas|degieted dbsviegridurefenenat toonvezEleddls to fl ow

t heret hr but .pr.event rti Iatena er of sufficiegnt efromflovvlng

ther ot hr 1A ReePHE Rt (R ke o Rl i reited o b FRBR R SRl b o Bo6

havi ng a f@d dehabliihy tiaf ﬂcpelfsftebaa iflRisdbrhg dosvnpolsioptratiend cﬁ“rthmpnésd:mmvemml or of

the filter nmediu 0045] Elow restrictor secti n504|sé§§ guredln
t(%‘

series wHqy scaﬂtaomce%%@mblw %% dedormed; from g eenergily, thlplar mepber

through gandn@RALAIPorSsH SCRhiSR S iHBWnDBat REd @Fad; of 80418/ §ib@iblile@\Wokvesdikd, Ct Or
section 504. Flow restrictor section 504 includes an outer housing 510.

Quter holéfthos pethdeslidresn dctalifun & invRasityallsid. it v 89w ngt aehosv_ﬁzier Base
pi pe 514 4.nch UdGRoRbul 1&@3 quouftér%e%ﬂ 9445&t6cublﬁ£1q}’1‘érﬁl?etr|33151ﬁadhrlﬁlle“ﬁ}%91> an

h
i nl et 51§ In an outer si and an 15 outl et In an i nner
si deval | lﬁezrallso‘f)ff@aﬁemmupiet B24n thersxal dacgon of tubuler mbmyercﬁﬁﬂsétﬂdld@rﬁpwcl et
522 int a a | hRko t he
f or m of gﬁ? fr?(tb ghi at efedg{raltgurevoer&Q ﬁ’gfl glape P é’%&eﬁ“ Icg u@%ﬁfﬁ%ﬂnﬁ%ﬁrﬁ%ﬁ 3? % om
inlet 51& b@tl@LBt4I2€tb cBﬁ@leta)thedlm\Ir phths.f IFomdlpaiethB@é iFkmbelided chathirc @bsR6 i s

enbedded wi thin se |pe 51 en | nner ut er si dewal |
520 and |“?“H’Fé\aé$§ ?é‘ge‘(ﬁﬁ{ }gﬁh 'Hjag‘éterp?‘g Z‘g\,\g‘l‘\/‘i“}g is pﬁ%d‘iag'é’ LEHRLCt i on
20 of outwgiPluBLRr %&b@rﬂm diaiosbIteR @bAr c@florP80oRtr NASS4RIRAR B bdyvbérfioR
plurali t%Z,Of set screws 532. Preferably, fluidic device 526 includes a

nozzll& 5340 REWPHYr membeioRd With 4 Plyrlibrel ssheprers 35ds drelpgblys BridsFsvice d8G6]
Ref er ri ng, et » bakr bf 458 334 edchBEghda 90 Shitioh 886 Bnd M BGHEIoH b di ¢ devi ce

plate for use I1h an apparatus for controlling the flowrate of a fluid
duri ng dd8HBbl Refqengnéxdhs ﬁglhratS therein B @emdaanbshedemb@mwmf@c@ppmw dic

device 6 ed to re e any of t abov

devi ces e‘i?“f/?‘?‘f‘%l‘l‘be ¥ & P2 g 3@%@%@@&@3&‘&"8? %‘T ?‘fegﬁ'nfta et 5gtloz§1nd

ensur e suhst aphiréll hgerblystznts Foradufrementgherally tthlﬁ;momineer gpedbilycal |y,
ic device 600 includ ake reg on i ng

f1 ui 6
chgln‘ggr gum repal RAROTOP \3@3\'35%8 08)-a Wa%% wbRaBmemBF AR ﬂ&”pe H¥ oat
portion 6if tﬁdidn@udég bh Hﬁ&m@% bl &ne&l&waﬁfah@%? hn Bafcendd ﬂlganrtﬁa@r stdewhil gur e

12, therein is FICte a two stage fluidic device plate for use in an

appar at ug44 oof &bmtar omeinhey i f lledoh A38 s olfateaallm affeet dfirmnguidpswirifolie the
R e e G e N e
al | ow onIcyrveqhplaWayronowﬂtlidroougrturmdaeomﬁzml imlet 438 to outlet 442 to complete the flow
25  path. Fluidic device 446 is embedded within tubular member 434 between inner sidewall 440
and outer sidewall 444 and is preferably secured within tubular member 434 via a bolted
connection of outer plate 448 onto a body portion 450 of tubular member 434 with a plurality
of set screws 452. Preferably, fluidic device 446 includes a nozzle 454 having a throat
portion 456 and diffuser portion 458.
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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WO 2011/ 126617PCT/ US2011/ 026190 Specifically, fluidic device 620 incl udes
an i ntake region 622, a one-way valve assenbly 624, a transition region 626
and a nozzle 628 including a throat portion 630 and a diffuser portion 632.
[ 0048] Refwordbng2emxt to figures 13-14, therein are depcanedo@opabs of two
stage fluidic 5 device plates for use in an apparatus for controlling the
flowrate of a fl ui

ri ng downhal ¢ operations that are nerally
desi gnat %1%4@0%{H@g6tgdﬁe Preﬁ?‘ﬁllﬁ"eﬂ%’i‘ B 156fﬂﬁre<§?fﬁat8’68’ H@?tr%%ieﬁ%‘gae‘{ebauryepl ace
any of t&belgla@re&@o@eﬂgrdlﬂnﬁ&icédtm B \GcetD0 rESSHeMAREbI boupleddd SiHef Sinti@r ALRAL €

preferential flow directionality through'the nozzle. Specifically, fluidic
devi ce 6oy epritl dsvieespheat avsemblicul prpdussionitybutars errothesrdopinhiele teads torfayrele from

| nt ake %ﬁ%g%ﬂ%&h g#ﬁ{ljﬁlb\% tcogtf‘ & ﬁlcy5®4gl%glg§§r§d @Qntﬂn(?%grle s@ét@ 6r@"§02' E%ke area

642 trave roat por I on user por en enters
passagewlyw 6&Riczordectndiod c lsand) erdmroh s@canrsacthmrsoaﬁdcludas caesurtable lsrmdbentr@54 t he

fluid exitsfluidictﬂev cg 640\ﬁ/i ittle additional Pres ure. Bﬁ
t hrough SR &4 fyr pagiuan e raé\f}é”r"ée VPP SAFC WV EL WIS sfcfei?fl(ﬁ’r ters

fluidic gleyiesmede alovwotidsto fohd thetbtolgh Bdﬂ@rewmrﬂamglaefrﬁeeetr oMifhiéiBntc hanber
654, signi fi cant pressure drop occurs w.t hi n .chanber 654 15before the fluid

enters ndZiremalaying herstheughe inipeaiustrated gmgedingent, p RFAtSFvE puierttowetfioce 660
creates gl 4fﬁg@ggfgeifw%r@5@@%;50%0?&dr&hda'tﬁe &ﬂeﬁcrr%rme ﬁ‘rrepmealmnet 662 to

exit area nters chanber frominlet and travels with
littl®e ad®i#dli oFlav xpstesteuseetlch 6@)4 isconfigured ini sricawgh sawocoatrdl $ongeo spgml e 672

I ncl udi n§b2t ﬁcﬁ%\%ﬁo{dt gn ga(sl]:i c?f?t% SQI%(%\‘Ge ke%ﬂor@ é@op t8%§%ﬁn$ fflo&«ever Sé

fl ow, howev Vi ce exl ea 664, it
travel s ﬁehthoroghemzzsloe Eilﬂawaeslnttoamtmm 604 ancbade® 40 outﬁrmoudnagrﬁda@ @¥iffer Due to

the swirlin Wi thin ch nificant pressur occurs
within chider @ sﬁlrréfaaraanrlrrﬁrﬂrnﬁrrflg W%Lrgsmrpaiﬂgd&?‘?ec@p%ég chlderiter 662.
I n cert alchst @A® A6 FRIM S 6. FldH putrssdemcraass £7iQlea PR B6Q oﬁreeysraewamsz(ﬁédderﬂ in the
sanme_ apparatus, . for, exanple_ in parall wi th one anot her o that the

appahat uautiehy2his ABSBRPT PP ORI me?ae%mpsélénérﬂetzﬁdfipr kel byl offseolsemauileins |
wherein pyg %ﬁee M re tloﬂ‘%f‘ﬂhsreﬁﬁ\&/ d fnald i 1de%oge%z@maf&matm desiy ed

operation. [0050 i hi's ention been described with reference to
i |1 ust ragurvesl platsopiionisies uidt ¢nmymuriention ﬁrqnomlﬁrtsﬂﬁdp quiietel?detd qompirte flowst r ued

i a LT g SPRRE. AL O, URHEAAS A B Vus@Rhe SOTRENRL ARS: Qlevdiesng

illustrative € nents as we |rren I nvention
30w | | bandaquparseiatvall GZQ)ardsieps:fakhly bezdredrwithivebaae pipa po#h viaaf teilted cannectidnhe

gﬁ§Cé(Lpt If%ﬁraqrfp’aécaf% ! her (Sttl,ﬂnni}ﬁt g%gsetpb;%tﬂhavelthaf ﬁgrre]lﬂteydof%etaslcrren\svs%gfonpass

Preferably, fluidic dev1ce 526 includes a nozzle 534 having a throat portion 536 and diffuser
portion 538.
[0046] Referring next to figure 11, therein is depicted a two stage fluidic device plate for
use in an apparatus for controlling the flow rate of a fluid during downhole operations that is

25 generally designated 600. Fluidic device 600 may be used to replace any of the above
described fluidic devices when it is desired to dampen upstream pressure differences and
ensure substantially constant pressure entering the nozzle. Specifically, fluidic device 600
includes an intake region 602, a pressure dampening chamber 604, a transition region 606
and a nozzle 608 including a throat portion 610 and a diffuser portion 612.

30 [0047] Referring next to figure 12, therein is depicted a two stage fluidic device plate for
use in an apparatus 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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WO 2011/ 126617PCT/ US2011/ 026190 What is clained is: 1. An apparatus
for controlling the flowrate of a fluid during downhol e operations, the

apparatus conpri sing: a tubul ar nenber having a fl ow path between
i nner and Qb ef11/RRE{A ons of the tubul ar Snenber, the fl eerRaii1/b3edoudi Ng an
inlet and an outlet that are laterally offset fromeach other; and a

fluidic device positioned in the flow path between the inl et and t he
out | et, tpecifitallydflwidigdoyicetUhipelydeschnintekd 1§2ion &22.umcarayiahsasseedinedn i nner

and OUt el ﬁhgﬁx\@*egﬁ) ﬁ%éa?? atnUPHé 838 {ﬂ@ﬂﬁﬁ& faltw{agtr@t){ ntm J glé' d#f?ﬁepgl(\ﬁjtl&? s

oper abl e *to contr ow rate rough 10t he
2. The apparatus as recited in claiml wherein the inlet is in the |nner

he. tubul@Hehomst e 85 TR nasar G ahal uEi bl BEomYS e At he
i nl et 5i s devicd plated fdraise & steyppatatdffot dfvﬁtrbl.ling ltiey flowe rdhe bf ﬁlﬂdldtdiemgldb{vﬁhole sin
the inner sidewall of thetu ul ar The. .appar at as recited in
i m 1 GRS e gt o mse bRy g 6ie TIsidgr Vicgs 60 st 660 way bach
ot her i nytheiAxdpice Gl &ttthObSe HERribddORLRAlC H@m}@rwhen it is desired to create
preferential flow directionality through the nozzle. Specifically, fluidic device 640 creates a
preferential flow direction for fluid to travel from intake area 642 to outlet 644. Fluid
10  entering nozzle 646 at intake area 642 travels through throat portion 648 and diffuser portion
650 then enters passageway 652 and is discharged into chamber 654. Once in chamber 654
the fluid exits fluidic deviée 640 with little additional pressure. drop through outlet 644. In
cases of reverse flow, however, when fluid enters fluidic device 640 at outlet 644, due to the
swirling effect within chamber 654, significant pressure drop occurs within chamber 654
15  before the fluid enters nozzle 646 via passageway 652,
[0049] Similarly, fluidic device 660 creates a preferential flow direction for fluid to travel
from inlet 662 to exit area 664. Fluid enters chamber 666 from inlet 662 and travels with
little additional pressure drop to transition area 670 and into nozzle 672 including 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 travels through nozzle 672 and transition area 670 into
chamber 666. Due to the swirling effect within chamber 666, significant pressuré 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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20 5. The apparatus as recited in claim1l wherein the inlet and the
outlet are laterally offset fromeach other in the circunferenti al
direction of the tubul ar nenber. 6. The apparatus as recited in
claim| wheoaonvikéarfl ui dic device further 25conpri ses mCTpiSROB/OREDDET

positi oned between the inner sidewall and the outer sidewall of the tubular
menber . i . (.. The apparatus as recited in claim1 wherein the fluidic
devi ce fWheHerlagasddsi ses a curved plate menber positioned between the inner

si dewal | and f{he o %gl)pa}&lﬁi deMabhtrdMfind Wiee tukAE Jrestid duiB: downhole _
2011/ 126617PCT/ 1JS2011/ 026190 8. The apparatus as recited in claim1l wherein

the fl uienegtigeyitheaaPpyPPREPMPEYRE | ses a nozzle having a throat portion and a
di ffuser portj faeulaeﬂ{qag@sg[mamg of it ﬂathL:JweEJl et SHO a{ﬁ)n?ong'%meetuﬁtﬂara
. The appar at us Im1l

critical flow rate. as recited in c ereln the
flui di c dewmbee theufidvhgathcioolpdinges ialet wad st agetfthatialé tataelly offsepmfomeiachone of
t he stagetaﬂi, nc) udes a nozzle having a throat portion and a diffuser
portion, °AHet¥by the fluid wi Il flow through the nozzle at a critical flow
rat Ie. d10 1]9_. ThefdpRaedtelfostfone® il the Howipathl tRtvwiaed thdigleChnd thbButidt,ale Paitil
nc es rst _an

! u devlice embedded within the tubular member between inner and outer sidewalls of the tubular

member, whereby the fluidic device is operable to control the flow rate of the fluid through

10 the flow path.

2. The apparatus as recited in claim 1 wherein the inlet is in the inner sidewall of

the tubular member and the outlet is in the outer sidewall of the tubular member.

15 3. The apparatus as recited in claim 1 wherein the inlet is in the outer sidewall of

the tubular member and the outlet is in the inner sidewall of the tubular member.

4. The apparatus as recited in claim 1 wherein the inlet and the outlet are laterally
offset from each other in the axial direction of the tubular member.
20
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
25  comprises a plate member positioned between the inner sidewall and the outer sidewall of the

tubular member.
7. 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

30  sidewall of the tubular member.
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second inlets, wherein the fluidic device further conprises a pair of
nozzl es each having a throat portion and a diffuser portion, whereby the
fluid will flow through the nozzles at a critical flow rate and wherein the

nozzl es shayg§,§hR2@pt | €t. 1511. An apparatus for control lpchgsbigoidiow rate
of fluid injected into a downhole formation, the apparatus conprising:

a tubul ar menber having a flow path between inner and outer portions of the
t ubul ar nmenbeB; t h&h¢ |apperpws hesi resitedliimeelaim il nvbereinn then flnidire dewrel durhar of

t he t ubul ' ' - ,
romber, CREPRE Srozag rRge SHbpEpoldpdR R AR by a8
a fl ui di echidept the nperdd dtiaenieidaliflowtdae. f | ow path between the inlet and the
outlet, the fluidic device enbedded within the tubular nenber between the
inner sidewall and the outer sidewall, the fluidic device including a
nozzl @ havi ngoa t hraatappsratuk o3 aded idli didiths er whereini e, flwley dbyicd Ierthidrui d
wll flow through the nozzle at a critical flowrate. 25 12. The apparatus
as recit €AMPHSES|@miwp Ltager twidisedevics rdreran aee af hsrtagen gichderamrgzle 8avnea to

the tubul@baMBIRST and DeIifrALE BbRGn 2R BEERY YheOMRH A1 SO tHRSIADIE $R2A¢ SEGUr €
rel ati onshi p between the apparatus and 'a downhol e tubular string into which

t he apparcatieal flow ralgsert ed. WD 2011/ 126617PCT/ US2011/ 026190 13. The
apparatus as recited in claim11l further conprising a pair of packing
assenbl i es positioned on opposites sides of the tubular nenber, the packing
assenbl i es opdfabl &ht apesitabhd shital meddimny wheteat thorfliw pathenckedes firfieind

appar atus _and .a _downhol e t ubul.ar, strjing into which the appara I
i nsert ed,**t% 181§E§k:\{vvﬁ8"e1 stggE@f‘il%gevﬁ?eot/uing?rn%on?pgg At Pon %s Ggﬁﬁﬁt%ﬁjﬁﬂlﬁa
di schar gegroktr pottibh endutdiffiiset portion,f Wherebyctherfluid el iflow thidubh alie heakt aoae

openi ng of the downhol e tubul ar string.
critical flow rate and wherein the nozzles share the outlet.

15 11.  An apparatus for controlling the flow rate of fluid injected into a downhole
formation, the apparatus comprising:

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

20  each other; and

a fluidic device positioned in the flow path between the inlet and the outlet, the fluidic
device 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.

25

12.  The apparatus as recited in claim 11 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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14. The apparatus as recited in claim 11l wherein the fluidic device further
conprises a plate nenber positioned between the inner sidewall and the
outer sidewall of the 10 tubul ar menber. 15. The apparatus as
recited i nwol2aitnmmésly wherein the fluidic device further poargseesessiso cur ved
pl ate nmenber positioned between the inner sidewall and the outer sidewall
of the tubul ar. nenber. 15 ) %6,. he apparatus as .recited in claimll
wherein the fiBui dildeBpiras Ry reHEH 1B G lsleglrﬁ‘ef ﬁﬂmg'?%@%’eafnaﬁi%‘jieac Bi ce.
17. The apRMMIRE Yosiaidnddesd bEsbsitds SiHa T &k b@kehRmbbe thd Pekpat hsskmplidddes
first and 20second inlets, wherein the fluidic device further conprises a
pair of orsmblect establisthavealimgaclenenship proveanohe apprratusipid aslownhele talyar

wher eby | uj d. wi thr. I . [ . ate and
wnor o HE i it ad s SSRIRRY \RPPRRE GRothicl pRAIGAE BLIOEMATED, 3
for contthed fluid dischegddnfrérowhodutler adiu dtuid torhilunidgiohrwith & 1256 uix egahagedn wel |,
the flow cgnt r.ol ag‘glar atus conpri si ng: a tubul ar nmenber having a flow
path bet e8I HOYAS S Mher portions of the tubul ar menber, the flow path

including an inlet in an outer sidewall of the tubular nmenber and an outl et
in an inner sidewall of the tubular nmenber, the inlet and the outl et
lateral |y of fldet flIhen3nRaRRISoIshERCItCd iy CB }1 ovhsren db?/if@é‘ﬂbdgl‘”tcf’ d%’l@ﬁleri n the

fl ow pat ‘ , i ¥ he fil Jhiq G § o6 ded
i 0 B RS S Bt Merhl B B b e e o R LR P
si delfal | tubglaemémbirdi ¢ devi ce incl uding a nozzle having a throat portion and
a diffuser portion, whereby the production fluids will flow through the
nozzle at a critical flowrate.

15.  The apparatus as recited in claim 11 wherein the fluidic device further
comprises a curved plate member positioned between the inner sidewall and the outer
sidewall of the tubular member.

15
16.  The apparatus as recited in claim 11 wherein the fluidic device further

comprises a two stage fluidic device.

17.  The apparatus as recited in claim 11 wherein the flow path includes first and
20  second inlets, wherein the fluidic device further comprises a pair of nozzles each having a
throat portion and a diffuser portion, whereby the fluid will flow through the nozzles at a

critical flow rate and wherein the nozzles share the outlet.

18. A flow control apparatus for controlling the inflow of production fluids from a
25  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

30 a fluidic device positioned in the flow path between the inlet and the outlet, the fluidic
device 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.
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WO 2011/ 126617PCT/ US2011/ 026190 19. The apparatus as recited in claim 18
wherein the fluidic device further conprises a plate nenber positioned
bet ween the inner sidewall and the outer sidewall of the tubular nmenber.

520. The apRay aidiees recited in claimi18 wherein the flpifigopeissee further
conprises a curved plate nenber positioned between the inner sidewall and

the outer sidewall of the tubular nenber.
19.  The apparatus as recited in claim 18 wherein the fluidic device further

comprises a plate member positioned between the inner sidewall and the outer sidewall of the

tubular member.
5 20.  The apparatus as recited in claim 18 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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